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ICAR Research Complex for NEH Region, Umiam, Meghalaya is a premier 
agricultural research institute of the northeast region of India. The 
Institute focuses on the needs of hill agriculture and is committed 

to provide technology driven solutions for farming community of the 
region. The institute is also involved in technology refinement, evaluation, 
demonstration, dissemination besides skill development and capacity 
building programmes.

With its, six Regional Centers located in each of the Hill states of the northeast 
India, the institute is uniquely suited to address the needs of the farmers 
and other stake holders of agricultural development in the region. Besides 
Regional Centers, the institute has 20 KVKs through which various modern 
technologies for farming are demonstrated and disseminated. In addition, the 
institute regularly backstops the State Governments technically on Central 
and State sector schemes on farming, livelihood security, natural resource 
management, skill building and rural development.

During the reporting period this institute developed various agro-
technologies which have potential to augment the agricultural development 
landscape of the region. Overall, during the period, a total of 121 novel 
technologies/ varieties/breeds/diagnostics were developed, validated, and 
demonstrated. For skill development of tribal farmers, enterprising youths 
of the region more than 1150 trainings were conducted in addition to 133 on 
farm trials, 175 front line demonstrations. More than 1,14,000 beneficiaries 
received support from the institute and its KVK network under various 
schemes which created a large number of social capital and physical assets. 

Under Scheduled Tribe Component (previously TSP) various physical 
assets viz., low cost poly houses, poultry sheds, pig sheds, mushroom units, 
jalkunds, vermi beds, duckery units, processing units, hatchery units were 
demonstrated and distributed among different stakeholders. On the research 
front, the institute successfully handled 84 externally funded projects and 12 
AICRPs. Despite covid related disruptions, the budget utilization efficiency of 
more than 99% was achieved.

I take this opportunity to thank everyone in team ICAR-NEH including Joint 
Directors of the Regional Centers, Heads of Division, Scientists, Technical 
staff, Administration, Finance and Contractual personnel for sincerely 
contributing to the growth of the institute despite unprecedented challenges 
thrown by Covid-19 pandemic. I acknowledge the support and guidance of 
the senior officials of ICAR, New Delhi. Finally, I congratulate the editorial 
team for their efforts in compiling and editing the information.

(Vinay Kumar Mishra)
Director
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◊ÉÊÊ‹ÿ ◊¥ fl·¸ wÆwÆ ∑‘§ Œı⁄UÊŸ ∑§Ê»§Ë •Áœ∑§ fl·Ê¸ 
(vyÆ ÁŒŸÙ¥ ◊¥ xzv}.~ Á◊. ◊Ë.) „Èß¸, ¡Ù Á∑§ v~}
x ◊¥ «≈UÊ Á⁄U∑§ÊÚ«¸ ∑§⁄UŸ ∑‘§ ¬pÊÃ ©Á◊ÿ◊ ∑‘§ ßÁÃ„Ê‚ 

◊¥ ‚’‚ •Áœ∑§ (‚Ê◊Êãÿ fl·Ê¸ ‚ yy% •Áœ∑§) flÊÁ·¸∑§ fl·Ê¸ 
„Ò– ©ûÊ⁄U ¬ÍflË¸ ˇÊòÊ ◊¥ ŒËÉÊ¸∑§ÊÁ‹∑§ ◊ı‚◊ «≈UÊ ∑‘§ Áfl‡‹·áÊ 
◊¥ ÿ„ ¬ÊÿÊ ªÿÊ Á∑§, Áfl‡Ê· M§¬ ‚ ◊ÊÚŸ‚ÍŸ ∑‘§ Œı⁄UÊŸ •ı⁄U 
©‚∑‘§ ©¬⁄UÊ¥Ã ÃÕÊ ‡ÊËÃ∑§Ê‹ ∑‘§ ◊„ËŸÙ¥ ◊¥ ‚Íπ¬Ÿ ◊¥ ’…∏ÙûÊ⁄UË 
„Èß¸– ‚¥SÕÊŸ ∑‘§ ‚Sÿ ÁflôÊÊŸ (∑˝§ÊÚ¬ ‚Êß¥‚) Á∑˝§ÿÊ∑§‹Ê¬ ∑‘§ 
•¥Ãª¸Ã, ◊Ê∑§¸⁄U ‚◊ÁÕ¸Ã ’Ò∑§∑˝§ÊÚ‚ ’˝ËÁ«¥ª (∞◊ ∞ ’Ë ’Ë) 
∑§Ê ¬˝ÿÙª ∑§⁄U∑‘§  Pup1 ∑§Ù SÕÊŸÊ¥ÃÁ⁄UÃ ∑§⁄U Á∑§S◊ ÷Ê‹È◊ y  
(¡Ù Á∑§ ∞Ÿß¸∞ø ∑§Ë ∞∑§ Áfl◊ÙÁøÃ ™§¬⁄UË÷ÍÁ◊ Á∑§S◊ „Ò) ◊¥ ‚ÈœÊ⁄U 
‹ÊÿÊ ªÿÊ •ı⁄U ß‚ ∑§◊ »§ÊÚS»§Ù⁄U‚ flÊ‹Ë ◊ÎŒÊ ‚ ‚Á„cáÊÈ ’ŸÊÿÊ 
ªÿÊ– ◊ÉÊÊ‹ÿ ∑‘§ ◊äÿ ‚ ©ëø ¬„Ê«∏Ë ˇÊòÊÙ¥ ∑‘§ Á‹∞ •ê‹ ∞fl¥ 
‡ÊËÃ ‚Á„cáÊÈ œÊŸ ¡ËŸ¬˝M§¬Ù¥ ∑§Ù Áfl∑§Á‚Ã ∑§⁄UŸ ∑‘§ Á‹∞ ©ëø 
¬˝Œ‡Ê¸Ÿ ∑§⁄UŸ flÊ‹ •Ÿ∑§ ∑˝§ÊÚ‚Ù¥ ∑§Ë ¬„øÊŸ ∑§Ë ªß¸, ¡Ò‚ Á∑§ 
Kubon-3 X Megh-SA 2, IVT (M)-2805 X Sakur (P19) •ı⁄U 
IURON-44/19 X– ’Ò¥ªŸ ∑§Ë πÃË ◊¥ çUÿÍ‚Á⁄Uÿ◊ ◊È⁄U¤ÊÊŸ ⁄UÙª 
∑‘§ ÁflM§h ¡ÒÁfl∑§ ÁŸÿ¥òÊáÊ ˇÊ◊ÃÊ flÊ‹Ë •Ÿ∑§ ¬˝¡ÊÁÃÿÙ¥, ÿÊŸË 
¬ÁŸÁ‚Á‹ÿ◊ ¬˝¡Ê., ≈˛Êß∑§Ù«◊Ê¸ ¬˝¡Ê., ’Á‚‹‚ ‚’Á≈UÁ‹‚, ’Ë. 
‚⁄U•‚ •ı⁄U SÿÍ«Ù◊ÙŸ‚ ¬˝¡Ê. ∑§Ë ¬„øÊŸ ∑§Ë ªß¸– •⁄U’Ë ∑§Ë 
¡«∏ ◊¥ ◊ı¡ÍŒ ∞Á»§« ŸÊ‡ÊË¡Ëfl, ¬Ò≈UøË‹Ê ⁄UËÿÍ◊È⁄UË ∑§Ë πÙ¡ ¬„‹Ë 
’Ê⁄U ∑§Ë ªß¸– ∞∑§ ∞∑§Ë∑§ÎÃ ¡ÒÁfl∑§ ∑§ÎÁ· ¬˝áÊÊ‹Ë (•Êß¸ •Ù ∞»§ 
∞‚) ◊ÊÚ«‹ (ˇÊòÊ»§‹ Æ.yx „ÒÄU≈U.; ¬˝ÁÃ fl·¸ ∑§È‹ ÁŸfl‹ ‹Ê÷ 
L§. }w,~Æx.ÆÆ) Áfl∑§Á‚Ã Á∑§ÿÊ ªÿÊ, Á¡‚∑‘§ Ã„Ã ÁflÁ÷ÛÊ ∑§ÎÁ· 
©l◊Ù¥ ∑§Ù ‡ÊÊÁ◊‹ Á∑§ÿÊ ªÿÊ– ß‚ ◊ÊÚ«‹ ∑§Ù Á◊Ÿ‚Ÿ ªÊ¥fl ◊¥ 
Á∑§‚ÊŸÙ¥ ∑‘§ πÃÙ¥ ◊¥ ¬˝ŒÁ‡Ê¸Ã Á∑§ÿÊ ªÿÊ– ÁflÁ÷ÛÊ ’ÊªflÊŸË »§‚‹Ù¥ 
‚ ‚¥’¥ÁœÃ vx fl¥‡ÊÊflÁ‹ÿÙ¥ ∑‘§ Á‹∞ SflŒ‡ÊË ‚¥ª˝„áÊ (•Êß¸ ‚Ë) 
‚¥ÅÿÊ∞¥ ∞Ÿ’Ë¬Ë¡Ë•Ê⁄U, Ÿß¸ ÁŒÑË ‚ ¬˝Ê# ∑§Ë ªß¸¥– ŸË¥’Í (wy ‚¥.) 
∞fl¥ ∑§≈U„‹ (vz ‚¥.) ∑‘§ ‹Ù∑§Á¬˝ÿ fl¥‡Ê∑˝§◊Ù¥ ∑‘§ Á‹∞ «ËÿÍ∞‚ 
ÁŒ‡ÊÊÁŸŒ¸‡Ê Áfl∑§Á‚Ã Á∑§∞ ª∞– ’ÊªflÊŸË »§‚‹Ù¥ ∑‘§ Á‹∞, »§‚‹ 
◊ÊŸ∑§, •Áœ‚ÍøŸÊ ∞fl¥ Á∑§S◊ Áfl◊ÙøŸ ∑‘§¥Œ˝Ëÿ ©¬-‚Á◊ÁÃ Ÿ 
wÆwÆ ◊¥ ◊ÉÊÊ ≈U⁄UÙ-w (©¬¡ v}-wÆ ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) ∑§Ê Áfl◊ÙøŸ 
Á∑§ÿÊ– ◊Êß∑˝§Ù∑§¥≈˛Ù‹⁄U •ÊœÊÁ⁄UÃ ‚Ù‹⁄U ≈UŸ‹ «˛Êÿ⁄U Á«¡ÊßŸ ∞fl¥ 
Áfl∑§Á‚Ã Á∑§ÿÊ ªÿÊ– ß‚ «˛Êÿ⁄U ∑§Ë ̌ Ê◊ÃÊ ‚Ê»§ œÍ¬ flÊ‹ w~ ÉÊ¥≈UÙ 
◊¥ vÆÆ Á∑§. ª˝Ê. ÃÊ¡Ë „ÀŒË/•Œ⁄U∑§ ∑§Ù ‚ÈπÊŸ ∑§Ë „Ò– 

◊ÉÊÊ‹ÿ ◊¥ ¬‡ÊÈ ∞fl¥ ◊ÊàSÿ∑§Ë ÁflôÊÊŸ ¬⁄U Á¬¿‹ fl·¸ Á∑§∞ ª∞ 
•ŸÈ‚¥œÊŸ ‚ ∑§Ê»§Ë •ë¿ ¬Á⁄UáÊÊ◊ ¬˝Ê# Á∑§∞ ª∞– SÕÊŸËÿ SÃ⁄U 
¬⁄U ©¬‹éœ ªÒ⁄ ¬Ê⁄U¥¬Á⁄U∑§ •Ê„Ê⁄U ‚¥‚ÊœŸÙ¥ (∑‘§‹Ê SÿÍ«ÙS≈U◊ ∞fl¥ 

◊ÁŒ⁄UÊ ∑§Ê⁄UπÊŸÊ ‚ ‚ÎÁ¡Ã •flÁ‡ÊC) ∑‘§ ‚ÊÕ vÆ% ◊P§Ê ∞fl¥ ª„Í¥ 
∑‘§ øÙ∑§⁄U ∑§Ù ¬˝ÁÃSÕÊÁ¬Ã ∑§⁄U ‚È•⁄UÙ¥ ∑‘§ Á‹∞ ∞∑§ ∑§◊ ‹ÊªÃ ∑§Ê 
•Ê„Ê⁄U ÃÒÿÊ⁄U Á∑§ÿÊ ªÿÊ– ß‚ •Ê„Ê⁄U ‚ ‚È•⁄UÙ¥ ∑§Ê •¥ÁÃ◊ ‡ÊÊ⁄UËÁ⁄U∑§ 
fl¡Ÿ (P<0.05), •Ê„Ê⁄U ¬Á⁄UflÃ¸Ÿ •ŸÈ¬ÊÃ ÃÕÊ ∑˝§ÊÚ‚’˝« ‚È•⁄UÙ¥ 
∑§Ê ¬˝¡ŸŸ ¬˝Œ‡Ê¸Ÿ ’…∏ ªÿÊ ÕÊ– ◊ÉÊÊ‹ÿ ◊¥ ©ÛÊÃ ‚È•⁄U ∞fl¥ ∑§ÈP§È≈U 
ŸS‹Ù¥ ∑‘§ ¬Ê‹Ÿ ‚ ¡Ÿ¡ÊÃËÿ Á∑§‚ÊŸÙ¥ ∑§Ë •Êÿ ◊¥ ŒÙ ªÈŸÊ flÎÁh 
„ÙŸ ∑‘§ •‹ÊflÊ, ©Ÿ‚ ‚¥’¥ÁœÃ •Ê¡ËÁfl∑§Ê ‚Íø∑§Ê¥∑§ (Æ.z|w 
‚ Æ.|{{) ◊¥ ÷Ë ∑§Ê»§Ë flÎÁh „Èß¸– ‚È•⁄U •ı⁄U ∑§ÈP§È≈U ©à¬ÊŒŸ 
∑‘§ ¡Á⁄U∞ ‹ÉÊÈ üÊáÊË ∑§Ê ª˝Ê◊ËáÊ ©l◊ Áfl∑§Á‚Ã Á∑§∞ ¡ÊŸ ‚ Ÿ 
∑‘§fl‹ ©à¬ÊŒ∑§ÃÊ ◊¥ ŒÙ ªÈŸÊ flÎÁh „Èß¸, ’ÁÀ∑§ øÊ⁄U fl·Ù¥¸ ◊¥ •Êÿ 
÷Ë L§. w.vx ‹Êπ ‚ ’…∏∑§⁄U y.|w ‹Êπ „Ù ªß¸ ÕË– ’ûÊπ ∞fl¥ 
≈U∑§Ë¸ ¬ÁˇÊÿÙ¥ ∑‘§ ¬˝¡ŸŸ ∞fl¥ „Òø⁄UË ¬˝’¥œŸ ¬⁄U Á∑§∞ ª∞ •äÿÿŸÙ¥ 
◊¥ ÿ„ ¬ÊÿÊ ªÿÊ Á∑§ ◊ÉÊÊ‹ÿ ⁄UÊíÿ ◊¥ πÊ∑§Ë ∑Ò§ê¬’‹ ’ûÊπÙ¥ 
∑§Ë ¡ŸŸˇÊ◊ÃÊ ∞fl¥ •¥«Ùà¬ÁÃ ∑§Ù ’…∏ÊŸ ∑‘§ Á‹∞ ∑§ÎÁòÊ◊ ª÷Ê¸œÊŸ 
ÁflÁœ ∞∑§ ’„Ã⁄U Áfl∑§À¬ „Ù ‚∑§ÃË „Ò– •‚◊ ¬„Ê«∏Ë ’∑§Á⁄UÿÙ¥  
(∞ ∞ø ¡Ë) ∑‘§ Á‹∞ ∞∑§ ©¬ÿÈQ§ ’∑§⁄UË‡ÊÊ‹Ê SÕÊÁ¬Ã ∑§Ë ªß̧ ÃÊÁ∑§ 
÷Ê⁄UÃ ∑‘§ ©ûÊ⁄U ¬ÍflË¸ ¬fl¸ÃËÿ ˇÊòÊ ∑§Ë ÉÊ⁄U‹Í ’∑§Á⁄UÿÙ ∑‘§ ¡ŸŸŒ˝√ÿ 
∑§Ù ‚¥⁄UÁˇÊÃ ∞fl¥ ¬˝‚ÊÁ⁄UÃ Á∑§ÿÊ ¡Ê ‚∑‘§– ∑˝§ÊÚ‚’˝« ‚Ê°« (’È‹) 
∑‘§ ‡ÊÈ∑˝§ÊáÊÈ ∑§Ù ‚¥⁄UÁˇÊÃ ∑§⁄UŸ ∑‘§ Á‹∞ Á≈˛‚.∞ª ÿÙÀ∑§ ∞ÄU‚≈U¥«⁄U 
∞fl¥ Á¬ÉÊ‹Ÿ ©¬⁄UÊ¥Ã ’„Ã⁄U ªÈáÊflûÊÊ flÊ‹ flËÿ¸ ◊¥ v.w IU/Á◊. 
‹Ë. ∑§Ë Œ⁄U ‚ •ÊÚÄU‚Ë⁄U‚ •ŸÈ¬Í⁄UáÊ ∑§Ê ∞∑§ ¬˝ÁÃ⁄UˇÊË •Á÷∑§Ê⁄U∑§ 
∑‘§ M§¬ ◊¥ ¬˝ÿÙª Á∑§ÿÊ ¡Ê ‚∑§ÃÊ „Ò– ◊¿‹Ë ∑‘§ ÃÊ¡ Ÿ◊ÍŸÙ¥ ◊¥ 
»§ÊÚ◊¸Á‹Ÿ ∑§Ê •Ê∑§‹Ÿ ∑§⁄UŸ „ÃÈ ∞∑§ ©ëø âM§¬È≈U ∑§‹⁄UË◊Ë≈U⁄U 
flÊ‹Ë ÁflÁœ Áfl∑§Á‚Ã ∑§Ë ªß¸ •ı⁄U ∞S‚ ∑§Ê ¬˝ÿÙª ∑§⁄UŸ ∑‘§ ¬pÊÃ 
ÿ„ ¬ÊÿÊ ªÿÊ Á∑§ ◊ÉÊÊ‹ÿ ◊¥ ◊¿‹Ë ∑‘§ ÃÊ¡ Ÿ◊ÍŸÙ¥ ◊¥ »§ÊÚ◊¸Á‹Ÿ 
Ãàfl ∞»§ ∞‚ ∞‚ ∞ •Êß¸ mÊ⁄UÊ ÁŸœÊ¸Á⁄UÃ ‚Ë◊Ê•Ù¥ ∑‘§ ÷ËÃ⁄U Õ– 
‚È•⁄UÙ¥ ◊¥ Á≈U‡ÊÈÿÈQ§ ¡ÍŸÙÁ≈U∑§ πÊl ¡ÁŸÃ ¬⁄U¡ËflÙ¥ ¬⁄U Á∑§∞ ª∞ 
•äÿÿŸ ◊¥ ÿ„ ¬ÊÿÊ ªÿÊ Á∑§ ≈UÙÄU‚Ùå‹Êí◊Ê ∑§Ë ‚Ë⁄UÙ √ÿÊ¬Ê∑§ÃÊ 
v{.}x% ∑‘§ ’Ëø ÕË, ¡’Á∑§ ≈˛ÊßÁøŸ‹Ê ∑‘§ ‚¥’¥œ ◊¥ ÿ„ ∑§Ê»§Ë 
∑§◊ (Æ-w.z%) ÕË– πÊl ∑‘§ dÙÃ ∑‘§ SÃ⁄U ¬⁄U ∑Ò§ê¬Êß‹Ù’ÄU≈U⁄U 
¡¡ÈŸË, ∑Ò§ê¬Ê‹ß‹Ù’ÄU≈U⁄U ∑§ÊÚ‹Ë, ‚ÊÀ◊ÊŸ‹Ê  ∞fl¥ ÄU‹ÙÁS≈˛Á«ÿ◊ 
¬⁄UÁ»§˝¥ ¡ã‚ ∑‘§ ‚¥ŒÍ·áÊ ∑§Ê ¬ÃÊ ‹ªÊŸ ∑‘§ Á‹∞ ∞∑§ åflÊß¥≈U •ÊÚ»§ 
∑‘§ÿ⁄U «ÊßÇŸÙÁS≈U∑§ ≈UÍ‹Á∑§≈U ∑‘§ M§¬ ◊¥ (•ÊœÈÁŸ∑§ ©¬∑§⁄UáÊÙ¥ ∑§Ë 
•Êfl‡ÿ∑§ÃÊ ∑‘§ ’ªÒ⁄U) ¬ÊÚ‹ËÁ◊⁄U‚ S¬Êÿ⁄U‹ Á⁄U∞ÄU‡ÊŸ ∑§Ê ¬˝ÿÙª 
∑§⁄U, øÊ⁄U «ÊßÇŸÙÁS≈U∑§ ∞S‚ Áfl∑§Á‚Ã Á∑§∞ ª∞– ‚ÊÀ◊ÙŸ‹Ê 
∞fl¥ ‚Ë. ¬⁄UÁ»§˝¥ ¡ã‚ ∑‘§ Á‹∞ •ãÿ øÊ⁄U Ÿß¸ •ãfl·áÊ Ã∑§ŸË∑‘§¥ 
ÿÊŸË ŸÙfl‹ Áfl¡È•‹ Á«≈UÄU‡ÊŸ ≈UÒÄUŸËÄU‚ ÷Ë Áfl∑§Á‚Ã ∑§Ë ªß¸¥, 
Á¡‚∑‘§ Á‹∞ ‚ÊÀ≈U≈U⁄UË ⁄UÙÁ‹¥ª ‚Á∑§¸‹ ∞ê¬‹ËÁ»§∑‘§‡ÊŸ (∞‚ 

∑§Êÿ¸∑§Ê⁄UË ‚Ê⁄UÊ¥‡Ê
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•Ê⁄U ‚Ë ∞) ∑§Ê ¬˝ÿÙª Á∑§ÿÊ ªÿÊ– Á‹S≈UÁ⁄UÿÊ ◊ÙŸÙ‚Êß≈UÙ¡ã‚ 
∞fl¥ ßÁ⁄UÁ‚¬‹ÙÁÕ˝ÄU‚ L§Á‚ÿÙ¬ÁÕÿÊ ∑‘§ Á‹∞ ŒÙ »§ÊÚ◊¸Á‹Ÿ Á∑§À« 
∞‹È◊ ∞«¡Èfl¥≈U« flÒÄU‚ËŸ ¬˝Ù≈UÙ≈UÊß¬ Áfl∑§Á‚Ã Á∑§∞ ª∞– ¬S≈U «‚ 
¬Á≈UÁ≈U‚ L§Á◊Ÿã≈U˜‚ flÊÿ⁄U‚ ∑§Ù fl⁄UÙ ‚‹ ◊¥ ÁflÿÙÁ¡Ã Á∑§ÿÊ ªÿÊ, 
Á¡‚∑§Ê ©¬ÿÙª flÒÄU‚ËŸ fl ≈UË∑§Ê ’ŸÊŸ ∑‘§ Á‹∞ Á∑§ÿÊ ¡Ê ‚∑§ÃÊ 
„Ò– ß‚Ë ¬˝∑§Ê⁄U ‚, ⁄UÊßÁ¬‚»§‹‚ (’ÍÁ»§‹‚) ◊Êß∑˝§Ùå‹‚ Á≈U∑§ ∑‘§ 
ßêÿÍŸÙ¡ÁŸ∑§ ¬˝Ù≈UËŸÙ¥ ∑§Ê ‹ˇÊáÊfláÊ¸Ÿ ∑§⁄UŸ ◊¥ ≈UË∑§Ê ÃÒÿÊ⁄U ∑§⁄UŸ „ÃÈ 
•Ÿ∑§ ßêÿÍŸÙ ¬˝ÁÃ’Á‹Ã ¬˝Ù≈UËŸÙ¥ ∑§Ë ¬„øÊŸ ∑§Ë ªß¸– ŒÍ‚⁄UË •Ù⁄U, 
¡Ÿ¡ÊÃËÿ Á∑§‚ÊŸÙ¥ ∑§Ù ¬Í⁄U fl·¸ ∑‘§ Œı⁄UÊŸ ‚flÊ ©¬‹éœ ∑§⁄UÊŸ ∑‘§ 
Á‹∞ ∞∑§ ¬‡ÊÈ SflÊSâÿ ÁÄU‹ÁŸ∑§ SÕÊÁ¬Ã ∑§Ë ªß¸– ◊ÊàSÿ∑§Ë ∑‘§ 
‚¥’¥œ ◊¥, ◊äÿ ¬„Ê«∏Ë ÁSÕÁÃÿÙ¥ ◊¥ ŒÙ ¬˝¡ÊÁÃÿÙ¥ ∑‘§ ◊¿‹Ë ∑§Àø⁄U 
∑‘§ ‚¥ÿÙ¡Ÿ ∑§Ê ßCÃ◊Ë∑§⁄UáÊ Á∑§ÿÊ ªÿÊ, Á¡‚∑‘§ ¬Á⁄UáÊÊ◊SflM§¬ 
w,zzÆ Á∑§. ª˝Ê. ¬˝ÁÃ „ÒÄU≈U. ¬˝ÁÃ fl·¸ ∑§Ê •ı‚Ã ◊¿‹Ë ©à¬ÊŒŸ 
¬˝Ê# Á∑§ÿÊ ªÿÊ, •ı⁄U Á∑§‚ÊŸÙ¥ ∑§Ù ‹Ê÷ Á◊‹Ê– ◊ÉÊÊ‹ÿ ∑‘§ •¥Ãª¸Ã 
©Á◊ÿ◊ ¤ÊË‹ ◊¥ ¬„‹Ë ’Ê⁄U ∑‘§¡ ∑§Àø⁄U ‡ÊÈL§ Á∑§ÿÊ ªÿÊ– ◊ÉÊÊ‹ÿ 
∑§Ë ©◊⁄UÁ‹¥ª ŸŒË ‚ ‚¡Êfl≈UË ◊„ûÊÊ ∑§Ë ŒÙ Ÿß¸ ◊¿‹Ë ¬˝¡ÊÁÃÿÙ¥, 
øÛÊÊ Á‹¬Ù⁄U ∞fl¥ øÛÊÊ ∞Á⁄US≈U⁄UŸß¸ ∑§Ë ¬„øÊŸ ∑§Ë ªß¸–   

‚Ê◊ÊÁ¡∑§ ÁflôÊÊŸ •ŸÈ‚¥œÊŸ ∑‘§ Ã„Ã, ÁflÁ÷ÛÊ ∞∑§Ë∑§ÎÃ ∑§ÎÁ· 
¬˝áÊÊÁ‹ÿÙ¥ ∑‘§ ’„È•ÊÿÊ◊Ë ¬˝Œ‡Ê¸Ÿ ∑‘§ ◊ÍÀÿÊ¥∑§Ÿ ◊¥ ÿ„ ¬ÊÿÊ ªÿÊ 
Á∑§ •ÊÁÕ¸∑§ M§¬ ‚ ∑§ÎÁ·-’ÊªflÊŸË-Á‚ÀflË-¬ÊSøÙ⁄U‹ ¬˝áÊÊ‹Ë 
©ûÊ⁄U.¬ÍflË¸ ˇÊòÊ ∑‘§ Á‹∞ ‚’‚ •Áœ∑§ ¬˝÷Êfl∑§Ê⁄UË ÕË– ◊ÉÊÊ‹ÿ 
◊¥ ÁflSÃÊ⁄U ‚flÊ•Ù¥ ∑§Ë ¬˝÷Êfl∑§ÊÁ⁄UÃÊ ◊¥ ‚ÈœÊ⁄U ‹ÊŸ „ÃÈ •¬ŸÊß¸ 
ªß¸ ⁄UáÊŸËÁÃÿÊ¥ ¬⁄U Á∑§∞ ª∞ •äÿÿŸ ◊¥ ß‚ ’ÊÃ ∑§Ê ©Ñπ Á∑§ÿÊ 
ªÿÊ „Ò Á∑§ ¬˝àÿ∑§ ‚¥ª∆Ÿ ◊¥ ““∑§ãfl¡¥¸‚ ‚‹““ ‚ÎÁ¡Ã ∑§⁄UŸ ∑§Ë 
•Êfl‡ÿ∑§ÃÊ „Ò– ‚È•⁄U •ı⁄U ªÙ¬‡ÊÈ ©à¬ÊŒŸ ◊¥ ¡Ÿ¡ÊÃËÿ Á∑§‚ÊŸÙ¥ 
∑‘§ ∑§ı‡Ê‹.•¥Ã⁄UÊ‹ Áfl‡‹·áÊ ◊¥ ÿ„ ¬ÊÿÊ ªÿÊ Á∑§ ßŸ ¬‡ÊÈ•Ù¥ ∑‘§ 
¬˝’¥œŸ, •Ê„Ê⁄U.¬Ù·áÊ •ı⁄U SflÊSâÿ ⁄UËÁÃÿÙ¥ ∑‘§ ‚¥’¥œ ◊¥ Á∑§‚ÊŸÙ¥ 
∑§Ê ∑§ı‡Ê‹ •¥Ã⁄UÊ‹ ’„Ã⁄U (z~%) ÕÊ– ß‚∑‘§ •‹ÊflÊ, ‚Ê◊ÊÁ¡∑§ 
ÁflôÊÊŸ ¬˝÷Êª Ÿ ‚¥SÕÊŸ ∑‘§ KRISHI ˜ ¬Ù≈U¸‹, ∞•Ê⁄U∞◊∞‚, 
¬Ë•Êß¸∞◊∞‚, ∞◊•Êß¸∞‚.∞»§∞◊•Êß¸∞‚, ◊ËÁ«ÿÊ ‚‹, •ÊÁŒ 
¡Ò‚Ë ‚fl¸‚ÊœÊ⁄UáÊ ‚ÈÁflœÊ•Ù¥ ∑§Ê ⁄Uπ⁄UπÊfl ∞fl¥ ¬˝’¥œ Á∑§ÿÊ–

•M§áÊÊø‹ ¬˝Œ‡Ê ◊¥, ∑§È‹ xÆvÆ Á◊. ◊Ë. fl·Ê¸ „Èß¸, ¡Ù Á∑§ ‚Ê◊Êãÿ 
‚ w|  ¬˝ÁÃ‡ÊÃ •Áœ∑§ ÃÙ ÕË, ¬⁄U¥ÃÈ ’„ÈÃ „Ë ©ÃÊ⁄U.ø…∏Êfl ÷⁄UË 
ÕË– •Áœ∑§Ã◊ ÃÊ¬◊ÊŸ ‹ª÷ª ‚Ê◊Êãÿ ‚ •Áœ∑§ ÕÊ, ¡’Á∑§ 
ãÿÍŸÃ◊ ÃÊ¬◊ÊŸ ‚Ê◊Êãÿ ‚ ∑§◊ ÕÊ– Á∑§flË »§‚‹ ◊¥ ¬˝ÁÃ ¬˝⁄UÙ„ 
¿— çUM§≈U‹≈U ∑§Ù œÊÁ⁄UÃ Á∑§∞ ¡ÊŸ ‚ »§‹ ∑§Ê Á¿‹∑§Ê ßCÃ◊ ¬ÊÿÊ 
ªÿÊ •ı⁄U ª˝« “∞“ »§‹Ù¥ (wÆ.}x Á∑§. ª˝Ê. ¬˝ÁÃ ’‹/flÊßŸ) ∑§Ê 
•Áœ∑§Ã◊ ©à¬ÊŒŸ ¬˝Ê# Á∑§ÿÊ ªÿÊ– ◊ß¸ ◊Ê„ ∑‘§ ◊äÿ ◊¥ zÆ% 
‹Êß◊ + vÆÆ% •Ê⁄U«Ë∞»§ ‚ ©¬øÊÁ⁄UÃ ¬ÊŒ¬Ù¥ (⁄UÙ¬áÊ flÊ‹) ∑‘§ 
∑§Ê⁄UáÊ ÃÕÊ ¬ÊŒ¬Ù¥ ◊¥ œÊŸ ÷Í‚Ë ∑§Ë ¬‹flÊ⁄U ∑§Ê ¬˝ÿÙª Á∑§∞ ¡ÊŸ 
∑‘§ ∑§Ê⁄UáÊ Á≈U‡ÊÈ ∑§Àø«¸ ª˝Ê¥« ŸÒŸ ∑‘§‹Ê ∑§Ë ©¬¡ ∞fl¥ ªÈáÊflûÊÊ ÉÊ≈U∑§Ù¥ 
∑‘§ •ÊœÊ⁄U ¬⁄U ’„Ã⁄UËŸ ¬Á⁄UáÊÊ◊ ¬˝Ê# Á∑§ÿÊ ªÿÊ– flÊß¸.•Ê∑§ÎÁÃ∑§ 

≈˛Á‹‚ ¬⁄U ©ªÊ∞ ª∞ •Ê«∏Í »§‹Ù¥ ∑§Ë ‚flÊ¸Áœ∑§ ©¬¡ (x.vx Á∑§. 
ª˝Ê. ¬˝ÁÃ ¬ÊŒ¬) ¬˝Ê# ∑§Ë ªß¸ •ı⁄U ß‚∑‘§ ¬˝Œ‡Ê¸Ÿ ∑§Ù •ãÿ ∑§Ë 
ÃÈ‹ŸÊ ◊¥ üÊD ¬ÊÿÊ ªÿÊ– Æ.wx „ÒÄU≈U. ˇÊòÊ»§‹ ◊¥ •Êß¸∞»§∞‚ 
◊ÊÚ«‹ ◊¥, ‚é¡Ë-•ÊœÊÁ⁄UÃ »§‚‹ ¬˝áÊÊÁ‹ÿÙ¥ ∑‘§ •¥Ãª¸Ã ∞◊ß¸flÊß¸ 
∑‘§ •ÊœÊ⁄U ¬⁄U, ‚flÊ¸Áœ∑§ ©¬¡ (v{|.xw ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) ¬˝Ê# 
∑§Ë ªß¸ Á¡‚∑‘§ ’ÊŒ ◊ÊàSÿ∑§Ë ß∑§Êß¸ (zy ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) ◊¥ ∑§Ë 
ªß¸– xz ÉÊ⁄U‹Í ¡ËŸ¬˝M§¬Ù¥ ◊¥ ‚ ŒÙ ¡ËŸ¬˝M§¬Ù¥ ÿÊŸË Amham ∞fl¥  
Tinin ∑§Ù •ãÿ ∑§Ë ÃÈ‹ŸÊ ◊¥ •Áœ∑§ ÁflÁflœÃÊ¬ÍáÊ¸ ¬ÊÿÊ ªÿÊ– 
¡Êé“¡ ≈UËÿ‚¸ ∑§Ë ÃËŸ fl¥‡ÊÊflÁ‹ÿÙ¥ ÿÊŸË RJTGP-}~ (v| Á`§¥. 
¬˝ÁÃ „ÒÄU≈U.) ∑§Ù ÃÕÊ ©‚∑‘§ ’ÊŒ RJTGP-y~ (vz.x{ Á`§¥. ¬˝ÁÃ 
„ÒÄU≈U.) •ı⁄U RJTGP-}v (vw.~w Á`§¥. ¬˝ÁÃ „ÒÄU≈U.) ∑§Ù ¬˝ªÁÃ‡ÊË‹ 
¬ÊÿÊ ªÿÊ– Á∑§S◊ MZ-FB y} ∑‘§ ‚ÊÕ »§˝ ¥ ø ’ËŸ ∑§Ë ‚’‚ •Áœ∑§ 
©¬¡ (w}.z ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) |z% •Ê⁄U«Ë∞»§ $ ‹Êß◊ $ flË‚Ë ◊¥ 
Œ¡¸ ∑§Ë ªß¸– •M§áÊÊø‹ ¬˝Œ‡Ê ∑‘§ ◊äÿ ¬„Ê«∏Ë ˇÊòÊÙ¥ ◊¥ ⁄UÙÁ¬Ã yy 
’„È¬˝ÿÙ¡ŸËÿ flÎˇÊ ¬˝¡ÊÁÃÿÙ¥ ◊¥ ‚, ¬ÊßŸ‚ ∑‘§Á‚ÿÊ, •∑‘§Á‚ÿÊ 
◊Ò¥Áªÿ◊, ßÁ‹ÿÙ∑§Ê¬¸‚ S»‘§Á⁄U∑§‚ ∞fl¥ ◊Ò¥ª‹ËÁ≈UÿÊ ßÁã‚ÁÇŸ‚ ∑§Ù 
©Ÿ∑‘§ ÷ıÁÃ∑§ Áfl∑§Ê‚ ∑‘§ •ÊœÊ⁄U ¬⁄U ¬˝ªÁÃ‡ÊË‹ ¬ÊÿÊ ªÿÊ– ¤ÊÍ◊ 
∑§Ë πÃË ◊¥, ¬˝Ê∑§ÎÁÃ∑§ ‚¥∑˝§◊áÊ ∑§Ë ÁSÕÁÃ ∑‘§ Ã„Ã œÊŸ ∑§Ë »§‚‹ 
◊¥ ¬áÊ¸ ¬˝äfl¥‚ ⁄UÙª (•¬˝Ò‹-¡È‹Êß¸) •ı⁄U ÷Í⁄UÊ œé’Ê ⁄UÙª (◊ß¸-
•ªSÃ) ŒËÉÊ¸∑§ÊÁ‹∑§ ⁄UÙª ¬Ê∞ ª∞– SÄU‹⁄UÙÁ≈UÁŸÿÊ SÄU‹⁄UÙÁ≈UÿÙ⁄U◊ 
∑‘§ ¬Á⁄U¬Ê‹∑§ ŒÊÿ⁄U ∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ •ı⁄U vv »§‚‹Ù¥ ◊¥ 
©Ÿ∑‘§ ¬Á⁄U¬Ê‹∑§Ù¥ ∑§Ù Á⁄U∑§ÊÚ«¸ Á∑§ÿÊ ªÿÊ– ‚⁄U‚Ù¥ »§‚‹ ◊¥ vv 
¬⁄UÊª∑§Ù¥ ∑§Ù Á⁄U∑§ÊÚ«¸ Á∑§ÿÊ ªÿÊ, ¡’Á∑§ Á‹¬Ê«Ê¸ Á¡‹ ◊¥ ∑§Ê‹Ë 
»§»§Í¥Œ ∑§Ê ‚¥∑˝§◊áÊ ¬„‹Ë ’Ê⁄U Œ¡¸ Á∑§ÿÊ ªÿÊ– Á◊ÕÈŸ øÊ⁄UÊªÊ„ 
flÊ‹ SÕÊŸÙ¥ ◊¥ ‚Ê◊Êãÿ Ãı⁄U ¬⁄U ¿— øÊ⁄UÊ ¬˝¡ÊÁÃÿÊ¥ ¬Êß¸ ªß¸¥, ÿÊŸË 
◊Ò∑§Ê⁄U¥ªÊ «Áã≈U∑§‹≈U, «ã«˛Ù∑Ò§‹Ê◊‚ ªÊßªÁã≈Uÿ‚, »§Êß∑§‚ Á„≈UÊ¸, 
»§Êß∑§‚ •ıÁ⁄U∑§È‹≈UÊ ‹Ê©⁄U, »§Êß∑§‚ Á„‚Á¬«Ê ∞‹. ∞È. ∞fl¥ 
»§Êß∑§‚ ‚Á◊∑§Ù«Ê≈UÊ ’Èø..„Ò◊. ∞ÄU‚ S◊. •ı⁄U ©Ÿ∑§Ë ©à¬ÁûÊ ∑§Ê 
¬˝ÁÃ‡ÊÃ ÷Ë ‚◊ÊŸ ¬ÊÿÊ ªÿÊ– Á∑§‚ÊŸÙ¥ (zv.yx%) Ÿ ’ÃÊÿÊ Á∑§ 
©Ÿ∑§Ë ‡ÊÊ⁄UËÁ⁄U∑§ ÁŒP§ÃÙ¥ ◊¥ ∑§◊⁄U ∑§Ê ŒŒ¸ ¬˝◊Èπ M§¬ ‚ ÕÊ– ÉÊ⁄U‹Í 
ªÙ¬‡ÊÈ (’‹Ê¥ª) ∑§Ë ‡ÊÊ⁄UËÁ⁄U∑§ Áfl‡Ê·ÃÊ•Ù¥ •ı⁄U ∑§È¿ •Ê∑§ÊÁ⁄U∑§Ëÿ 
Áfl‡Ê·ÃÊ•Ù¥ ∑§Ê •äÿÿŸ Á∑§ÿÊ ªÿÊ– wvwÆ Á¡‹Ê SÃ⁄UËÿ •ı⁄U }
y} é‹ÊÚ∑§ SÃ⁄UËÿ ∞ª˝Ù◊Ò≈U ∞«flÊß¡⁄UË ’È‹Á≈UŸ ÃÒÿÊ⁄U ∑§⁄U Á∑§‚ÊŸÙ¥ 
∑‘§ ’Ëø ¬˝‚ÊÁ⁄UÃ Á∑§∞ ª∞, Á¡Ÿ‚ ⁄UÊíÿ ∑‘§ x ‹Êπ ‚ •Áœ∑§ 
Á∑§‚ÊŸ ‹Ê÷ÊÁãflÃ „È∞–    

◊ÁáÊ¬È⁄U ◊¥, fl·¸ wÆwÆ ∑‘§ Œı⁄UÊŸ ÃËŸ ¬˝ªÁÃ‡ÊË‹ œÊŸ fl¥‡Ê∑˝§◊Ù¥ ÿÊŸË 
RCM xx, RCM x{ ∞fl¥ RCM x| ∑§Ê ’„È-SÕÊÁŸ∑§ ©¬¡ ¬⁄UËˇÊáÊ 
‚»§‹ÃÊ¬Ífl¸∑§ Á∑§ÿÊ ªÿÊ– ßŸ fl¥‡Ê∑˝§◊Ù¥ Ÿ ¬˝äfl¥‚ ∞fl¥ •Ê÷Ê‚Ë 
∑§¥« ‚Á„cáÊÈÃÊ ∑‘§ •ÊœÊ⁄U ¬⁄U •ë¿Ê ¬˝Œ‡Ê¸Ÿ ÁŒπÊÿÊ– ßŸ fl¥‡Ê∑˝§◊Ù¥ 
∑§Ù wÆwv ∑‘§ Œı⁄UÊŸ ⁄UÊíÿ mÊ⁄UÊ Áfl◊ÙøŸ ∑§⁄UŸ „ÃÈ ¬˝SÃÊÁflÃ 
Á∑§ÿÊ ªÿÊ „Ò– wx ∑§Ê‹Ê œÊŸ ““øÊπÊ•Ù““ SÕÊŸËÿ Á∑§S◊Ù¥ ◊¥ 
zv Áfl‡Ê·∑§Ù¥ ∑§Ê «ËÿÍ∞‚ ‹ˇÊáÊfláÊ¸Ÿ Á∑§ÿÊ ªÿÊ– ¡Ë•Êß¸ ∑§Ê‹ 
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œÊŸ ∑§Ê ¬Á⁄Uc∑§⁄UáÊ ∞fl¥ •ŸÈ⁄UˇÊáÊ ÷Ë Á∑§ÿÊ ¡Ê ⁄U„Ê „Ò– ∞Ÿ∞‚¬Ë 
¬˝¡Ÿ∑§ ’Ë¡ ©à¬ÊŒŸ •ı⁄U •Êß¸∞‚¬Ë ∑‘§ Ã„Ã, »§Ê©¥«‡ÊŸ ’Ë¡ 
∑§Ê yy.zÆ Á`§¥≈U‹ ©à¬ÊŒŸ ÃÕÊ œÊŸ, ‚ÙÿÊ’ËŸ, ◊Í¥ª»§‹Ë, ◊P§Ê 
∞fl¥ ’Ê¡Ê⁄UÊ ∑‘§ ¬˝◊ÊÁáÊÃ ’Ë¡Ù¥ ∑§Ê vy.~| Á`§¥≈U‹ ©à¬ÊŒŸ Á∑§ÿÊ 
ªÿÊ– ÷Ê∑§Î•ŸÈ¬ ’Ë¡ ¬Á⁄UÿÙ¡ŸÊ ∑‘§ Ã„Ã, ¬Ífl¸-π⁄UË»§ œÊŸ ∑‘§ 
z{v.xÆ Á`§¥≈U‹ ’Ë¡, ◊ÈÅÿ π⁄UË»§ œÊŸ ∑‘§ ~{y.y~ Á`§¥≈U‹ ’Ë¡ 
•ı⁄U ◊Í¥ª»§‹Ë ∑‘§ vx.Æ~ Á`§¥≈U‹ ’Ë¡ ©à¬ÊÁŒÃ Á∑§∞ ª∞– ÁflÁ÷ÛÊ 
◊P§Ê •ÊœÊÁ⁄UÃ »§‚‹ ¬˝áÊÊÁ‹ÿÙ¥ ∑§Ë ∞∑§ ŒÍ‚⁄U ‚ ÃÈ‹ŸÊ ∑§⁄UŸ ◊¥ 
ÿ„ ¬ÊÿÊ ªÿÊ Á∑§ ◊P§Ê-SflË≈U ∑§ÊÚŸ¸-‚é¡Ë ’Ê∑§‹Ê (’˝ÊÚ«’ËŸ) ∑‘§ 
‚¥ÿÙ¡Ÿ flÊ‹Ë ¬˝áÊÊ‹Ë ‚ wx.wy± Æ.|x ≈UŸ ¬˝ÁÃ „ÒÄU≈U. ∑§Ë ©ëø 
©à¬ÊŒ∑§ÃÊ ¬˝Ê# ∑§Ë ªß¸– •ŸÊŸÊ‚ »§‚‹ ◊¥ ◊‹Ê≈UÙÁŸŸ ∑§Ê ¬ÁáÊ¸‹ 
•ŸÈ¬˝ÿÙª Á∑§∞ ¡ÊŸ fl ∞¥¡Êß◊ ‚¥’¥œË ªÁÃÁflÁœ ¬⁄U ’„ÈÃ •ë¿Ê 
¬˝÷Êfl ¬«∏Ê– »§Ê‹ •ÊÚ◊Ë¸flÊÚ◊¸ ŸÊ‡ÊË¡Ëfl ∑‘§ ¬˝’¥œŸ ∑‘§ Á‹∞, z Á◊. 
‹Ë. ¬˝ÁÃ ‹Ë. ¬ÊŸË ∑§Ë Œ⁄U ‚ ◊≈UÊ⁄UÊßÁ¡ÿ◊ ∞ÁŸ‚Ùå‹Ë ÃÕÊ vv.|% 
SC @ Æ.z Á◊. ‹Ë. ¬˝ÁÃ ‹Ë≈U⁄U ∑‘§ ¬˝ÿÙª ∑§Ù ‚’‚ ’„Ã⁄U ©¬øÊ⁄U 
∑‘§ M§¬ ◊¥ ¬ÊÿÊ ªÿÊ– ∑‘§‹Ê S≈˛Ë∑§ ∞◊flÊß¸ flÊÿ⁄U‚ (’Ë ∞‚ ∞◊ 
flÊß¸ flË) ∑§Ë ‚¥∑˝§Ê◊∑§ÃÊ ∑‘§ Áfl‡‹·áÊ ◊¥ ¬ÊÿÊ ªÿÊ Á∑§ ÁmªÈÁáÊÃ 
◊È‚Ê ’Ò‹Á’Á‚∞ŸÊ ¡ËŸ¬˝M§¬ ÿÊŸË ÷Ë◊∑§Ù‹ ¡ËŸÙ◊ ∑§Ê ¬˝ÁÃ⁄UÙœ 
Ã’ »§Ë∑§Ê ¬«∏ ªÿÊ ¡’ fl„ ’Ë∞‚∞◊flÊß¸flË ‚ ‚¥∑˝§Á◊Ã „Ù ªÿÊ 
ÕÊ– ©ûÊ⁄U ¬ÍflË¸ ÷Ê⁄UÃ ∑‘§ Áø‹Ë ¬ÍÀ‚ ∑‘§ Áfl⁄UÙ◊ •ÕÊ¸Ã Áfl·ÊáÊÈ ∑§Ê 
ÁøòÊáÊ-fláÊ¸Ÿ ∑§⁄UŸ ∑§Ê ¬˝Õ◊ ¬˝ÿÊ‚ ‚»§‹ÃÊ¬Ífl¸∑§ Á∑§ÿÊ ªÿÊ– 
∑§ÈP§È≈U ’Ë¡ ¬Á⁄UÿÙ¡ŸÊ ∑‘§ Ã„Ã, ∞∑§ ÁŒŸ ∑§Ë •ÊÿÈ ∑‘§ wy,x{| 
øÍ¡ ©à¬ÊÁŒÃ Á∑§∞ ª∞ Á¡Ÿ∑§Ë •Ê¬ÍÁÃ¸ ‹Ê÷ÊÁÕ¸ÿÙ¥/∞¡¥Á‚ÿÙ¥ ∑§Ù 
∑§Ë ªß¸– ⁄UÊíÿ ∑‘§ ¬„Ê«∏Ë ˇÊòÊ ∑§Ë ÃÈ‹ŸÊ ◊¥, ÉÊÊ≈UË ˇÊòÊ ◊¥ ©ëø 
»§Ê◊¸ •Êÿ ÁflÁflœË∑§⁄UáÊ (yw.}| ¬˝ÁÃ‡ÊÃ) ŒπÊ ªÿÊ– fl·¸ ∑‘§ 
Œı⁄UÊŸ, vx ¬˝Á‡ÊˇÊáÊÙ¥, flÁ’ŸÊ⁄UÙ¥ •ı⁄U ˇÊ◊ÃÊ ÁŸ◊Ê¸áÊ ∑§Êÿ¸∑˝§◊Ù¥ ∑§Ê 
•ÊÿÙ¡Ÿ Á∑§ÿÊ ªÿÊ–    

‚¥SÕÊŸ ∑‘§ Á◊¡Ù⁄U◊ ¬˝ÊŒÁ‡Ê∑§ ∑‘§¥Œ˝ ◊¥ vv~ fl·Ê¸ ÁŒfl‚Ù¥ ∑‘§ Œı⁄UÊŸ 
∑§È‹ fl·Ê¸ ww~{.v Á◊. ◊Ë. Œ¡¸ ∑§Ë ªß¸, ¡’Á∑§ •Áœ∑§Ã◊ ÃÊ¬◊ÊŸ 
xy.v0C •ı⁄U ãÿÍŸÃ◊ ÃÊ¬◊ÊŸ }.z0C Œ¡¸ Á∑§ÿÊ ªÿÊ– ™§¬⁄UË ÷ÍÁ◊ 
fl¥‡Ê∑˝§◊Ù¥ ∑§Ë ¡Ê¥ø ◊¥ ÿ„ ¬ÃÊ ø‹Ê Á∑§ ©ëø ÁflÁ∑§⁄UáÊ ©¬ÿÙª 
ŒˇÊÃÊ (wv{.} g MJ-1 ha-1) ∑‘§ ‚ÊÕ MZ UP R 42 ◊¥ ‹ËS≈U Á«ª˝Ë 
« ∞ÄUÿÍ◊È‹‡ÊŸ ÿÊŸË •ı‚Ã ŒÒÁŸ∑§ ÃÊ¬◊ÊŸ ãÿÍŸÃ◊ ÕÊ– ÁflÁ÷ÛÊ 
◊P§Ê •¥Ã¡Ê¸Ã fl¥‡Ê∑˝§◊Ù¥ ◊¥ ‚, «¸«.w ◊¥ ‚flÊ¸Áœ∑§ flÊSÃÁfl∑§ ª⁄UË 
ÉÊŸàfl (v.v~{ g/c.c.) ÕÊ, ¡’Á∑§ Á◊ê¬Èß¸ fl¥‡Ê∑˝§◊Ù¥ (MZM-vv 
∞fl¥ MZM-v{) ◊¥ •Áœ∑§Ã◊ ŒÊŸÊ-‚Ã„Ë ˇÊòÊ ÕÊ– ◊P§Ê RCM-
|{) •ı⁄U ‚ÙÿÊ’ËŸ (JS-}Æwv) »§‚‹Ù¥ ∑§Ë ¬¥ÁQ§ÿÙ¥ ¬⁄U ©fl¸⁄U∑§ 
∞fl¥ ‹Êß◊ ∑‘§ ‚¥ÿÙ¡Ÿ ∑§Ê ¬˝ÿÙª Á∑§∞ ¡ÊŸ ‚ »§‚‹ ©¬¡ ∑§Ê»§Ë 
íÿÊŒÊ ’…∏ ªß¸ ÕË– ∞»§flÊß¸∞◊ (w Á∑§. ª˝Ê. ¬˝ÁÃ ¬Ù‹) ∑‘§ ‚ÊÕ  
wz.|z.|z ª˝Ê. ¬˝ÁÃ ¬Ù‹ ∑§Ë Œ⁄U ‚ ŸÊß≈˛Ù¡Ÿ, »§ÊÚS»§Ù⁄U‚ ∞fl¥ 
¬Ù≈UÁ‡Êÿ◊ (NPK) ∑§Ê ¬˝ÿÙª Á∑§∞ ¡ÊŸ ‚ «˛ªŸ »§‹ ∑§Ë ©¬¡ 
◊¥ ∑§Ê»§Ë flÎÁh „Èß¸– Á◊¡Ù⁄U◊ ∑‘§ øÊ⁄U Á¡‹Ù¥ ◊¥ ‚È•⁄UÙ¥ ◊¥ CSFV, 

PCV2 ∞fl¥ PPVU ¡Ò‚ ª¥÷Ë⁄U Áfl·ÊáÊÈ•Ù¥ ∑§Ë ‚Ë⁄UÙ.√ÿÊ¬∑§ÃÊ ¬Êß¸ 
ªß¸– ∑‘§‹Ê ÃŸÊ ∞fl¥ ∑§‚ÊflÊ ∑§Ë ¡«∏ (v—v •ŸÈ¬ÊÃ) ◊¥ vz% 
•ı⁄U wz% ∑§Ë Œ⁄U ‚ ‚Ê¥ÁŒ˝Ã •Ê„Ê⁄U ∑§Ù ¬˝ÁÃSÕÊÁ¬Ã ∑§⁄U ‚È•⁄U 
¬Ê‹Ÿ ∑‘§ Á‹∞ ∞∑§ flÒ∑§ÁÀ¬∑§ •Ê„Ê⁄U ∑‘§ M§¬ ◊¥ ©¬ÿÙª Á∑§ÿÊ 
¡Ê ‚∑§ÃÊ „Ò ÃÊÁ∑§ ©Ÿ∑§Ë •Ê„Ê⁄U ‹ÊªÃ ∑§Ù ∑§◊ Á∑§ÿÊ ¡Ê ‚∑‘§– 
Á¿êÃÈß¸¬Èß¸ ŸŒË ◊¥ ◊¿‹Ë ¬˝¡ÊÁÃÿÙ¥ ∑§Ë ‚◊ÎhÃÊ ¬Êß¸ ªß¸, ¡’Á∑§ 
à‹Êfl¥ª ∞fl¥ ÃÈß¸¬Èß¸ ŸÁŒÿÙ¥ ∑‘§ ¬⁄US¬⁄U ◊¿Á‹ÿÙ¥ ∑§Ë ‚flÊ¸Áœ∑§ 
‚ŒÎ‡ÿÃÊ ÕË– zÆ% Ã∑§ ¬Èc¬áÊ ÁŒfl‚ ‚¥ÅÿÊ  PWB v|-v ◊¥ 
‚’‚ ∑§◊ (zz ÁŒŸ) ÕË •ı⁄U AKWB-v Áfl¥Ç« ’ËŸ ÿÊŸË Œ‡ÊË 
’ËŸ flÊ‹ ¡ËŸ¬˝M§¬ ◊¥ ‚’‚ •Áœ∑§ „⁄UË »§‹Ë ©¬¡ (}Æz{ 
Á∑§. ª˝Ê. ¬˝ÁÃ „ÒÄU≈U.) ÕË– •ÙÿS≈U⁄U ◊‡ÊM§◊ (å‹ÿÍ⁄UÙ≈U‚ ¬˝¡Ê.) 
¬˝¡ÊÁÃ,PL-v~-vÆv ∑§Ë ’È•Êß¸ ∑‘§ xw ÁŒŸÙ¥ ∑‘§ ’ÊŒ ¬„‹Ë »§‚‹ 
∑§≈UÊß¸ ∑§Ë ªß¸ •ı⁄U •Áœ∑§Ã◊ ©¬¡ ¬˝Ê# ∑§Ë ªß¸– •Œ⁄U∑§ ∑‘§ ‚ÊÃ 
¡ËŸ¬˝M§¬Ù¥ ◊¥ ‚, PGS-vÆw ¡ËŸ¬˝M§¬ ◊¥ •Áœ∑§Ã◊ ©¬¡ ({.yÆ 
≈UŸ ¬˝ÁÃ „ÒÄU≈U.) Œ¡¸ ∑§Ë ªß¸– xÆ Á◊Ÿ≈UÙ¥ Ã∑§  „ÀŒË ∑‘§ ⁄UÊß¡Ù◊ 
∑§Ë ◊≈UÊ‹ÁÄU‚‹-◊Ò¥∑§Ù¡Ò’ v.wz ª˝Ê. ¬˝ÁÃ ‹Ë.+ ßÁ◊«ÊÄU‹ÙÁ¬˝« 
Æ.z Á◊. ‹Ë. ¬˝ÁÃ ‹Ë. ∑‘§ ‚ÊÕ ¬˝ÊßÁ◊¥ª Á∑§∞ ¡ÊŸ ‚ xz.z} ≈UŸ 
¬˝ÁÃ „ÒÄU≈U. ∑§Ë •Áœ∑§Ã◊ ©¬¡ ¬˝Ê# „Èß¸– Á∑§‚ÊŸÙ¥ ∑‘§ πÃÙ¥ ◊¥ 
‚È•⁄U ¬Ê‹Ÿ, ◊¿‹Ë ¬Ê‹Ÿ •ı⁄U ¡‹∑§È¥« ◊¥ πÃË ∑‘§ ‚¥’¥œ ◊¥ 
¬˝Œ‡Ê¸Ÿ •ÊÿÙÁ¡Ã Á∑§∞ ª∞, ¡’Á∑§ ŸÊ’Ê«¸ ‚ ‚Ù‹⁄U ¬¥¬ ‚ÈÁflœÊ 
∑‘§ ‚ÊÕ πÈ‹ ∑§È•Ù¥ ◊¥ ◊¿‹Ë ¬Ê‹Ÿ ¬⁄U ¬˝Œ‡Ê¸Ÿ ÷Ê∑§Î•ŸÈ¬ »§Ê◊¸ 
◊¥ Á∑§ÿÊ ªÿÊ– •Êß¸∞‚¬Ë ÿÙ¡ŸÊ ∑‘§ Ã„Ã Á∑§‚ÊŸÙ¥ ∑‘§ πÃÙ¥ 
◊¥ •Ê⁄U‚Ë ◊ÁáÊ»§Ù© |, vÆ, vv, vw ∞fl¥ vx ∑‘§ ¬˝◊ÊÁáÊÃ ’Ë¡ 
¬˝ŒÁ‡Ê¸Ã Á∑§∞ ª∞–

ŸÊªÊ‹Ò¥« ◊¥, fl·¸ wÆwÆ ∑‘§ Œı⁄UÊŸ ~v fl·Ê¸ ÁŒfl‚Ù¥ ◊¥ ∑§È‹ vwzx.| 
Á◊. ◊Ë. fl·Ê¸ „Èß¸, ¡Ù Á∑§ ‚Ê◊Êãÿ (vzzy.} Á◊. ◊Ë.) ∑§Ë ÃÈ‹ŸÊ 
◊¥ v~% ∑§◊ ÕË– ŸÊªÊ‹Ò¥« ∑‘§¥Œ˝ ◊¥ ∑§È‹ wv ¬Á⁄UÿÙ¡ŸÊ∞¥ (Æ} 
‚¥SÕÊŸ mÊ⁄UÊ ÁflûÊ¬ÙÁ·Ã •ı⁄U vx ’Ês ‚„ÊÿÃÊ ÁflûÊ¬ÙÁ·Ã) 
ø‹ ⁄U„Ë „Ò¥– ∞Ÿß¸∞ø ˇÊòÊ ◊¥ ÁÃ‹„Ÿ ‚¥flœ¸Ÿ ÿÙ¡ŸÊ ∑‘§ Ã„Ã, 
‚Í⁄U¡◊ÈπË ∑§Ë Ÿı Á∑§S◊Ù¥ ∑§Ê ◊ÍÀÿÊ¥∑§Ÿ Á∑§ÿÊ ªÿÊ, Á¡Ÿ◊¥ ‚ 
Á∑§S◊ KBSH-|y ◊¥ ‚flÊ¸Áœ∑§ ©¬¡ (z.~ Á`§¥≈U‹ ¬˝ÁÃ „ÒÄU≈U.) 
Œ¡¸ ∑§Ë ªß¸ Á¡‚∑‘§ ’ÊŒ RSFH-v}}| (z.y Á`§¥≈U‹ ¬˝ÁÃ „ÒÄU≈U.) 
◊¥ ∑§Ë ªß¸– ß‚Ë ¬˝∑§Ê⁄U ÁÃ‹„Ÿ ◊¥, Á∑§S◊ Cums-v| (|.{{ 
Á`§¥. ¬˝ÁÃ „ÒÄU≈U.) ◊¥ ÃÕÊ ©‚∑‘§ ’ÊŒ Á∑§S◊ ¬˝ÊøË (|.v} Á`§¥. 
¬˝ÁÃ „ÒÄU≈U.) ◊¥ ‚flÊ¸Áœ∑§ ©¬¡ Œ¡¸ ∑§Ë ªß¸– ÁflÁ÷ÛÊ ¡ÒÁfl∑§ 
¬Ù·∑§Ãàfl ¬˝’¥œŸ ÁflÁœÿÙ¥ ◊¥ ‚, ¬Ë∞‚’Ë (»§ÊÚS»‘§≈U Áfl‹ÿ∑§ 
’ÒÄU≈UËÁ⁄UÿÊ) ∑§Ê ◊ÎŒÊ ◊¥ ¬˝ÿÙª Á∑§∞ ¡ÊŸ ‚, •ãÿ ©¬øÊ⁄UÙ¥ ∑§Ë 
ÃÈ‹ŸÊ ◊¥, x.}~ ≈UŸ ¬˝ÁÃ „ÒÄU≈U. ∑§Ë ©ëø ©¬¡ ¬˝Ê# ∑§Ë ªß¸– ¡Ê¥ø 
Á∑§S◊Ù¥ ∑‘§ M§¬ ◊¥ ÷Ê‹È◊.x •ı⁄U •Ê⁄U‚Ë∞◊-~ ∑§Ê ¬˝ÿÙª ∑§⁄U∑‘§, 
v|{ SÕÊŸËÿ œÊŸ Á∑§S◊Ù¥ ‚ ◊¥ ‚ ∑§È‹ vÆÆ øÿÁŸÃ ™§¬⁄UË ÷ÍÁ◊ 
SÕÊŸËÿ œÊŸ Á∑§S◊Ù¥ ∑§Ê ◊ÍÀÿÊ¥∑§Ÿ Á∑§ÿÊ ªÿÊ– ßŸ◊¥ ‚ Aongsho, 
Semmeki, GoyoTsük, Shuphok,  MoyaTsük Á∑§S◊Ù ◊¥ ™§¬⁄UË 
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÷ÍÁ◊ ÁSÕÁÃÿÙ¥ ∑‘§ •¥Ãª¸Ã ÷Ê‹È◊-x Á∑§S◊ ∑§Ë ÃÈ‹ŸÊ ◊¥, ©ëø 
»§‚‹ ‚¥÷ÊflŸÊ ŒπË ªß¸– ©¬¡ ‚¥÷ÊflŸÊ ∑§Ê ¬ÃÊ ‹ªÊŸ ∑‘§ 
Á‹∞ ∑§È‹ •Ê∆ ¬˝ªÁÃ‡ÊË‹ SÕÊŸËÿ Á∑§S◊Ù¥ ∑§Ê ¬˝ÊÿÙÁª∑§ •ÊœÊ⁄U 
¬⁄U ◊ÍÀÿÊ¥∑§Ÿ Á∑§ÿÊ ªÿÊ– ¬Ë¬ËflË ∞fl¥ ∞»§•Ê⁄U∞ ∑‘§ •¥Ãª¸Ã, y 
œÊŸ fl¥‡ÊÊflÁ‹ÿÙ¥ ∑§Ê ◊ÍÀÿÊ¥∑§Ÿ Á∑§ÿÊ ªÿÊ Á¡ã„¥ ⁄U»§⁄U¥‚ Á∑§S◊Ù¥, 
ÿÊŸË •Ê⁄U‚Ë∞◊-~, ⁄U¥¡ËÃ, ¬Í‚Ê ‚Èª¥œ ∞fl¥ ‡ÊÊ‡Ê⁄U¥ª (•Êß¸ß¸≈UË 
v{xvx) ‚ •‹ª ¬ÊÿÊ ªÿÊ– ŸÊªÊ‹Ò¥« ◊¥ ◊ÍÀÿÊ¥∑§Ÿ Á∑§∞ ∑§Ë 
ªß¸ ¿— •ÙÿS≈U⁄U ◊‡ÊM§◊ ¬˝¡ÊÁÃÿÙ¥ ◊¥ ‚, ¬˝¡ÊÁÃ ¬Ë∞‹-v~.Æz 
◊¥ y{.v| Á∑§. ª˝Ê./vÆÆ ª˝Ê. ‡ÊÈc∑§ fl¡Ÿ œÊŸ ÷Í‚Ë ‚é‚≈˛≈U ∑§Ë 
•Áœ∑§Ã◊ ©¬¡ Œ¡¸ ∑§Ë ªß¸– ‚¥⁄UÁˇÊÃ ‚¥⁄UøŸÊ•Ù¥ ∑‘§ Ã„Ã Á∑§¥ª 
Áø‹Ë ∑§Ë ’◊ı‚◊ πÃË (Á‚Ã¥’⁄U ◊¥ ’È•Êß¸) ‚ xz% •Áœ∑§ 
©à¬ÊŒŸ ¬˝Ê# Á∑§ÿÊ ªÿÊ– »§‹ ∑§Ë ªÈáÊflûÊÊ ÷Ë •ë¿Ë ÕË •ı⁄U 
z.|{-{.w}% (~wv{ÆÆ- vÆÆy}ÆÆ SHU)h ∑§Ë ⁄U¥¡ ◊¥ ©ëø 
∑Ò§Áå‚∞‡ÊŸ Ãàfl ÷Ë ¬ÊÿÊ ªÿÊ, ¡’Á∑§ πÈ‹ πÃ ◊¥ ∑§Ë ªß¸ πÃË 
‚ x.x}-y.z% ∑§Ê •Áœ∑§ ©à¬ÊŒŸ ¬˝Ê# Á∑§ÿÊ ªÿÊ– ∑‘§‹ ∑§Ë 
»§‚‹ ◊¥ flÒôÊÊÁŸ∑§ Ã⁄UË∑‘§ ‚ πÃË ∑§⁄UŸ ∑‘§ ’Ê⁄U ◊¥ •ı⁄U ©ëø ÉÊŸàfl 
∑‘§ ‚ÊÕ πÃË ∑§⁄UŸ ∑‘§ ’Ê⁄U ◊¥ x Á÷ÛÊ SÕÊŸÙ¥, •ÕÊ¸Ã ◊«Á¡»‘§◊Ê, 
«ÙÿÊ¬È⁄U ∞fl¥ ÁflÁ«◊Ê ◊¥ wÆv~-wÆ ∑‘§ Œı⁄UÊŸ v.z ∞∑§«∏ ˇÊòÊ»§‹ 
∑§Ù ‡ÊÊÁ◊‹ ∑§⁄U ¬˝Œ‡Ê¸Ÿ Á∑§∞ ª∞– ‡ÊË‡ÊÊÿÈQ§ ∞`§Á⁄Uÿ◊ ◊¥ ªÊ⁄UÊ 
◊¿‹Ë ¬˝¡Ê. ∑§Ê ’¥ŒËÁSÕÁÃ ◊¥ ¬˝¡ŸŸ Á∑§ÿÊ ªÿÊ– ¬˝ÁÃflÁŒÃ 
•flÁœ ∑‘§ Œı⁄UÊŸ ~Æ~xw ‚¥. •¥«Ù¥ ∑§Ê ©à¬ÊŒŸ (¬Ë∞‚¬Ë) Á∑§ÿÊ 
ªÿÊ •ı⁄U }z~ Á¬Ç‹≈UÙ¥ ∑§Ê ¡ã◊ „È•Ê (‚È•⁄UÙ¥ ∑‘§ Á‹∞ ∞◊∞‚¬Ë 
ÿÙ¡ŸÊ)– ŸÊªÊ‹Ò¥« ∑‘§¥Œ˝ Ÿ ¬˝Á‡ÊˇÊáÊÙ¥, ¬˝ˇÊòÊ ÁŒfl‚, ¬˝Œ‡Ê¸ŸÙ¥ •ÊÁŒ 
∑§Ê •ÊÿÙ¡Ÿ Á∑§ÿÊ •ı⁄U } ‡ÊÙœ ¬òÊÙ¥ ∑§Ê ¬˝∑§Ê‡ÊŸ Á∑§ÿÊ–  

Á‚ÁP§◊ ◊¥, ¡Ë•Êß¸ ÃÊ⁄UÙ¥ ∑§Ë ’Ê«∏ ∑‘§ ‚ÊÕ ⁄UÙÁ¬Ã ‹ı∑§Ë »§‚‹ ¬⁄U 
∑‘§ ‚ÊÕ ©ªÊß¸ ªß¸ ’«∏Ë ß¸‹ÊÿøË ∑§Ë »§‚‹ ◊¥ •Áœ∑§Ã◊ ©¬¡ 
(vw.wv ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) ∑§Ë ©¬¡ Œ¡¸ ∑§Ë ªß¸ Á¡‚∑‘§ ’ÊŒ πË⁄UÊ 
(}.{} ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) ◊¥ Œ¡¸ ∑§Ë ªß¸– vÆ ≈UŸ ¬˝ÁÃ „ÒÄU≈U. ∑§Ë 
Œ⁄U ‚ •Ê≈U¸Á◊Á‚ÿÊ flÈÀªÁ⁄U‚ ∑§Ê ¬˝ÿÙª Á∑§∞ ¡ÊŸ ‚ œÊŸ ŒÊŸÊ 
©¬¡ ∞fl¥ ¡ÒÁfl∑§ ©¬¡ ◊¥ ‚ÈœÊ⁄U ŒπÊ ªÿÊ •ı⁄U π⁄U¬ÃflÊ⁄UË ©¬¡ 
∑§Ë ÃÈ‹ŸÊ ◊¥ {Æ.x% ∞fl¥ y|.z% ∑§Ë ©ëø ©¬¡ ¬˝Ê# ∑§Ë ªß¸– 
•Êß¸•Ù∞»§∞‚ ¬˝áÊÊ‹Ë ∑‘§ •¥Ãª¸Ã ∑§È‹ ‚∑§‹ ‹Ê÷ (L§. w,~w,}
xz/-), ÁŸfl‹ ‹Ê÷ (L§.v,zv,w}x/-) •ı⁄U v.Æ{ ‹ÊªÃ—‹Ê÷ 
•ŸÈ¬ÊÃ Œ¡¸ Á∑§ÿÊ ªÿÊ– Á∑§S◊ ∞‹∞‚∞»§∞ø-v|v ∑‘§ Ã„Ã 
‚Í⁄U¡◊ÈπË ∑§Ë ’Ë¡ ©¬¡ (wx.y Á`§¥. ¬˝ÁÃ „ÒÄU≈U.) •ı⁄U ¡ÒÁfl∑§ 
©¬¡ (}x.~ Á`§¥. ¬˝ÁÃ „ÒÄU≈U.) ∑‘§ ©ëø ◊ÊŸ Œ¡¸ Á∑§∞ ª∞– ◊ÎŒÊ 
◊¥ ©ëø ◊ÊòÊÊ ◊¥ ∑§Ê’¸Ÿ Ãàfl ∑‘§ ¬ÎÕP§⁄UáÊ ∑‘§ Á‹∞ ◊P§Ê-©«∏Œ 
(CS1), ◊P§Ê-œÊŸ (CS2), ◊P§Ê-‚é¡Ë ◊≈U⁄U (CS6) •ı⁄U ◊P§Ê-
∑§È^Í (CS5) »§‚‹ ¬˝áÊÊÁ‹ÿÙ¥ ∑§Ë ÃÈ‹ŸÊ ◊¥ ÿÊ ÃÙ ◊P§Ê-‚ÙÿÊ’ËŸ 
(CS3) ÿÊ ◊P§Ê-‚⁄U‚Ù¥ (CS4) »§‚‹ ¬˝áÊÊ‹Ë ’„Ã⁄U „Ò– ÿ„ ¬ÊÿÊ 
ªÿÊ ’ÊÿÙø⁄U ∑§Ë ©ŸÃË‚ •Ê∑§ÊÁ⁄U∑§Ëÿ-πÁŸ¡ ÁflôÊÊŸ ‚¥’¥œË 
Áfl‡Ê·ÃÊ•Ù¥ ¬⁄U (¬ÿÊ¸fl⁄UáÊ ∞fl¥ ◊ÎŒÊ •ŸÈ¬˝ÿÙª ◊¥ √ÿÊ¬∑§ M§¬ 

‚ •ŸÈ¬˝ÿÙª ∑§⁄UŸ ◊¥) øÊ⁄U »§Ë«S≈UÊÚÄU‚ ∞fl¥ ÃËŸ ¬Êß⁄UÙ‹ÊßÁ‚‚ 
ÃÊ¬◊ÊŸ ∑§Ê ¬˝÷Êfl ¬«∏Ê ÕÊ– øÊ⁄U Áfl∑§Á‚Ã ’ÊÿÙø⁄UÙ¥ Ÿ •¬Á‡ÊC 
¡‹ ©¬øÊ⁄U ∑‘§ ‚ÊÕ ÷Ê⁄UË œÊÃÈ ∑§Ù „≈UÊŸ ∑§Ë ‚¥÷ÊflŸÊ ¬˝ŒÁ‡Ê¸Ã 
∑§Ë, ¡Ù •¬Á‡ÊC ¡‹ ∑‘§ ’Á„—dÊfl ÁŸ¬≈UÊŸ ∑‘§ Á‹∞ ÁŒ‡ÊÊÁŸŒ¸‡ÊÙ¥ 
∑§Ù ¬Í⁄UÊ ∑§⁄UŸ ◊¥ ‚„Êÿ∑§ „Ò– ⁄UÊíÿ Á∑§S◊ Áfl◊ÙøŸ ‚Á◊ÁÃ, 
Á‚ÁP§◊ ‚⁄U∑§Ê⁄U Ÿ Á‚ÁP§◊ ⁄UÊíÿ ∑‘§ Á‹∞ fl·¸ wÆwÆ ∑‘§ Œı⁄UÊŸ 
Æ~ »§‚‹ Á∑§S◊Ù¥ ∑§Ù Áfl◊ÙÁøÃ Á∑§ÿÊ– ¬˝S»§È≈UŸ ∑§Ê ‚flÊ¸Áœ∑§ 
¬˝ÁÃ‡ÊÃ ⁄UÙª •Ê¬ÃŸ πÈ‹ flÊÿÈ◊¥«‹ ◊¥ ⁄UÙÁ¬Ã ß‹ÊÿøË ∑§Àê¬ ¬⁄U 
¬ÊÿÊ ªÿÊ– •¬˝Ò‹-◊ß¸ •ı⁄U •ªSÃ-Á‚Ã¥’⁄U ∑‘§ ◊„ËŸÙ¥ ∑‘§ Œı⁄UÊŸ 
’∑§Á⁄UÿÙ¥ ◊¥ ’˝ÊÚ« S¬ÒÄU≈˛◊ ∞¥Õ‹Á◊ŸÁ≈U∑§ ©¬øÊ⁄U ¬⁄U¡Ëfl ¬˝∑§Ù¬ 
∑§Ù ∑§◊ ∑§⁄U ‚∑§ÃÊ „Ò– ∑§Ê»§Ë ÁŒŸÙ¥ Ã∑§ ∑§◊ œÍ¬ flÊ‹ ÁŒŸÙ¥ ∑‘§ 
’ÊŒ, ’∑§Á⁄UÿÙ¥ ∑§Ù ÁflüÊÊ◊ ÁŒÿÊ ¡ÊŸÊ •Êfl‡ÿ∑§ „Ò ÃÊÁ∑§ fl •¬Ÿ 
◊Œø∑˝§ ‚¥√ÿfl„Ê⁄U ∑§Ù ¬ÈŸ— ¡Ê⁄UË ∑§⁄U ¬Ê∞¥–   

ÁòÊ¬È⁄UÊ ∑‘§¥Œ˝ ◊¥, ‚ËflË•Ê⁄U‚Ë mÊ⁄UÊ Áfl◊ÙÁøÃ ŒÙ œÊŸ Á∑§S◊Ù¥ ∑§Ù 
»§‚‹ ◊ÊŸ∑§, •Áœ‚ÍøŸÊ •ı⁄U-∑§ÎÁ· »§‚‹ Á∑§S◊ Áfl◊ÙøŸ 
¬⁄U ∑‘§¥Œ˝Ëÿ ©¬-‚Á◊ÁÃ, ÷Ê⁄UÃ ‚⁄U∑§Ê⁄U Ÿ fl·¸ wÆwÆ ∑‘§ Œı⁄UÊŸ 
•Áœ‚ÍÁøÃ Á∑§ÿÊ– •Áœ‚ÍÁøÃ Á∑§S◊¥ „Ò¥ - ÁŸ∑˝§Ê ∞⁄UÙÁ’∑§ œÊŸ 
v/≈UË•Ê⁄U‚Ë wÆvz-z/•Êß¸ß¸≈UË w{v|} (∑§ŸÊ¸≈U∑§, ¤ÊÊ⁄Uπ¥« •ı⁄U 
¿ûÊË‚ª…∏ ∑‘§ Á‹∞ •Áœ‚ÍÁøÃ) •ı⁄U ≈UË•Ê⁄U‚Ë wÆvy-} (•Êß¸•Ê⁄U 
}x~w}-’Ë-’Ë-~-v) / •Êß¸ß¸≈UË wyv~| (Á„◊Êø‹ ¬˝Œ‡Ê ∞fl¥ 
∑§ŸÊ¸≈U∑§ ∑‘§ Á‹∞ •Áœ‚ÍÁøÃ)– πÃ ◊¥ ©ªÊß¸ ¡ÊŸ flÊ‹ •Áœ‚ÍÁøÃ 
v| Á∑§S◊Ù¥ ◊¥ ‚, vw Á∑§S◊Ù¥ ∑‘§ Á‹∞ «Ë∞‚Ë ∞fl¥ ∞»§ «éÀÿÍ, 
÷Ê⁄UÃ ‚⁄U∑§Ê⁄U, mÊ⁄UÊ ¬˝¡Ÿ∑§ ’Ë¡ „ÃÈ ◊Ê¥ª-¬òÊ ÿÊŸË ßã«¥≈U ¬˝Ê# 
Á∑§∞ ¡Ê ⁄U„ „Ò¥– œÊŸ »§‚‹ ∑‘§ ‚¥’¥œ ◊¥, ÁòÊ¬È⁄UÊ ‚⁄U∑§Ê⁄U mÊ⁄UÊ ÷¡ 
ª∞ ∑§È‹ ¬˝¡Ÿ∑§ ’Ë¡ ◊Ê¥ª.¬òÊ ∑§Ê y{.{|% Á„S‚Ê ÷Ê∑§Î•ŸÈ¬ 
∞Ÿß¸∞ø, ÁòÊ¬È⁄UÊ ∑‘§¥Œ˝ mÊ⁄UÊ Áfl∑§Á‚Ã ∞fl¥ Áfl◊ÙÁøÃ Á∑§S◊Ù¥ ‚ 
‚¥’¥ÁœÃ „Ò– ©«∏Œ »§‚‹ ∑‘§ ‚¥’¥œ ◊¥ ÁòÊ¬È⁄UÊ ‚⁄U∑§Ê⁄U mÊ⁄UÊ ¬˝¡Ÿ∑§ 
’Ë¡ „ÃÈ ÁŒ∞ ª∞ ◊Ê¥ª-¬òÊ ◊¥ „◊Ê⁄UË Á∑§S◊ ∑§Ê Á„S‚Ê xx.xy% 
„Ò, ¡’Á∑§ •ãÿ »§‚‹Ù¥ ∑‘§ Á‹∞ ÿ„Ë •Ê¥∑§«∏Ê ß‚ ¬˝∑§Ê⁄U „Ò -  
◊Í¥ª (v{.{|%) ÁÃ‹„Ÿ (wz%) ÃÙÁ⁄UÿÊ (~Æ.~%) •ı⁄U „⁄UË 
◊≈U⁄U (xz.|v%) ‚ËflË•Ê⁄U‚Ë-flË•Êß¸‚Ë ∑‘§ Á‹∞ •ª˝Á·Ã œÊŸ 
∑§Ë ÃËŸ fl¥‡ÊÊflÁ‹ÿÙ¥ ÿÊŸË TRC wÆvx-w (IET 23947), TRC 
2015-12 (IET 25662 ∞fl¥ TRC 2016-18(IET 26440), 
Á¡Ÿ∑§Ë ¬„øÊŸ Ÿ„Ë¥ ∑§Ë ªß¸ ÕË, ∑§Ù ∞‚flË•Ê⁄U‚Ë mÊ⁄UÊ Áfl◊ÙÁøÃ 
Á∑§ÿÊ ¡Ê∞ªÊ– ÁòÊ¬È⁄UÊ ⁄UÊíÿ ’Ë¡ ©¬-‚Á◊ÁÃ ∑§Ë ¬˝Ê⁄U¥Á÷∑§ ’Ò∆∑§ 
¬„‹ „Ë „Ù øÈ∑§Ë „Ò •ı⁄U •¥ÁÃ◊ ’Ò∆∑§ •¥ÁÃ◊ ¬˝SÃÊfl ¬˝SÃÈÃ ∑§⁄UŸ 
∑‘§ ©¬⁄UÊ¥Ã •ÊÿÙÁ¡Ã ∑§Ë ¡Ê∞ªË– ÷Ê∑§Î•ŸÈ¬ ’Ë¡ ¬Á⁄UÿÙ¡ŸÊ ∑‘§ 
Ã„Ã Áfl◊ÙÁøÃ Á∑§S◊Ù¥ ∑‘§ ∑§È‹ vy{.w Á`§¥≈U‹ ¬˝¡Ÿ∑§ ’Ë¡Ù¥ 
•ı⁄U xw~w.z Á`§¥≈U‹ ≈UË∞‹ ’Ë¡Ù¥ ∑§Ê fl·¸ wÆv~-wÆ ∑‘§ Œı⁄UÊŸ 
÷ÊªËŒÊ⁄UË ◊¥ ©à¬ÊŒŸ Á∑§ÿÊ ªÿÊ •ı⁄U Œ‹„Ÿ ’Ë¡ „’ ÿÙ¡ŸÊ 
∑‘§ Ã„Ã ~x{ Á`§¥. ’Ë¡Ù¥ ∑§Ê ©à¬ÊŒŸ Á∑§ÿÊ ªÿÊ– ß‚ •flÁœ 
∑‘§ Œı⁄UÊŸ œÊŸ •ı⁄U Œ‹„Ÿ »§‚‹Ù¥ ◊¥ w~w.} „ÒÄU≈U. ˇÊòÊ»§‹ ◊¥ 
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•ª˝¬¥ÁQ§ ¬˝Œ‡Ê¸Ÿ (∞»§∞‹«Ë) ‚¥øÊÁ‹Ã Á∑§∞ ª∞– ∞»§∞‹«Ë 
¬˝Œ‡Ê¸ŸÙ¥ ‚ ©¬¡ ‹Ê÷ w{.v ‚ xx.y% ∑‘§ ’Ëø ¬˝Ê# Á∑§ÿÊ ªÿÊ 
ÕÊ, ¡’Á∑§ •ÊÁÕ¸∑§ ‹Ê÷ wv.y ‚ w}.x% ∑‘§ ’Ëø ¬˝Ê# Á∑§ÿÊ ªÿÊ 
ÕÊ– œÊŸ ∑§Ë πÃË ◊¥ ‹ı„ Ãàfl Áfl·ÊQ§ÃÊ •ı⁄U ∑§◊ »§ÊÚS»§Ù⁄U‚ 
Ãàfl ‚ ‚Á„cáÊÈÃÊ ∑‘§ Á‹∞, ©ûÊ⁄U ¬ÍflË¸ ÷Ê⁄UÃ ‚ vÆÆ Á÷ÛÊ øÊfl‹ 
¡ŸŸŒ˝√ÿÙ¥ ∑§Ë »§ËÀ« »§ËŸÙ≈UÊßÁ¬¥ª ©‚ ‹ı„.Ãàfl Áfl·ÊQ§ÃÊ flÊ‹ 
πÃ ◊¥ ∑§Ë ªß¸ Á¡‚◊¥ vÆÆÆ ¬Ë¬Ë∞◊ ‹ı„-Ãàfl Áfl·ÊQ§ÃÊ SÃ⁄U 
ÕÊ– ŒÍ‚⁄U fl·¸ ∑‘§ ¬⁄UËˇÊáÊÙ¥ ∑‘§ ¬pÊÃ, Áfl¥ª ’ËŸ ¡ËŸ¬˝M§¬ ECv|}
w~x (~{.ÆÆ ÁŒŸ) ∑§Ù •ªÃË ¬Èc¬áÊ ∑‘§ Á‹∞, RWBGP-yw 
(xx.xx Á`§¥. ¬˝ÁÃ „ÒÄU≈U.) •ı⁄U RWBGP-yz ∑§Ù „⁄UË ◊≈U⁄U ∑§Ë 
•Áœ∑§ ©¬¡ (xv.wz Á`§¥. ¬˝ÁÃ „ÒÄU≈U.) ∑‘§ Á‹∞ ÁøÁã„Ã Á∑§ÿÊ 
ªÿÊ– ÁòÊ¬È⁄UÊ ∑§Ë ¬ÊÁ⁄UÁSÕÁÃ∑§Ë ∑‘§ Ã„Ã, ŒÙ ∑§ÎÁ· ¬˝áÊÊÁ‹ÿÙ¥ •ÕÊ¸Ã 
∞∑§Ë∑§ÎÃ ’Ë¡ •ÊœÊÁ⁄UÃ ∑§ÎÁ· ¬˝áÊÊ‹Ë (•Êß¸∞‚∞»§∞‚) •ı⁄U 
∞∑§Ë∑§ÎÃ ‚ÉÊŸ ∑§ÎÁ· ¬˝áÊÊ‹Ë (•Êß¸ •Êß¸∞»§∞‚) ∑‘§ ◊ÍÀÿÊ¥∑§Ÿ 
◊¥ ÿ„ ¬ÊÿÊ ªÿÊ Á∑§ ‚é¡Ë ◊≈U⁄U.◊P§Ê (vÆ.yv ≈UŸ ¬˝ÁÃ „ÒÄU≈U.), 
‹ÙÁ’ÿÊ.◊Í¥ª»§‹Ë.◊P§Ê (}.|Æ ≈UŸ ¬˝ÁÃ „ÒÄU≈U.), ’Ò¥ªŸ.Á÷¥«Ë (vv.
{Æ ≈UŸ ¬˝ÁÃ „ÒÄU≈U.), ‚é¡Ë ◊≈U⁄U.◊P§Ê (|.z{ ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) ‚ 
©ëø ©à¬ÊŒ∑§ÃÊ ¬˝Ê# „Èß¸– •Êß¸•Êß¸∞»§∞‚ ¬˝áÊÊ‹Ë ‚ ¬˝Ê# ÁŸfl‹ 
‹Ê÷ •ı⁄U ‹ÊªÃ—‹Ê÷ •ŸÈ¬ÊÃ ∑˝§◊‡Ê— L§. v,}w,x{v ∞fl¥ w.Æx 
ÕÊ, ¡’Á∑§ ‹ÙÁ’ÿÊ-Á÷¥«Ë.ªÊ¡⁄U (v~.}z ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) ¬˝áÊÊ‹Ë 
∑§Ù ¡ÒÁfl∑§ ∑§ÎÁ· ∑‘§ Ã„Ã ‹Ê÷¬˝Œ ¬ÊÿÊ ªÿÊ– ¡ÈÃÊß¸ •ı⁄U »§‚‹ 
¬˝áÊÊÁ‹ÿÙ¥ ¬⁄U Á∑§∞ ª∞ •äÿÿŸ ◊¥ ÿ„ ¬ÊÿÊ ªÿÊ Á∑§ øÊfl‹ 
‚◊ÃÈÀÿ ‚flÊ¸Áœ∑§ ©¬¡ (•Ê⁄Uß¸flÊß¸) ¬Ê⁄U¥¬Á⁄U∑§ ¡ÈÃÊß¸ ÁflÁœ (vÆ.
xÆ ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) ∑‘§ Ã„Ã ¬˝Ê# ∑§Ë ªß¸, ¡Ù Á∑§ ‡ÊÍãÿ.¡ÈÃÊß¸ 
(~.v{ ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) •ı⁄U ãÿÍŸÃ◊ ¡ÈÃÊß¸ (~.|} ≈UŸ ¬˝ÁÃ „ÒÄU≈U.) 
∑‘§ Ã„Ã ¬˝Ê# ©¬¡ ∑‘§ ’⁄UÊ’⁄U ÕË– ÁŸø‹Ë ÷ÍÁ◊ œÊŸ »§‚‹ ◊¥, 
vÆÆ ª˝Ê ¬˝ÁÃ „ÒÄU≈U. ∑§Ë Œ⁄U ‚ •ÊÚÄU‚Ê«Êÿ⁄UÁ¡‹+wz ª˝Ê. ¬˝ÁÃ 
„ÒÄU≈U. ∑§Ë Œ⁄U ‚ Á’‚¬ÊßÁ⁄U’Ò∑§ ‚ÙÁ«ÿ◊ ∑‘§ ¬˝ÿÙª ∑§Ù π⁄U¬ÃflÊ⁄UÙ¥ 
∑§Ù ÁŸÿ¥ÁòÊÃ ∑§⁄UŸ ◊¥ ¬˝÷Êfl∑§Ê⁄UË ¬ÊÿÊ ªÿÊ– ©ÛÊÃ ◊P§Ê ©à¬ÊŒŸ 
¬˝ılÙÁª∑§Ë ¬⁄U ¬˝Œ‡Ê¸Ÿ }Æ „ÒÄU≈U. ‚ •Áœ∑§ ˇÊòÊ»§‹ ◊¥ Á∑§∞ 
ª∞, Á¡‚◊¥ ÁòÊ¬È⁄UÊ ∑‘§ v~ ªÊ¥flÙ¥ ÃÕÊ ‹Ê÷ÊÁÕ¸ÿÙ¥ ∑‘§ M§¬ ◊¥ {xÆ 
Á∑§‚ÊŸÊ¥ ∑§Ù ‡ÊÊÁ◊‹ Á∑§ÿÊ ªÿÊ ÕÊ– ≈UË∞‚¬Ë, ∞‚‚Ë∞‚¬Ë •ı⁄U 
∞Ÿß¸∞ø ‚ ‚¥’¥ÁœÃ ªÁÃÁflÁœÿÙ¥ ∑§Ù | Á¡‹Ù¥ ∑‘§ Ã„Ã vÆ •ÊŒ‡Ê¸ 
ªÊ¥flÙ¥ ÃÕÊ vzÆÆ ‚ •Áœ∑§ Á∑§‚ÊŸÙ¥ ∑§Ù ‡ÊÊÁ◊‹ ∑§⁄U ∑§ÊÿÊ¸ÁãflÃ 
Á∑§ÿÊ ªÿÊ– ŒÍ‚⁄UË •Ù⁄U, •Ÿ∑§ ¬˝ılÙÁªÁ∑§ÿÙ¥ ∑§Ê ◊ÊŸ∑§Ë∑§⁄UáÊ 
Á∑§ÿÊ ªÿÊ, Á¡Ÿ◊¥ x.z ∑‘§ •ı‚Ã ‹ÊªÃ—‹Ê÷ •ŸÈ¬ÊÃ ∑‘§ ‚ÊÕ 
™§¬⁄UË ÷ÍÁ◊ ¬ÊÁ⁄UÁSÕÁÃÁ∑§ÿÙ¥ ∑‘§ Á‹∞ ‚é¡Ë •ÊœÊÁ⁄UÃ •¥Ã⁄U »§‚‹ 

¬˝áÊÊ‹Ë, «˛ªŸ »§‹ ∑§Ë πÃË ∑‘§ Á‹∞ •Êß¸∞Ÿ∞◊ •ŸÈ‚ÍøË, flË« 
◊Ò≈U ∑§Ê ¬˝ÿÙª ∑§⁄U π⁄U¬ÃflÊ⁄U ⁄UÁ„Ã •ŸÊŸÊ‚ ∑§Ë πÃË ÁÅ¡‚∑‘§ 
¬Á⁄UáÊÊ◊SflM§¬ ’«∏ •Ê∑§Ê⁄U (v.z- w Á∑§. ª˝Ê. fl¡Ÿ) ∑‘§ »§‹ ¬˝Ê# 
Á∑§∞ ª∞, •ı⁄U ÁòÊ¬È⁄UÊ ◊¥ ª˝¥ÁÕ∑§ ∑§ÃÙ¸Ã∑§ ∑§Ê ¬˝ÿÙª ∑§⁄U ß‹ÊÿøË 
‹◊Ÿ ∑§Ê ßŸ Áfl≈˛Ù √ÿÊ¬∑§ ’„ÈªÈáÊŸ ‚ ‚¥’¥ÁœÃ ¬˝ılÙÁª∑§Ë ‡ÊÊÁ◊‹ 
ÕË– Á∑§‚ÊŸÙ¥ ‚Á„Ã |~z ¬˝ÁÃ÷ÊÁªÿÙ¥ ∑‘§ Á‹∞ ¬ãŒ˝„ ¬˝Á‡ÊˇÊáÊÙ¥, 
∑§Êÿ¸‡ÊÊ‹Ê•Ù¥ •ı⁄U ¬˝Œ‡Ê¸ŸÙ¥ ∑§Ê •ÊÿÙ¡Ÿ Á∑§ÿÊ ªÿÊ– Á∑§‚ÊŸÙ¥ 
∑§Ù ªÈáÊflûÊÊ ⁄UÙ¬áÊ ‚Ê◊Áª˝ÿÊ¥ •ı⁄U •ãÿ ‚Ê◊Áª˝ÿÊ¥ ÁflÃÁ⁄UÃ ∑§Ë 
ªß¸¥– ∑§ÈP§È≈U ¬˝¡ŸŸ ¬⁄U ∞•Êß¸‚Ë•Ê⁄U¬Ë ∑‘§ Ã„Ã, ÿ„ ¬ÊÿÊ ªÿÊ Á∑§ 
‡ÊÊ⁄UËÁ⁄U∑§ ’…∏flÊ⁄U „ÊÁ‚‹ ∑§⁄U ⁄U„ øÍ¡Ù¥ ∑§Ù Á‹≈UÁ‚ÿÊ Ç‹ÈÁ≈UŸÙ‚Ê  
(v.z-w.Æ%) ∑§Ê •Ê„Ê⁄UËÿ •ŸÈ¬Í⁄UáÊ ÁŒ∞ ¡ÊŸ ‚ ÃÊ¬ª˝SÃ ÁSÕÁÃ 
∑‘§ Ã„Ã ©Ÿ∑§Ê ‡ÊÊ⁄UËÁ⁄U∑§ fl¡Ÿ •ı⁄U ∞»§‚Ë•Ê⁄U ◊¥ ‚ÈœÊ⁄U •ÊÿÊ– 
∑§ÈP§È≈U, ‚È•⁄U, ’∑§⁄UË •ı⁄U «ÿ⁄UË ∑§ÎÁ· ∑‘§ Á‹∞ Á÷ÛÊ ÿÙ¡ŸÊ•Ù¥ 
∑‘§ Ã„Ã Á∑§‚ÊŸÙ¥ ∑‘§ Á„Ã ◊¥ ∑§È‹ w{ ˇÊ◊ÃÊ ÁŸ◊Ê¸áÊ ∑§Êÿ¸∑˝§◊Ù¥ 
∑§Ê •ÊÿÙ¡Ÿ Á∑§ÿÊ ªÿÊ– Á∑§‚ÊŸÙ¥ ∑§Ë •Ê¡ËÁfl∑§Ê ◊¥ ‚ÈœÊ⁄U ‹ÊŸ 
∑‘§ Á‹∞ yzÆ ‚ •Áœ∑§ Á∑§‚ÊŸÙ¥ ∑§Ù yÆ,~vz øÍ¡, |} Á¬Ç‹≈U, 
vz ’∑§Á⁄UÿÊ¥, ‚È•⁄U/∑§È∑§È≈U •Ê„Ê⁄U, •Ê„Ê⁄U •ŸÈ¬Í⁄UáÊ •ı⁄U „ÊßÁ’˝« 
ŸÁ¬ÿ⁄U ◊ÍÁª¸ÿÊ¥ ÁflÃÁ⁄UÃ ∑§Ë ªß¸¥– ÁòÊ¬È⁄UÊ ∑‘§ Á∑§‚ÊŸÙ¥ ∑§Ù Á÷ÛÊ ©ÛÊÃ 
ŸS‹Ù¥ ∑‘§ ∑§È‹ x{,zyy øÍ¡Ù¥ ∑§Ë •Ê¬ÍÁÃ¸ ∑§Ë ªß¸– ◊¿‹Ë ¬Ê‹Ÿ 
∑‘§ Ã„Ã, ’⁄UÙ¡ªÊ⁄U ÿÈflÊ•Ù¥ ∑‘§ ̌ Ê◊ÃÊ ÁŸ◊Ê¸áÊ ∑‘§ Á‹∞ ’ÊÿÙ.çU‹ÊÚ∑§ 
Ã∑§ŸË∑§ ¬⁄U ¡Ù⁄U ÁŒÿÊ ªÿÊ •ı⁄U ©¬ÿÈQ§ ◊¿‹Ë ¬˝¡ÊÁÃÿÙ¥ ∑‘§ 
M§¬ ◊¥ ∑§ÊÚ◊Ÿ ∑§Ê¬¸ (zÆ Á»§¥ª⁄UÁ‹¥ª ¬˝ÁÃ ÉÊŸ ◊Ë. ¡‹ ∑§Ë Œ⁄U 
‚) ∞fl¥ ◊ÙŸÙ.‚ÄU‚ Á≈U‹Á¬ÿÊ (vÆÆ ÉÊŸ ◊Ë. ¡‹ ∑§Ë Œ⁄U ‚) 
∑§Ê ¬˝ÿÙª ∑§⁄U ãÿÍŸ.‹ÊªÃ ∑‘§¡ ∑§Àø⁄U ¬˝ılÙÁª∑§Ë ∑‘§ ‚¥’¥œ ◊¥ 
¬˝Œ‡Ê¸Ÿ ÁŒπÊÿÊ ªÿÊ– ◊Ë∆ ¡‹ ◊¥ ◊¿Á‹ÿÙ¥ ∑‘§ •Áœ∑§Ã⁄U ⁄UÙª 
¡ËflÊáÊÁfl∑§ ⁄UÙª¡Ÿ∑§ ∞⁄UÙ◊ÙŸ‚ „Êß«˛ÙÁ»§‹Ê ∑‘§ ∑§Ê⁄UáÊ ¬Ê∞ ª∞– 
¡Ëx ’ÒÄU≈UËÁ⁄UÿÙ»‘§¡ ‚ ∞. „Êß«˛ÙÁ»§‹Ê mÊ⁄UÊ ©à¬ÛÊ ⁄UÙª ∑‘§ ∑§Ê⁄UáÊ 
◊¿Á‹ÿÙ¥ ∑§Ë ◊ÎàÿÈŒ⁄U ~Æ% Ã∑§ ∑§◊ „Ù ªÿË ÕË, •ı⁄U ÿ„ ∞∑§ 
‚¥÷ÊÁflÃ ’ÊÿÙ∑§¥≈˛Ù‹ ∞¡¥≈U ∑‘§ M§¬ ◊¥ ©÷⁄U∑§⁄U •ÊÿÊ– L§Œ˝Ê‚Êª⁄U 
¤ÊÊË‹ ∑‘§ ≈˛ÊÚÁ»§∑§ S≈U≈U ß¥«ÄU‚ (≈UË ∞‚ •Êß¸) ∑§Ê ÁŸœÊ¸⁄UáÊ 
Á∑§ÿÊ ªÿÊ– ≈UË∞‚¬Ë ÿÙ¡ŸÊ ∑‘§ Ã„Ã, v}| Á∑§‚ÊŸÙ ∑§Ù |vzÆÆ 
Á»§¥ª⁄UÁ‹¥ª, zÆÆ Á∑§. ª˝Ê. ◊¿‹Ë ’Ë¡, {zÆ Á∑§. ª˝Ê. ‹Êß◊ •ı⁄U 
|} ŒflÊß¸ Á∑§≈U¥ ÁflÃÁ⁄UÃ ∑§Ë ªß¸¥, ¡’Á∑§ ∞‚‚Ë∞‚¬Ë ÿÙ¡ŸÊ ∑‘§ 
Ã„Ã, vxÆ Á∑§‚ÊŸÙ¥ ∑§Ù x|zÆÆ Á»§¥ª⁄UÁ‹¥ª, xzÆ Á∑§. ª˝Ê. ◊¿‹Ë 
’Ë¡, zwÆ Á∑§. ª˝Ê. ‹Êß◊ •ı⁄U {z ŒflÊß¸ Á∑§≈U¥ ÁflÃÁ⁄UÃ ∑§Ë ªß¸¥–
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Executive Summary

In Meghalaya annual rainfall (3518.9 mm in 140 
events) during 2020 was the highest in the history 
of Umiam (44% higher than normal) since the start 

of data recording during 1983. Analysis of long-term 
weather data over the NE region, revealed increase in 
dryness especially during the monsoon, post-monsoon 
and winter months. Under Crop Sciences Bhalum 4 a 
released upland variety of NEH has been improved 
for tolerance to low soil P, by transferring Pup1 using 
marker-assisted backcross breeding (MABB). Several 
high performing crosses viz. Kubon-3 X Megh-SA 2, 
IVT(M)-2805 X Sakur (P19), and IURON-44/19 X 
Bhalum-3 were identified for development of acid 
and cold tolerant rice genotypes suited to medium to 
high hill regions of Meghalaya. Several strains having 
biocontrol potential against Fusarium wilt of Brinjal 
have been identified viz. Penicillium spp., Trichoderma 
spp, Bacillus subtilis, B. cereus and Pseudomonas spp. 
Taro root aphid, Patchiella reaumuri was detected 
for the first time, DNA barcode (CO I sequence) has 
been deposited in the NCBI GenBank ‘MT796073’. 
An integrated organic farming system (IOFS) model 
(area of 0.43 ha; total net return of Rs. 82,903/- per 
year) comprising different agricultural enterprises 
was developed and demonstrated at farmers field 
in Mynsain village. The indigenous collection (IC) 
number of 13 accessions in different horticultural 
crops were obtained from NBPGR, New Delhi. The DUS 
guidelines were developed for the popular landraces 
(24 nos.) of lemon and jackfruit (15 nos.). Megha 
Taro-2 (yield 18-20 t/ha) was released by Central 
Sub-committee on Crop Standards, Notification and 
Release of varieties for Horticultural crops in 2020. 
Microcontroller based solar tunnel dryer (100 kg of 
fresh turmeric/ginger in 29 bright sunshine hours) 
was designed and developed. 

Research on Animal and Fisheries Sciences at 
Meghalaya yielded significant outcomes in the 
previous year. A low-cost pig feed ration with locally 
available non-conventional feed resources (banana 

pseudostem and brewery waste) was formulated 
which replaced 10% maize and wheat bran with 
significant (P<0.05) improvement in the final body 
weight gain, feed conversion ratio, and reproductive 
performances of crossbred pigs. Adoption of 
improved pig and poultry variety in Meghalaya led 
to two-fold increase in income of tribal farmers with 
substantial increment in livelihood index value of 
the tribal farmers (from 0.572 to 0.766). Small-scale 
rural entrepreneurship development through pig 
and poultry production revealed two-fold increase 
in productivity while the income improved from 
INR 2.13 lakh to INR 4.72 lakh in four years. Studies 
on reproductive and hatchery management of duck 
and turkey indicated that artificial insemination can 
be a suitable alternative to improve the fertility and 
hatchability of Khaki Campbell ducks in the state 
of Meghalaya. A nucleus herd of Assam hill goats 
(AHG) was established to conserve and propagate 
indigenous goat germplasms of north eastern hill 
region of India. Oxyrase supplementation @1.2 IU/ml 
in tris-egg yolk extender improved post thaw semen 
quality and could be used as a preservative agent 
for crossbred bull spermatozoa. A high throughput 
colorimetric method was developed to estimate 
formalin in fresh fish samples and application of the 
assay indicated that the formalin contents of fresh 
fishes in Meghalaya were within FSSAI limits. Study 
on tissue-dwelling zoonotic foodborne parasites in 
pigs indicated that seroprevalence of Toxoplasma 
gondi in pigs ranged between 16-83% while that of 
Trichinella was considearbly lower (0-2.5%). Four 
diagnostic assays were developed using polymerase 
spiral reaction as point-of-care diagnostic toolkits 
to detect  Campylobacter jejuni, Campylobacter coli, 
Salmonella and Clostridium perfringens contamination 
of food at source without the need for sophisticated 
equipments. Another four novel visual detection 
techniques for Salmonella and C. perfringens using 
saltatory rolling circle amplification (SRCA) were 
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also developed. Two formalin killed alum adjuvanted 
vaccine prototypes were developed for Listeria 
monocytogenes and Erysipelothrix rhusiopathiae. 
Peste des petits ruminants virus was isolated on vero 
cell which could be used for vaccine preparation. 
Similarly, characterization of immunogenic Proteins 
of Rhipicephalus (Boophilus) microplus tick led to 
identification of several immunodominant proteins 
for vaccine preparation. On the other hand, an 
Animal Health Clinic was established to provide 
year round service to tribal farmers. On the fisheries 
side, optimization of combination of two species fish 
culture under mid hill condition yielded an average 
fish production of 2,550 kg/ha/year benefiting tribal 
farmers. For the first time cage culture was introduced 
in Meghalaya in Umiam lake and two new fish species 
of ornamental value, Channa lipor and Channa aristonei 
were identified from Umraling river of Meghalaya.

Under social science research, multidimensional 
performance evaluation of different integrated 
Farming System revealed that agri-horti-silvi-pastoral 
system to be the most economically effective system 
for the north-eastern region. Study on strategies 
to improve effectiveness of extension services in 
Meghalaya highlighted the need for creation of 
“Convergence Cell” in each organization. Skill gap 
analysis of tribal farmers in pig and cattle production 
indicated that skill gap of the farmers were high 
(59%) in respect of management, feeding and animal 
health practices. In addition, social science division, 
maintained and managed common facilities of the 
institute like KRISHI portal, ARMS, PIMS, MIS-FMS, 
Media Cell, etc.

In Arunachal Pradesh total annual rainfall was 3010 
mm, 27 per cent above normal and very erractic. 
Maximum temperature was mostly above normal 
whereas minimum temperature below normal. 
Retaining six fruitlets per shoot in kiwifruit resulted 
in optimum thinning and maximum production of 
grade ‘A’ fruits (20.83 kg per vine). Mid-may planting 
plants treated with (50% lime + 100% RDF) and 
further plants mulched with paddy straw exhibited 
best in terms of yield and quality attributes of tissue 

cultured Grand Naine banana. Peaches trained on 
Y-shape trellis recorded highest yield (3.13 kg/plant) 
and found significantly superior over others. In IFS 
model of area 0.23 ha, vegetable-based cropping 
systems recorded the highest (167.32 t/ha) in terms 
of MEY followed by fishery unit (54 t/ha). Out of 35 
land races two genotypes Amham and Tinin were 
found most diverse from others. Three entries of Job’s 
tears viz. RJTGP-89 (17 q/ha) followed by RJTGP-49 
(15.36 q/ ha) and RJTGP-81 (12.92 q/ha) were found 
promising. The highest French bean yield (28.5 t/ha) 
was recorded in 75% RDF + Lime + VC with variety MZ-
FB 48. Out of 44 established multipurpose tree species 
Pinus kesia, Acacia Mangium, Eleocarpus sphaericus 
and Manglietia insignis were found promising in mid-
hills of Arunachal Pradesh in terms of physical growth. 
In Jhum crop leaf blast (April-July) and brown spot 
(May-Aug) were found long duration disease of paddy 
crop under natural condition of infection. Host range 
of Sclerotinia sclerotiorum was studied and 11 crops 
recorded their host. Eleven pollinators were recorded 
in mustard and black weevil infestation first recorded 
in Leparada district. Six forage species viz., Macaranga 
denticulate, Dendrocalamus giganteus, Ficus hirta, 
Ficus auriculata Lour, Ficus hispida L.f. and Ficus 
semicordata Buch.-Ham. ex Sm. were commonly found 
in Mithun foraged sites and had similar frequency 
per cent. Severe lower back pain (51.43 %) was most 
common physical discomfort reported by farmers. 
Physical trait and some morphometeric characteristic 
of indigenous cattle (Balang) were studied. 2120 
district level and 848 block level agromet advisory 
bulletins were prepared and disseminated, benefitting 
over 3 lakhs farmers across the state. 

In Manipur, during the year 2020, multi-location 
yield trial of promising three rice lines- RCM 33, RCM 
36 and RCM 37 was successfully conducted, these 
lines outperformed well with blast and false smut 
tolerance. These are to be proposed for state release 
during 2021. DUS characterization for 51 traits in 
23 Black rice “Chakhao” landraces were carried out. 
Purification and maintenance of GI Black rice is also 
being taken up. Under NSP Breeder Seed Production 
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and ISP, 43.7 quintals of breeder seed, 44.50 quintals 
of foundation seed and 14.97 quintals of certified 
seeds of rice, soybean, groundnut, maize and pearl 
millet were produced. Under ICAR Seed Project, 
561.30 quintals of pre kharif  rice, 964.49 quintals 
of main kharif rice and 13.09 quintals of groundnut 
were produced. Comparison of various maize based 
cropping systems revealed that maize-sweet corn- 
veg. broadbean combination gave higher system 
productivity i.e. 23.24±0.73 t/ha. Foliar application 
of melatonin in pineapple showed substantial impact 
on enzymatic activity. For management of Fall 
armyworm, application of Metarrhizium anisoplae @ 
5ml/litre water and Spinetoram 11.7% SC @0.5ml /
litre water was found to be most effective. Infectivity 
analysis of Banana Streak MY Virus (BSMYV) revealed 
that resistance of diploid Musa balbisiana genotype 
Bhimkol genome broke down upon agroinfection with 
BSMYV. First successful attempt was made to decipher 
the virome of chilli pools of North East India. Under 
poultry seed project 24,367 number of day old chicks 
were produced and supplied to the beneficiaries/ 
agencies. Valley area of the state observed higher farm 
income diversification (42.87 per cent) compared to 
hill. During the year, 13 number of trainings, webinars 
and capacity building programmes were organised. 

Mizoram Regional centre of the Institute received 
a total rainfall of 2296.1 mm with 119 rainy days 
while maximum temperature was 34.1°C with lowest 
minimum 8.5°C. Screening of upland rice lines showed 
the least growing degree day accumulation in MZ UP 
R 42 with higher radiation use efficiency (216.8 g MJ-1 
ha-1). Out of maize inbred lines, MZM-2 has the highest 
true kernel density (1.196 g/c.c.) while Mimpui lines 
(MZM-11 and MZM-16) had maximum grain surface 
area. Fertilizer and lime combination on maize (RCM-
76) soybean (JS-8021) sequence significantly increase 
crop yields. Application of NPK @ 25-75-75 g/pole 
along with FYM (2 kg/ pole) and vermicompost (1 
kg/pole) significantly improved yield of dragon fruit. 
Important pig viral sero-prevalence observed in four 
districts of Mizoram was PRRSV, CSFV, PCV2 and PPV. 
Replacement of concentrated feed at 15% & 25% 
using banana stem and cassava root (1:1) can be used 

as an alternative feeding option for pig rearing to 
reduce the feed cost. Fish species richness was found 
highest in Chhimtuipui river with highest species 
similarity between Tlawng & Tuipui rivers. Days to 
50% flowering was least (55days) in PWB 17-1 and 
highest green pod yield in AKWB-1 (8056 kg/ha) 
winged bean genotypes. Oyster Mushroom (Pleurotus 
spp) strain, PL-19-101 gave the maximum yield with 
maximum time of 32 days for first harvest. Out of 
seven ginger genotypes PGS-102 (6.40 t/ha) recorded 
maximum yield. Rhizome priming of turmeric using 
metalaxyl-mancozeb @ 1.25g/L+ Imidacloprid 0.5 
ml/L for 30 minutes gave maximum yield of 35.58 
t/ha. Demonstration such as pig cum fish farming, 
Jalkund were done in farmer’s field while open dug 
well with solar pump facility in ICAR Farm from 
NABARD. Certified seeds of RC Maniphou 7, 10, 11, 12 
and 13 were demonstrated in farmer’s field under ISP.  

 In Nagaland, total rainfall received during 2020 
was 1253.7 mm (91 rainy days) which was19% less 
than the normal (1554.8 mm). A total of 21 projects 
(08institute funded and 13 externally funded) are 
under progress in the centre. Under promotion of 
oilseed in NEH region, nine variety of sunflower 
were evaluated, of which variety KBSH-74 recorded 
highest yield (5.9 quintal per ha) followed by RSFH-
1887 (5.4 quintal per ha). Similarly in sesame, Cums-
17 recorded the highest yield (7.66 quintal per ha) 
followed by Prachi (7.18 quintal per ha).  Among 
different organic nutrient management practices, 
application of PSB (Phosphate solubilizing bacteria) 
in soil resulted in higher yield of 3.89 tonnes/ha 
compared to other treatments.  A total of 100selected 
upland rice landracesamong 176 rice landraces were 
evaluated using Bhalum- 3 and RCM-9 as check variety. 
Among these, Aongsho, Semmeki, GoyoTsük, Shuphok,  
MoyaTsük showed high potential yield compared to 
Bhalum-3 in upland condition. A total of eight promising 
landraces were evaluated for yield on plot basis. 
Under PPV&FRA, 4 rice entries were evaluated and 
found distinct from reference varieties namely RCM-
9, Ranjit, Pusa Sughandha and Shashrang (IET16313). 
Among the six strains of oyster mushroom evaluated 
at Nagaland,PL-19-05strains recorded maximum 
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yield of 46.17 kg per 100 kg dry weight substrate of 
paddy straw. Out of season cultivation of king chilly 
under protected structures (September sowing) 
enhanced production by 35% with superior quality 
fruit and higher capsaicin content ranging from 5.76-
6.28% (921600- 1004800 SHU) as compared to open 
cultivation 3.38-4.5 %. Demonstration on scientific 
cultivation of banana and high density in banana 
cultivation was undertaken at 3 different sites viz. in 
Medziphema, Doyapur and Vidima covering an area of 
1.5 acres during 2019-20. Captive breeding of Garra 
sp. was done in glass aquaria. During the reporting 
period, 90932 numbers of eggs were produced (PSP); 
859 piglets were farrowed (MSP on pig). The centre 
organized trainings, field day, demonstrations etc. and 
published 8 research papers.

In Sikkim, maximum yield of large cardamom was 
recorded in GI wire planted with bottle gourd (12.21 
t/ha) followed by cucumber (8.68 t/ha) as trailing 
vegetables. Application of Artemisia vulgaris @ 10 t/
ha produced significant improvement of rice grain 
and biological yield and recorded 60.3% and 47.5% 
higher yield compared to weedy. The IOFS system has 
generated total gross return (Rs. 2,92,835/-), net return 
(Rs. 1,51,283/-) and 1.06 B: C ratio. Higher values 
of sunflower seed yield (23.4 q/ha) and biological 
yield (83.9 q/ha) was registerd under LSFH-171. 
Either maize-soybean (CS3) or maize-mustard (CS4) 
cropping system with different organic management 
is better for sequestering higher C in the soil than 
the maize-black gram (CS1), maize-rice (CS2), maize-
vegetable pea (CS6) and maize-buckwheat (CS5). It has 
been quantified the influence of four feedstocks and 
three pyrolysis temperature on twenty nine morpho-
mineralogical characteristics of biochar for their wide 
range of environmental and soil application. The four 
developed biochar explored huge potential for removal 
of heavy metal along with wastewater treatment to 
meet guidelines for wastewater effluent disposal. 09 
crop Varieties released for the state of Sikkim during 
2020 by State Variety Release Committee, Govt. of 
Sikkim. The highest percent disease incidence of blight 
was observed on large cardamom clump planted 
under open condition. The need of broad spectrum 

anthelmintic treatment of goats in the month of April-
May and August-September could reduce the parasitic 
load in animals. After a long period of short daylight 
exposure, a resting period is needed for the goats to 
resume their estrus behaviour.

In Tripura Centre, two rice varieties released by CVRC 
were notified by Central Sub-Committee on Crop 
Standards, Notification and - Release of Varieties 
for Agricultural Crops, Govt. of India during 2020. 
The notified varieties are NICRA Aerobic Dhan1 / 
TRC 2015-5 / IET 26178(–notified for Karnataka, 
Jharkhand and Chhattisgarh) and TRC 2014-8 (IR 
83928-B-B-9-1) / IET 24197 (notified for Himachal 
Pradesh and Karnataka). Out of 17 notified field crop 
varieties, 12 are receiving breeder seed indent from 
DAC&FW, Govt. of India. In paddy 46.67 % of total 
breeders seed indent by the Govt. of Tripura are for 
the varieties developed and released by ICAR NEH, 
Tripura Centre. For Blackgram our variety occupies 
33.34% breeder seed indent by Tripura, whereas the 
corresponding figures for other crops are: green gram 
(16.67%), Sesame (25%), toria (90.9%) and field pea 
(35.71%). Three rice entries TRC 2013-2 (IET 23947), 
TRC 2015-12 (IET 25662) and TRC 2016-18(IET 
26440) qualified for CVRC-VIC but not identified 
will be taken up for release by SVRC. Preliminary 
meeting of Tripura State Seed Sub Committee is 
already held and final meeting will be held once the 
final proposals are submitted. In total 146.2q breeder 
seed and 3292.5q TL seed of released varieties are 
produced under ICAR Seed Project and 936q pulses 
seed were produced under Pulses Seed Hub during 
the year 2019-20 in participatory mode. During this 
period 292.8 ha FLDs were conducted in rice and 
pulses. Yield advantage of FLDs ranged from 26.1 to 
33.4%; whereas, economic advantage ranged from 
21.4 to 28.3%. For tolerance to iron toxicity and low 
phosphorus stress in rice, field phenotyping of 100 
diverse rice germplasm from North East India were 
undertaken in iron toxic field with a toxicity level of 
1000 ppm ferrous iron. After second year trials, wing 
bean genotype EC178293 (96.00 days) was identified 
for early flowering, RWBGP-42 ((33.33 q/ha) and 
RWBGP-45 for high green pod yields (31.25 q/ha).  
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Under Tripura condition evaluation of two farming 
systems viz., Integrated Seed based Farming System 
(ISFS) and Integrated Intensive farming system 
(IIFS) revealed that vegetable pea-maize (10.41 t/
ha), cowpea- groundnut- maize (8.70 t/ha), brinjal-
okra (11.60 t/ha), vegetable pea-maize (7.56 t/ha) 
gave higher productivity. The net return and B:C 
ratio obtained with IIFS were Rs. 1, 82,361 and 2.03, 
respectively. Whereas, cowpea-okra-carrot (19.85 
t/ha) system was found profitable under organic 
farming. In a tillage and cropping system study, the 
highest rice equivalent yield (REY) was observed 
under conventional tillage (10.30 t/ha), which was 
on par with no-till (9.16 t/ha) and minimum tillage 
(9.78 t/ha). In lowland rice, the most effective control 
of weeds were obtained under Oxadiargyl @ 100 g ai/
ha + Bispyribac sodium @ 25 g ai/ha. Demonstration 
on improved maize production technology was 
conducted over 80 ha area with about 630 farmer as 
beneficiaries covering 19 village in Tripura. TSP, SCSP 
and NEH activities were implemented in 10 model 
villages  covering 7 Districts and more than 1500 
farmers. On the other hand, technologies like vegetable 
based intercropping system for upland conditions 
with average B: C ratio of 3.5, INM Schedule for dragon 
fruit cultivation, Weed free pineapple cultivation 
using weed mat resulting in bigger fruit size (1.5 – 
2Kg) and in vitro mass multiplication of Elaichi lemon 
using nodal explant in Tripura were standardized.  
Fifteen trainings/ workshop/ demonstrations were 

conducted for 795 participants including farmers 
and quality planting materials and other inputs were 
distributed. Under AICRP on Poultry Breeding, it was 
found that dietary supplementation of Litsea glutinosa 
(1.5-2.0%) powder in growing chicken improved body 
weight and FCR during heat stressed condition. A total 
26 capacity building  programmes were organized for 
popularization of poultry, pig, goat and dairy farming 
for the farmers under different schemes. A total 
40,915 chicks, 78 piglets, 15 goats, pig/poultry feed, 
feed supplements and Hybrid Napier were distributed 
among more than 450 farmers  to improve the  their 
livelihood. A total of 36,544, chicks of different 
improved varieties of were supplied to the farmers 
of Tripura. In Fisheries, emphasis was laid upon 
capacity building of unemployed youths on bio-floc 
technique and demonstration of low-cost cage culture 
technology in the riverine ecosystem using Common 
carp (@ 50 fingerlings/m3) and Mono-sex Tilapia 
(@ 100/m3) as candidate species. Majority of the 
disease in freshwater aquaculture is due to bacterial 
pathogen Aeromonas hydrophila.  G3 bacteriophage, 
reduced the mortality due to A. hydrophila by 90% 
and emerged as potential biocontrol agent. The 
Trophic State Index (TSI) of Rudrasagar lake was 
assessed. Under TSP, 71500 fingerlings, 500 kg fish 
feed, 650 kg lime and 78 medicine kits were provided 
to 187 farmers and under SCSP, 37500 fingerlings, 
350 kg fish feed, 520 kg lime and 65 medicine kits 
were distributed out to 130 farmers.  
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INTRODUCTION

ICAR Research Complex for NEH Region is a 
premier research institute of the country. The 
institute was established in the year 1975. It has 

its headquarters in Umiam, Meghalaya and regional 
centers in six states (Arunachal Pradesh, Manipur, 
Mizoram, Nagaland, Sikkim and Tripura) It is one of 
the largest institute of Indian Council of Agricultural 
Research. 

 Since inception, the institute has been engaged 
in providing solutions for hill agriculture through 
development of location specific technologies which 
are sustainable and climate resilient. The institute 
has a robust network of 20 Krishi Vigyan Kendras 
(KVKs) spread over hilly areas of all states of the 
northeast region. The institute also play a major 
role in augmenting tribal livelihood through various 
schemes and provides customized livelihood options 
in agriculture and allied fields through capacity 
building and creation of rural social capital. ICAR 
Research Complex has been disseminating modern 
technologies for livelihood and nutritional security in 
the region that include truthfully labeled seeds, quality 
planting materials, improved animal breeds, poultry 
and fish seeds including proto-type implements and 
tools suitable for hill agriculture, soil health testing 
kits, diagnostic kits for animal diseases and critical 
inputs. Being the hub of agricultural research in the 
northeastern hill region, the institute operates many 
competitive national and international projects 
funded by funding agencies including UKRI, DBT, DST, 
SERB, NICRA, NHB, NASF, NMSHE, FFP and TSP, etc. 
in the frontier areas of agriculture. Besides externally 
funded projects, several interdisciplinary in-house 
research projects of strategic and adaptive interest 
are also pursued by the institute to cater to the needs 
of the hill agriculture in the northeast region.

 The Institute has linkages with many other ICAR 
Institutes and Universities, International organizations 
like IRRI, ICRISAT, CIMMYT, University of Cambridge, 
University of Liverpool, etc. and National institutes 
like TISS,  NABARD, MANAGE, NABARD, NERCOMP, 
MRDS, etc. For various outreach programme institute 
also collaborates with NGOs, farmers bodies and co-
operative societies from the region.

MANDATE

•	 To develop and improve sustainable farming 
systems for different agro-climatic and socio-
economic conditions of NEH region, including 
organic agriculture.

•	 To improve crops, horticulture, livestock and 
fishery and to impart training for development 
of local competence for efficient management of 
resources.

•	 To collaborate with state Departments for 
testing and promotion of improved farming 
technologies.

THRUST AREAS

•	 To evolve sustainable integrated farming 
systems for jhum improvement and restoration 
of degraded lands

•	 To increase the overall productivity of different 
crops through research in cereals, pulses, 
oilseeds, horticultural crops including temperate 
horticulture, agroforestry, fisheries and other 
economical crops.

•	 Development of feed and fodder resources from 
locally available fodder for livestock.

•	 Improvement of citrus plantation to reinvigorate 
the citrus industry

•	 Animal health coverage and improvement of 
livestock production system including trans-
boundary diseases.

LABORATORIES AND WORKSHOP

For conducting research in basic, applied and strategic 
domain of hill agriculture and allied subjects, ICAR 
Research Complex for NEH Region has a number 
of well equipped laboratories which cater to the 
scientists of the institute and other researchers of 
the region. Apart from laboratories at headquarters 
Umiam, all regional centers are also equipped 
with laboratories that serve the scientists of the 
respective states. There is Central Laboratory at the 
Headquarter at Umiam, with advanced facilities such 
as atomic absorption spectrophotometer (AAS), 
high performance liquid chromatograph (HPLC), gas 
chromatograph, flow cytometer, 24 capillary Sanger 
sequencer, Computational Biology Unit with server 
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and terminals, etc. for conducting research on diverse 
mandates of the institute. For research in animal 
pathogens bio-containment facilities are in place 
along with state of art laboratories. For research on 
climate resilient agriculture advanced facilities such 
as  FATE, CTGC, Biochar, TOC equipment are also 
available. For value addition and increasing farmers 
income a post-harvest processing unit is available. 
An advanced workshop at Division of Agricultural 

Category Sanctioned Post Filled Post Vacant Post

In
st

it
ut

e

Scientific 155 116 39
Technical 252 91 161
Administrative 116 70 46
Supporting 115 115 0
Total 638 392 246

K
ri

sh
i V

ig
ya

n 
Ke

nd
ra

Sr. Scientist & Head 20 1 19
T-6 (SMS) 120 75 45
T-4 (Programme Assistant) 40 26 14
T-4 (Farm Manager) 20 8 12
T-1 (Driver cum Mechanic) 40 21 19
Assistant 20 0 20
Jr. Steno cum Computer Operator 20 4 16
Skilled Support Staff 40 36 4
Total 320 171 149

Grand Total 958 563 395

Engineering is engaged in research and development 
of new tools and implements and also for fabrication 
and designs of prototypes.
HUMAN RESOURCES
The growth engine of the institute is driven by a 
committed and inspired set of human resources 
comprising of scientific, technical, administrative, 
financial and supporting staffs. The details of staffing 
are as below (Table 1).

LIBRARY

The institute subscribes to a number of scientific 
journals and magazines. Moreover, the library has an 
impressive collection of more than 30000 books and 
reports  for the benefit of the scientists and others. 
Current inventory of the library are as below (Table 2).

Table 2. Books, journals and other documents 
available at library

Nature of Publication No. of copies available
Books & Reports 31614
Back Volumes of Journals 12715
Foreign Journals -
Indian Journals 45
News Papers 14
Hindi Books 4478
Magazines 06

BUDGET

During the year 2019-20, the institute had a budget 
outlay of Rs. 104.45 crore with an expenditure of Rs 
103.60 crore (99.18%). Details of the expenditure are 
in Table 3. 

Table 3. Annual Budget in Rs. Lakhs

Head Revised 
Estimate Expenditure

A. Recurring

Establishment charges 4455.75 4435.12

Wages 1083.48 1083.48

Travelling allowance 31.00 30.85
Recurring 
contingences 1462.58 1459.44

Other items (HRD) 0.72 0.72

Table 1. The category wise staff details of the Institute.
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Repair/ maintenance 1040.00 1036.75

Pension 1203.16 1199.91

Total A 9276.69 9246.26

B. Non- recurring

Works 280.31 279.28

Equipments 280.00 274.73
Information 
technology 17.00 16.08

Furniture and Fixture 1.46 1.46

Books - -

Livestock - -

Other - -

Total B 578.77 571.57
C. Loans and 
advances - -

D. TSP 469.99 452.79

E. SCSP 119.90 89.69
Grand total 
(A+B+C+D+E) 10445.35 10360.30

INFORMATION TECHNOLOGY FACILITIES

To keep pace with rising application of information 
technology in the field of agriculture and allied 
sciences, the institute maintains a number of IT 
facilities including a computer lab with various 
statistical software such as SAS, SPSS, and STATISTICA. 
In addition, various GIS software such as Arc GIS 
and QGIS (Open Source) are also available. As a 
center for various online examinations conducted 
by Agricultural Scientists Recruitment Board (ASRB) 
a computerized examination hall equipped with 
server, and desktops and power backups has been 
operating in the institute catering to the HRD needs of 
the northeast region. Further, agro-advisory services 
such as Gramin Krishi Mausam Seva (GKMS) is being 
provided to farmers of the region in collaboration 
with the India Meteorological Department. The 
institute has a dedicated internet feeder line from 
National Knowledge Network which supplies internet 
connections to more than 200 computers for staff 
in the headquarter. In addition, all regional centers 
are also equipped with sufficient computers and 
accessories connected to internet for easing office and 
research work of the institute.
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IMPORTANT MEETINGS, EVENTS AND VISITORS

Animal Health Clinic held at ICAR Research 
Complex for NEH Region

Under the aegis of the director of the institute Dr B.K 
Kandpal an “Animal Health Clinic” is inaugurated today 
(2nd June 2020).  to cater the needs of the farmers of 
the region. Adhering to the Covid – 19 protocols the 
inauguration was held in the presence of the director 
and the head of the diviosns. The Animal Health Clinic 
will cater to the ailing livestock of the region. Speaking 
on the occasion the director of the institute Dr B.K 
Kandpal said that the initiative is just a stepping stone 
towards the ultimate goal of making the best animal 
health clinic in the North East. He further added that 
the institute is planning to collaborate with the state 
departments for making the best animal health care 
facilities in the region. Dr. Arnab Sen, Head, Animal 
Health Division said that the Animal Health Clinic 
was the need of the hour. The clinic is fully functional 
to serve the livestock owners of the region. Animal 
health sector includes three aspects surveillance, 
treatment and a secured environment to treat the 
disease animals. The Zoonotic Diseases also known 
as zoonoses are caused by germs that spread between 
animals and people and needs utmost precautions in 
treating these animals. The functional clinic is a boon 
to the livestock owners of the region as well as the 
manpower behind handling the disease animals.

Fig.1. Inauguration of Animal Health Clinic at 
ICAR RC NEH Headquarters, Umiam

Field Day on “No-till Cultivation of Pea and Lentil 
in Rice Fallow and Integrated Organic Farming 
System (IOFS)” 

A field day on ‘No-till Cultivation of Pea and Lentil in 
Rice Fallow and Integrated  Organic Farming System 
(IOFS)” was organized at ICAR Research Complex 
for NEH Region, Umiam under the Tribal Sub Plan 
(TSP). The programme was attended by more than 
80 farmers from 10 different villages of Ri-Bhoi and 
West Jaintia Hills district, Meghalaya. Dr. Jayanta 
Layek, Principal Investigator of organic farming 

Fig. 2. Field Day on No-till Cultivation and 
Integrated Organic Farming System  at ICAR NEH, Umiam
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gave the introductory speech on need of Integrated 
Organic Farming System (IOFS) for enhancing the 
system productivity and income of the farmers. 
The net income from an IOFS model with an area of 
0.43 ha has been recorded at Rs. 62,531/- per year 
which is much higher than the income of farmers’ 
common practices. Dr. B K Kandpal, Director of the 
Institute highlighted the importance of conservation 
agriculture in enhancing the resource use efficiency 
and cropping intensity in the region. Demonstration 
on no-till cultivation of pea, chickpea and lentil in rice 
fallow, IOFS, vermicomposting, organic management 
of insect pests were done. Various inputs like improved 
seeds of vegetable, organic pesticides and small farm 
implements were also distributed to the farmers. 
The programme concluded with vote of thanks by  
Dr. Krishnappa R with every possible helps from ICAR 
for promotion of organic farming and pulse cultivation 
in NEH region. The programme was coordinated by 
Dr. Jayanta Layek, Dr. Krishnappa R, Dr. Sandip Patra, 
Dr. M Thoithoi Devi and Dr. Pankaj Sinha. 

Celebration of National Science Day

National Science Day – 2020 was celebrated in ICAR 
(RC) for NEH Region, Umiam. A two days event packed 
with quiz competition for school children, impromptu 
lecture competition, memorial lectures and special 
competition on Idea Challenge were among the 
attractions. Around eight schools from Ri-Bhoi and 
other districts participated in the competitions. Kick 

Fig. 3. Celebration of National Science Day at ICAR Research Complex for NEH Region, Umiam

starting the programme Dr. B. K. Kandpal, Director, 
ICAR (RC) for NEH Region, Umiam delivered a lecture 
on the importance of science in society and our day to 
day life. The lecture was followed by a lively interactive 
session with the school children moderated by Dr. G. 
Kadirvel, Principal Scientist & Organizing Secretary of 
National Science Day and Dr. A. A. P. Milton, Scientist 
& Co- Organizing Secretary. Sir C.V. Raman memorial 
lecture on ‘Mitigating Human Elephant Conflict’ was 
delivered by renowned elephant expert Padmashree 
Dr. K. K. Sarma. In his address Dr. Sarma underlined 
the need for conservation of elephant and their 
ecosystem for future of our planet. Dr. PLN Raju, 
Director, North Eastern Space Application Centre, 
Umiam delivered National Science Day Special 
Lecture on ‘Space, Science and Beyond’ highlighting 
the need for innovation and efforts for igniting the 
young minds. The day progressed with distribution 
of prizes for various competitions to the winners and 
participating school children. The event ended with 
vote of thanks from Dr. G. Kadirvel with the promise 
to foster and nurture science in the coming years too.  
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Review Meeting to Assess the Scientific Activities 
of the Institute

A review meeting was held with the aid of zoom 
application at ICAR Research complex for NEH Region 
on 13th May, 2020. Hon’ble Deputy Director General 
(Natural Resource Management), ICAR, Dr. S.K. 
Chaudhari, reviewed the scientific activities of the 
Institute undertaken during 2019-20 through video 
conferencing mode. With the ongoing crisis amidst 
COVID 19 outbreak the review meeting was the need 
of the hour.  Director of the Institute, Dr. B. K. Kandpal 
presented the activities of the institute covering the 
research and extension activities undertaken during 
last plan period. Scientist of the Institute attended the 
meeting at Institute Committee room. Head & Scientist 
of Regional centres were also present through video 
conferencing for the meeting. Director of this institute 
during his presentation covered achievements of 
different Institute as well as externally funded projects 
including NICRA, TSP/SCSP and Farmers First project. 
He also highlighted the future thrust areas and 
research agendas of the Institute. Director of other 

NRM institutes were also present on this occasion 
through video conferencing and suggested for further 
improvement of projects and programme of this 
Institute. Hon’ble DDG (NRM) interacted with all the 
Head of regional centres for 2 minutes each. Dr. B. P 
Bhatt, Director, ICAR Research Complex for Eastern 
Region, Patna suggested for carrying out research 
activities on Jhum cultivation and emphasized for 
Jhum improvement programme in North-Eastern 
States. Dr S. K. Dhyani, Principal Scientist (AF), ICAR 
highlighted the importance of agro-forestry research 
in the region to carry out research on various aspects 
of agro-forestry. Dr. A. S. Panwar, Director, ICAR – 
IIFSR, Modipuram, Meerut highlighted the importance 
of farming system research for organic Farming in 
this region. Dr. S. Bhaskar, Assistant Director General 
(Agronomy, Agro-Forestry and Climate Change), 
Division of Natural Resources Management, Indian 
Council of Agricultural Research, New Delhi and Dr. 
Adlul Islam, Principal Scientist (WM) also attended 
the meeting through zoom app. The meeting ended 
with a vote of thanks by Director, Dr. B. K. Kandpal.

Fig. 4. Glimpses of the virtual review meeting by Dr S.K. Chaudhari, DDG, NRM, ICAR, New Delhi

Celebration of International Women’s Day

International Women’s Day (March 8) is a global day 
celebrating the social, economic, cultural and political 
achievements of women. The Women’s Cell of ICAR 
NEH marked the day with colourful celebrations at 
the MS Swaminathan Hall. In unison with the theme 
for the year 2020 “I am Generation Equality: Realizing 
Women’s Rights” a series of presentation were made 
to enlighten the gathering about legal rights. The 
presentations entitled “Realising our rights” and 

“Women’s role in society” were conducted by Smti 
Nirmali Borthakur, In-charge Legal Cell and Smti S. Jha 
respectively. The programmes included “talent search” 
and “go as you like”. The “go as you like” programme 
was dedicated to discover North East where the various 
traditional attires were depicted by the participants. 
The talent hunt was judged and the best participants 
were awarded. The day also marks a call to action for 
accelerating gender parity. It’s also an important tool 
for policymakers striving towards gender equality. A 
brief presentation was presented by Dr K Puro, Senior 
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Scientist Animal Health and I/c Chairperson Women’s 
Cell on Coronavirus who briefed the gathering about 
the WHO recommended dos and don’ts to prevent the 
disease. The gathering also witnessed the precautions 
to be used during any public gathering.  There was 
use of sanitizer before entry and exit in the premises. 
The motto of the programme was to sensitize the 
staffs about gender disparity and to emphasis on the 
fact that gender equality is the need for a developed 
society, “we don’t need a special treatment all we need 
is an equal treatment”.

Fig. 5. Celebration of International Women’s 
Day at ICAR Research Complex for NEH 

Region, Umiam

Fig. 6. A talk on sustainable and responsible 
fisheries

Fig. 7. Input distribution program, attended 
by Shri MR Gopal, GM, NABARD, Scientists, 

Technical and project staff of the Centre

Celebration of World Fisheries Day 2020 on 
November 21, 2020

The World Fisheries Day was celebrated on November 
21, 2020 at ICAR, Lembucherra under the theme 
‘sustainable and responsible fisheries’. Twenty five 
fish farmers under Panchai Farmers Club, West 
Tripura, three fish farmers under Indranagar Farmers 
Club, Sabroom, South Tripura, and four fish farmers 
under Bagma Agri-Producers Company ltd. (BAPCL), 
Gomati district were participated. GM, NABARD, Shri 
MR Gopal was the Chief Guest. Among others there 
were Mr. Kishore Rava, Asst. Manager, NABARD, Shri 
Sudip Majumder, CEO (BAPCL), Mr. Biswajit Majumder, 
President, Indranagar Farmers Club, scientists, 
technical and project staff of the Centre. Various issues 
like deterioration of health of aquatic ecosystems, 
health of fish workers, sanitation of fish markets, 
formalin adulterated fish and reckless introduction 
of exotics etc were discussed. The impact of CoVID-19 
on fisheries and its management holistically were also 
discussed. 12 cast nets and 18 aluminium containers 
were distributed among the farmers at the end of 
the program to keep them encouraging in practicing 
sustainable and responsible fisheries in Tripura. 

Celebration of National Fish Farmers’ Day

The twentieth National Fish Farmers’ Day on 10 July 
2020 was celebrated at ICAR in commemoration of 
scientists- Dr KH Alikunhi and Dr. HL Chaudhury for 
their epoch-making invention of induced breeding 
of fish. Hon’ble MLA, Bamutia constituency, Tripura, 

Shri Krishnadhan Das was the Chief Guest and 
President, Agri-standing Committee (West Tripura), 
Shri Samaresh Biswas was the ‘Guest of honour’. 
There were 25 progressive fish farmers, scientists 
of Tripura Centre, SMS (Fisheries), KVK (South 
Tripura), SMS (Fisheries), CAU-KVK, (Sepahijala), 
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Sr. Scientist and Head (i/c), KVK (West Tripura), 
technical, administrative and project staff of the office. 
A scientist-farmer interaction was hold under the 
theme “doubling farmers’ income”. To keep farmers 

encouraging on practising scientific fish farming, they 
were supplied with 3000 fingerlings of Singhi, a high-
value catfish and 150 kilogram floating fish feed at the 
end of the program. 

Fig. 7. A glimse of the program coordinated by 
Dr C. Debnath

Fig. 9. National Farmers Day celebration on 
December 23, 2020

Fig. 8. Supply of inputs by local MLA, Shri 
Krishnadhan Das, Bamutia constituency, 

Tripura

Fig. 10. Input distribution attended by Mrs. 
Shila Das, Hon’ble Chairperson, Bamutia RD 

Block

Celebration of Kisan Diwas on December 23, 2020

Kisan Diwas (National Farmers’ Day) was also 
celebrated on December 23, 2020 at ICAR, Tripura 
Centre to honour local farmers and to mark the birth 
anniversary of our former Prime Minister, Choudhary 
Charan Singh. Mrs. Shila Das, Hon’ble Chairperson, 
Bamutia RD Block was ‘Chief Guest’ and Sh. Samaresh 

Biswas, President, Agri-Standing committee, West 
Tripura was ‘Guest of Honor’. 25 farmers from West 
Tripura, Scientists, Technical, Administrative and 
Project Staff of the Office were present. There was 
an awareness talk about the new farm laws putting 
farmers first by Dr. C. Debnath. At the end some critical 
inputs like fish seed, fish feed, lime, vegetable seeds, 
chicks, etc were supplied to farmers. 

1)  Chief Secretary, Government of Manipur, Dr. Rajesh Kumar, IAS delivers the Inaugural Address of One Day 
Webinar on “Sensitization Program on Effective Implementation of FPOs in North Eastern Hill Region” on 
5 September 2020.

2)  Shri Khangembam Nabakumar Singh, Hon’ble Member, General Body of the ICAR Society, as Chief Guest on 
the celebration of World Soil Day on 5th December 2020.
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MEGHALAYA
SUMMARY
The total annual rainfall was 3010 mm, 27 per Annual rainfall in Umiam, Meghalaya (3518.9 mm in 140 events) 
during 2020 was the highest in the history of Umiam (44% higher than normal) since 1983. Analysis of long-
term weather data over the NE region, revealed increase in dryness especially during the monsoon, post-
monsoon and winter months. Bhalum 4 a released upland variety of NEH has been improved for tolerance to 
low soil P, by transferring Pup1 gene. Several high performing crosses viz. Kubon-3 X Megh-SA 2, IVT(M)-2805 
X Sakur (P19), and IURON-44/19 X Bhalum-3 were identified for acid and cold tolerance. Several strains with 
biocontrol potential against Fusarium wilt of Brinjal have been identified viz. Penicillium spp., Trichoderma spp, 
Bacillus subtilis, B. cereus and Pseudomonas spp. Taro root aphid, Patchiella reaumuri was detected for the first 
time in Meghalaya. An integrated organic farming system (IOFS) model (area of 0.43 ha; total net return of Rs. 
82,903/- per year) comprising different agricultural enterprises was developed and demonstrated at farmers 
field in Mynsain village. The indigenous collection (IC) number of 13 accessions in different horticultural crops 
were obtained from NBPGR, New Delhi. DUS guidelines were developed for lemon and jackfruit. Megha Taro-
2 (yield 18-20 t/ha) was released by Central Sub-committee on Crop Standards, Notification and Release of 
varieties for Horticultural crops in 2020. Microcontroller based solar tunnel dryer (100 kg of fresh turmeric/
ginger in 29 bright sunshine hours) was designed and developed. Under Animal and Fisheries Sciences, a 
low-cost pig feed with locally available non-conventional feed resources (banana pseudostem and brewery 
waste) was formulated. Small-scale rural entrepreneurship development through pig and poultry production 
indicated two-fold increase in productivity with rise in income from INR 2.13 lakh to INR 4.72 lakh in four 
years. A nucleus herd of Assam hill goats (AHG) was established to conserve and propagate indigenous goat 
germplasms. A high throughput colorimetric method to estimate formalin in fresh fish samples was developed. 
Eight diagnostic assays were developed using isothermal techniques to detect  various foodborne patogens at 
source. Two formalin killed alum adjuvanted vaccine prototypes were developed for Listeria monocytogenes 
and Erysipelothrix rhusiopathiae. In addition, two vaccine development antiges were identified - Peste des petits 
ruminants virus on vero cell and immunogenic Proteins of Rhipicephalus (Boophilus) microplus tick. To address 
the needs of the livestock owners, an Animal Health Clinic was established. On the fisheries side, for the first 
time cage culture was introduced in Meghalaya in Umiam lake and two new fish species of ornamental value, 
Channa lipor and Channa aristonei were identified from Umraling river of Meghalaya. Under social science 
research, multidimensional performance evaluation of different Integrated Farming System revealed that agri-
horti-silvi-pastoral as the most economically remunerative for the north-eastern region. Skill gap analysis of 
tribal farmers in pig and cattle production indicated that skill gap of the farmers were high (59%) in respect of 
management, feeding and animal health practices, thus requiring more attention in skill development.
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Weather Report- 2020

(Contributors: D. Chakraborty, B. K. Sethy, P. S. Rolling 
Anal and Suresh Das)

Umiam received total annual rainfall of 3518.9 mm 
in 140 events with monsoon rainfall of 1984.0 mm 
(56% of annual rainfall) in 73 rainy days (52% of 
annual). This annual rainfall is the highest in the 
history of Umiam since the start of data recording 
during 1983. May, June, July, September and October 
months have contributed 101 rainy days. Only during 
the August there was considerably lower rainfall than 
the long period average (LPA) i.e. a deficiency of 43%. 
Considerably higher rainfall was received during 
April, May, July, September and October months. Even 
during May, September and October the rainfall was 
almost double the LPA. The monthly rainfall during 
September (695.2 mm) was the highest in the month 
since recording at Umiam. During the whole year, the 
total rainfall was about 44% higher than normal and 
monsoon rain was also higher by about 27%. The 
monthly and annual pattern in rainfall is depicted in 
Fig 1. The highest rainfall in a single day was 112.6 
mm which occurred on October 24th, 2020. The total 
annual pan evaporation was 756.9 mm. The rainfall 
was more than the pan evaporation from April to 
November, but the reverse happened during rest of 
the months.

Fig 1: Monthly & annual rainfall pattern over 
Umiam, Meghalaya

Fig 2: Monthly values of (a) mean maximum & 
minimum temperature and (b) mean relative 

humidity during 2020.

The variation in the morning relative humidity 
(RHmorning) was much less as compared to the evening 
relative humidity (RHevening) [Fig 2 (b)]. The RHmorning 
varied from 81.2% to 91.5% in March and July, 
respectively and RH (evening) varied between 52.3% and 
87.6% in November and July respectively. Due to heavy 
rainfall in the month of July the relative humidity also 
became high. The total annual pan evaporation was 
756.9 mm. It was found that the pan evaporation was 
lower than the LPA in almost all the months except 
August, due to higher temperature and lower rainfall. 
The average wind speed was lower than normal by 
23% to 48% for different months of the year. 

(a)

(b)



ANNUAL REPORT 2020ICAR RC NEH

11

Division of System Research and 
Engineering (DSRE)
AGRONOMY
Network Project on Organic farming 

(Contributors: Jayanta Layek, Anup Das, Krishnappa R, 
Pankaj Baiswar, Sandip Patra and Ramesh T) 

Integrated Organic Farming System (IOFs) Model 
for Livelihood and Nutritional Security

An IOFS model comprising different agricultural 
enterprises such as cropping (cereal : rice and maize; 
pulses : lentil, pea; oilseeds: soybean, rapeseed and 
fodder crops), horticulture (vegetable crops: French 
bean, tomato, carrot, okra, brinjal, cabbage, potato, 
broccoli, cauliflower, chili, coriander; fruits: Assam 
lemon, papaya, peach), dairy  (a milch cow + calf), 
central farm pond, duckery (18 ducks), farmyard 
manure pits and vermicomposting unit  (Fig. 3) was 
developed and standardized. The farm pond (460 
m2 area with average depth of 1.5 m) was utilized 
for life saving irrigation, duckery and aquaculture. 
Climbing vegetables such as bottle gourd, chow-
chow, cucumber, ridge gourd etc., were grown on a 
structure created above water bodies in one side of 
the pond dyke for vertical intensification. Organic pest 
management practices were also followed through the 
application of neem oil, Beuveria bassiana and Bacillus 
thuringiensis. The solid waste from cow shed was used 
for preparation of FYM and vermicomposting.  The 
total cost of cultivation was recorded at Rs. 60,835/- 
per year under the IOFS model with an area of 0.43 ha. 
A total net return of Rs. 82,903/- per year was achieved 
which is about to Rs. 1,92,798/ha. This net return 
is much higher than the region’s farmers common 
practices of rice monocropping or improved practice 
of rice-vegetables cropping system. Approximately 
94.4% of the total N requirement, 85.1% of the total 
P2O5 requirement and 98.2% of total K2O requirement 
could be met within the model through recycling of 
different bio resources. The nutrient requirement 
of the model from external source could be reduced 
substantially with the efficient recycling of pond silt, 
intercropping with legume, use of bio-fertilizers such 
as azotobacter, rhizobium, phosphorus solubilizing 
microorganisms etc. The IOFS model enhanced the 
resource use efficiency and livelihood security of 
small and marginal farmers.

Fig. 3. Different components under IOFS model

Comparative evaluation of organic, inorganic 
and integrated management practices on crop 
productivity, soil health and produce quality

Four cropping systems namely Broccoli-carrot, 
Broccoli -potato, Broccoli -French bean and Broccoli 
–tomato  on raised beds and another four cropping 
systems namely Rice (Var. Megha Aromatic 2)-fallow, 
Rice (Var. Shahsarang-1)-fallow, Rice (Var. Ngoba)-
fallow and Rice (Var. Lampnah)-fallow on sunken beds 
were evaluated under four different management 
practices viz., 100 % organic (NS1), 100 % inorganic 
(NS2), integrated management with 50 % inorganic 
+ 50 % organic (NS3) and 75 % organic + 10 % 
vermiwash + 10 % cow urine spray (NS4). The highest 
yield of pre-kharif vegetables was recorded in case of 
carrot (16.5 t/ha) and French bean (6.52 t/ha) when 
grown on raised beds with 100% organic nutrient 
sources and it was followed by integrated management 
practice (50% organic + 50% inorganic). The highest 
yield of potato was recorded under inorganic nutrient 
source (19.05 t/ha). In case of tomato, the highest 
yield was recorded under 75% organic nutrient 
source + 2 sprays of cow urine and vermiwash that 
may be due to the insecticidal property and presence 
of growth promoting substances in vermiwash and 
cow urine. Under raised bed condition, application of 
100% organic source of nutrients resulted maximum 
SOC in soil irrespective of its depth of sampling (0-15 
cm and 15-30 cm). Maximum available N and SMBC 
was found under 100% organic (262.60 kg/ha and 
178.31 µg/g dry soil, respectively) source of nutrients 
whereas, maximum P and K were found under 
integrated nutrient management (22.91 and 275.60 
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kg/ha, respectively) practices. Raised and sunken bed 
land configuration enhances crop diversification and 
productivity under organic production system.

Performance of different varieties of Maize and 
French bean under organic management

 To identify suitable cultivars of major crops 
for mid hills of Meghalaya, a total of 11 cultivars of 
Maize (8 composites, 1 hybrid and 2 local variety) 
and 10 cultivars of French bean (8 HYV and 2 local) 
were evaluated under organic management practices. 
French bean was sown in furrows between two rows 
of maize fallow under no till conditions. The highest 
system productivity (6.33 t/ha/year) was recorded 
by the cropping system T-8 (maize cultivar RCM 
1-61 followed by French bean cultivar Naga local) 
followed by T-4 (maize variety RCM 75 followed by 
French bean variety RCM FB 18). Better performances 
of the cropping sequence T-8 and T-4 for higher 
system productivity is due to higher grain and seed 
yield of maize cultivars (cv. RCM 1-61 & RCM 75) 
and French bean cultivars (cv. Naga local & RCM FB 
18). Higher yield along with good market price for 
French bean was one of the major causes for getting 
high maize equivalent yield (MEY) in the sequence. 
So, these varieties of maize (viz. RCM 1-61, RCM 
75) and French bean (Naga local, RCM FB 18) fit 
perfectly within the cropping system and should be 
promoted for high system productivity. Though, all 
the maize varieties were infested by Fall Armyworm, 
Spodoptera frugiperda (J. E. Smith) at early vegetative 
growth stage but all infested plants did not produce 
dead hearts. Plant infestation varied from 20.56% 
(RCM 1-1) to 35.45% (Vijay composite).  Among the 
varieties, RCM 1-61, RCM-75, RCM 1-1 and RCM 1-2, 
recorded relatively less dead heart ranging between 
8.32 to 17.04%. In Maize-French bean cropping 
sequence, maize varieties viz. RCM 1-61 and RCM 75 
and French bean cultivars viz. Naga local and RCM FB 
18 should be promoted for higher system productivity 
under organic production system.

Farming System Research 

(Contributors: Jayanta Layek, M Thoithoi Devi, Samir 
Das, Rakesh Kumar and N Deshmukh) 

 In total, eight (8) micro watersheds comprising 
of Dairy based land use (FSW-1), Mixed forestry (FSW-
2), Silvi-pastoral land use (FSW-3), Agro-pastoral 
system (FSW-4), Agri-horti-silvi-pastoral (FSW-5), 
Silvi-horticultural system (FSW-6), Natural forest 
block (FSW-7) and Timber-based farming system 

(FSW-8) are being evaluated on long term basis at 
ICAR Research Complex for NEH Region, Umiam, 
Meghalaya. The major findings of the recent year 
(2020) are given here. 

Dairy based farming system (FSW-1) 

 Dairy based farming system was evaluated on 
a micro watershed of 1.39 ha area including 0.45 ha 
of forest land. The area under planned land use was 
0.94 ha of which 0.45 ha terrace area falls under 
annual fodder crops and the remaining under broom 
and guinea grass production. Three numbers of 
milch cows along with their calves were maintained. 
An analysis of fodder production and requirement 
revealed that total production of green fodder from 
forage crops was 35.12 tonne, while the requirement 
for dairy animals was 31.6 t, showing a surplus of (+) 
3.52 t/ annum. The feed concentrate, paddy straw and 
medicine were arranged from nearby market costing 
to Rs. 1,23,764/-. The milk yield obtained from the 
system was 4,680 litres amounting to Rs. 2,30,560/-. 
The net annual income from the system was calculated 
as Rs. 1,06,796/-. 

Silvi-pastoral system (FSW-3) 

 Silvi-pastoral system was established on 2.94 
ha area of forest land of which 2.05 ha was under 
planned land use. The average slope of the area was 
32.2%. Twenty-seven goats (7 males, 30 females) 
were maintained in this system by demarcating 0.50 
ha area. The system was not generating any profit 
and hence, poultry (500 no. broilers) birds were 
also integrated in 4-5 cycles above the fishpond of 
500 m2 of area as a subsidiary source of income. 
Total fish production of 90 kg was recorded, which 
together with broiler poultry increased income of the 
system. Around Rs. 14,290/- were generated from 
pond area with intensification through vegetables in 
pond dyke. The gross income from this system was 
Rs. 1,21,365/- with an expenditure of Rs. 1,02,491/- 
on feed, concentrate and procurement for day old 
chicks resulting into a net profit of Rs. 18,874/-. The 
lower half portion of the watershed was planted 
with fodder trees species comprising of Symingtonia 
populnea, Bauhinia purpurea, Ficus spp, Schima 
wallichii, Indigofera indica and wild cherry to provide 
green leaf fodder to the goats during lean period. 
Mixed perennial grasses were planted between the 
fodder trees to conserve soil and water and to provide 
supplementary source of fodder for grazing.
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Agro –pastoral system (FSW-4)

 Agro-pastoral system was established in 0.64 
ha area (forest land of 0.06 ha and planned land used 
area of 0.58 ha) having an average slope of 32.4%. The 
top portion of the watershed was utilized for mono 
cropping, middle portion for double cropping and 
bottom portion for triple cropping. Vertical farming 
was also included for proper utilization of the land and 
maximizing yield and income. The results revealed that 
integration of crops with livestock resulted maximum 
income (Rs. 2,36,838/-). The system also generated 
247 man-days employment excluding family labour 
amounting to Rs. 74,842/-.  The gross and net income 
from the system was Rs. 3,32,078/- and Rs. 1,29,166/, 
respectively with output–input ratio of 1.63.  

Agri-horti-silvi-pastoral system (FSW-5) 

 The Agri-horti-silvi-pastoral system was 
developed in 1.58 ha. Out of total area, 0.55 ha was 
under forest while 1.03 ha under planned land use 
system. The system was standardized in 0.80 ha 
area and out of this, 0.10 ha of foothills was used 
for agriculture, 0.25 ha for horticulture and 0.45 ha 
for silvi-pastoral system with one milch cow. The 
highest rice equivalent yield (REY) of 4418.4 kg was 
generated from livestock unit followed by Capsicum-
French bean-Pea cropping. Vegetable component 
registered a gross- income of Rs. 29,580/-, while fruit 
orchard (guava and pineapple) gave gross income 
of Rs. 7,995/- amounting to a total net income of 
Rs. 35,575/- from the system. The system produced 
7,923.7 kg (REY) with gross return of Rs. 96,276/- and 
net return of Rs. 62,346/.

Silvi-horticultural system (FSW-6) 

The total area of silvi-horticultural system was 3.13 
ha with a forest land of 2.17 ha and planned land use 
of 0.96 ha of which 0.50 ha area was kept for system 
study. The average slope of the area was 53.2%. Lower 
terraces covering an area of 490 m2 was utilized for 
growing spices and vegetables like turmeric, radish 
etc. The middle portion of the system was utilized 
for fruit crops such as guava, pineapple, and dragon 
fruits. Upper portion of the system was covered with 
the forest tree spp. Alnus nepalensis. 

AICRP-Integrated Farming System

Integrated farming system (IFS) model was 
developed covering an area of 1.0 ha under AICRP-
IFS scheme. Out of 1.0 ha, 7000 m2 area was allotted 

for Agriculture/Vegetable based cropping system, 
2000 m2  to horticulture (fruit) and 500 m2 to water 
harvesting pond for aquaculture. An area of 500 m2 
area was kept for rearing livestock, vermi-compost 
unit, threshing floor and for miscellaneous uses. 500 
fingerlings were released in the fishpond. The pond 
dyke occupies an area of 322 m2 and was utilized 
for cultivation of vegetables, fruit crops and fodder 
crops (Fig. 4). Cucurbitaceous crops like bottle gourd, 
pumpkin and cucumber are grown during kharif 
season in the bamboo machan (vertical cropping) 
and cole crops like cabbage and broccoli are grown 
during rabi season. An area of 2300 m2 was allotted 
to rice-toria-french bean cropping system and 2500 
m2 area was allotted to maize based cropping system 
involving soybean, black gram, green gram, french 
bean and toria.  Spices occupied 900 m2 area on which 
cucumber, bottle gourd, sponge gourd and squash 
were grown as vertical crop. The vegetable based 
cropping system was adopted in 700 m2 area with 
300% cropping intensity. The orchard component is 
having 2000 m2 area in which four fruits species viz. 
Assam lemon, guava, peach and orange were planted. 
In livestock component of IFS, 500 broiler chicks were 
reared in 5 rotations of 100 birds each for a cycle of 
35-40 days. Besides, 83 layer birds of Vanaraja variety 
of poultry were maintained on the farm for the egg 
production. Another livestock component included 
in the system is pig (3 pigs: Hampshire x Khasi Local 
cross breed). In totality, 1.0 ha IFS model recorded 
gross and net return of Rs 4,30,304/- and Rs 2,44,434/ 
ha/annum, respectively besides providing year-round 
employment to the farm family members. 

Fig. 4. Pond dike intensification with 
vegetables
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Evaluation of different millets under organic 
management practices 

(Contributors: Jayanta Layek, Krishnappa R, Sandip 
Patra and Amit Kumar) 

An experiment was undertaken with different 
varieties/lines of millets (Finger millet, Foxtail millet, 
Little millet, Brown top millet, Barnyard millet etc.) 
for identifying best millets/lines under organic 
production system and to standardize best organic 
nutrient sources (Fig. 5). Among the different lines/
varieties of finger millet evaluated, cv. VL Mandua 352 
recorded the highest grain yield (1.54 t/ha) followed 
by Nagaland 2 (1.35 t/ha). The highest harvest index 
was also found under finger millet cv. VL Mandua 
352 (26.7%). Foxtail millet (SiA-3088) recorded the 

highest protein content (12.3%) followed by proso 
millet (TNAU-145) (11.5%). While finger millet cv. 
VL Mandua 352 recorded the highest carbohydrate 
content, finger millet cv. VL Mandua 172 recorded 
highest amylose content followed by finger millet 
cv. Sikkim 2. Study also revealed that gundhi bug 
(Leptocorisa acuta) was found infesting barnyard 
millets (VL Madira-207 and VL Madira-172) with 
average 3-5 bugs/panicle whereas maize weevils 
(Sitophilus zeamais) were found on finger millets (VL 
Mandua-324, 347, 172 and Nagaland-2) with average 
2-3 weevils/panicle. After two cropping cycles, the 
highest soil organic carbon (SOC) in soil was found 
under finger millet cv. VL Mandua-352 followed by 
under finger millet cv. Sikkim 1. 

Fig. 5. Finger millet and foxtail millet under organic production system

Assessing root exudation potential of rabi pulses 
for acid soil stress tolerance 

(Contributors: Krishnappa R, Anup Das, S Hazarika, M 
Prabha Devi, M Thoithoi Devi and A Gangarani Devi) 

One microcosm experiment was conducted to assess 
root exudation potential in terms of excreting low 
molecular weight organic acids viz., citric acid from 
intact fresh roots.  Results revealed that, among 
different pulses tested, higher quantity of root citrate 
was noticed in chickpea var D-30 (20.4 µM/g FW) and 
french bean var sel 9 (18.2 µM/g FW) (Fig. 6). Root 
morphological traits documented in selected chickpea 
and french bean cultivars were found remarkably 
higher with root surface area of 91.2 and 29.3 cm2 
whereas root to shoot ratio was noted remarkably 
higher in french bean (sel 9) and lentil (DPL-61). 
Positive correlation was observed between root 
citrate and rhizhospheric soil P (R2=0.78) and leaf P 

(R2=0.37). Therefore, the enhanced root exudation 
apparently adopted by efficient pulses (chickpea 
var D-30 and French bean, Sel 9) confer significant 
benefit in terms of enhanced phosphorus uptake and 
accumulation, contributing to better crop growth and 
yield performance in acid soil of Meghalaya.

Fig. 6. Root citrate content of different rabi 
pulses grown in acid soil of Meghalaya
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Agroclimatic suitability and stress tolerance of 
Chickpea genotypes in Meghalaya 

(Contributors: Krishnappa R and Jayanta Layek) 

Field experiment was conducted in low land agronomy 
field on evaluation of various genotypes of Chickpea 
for Agro-climatic suitability in the region and stress 
tolerance. Results revealed that some chickpea 
genotypes such as Pusa 362, PG96006 and GG2 showed 
higher yield of 8.12, 8.65 and 9.17 q/ha, respectively 
possibly owing to their better root growth, higher TDM 
and increased pod numbers. Experiment revealed that 
sowing of chickpea should be completed between 
October end to first week of November so that pod 
filling and crop maturity stages can complete before 
the pre-monsoon showers. The identified chickpea 
genotypes are better suited to cultivate under maize 
and rice fallows of the region with conservation 
agricultural practices thereby reducing time, energy, 
and labour cost in the crop cultivation.

Low soil moisture predisposes field-grown 
chickpea plants to dry root rot disease 

(Contributors: Krishnappa R, Ratan K Singh and Jayanta 
Layek) 

Rhizoctonia bataticola causes dry root rot (DRR), is a 
devastating disease in chickpea (Cicer arietinum). A 
field experiment was undertaken in collaboration with 
NIPGR, New Delhi to know the impact of drought on 
DRR with four treatments viz., frequent irrigation to 
maintain 20-25% soil moisture + fungicide (control), 
low moisture stress to 8-10% soil moisture (LSM) with 
fungicide, pathogen stress with frequent irrigation to 
have 20-25% soil moisture but no fungicide (PS) and 
combined stress with low moisture to have 8-10% soil 
moisture and no fungicide (CS). Incidence of DRR in 
chickpea increased under CS which dominated by low 
soil moisture content (8-10%) and higher pathogen 
load. 

The incidence of DRR was also positively correlated 
with edaphic factors like soil phosphorus (R2=0.96), 
potassium (R2=0.62), organic carbon (R2=0.78), and 
clay content (R2=0.89), whereas soil silt content was 
negatively correlated (R2=−0.81). Increased DRR 
disease incidence (20.3%) was observed in CS plots 
compared to PS treatment. The disease severity index 
also increased (41%) under CS compared to the PS 
treatment. A reduction in chickpea root volume was 
observed under the CS treatment and increased 
number of root tips and forks in chickpea was 

observed in LSM compared to control (Fig. 7). This 
result clearly establishes the role of edaphic and other 
weather factors in chickpea DRR disease incidence.

Fig.7. Root morphology of chickpea as affected 
by DRR at Meghalaya

Foldscope as research and education tool: studying 
plant physiological traits (leaf anatomy and 
stomatal structure) of under-utilized horticulture 
crops (UUHC) in North Eastern Region 

(Contributors: Krishnappa R, NA Deshmukh and M 
Prabha Devi) 

Foldscope is paper made mobile based microscope 
having wider applications in research and education. 
It reveals significant differences in stomatal structure 
among the UUHC samples. Relatively bigger stomata 
were observed in Myrica farquhariana and specialized 
bushy stomatal structure was observed in Elaegnus 
spp. Moreover, high resolution images of leaves 
of Myrica through Scanning electron microscope 
(SEM) have also indicated that bigger stomatal 
size and number as observed in foldscope. Besides 
research, many school students workshops (three 
in-house and five twinned and outreach workshops) 
were conducted to create awareness about wide 
applications of foldscope in understanding the size of 
pollen grains, algal filaments, protista, phytoplanktons 
density of aquatic samples, structure of day to day 
items like salt and sugar, identification of animal 
and plant pathogens, microscopic insect pests, histo-
chemical, physiological and anatomical studies of 
crop plants etc.  In addition, collaborated workshops 
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Fig. 8. IOFS model at framers field

organic mushroom, honey bee plays important role 
in pollination and over all crop performances. The 
Jalkund of 5 × 4 × 1.5 m dimension (30000 L capacity) 
is an important component of the IOFS model for 
providing life-saving irrigation, aquaculture and 
providing water to cattle, pigs, poultry etc. Due to 
adoption of improved organic production technology, 
the yield of maize, french bean, ginger, tomato, carrot 
and chilly enhanced significantly over their traditional 
practices. A small shop was constructed near the 
highway so that the farmers could use it for marketing 
organic produce (vegetables, fruits, spices) from the 
village/Institute at relatively higher price. Organic 
certification (PGS mode) process for the farmers of 
the adopted villages was also initiated (provisional 
registration number given) for getting premium price 
of organic produce and enhancing the income further. 
Emphasis was given to produce seeds in the farm 
itself to reduce the dependency on external seeds and 
reduce the cost of production. Two farmers, Mr. Trias 
Makroh and Mrs. Skola Kurbah obtained net returns 
of Rs. 46,695 and Rs. 31,100 from their respective 
0.27 and 0.21 ha IOFS models which is equivalent 
to Rs. 1,73,702/ha/year and Rs. 1,48,946/ha/year, 
respectively. The net return obtained from the IOFS 
models were significantly higher as compared to 
the farmers’ practice of maize-fallow or cultivation 
of maize followed by vegetable in about 30% of the 
areas. For PGS organic certification of the farmers of 
the three adopted village, several groups have been 
created. The certification is being carried out by 
Prakriti Organics Farm Fresh India Pvt. Ltd, Kolkata, 
West Bengal. The process for PGS certification is likely 
to be completed within next three months.

were conducted as a part of twinning program with 
Miranda House, University of Delhi, New Delhi, NCMR-
NCCS, Pune and NBAIR, Bengaluru, with special focus 
on agriculture. All these workshops motivated the 
students’ interest about the foldscope, its unique 
applications with ultra-affordability and simplicity 
which is easy to carry to research fields and perform 
cataloguing of images by mobile based cameras.

Extension programme

Organic food production through integrated 
farming system- cluster approach under NPOF-TSP

Organic production technology standardized by ICAR 
Research Complex for NEH Region, Umiam, Meghalaya 
has been disseminated to different villages of 
Meghalaya through cluster approach under Network 
Project on Organic Farming (NPOF). Integrated 
Organic Farming System (IOFS) models comprising 
various enterprises were developed in the farmers’ 
field for improving their income and livelihood (Fig. 
8). The IOFS model (average 0.25-0.40 ha area) 
comprises of different enterprises such as cropping 
(cereal: maize & rice; pulses: pea & lentil; oilseeds: 
rapeseed-mustard, groundnut & soybean; vegetable 
crops: potato, cabbage, broccoli, cauliflower, french 
bean, tomato, carrot, okra, brinjal, chili, coriander, 
beetroot etc.; fruits: papaya, Assam lemon), piggery 
unit, poultry unit, dairy cow and a water harvesting 
unit (Jalkund). Under the program, seeds of improved 
varieties of crops and vegetables, planting materials, 
lime, rock phosphate, neem cake and other organic 
inputs were provided to the adopted farmers. Effective 
soil fertility management through application of 
well decomposed organic manures like FYM, green 
leaf manure, composts, vermicompost etc., were 
promoted. For pest and disease management, use 
of neem oil, trichoderma, derisom and indigenous 
technical knowledge were emphasized. For promoting 
small scale mechanization, implements and tools 
like paddy thresher, rice mill, sprayer, pump, cono-
weeder etc. were provided to the village and a custom 
hiring centre was established and trainings in various 
aspects of organic farming along with conservation of 
natural resources and residue recycling were given 
to the farmers. New interventions like mushroom 
and honey production were also undertaken for 
getting additional income and efficient use of farm 
resources. While the paddy straw is used to produce 
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SUCCESS STORY
Integrated Organic Farming System (IOFS) 
improves livelihood and nutritional security: A 
Success story from Meghalaya 

(Contributors: Jayanta layek, Krishnappa R, Anup Das, 
Sandip Patra and S Hazarika)

Integrated organic farming system (IOFS) model 
comprising of different agro-enterprises such as  
crops, livestock, fishery, vermicomposting unit etc. 
has been standardized by ICAR Research Complex 
for NEH Region, Umiam Meghalaya over the years 
targeting hilly tribal farmers of Meghalaya and 
disseminated to selected villages in Ri-Bhoi district 
of Meghalaya through cluster approach under NPOF 
project with financial support of TSP. One such model 
has been demonstrated in the farm of Mr. Jrill Makroh 
of Mynsain village, Ri-Bhoi district, Meghalaya 
covering an area of 0.22 ha area (Fig. 9). Different 
seasonal crops like maize, ginger, turmeric, vegetables 
(cabbage, cauliflower, lettuce, Lai patta, carrot, radish, 
pumpkin, bottle gourd, bhindi, tomato, brinjal etc.), 
fruits (papaya, Assam lemon), vermicomposting unit, 
poly house, piggery and poultry were integrated with 
central micro-water harvesting unit viz., Jalkund 
(30,000 litre capacity). The runoff water including 
the instantaneous roof water being harvested in 
the Jalkund and the same water was optimally used 
for aquaculture and lifesaving irrigation of crops 
during winter months. Climbing vegetables like 
pumpkin, squash were grown on bamboo structure 
created above jalkund for vertical intensification 
and reducing evaporative loss of jalkund water. All 
of the sub-enterprises were grown/raised with 
standard organic package of practices as advised and 
monitored by research scientists from ICAR Research 
Complex, Umiam. The farmers have been sensitized 
with frequent on-farm training modules focusing on 
organic production practices and arranging regular 
exposure visits to the Institute’s organic research 
farm. With the investment of total of Rs. 57,670/- in a 
year in his 0.22 ha organic farm, the farmer generated 
a net return Rs. 64,895/- per year which is much 
higher than the other conventional farmer practices. 
The highest contribution towards the total net 
return comes from poultry (33%) followed by crop 
component (29%) and piggery (19%) and fishery. 
With the farmer’s steadfast dedication and active 
participation, the model is an ideal success which 
amply improved his livelihood, enhanced nutritional 

security and provided year-round employment to the 
farmers along with concomitant enhancement of soil 
fertility in the agro-ecosystem. Moreover, as outputs 
of one enterprise component are being reused as 
inputs for the others, very little amount of nutrients 
are required to be met from external sources.

Fig. 9. Components of the IOFS model 
developed in Village Mynsain, Meghalaya

SOIL SCIENCE
Effect of nutrient management practices on yield 
of maize-legume intercropping in acid soils of 
Meghalaya
(Contributors: Ramesh T, S. Hazarika, R. Krishnappa, 
Jayanta Layek and L. Joymati Chanu)

A third-year field experiment was conducted in the 
soil science experimental farm to study the effect 
of maize (M) [RCM 1-76]-legume [soybean (SB), 
groundnut (GN), French bean (FB) and rice bean (RB)] 
intercropping on crop yield and soil carbon fractions. 
The experiment was laid out in a factorial randomized 
block design (FRBD) with three replications in 5 
x 3 m2 plots (15 m2). The treatment combinations 
were: recommended management practice (RMP, 
T1), RMP with furrow liming (@ 500 kg/ha) (T2), 
RMP (Replacing SSP with RP) without furrow liming 
(T3), and RMP (Replacing SSP with RP) with furrow 
liming (T4). The study revealed that the maximum 
maize grain yield was recorded under sole maize than 
with legume intercropping (Fig.10) due to increased 
plant population under sole maize. However, yield 
advantage of maize was observed when legumes were 
introduced as the intercrops which were reflected 
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through higher maize equivalent yield (MEY). 
Amongst the intercrops, the maximum maize yield was 
recorded under groundnut which was 56-86% higher 
as compared to others. The MEY was about 6 to 28% 
higher in rice bean compared to other leguminous 
intercrops (Fig. 10). Amongst the intercrops, the 
average yield was highest under rice bean (2.3 t/ha) 
while soybean showed lowest grain yield (0.77 t/ha). 

Fig. 10. Effect of nutrient management practices on grain and maize equivalent yield (t/ha) of maize 
and legumes under maize-legume intercropping in Meghalaya.

Effect of intercropping and nutrient management 
practices on soil organic carbon fractions in acid 
soils of Meghalaya

(Contributors: Ramesh T, S. Hazarika, R. Krishnappa, 
Jayanta Layek and L. Joymati Chanu)

Soil organic carbon fractions such as very labile, labile, 
less labile, non-labile and total organic carbon (TOC) 
were estimated under the maize-legume intercropping 
with various nutrient management practices. The 
TOC content in soil was maximum in maize+French 
bean (2.90%) than other intercropping systems. The 
percent contribution of very labile and non-labile 
carbon was highest (35.5 and 38, respectively) under 
maize+Frenchbean while the labile (26.4%) and less 
labile (17.8%) percent contribution to the TOC was 
maximum in maize+Groundnut and maize+soybean, 
respectively (Fig.11). On an average, the very labile, 
labile, less labile and non-labile C shared 30.7, 23.0, 
13.7 and 32.6% of the TOC in the maize-legume 
intercropping systems. Of the TOC, active pool (very 
labile+labile) and passive pool (less labile+non-
labile) C accounted 53.7 and 46.3%, respectively in 
the intercropping systems. Introduction of legumes in 
maize cultivation increased the concentration of active 
C pool by converting the non-labile C to the labile C.  
With respect to the nutrient management practices, 
adoption of RMP along with lime application (T2) 
recorded highest values of very labile (44.3%) and 

Fig.11. Effect of maize-legume intercropping 
(A) and nutrient management practices (B) on 

soil organic carbon fractions in Meghalaya

With respect to the nutrient management practices, 
RMP along with lime (T2) increased the maize yield 
by 2-17, 11-32, 13-21 and 5-21% in sole maize, M+SB, 
M+GN and M+RB, respectively compared to other 
treatments (T1, T3 and T4). Overall, introduction of 
leguminous pulses as intercrops along with RMP and 
lime application increased the maize yield.

labile C (32.6%) while RMP with rock phosphate(T3) 
showed the higher content of less labile C (27.7%) 
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than other practices (Fig.11). Carbon management 
index (CMI) was also estimated to assess the capacity 
of the management practices and intercropping to 
improve the soil quality. The CMI value of above 100 
indicates the improvement in soil quality due to the 
management practices. Both Frenchbean and rice 
bean introduction as intercrops, improved the soil 
quality as the CMI value of both crops recorded as 
163 and 161, respectively. Similarly, application of 
FYM and lime along with RMP (T2) increased the CMI 
value up to 187 indicating soil quality enhancement. 
Mulching along RMP also improved the soil quality 
as reflected in higher CMI (188) as compared to 
other nutrient management practices. Overall, maize 
cultivation along with pulses as intercrops improved 
the soil quality in addition to the increase in the maize 
yield.

Phosphate solubilization potential of intercrops 
under maize-legume intercropping systems in 
Meghalaya.

(Contributors: Ramesh T, S. Hazarika, R. Krishnappa, 
Jayanta Layek and L. Joymati Chanu)

The phosphorus solubilization potential of different 
intercrops viz. soybean, groundnut, French bean, 
and rice bean was studied under the maize-legume 
intercropping systems. For this study, 35 days old 
legume plants were uprooted from the soil without 
disturbing the root systems. The P solubilization 
potential of all the intercrops were quantified following 
standard procedure (Fig 12).  The results revealed 
that amongst the studied intercrops, frenchbean 
showed higher P solubilization potential (2.84 ppm/
plant) followed by rice bean (2.74 ppm/plant) while 
groundnut recorded the lowest P solubilization 
potential (0.96 ppm/plant) (Fig. 12). It indicates that 
introduction of both frenchbean and rice bean in the 

Fig. 12. Phosphate solubilization potential of 
intercrops under maize-legume intercropping 

systems

maize-legume intercropping will be highly beneficial 
as both pulses have high P solubilization potential in P 
deficient acidic soils of Meghalaya.

Optimizing yield and quality of King Chilli through 
nutrient standardization

(Contributors: L. Joymati Chanu, S. Hazarika, Ramesh T, 
M. Bilashini Devi and A. Balusamy)

An experiment was conducted under controlled 
conditions for optimizing yield and quality of King 
Chilli (cv ML-5) through nutrient standardization. 
From the first year of experimentation (2019-20), 
nine nutrient combinations were selected (out of 
27 combinations) based on the yield (t/ha), quality 
(capsaicin %) and marginal return. A picture of the 
experiment is given in fig. 13. The qualified fertilizer 
doses were verified and repeated with pot experiment 
and in another experiment the qualified fertilizer 
doses were upgraded with boron (B) as soil (3 doses 
i.e. 0, 1.5, 2 kg B ha-1) and foliar (3 doses i.e. 0%, 
0.25%, 0.5%) applications. The experiments were 
conducted in soil having pH-4.9, N-352 kg/ha, P-21.2 
kg/ha, K-582 kg/ha and SOC-2.21%. It was observed 
from the study that basal and foliar applications of B 
increased the number of fruits per plants and yield 
in king chili.The treatment comprising of nutrient 
combinations of 120:50:65-N:P2O5:K2O kg/ha + 0.25% 
B (foliar application) recorded the highest yield 
(225% and 110% increase in yield and average fruit 
weight, respectively as compared to control). Nutrient 
combinations, 150:65:65-N:P2O5:K2O kg/ha resulted 
the highest increment in capsaicin content (126.4%) 
over control (1.8%). From the study, it may be 
concluded that application of 120:50:65;N:P2O5:K2O 
kg/ha along with 0.25% B increased the fruit yield 
and improved the fruit quality of king chilli.

Fig. 13. Experiment on King Chilli for 
optimizing yield and quality through nutrient 
standardization under controlled conditions 
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Physico-biochemical aspects of Arsenic toxicity in 
French bean (Phaseolus vulgaris) roots
(Contributors: Prabha Devi, S. Hazarika, R. Krishnappa)

A lab experiment was conducted in French bean to 
assess the effect of different levels of Arsenic (As), 
a potent carcinogen with high bioaccumulation 
potential, on seed germination, coleoptile growth 
(Fig.14) and identification of the structural and 
anatomical changes caused by As accumulation in 
roots. The study revealed that, seed germination and 
coleoptile growth was completely affected as the 
concentration of As increased from 10 to 100 ppm 
(Fig.14). High resolution SEM (Scanning electron 
microscopy) micrographs of root cross sections at 
500µm from the distal end of the tip indicated that 
As remarkably affected the intactness and integrity of 
seminal roots (Fig. 15a-f). At control, root structure 
was intact and stable with distinctly specified regions 
of the root viz. epidermis, cortex, endodermis and 
optimum stele portion. As the concentration increases 
from 0 to 100 ppm, the root structure was drastically 
deformed with substantial shrinkage of cortex 
portion without much effect on stele size. Reduction 
in the size or completely disturbed cortex along with 
substantially increased pith sized was observed. The 
structure of endodermis also disrupted from 10ppm 
to 60 ppm beyond which (from 80 to 100ppm) the size 
of endodermis got thin layered as an ideal indication 
of destruction in cellular volume and cytosolic 
content. This could be attributed to accumulation of 
larger amounts of As in endodermis (possibly in the 
vacuoles) and pericycle. Therefore, the study revealed 
that increased concentration of As significantly 
affected the seed germination in Frenchbean.

Fig. 14. Effect of Arsenic toxicity on seed 
germination and coleoptile growth in French 

bean (Phaseolus vulgaris).

2(a) Control

2(d) 60ppm

2(b) 10ppm

2(e) 80ppm

2(c) 20ppm

2(f) 100ppm

Fig. 15. (a-f). Effect of Arsenic toxicity on root 
anatomical changes in French bean 

(Phaseolus vulgaris).

Management of zinc, boron and molybdenum for 
vegetable and citrus cultivation in acidic soils of 
NEH region
(Contributors: A. Balusamy, S. Hazarika, M Chakraborty 
and Lungmuana Singson)

In this study, about 250 geo-coded soil (citrus 
orchards and vegetable growing areas) and plant 
samples (tomato, cauliflower/cabbage and citrus) 
were collected from Mizoram (Kolasib, Aizawl 
and Serchhip) and Meghalaya (Ri-Bhoi, East Khasi 
Hills, Jaintia Hills) to estimate the micronutrients 
concentration viz. Zn, B, Fe and Mn in soils and plants 
(Fig 16). Soil (n=100) analysis report of Mizoram 
revealed that the concentration of Fe, Mn and Cu is 
above the critical limit of 4.5 mg kg-1, 2.0 mg kg-1 and 
0.2 mg kg-1, respectively. In case of zinc, about 67 % 
of the soil samples contained below the critical limit 
(<1.02 mg kg-1 soil, soil critical limit of Zn for NEH 
region).  Zn, Cu and Mn concentration in 12, 46 and 
14 % of leaf samples (n=100), respectively remained 
below the critical limit (Zn <20 mg kg-1; Cu <6 mg kg-

1and Mn <50 mg kg-1). Similarly, Zn, Mn and B in 31, 
10 and 4% of soil samples (n=150) of Meghalaya 
contained less than the respective critical limits 
(B<0.5 mg kg-1). About 30 % plant samples (n=100) 
collected from Meghalaya contained Cu below the 
critical limit (6.0 mg kg-1). Results revealed that 
among the micronutrients studied, Zn was found to be 
the deficient micronutrient in majority of the soils of 
Meghalaya and Mizoram. 
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a. Sample collection at Nongpoh, Meghalaya

Fig. 16. Soil and plant sample collection in 
Meghalaya and Mizoram

WATER MANAGEMENT
Development of low-cost bamboo drip irrigation 
technology for high value crop (tomato) in 
moisture stressed hilly upland condition

(Contributors: U. S. Saikia, S Hazarika)  

Effect of irrigation treatments on tomato fruit yield 
(2019-20): The treatments for the experiment were 
Bamboo drip (BD), Bamboo drip + Mulch (BD+M), 
Drip, Drip+ Mulch, Sprinkler + Mulch (S+M), Control 
(Manual, no mulch) (C). During 2019-20, the fruit 
yield in ‘BD+mulch’ (23801 kg ha-1) and ‘Drip+mulch’ 
(24158 kg ha-1) were at par (Fig 17). They recorded 
84% and 87% higher yields, respectively, over the 
control. 

Fig. 17. Effect of irrigation treatments on 
tomato fruit yield (2019-20).

Effect of irrigation treatments on water 
productivity (WP) and economic water 
productivity (EWP) (2019-20):

Water productivity (WP) and economic water 
productivity (EWP) were calculated for different 
treatments and data is presented in Table 1. Water 
productivity is defined as crop yield per cubic metre 
of water consumption (kg m-3) and EWP is defined as 
the amount of water consumed by the crop to produce 
yield per unit area and that has been converted in terms 
of money (Rs. m-3). The 2019-20 results revealed that 
WP & EWP in both modern drip & Bamboo drip under 
mulch were significantly higher and were at par i.e. 
85% and 87% higher economic return, respectively, 
over the control (Rs. 207 m-3).

Table 1. Effect of irrigation treatments on Water 
productivity (WP) and Economic water 
productivity (2019-20)

Treatments WP 
(kg m-3) 

Economic WP
(Rs. m-3) 

Bamboo drip (BD) 11.5b 344b 
BD + Mulch 12.8a 383a

Drip 10.8bc 324bc 
Drip+Mulch 13.0a 388a 
Mulch+Sprinkler 10.0c 298c 
Control (C) 6.9d 207d 
CD (0.05) 1.23 36.8 

Cost of construction of BD system per unit area 
& B:C ratio (2nd Year 2019-20): Bamboo is a forest 
product and locally available at a very cheap price. If, 
high value crops are grown (tomato, capsicum, straw 
berry), the net return will be very high per unit area. 
In the 2nd year the bamboos used in the 1st year, which 
were kept safely without any significant damage, 
were reused. Hence, cost of ‘BD system’ got reduced 
drastically in the 2nd year, i.e. from Rs. 1,57,000/- to 
Rs. 88,000/- per ha (There is 44% reduction in cost 
of production per ha basis). Whereas, the cost per 
ha for control system remained same as that of the 
1st year. Drip system cost per ha in 1st year is around 
Rs. 75-80,000/-. Additional   maintenance costs in 
subsequent years will be added up in this drip system. 
The estimated net return from Control, BD, BD+mulch, 
drip, drip+Mulch and Sprinkler+mulch systems 
are Rs. 2,08,850/-, Rs. 4,63,360/-, Rs. 5,57,830/-
, Rs.3,46,890/-, Rs.4,71,740/- and Rs. 3,35,270/-, 
respectively, on per ha basis. 
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B:C Ratio (2019-20): Highest B:C ratio was found in 
case of Bamboo drip treatment (3.67) in the second 
year of experimentation followed by Mulch + Sprinkler 
(3.42), BD+Mulch (2.10) and control (1.31) (Table 2). 
It shows that the sprinkler irrigation system (both 
Bamboo drip and Sprinkler) enhanced the benefit 
over the control. As bamboo is locally available, no 
maintenance cost is involved and not to depend on 
outside market to avail it, it may be a better option to 
reuse the rainwater harvested in farm ponds/Jalkunds 
to enhance economic return in a sustainable manner.

Table 2.  B:C ratio for different treatments 
  (2019-20)

Treatment B:C (2019-20)

BD 2.59

BD+Mulch 3.57

Drip 1.34

Drip+mulch 1.86

Mulch+Sprinkler 1.50

Control 1.17

Polled analysis of the experiment (2018-19 & 
2019-20): 

Two years data was pooled (2018-19 and 2019-20) 
to see the effects of different treatments of irrigation 
on tomato fruit yield. It was found that no significant 
statistical difference was found among the treatments 
except the control (Farmer’s practice). All other 
treatments were significantly higher over the control 
at 5% level of confidence (Error d.f.=15). Highest fruit 
yield was recorded by Bamboo drip+mulch treatment 
(24862 kg ha-1) and closely followed by mulch + 
sprinkler (24485 kg ha-1) and drip systems (24486 
kg ha-1). Though there is no large statistical difference 
in realization of fruit yield, but bamboo drip system 
may be considered as the best among all as it is 
eco-friendly, and the materials are easily available 
locally. There is no need of the farmers to depend on 
markets to obtain the inputs, other than improved 
seeds and maintenance cost is also very less. Labours 
from the home itself can easily construct such type 
of irrigation systems for their own field according to 
their requirement.

Pooled analysis of effect of irrigation treatments 
on water productivity (WP) and economic water 
productivity (EWP) was done. It has been seen that 
Drip + Mulch recorded the highest WP and EWP 
among all the treatments and closely followed by 

Bamboo drip and BD + mulch treatments. The Farmers 
practice (control) recorded lowest WP and EWP.

Polled analysis of effect of irrigation treatments on B:C 
ratio has revealed that BD recorded highest B:C (3.1) 
and closely followed by BD + mulch (2.8). Control 
recorded lowest B:C. New design of on farm gravity 
driven bamboo drip irrigation system for high value 
crops using Jalkund harvested rain water. Better and 
competitive economic return, water productivity and 
economic water productivity. As good as modern drip 
system with very less maintenance cost involvement.

AGROFORESTRY
Genetic resource assessment, in-situ on-farm 
conservation and impact of banana waste as a feed 
for animals

(Contributors: Rajappa J.J., G. Kadirvel)

Nutritive value of wild Banana pseudostem (dry 
matter) was analyzed through proximate composition 
to determine its moisture, crude protein, crude fibre, 
crude fat, nitrogen free extract and ash content. A 
comparison of nutritive value of banana stem and 
maize (table 3) showed that wild banana pseudostem 
contained high moisture and crude fibre content 
as compared to maize. Crude protein is found to be 
4.61% which is a little less as compared to maize, 
however ash content is higher in banana stem than 
in maize, this indicates the presence of considerable 
concentration of minerals in it. 

Table 3.  Proximate composition of Wild banana 
pseudostem and Maize

Composition Wild banana 
pseudostem

Maize

 Moisture 93.35±1.04 11.88±0.45

Crude protein (CP) (%) 4.61±1.20 9.91±0.65

Crude fibre (CF) (%) 31.15±0.24 2.81±1.14

Ether extract (EE) (%) 0.99±0.25 4.25±0.75

Nitrogen free extract 
(NFE) (%) 45.46±5.43 69.79±4.65

Ash  (%) 21.82±2.66 1.36±2.35

Mean Energy (ME) (Kcal/
Kg) 3231.16±1.35 3620±1.22

 *Proximate analysis were determined according to the Association  
of Official Analytical Chemists standard procedures (AOAC, 2007)
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Table 4. Mineral analysis of banana pseudostem

Minerals Concentration (ppm)

Potassium 559.91 ± 2.752

Magnesium 12.871 ± 0.143

Iron 4.540 ± 0.065

Manganese 0.830 ± 0.044

Calcium 0.347 ± 0.006

Zinc 0.245 ± 0.025

Copper 0.029 ± 0.008

Sodium Not Detected

Nitrogen % 0.44%

Sulphur % 0.36%

Phosphorus % 0.01%

Macro and micro minerals (at ppm conc. of dry 
sample) were analyzed by inductive coupled plasma 
optical emission spectrometry for Na, Ca, K, Mg, Mn, 
Zn, Cu, and Fe (table 4). The concentration of minerals 
present in banana pseudo stem (Musa acuminata) is 
given in table 4. The levels of minerals were in the 
order of K ˃ Mg > Fe> Mn > Ca > Zn > Cu. Potassium 
was recorded at (559.91 ppm of dry sample), followed 
by Mg (12.87 ppm), Fe (4.540 ppm), Mn (0.830 ppm) 
and the least concentration was Cu (0.029 ppm). 
These findings show that banana pseudo stem is a 
potential component for partial replacement of maize 
as a feed for livestock.

Effect of tapping season and provenances on resin 
yield of Pinus kesiya:

(Contributor: Rajappa J.J.)

Tree from three different provenances of the species 
were tapped to assess its resin production potential. 
Tapping was periodically done from April to January by 
bore hole method. Mean resin yield varied from 57.8 to 
61.3 g per tree in Umshing, East Khasi Hills, 52.6 to 85.2 
g per tree in Umsawkhwan, Ri-Bhoi and 97 to 136 g 
per tree in Shangpung, West Jaintia Hills provenances. 
Overall, the maximum production being achieved in 
January followed by October. Resin yield was found to 
be maximum for Shagpung in West Jaintia hills district 
as compared to other district for all the diameter class, 
except 30-35 cm and 40-50 cm diameter class during 

the pre-monsoon months.  Maximum resin production 
was recorded in post monsoon (Oct. to Nov.) and 
winter (Dec. to Jan.) months in Ri-Bhoi and West Jaintia 
Hills and in East Khasi Hill maximum production were 
recorded in Pre-Monsoon (Apr. to May) and winter 
(Dec. to Jan.) months.

AGRICULTURAL ENGINEERING
Evaluation of Automatic Solar drip Irrigation 
System Suitable for Mid Hills of Meghalaya

(Contributors: H. Dayananda Singh, B.K. Sethy and 
Naseeb Singh,)

The calibrated microcontroller based automatic 
control system for gravity drip irrigation was installed 
in the terraces of experimental field of agricultural 
engineering. The installed system consists of gravity 
drip, 0.5 hp solar power pump, resistive soil moisture 
sensor and microcontroller. Overhead tank was kept 
at an elevation of 4 m above the upper terrace. Solar 
pump was set to pump water automatically when 
the water level inside the overhead tank decreased 
below a specific level and switch off when water level 
reaches a certain level during daytime. The evaluation 
of irrigation controller is done with strawberry crop 
along with drip system and polyethylene mulch. 
The terrace where controller system was installed 
had 172 numbers of strawberry plants and other 
two terraces where conventional manual drip 
irrigation was installed had 183 and 152 numbers 
of strawberry plants. A picture of irrigation sensor 
installed in the field is given in Fig. 18. The amount 
of water irrigated in each terrace was recorded by 
water meter installed along the pipeline. In manual 
irrigation terraces, irrigation was provided based on 
visual observations of the terrace soil. In automatic 
drip irrigation controller, maximum limit to SWITCH 
OFF the irrigation was set to 30% and minimum limit 
to SWITCH ON irrigation was set to 25%. During 
the observation period, the resistive soil moisture 
sensor oxidized within 20 to 25 days in the field. So, 
those had to be replaced by new sensors. An image of 
oxidized soil moisture sensor is given in Fig. 19. The 
results showed that, during the entire season, there 
was average water saving of 23.2% and an average 
increase in yield of 19% as compared to conventional 
manual drip irrigation terraces. 
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Fig. 18. Irrigation sensor 
installed in the field

Fig.19. Oxidized soil 
moisture sensor

Design and Development of Two Row Maize 
Planter for Hilly Region

(Contributor: Naseeb Singh, H. Dayananda Singh, and 
Jayanta Layek)

The planter will be driven using IC engine of approx. 
2 hp. A mechanism will be attached with planter so 
that when planter place seeds in soil, this mechanism 
will create the white marking beside the placed 
seeds. While running in next row, planter will sense 
the white marks using sensing mechanism and will 
place seeds corresponding to those white marks. 
Thus, maintaining the plant to plant spacing. Another 
mechanism will be used to shift the tynes to maintain 
the row to row spacing. Fig. 20 shows the CAD model of 
proposed planter. Several seed metering mechanisms 
were developed and tested for proposed maize planter. 
Fig. 21 shows one of those mechanisms. Laboratory 
testing of different metering mechanisms are going on. 

Fig. 20. CAD model of designed planter

Fig. 21. Seed metering mechanism developed in 
workshop

Understanding the rainfall anomalies and its 
impacts on agriculture of north eastern India

(Contributors: D. Chakraborty, Saurav Saha, B. K. Sethy, 
N. Uttam Singh, Shaon Kumar Das, P. Romen Sharma, D. 
Daschaudhuri, A. Nomita Chanu, Kaushik Bhagawati)

Scientific evidence showed that the global climate 
change has begun to manifest itself in the form of 
increased climate extremes and at the local level, 
over short periods the adverse impacts are expected 
to be more intense. To understand the anomalies in 
rainfall events over the region, the study analyzed 
long term measured rainfall datasets from forty 
different stations including seven agro-meteorological 
observatories of this institute. Different rainfall 
anomaly indices namely Standardized Precipitation 
Index (SPI), Agricultural-SPI (aSPI), Reconnaissance 
Drought Index (RDI) and Effective RDI (eRDI) were 
calculated. Further the analysis was done for different 
seasons like, winter (Jan-Feb), pre-monsoon (Mar-
May), monsoon (Jun-Sept), post-monsoon (Oct-Dec) 
along with the whole hydrological year. The results 
clearly showed that within the region there is very 
high spatial variability in the rainfall (Annual values- 
Mean: 2754.5 mm; Highest- Cherrapunji: 11486.9 
mm, CV: 24% and Lowest - Kohima 1514.4 mm, CV: 
21%) and its anomalies (Overall NE- CV: 19%, Highest: 
Aizwal- CV: 32% and Lowest: Gangtok- CV: 13%). 
Fourteen stations depicted statistically significant 
changes in the monsoon rainfall anomalies and eleven 
of them were in the negative direction indicating 
dryness. During post-monsoon and winter months, 
nine and thirteen stations indicated significant 
changes respectively and most importantly all were 
in the negative direction. For the whole hydrological 
year, fifteen stations indicated significant changes and 
all were in the negative direction except Kolasib. These 
results are from the combination of different indices, 
indicating the robustness of the findings. Therefore, 
from the results it can be said that during much time of 
the year and over many parts of the region, the dryness 
is increasing which indicates towards the need for 
better management of water resources in agriculture. 

Development and management of integrated 
water resources in different agro-ecological 
regions of India under agri-consortia research 
platform on water

(Contributors: B. K. Sethy, D. Chakraborty, H. Dayananda 
Singh)
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The project was sanctioned by NRM division of the 
ICAR during November 2015. A micro-watershed of 
Umroi-Wah watershed was selected for the study. One 
pond was desilted, and two numbers of ponds (plastic 
lined jalkund) were constructed. Runoff water from 
the watershed area was collected in the pond located 
at the outlet of the watershed. The collected water 
was pumped to the polylined ponds (Jalkund) at the 
higher elevation of the watershed for an efficient way 
of irrigating the raised beds. A solar power driven 
gravity fed drip irrigation system was installed. A 
thorough survey was carried out on each bed of the 
terraces using dumpy level and leveling staff. The 
reduced level of each terrace was computed and the 

height of each bed with respect to the jalkund was also 
calculated for the installation of the irrigation system. 
Mild slope terraces were constructed on the sloppy 
surfaces and after constructing terrace, raised beds 
were made for plantation of crops. Vegetable crop like 
French bean, Chilli and turmeric were planted on the 
prepared bed. Two piggery sheds having dimension of 
16 by 20 feet were constructed. Six piglets were kept 
in each pig shed. Water from the Jalkund was used for 
irrigating vegetable crops and at piggery units. Fish 
culture was undertaken with supply of fish feeds in 
both the ponds. Average productivity of French bean, 
chili and turmeric is presented based on three years of 
observation in the tables 5 and 6. 

Table 5. Details of the production and water productivity datasets of crop components.

S.N. Crop/
component

Area(m2) Production
(Kg)

Productivity 
(q/ha)

Water 
Used
(mm)

Water Use 
efficiency

(Kg/ha-mm

Economic 
efficiency 

(Rs/ha-mm)

1 French Bean 647 615.35 95.11 600 15.85 634

2 Chilli 440 569.5 129.43 1050 12.32 739.6

3 Turmeric 240 624.78 260.3 1680 15.5 387.4

Table 6. Details of the production and water productivity datasets of other components.

S.N. Crop Area 
(m2)

Production
(Kg)

Water Used
(mm or cum)

Water Use efficiency
(Kg/ha-mm or cum

Economic efficiency 
(Rs/ha-mm or cum)

1 Fish 936 428.3 1500 3.05 732
2 Pigs 320 540 48.075 351.6 105469

Gramin Krishi Mausam Sewa (GKMS)

(Contributors: B. K. Sethy, D. Chakraborty, P. S. Rolling)

Agro-advisory service (AAS) started from May 1996 
at Agro-Meteorological Field Unit (AMFU), Umiam 
with the objectives of preparing AAS bulletin based on 
value added weather forecast from IMD, Guwahati/
Shillong (medium range of 5 days) every Tuesday 
and Friday after consultation with the Agro-Advisory 
bulletin expert committee consisting of the subject 
matter specialist scientists. Along with issuing of AAS 
bulletin, taking feedback from farmers, assessing 
the feasibility of the forecast and communicating 
daily recorded meteorological data to the Regional 
Meteorological Centre, Guwahati, and IMD, Pune 
(imdagrimet.gov.in) are some of the regular activities. 
The daily weather is also communicated to the CRIDA 
website (cropweatheroutlook.in). Agromet advisories 

are prepared by expert groups (Scientists of ICAR, 
Umiam) based on the weather forecast received 
from Regional Meteorological Centre, Guwahati and 
Meteorological Centre, Shillong along with the input 
from indices like Normalized Difference Vegetation 
Index (NDVI) and Standardized Precipitation Index 
(SPI) for 11 districts of Meghalaya. Agro-advisories 
are disseminated to media like AIR, DDK, Local 
newspapers, etc. through e-mail, SMS and telephonic 
conversation. The prepared agro-advisory bulletins 
are also uploaded in IMD, Agromet website (www.
imd.agrimet.gov.in). This AMFU is sending the 
advisory bulletin as well as SMS to all the KVKs of the 
state, State Agril/Horti officers for forwarding the 
SMS to beneficiary farmers. During the period under 
report, 1144 numbers of AAS bulletins were prepared 
and disseminated to the farmers. In addition, 
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1,79,400 numbers of SMS were sent to the farmers 
through mkisan portal (Mkisan.gov.in) of Ministry 
of Agriculture and farmers’ welfare, Government 
of India. Special Agricultural Contingency Bulletins 
were also issued in connection with cyclonic storm 
‘AMPHAN” for the state of Meghalaya and Advisory for 
(COVID 19) during National lockdown.

Forecasting agricultural output through space 
agro-meteorology and land-based observations 
(FASAL)

(Contributors: B. K. Sethy, U. S. Saikia, D. Chakraborty, P. 
S. Rolling Anal, and Melamphrang Dkhar)

Field experiments on maize (cv. DA61-A) and lowland 
rice (cv. Shahsarang-1) were conducted under FASAL 
project during 2020. Maize was sown in 3rd week of 
May, while rice was sown in 1st week of June. Rainfall 
during 2020 maize growing period (May-August) was 
1867.3 mm against water requirement of about 750 
mm with 74 nos. of rainy days, whereas, during rice 
growing period (June-October), amount of rainfall 
was 2468.6 mm against requirement of about 1000 
mm with 92 nos. of rainy days. The crops did not suffer 
from any water stress during its growth periods. Maize 
and rice took 124 and 162 days to attain physiological 
maturity, respectively. DSSAT (Ceres-Maize) simulated 
maize yield was 4967 kg ha-1 against observed yield 
of 5264 kg ha-1 with an underestimation of 5.6%. In 
case of rice, simulated yield was 2804 kg ha-1 against 
observed yield of 2343 kg ha-1 with over estimation 
of 19.7%. Considering acreage of maize and rice in 
Meghalaya as 18,463 and 63,587 ha, respectively, 
expected (simulated) production of kharif maize and 
rice in Meghalaya in 2020 may be 91,705 and 1,78,297 
tonnes, in the same order. 

AICRP on Plastic Engineering in Agriculture 
Structures & Environment Management (PEASEM 
earlier PET)

(Contributors: B.K. Sethy, Debasish Chakraborty, Naseeb 
Singh, H. Dayananda Singh, and Mait Shaphrang 
Kharbuli).

Assessment of gravity-fed drip irrigation system 
for mid-hills of Meghalaya

The research work was carried out at two places, one 
at the experimental field of Agricultural Engineering 
and another at Umktieh Village, Ri Bhoi District, which 
is about 11 kms away from ICAR RC NEH, Umiam. 

Detailed topographic survey was conducted at both 
the sites. The area at experimental field was 500 m2 

with elevation difference of 7.8 meter. While the area 
at selected farmer’s field was 712 m2. 7 nos. of bench 
terraces were constructed (width: 1.2 to 2.5 m, length: 
28 to 38.5 m) due to steep slope (51.3%) as soil and 
water conservation measure at the experimental field 
of the division. Whereas 3 nos. of graded bunds (top 
width: 30 cm, bottom width: 90 cm) were constructed 
to dispose of the excess runoff during heavy rainfall 
at farmers field (slope: 14.2%). Beds have been 
prepared at different terraces to accommodate 1000 
nos. of strawberry saplings. One pond (Capacity: 1169 
m3) was renovated to store runoff water for lifting 
water to an overhead tank (elevation difference: pond 
and tank: 7 m) using 0.5 hp DC solar pump shown in 
Fig. 22. At farmer’s field, the water supply for gravity 
fed drip irrigation was used from two water storage 
well. Water is lifted from the well to an overhead tank 
using solar powered DC pump (capacity: 0.5 hp). 
29 nos. of beds (width: 60 cm, inter bed width of 60 
cm) were constructed which can accommodate 3174 
nos. of strawberry saplings (30 cm X 30 cm). The 
water requirement per plant was 0.26 l/day and the 
emitter discharge was 0.36 l/h. The pressure head 
at the emitter was 0.167 bar (1.67 m). The discharge 
through each lateral was 42.12 l/hr. Average solar 
intensity achieved during the testing period is 512.94 
w/m2. Total head of water pumped by solar pump was 
12.3 m and the discharge achieved from the pump 
was 2.93 m3/h. Efficiency of solar pump was 7.02%. 
Around 143.1 kg and 319 kg of strawberry were 
harvested from the experimental field and farmer 
field, respectively. Productivity of strawberry in ICAR 
field and farmers’ field were found to be 13.79 t/ha 
and 13.28 t/ha respectively. Water use efficiency 
(WUE) in ICAR field and Farmer field were found to be 
33.12 Kg/ha-mm and 30.45 Kg/ha-mm respectively. 

Fig. 22: The DC solar pump of 0.5 hp capacity
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Development and assessment of microcontroller 
based solar tunnel drier suitable for heavy rainfall 
region of Northeast India

Microcontroller based solar tunnel dryer was 
designed and developed. The developed dryer has 
batch capacity to dry 100 kg of turmeric/ginger. It is 
having microcontroller Arduino Mega 2560 with DHT 
22 sensors, 12 V DC Fans, Nema 23 stepper motor, etc. 
Humid and heated inside air is exhausted by 5 numbers 
of DC fans and fresh air is allowed to the dryer through 
an air inlet system having cross section area of 0.3 m 
× 0.05 m. The air inlet system is having a sliding flap 
which is controlled by a nema 23 stepper motor and a 
chamber of charcoal to reduce moisture content of air 
entering the tunnel dryer. Alpha numeric LCD display 
of 20×4 is used to display the temperature, humidity, 
moisture ratio and number of active fans, etc. SD card 
module is also provided to record all the activities 
including temperature and humidity of inside and 
outside. A load cell having capacity of 10 kg is also 
interfaced with the microcontroller. The load cell is 
provided with a tray of 0.5 m × 0.4 m. The load cell is 
provided for continuously recording drying behavior 
inside the tunnel dryer. DS1307 is also interfaced with 
the microcontroller to provide time to the SD card 
while recording datasets. During no load observation, 
maximum temperature difference of 27.1°C between 
inside air and outside air could be achieved with 
maximum reduction in inside humidity from outside 
of 32.9%. 100 kg of boiled turmeric which is sliced 
to 5mm to 10 mm thickness was kept inside the 
dryer. Fresh sliced turmeric at first day. The moisture 
content of fresh sliced turmeric was brought down 
from 71.60% (w.b.) to 10% (w.b) in 29 bright sunshine 
hours. Dried turmeric at fifth day 5. It took 5 to 6 
days to dry turmeric in tunnel dryer whereas it took 
11 to 12 days in conventional sun drying and 8 days 
in naturally ventilated tunnel dryer. The developed 
tunnel dryer has average efficiency of 19 %. 

AICRP on Farm Implements and Machinery

(Contributor: H. Dayananda Singh, Naseeb Singh)

Development of Automatic Precise Orchard Sprayer 
for Hilly Region

Under this project, two major activities were plant 
canopy detection and measure the area of plant 
canopy. For canopy detection, image processing 
was used. For that, RGB images were converted into 
HSV colour spaces. This colour space conversion 
was performed to eliminate the effect of changing 

illumination in natural light conditions. An algorithm 
was developed to detect the green colour in which 
noises were removed. Centroid of detected region was 
extracted for further processing. Python programming 
environment was used for this. To measure the area 
of plant canopy, computer vision technique was used 
in which two cameras (stereo cameras) was used to 
capture same scenes. To convert the co-ordinate of 
cameras into world co-ordinates calibration of stereo 
cameras is must. Therefore, stereo camera calibration 
was performed using MATLAB programming 
environment. After calibration, extrinsic and intrinsic 
camera properties was saved and used to measure 
the area of plant canopy. After camera calibration 
using standard check board, disparity map of scene 
was generated. Using corresponding points of plant 
canopy in left and right images, depth of canopy 
was calculated. Using this depth information, area 
of plant canopy in real world unit was calculated, 
which will be used to vary the amount of spray 
according to plant canopy area. For that, x, y and z co-
ordinates of each detected pixels were extracted using 
triangulation method. 3D-points cloud was plotted to 
see the extracted 3D-points of ROI. Using, delauncy 
triangulation method, surface area of plant canopy 
was measured. 

Prototype feasibility testing of grass brush cutter 
with weeding attachment for paddy

The intercultural operation of paddy by using brush 
cutter were performed in lowland field of Agronomy 
section, ICAR RC NEHR, Umiam. The weeder 
attachment procured from market were not suitable in 
the region due to its heavy weight and spacing & height 
of crop in the field. So, the attachment was developed 
in research workshop of agril. engineering. The 
developed brush cutter attachment for intercultural 
operation.

Fig. 23: Developed paddy intercultural operation 
attachment for brush cutter
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From the field evaluation it was found that the machine 
moves between two paddy rows at speed of 19 to 23 
cm/s with weeding efficiency of 73.6% to 84.9%. Fuel 
consumption during the field operation was 0.8 to 
1 liter. The effective field capacity of the equipment 
during the operation was found to be 0.018-0.02 ha/h.

Frontline Demonstration of Farm Tools and 
Machinery

(Contributors: H. Dayananda Singh, Naseeb Singh, and 
Worthful Mukhim)

Front line Demonstrations (FLD) of power paddy 
thresher, post hole digger and horticultural tools were 
conducted in the farmers’ field. Power paddy thresher 
was developed at ICAR RC for NEH region, Umiam. 
The equipment is easy to operate due to light weight. 
STIHL make engine operated posthole digger having 
635 mm length and 150 mm diameter augur was 
demonstrated for digging holes. Horticultural tools 
like hand fork, grafting/budding knife, hedge shear 
and tree pruner were demonstrated in two villages 
of Meghalaya. Due to Covid-19 situation some of the 
equipment/machine like power tiller operated potato 
digger, hand operated winnower, power weeder and 
pineapple harvester (hand tools and power operated) 
were not possible for Front Line Demonstration in 
villages. A glimpse of FLD of implement at village level 
is given in Fig. 24. 

Fig. 24. A glimpse of FLD of implement 
at village level

Revolving Fund Scheme on Commercialization of 
Farm Tools and Machinery for Hill Agriculture

(Contributors: Naseeb Singh, H. Dayananda Singh and 
B.K. Sethy). 

Under this revolving fund scheme different tools and 
implement which are suitable for the region were 

fabricated and supplied to different beneficiaries 
located in different part of the region. During the year 
2020, 240 numbers of different tools and implement 
were fabricated and supplied. The details tools and 
implement which are fabricated during the period 
2020 is given in table 7. 

Table 7.  Details tools and implement which are 
fabricated during the period 2020

Sl. No. Items Quantity 

1 Adjustable Row Marker 86

2 Zero Till Furrow Opener 19

3 Wheel Hoe Single Wheel 2
4 Wheel hoe three tyne 7
5 Cono Weeder 83
6 SRI Row Marker 1

7 Garden rake 2

8 Long handle weeder 5
9 Seed drill for maize and 

groundnut
20

10 Motorized paddy thresher-
cum-blower

10

11 Briquette Chaula 5
Total 240

HORTICULTURE
FRUIT CROPS:

Evaluation of different rootstocks of Khasi 
mandarin at different altitudes

(Contributors: H. Rymbai, H. D. Talang, N. A. Deshmukh 
& S.R. Assumi)

Khasi mandarin (Citrus recticulata) grafted on C. 
karna, C. trifoliate, C. jambhiri, C. limonia, C. latipes, C. 
taiwanica, C. volkameriana along with Khasi mandarin 
seedlings as control were planted at 5 m × 5 m spacing 
in three experimental sites, viz., Wahkhen (653 m 
amsl, East Khasi Hills), Umiam (950 m amsl, Ri Bhoi) 
and Wahiajer Village (1350 m amsl, West Jaintia 
Hills). Result showed that rootstock diameter ranged 
between 7.82-17.67 mm across altitudes. Maximum 
rootstock diameter was recorded in C. jambhiri + 
Khasi mandarin (17.67 mm) at Umiam followed by C. 
limonia + Khasi mandarin at Wahkhen (17.49 mm). 
C. limonia + Khasi mandarin recorded maximum 
scion diameter irrespective of altitudes, i.e., Wahkhen 
(13.32 mm), Umiam (13.24 mm) and Wahiajer (13.12 
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mm). Plant height ranged between 45.26-97.25 cm 
and C. jambhiri + Khasi mandarin recorded highest 
value in all locations. 

Germplasm collection and documentation

The indigenous collection (IC) number of 13 accessions 
i.e., Citrus jambhiri (01 no. IC-0635710), Citrus limon 
(04 nos. IC-0635711 - 14), Citrus aurantifolia (01 no. 
IC-0635715), Gerbera jasmeonii (05 nos. IC-0633067 
- 71) and Elaeagnus latifolia (02 nos. IC-0635716 - 17) 
were obtained from NBPGR, New Delhi.

Standardization of protocol for propagation of 
Memang Narang

A study on propagation method of Memang Narang 
(Citrus indica) was carried out using wedge grafting 
and cuttings. Preliminary result revealed that wedge 
grafting showed highest sprouting (2.57 - 4.27 nos. per 
grafted plant), leaves (43.33 - 91.67 nos. per grafted 
plant), scion diameter (0.85 - 1.26 cm), plant height 
(48.7 - 93.6 cm) and plant spread (36.13 - 52.35 cm).

Development of DUS characters of lemon

Twenty-four accessions of popular lemon (Citrus 
limon L. Burm) landraces (Fig. 25) grown in the north 
eastern region of India were collected and assessed 
for developing distinct, uniform and stable (DUS) 
characters. Based on morpho-physiological traits, 
the varieties were characterized into three groups, 
viz., Assam lemon (12 genotypes), Jaintia lemon (04 
genotypes), Elaichi lemon (05 genotypes) and other 
(03 genotypes). The tree growth habit is spreading 
(Elaichi Lemon, Jaintia Lemon) and drooping (Assam 
Lemon); anthocyanin colouration of young leave 
are present in Assam Lemon and Elaichi Lemon 
but absent in Jaintia Lemon. Fruit weight are large 
(100-150 g,  Jaintia Lemon and Assam Lemon) and 
very large (>150 g, Elaichi  Lemon); fruit equatorial 
diameter are medium (40-70 mm, Jaintia Lemon 
and Assam Lemon) and very large (> 70 mm, Elaichi  
Lemon); fruit shape are spheroid (Jaintia  Lemon) 
and  ellipsoid (Assam  Lemon and Elaichi  Lemon); 
presence of neck (Assam Lemon) and absent (Jaintia  
Lemon and Elaichi  Lemon); number of seed per fruit 
are 0 - 3 (Assam Lemon), low (1-10, Jaintia Lemon) 
and high (>20, Elaichi Lemon); juice content are 
low (< 30%, Elaichi  Lemon and Jaintia Lemon) and 
medium (>50%, Assam  Lemon); total soluble solid 
are low (<7%, Assam Lemon, Elaichi  Lemon and 
Jaintia Lemon) and titratable acidity are medium (4-
7%, Assam Lemon, Elaichi  Lemon and Jaintia Lemon).

Jaintia Lemon Elaichi Lemon Assam Lemon

Fig. 25. Fruits of different types of lemon 
landraces of north eastern India.

Evaluation of peach, plum and Sohjhur (Pyrus 
pashia) germplasm

Eight stone and pome fruit germplasm, viz., RC Plum-
1; RC Plum-2; RC Peach-1; RC Peach-2; RC Peach-3; RC 
Sohjhur-1; RC Sohjhur-3 and Flordaguard (control) 
were planted following uniform package of practices. 
At 1st year, RC Peach-1 recorded highest plant height 
(1.01 m); canopy volume (0.33 m3) and Trunk 
Cross-Sectional Area (TCSA) (0.88 cm2). However 
lowest plant height was noticed in RC Peach-2 and 
RC Sohjhur-3 (0.81 m each). Canopy volume was 
recorded lowest in RC Sohjhur-3 (0.05 m3) which was 
at par with RC Sohjhur-1 (0.06 m3). Similarly lowest 
TCSA was recorded in RC Sohjhur-1; RC Sohjhur-3 and 
RC Plum-1; (0.45 cm2 each).

Rootstock scion compatibility of plum and peach 
cultivar with local rootstock 

Two plum cultivars, viz., Kala Amritsari and Satluj 
Purple and three peach cultivars viz., Partap; 
Flordaprince and Shan-e-Punjab were grafted on 
rootstock RC Peach-1 (IC-0632364) to test the 
rootstock scion compatibility behaviour. Among 
the plum and peach varieties Shan-e-Punjab took 
minimum days for sprouting (23.33 days) followed 
by Kala Amritsari (25.67 days). Highest graft success 
and plant survival was recorded in Kala Amritsari 
(90.0% and 83.60%). Lowest graft success was 
recorded in Shan-e-Punjab (75%) and plant survival 
in Satluj Purple (78.38%). The highest plant height 
was recorded in Kala Amritsari (1.19 m) while, lowest 
in Shan-e-Punjab (0.81 m). The rootstock and scion 
diameter was recorded maximum in Flordaprince 
(8.43 and 7.24 mm). The number of functional leaves 
per plant was recorded highest in plum cv. Kala 
Amritsari (232.0 nos.). The results showed better 
compatibility of plum cv. Kala Amritsari followed by 
peach cv. Flordaprince on local RC Peach-1 rootstock.
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All India Network Challenge Programme on 
Temperate Fruits

Two low chilling peach cultivars, viz., Partap and 
Flordaprince were evaluated at different training 
systems and densities, viz., espalier (3.0 m × 2.0 m); 
Y shape (2.0 m × 5.0 m); central leader (3.0 m × 3.0 
m) and open centre (3.5m × 3.5m). Peaches trained 
on open centre recorded highest plant height (3.09 
m) and canopy volume (10.03 m3) while fruit weight 
(70.35 g); fruit yield (18.43 kg/plant) and TSS (8.94 
0B) was recorded highest with lowest acidity (0.57%) 
in Y Shape trellis. Highest fruit yield and yield 
efficiency was recorded in Partap × Y shape (19.1 kg/
plant and 0.47 kg cm2 TCSA) followed by Flordaprince 
× Y Shape (17.8 kg/plant and 0.47 kg cm2 TCSA). 
Therefore, peaches trained on Y shape trellis system 
possess higher productivity and quality at mid hills of 
Meghalaya.

Development of protocol for propagation of 
dragon fruit

Propagation protocol of dragon fruit (Hylocereus 
costaricensis) were studied using IBA concentrations 
(I1-5 mM; I2-15 mM; I3-25 mM; I4-35 mM and I5-45 
mM) and different substrate combination [S0-soil; 
S1-soil + farm yard manure (FYM), 1:1 /v:v; S2-soil + 
vermicompost (VC), 1:1 /v:v; S3- soil + cocopeat (CP), 
1:1:1 /v:v:v; S4- soil + CP + VC, 1:1:1 /v:v:v; S5- soil 
+ CP + FYM, 1:1:1 /v:v:v]. Result showed significant 
effect of substrates, rooting hormones and their 
interaction on rooting behaviors. The interaction 
of I3 x S4 produced minimum days to root initiation 
(14 days). Similarly, I3 x S4 had maximum number of 
primary roots (5.33), secondary roots (17.56), length 
of root (12.62 cm), diameter of root (2.20 mm), fresh 
weight of roots (6.55 g per plant), dry weight of roots 
(0.85 g per plant), fresh weight of shoots (356.50 g per 
plant) and dry weight of shoots (24.82 g per plant). 

Development of DUS guidelines for jackfruit

Guidelines for the Distinctiveness, Uniformity and 
Stability (DUS) characters of jackfruit (Artocarpus 
heterophyllus Lam.) was developed and published 
by Protection of Plant Varieties and Farmers’ Rights 
Authority (PPV&FRA) based on the survey of jackfruit 
diversity conducted from Northeast India, viz., 

Meghalaya, Manipur, Assam, Nagaland and Tripura. 
Identification and collection of jackfruits were 
undertaken and studied for 20 nos. of qualitative (QL), 
11 nos. of quantitative (QN) and 2 nos. of pseudo-
qualitative (PQ) characteristics. 15 nos. of jackfruit 
genotypes viz., Ashoka Yellow, Lalbagh Madhura, NSP, 
All Season, Janagere, Malaysia Jack, Palur-1, Swarna, 
Ashoka Red, Byrachandra, NKT-1, NKT-2, Singapore 
Jack, Tubagere Red, Ramachandra were collected from 
UAS, GKVK, Bangalore and maintained in Field gene 
bank at Horticulture farm of the institute. 

AICRP on Cashew

In cashew, one bold seeded genotype viz., RC Cashew-3 
was collected and characterized based on minimum 
descriptors. Tree height and habit is tall and upright 
compact with obovate leaf shape and dark green colour 
of mature leaves wherein the inflorescence shape was 
pyramidal with cream colour flowers. Shape of cashew 
apple and cashew apple base is conical obovate and 
angular. Nut shape is oblong ellipsoid with average 
nut weight of 6.45 gm.

VEGETABLE CROPS:
All India Coordinated Research Project  on 
Vegetable Crops
(Contributors: V. K. Verma & A. K. Jha)
Chow-chow: Total 70 accessions of chow-chow were 
evaluated, and wider variability was observed for 
different traits such as number of fruits per plant 
(11.0 – 67.0), fruit weight (93.0 - 953.3 g), fruit length 
(8.9-18.2 cm) and diameter (5.0-13.1 cm). Among the 
accessions, the highest yield per plant (33.0 kg) was 
recorded in Mizoram Collection-1 followed by RCSC-
55 (39.4 kg) and RCSC-38 (24.5 kg).
Teasel gourd: The 50 accessions of spine gourd 
germplasm showed greater variability for leaf, flower 
and fruit characteristics. Yielding attributing traits 
like fruit weight, number of fruits and yield per plant 
ranged 22.0-105.7g, 7.0- 38.0, and 0.28 – 2. 92 kg, 
respectively. High yielding clones were identified as 
RCTGC-4 (2.92 kg/plant), RCTGC-44 (2.80 kg/ plant) 
and RCTGC-3 (2.5 kg/plant).
For hybridization between to gynoecious lines, 
silver nitrate @ 500 ppm found effective to induce 
hermaphroditism (Fig. 26) with pollen viability and 
fruit setting of 92.6% and 78.23 %, respectively.
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Fig. 26. Effect of silver nitrate on sex expression 
in female teasel gourd clones.

French bean: Total 145 local accessions of pole type 
French bean were evaluated for growth, yield and 
quality attributes. Among the accessions, days to first 
flowering and harvesting ranged between 34-48 days, 
and 48.3–78.0 days, respectively. Likewise, pod length 
and weight ranged between 7.5-19.7 cm and 3.67–
13.33g, respectively. High yielding accessions were 
identified as NCFB-37 (929.5 g) followed by MZFBC-3 
(797.2 g), RCFB-80 (646.0 g), NCFB-5 (563.0 g) and 
Coll-2011 (493.8 g).

Indian bean: Total 152 accessions of Indian bean 
were evaluated for growth and yield attributes during 
July, 2019- Feb, 2020. The high yielding accessions 
were identified as ASDBC-17 (1.37 kg/plant) followed 
by TRDBC-6 (0.98 kg/plant) and TRDBC-34 (0.78 kg/
plant). Similarly, out of four bush type accessions the 
highest yield was recorded form Sel-1 (0.33 kg/plant).

Anthocyanin rich accessions of Indian bean: Total 
8 accessions were evaluated for anthocyanin content 
(Fig. 27). The highest anthocyanin was recorded 
from the MZDBC-25 (10.45 mg/100g) followed by 

Fig. 27. Variability in pods of Indian bean for 
anthocyanin

MNDBC-11 (10.43 mg/100g) and MNDBC-6 (7.68 
mg/100g). However, the lowest anthocyanin was 
recorded from the white podded accession TRDBC-6 
(0.58 mg/100g). 

Tomato: Total 6 experiment was conducted for 
varietal evaluation of tomato accessions. The high 
yielding accessions under determinate tomato were 
identified as 2019/TODVAR-3 (2.3 kg/plant) of IET, 
2018/TODVAR-1 (1.05 kg/plant) of AVT-I and 2017/
TODVAR-5 (2.27 kg/plant) of AVT-II. Likewise under 
indeterminate group entry 2018/TODVAR-2 (3.26 
kg/plant) of AVT-I was high yielding. Similarly, under 
tomato leaf curl virus resistant trials entry 2019/
TOLCVRES-1 (2.2 kg/plant) was high yielding with 
least incidence of diseases. Moreover in cherry tomato 
entry 2018/TOCVAR-5 was high yielding with the 
yield of 1.69 kg/plant.
Brinjal: Total 10 experiments were conducted during 
February–September, 2020. Under brinjal long trials, 
the high yielding entries were identified as 2019/
BRLVAR-5 (1.10 kg /plant) of IET, 2018/BRLVAR-8 
(1.29 kg/plant) of AVT-I and 2017/BRLVAR-5 (0.8 kg/
plant) of AVT-II. Similarly, under brinjal round group, 
the highest yield was recorded from 2019/BRRVAR-3 
(1.98 kg/plant) of IET, 2017/BRRVAR-11 (2.8 kg/
plant) of AVT-II trials. Moreover, under brinjal hybrid 
round category, 2019/BRRHYB-7 (2.2 kg/plant) of 
IET, 2018/BRRHYB-10 (2.67 kg/plant) of AVT-I and 
2019/BRLHYB-3(0.80 kg/plant) of IET and 2018/
BRLHYB-5 (1.6 kg/plant) of AVT-I hybrid long were 
high yielding accessions.
Bitter gourd: Total 9 hybrids were evaluated during 
April–July, 2020 and the high yielding entries were 
2018/BIGHYB-6 (1.1 kg/plant) followed by 2018/
BIGHYB-5 (0.90 kg/plant) and 2018/BIGHYB-4 (0.80 
kg/plant).
Bottle gourd: Total 3 experiments were conducted 
during March–July, 2020. Under varietal trials the high 
yielding entries were identified as 2019/BOGVAR-1 
(2.8 kg/plant) of IET trial, 2018/BOGVAR-5 (5.5 kg/
plant) of AVT-I and 2018/BOGHYB-1(5.4 kg/plant) of 
hybrids AVT-I trials.
Cabbage: Out of 7 accessions, the highest marketable 
head weight (976 g) and yield (488 q/ha) was recorded 
from IET/CABVAR-7 followed by IET/CABVAR-1 (398 
q/ha).
Lettuce: Total 6 accessions were evaluated and the 
highest gross plant weight (266 g) and yield (133 
q/ha) was recorded from entry 2018/LETVAR-3 
followed by 2018/LETVAR-4 (123 q/ha).

Radish: Total 7 entries were evaluated during 
January–March, 2020. Among the entries the 
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maximum root length (24.3cm), and yield (240 q/
ha) was recorded from 2018/RADVAR-6 followed by 
2018/RADVAR-1(180 q/ha).

Ecology and biochemical properties of local 
landraces of chillies grown under protected 
conditions:  To study the ecology and biochemical 
properties of the popular landraces grown in north 
eastern region of India, total 13 accessions (6 hot 
pepper, 3 king-chilli, 2 each of dalle chilli and birds’ eye 
chilli) were collected from the niche area. The ecology 
of niche area of popular landraces was characterized 
as cool (11.7 – 20.7 °C) and humid (> 60% relative 
humidity) climate (Sikkim and Darjeeling) for dalle-
chilli, mild-warm (12.2 – 28.0 °C) and humid climate 
(Upper Assam, Nagaland, Manipur and Mizoram) for 
king-chilli and warm and humid climate (Mizoram, 
Manipur, Nagaland and Meghalaya and mid-hills 
of Arunachal Pradesh) for bird’s eye chilli during 
crop period. The accessions were evaluated during 
February to October, 2020 under naturally ventilated 
polyhouse. Significant variations were observed for all 
the traits (Fig. 28). Among the landraces the highest 
average capsaicin content on dry weight basis was 
observed in king-chilli (4.30%) followed by birds’ eye 
chilli (3.80%), dalle-chilli (3.42%) and chillies (1.53 
%). Similarly, oleoresin content was also highest in 
king-chilli (28.98%) followed by dalle chilli (21.18 
%), birds eye chilli (19.21%) and chilli (15.52 %). The 
β-carotene content (µg g-1 FW) in red ripe fruits were 
highest 375.16 in dalle-chilli followed by king-chilli 
(338.66), birds eye chilli (308.45) and chilli (31.65). 
Further, antioxidant activities using FRAP (ferric 
reducing antioxidant power) method was also highest 
in king-chilli followed by dalle-chilli and birds eye 
chilli. The positive correlation was observed between 
antioxidant activities to capsaicin, oleoresin and 
β-carotene content. Among the landraces, king-chilli 
was found superior for both capsaicin and oleoresin 
content followed by birds eye chilli for capsaicin and 
dalle-chilli for oleoresin content under protected 
conditions. Moreover, the high yielding accessions for 
yield per plant were identified as King-chilli-1 (819.5 
g), SKCC-1 (416.6 g), MZBEC-1 (181.0 g) and MLCC-
22(332.0g) of king-chilli, dalle-chilli, birds eye chilli 
and chilli, respectively. The identified accessions are 
rich in capsaicin and oleoresin content as well as yield 
can be promoted for the commercial production and 
crop improvement. 

Fig. 28. Capsaicin and oleoresin content in 
landraces of chillies: a. dalle-chilli; b. birds eye 

chilli; c. king-chilli and d. chillies

TUBER CROPS 

All India Coordinated Research Project  on Tuber 
Crops

(Contributors: H. D. Talang, V. K. Verma, A. K. Jha)

Colocasia/Taro: Eight entries of colocasia (taro) were 
evaluated for their yield parameters. Result indicated 
that TTr 17-7 recorded maximum number of cormels 
(16 nos.) whereas TTr 17-6 recorded maximum 
weight of cormels per plant (277.33 g), cormel yield 
(13.70 t/ha) and total yield (17.73 t/ha) which is 
however lower than local check (Megha Taro 1). 
Weight of corm was found highest in TTr 17-3 (137.00 
gm). Likewise, six entries of Colocasia (bunda) were 
evaluated for their yield parameters viz. weight of 
corm, total yield (t/ha). Result indicated that TBd17-3 
recorded highest corm weight (550 gm) and total yield 
(34.61 t/ha) followed by TBd17-9 (180 gm and 26.58 
t/ha respectively).  Under germplasm evaluation, out 
of 30 accessions, highest average number of cormels 
was found highest in Megha Taro 2 (18 nos.), cormel 
yield was found highest in Tamachongkham (31.69 t/
ha) and total yield in Arunachal collection 2 (68.66 t/
ha) (Fig. 29).
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Fig. 29. High yielding accessions of 
Colocasia/Taro

Megha Taro-2: A new variety of taro was released for 
the states of Bihar, Jharkhand and Andaman Nicobar 
Island by Central Sub-committee on Crop Standards, 
Notification and Release of varieties for Horticultural 
crops on 28th, October, 2020. Megha Taro-2 (Fig. 30) 
was found to be high yielding (18.81 t/ha), with 
26.95% higher yield over check variety Muktakeshi 
at national level and also 
moderately resistant to 
leaf blight. The tubers 
are low in calcium 
oxalate (20-24 mg/100g) 
content with high in 
starch (20-23%) and dry 
matter (27-30%) content. 

Sweet potato: Forty nine sweet potato collections 
were evaluated for yield and yield attributing 
parameters. It was observed that Tsp12-7 recorded 
the highest tuber yield (16.28 t/ha), tuber length was 
found highest in Shilliang myntang Local (26.82 cm) 
while highest tuber diameter (5.89 cm) and tuber 
weight (406 g) were recorded in HDT-2 (Fig. 31).

Fig. 30. Megha Taro -2

Fig. 31. Tuber of Shilliangmyntang Local and 
Mawtneng-1

SPICES: 
All India Coordinated Research Project on Spices
(Contributors: V. K. Verma, M. Bilashini Devi, A.K. Jha)
Performance of turmeric germplasms: 
Total 43 accessions including improved cultivars of 
turmeric were evaluated, out of which the highest 
plant height was recorded from IC-586780 (101.0 
cm). Likewise, leaf length (65.0 cm) and width (17.57 

cm) were highest in IC-586780 followed by IC-
586777. Similarly, the number of leaf was maximum 
in Narendra Haldi-1 (31.0). Moreover, the yielding 
genotype were Suranjana (433.3 g/plant) followed by 
IC-586769 (366.67 g/plant) and Megha Turmeric-1 
and Suvarna (333.3 g/plant each).
Performance of ginger germplasms:
Under germplasm evaluation of ginger total 40 
accessions were evaluated during April to January, 2020 
at ICAR Research Complex for NEH Region Umiam, 
Meghalaya. Among the accessions wider variability was 
observed for all the agro-morphological traits. Plant 
height ranged from 32.13–75.43 cm and the highest 
was IC-584340 (75.43 cm) followed by IC-584357 
(70.10 cm) and IC-584362 (66.70 cm). Likewise, leaf 
length ranged from 16.43 to 25.83 cm and the highest 
was observed in IC-58584357 followed by IC-584355. 
Similarly, the number of tillers per plant ranged from 
1.67-4.0 and the maximum was in IC-584340 followed 
by IC-584350 and IC-584338. Further, yield per plant 
ranged from 50.0-350g per plant and highest was the 
accession IC-584354 (350 g) followed by IC-584364 
(308.0 g) and IC-584327 (233 g). 
Collection and evaluation of new ginger collections 
for yield and oleoresin:

Total 10 accessions were collected in the year 2020 
and evaluated for growth, yield and quality traits. The 
plant height ranges from 41.20 to 91.45 cm; number of 
tillers 2.0 to 5.0; stem diameter 0.75 to 0.96 cm; yield 
per plant 220.0 to 462.0 g and oleoresin content 9.12 
to 18.13%. Among the genotypes, highest yield and 
oleoresin content was recorded from RCGC-6 (462.0 
g) and RCGC-10 (18.13%), respectively. Besides, one 
accession of aromatic ginger (Kaempferia galanga 
L.) has been collected in September 2020 from the 
farmers field in Ri-bhoi District, Meghalaya.  

Effect of seed priming in ginger:

A field experiment was conducted during June-
December, 2020 at Horticulture Farm of ICAR 
Research Complex for NEH Region Umiam, Meghalaya 
to test the effect of different seed priming on 
ginger. Total five treatments were applied including 
treatment (T5) comprises of seed rhizome treatment 
with Trichoderma spp. Local strain was collected 
from State Biological Control Laboratory, East Khasi 
Hills District, Upper Shillong, Meghalaya. Among the 
treatments the maximum plant height (67.60 cm) was 
observed from T1 (Trichoprime formulation supplied 
by Indian Institute of Spices Research, Calicut, Kerala), 
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followed by the treatment T5. The leaf length and 
width were statistically at par in T1 (Trichoprime) and 
T5 (Trichoderma spp.). Moreover, yield per plant was 
maximum (270 g) in T1 followed by T5 (266.0 g). The 
observations were also taken for sprouting percent, 
plant population at 50 days, number of tillers per 
plant and pest-disease incidence (PDI) at 30 days. 
Among the treatments, T1 (Trichprime) was found to 
be superior to the control with maximum number of 
tillers per plant (5.88), population (37.33 per beds) 
and sprouting (93.47 %). The incidence (PDI) of 
rhizome rot was observed only in control (5.0 – 7.0%).

FLOWERS: 
All India Coordinated Research Project on 
Floriculture

(Contributors: H. Rymbai)

Collection, characterization, evaluation and 
maintenance of Orchid germplasm 

Thirty-seven orchid species were collected, 
characterized, and conserved for vegetative and 
flowering characters. Twenty species out of 37 started 
flowering.  Vegetative traits including plant height 
ranging from 3.6 cm (Paphiopedilum spicearianum) 
to 93.9 cm (Phaius woodfordii); plant spread from 
16.2 cm (Bulbophylum gymnopus) to 67.3 cm (Acampe 
rigida). Among inflorescence traits, value ranging 
in inflorescence length of 5.3 cm (Acampe rigida) to 
81.4 cm (Phaius woodfordii), number of flowers from 
1 (P. spicearianum) to 204.6/ inflorescence (Liparis 
viridiflora), flower diameter 0.2 cm (L. viridiflora) to 
14.1 cm (P. woodfordii).

Collection, characterization, evaluation and 
maintenance of gerbera germplasms

Thirty-three number of gerbera genotypes were 
evaluated under open field conditions. Among 
vegetative characters, leaf number (113.21 per plant) 
was recorded maximum in RCGH-23 and suckers in 
RCGH-97 (16.32 nos. per plant per year). Regarding 
flower characteristics, RCGH-33 had maximum flower 
stalk length (40.53 cm) and flower stalk diameter 
(6.34 mm), while number of flowers was recorded 
highest in RCGH-3 (23.76 per plant per year).

Performance of improved gerbera hybrids under 
open condition

Five entries, viz., RCGH-12, RCGH-22, RCGH-114 and 
RCGH-117 developed from ICAR Research Complex 
for NEH Region, Umiam along with check Alesmera 

were evaluated under open field condition. Hybrid 
RCGH-12 recorded maximum number of leaves (19.5 
/plant/year). RCGH-114 produced maximum suckers 
(14.5 nos./plant/year). With regards to flowering 
characteristics, RCGH-114 produced minimum days to 
bud burst (26.2) and first flower opening (35.8 days). 
RCGH-117 had maximum flower stalk length (47.75 
cm) and longest vase life (5.85 days). RCGH-114 had 
maximum flower diameter (11.81 cm) and number of 
flowers (25.21 /plant/year).

RCGH-28: A unique miniature gerbera was identified 
and evaluated for pot culture and beds (Fig. 32). It 
recorded 26.03 cm flower stalk length, 8.83 cm flower 
diameter and 8.23 number of flowers per month with 
average 6.36 days of vase life of the flower. 

Fig. 32. Gerbera accession RCGH-28

Evaluation of improved lines of gladiolus

Two new genotypes of gladiolus, viz., VHFSGLA 4-17 
and VHFSGLA 15-4 from Y. S. Parmar University of 
Horticulture & Forestry, Solan, Himachal Pradesh 
were tested. Result indicates that VHFSGLA 4-17 
recorded maximum number of leaves (9.2 / plant), 
minimum days to bud burst (46.6 days), first flower 
opening (56.2 days). Similarly, VHFSGLA 4-17 had 
maximum flower duration (9.33 days), number of 
florets (16.6 florets per spike), number of corms (2.4 
per plant) and cormels diameter (9.22 mm). VHFSGLA 
15-4 showed maximum spike length (41.65 cm), vase 
life (5 days), number of cormels (7.40 per plant) and 
corms weight (48.83 g).

TRANSFER OF TECHNOLOGIES:
(Contributors: H. Rymbai, H. D. Talang, S.R. Assumi,  
V. K. Verma) 

Training on vegetable production: A three-day 
collaborative farmers training was organized during 
25 - 27th February, 2020 sponsored by Nongstoin 
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soil and water conservation division, Government 
of Meghalaya. Total 30 farmers participated from 
different districts of Meghalaya. The seeds of seasonal 
vegetables (French bean, cowpea, bitter gourd, bottle 
gourd etc.) was also distributed to the farmers.

Training cum demonstration on seed spices: The 
programme was organized on ‘Promotion of seed 
spices in the northeastern hills region’ in collaboration 
with ICAR National Research Centre for Seed Spices, 
Ajmer, Rajasthan on the 26th November, 2020 at 
Horticulture Experimental Farm, ICAR Research 
Complex for NEH Region, Umiam, Meghalaya under the 
project ‘Collaborative Research and Developmental 
activities for promotion of seed spices varieties/ 
technologies in NEH Region. Total 67 farmers attended 
the programme from different villages of Ri Bhoi and 
West Jaintia Hills district, Meghalaya (Fig. 33). 

Fig. 33. Participating farmers for training cum 
demonstration on seed spices

Field demonstration cum seed distribution 
programme: The programme was conducted on 
“Improved cultivation practices of Rabi season 
vegetables’ under the project Farmers’ FIRST, ICAR 
Research Complex for NEH Region, Umiam in 04 
locations, viz., Lalumpam on the 27th October, 2020 
and Sarikushi, Umtham and Mawtnum on 11th 
November, 2020. A total of 97 growers from different 
villages participated in the program. 

Demonstration on tuber crop-based farming 
system 

Tuber crops-based farming system was established 
at Nongrim Nongladaw village of Ri Bhoi district with 
an objective of integrating different components viz., 
animals, fish, spices, vegetable, fruit in tuber crops 
farm for livelihood improvement of the tribal farmers 
(Fig. 34). Prior to farming system studies, the total area 
of 0.15 ha was used for farming by Mr. Evarist Myrsing 
and family earning a net income of Rs 20,525/-. 
We intervened under AICRP on Tuber Crops in this 
village by demonstration and training on tuber crops 
production along with distribution of tuber crops, 
vegetable seeds, fish seeds, poultry and piglets. After 
intervention the total area of 0.50 ha was used by Mr. 
Evarist Myrsing, earning a net income of Rs 81,458/-. 

Demonstration on litchi production for livelihood 
improvement of farmers:

Demonstration on production technology of litchi was 
conducted at farmers’ field along with distribution of 
saplings of litchi var. Shahi (1500 nos.) and China (500 
nos.) supplied by ICAR-NRC on litchi, Muzaffarpur 
to about 120 farmers from different villages (Fig. 

Fig.34. Tuber crop-based farming system at Nongrim Nongladaw farmers field.

Sweet PotatoTaro

35) comprising Tura, West Garo Hills; Kalibari 
and Wahkhen of East Khasi Hills; Umeit, Marngar, 
Umdiker, Kyrdemkulai, Nongkya, Umsning, Nongjri, 
Mawdiangum of Ri Bhoi; Barato, Sohkha, Iooksi of 
West Jaintia Hills and Lama, East Jaintia Hills, were 
benefited covering non-traditional area of about 12 
hectares with an objective of area expansion as well 
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as to help the farmers understand and practice proper 
management of litchi orchard for getting better yield 
of good quality produce.

Training cum awareness programme on cashew: 
Four (04) numbers of one day training and awareness 
programme was organized during October – November, 
2020 in the villages (Changpotre, Skorimrim, Badek 
and Nengja Bolchugre) of Garo Hills under AICRP-
Cashew benefitting a total of 73 (39 male and 34 
female) cashew growers (Fig.36).

a. Nongkya e. Nongjri

Fig.35. Litchi plantation at farmers’ field.

f. Horticulture 
farm

Fig. 36. Farmers training on cashew in villages 
of Garo Hills

Division of Crop Sciences (DCS)

BIOTECHNOLOGY
Development of phosphorous efficient rice 
through Marker assisted Backcross Breeding 
(Institute funded)

Improved breeding line of an upland rice variety,  
Bhalum 4 (RCPL 1-116), possessing protein 
kinase OsPSTOL (Pup1), show better root system 
architecture and higher yield in soils with low 
phosphorus 

(Contributors : Bijoya Bhattacharjee, S.P Das, B.C. 
Verma, Jayanta Layek, G. T. Behere, B. U. Choudhury)

With an objective to improve Bhalum 4 for tolerance 
to low soil P, we have transferred Pup1, a major 
quantitative trait locus (QTL) associated with 
tolerance from another mega-variety, Swarna (MTU 
7029) through marker-assisted backcross breeding 
(MABB). Foreground selection of the F1 and backcross 
plants was performed with the co-dominant, closely 
linked CAPS marker, while flanking markers were 
utilized for recombinant selection. At each backcross 
generation, positive plants were also analyzed with 
a set of 94 parental polymorphic SSR markers to 
identify the QTL-positive plants possessing maximum 
introgression of Bhalum 4 genome. At BC2F1, the best 
backcross plant was selfed to generate BC2F2s. Among 
them, the plants homozygous for Pup1 (n = 22) were 
reconfirmed using the functional marker for Pup1, 
viz., K46-1, and they were advanced through pedigree 
method of selection until BC2F6 generation.

Fig. 37. Improved breeding line no. 3 of Bhalum 
4- Pup1 are at post-grain filling stage in the 

experimental field of Soil Science, ICAR RC NEH, 
Umiam
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Fig.38. Improved breeding line no. 3 of 
Bhalum 4 - Pup1 are at post-grain filling 

stage in the selected farmer’s field of Jaintia 
hills area in the wet season of 2020 

A total of three elite BC2F6 lines, possessing Pup1 and 
phenotypically similar to Bhalum 4, were screened 
in the low soil P plot and normal plot (with optimum 
soil P levels) during wet season, 2018 and 2019 in the 
experimental plot of Soil Science of ICAR Research 
Complex for NEH region, Umiam. All the selected lines 
showed better performance under low P soil with 
more number of productive tillers, better root system 
architecture than Bhalum 4 (Fig. 38). Further, under 
normal soil, the lines were observed to be similar 
to or better than Bhalum 4 for most of the agro-
morphological traits and yield.

In the wet season of 2020, all the selected lines were 
screened at farmer’s field at Jaintia Hills area with 
highly acidic soil and low phosphorous availability (Fig. 
38). This study represents the successful application 
of marker-assisted selection for improvement of 
tolerance to low soil P in a released upland variety of 
NEH, India.

Functional Genomics of cold and acid soil tolerance 
and allele mining of selected genes in Rice under 
ICAR-Network project on functional genomics and 
genetic modification in crops 

New study on Aluminium tolerance in rice: 
Expression pattern analysis of Aluminium-
responsive genes of rice genotypes of North-East 
India

(Contributor :  Bijoya Bhattacharjee) 

Based on our previous study on  phenotyping and 
genotyping screening for Aluminium toxicity of 

selected rice lines grown in NEH region of India (63 
genotypes), four highly Aluminium -toxicity tolerant 
rice lines (Motodhan, Vietnam – 1, Yimyu,  N-861)   
and four considerably  Aluminium toxicity sensitive 
rice lines (Lespah, RCPL- 13,  VL – 31329, UPR 2919-
141-138) were identified.  

Aluminium-responsive genes were examined for 
two contrasting genotypes (Lespah and Motodhan) 
for expression pattern analysis by quantitative real 
time PCR (qRT-PCR). We also identified appropriate 
endogenous control gene (ECG) Sulfite - reductase 
(SR) for our genotypes by qRT-PCR using cDNAs 
synthesized from the roots of selected rice lines. 
The transcriptional stability of the candidates was 
evaluated using comparative ΔCt method. qRT-PCR 
analysis were carried out for 21 genes, APR2, APR3, 
AT, ALT, ATPS, CYS1, CYS3, F-box, GGPPS, GTF, IPPI, 
LRR, Lsi2, MATE, NRAT1, OsALS1, PAPS, PCS, SQS, 
ST1 and ZFP genes with newly designed real time 
specific primers. All 21 genes showed differential 
expression, of which five have been previously 
known as aluminium regulated while the others are 
noted to be novel candidate genes. Patterns of gene 
expression and mechanisms of aluminium toxicity 
and tolerance suggest that genes associated with 
cytoskeletal dynamics, metabolism, ion transporter 
could play major roles in aluminium adaptation 
and/or tolerance in rice. The results showed natural 
variation among indigenous rice lines from North-
East India with previously-identified Al-responsive 
genes underlie a unique Al tolerance mechanism. The 
tolerant and sensitive rice genotypes can be used for 
further studied on association mapping of aluminium 
tolerant gene in rice. 

A Detailed study was conducted on Population 
Structure, Genetic Diversity and Molecular Marker-
Trait Association Analysis for low Temperature 
Stress Tolerance in Rice of NEH, India 

(Contributor:  Bijoya Bhattacharjee) 

In order to select the extreme cold tolerant genotypes 
at seed germination stage, seedling establishment 
stage and booting stages, 3 Years Phenotypic screening 
was conducted for 118 nos. of cold tolerant germplasm 
of rice. To analyze the level of genetic diversity among 
the genotypes as well as the identification of potential 
tolerant and sensitive genotypes for low temperature 
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tolerance, all the 118 lines of rice were evaluated using 
the PCR based genomic amplification of microsatellite 
regions with the help of specific microsatellite (SSR) 
primer pairs. 110 SSR markers associated with 
cold tolerance from previous studies were used in 
the polymorphism survey. Cluster analysis for the 
118 rice germplasm based on similarity coefficient 
matrices calculated from 110 SSR markers. All the 
germplasm were grouped into three major clusters, at 
a genetic similarity ranging from 0.78 to 0.98.  Based 
on Phenotypic screening and Molecular analysis study, 
hybridization was initiated with selected cold tolerant 
unique rice genotypes ( Kuki -High in panicle weight 
through higher spikelet number but low in spikelet 
fertility and seed weight; Kuban-3 -High in seed 
weight but low in panicle weight, spikelet number and 
spikelet fertility;  Mujudo -   High in Ear bearing Tillers 
(EBT) under stress condition and IRCTN- 91-57 - High 
in spikelet fertility under stress condition but low in 
EBT) for functional genomics work. In addition, two 
more genotypes (Khonorullo and  Newli), were also 
selected on the basis of overall growth all through the 
winter at Upper Shillong, Meghalaya for functional 
genomics work.

“Characterization and genetic improvement 
of Chakhao landraces (Manipur black rice) 
for yield, abiotic and biotic stresses through 
biotechnological strategies” 

Identification of yield related genes in popular 
Chakhao (Manipur Black rice) landraces using 
gene-based functional markers 

(Contributors: Ngangkham Umakanta, Bijoya 
Bhattacharyajee, Amit Kumar, C. Aochen, A. Ratankumar 
Singh, Philanim P S)

Low yield of Chakhao landraces is the major limitation 
for wide commercial cultivation in Manipur. Therefore, 
screening of high yielding related genes in Chakhao 
landraces is prerequisite for genetic improvement of 
Chakhao breeding programme. A set of four popular 
Chakhao landraces such as Chakhao poireiton, Chakhao 
amubi, Chakhao, Chakhao angoubaalong with a HYV, 
MTU1010 were used in the present analysis. These 
genotypes were mined for the presence of 9 yield 
related genes using 15 functional gene-based markers 
(Fig. 39).

Fig. 39. Molecular screening of Chakaho 
landraces Chakhao poireiton, Chakhao amubi, 
Chakhao, Chakhao angoubaalong with a HYV, 

MTU1010 for yield related gene

The grain size related genes included are GS3, GW5, 
GW2, GW8, DEP1, GS7, Gn1a, IPA1 and SD1. The 
favourable alleles of GS3, GS7, IPA1 and DEP1 genes 
were observed in Chakhao poireiton whereas IPA1 and 
Gn1a genes were observed in Chakhao amubi.

Crossing of Chakhao with high yielding donor, CR 
Dhan 307 and blast resistant line, Tetep was carried 
out separately for the production of F1s during kharif 
season, 2019. A total of seven F1 seeds were obtained. 
For hybridity testing of F1 seeds, a total of 50 Indel 
molecular markers were collected and surveyed 
polymorphism between the parental lines. A total 
of 10 Indel markers were identified as polymorphic 
markers between the parental lines which will be 
used for hybridity testing of F1 seeds.  

Screening of Blast disease resistant Pi54 genes 
in a collection of Chakhao (Manipur Black rice) 
landraces using gene-based linked/functional 
markers 

(Contributors : Ngangkham Umakanta, Bijoya 
Bhattacharyajee, Amit Kumar, C. Aochen, A. Ratankumar 
Singh, Philanim P S)

One of the major limitations for Chakhao landraces 
is the susceptibility to blast disease caused by fungus 
pathogen, Magnaporthe oryzae.  The blast resistance 
gene, Pi-54 provides a broad-spectrum resistance 
against different strains of Magnaporthe oryzae. 
Therefore, screening of this Pi-54 gene in Chakhao 
genotypes/landraces is prerequisite for development 
of blast resistant Chakhao cultivars through molecular 
breeding programme. A set of forty Chakhao 
landraces/genotypes were used for genotyping using 
two linked/functional gene based markers such as 
RM206 and Pi54-MAS (Fig. 40). The presence of Pi-54 
gene through RM206 marker was determined by the 
presence of 140bp against the 160bp amplicon. On the 
other hand, the amplification of 216bp using Pi-54-
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MAS marker indicated the presence of Pi-54 gene. The 
gene frequency of Pi-54 was found to be 42.5% and 
30% with RM206 and Pi54MAS markers, respectively. 
Out of forty chakhao genotypes, only two (5%) 
chakhao genotypes were found to be carrying both the 
alleles showing heterozygosity. Based on these two 
markers (RM206 and Pi54MAS), there was twenty 
two chakhao genotypes (55%) which don’t habour 
positive/resistant allele of Pi-54 gene. Therefore, 
introgression of positive/resistant allele of Pi-54 
gene into these genotypes through marker assisted 
breeding might be required to develop blast resistant 
chakhao cultivars in rice breeding programme.  

Fig. 40. Screening of Blast disease resistant 
Pi54 genes in a collection of Chakhao 

Marker-assisted introgression of high-yield and 
durable blast resistance genes (OsSPL14 and Pi-
54) for genetic improvement in Manipur black rice

Development of F1 by crossing of Chakhao X CR 
Dhan 307 and Chakhao X Tetep 

(Contributor: N Umakanta)

Crossing of Chakhao with high yielding donor, CR 
Dhan 307 and blast resistant line, Tetep was carried 
out separately for the production of F1s during 
kharif season, 2019. A total of seven F1 seeds were 
obtained.  A total of 51 Indel molecular markers were 
collected and surveyed polymorphism between the 
parental lines such as Chakhao, CR Dhan 307 and 
Tetep, 16. A total of 10 Indel markers were identified 
as polymorphic markers between the parental lines 
which will be used for hybridity testing of F1 seeds. A 
total of 7 F1s (Chakhao x CR Dhan 307) were generated 
which will be furthered assessed for hybridity test 
using polymorphic markers. 

Out of the 51 Indel molecular markers used for 
polymorphism survey between the parental lines such 
as Chakhao, CR Dhan 307 and Tetep, polymorphism 
between the Chakhao and CR Dhan-307 was found 
with 16 Indel markers and Polymorphism between the 
Chakhao and Tetep was found with 20 Indel markers.

Evaluation of Perilla (Perilla frutescens L.) for 
nutritional and medicinal benefits under different 
storage conditions (Institute Funded) 

(Contributors: C. Aochen, Amit Kumar, Bijoya 
Bhattacharjee,K. Puro, Sandeep Jaiwsal)

Field trial of forty Perilla genotypes under augmented 
design was undertaken. The identified key traits 
which contribute to the variations (69.43%) are no of 
inflorescence, grain weight per plant, no of branches 
and no of internodes. Based on yield and quality 
parameters, IC-0632400, IC-0632417, IC-0632407 
and IC-0632410 are selected for AICRN trials. 

High Flavonoids content (8.040 mg QE 
g-1fw), high reducing power (PFRAP 1.46 mg 
AAE g-1fw) and DPPH Scavenging potential 
(91.70%) of fresh Perilla seeds was recorded. 
Two month-old perilla leaves also reported higher 
flavonoids content (5.02 mg QE g-1fw), high reducing 
antioxidant power (PFRAP 1.32 mg AAE g-1fw) and 
84% DPPH inhibitory activity. Two-week old perilla 
sprouts exhibited higher flavonoid content (0.876 mg 
QE g-1fw) as compared to mung bean sprouts (0.406 
mg QE g-1fw).

Under Normal storage up to 16% reduction in fat 
content was observed at 12th month while a negligible 
variation was observed across 12 months at high 
temperature (35oC) storage. Up to 18% increase 
in fibre content and up to 7% reduction in protein 
content under high temperature storage up to 12th 
month was recorded.

Study of rice yield under low light intensity using 
genomic approaches 

(Contributors: C. Aochen, Amit Kumar, R. Krishnappa, N. 
Umakanta, U. Saikia)

Field trial of fifty screened genotypes was undertaken 
under control and 30% shading, during kharif 
2020 with tolerant checks Swarna Prabha (SP) and 
Susceptible check IR-8 (Fig 41).

Fig. 41. Low light experimental plot, and Low 
light intensity during kharif 2020
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Fig. 42. Histochemical staining of A) Hydrogen 
peroxide radical and, B) Superoxide anion radical

Conservation, taxonomy, diversity, cytology, 
molecular characterization and nutritional 
analysis of Momordica subangulata Blume 
subsp. subangulata and other edible species of 
Momordica L. from Northeast India 

(Contributors : Dr. C. Aochen, Dr. S. Ruth Assumi)

Leaves and fruits from recent collections and accessions 
of Momordica spp. were evaluated for biochemical 
properties. Total Ascorbic acid ranged from 0.75 to 5.9 
mg g-1fw, Total flavonoids from 0.77 to 6.4 mg QE g-1fw, 
Total ferric reducing antioxidant potential from 2 to 
5.1 mg AAE g-1fw. DPPH scavenging potential ranged 
from 66 to 92%in fruits and 53 to 87% in leaf clippings 
(Table 8).

Table 8. Biochemical and antioxidative properties of Momordica spp.

Momordica spp. Total Ascorbic acid 
(mg g-1fw)

Total flavonoids
(mg QE g-1fw)

PFRAP
(mg AAE g-1fw)

Inhibition of 
DPPH (%)

Momordicaspp. HJ/19-24 Fruit 5.938 + 1.81 4.713 + 0.006 3.736 + 0.14 81.95 + 0.99
Momordicaspp. HJ/19-26 Fruit 3.350 + 0.21 4.891 + 0.04 4.706 + 0.03 78.38 + 1.71

Momordicaspp.  61 Fruit 3.020 + 0.13 5.328 + 0.006 2.075 + 0.13 83.42 + 1.80
Momordicaspp. HJ/19-44 Fruit 5.346 + 0.09 4.949 + 0.02 3.198 + 0.15 66.65 + 0.09

M. charantia var. muricataJH/mis-19-107 Leaf clippings 0.892 + 0.05 5.232 + 0.14 4.989 + 0.03 80.55 + 1.77
M. charantia var. muricataHJ/19-61A Leaf clippings 1.119 + 015 6.366 + 0.25 5.112 + 0.21 78.95 + 3.77
M. charantia var. muricataHJ/19-61 Leaf clippings 1.036 + 0.13 3.333 + 0.61 4.629 + 0.08 87.60 + 0.67

M. charantia var. muricataHJ/19-83A Leaf clippings 1.555 + 0.63 6.463 + 0.53 4.981 + 0.14 80.99 + 3.65
M. cochinchinensis KB-SG-3 Leaf clippings 2.146 + 0.57 2.522 + 0.12 4.567 + 0.39 74.52 + 0.85

M. subangulatasubsp. renigera Leaf clippings 1.430 + 0.03 1.829 + 0.08 3.223 + 0.20 56.03 + 2.21
M. dioicaSBJ/28 Leaf clippings 1.511 + 0.03 1.721 + 0.07 2.343 + 0.45 61.64 + 2.82

Fruit 0.930 + 0.26 1.105 + 0.06 4.212 + 0.52 92.86 + 0.94
M. sahyadrica SBJ/02-07 Leaf clippings 1.547 + 0.01 3.419 + 1.46 3.729 + 0.07 53.74 +1.81

Fruit 0.755 + 0.16 0.772 + 0.07 2.336 + 0.06 92.28 + 1.27
Ascorbic acid (reference standard) - - - 96.64 + 0.11

Values are means of triplicates + SD

Growing degree days (GDD) accumulated during grain 
filling period is observed to increase under shading 
suggesting the adaptive inclination to accumulate 
heat units for attaining optimal developmental stages. 
Swarna Prabha is calculated to accumulate the highest 
percent of heat units (17%) over control, while IR-8 
accumulated the least increase (0.6%). Tolerant 
genotypes Swarna Prabha, Subhadra, Danteswari and 
Palghar-2 also exhibited higher GFR (mg day-1 and mg 
HDD-1) with percent increase or least decrease over 
control under shade. 

Leaf oxidative stress and antioxidant enzyme 
activities under low light

At flowering stage, low light induces the formation 
of ROS in leaves, viz. superoxide anion and hydrogen 
peroxide (Fig. 42). H2O2 staining was more prominent 
in susceptible genotypes IR-8 and GAR-2 and less 
prominent in tolerant genotypes Swarna Prabha 
and Subhadra (A). More localization of superoxide 
anion is also observed in susceptible genotypes IR-8, 
Narendra-11, and GAR-2 (B). More percent formation 
of lipid peroxides was observed in susc IR-8 and GAR-
2, while tolerant genotypes exhibited lesser or no 
significant formation under stress. Under low light, 
a steady or increased pool of reduced glutathione 
is observed to be maintained in cells of tolerant 
genotypes indicating a more robust reducing capacity 
as compared to susceptible genotypes. 
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PLANT BREEDING
Development of acid and cold tolerant rice 
genotypes suited to medium to high hill regions of 
Meghalaya 

(Contributors: Amit Kumar, Pankaj Baiswar, Philanim 
WS and Nivedita Shettigar)

Yield evaluation trials

A set of advanced breeding lines were evaluated 
for yield and its component traits. Based on the 
performance of rice lines in three consecutive 
years (2018-2020) the high performing lines were 
identified. Several advanced lines with higher yield 
per plant namely, RCPL 1-402(17.16 g), RCPL-1-405 
(17.92 g), RCPL 1-424(18.12 g), RCPL 1-423 (19.88 
g), RCPL-1-124 (20.76 g) and RCPL 1-432 (26.04 
g) were identified. A set of 400 rice germplasm was 
maintained at Upland farm. The variation present 

among the breeding lines for yield and its contributing 
traits are given in Table 9.

The Organoleptic test of promising rice germplasm 
(100) was also practiced with the help of farmers from 
different villages namely, Mynsain, krydem, Umroi 
Madam and Nongrah. Based on the feedback a set of 
20 rice genotypes were identified.

Generation and evaluation of test crosses 
progenies

A series of 21 crosses involving 27 parents were 
made and F1 plants were evaluated. The flowering 
duration ranged from 103 to 112 days. As far as yield 
is concerned it ranged from 1.2 to 50.6 g/plant. Several 
high performing crosses namely Kubon-3 X Megh-SA 
2, IVT(M)-2805 X Sakur (P19), and IURON-44/19 X 
Bhalum-3 were identified. The F1 seeds were further 
harvested for generation advancement in the next year.

Table 9. Performance of test crosses for morphological traits

Crosses DFF PH PL EBT YPP (g)

Bhalum-3 X Bhalum -1 110 78.3 23.6 3 3.6

RCPL 1-103 X Bhalum -6 104 96 23.3 6 18.6

RCPL 1-103 X IURON-27/19 104 96.4 25.2 2 1.2

IURON-44/19 X Bhalum -3 108 73 21.7 13 40.5

IURON-53/19 X Nania 103 107.4 22.5 3 8

UPR-2992 X RCPL 1-80 103 69.4 17.3 2 1.4

RCPL 1-127 X Rato Bhan Joha 104 9.5 22.6 6 2.8

NANG3A TSUK X Bhalum -1 110 83.6 24 5 18

RCPL 1-114 X Nania 111 67 20.6 18 1.2

IURON-8/19 X Bhalum -1 104 76.3 24.5 5 11.2

NANG3A TSUK X Bhalum -1 110 69.5 17.3 3 3.6

Amona X Nania 108 68.5 19.3 2 2

Bhalum -1 X Bhalum -3 110 105.6 24.3 10 15.4

Jitendra X UPR-2992 112 81.3 23.8 5 0.8

IVTM-2805 X Sakur 111 85.5 24.4 19 47.4

Kba Lieh X Bhalum -3 103 63.3 16.6 4 1.4

Shahsarang X Myndri 111 93.6 20.3 12 13.4

KUBON-3 X Megha-SA 2 112 115.2 25.2 23 50.6

Kuki X Shahsarang 104 68.2 20.1 3 1.6

ManipurX Shahsarang 108 74.1 16.5 4 1.4

RCPL 1-71 X Shahsarang 103 90.2 23.3 8 6.8
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Marker assisted pyramiding of three major genes 
(Pi54, Pi1, Pita) for blast resistance into elite rice 
varieties, Bhalum 5 and Shahsarang 

(Contributors: Amit Kumar, Bijoya Bhattacharjee)

Validation of gene based/ gene linked markers for 
the blast resistance genes, Pi54, Pi1 and Pita for 
foreground selection

Validation of the markers for foreground selection 
between the donor, DHMASQ164-2b and the recurrent 
parents, Bhalum 5 and Shahsarang namely, Pi54MAS, 
gene-based marker for the Pi54; RM1233 linked to 
Pi1; YL87/155 linked to Pita have been completed.

The polymorphism survey using genome-wide SSR 
markers for background selection is underway. 
Crosses have been attempted between the donor 
parent, DHMASQ164-2b and the recurrent parents, 
Bhalum 5 and Shahsarang to generate the F1 seeds.

ISP, NSP and BSP
Evaluation of percentage superiority in yield 
under organic condition in Rice and Maize by 
applying Neem fertilizer as a source of organic 
fertilizer
(Contributor: Amit Kumar)
Three genotypes each of rice and maize crop were 
evaluated under control (without fertilizers/
manures) and organic conditions (neem cake) in 

Fig. 43. Validation of gene based/ gene linked 
markers for the three blast resistance genes, 
Pi54, Pi1 and Pita between the recurrent parent 
and the donor parents. M - 100 bp marker; 
D1 - DHMASQ164-2b; RP1 - Shasharang; RP2 - 
Bhalum 5.

Table 10. Percentage superiority in organic conditions

Sl 
No.

Crop Genotype Yield (kg/plant)
(Control)

Yield
(kg/plant) (Organic)

Percent superiority 
(%)

1 Rice Bhalum-1 0.015 0.018 22.22
2 Bhalum-3 0.035 0.040 13.21
3 Bhalum-5 0.026 0.031 18.99
1 Maize RCM1-75 0.137 0.178 30.49
 2 RCM1-61 0.155 0.198 28.02
3 RCM1-76 0.308 0.320 3.79

Breeder seed production

Under breeder seed production programme, the 
quality seeds of varieties developed by the Institute 
were produced. The seed of rice varieties namely, 
Shahsarang (7.0 q), Megha SA 2 (5.0 q), Bhalum 3 (3.0 
q) and Bhalum 5 (2.5 q) were multiplied using panicle 
to row method. At Upper Shillong farm seeds of cold 
tolerant rice varieties namely, NEH Megha Rice 1 (2.0 

three replications. Neem cake was used as an organic 
fertilizer at the rate of 1 tonne/ha. The performance 
of rice and maize genotypes is given in the table 7. 
Percentage superiority was calculated based on yield 
performance under control and treatment plot. From 
the result below it is observed that all the treatment 
plots show yield superiority over control plots. Thus, 
we can conclude that neem cake is a good source 
of organic fertilizer for improving yield in organic 
conditions. However, the maize genotype namely RCM 
1-76 has maintained the yield in control conditions.

q) and NEH Megha Rice 2 (2.0 q) were produced. As far 
as maize varieties are concerned, quality seeds of RCM 
1-61/Megha Maize 1 (5.0 q) and RCM 1-76/Megha 
Maize 2 (7.0 q) were produced. The breeder seeds of 
soybean variety namely Umiam Soybean 1(1.0 q) and 
Sikkim Pahelo Bhatmas 1 (0.25 q) was also produced 
at Upland farm of Plant Breeding. The seeds will be 
used for distribution to various take holder namely 
State Govt, KVKs and farmers. 
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Development of Maize Inbreds for use in Hybrid 
development programme

(Contributors: Nivedita Shettigar, Amit Kumar, 
Philanim WS and Aochen C)

Total 740 genotypes of maize were screened for its 
performance in augmented design with four checks 
(RCM 1-76, RCM 1-75, Hemanth and Vijay). Significant 
variability was observed for all the traits with respect 
to all the characters except the grain yield/plot.   High 
heritability with high genetic advance percentage 
mean was observed for days to tasselling, plant height, 
number of seeds per row and cob length, hence 
simple phenotypic selection can be practiced to carry 
forward these traits.  The phenotypic correlation 
confirmed the highest positive correlation between 
number of seeds per row and yield.  Cob diameter is 
also significantly correlated to cob length. Cob height, 
cob length, number of kernel rows and cob diameter 
also shows significant positive correlation to yield. 

NEH Millet project

(Contributors: Nivedita Shettigar and Amit Kumar)

Evaluation of finger millet genotypes

A total of 32 finger millet genotypes, procured from 
the ARS, Vizianagaram, Andhra Pradesh were sown 
in three replications in RCBD design to evaluate 
its performance in the North-eastern climate. The 
clustering distributed genotypes into 4 main groups 
and the characters were divide to two groups. The 
genotype VR1163 which was grouped in Custer III has 
the highest yield, minimum days to flowering and long 
flag leaf is the best genotype among 28 genotypes. The 
genotypic and phenotypic correlation identified days 
to flowering, plant height and flag leaf blade length are 
the important characters affecting the performance of 
yield.

Fig. 44. Heat map clustering of finger millet 
genotypes for yield and its component traits

Association mapping for yield and yield related 
traits in a diverse core set of rice bean 

(Contributors: Philanim WS, Amit Kumar, Nivedita 
Shettigar)

Four hundred thirty-five genotypes of ricebean along 
with four checks were grown in Augmented block 
Design (ABD). Plant height of rice bean collection 
ranged from 110 to 171 cm with an overall mean 
of 144 cm. Tallest plant height was observed in the 
germplasm collected from Manipur. Earliest flowering 
rice bean germplasms were observed in collection 
from National Bureau of Plant Genetic Resources 
(NBPGR), Shimla which flowered in 101 DAS (Days 
After Sowing). Germplasms from ICAR-RC-NEH 
Region, Umiam, Meghalaya collection flowered late 
(129 DAS). The germplasm collections from National 
Bureau of Plant Genetic Resources (NBPGR), Shimla 
attained maturity earliest at 111 DAS. While it was 
observed that Manipur germplasm were late maturing 
and attained maturity in 148 DAS. Highest Hundred 
seed weight and Seed yield per plant was recorded for 
Manipur landraces (18.21 & 85.12) while minimum 
was observed in accessions from ICAR-NBPGR (5.99 & 
48.35).

Also, the high yielding lines were selected based on 
agro-morphological traits and are presented in table 11.

Trait Min Max mean Genotype

DTF (days) 35 89 62 Earliest-Bete4 (35), Bete(35)

DTM (days) 101 187 119 Earliest-IC521085 (101), IC469177 (102)

Plant Height (cm) 23.5 278.6 144.8 Shortest-EC615198 (38), UKHRUL4 (46)

Seeds per pod (no.) 5.66 10.53 8.65 Highest- Ukhrul19 (10.5), LRGP25 (10.5), IC173983 
(10.2), IC108865 (10)

Pod length (cm) 6.99 20.04 8.65 Longest-IC341991 (20), Ukhrul-17 (19.3)

100 Seed Weight (g) 1.62 37.4 7.56 Highest-BSKB39 (37), Nambol2 (35)

Seed yield per plant (g) 1.5 227.5 52.56 Highest-Ukhrul10 (227.5), LRGP22 (177.5)

Table 11. Agro-Morphological of rice bean germplasm
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AICRP on Soybean

(Contributors: Amit Kumar, Philanim WS and Nivedita 
Shettigar)

Generation advancement of F4 segregating lines in 
soybean

The 3 selected plants each from 52 crosses involving 
61 parents were subjected to F5 generation. Among 
these many parents namely, JS 20-98, JS 20-34, NRC-37, 
AGS25, and JS 95-60 are known to have water logging 

tolerance which is quite beneficial for high rainfall 
condition prevalent in Meghalaya. The morphological 
variation among the plants of individual lines was 
assessed based on leaf shape, flower color. Since, no 
variation was observed among the plants of individual 
lines, selection between families was practiced and 
the best among the three lines were selected and 
further pooled. Yield was taken from selected rows  
(5 m length) in kg per row Table 12. 

Sl No Promising crosses Objectives/targeted traits Yield/ row (kg) 
1 JS9752 (♀) X PP6 (♂) Single cross 0.253
2 EC572086 (♀) X (SL955 X JS20-34) (♂) Three way cross 0.251
3 55-8-3  (♀) X (97-52 X 90-4) (♂) Three way cross 0.299
4 RVS2001-18 (♀) X EC572154 F1 (♂) Single cross 0.188
5 EC383165 (♀) X JS335 (♂) Single cross 0.164
6 AGS328  (♀) X RVS2001-18 (♂) Single cross 0.252
7 EC383165 (♀) X DS6-10 (♂) Single cross 0.277
8 EC383165 (♀) X CAUSLC (♂) Single cross 0.244
9 JS97-52 (♀) X AGS25(♂) Single cross 0.249

10 JS97-52 (♀) X Karune (♂) Single cross 0.256

Table 12. The detail agri based of the selected cross

Table 13. The Morphological traits data of lentic genotype

Evaluation of soybean for water logging tolerance 
at vegetative stage

A total of thirty soybean lines were evaluated for water 
logging tolerance along with tolerant and susceptible 
checks. The water logging condition were provided in 
vegetative 2- vegetative 3 (V2-V3) stages of plant for 
10 days by saturating the soil with water up to 10cm 
above the soil surface while counter control plot was 
maintained with normal irrigated conditions. Soybean 
genotypes were evaluated for foliar damage score 
(FDS; 1-9 scale on the basis of chlorosis, necrosis 
and plant mortality). Superior lines namely, PK 1284, 
TGX317-37E, JS 95-60 and NRC 37 were identified.

Identification of Short Duration High yielding 
lentil genotypes suitable for Rice-Lentil cropping 
system 
(Contributors: Philanim WS, Amit Kumar and Nivedita 
Shettigar)
Identification of promising lentil genotypes
Hundred lines of lentil from ICAR-IIPR, Kanpur were 
sown during first week of November, 2019 at Upland 
fields, Plant Breeding, ICAR-RC-NEH Region, Umiam, 
Meghalaya to screen their suitability for the mid-
altitude regions of Meghalaya. Morphological data 
were recorded and their performances were assessed. 
The superior lines were identified as presented below. 
(Table 13).

Trait Genotype

DTF (days) IC208336(58), IC560044(58), Bari-5(64)

DTM (days) IC208336(118), Bari-5(121), ILL-7663(121)

Pods per plant IC5060232(108.89), P-98/155(94.89), IC559693

100 Seed Weight (g) IC560128(19), IC208336(19), 98-3LA (18)

Seed yield per plant (g) L-112-7(80.33), IC559610(44.67), IG-4687(38)
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CROP PROTECTION
Identification of R-gene (s) against the Fusarium 
oxysporum f. sp. melongenae in cultivated brinjal 
and its wild relatives 

(Contributors: A Ratankumar Singh, S K Sharma, C. 
Premabati Devi, V. Dayal)

Fusarium wilt (FW) caused by Fusarium oxysporum 
f. sp. melongenae (Fom Megh-1) of brinjal severely 
affected the xylem tissue. Sixteen bacterial and fungal 
endophytes were isolated from the stem/xylem of 
healthy brinjal (BJ, n=3 isolates) and its wild relative 
plants, S. aethiopicum (SA, n=4 isolates), S. macrocarpon 
(SM, n=5 isolates) and S. torvum (ST, n=4 isolates) by 
tissue maceration. Ten strains found inhibited growth 
of Fom Megh-1and produced volatile and diffusible 
antagonistic compounds and plant growth promoting 
substances in vitro conditions. Fungal antagonistic 
strains, viz. MBJ2, MST1, MST4, MSM2, MSM4 and 
MSA4 recorded the high biocontrol efficacy greater 
than 85% against the FW and increase in shoot 
and root length in brinjal plants in the greenhouse 
screening. The most frequently isolated antagonist 
strains with high biocontrol with plant growth 
promoting activities were morphologically identified 
as Fusarium spp., Penicillium spp., Trichoderma spp, 
Bacillus subtilis, B. cereus and Pseudomonas spp. The 
mechanisms by endophytes confer resistance to 
infection by Fom and the effectiveness of these fungi 
in vivo indicates that they have potential as antagonist 
and merit further investigation.

Identification and detection of Colletotrichum 
gloeosporioides causing peduncle blight disease 
of king chilli (Capsicum chinense Jacq) in 
Northeastern India

(Contributors: A Ratankumar Singh, L. Joymati Chanau)

The high peduncle blight disease of king chili 
observed with an incidence up to 31% at Umiam, 
Meghalaya, India during Kharif 2020. When infection 
occurred at young fruiting stage, it led to a total 
loss of fruits. Initially, the infected fruit peduncles 
turn into light yellow gradually starts rotting and 
drying up the peduncles. Ultimately, infected fruits 
fall and ripen prematurely (Fig. 46). Pathogenicity 
test was conducted following fruit detached method 
and typical symptoms appeared at 7 days after 
inoculation, fulfilling the Koch’s postulates. Based 
on symptomatic, morphological characters and 
pathogenicity test the pathogen was identified, 
Colletotrichum gloeosporioides. To further confirm the 
pathogen identity, the locus the internal transcribed 

spacer (ITS) amplified with primer, ITS4 and ITS6 and 
when conduct blast showed 99.88% homology with 
of C. gloeosporioides. 

Fig. 45. Symptoms of peduncles blight disease 
of King Chilli plants (a) healthy fruit of king 
chilii; (b) Initiation peduncles blight, light 
yellow and blackening on fruit stalk; c) Advance 
stage of blight diseased, yellowing of fruit and 
drying up fruit stalk (d-e) front and rear view 
of Colletotrichum gloeosporioides mycelial 
growth on potato dextrose agar (PDA) medium 
and f) Healthy (control) and Peduncle blight 
(Arrow, ←) on king chilli fruit inoculated with C. 
gloeosporioides at 7 days after inoculation (fruit 
detached method)

Fig. 46. Symptoms on 
Frenchbean

Fig. 47. Sclerotia

Organic management of soil borne fungal Organic 
Organic management of soil borne fungal 
pathogens of vegetables in Meghalaya
(Contributors: Tasvina R. Borah, P. Baiswar, A. 
Ratankumar Singh, D. Chakraborty, S. Patra, Mahasweta 
Chakraborty, V.K. Verma)
Frenchbean crop under terrace cultivation in Umiam, 
Megahalaya was affected by blight disease after 2 
to 3 months of sowing with yellowing and wilting 
symptoms on 15% of the plants. The symptoms 
developed during May, when temperatures reached 
17 to 26°C. Diseased plants showed crown rot, 
necrosis of the cortex, foliar chlorosis and wilting (Fig. 
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Fig. 48. Fruiting in Shiitake strain LE-19-03

Evaluation of Maize lines against Turcicum leaf 
blight

(Contributor: Pankaj Baiswar)

Seven trials viz. consisting of Popcorn (8 entries), 
Sweet corn (16 entries), QPM (33 entries), Babycorn 
(13 entries), OPV (14 entries), Early maturity (36 
entries) and Medium maturity (72 entries). All entries 
were evaluated at Umiam against Turcicum leaf blight. 
These lines were provided by DMR, Ludhiana under 
AICRP on Maize. Two rows of 2 m length were used 
for evaluation. Artificial inoculation was done to 
increase the disease intensity. In case of Popcorn only 
two entries showed resistance, sweet corn 4 entries, 
Babycorn 3 entries, OPV 2 entries, QPM 7 entries, 
Medium maturity 39 entries, Early maturity 13 entries 
showed resistant reaction against Turcicum leaf blight.

Mushroom Production for Livelihood Improvement 
under SCSP component of NICRA project.

(Contributors: Tasvina R. Borah, A.R. Singh, Pampi Paul, 
H. Talang and Bagish Kumar)

Activities under the programme were carried out at 
Kalibari a medium sized village with 101 Schedule Caste 
households located in the Shella Bholaganj Block of 
East Khasi Hill district. Two trainings were conducted 
on processing and value addition of mushrooms as 
well as mushroom entrepreneurship development in 
group approach(Fig. 49). Two mushroom houses were 
constructed and are operational with the production 
of 70kg fresh mushroom in three months’ time.

Fig. 49. Training programme at Kalibari village

Development of eco-friendly management 
modules against biotic stresses in cucurbitaceous 
crops 

(Contributors: Sandip Patra, A. R. Singh, D. M.Firake, V. 
K. Verma)

46). In the presence of abundant moisture, mycelium 
developed on the senescent tissue along with light 
to dark brown sclerotia (Fig. 47). Morphological 
and microscopic observations were consistent with 
Sclerotium rolfsii. The fungus exhibited growth rate 
of 2.1mm/h, biomass 0.83g, sclerotia number 28.7, 
sclerotia fresh weight 0.24g and sclerotia dry weight 
0.14g and the number of days for sclerotia formation 
was 5 when incubated at 25±2°C. The total bacterial 
count was higher than the total fungal count in the soil 
microbial count of the site.  
Infestation of insect pests of cabbage was also 
recorded during rabi season of 2020 at Umiam. It 
was observed that cabbage was infested by cut worm, 
aphids, cabbage butterfly and diamondback moth 
with varying degree of damages.  Among the insect 
pests, cabbage butterfly was most destructive pest 
of cabbage with 3.33 to 26.67% plant damage and 
number of larvae recorded 1 to 47larvae/plant on 
infested plant. Cut worm also destroyed up to 13.89% 
plant at early stage after transplanting of cabbage. 
Thus, vegetable production is affected by different 
diseases and pests throughout the year.  
Evaluation of Shiitake and Oyster mushroom 
strains and documentation of mushroom diversity 
(Contributor: Pankaj Baiswar)
Nine strains of shiitake mushroom were evaluated 
in mushroom house at Umaim (LE-19-01 to LE-19-
09). These strains were obtained from DMR, Solan. 
Substrate was prepared using paddy straw and wheat 
bran. Fruiting was observed in LE-19-02, 3, 4, 5, 6 and 
LE-19-09 (Fig. 48). No fruiting was observed in LE-01, 
7 and 8. LE-19-09 gave 13% Biological efficiency (BE) 
and LE-19-03 exhibited 11% BE. 
Survey and collection of mushroom species was 
conducted and seven collections were made viz., 
Ganoderma sp. Ramaria sp., Lyophyllum sp., Gomphus 
sp., Laccaria sp. and two unidentified specimens. 
Mushroom museum with more than 90 samples is 
also being maintained.
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Seasonal incidence of red pumpkin beetle 
in cucumber and bottle gourd in mid hills of 
Meghalaya 

Incidence of red pumpkin beetle was studied in 
cucumber (Variety: Malini) during May-July, 2020 
and in bottle gourd (Variety: Mahy Warad) during 
May to August, 2020. Observations of red pumpkin 
beetle on both crops were recorded at weekly 
intervals from randomly selected five tagged plants/
plot. Study revealed that population of red pumpkin 
beetle ranged from 0.13 to 3.00 beetles/plant at 
different observations with a peak population of 3.00 
red pumpkin beetles/plant during July in cucumber 
whereas in bottle gourd, the corresponding values 
were 0.50 to 4.50 red pumpkin beetles/plant with a 
peak population of 4.50 red pumpkin beetles/plant 
during the month of August.

Intensity of fruit flies infestation in cucumber and 
bottle gourd in mid hills of Meghalaya

Intensity of fruit flies infestation was studied in 
cucumber (Variety: Malini) during June to August and 
bottle gourd (Mahy Warad) during July to September, 
2020 at Entomology Research Farm, ICAR Research 
Complex for NEH Region, Umaim. Study revealed that 
fruit flies damage in cucumber varied from 15.38 to 
69.44% during different observations dates with 
an average infestation level of cucumber fruits was 
40.58%. In case of bottle gourd, the fruit flied damage 
ranged from 16.67 to 71.43% during observations 
with an average damage of 47.19%.

Monitoring, diagnosis and management of invasive 
alien insect pest species in North East India 

(Contributor: D. M. Firake)

Detection and characterization of Soft scale, 
Platylecanium nepalense Takagi 

Soft scale, Platylecanium nepalense Takagi (Hemiptera: 
Coccomorpha: Coccidae) was recorded for the first 
time in India infesting areca palm, Dypsis lutescens (H. 
Wendl.) Beentje & J. Dransf (Arecaceae) and Indian 
date palm, Phoenix sylvestris (L.) Roxb. (Arecaceae). 
Soft scale, P. nepalense was redescribed aided with 
coloured photographs of live and slide mounted 
specimens. 

Studies on management aspects of fall armyworm 
with special emphasis to NE India

Different modules were formulated and evaluated 
against fall armyworm in Meghalaya. Amongst, the 

Development of eco-friendly management 
modules against major biotic stresses in cucumber 

Eco-friendly management modules were evaluated 
against major biotic stresses in cucumber (Variety: 
Malini) during May to July, 2020 under field condition. 
Among the bio-pesticide modules tested, combination 
of neem oil and Trichoderma /Pseudomonas based 
modules were effective for reducing biotic stresses in 
cucumber. Module-I: Seed treatment with Trichoderma 
viride @ 10 g / kg of seed + Foliar spray (2g/l) at 20, 
40, 60 DAS and soil drenching (3 g/l) of T. viride at 20 
and 40 DAS + Installation of fruit fly trap @ 15 traps/
ha at flowering stage + Three foliar sprays with neem 
oil 0.03% (3 ml/l) at 10, 30 and 50 DAS showed less 
red pumpkin beetle infestation with 0.47 beetles/
plant and 15.38% fruit damage in cucumber. The 
cucumber plants were infected with the major foliar 
disease, powdery mildew caused by Podosphaera 
xanthii but the least severity (13.33%) was recorded in 
Module-5 when plants were treated with combination 
of bio agents, Pseudomonas spp. (soil drenching)+ 
Ampelomyces (Foliar spray) + Beauveria bassiana 
(foliar spray) and installation of a fruit fly trap. The 
similar trend of disease control was observed when 
compared with previous year 2019.

Evaluation of eco-friendly management modules 
against major biotic stresses in bottle gourd 

Eight modules were tested for eco-friendly 
management of major biotic stresses of bottle gourd 
(Variety: Mahy Warad) during May to September, 
2020 under field condition. Among the bio-pesticide 
modules tested, combination of neem oil and 
Trichoderma /Pseudomonas based modules were 
effective for reducing biotic stresses in bottle gourd. 
Trichoderma (Seed treatment + Foliar spray + soil 
drenching) + Four foliar spray with neem oil + fruit 
fly trap installation at flowering stage (Module-I) was 
effective in reducing red pumpkin beetle infestation 
with 1.83 beetles/plant and 16.67 % fruit damage in 
bottle gourd. Among the IPM modules, Module-1 found 
the most effective for management of the two important 
diseases of bottle gourd i.e. wilt Fusarium striatum 
and leaf spot (Stagonosporopsis cucurbitacearum). 
The minimum wilt incidence and leaf spot severity 
recorded in tune of 8.33% and 10.67%, respectively 
with the maximum per cent disease control 90.91% 
and 88.36%, respectively. In the control i.e. Module -8, 
the maximum wilt incidence (91.67%) and leaf spot 
severity (92.00%) were recorded. 
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module consisting of maize planting after April III 
week and whorl application of soil two times at 25 
days interval starting from early whorl stage was 
found reducing 96.55% FAW damage (at 12 WAE) 
with higher grain yield (3.07 t/ha) in Meghalaya

Evaluation of larvicidal and oviposition deterrent 
activities of Zanthoxylum armatum against 
Spodoptera frugiperda and Tuta absoluta

n-hexane fraction of Z. armatum was found to have 
larvicidal properties against larvae of FAW, Spodoptera 
frugiperda and tomato pinworm, Tuta absoluta. Plant 
treated with n-hexane fraction of Z. armatum showed 
significantly lesser (p<0.05) egg laying by FAW and 
tomato pinworm in vitro and field conditions. A 
total of 30 volatile compounds were detected and 
identified in the GCMS analysis of hexane extract of Z. 
armatum fruits. A total of 204 masses, were detected 
in the untargeted LCMS analysis when the stringency 
level was set to medium and these accounted for 8587 
nmol g-1.

Development of Bio-intensive modules for the 
management of major pests of ginger, colocasia 
and large cardamom 

(Contributor: D. M. Firake)

Taxonomic and molecular characterization of the 
aphid, Patchiella reaumuri infesting Colocasia in 
Asia

Taro root aphid, P. reaumuri was detected for the first 
time causing 34.3% yield loss in field and 62.4% loss 
in storage. This is the first taxonomically confirmed 
record of P. reaumuri from Asia and global record of its 
damage in storage. Live and slide mounted specimens 
have been described at morphological level and also 
characterized at molecular level. The representative 
DNA barcode (CO I sequence) of P. reaumuri has 
been deposited in the NCBI GenBank vide accession 
number ‘MT796073’.

Evaluation of BIPM modules for the management 
of major pests of ginger

Biointensive pest management module (BIPM) in 
ginger consisting of rhizome treatment of Lecanicillium 
lecanii followed by foliar sprays of Azadirachtin and 
soil application of Metarhizium anisopliae recorded 
significantly lower infestation of shoot and rhizome 
feeders with an increase of 48.23% yield compared to 
control 

Evaluation of BIPM module for the management of 
major pests of colocasia

BIPM in colocasia consisting of the corm treatment of 
Silicon surfactant @ 0.5ml/L before planting followed 
by two foliar sprays Beauveria bassiana @ 3g/litre 
during July-August and soil application of Metarhizium 
anisopliae @5kg/ha during August found to increase 
43.87% yield over control.

Division of Animal and Fishery Sciences 
(DAFS)

LIVESTOCK PRODUCTION 
Productive and reproductive performances of 
crossbred pigs on feeding unconventional feed 
resources (banana pseudostem and brewery 
waste).

(Contributors: K. K. Baruah, G. Kadirvel, S. Doley,  A. Sen 
and  S. Deori)

In order to meet the nutrient requirements of the 
livestock, it become very crucial to look for alternative 
feed resources available in the region which can 
effectively be utilized for feeding livestock and also 
decrease the dependence on imports. Considering the 
importance of it, the experiment was conducted  in 
order to formulate a low-cost pig feed ration with 
locally available non-conventional feed resources –

banana pseudostem and brewery waste replacing 
maize and wheat bran, respectively, at experimental 
Pig Breeding unit, livestock farm, ICAR Research 
Complex for NEH region, Umiam, Meghalaya. 

Effect of feeding banana pseudostem replacing 
maize on growth and reproductive performances 
of crossbred pigs.

 A total of twenty four (n=24) nos. of  crossbred 
(Hampshire x NiangMegha) female pigs at 2 months of 
age with an average initial body weight of 10.60±0.28 
were taken for this study. The pigs were fed 3.5% of 
their average live body weight while water was given 
to the pigs ad libitum throughout the study period i.e. 
upto 9th months of their age. Six (6) growing female 
pigs were assigned to each dietary treatment (T1, T2, 
T3 and T4). The pigs were randomly allotted to four 
compounded dietary treatments having 0, 10, 20 and 
30% replacement of maize with banana pseudo-stem 
respectively (Table 14). 
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Table 14. Ingredient and nutrient composition of grower pig ration (% DM basis)

Ingredient (%)
Dietary Treatment

T1( Control) T1 (10% banana 
pseudostem)

T2 (20% banana 
pseudostem)

T3 (30% banana 
pseudostem)

Maize 55 45 35 25
Banana Pseudo-Stem 0 10 20 30
Wheat bran 19 16 14 12
Soybean meal 10 10 10 10
Groundnut cake 13.5 16.5 18.5 20.5
Mineral Mixture 2 2 2 2
Salt 0.5 0.5 0.5 0.5

 Calculated
CP(%) 18.15 18.02 18.08 18.14
ME (Kcal/Kg) 3209 3217 3074 2988

Estimated
CP(%)  17.96 17.88 17.78 17.80
ME (Kcal/Kg) 3288 3370 3316 3188

 The banana pseudo-stems (dry matter basis) were cut 
into pieces, sundried and grinded into mesh powder 
form prior to its incorporation in the compounded 
ration. Proximate analysis and gross energy of banana 
pseudostem were determined. All rations were 
isonitrogenous and isocalorie by adjusted the levels 
of maize with banana pseudostem as per NRC (1998) 

recommendation. The feeding trial was carried out for 
210 days. The results of the effect of feeding banana 
pseudo-stem (10-30% dry matter basis) in place of 
maize on growth, feed conversion ratio, feed cost/kg 
live weight gain and reproductive performances of 
crossbred pigs.

Table 15. Performance of growing crossbred pigs fed ration replacing maize with banana pseudostem

Parameters T1(Control) T1 (10% banana 
pseudostem)

T2 (20% banana 
pseudostem)

T3 (30% banana 
pseudostem)

Initial body weight (kg) at 60 days 10.53±0.58 10.68±0.47 10.63±0.56 10.57±0.60

Final body weight (kg) at 270 days 76.43a±0.22 78.78b±0.42 75.83a±0.59 64.00c±0.47

Total body  weight  gain (kg) 65.90a±0.38 68.15b±0.53 65.20a±0.63 53.43c±0.30

Average daily gain (g/d) 310a±1.30 320b±2.70 310a±3.05 250.00c±2.11

Average feed intake(g/d) 1129.80±45.32 1112.78±45.11 1199.82±45.22 1210.86±45.38

FCR 3.64a±0.04 3.48b±0.03 3.87c±0.04 4.84d±0.04 

Feed cost/kg ration Rs.30.26 Rs.29.85 Rs.29.31 Rs.28.78

Feed cost/kg live weight gain Rs.110.25a±0.45 Rs.103.93b±0.90 Rs.113.28c±1.10 Rs.139.20d±1.16

Age at puberty    ( days) 257.17a±2.46 237.00b±3.92 261.50ac±1.09 264.17c±1.58

Age at first  mating ( days) 278.67a±2.50 258.33b±4.00 282.83a±1.00 285.33a±1.50

Age at first farrowing ( days) 393.00a ± 2.60 372.50b±3.90 397.33a±1.10 399.83a±1.50

Litter size at birth ( No) 8.00±0.60 8.33±0.40 7.67±0.40 7.67±0.40
a,b,c,d  Means for different groups in the same row having different superscript differ significantly ( P<0.05)
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Results indicated that there was significant (P<0.05) 
improvement in the final body weight gain, average 
daily gain, feed conversion ratio, feed cost/kg live 
weight gain and reproductive performances of 
crossbred pigs, fed  ration replacing 10% maize with 
banana pseudostem in comparison to the other groups. 
However, the performances of the crossbred pigs 
were also good with no apparent difference between 
control group and the group, fed ration replacing 20% 
maize with banana pseudostem. The average daily 
weight gain, feed conversion efficiency, the feed cost/
kg live weight gain and reproductive performance 
were comparable across the treatment groups. Blood 
biochemical parameters did not differ significantly 
(P>0.05), irrespective of different dietary treatments 
and were within the physiological range of pigs. This 
suggests that there was no wasting or catabolism of 
muscle tissues that the animals were not surviving 
at the expense of the body reserve. Generally blood 
biochemical / serum metabolites are influenced by the 
quality and quantity of feed and also the level of anti-
nutritional elements or factors present in the feed. 
Biochemical components are sensitive to elements of 
toxicity in feeds. It was concluded that crossbred pigs 
can tolerate up to 20% dietary substitution of maize 
with banana pseudostem without compromising 
their growth, blood biochemical parameters and 
reproductive performances. However, significant 
improvement of growth, feed cost/kg live weight 
gain and reproductive performances were found 

when crossbred pigs fed ration replacing 10% maize 
with banana pseudostem. Economically, this level of 
banana pseudostem incorporation in the ration of 
grower crossbred pigs is cost effective and should 
be encouraged especially in rural tribal communities 
of North Eastern hill region of India where banana 
pseudostems are locally available and affordable.

Effect of feeding brewery waste replacing wheat 
bran on growth and reproductive performances of 
crossbred pigs

Twenty four (24) nos of 75% (Hampshire X Khasilocal) 
female crossbred pigs aged two months old, average 
body weight 10.42±0.58kg were selected and divided 
into four groups.  The pigs were randomly allotted to 
four compounded dietary treatments having 0, 25, 
50 and 100 % brewery waste replacing wheat bran. 
The pigs were fed 3.5% of their average live body 
weight while water was given to the pigs ad libitum 
throughout the study period i.e. upto 9th months of 
their age. All rations were madeisonitrogenous and 
isocalorie by adjusted the levels of wheat bran with 
brewery waste as per NRC (1998) recommendation. 
The feeding trial was carried out for 210 days.

The results of the effect of feeding brewery waste (0-
100 % dry matter basis) in place of wheat bran on 
growth, feed conversion ratio, feed cost/kg live weight 
gain and reproductive performances of crossbred pigs 
are presented in Table 16.

Table 16. Performance of growing crossbred pigs fed ration replacing wheat bran with brewery waste

Parameters T1(Control) T1(25% brewery 
waste)

T2(50% brewery 
waste)

T3(100% 
brewery waste)

Initial body weight (kg) at 60 days 10.42±0.40 10.66±0.43 10.25±0.32 10.32±0.25
Final body weight (kg) at 270 days 73.17a±0.28 75.00b±0.29 78.45c±0.41 65.60d±0.57
Total body  weight  gain (kg) 62.75a±0.21 64.32b±0.46 68.20c±0.30 55.28d±0.75
Average daily gain (g/d) 300a± 3.15 310b±1.17 325c±1.48 263d±1.15
Average feed intake(g/d) 1190.71±45.91 1210.59±46.20 1253.09±46.42 1157.19±45.47
FCR 3.97a±0.04 3.91ab±0.05 3.86b±0.03 4.40c±0.04
Feed cost/kg ration Rs.30.25 Rs 29.16 Rs.28.07 Rs.25.88
Feed cost/kg live weight gain Rs.120.20a±1.27 Rs.114.02b±0.43 Rs.108.35c±0.50 Rs.113.70bd±0.51
Age at puberty    ( days) 256.50a ±2.90 259.67a ± 3.07 244.33b ± 2.04 263.67c± 3.00
Age at first  mating ( days) 278.83a ± 2.90 281.00a± 3.20 265.33b ± 2.00 284.83a ± 2.90
Age at first farrowing ( days) 392.00a ± 3.00 395.33a ± 3.40 379.50b ± 2.10 399.17a ± 2.80
Litter size at birth ( No) 7.83±0.50 8.17 ± 0.60 8.33 ± 0.40 7.83 ± 0.60

a,b,c,d Means for different groups in the same row having different superscript differ significantly( P<0.05)
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Results indicated that there was significant (P<0.05) 
improvement in the final body weight gain, average 
daily gain, feed conversion ratio, feed cost/kg live 
weight gain and reproductive performances of 
crossbred pigs, fed  ration replacing 25% wheat 
bran with brewery waste  in comparison to the 
control and 100% replacement groups. However, the 
performances of the crossbred pigs in terms of final 
body weight gain, average daily gain, feed conversion 
ratio, feed cost/kg live weight gain and reproductive 
performances were significantly (p<0.05) higher 
when crossbred pigs were fed ration replacing 50% 
wheat bran with brewery waste compared to the pigs 
of other groups. The animals fed ration replacing  
50%  wheat bran with brewery waste attained early 
puberty (244.33±2.04days) than the animals fed 
brewery waste with 25% (259.67±3.07 days) and 100 
% (263.67±3.00 days) replacement of wheat bran  and 
the animals of control group (256.50±2.90 days). The 
performances of the crossbred pigs were significantly 
(p<0.05) lower when dietary levels of brewery waste 
were increased up to 100 % in place of wheat bran 
in the ration. Blood biochemical parameters did not 
differ significantly (P>0.05), irrespective of different 
dietary treatments and were within the physiological 
range of pigs.

It was concluded that crossbred pigs can tolerate 
up to 50% dietary substitution of wheat bran with 
brewery waste without compromising their growth, 
blood biochemical parameters and reproductive 
performances.The incorporation of brewery waste in 
the compounded rations of crossbred pigs resulted 
in the reduction of feed cost. Economically, 50 % 
level of brewery waste incorporation in the ration of 
grower crossbred pigs is cost effective and should be 
encouraged among the farmers of North Eastern hill 
region of India where brewery waste are  available 
and affordable.

Enhancing livelihood of tribal farmers through 
improved pig and poultry variety in Meghalaya 

(Contributors: G. Kadirvel, S. Deori, Rakesh Kumar and 
K. K. Baruah)

a) Crossbred pig variety reared under 
smallholder production system in eastern 
Himalayan region: productivity, economic 
benefit and livelihood improvement  

Eastern Himalayan region is primarily inhabited by 
tribal population where rice and pork is the stable 
food. Thus, pig is an important and valued livestock 
species in the region. However, there is wide gap 
between supply and demand of pork exists due to 
rearing low productive nondescript local pigs. In this 
context, popularization of crossbred pig variety in the 
traditional production system is the viable option to 
enhance productivity and income of the tribal farmers. 
Hence, the objective of study is to assess the impact 
crossbred pig variety reared under smallholder 
traditional production system in term of productivity, 
economic-benefit and livelihood improvement. 750 
tribal farmers were selected in nine blocks from 
three districts of Meghalaya for studying the existing 
pig production system and training. After successful 
training, the selected farmers were provided with 
critical inputs and technology backup. The impact 
was assessed in term of production, productivity, 
economic benefit and livelihood index after four 
years of demonstration. The existing traditional 
pig production system was low-input backyard 
production system by utilizing the locally available 
agro and kitchen waste feed resources and 100% 
pigs were reared in low cost pigsty. Non-availability 
of quality piglets, high feed cost, high mating cost and 
poor health care were identified as major constraints 
in the production system. The crossbred pig attained 
significantly higher body weight gain (82.73±2.19 kg) 
as compared to nondescript local pig (50.22±2.65 
kg) at 12 months of age at the same production 
system. Similarly, the litter size at birth and weaning 
in crossbred pigs was between 9-13 and 8-10 while 
same value for nondescript local pigs was 5-7 and 
4-5 respectively. The tribal farmers obtained two-fold 
increase in income from rearing of crossbred pigs as 
compared to rearing of nondescript local pig in the 
earlier system. The livelihood index value of the tribal 
farmers was increased from 0.572 to 0.766 after four 
years of the demonstration. The study concluded 
that popularization of crossbred pigs with improved 
management practice leads to improvement in 
productivity, income and livelihood of tribal farmers 
in the region. 

Small-scale rural entrepreneurship through 
pig and poultry production in North-east India: 
enhanced income and employment generation 

Youth are the backbone of economic development 
and prosperity of a country. However, unemployment 
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among the tribal rural youth has been increasing/ 
is creating in Northeastern region of India, which 
leads to migration of youth from rural to urban has 
increased drastically in last ten years in the region. In 
the other side, this region is deficit of livestock product 
i.e. meat, milk and egg due to low input low productive 
traditional smallholder backyard livestock and poultry 
production system with limited or no commercial 
livestock farm. Therefore, the study promoted small-
scale pig and poultry enterprise through continuous 
technological backup and critical inputs and assessed 
the impact of the small-scale enterprise in terms of 
production, productivity, income and employment 
generation.  Total 137 rural tribal youth were selected 
from Ri-Bhoi, East-Khasi Hill, West-Khasi Hill and 
East Jaintia Hill district and their socio-economic 
profile was collected as a basic data using pre-tested 
interview schedule. The selected youth were provided 
training and skill development on piggery and poultry 
enterprise/production. Small-scale piggery and 
poultry unit was established and monitored through 
continuous technological backups and critical inputs 
for improving the managemental practices. The 
impact of the small-scale enterprise was assessed 
after 4 years of training and demonstration. The result 
revealed that there is two-fold increase in productivity 
including their growth rate and egg production in both 
improved pig and birds compared to local strains. The 
income earned by them had improved from INR 2.13 
lakh to INR 4.72 lakh in four years. The employment 
generated from 56.9 percent to 95.6 percent after four 
years of intervention of technological backups and 
critical inputs. Beside increase in the flock size leads 
to increase in population in the respective villages. 
The study clearly demonstrated that promotion of 
small-scale rural entrepreneurship through improved 
pig and poultry production in rural areas. 

Conservation and improvement of Indigenous 
cattle in North East of India.

(Contributors: G. Kadirvel, Rakesh Kumar, S. Deori and 
K.K.Baruah)

Production performance and characterization of 
Indigenous cattle of Meghalaya

Indigenous cattle are able to survive in adverse agro 
climatic condition even in low or and zero input 
production system and the body frame of the cattle 
fits well to the farming system of mountainous 

terrains. Indigenous cattle breeds have less nutritional 
requirement as they have smaller body size. The 
indigenous cattle efficiently convert poor quality 
biomass/grass to high quality milk. These indigenous 
cattle have unique climate resilient traits, longer 
lifetime productivity and viable production potential, 
which needs to be evaluated. Considering the 
importance of these indigenous cattle in Meghalaya, 
the study was carried out to evaluate the production 
performance, characterization and documentation of 
the cattle.The present study carried out in three major 
hills named after three predominant tribes i.e. Khasi 
Hills, Garo Hills and Jaintia Hills. The study area lies 
between longitude 91.3660E and latitude 25.46700N. 

Survey format was prepared for home tract area of the 
specific indigenous cattle and evaluation of production 
system and performance. At present, villages like Lam 
Umsning (Riangdo), Ramrai, Shallang and Ranikor 
under West Khasi Hill district and Umden (Umroi), 
Madan Nonglakhiat under Ri-Bhoi district have been 
identified as breeding tract based on the availability 
of the cattle population. The indigenous were reared 
under intensive, semi-intensive, free ranging and 
tethering system. Majority of the farmers with small 
cattle holdings allow the animals to graze outside 
their house for a specific period of the day and in 
the evening provide with some concentrates mostly 
mixture of rice polish, agricultural waste  kitchen 
waste, salt, molasses and water.  Dairy animal housing 
still receives a less priority in the region. About 75% 
of the dairy farmers construct their sheds with locally 
available materials. They use wooden or bamboo 
poles to construct the shed structure and thatch gras 
s, bamboo mat or polythene sheet as roofing material 
with kaccha floor. Only a few farmers use G.I. sheet 
for roofing purpose. Majority of the farmers provide 
side walls and fl  oors of the shed with wooden plank.  
Gunny bag or polythene sheet is also used for side 
walls by some farmers. Mangers are mostly made 
up of wood or bamboo in the centre of the shed with 
aluminum troughs/utensils used for concentrates. 
Grazing or scavenging in the roadsides or field for 
3-4 hours of a day round the year is the common 
picture of cattle/buffalo feeding in the region. Some 
farmers use to provide locally available tree leaves 
occasionally to their animals like bamboo, banana, 
jack fruit leaves etc. Paddy straw is the only source 
of dry roughage stored by every farmer of the region 
and offered at the rate of 4 to 5 kg per animal daily. 
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Silage and hay making practices are not seen in the 
region. A countable size of farmers taking dairy 
farming in urban and periurban areas use to collect 
green grasses, climbers and tree leaves and provide 
10-15 kg daily per animal. Random mating under the 
field condition during grazing or scavenging is seen 
commonly. The cattle were in medium size with white 
and brown coat colour. The cattle had well developed 
cup shaped udder and performance traits have been 
presented in Table17.  

Fig. 50. Indigenous cattle from Ranikor with 
developed udder

Table 17.  Performance traits of indigenous cattle 
in Meghalaya

Performance traits Range

Lactation yield 1.5-3.5 Litre/day/cow

Sexual maturity 12-18 months

Gestation period 285-290 days

Lactation period 280-300 days

Inter calving interval 16-21 months

Breeding system Natural mating

Method of rearing Free range system

Effect of mineral mixture feeding on milk Yield 
and milk composition of  Dairy Animals of agro 
climatic conditions of Meghalaya 

(Contributors: Rakesh Kumar,  G. Kadirvel,  S. Deori, S. 
Doley and K.K.Baruah) 

The present study was conducted to evaluate the 
effect of mineral mixture supplementation on the 

Table 18. Effect of mineral mixture feeding on milk yield and milk compositions in crossbred cattle

Parameters Group Day 0 0-2 months 2-4 months

Milk yield (lt./day)
Treatment 11.72±0.51b 11.95±0.37b 11.86±0.70b

Control 9.26±0.43a 9.85±0.83a 9.02±0.21 a

Milk Fat %
Treatment 3.03±0.12 3.51±0.20 3.16±0.13
Control 3.41±0.51 3.10±0.21 3.05±0.15

Milk protein % 
Treatment 2.91±0.47 3.13±0.41 3.23±0.21 

Control 3.03±0.10 2.98±0.35 2.84±0.63

Milk Lactose % 
Treatment 4.56±0.22 4.85±0.43 4.47±0.13 

Control 4.32±0.12 4.61±0.22 4.29±0.32 

Milk SNF%
Treatment 7.98±0.32 7.90±0.10 8.06±0.31
Control 7.94±0.28 8.01±0.21 7.76±0.16 

milk yield and milk compositions of crossbred cattle 
and buffaloes at dairy unit. Thirty crossbred cattle 
(n=30; t=15; c=15) and fifteen buffaloes (n=15; t=8; 
c=7) were randomly selected from the dairy farm. 
Treatment group (t) was fed with mineral mixture 
@ 100 gm/animal/day till 4 months (120 days) of 
lactation period, whereas the control group (c) was 
not supplemented (Table 18 & 19) . Milk yield of these 
animals were recorded and milk compositions such 
as milk fat, milk solids, milk proteins and milk lactose 
were also evaluated from milk samples collected at 
fortnightly interval. The results of the study indicated 
a significant increase in milk yield in the treatment 
group, whereas no significant difference was observed 
in the milk composition. These findings may suggest 
that supplementation of mineral mixture enhanced 
the productive performance of dairy animals.
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Table 19. Effect of mineral mixture feeding on milk yield and milk compositions in buffaloes

Parameters Group Day 0 0-2 months 2-4 months
Milk yield (lt./day) Treatment 7.16±0.14b 7.58±0.37b 7.31±0.70b

Control 6.09±0.31a 5.95±0.32a 6.11±0.13 a

Milk Fat % Treatment 6.93±0.10 6.85±0.34 6.34±0.27
Control 6.17±0.21 7.01±0.05 6.51±0.32

Milk protein % Treatment 3.04±0.29 2.98±0.62 2.66±0.04 

Control 3.06±0.46 3.10±0.13 3.12±0.30
Milk Lactose % Treatment 4.95±0.72 4.77±0.29 4.09±0.22

Control 4.55±0.15 4.81±0.15 4.11±0.13 

Milk SNF% Treatment 8.23±0.81 8.49±0.43 8.92±0.01
Control 9.01±0.34 7.98±0.63 8.87±0.21

Reproductive and hatchery management 
to optimize duck and turkey production in 
Meghalaya. 

(Contributors : S. Doley, G. Kadirvel, K. Puro,  R. Laha, S. 
Deori, and G. Khargharia

Effect of seasons on the fertility and hatchability of 
indigenous duck eggs

Studies on the reproductive efficiency of indigenous 
ducks  eggs in terms of fertility (%), hatchability (% 
on total egg set) and hatchability (% on fertile egg set) 
were conducted under standard setting (Dry bulb: 
99.50 ±0.5o C ; Wet bulb: 86.00±0.5o C ) and hatching 
( Dry bulb: 98.00 ±0.5o C ; Wet bulb: 88.00±0.5o 

C ) conditions (Artificial Incubation). Total of 750 
numbers of eggs in six batches were incubated during 
the period of one year, out of which 390 eggs during 
the months of winter (October to January) in three 
batches and another 360 eggs were incubated during 
the months of summer (May to August) in three 
batches. The study revealed overall higher fertility rate 
of duck eggs during the winter (81.79%) compared to 
summer (76.94%) seasons. However, the hatchability 
on total egg set was recorded to be lower during 
winter (41.79) compared to summer (48.97%).  The 
hatchability on fertile egg set was also lower during 
winter (51.10%) compared to summer (63.54%), 
indicating the effect of seasons on reproductive 
efficiency of indigenous ducks affecting the fertility 
and hatchability of duck eggs. However, there is a need 
to conduct more research for improvement of fertility 
and hatchability of duck eggs in the agro-climatic 
condition of Meghalaya. 

Studies on semen characteristics of Khaki 
Campbell ducks under the agro-climatic 
conditions of Meghalaya

Evaluation of semen quality can give an indication of 
the reproductive potential of the drakes and reported 
to be a major determinant of fertility and hatchability of 
eggs. This is also important for successful reproduction, 
both in natural mating and artificial insemination. 
Therefore, an experiment study was conducted 
to study the fresh semen characteristics of Khaki 
Campbell drakes under the agro-climatic conditions 
of Meghalaya for the first time. Six Khaki Campbell 
drakes, aged around 12 months were included in 
the study for semen collection weekly during the 
month of October to November. Initially, massage was 
practiced daily for one week without semen collection 
for acclimatizing them against fear and stress during 
handling. Semen was collected by dorso-abdominal 
massage method with all possible measures to avoid 
any contamination. A total of 48 ejaculates were 
evaluated for the study. The ejaculate volume was 
measured by a tuberculin syringe. Individual motility 
was evaluated under microscope after diluting in 
Ringer’s Lactate solution. Spermatozoa concentration 
was measured by Haemocytometer method. Sperm 
liveability was evaluated by Eosin-Nigrosin stain and 
Giemsa staining technique for sperm abnormality. The 
mean ± SE for ejaculate volume (ml), initial motility 
(%), sperm concentration (x109/ml), liveability (%) 
and sperm abnormality (%) recorded were 0.5 ± 0.01, 
87.38 ±2.86, 6.66 ± 1.25, 90.96 ± 5.41 and 11.56 ± 2.35 
respectively. Results from the present study indicated 
that the fresh semen of Khaki Campbell drakes are of 
optimum quality under the agro-climatic condition of 
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Meghalaya. In conclusion, artificial insemination can 
be a suitable alternative to improve the fertility and 
hatchability of Khaki Campbell ducks in the state of 
Meghalaya. 

Development and evaluation of improved 
germplasm for rural poultry production in NEH 
region 

(Contributors: S. Doley, K.K. Baruah, G. Kadirvel, K. Puro, 
R. Laha, S. Deori, R. Kumar and G. Khargharia)

Evaluating comparative growth performance of 
RIR, PB2 and Kadaknath parent lines chicken

Attempt has been made to develop new dual purpose 
chicken variety for rural poultry production in NEH 
region. The RIR, PB2 and Kadaknath parent lines chicks 
have been procured and evaluating their performance 
in the agro-climatic condition of Meghalaya. The 
growth rates of RIR, PB2 and Kadaknath parent lines 
chicks were recorded during 0-20 weeks of age and 
presented in the Table 20. The highest growth rate 
was recorded in PB2 followed by RIR and Kadaknath 
which were found to be optimum. 

Table 20. Growth rates of RIR (Rhode Island Red) 
and PB2 chicks

Age Body weights (g)

RIR PB2 Kadaknath

Day-old 35.76±0.38 43.31±0.37 48.12±1.24
2nd week 79.80±0.12 170.39±2.64 67.57±1.16
4th week 163.49±0.89 354.87±8.04 92.20±3.62
6th week 272.65±4.99 751.87±11.15 186.34±9.41
8th week 436.24±7.61 1123.78±0.01 276.83±12.67

10th week 628.30±7.97 1479.64±0.02 452.79±22.32
12th week 771.85±19.99 1775.50±0.03 591.69±25.09
14th week 1115.36±0.02 1972.74±0.02 784.69±20.14
16th week 1477.12±0.05 2394.42±0.03 907.38±18.48
18th week 1296.09±0.02 2700.28±0.04 1104.27±89.03
20th week 1507.42±0.03 3112.56±0.02 1330.89±50.66

Fig. 51.  Kadaknath grower birds

Conservation and propagation of indigenous goat 
germplasms of north eastern hill region of India.

(Contributor : Sourabh Deori) 

The project approved in the year 2020 with 
collaborative centers in all the 06 regional centers. 
Under the project a nucleus herd of Assam hill 
goats (AHG) is established with an objective to 
conserve and propagate the indigenous goat breed 
in the state of Meghalaya. Data are being recorded 
for different growth parameters, disease incidences 
and reproductive traits. Growth data revealed the 
average body weight (kg) of AHG at birth, 3 months, 
6 months and 12 months as 1.95, 7.45, 9.82 and 15.10 
respectively. The corresponding figures for Chest girth 
(cm), Body length (BL) and Height at Withers (HW) 
were 32.76, 28.52 and 26.11 at birth, 48.63, 38.09 
and 42.45 at 3 months, and 49.42, 45.62 and 44.00 at 
6 months, and 61.00, 48.20 and 49.20 at 12 months 
respectively. Study of different growth parameters 
will help to select superior animals for future breeding 
programmes. Serum samples are being collected from 
different age groups of animals to record different 
blood biochemical profiles in AHG at different ages 
and sex and to diagnose incidences of diseases.  

Effect of E Coli membrane fragment (Oxyrase) 
on reduction of oxygen tension of extender and 
freezability of bull semen 

(Contributors: Rakesh Kumar, G. Kadirvel, S. Deori, S. 
Doley and K.K.Baruah)

Semen from crossbred bulls were collected twice a 
week two times in a day (collected at interval of 15-
30 mins) during morning hours, between 8 AM to 9 
AM, using artificial vagina (AV) as per the standard 
procedure. Immediately after collection, tubes 
containing the ejaculated semen were placed in a 
water bath at 34°C. Ejaculates were selected on the 
basis of mass activity as well as individual motility. For 
the purpose of uniformity, throughout the experiment 
only those ejaculates that had a mass activity of  3+ and 
individual progressive motility of 70% or more were 
selected for further evaluation. A total of 18 ejaculates, 
six from each bull (3x6=18) were collected. Each of 
these ejaculates were then divided and extended with 
extender at various concentration level of oxyrase of 
control (no oxyrase) and the treatment groups i.e. 
Group I (1.2 IU/ml)), Group II (2.4 IU/ml) and Group 
III (5.0 IU/ml). The physico-morphological attributes 
and functional status of crossbred bull spermatozoa at 
fresh stage was examined and the mean values of mass 
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motility, sperm concentration, Individual motility, 
livability, abnormality, acrosomal integrity and HOST 
reactive were 3.81±0.17, 1346.0±22.96, 80.20±1.71%, 
88.08±0.79%, 8.89±0.21%, 81.40±2.11% and 
78.40±1.81 %, respectively.

Effect of oxyrase in semen extender on physico-
morphological properties of crossbred bull 
spermatozoa at pre-freeze and post-thaw stage

Preparation of Extender: The Tris-Egg-Yolk-Glycerol 
(TYG) extender was used for the present study. Tris 
buffer was prepared and autoclaved a day before 
semen collection. On the day of semen collection 
antibiotics, egg yolk (10%) and glycerol (7%) were 
added into Tris buffer and mixed well with the help of 
a magnetic stirrer.

Individual progressive motility: The mean values of 
progressively motile spermatozoa of different groups 
at control, pre-freeze and post thaw stage have been 
presented in Table 21. At post-thaw stage, Oxyrase 
treated group showed higher (P<0.05) progressively 
motile spermatozoa than the control group. However, 
no significant difference was observed in individual 
progressive motility between the control and the 
treatment groups at fresh and pre-freeze stage of the 
ejaculates.

Table 21. Effect of Oxyrase in extender on 
individual progressive motility of crossbred bull 
spermatozoa

Stage Control Group I Group II Group III

Post-dilution 79.17±1.93 88.16±1.31 84.67±1.37 82.17±1.41

Pre-freeze 73.33±1.42 80.61±1.42 78.83±1.51 75.61±1.32

Post-thaw 46.67±1.40 54.41±1.23 46.15±1.13 44.12±1.25

Sperm Abnormality: The mean values of abnormal 
spermatozoa of different groups at pre-freeze and 
post-thaw stage have been presented in Table 22. 
Per cent abnormal spermatozoa was found lower in 
Group I as compared to other groups in pre-freeze and 
post-thaw stage of semen. 

Table 22. Effect of Oxyrase in extender on Sperm 
Abnormality of crossbred bull spermatozoa

Stage Control Group I Group II Group III
Post-dilution 8.89±0.21 8.89±0.21 8.89±0.21 8.89±0.21

Pre-freeze 11.79±0.24 9.95±0.19 10.82±0.21 10.82±0.21
Post-thaw 14.89±0.26 11.88±0.32 13.76±0.34 13.76±0.34

Acrosomal Integrity: The acrosomal integrity was 
assessed in terms of percent of the spermatozoa 
with intact acrosome. The mean values of per cent 
spermatozoa with intact acrosome of different groups 
at pre-freeze and post-thaw stage. The spermatozoa 
with intact acrosome did not differ between treatment 
and control groups at post-dilution and pre-freeze 
stage. However, sperm with intact acrosome was 
found to be higher in Group 1 to other groups at the 
post-thaw stage. 

Hypo-Osmotic Swelling Test (HOST): The hypo-
osmotic swelling (HOS) test evaluates the functional 
integrity of the sperm’s plasma membrane and also 
serves as a useful indicator of fertility potential of 
sperm. The mean values of HOST reactive spermatozoa 
of different groups at pre-freeze and post-thaw stage 
have been presented in Table 23. The percentages of 
HOST reactive sperm were differ between treatment 
and control groups at pre-freeze and Post-thaw stage. 
The percentage of reactive sperm was found to be 
higher in Group 1 to other groups at the post-thaw 
stage.

Table 23. Effect of Oxyrase in extender on plasma 
membrane integrity of crossbred bull

Stage Control Group I Group II Group III
Post-dilution 83.13±0.65 85.16±0.51 82.91±0.40 82.26±0.32

Pre-freeze 73.21±0.28 76.61±0.71 76.06±0.23 73.12±0.41
Post-thaw 54.42±1.23 57.15±1.41 51.83±1.12 47.46±1.34

The findings of present study indicate that Oxyrase 
supplementation at the concentration of 1.2 IU/ml 
in tris-egg yolk extender improved post thaw semen 
quality and could be used as a preservative agent for 
the post-thaw quality of crossbred bull spermatozoa.
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Fig. 52. Development of assay for formalin detection 
in fishes and screening of fresh fish samples

ANIMAL HEALTH
Development of a high throughput colorimetric 
method to estimate formalin in fresh fish samples 

(Contributors: S. Ghatak, A.Sen, I. Shakuntala, K.Puro, 
A.A.P. Milton, S. Das, R.K. Sanjukta, B. Mawphlang, R. 
Laha, M. Das, P. Devi, S. Hazarika, M. Balusamy, S.K. Das)

Presence of formalin in fresh fish pose a significant 
health risk to consumers. Therefore to estimate 
formalin present in fresh fishes, a colorimetric 
method was improvized (Fig. 52) in a microplate 
format enabling high throughput sample processing. 
Following optimization and validation of the assay 
through spiking experiments, analysis of fresh fish 
samples (n=118) from markets of RiBhoi, East 
Khasi Hills and West Jaintia Hills revealed that 
formalin content varied from 0.08 ppm to 0.28 ppm 
indicating that fresh fish samples were safe in terms 
of formalin content as stipulated by Food Safety and 
Standards Authority of India (FSSAI). The developed 
methodology for estimation of formalin was cheap 
and high-throughput and thus can be adapted for any 
laboratory for handling large number of samples and 
the formalin contents of fresh fishes in Meghalaya 
were within safe limits prescribed by FSSAI.

Genomic analyses of antimicrobial resistant 
Klebsiella spp. 

(Contributors : S. Ghatak, A.Sen, K.Puro, A.A.P. Milton, 
V. Lyngdoh, S. Das, R.K. Sanjukta, B. Mawphlang, D. 
Pyngrope)

Antimicrobial resistance (AMR) in common bacteria 
from animals and environment may cause drug 
resistant infections in humans. Therefore, whole 
genome sequencing and analysis of Klebsiella spp. 
isolated from animals and environment from all over 
India. Sequencing service was provided by University 
of Cambridge and isolates were contributed by 

respective PIs of the project. Results revealed 
conspicuous occurrence of AMR genes, especially 
aminoglycoside and fluoroquinolone resistance. 
Genome-wide SNP analysis revealed four potentially 
novel Sequence Types (STs). Results highlighted 
occurrence of novel Sequence Types of Klebsiella spp. 
which are to be accounted for while developing AMR 
containment plans.

Establishment of Animal Health Clinics (Institution 
building)

(Contributors : S. Ghatak, A.A.P. Milton, S. Das, A. Sen, 
R.K. Sanjukta, K. Puro)

To address the inadequacy of existing animal health 
services and specialist treatment requirements in the 
area, an Animal Health Clinic was established with the 
approval of the Director, ICAR RC NEH. The Animal 
Health Clinic was inaugurated by the Director, ICAR RC 
NEH on 27th June, 2020 (Fig. 53). The clinic provided 
much needed support required by the livestock 
farmers of the region as well as pet owners of the 
region. The clinic is fully functional and is regularly 
providing treatment and health advices to tribal 
livestock farmers of the region. The newly established 
animal health clinic adds new infrastructure for the 
institute and serves tribal livestock farmers of the 
region in time of their need round the clock.

Seroepidemiology of tissue-dwelling zoonotic 
foodborne parasites in rural pigs of Northeast 
India

(Contributors : A.A.P. Milton, Samir Das, S. Ghatak, R. 
Laha, A. Sen, BlessaSailo, Mahak Singh, L.H. Puii, G.B. 
Garam, LaviniaWahlang, Sabia Khan, C.B. Prasad)

Fig. 53. Newly established Animal Health Clinic at 
ICAR RC NEH, Umiam, Meghalaya
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The FAO and the WHO ranked Toxoplasma gondi as 
4th and Trichinellaspiralis as 7th among foodborne 
parasites causing the greatest global concern. Apart 
from economic losses, they remain as a large threat to 
pork consumers and animal handlers. Seropositivity 
is a good indicator of the presence of the parasite 
in tissue. Studies conducted in India are sparse 
with no report from Northeast India, which is the 
main pig rearing part of the country. Therefore, a 
project was formulated and executed to determine 
the seroprevalence of these parasites in rural pigs 
and to analyze the risk factors associated with their 
transmission. Pig sera samples (n=400) along with 
metadata were collected from five Northeastern states 
(eighty each) and burden of Toxoplasma and Trichinella 
was assessed. The serum samples were tested to 
detect anti-Toxoplasma andanti-Trichinellaantibodies 
using PrioCHECK® Porcine Toxoplasma Antibody 
ELISA and PrioCHECK®Trichinella Antibody ELISA 
kits, respectively. The seroprevalence of Toxoplasma 
gondiin pigs reared under backyard system in 
Meghalaya, Manipur, Mizoram, Nagaland and 
Arunachal Pradesh were 43.75% (35/80), 16.25% 
(13/80), 40.5% (48/80), 82.5% (66/80) and 
28.75% (23/80), respectively. The seroprevalence 
of Trichinella in pigs reared in backyard system 
in Meghalaya, Manipur, Mizoram, Nagaland and 
Arunachal Pradesh were 0% (0/80), 2.5% (2/80), 0% 
(0/80), 0% (0/80) and 0% (0/80), respectively.

Do synanthropic and sylvatic rodents play 
role in the ecology of emerging zoonotic and 
antimicrobial resistant pathogens? 

(Contributors: A.A.P. Milton, A.M. Momin, Samir Das, S. 
Ghatak, K. Puro, A. Sen)

This project was conceptualized and implemented 
with the collaboration of ICAR NIHSAD, Bhopal. The 
main aim of the project is to study about the rodent 
borne zoonotic pathogens carried by sylvatic and 
synanthropic rodents of Meghalaya. Diagnostic 
competence has been developed to detect Salmonella, 
Clostridium perfringens, Campylobacter, pathogenic E. 
coli, Listeriamonocytogenes, Orientiatsutsugamushi, 
Leptospira, Yersinia pestis, Coxiellaburnetti, Bartonella 
and Streptobacillus moniliformis in the samples 
obtained from the trapped rodents. Seventy-five 
rodents (Rattus spp., Muss pp., etc.) have been 
trapped and samples (swab, serum, blood, organs) 
were collected and preserved to study the presence of 
important zoonotic bacteria. Zoonotic viruses present 
in the samples will be studied by the partner institute, 
ICAR NIHSAD, Bhopal.

Deployment of polymerase spiral reaction as point-
of-care diagnostic toolkits to detect staphylococcal 
and salmonella contamination of food at source  
(Contributors: A.A.P. Milton, K.M. Momin, G.B. Priya, M. 
Angappan, Samir Das, S. Ghatak, A. Sen)

Under this project in this year, four important 
diagnostics were developed to detect Campylobacter 
jejuni, Campylobacter coli, Salmonella and Clostridium 
perfringens in meat samples. As all these pathogens also 
cause economically important diseases in livestock 
including poultry, the developed tests can also be used 
to screen clinical samples. The developed tests permit 
timely reporting of results without the need of trained 
personnel and sophisticated equipments as it only 
relies on simple enrichment, water bath amplification 
and visual interpretation through colour change.

Development of novel visual detection techniques 
for C. jejuni and C. coli using polymerase spiral 
reaction (PSR) with pre-added dye

A novel, rapid, simple and sensitive polymerase spiral 
reaction (PSR) test was developed for screening of 
meat and faecal samples for contamination by C. 
jejuniand C. col. Our methods specifically amplified 
the HipO gene of C. jejuni (Fig. 54) and CeuE gene of 
C. coli (Fig. 55)and involved cost-effective three-step 
centrifugation method for DNA extraction and pre-
addition of HNB dye for effortless visualization.

C. jejuni: PSR, real-time PCR and conventional PCR 
were able to detect 50 fg, 500 fg and 5 pgC. jejuni DNA 
per tube, respectively indicating 10- and 100-times 
better performance of the developed test than PCR 
and RTi PCR. In chicken meat, the detection limits 
of PSR without any enrichment, after including 12 
h enrichment and 24 h enrichment steps were 16 X 
102 CFU/g, 160 CFU/g and 16 CFU/g, respectively 
which could be attained in 90 min, 13.5 h and 25.5 h, 
respectively. The field applicability of the PSR assay 
was evaluated through a field sampling study by 
testing 75 chicken meat and caecum samples.

Fig. 54. PSR test to detect C. jejuni: Specificity
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Fig. 55. PSR test to detect C. coli: Visualization by 
Agarose gel, SYBR Green and HNB dyes

Development of novel visual detection techniques 
for Salmonella and C. perfringens using saltatory 
rolling circle amplification (SRCA)

SRCA based on-site tests were developed using simple 
PCR primers targeting the invA gene of Salmonella 
enteric and cpa gene of C. perfringens. The specificity 
of the developed SRCA tests was 100% as they gave 
positive results only with the targeted bacteria. 

C. perfringens: The analytical sensitivity of the 
developed SRCA, conventional and real-time PCR 
assays were 80 fg, 800 fg and 800 fg DNA per tube, 
respectively (Fig. 56). The limit of detection of the 
SRCA assay was 80 CFU/g of pork in the absence of 
enrichment and 8 CFU/g after short enrichment of 6 h. 
The detection limits of 80 CFU/g and 8 CFU/g of pork 
were attained within 165 min and 9 h, respectively. 
Real-world or field relevancy of the developed assay 
was evaluated by screening 82 raw and processed 
pork samples. 

Salmonella: The analytical sensitivity of the developed 
SRCA, conventional and real-time PCR assays were 70 
fg, 7 pg and 700 fgS. enterica DNA per tube, respectively. 
The limit of detection of the SRCA assay was 40 
CFU/g of meat without enrichment and 4 CFU/g after 
including 6 h brief enrichment step. The detection 
limits of 40 CFU/g and 4 CFU/g of meat were achieved 
within 165 min and 9 h, respectively (including DNA 
extraction). To assess the real-world relevance of 
the test, it was used to screen Salmonella from the 
field pork samples (n = 82). The same samples were 
also tested with culture (ISO 6579: 2002) method, 
conventional and real-time PCR assays.

Fig. 56. SRCA test to detect C. perfringens 
(Analytical Sensitivity)

All India coordinated research project on Animal 
disease monitoring and surveillance (AICRP on 
ADMAS)

(Contributors: Samir Das, AAP Milton, I Shakuntala, S 
Ghatak, ASen, K Puro and RK Sanjukta)

The Major livestock diseases of Meghalaya that were 
reported during the year 2020 were classical swine 
fever (CSF) and African swine fever (ASF) in pigs. 
First case of ASF in Meghalaya was reported on 26th 
June 2020, in a village called Lamin in Amlarem Sub-
Division, West Jaintia Hills confirmed preliminary at 
NERDDL, Khanapara and finally by NISHAD, Bhopal. 
The state machinery with guidance from Division 
of Animal Health, ICAR RC NEH Umiam acted fast 
with rapid response team going for mass awareness, 
restriction of movement and sale of pork, etc. Around 
192 pig deaths were attributed to ASF from the state 
with 3547 pig population being exposed where the 
deaths have occurred. Lumpy skin disease which was 
reported since last two years from across the country 
was also put on close observation for the state of 
Meghalaya but none of the suspected samples came 
positive. The last five year animal disease trend from 
2016-20 for the state of Meghalaya for the major 
diseases (bovine FMD, Caprine FMD, Swine FMD, Black 
Quarter, Haemorrhagic septicaemia and Classical 
swine fever) is graphically presented (Fig.57).

Fig. 57. Five year animal disease data as reported 
by disease investigation office of Meghalaya state.

Polymerase chain reaction strategy for diagnosis 
of zoonotic tuberculosis in direct tissue samples

(Contributors: Samir Das, AAP Milton, S Ghatak, A Sen, 
K Puro and RK Sanjukta)

We evaluated a sequential PCR strategy for detection 
of zoonotic tuberculosis using mycobacterial genus 
specific primer (hsp65), M.tuberculosis complex 
specific primer (IS6110 & IS1081) and M.bovis 
specific primer (RD4 and 500bp) in spiked and field 
tissue samples of cattle. All the PCR assays were 
almost equally efficient in detection of M.bovis in 
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Biotech- KISAN (Krishi Innovation Science 
Application Network) Project 
“Establishment of Biotech- KISAN Hub at ICAR Research 
Complex for NEH Region, Umiam, Meghalaya” funded 
by DBT, Ministry of Science and Technology, Govt. of 
India, with two partner Institutions i.e. ICAR-NRC on 
Pig, Rani, Guwahati, Assam and ICAR Krishi Vigyan 
Kendra, Ri Bhoi, Umiam Meghalaya. Under the Project 
eight villages were adopted in aspirational District 
Ri- Bhoi, Meghalaya and the villages were divided into 
four clusters (Two villages in one Cluster) i.e. Cluster-1 
(Mawlein & Mawkhan), Cluster-2 (Nonglakhiat & 
Lumshyiap), Cluster-3 (Thadnongiaw & Mawbri) and 
Cluster-4 (Umshorshor & Lummynri).240 numbers 
of tribal farmers from aspirational District, Ri- 
Bhoi, Meghalaya were selected from eight adopted 
villages under the Project and to execute the work/ 
activities committed appropriately. A total of 338 nos. 
Hampshire Cross breed by main hub and 25 nos. Large 
White Yorkshire Breed by ICAR- NRC on Pig, Rani, 
Guwahati along with feed support were distributed 
to beneficiaries of eight adopted villages under this 
project. After rearing the pigs for a period of one and 
a half year the farmers are benefitted with 208 nos. 
of piglets delivered by sows under the Project and the 
farmers are now gaining economically.
Biotech- KISAN Sub Project entitled “Expansion of 
Activities of Biotech-KISAN Hub in selected seven 
Aspirational Districts of North East States 
Funded by DBT, Ministry of Science & Technology, Govt. 
Of India is being implemented in Seven Aspirational 
Districts of North Eastern States of India and  420 
farmers were selected as piglets beneficiaries from 
seven selected Aspirational Districts and a total of 272 
piglets along with feed support distributed to farmers.
Investigation into poultry mortality 
The cases of mortality in poultry in a demonstration 
unit of organized poultry setup was investigated. The 
flocks were showing signs of depression, listlessness 
and less feed intake. The initial mortality of 78(55/70) 
% in indigenous breed (Meri) with unknown 
vaccination status was recorded. The clinical signs and 
post- mortem lesions were suggestive of NewCastle 
Disease (ND)- Fig. 58.

spiked samples. It was concluded that a combination 
of minimum of two assays can give a definitive result 
along with the support of the clinical history or post 
mortem outcome of the animals.

Standardization of formalin killed alum adjuvant 
Listeria monocytogenes vaccine 

(Contributors: Samir Das, AAP Milton, I Shakuntala, S 
Ghatak, ASen, K Puro and RK Sanjukta)

A local Listeria monocytogenes isolate (10/Lis12) was 
taken to make an alum adjuvant formalin killed vaccine. 
Basically the local isolate was obtained from raw cow 
milk and identified through conventional, molecular 
tools and possessing the major virulence markers 
(hlyA, iap, plcA, plcB) which was taken from divisional 
bacterial repository. The isolate was thereafter 
checked for its purity and then sub cultured in brain 
heart infusion (BHI) broth media. The BHI broth was 
incubated for 48 hours at 37oC with constant rotation 
so as to get ample growth. The bacterial growth was 
then pelleted by centrifugation and the pellet was 
washed twice by normal saline solution. The washed 
pellet was then kept in 0.5% formalin solution for 12 
hours at 37oC to kill the bacteria.   This is followed by 
sterility check and if the vaccine is not sterile than 
the formalin step is repeated once or twice. After 
confirming that the bacteria is properly killed, then 
the concentration of organism is adjusted with NSS at 
108 organisms per ml. The bacterial killed suspension 
is than adjuvant with 0.2% aluminum hydroxide and 
thereafter the sterility is checked twice. The present 
vaccine is kept ready in lyophilized vaccine bottles for 
further animal testing.

Parasitic infections in Buffaloes of North Eastern 
Region of India and its Management  

(Contributors : R. Laha, M. Das, V. Singh)

A total of 110 numbers of feacal sample of buffalo were 
collected from Meghalaya, Manipur and Tripura, out of 
these 27.27% (30/110) buffaloes were found positive 
for gastrointestinal parasitic infections.Oocysts of 
Eimeria spp. and Cysts of Balantidium coli, Eggs of 
Amphistomes and Strongyle spp. were identified from 
these faecal samples.

Fig. 58. Representative photos of lesions suspected of ND during post-morten examination in (a) trachea of 
Turkey (b) mucous in oral cavity of Vanaraja and (c 1-3) proventriculus, ceaca and ceacal tonsil of Meri birds
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Similar clinical conditions and mortality of 23 
(13/56) % in ND vaccinated Turkey bird was reported 
in nearby location after two weeks. The disease was 
reported in another nearby location after four weeks 
from the first appearance of disease in parent stock 
of dual-purpose breed (Vanaraja) with mortality 
of 6.9 (5/72) %.The serological test confirmed the 
presence of hemagglutination (HA) with chicken 
RBCs from both the supernatant of the homogenous 
suspension of triturated samples and clarified 
allantoic fluid of embryo adapted samples (3 passages 
in 9 day old embryonated eggs). However, there is no 
inhibition of hemagglutination (HI) using ND specific 
hyperimmune sera. Molecular method to detect 
virus by targeting M, N, F and HN genes of ND using 
positive and negative control was attempted but no 
amplification of the targeted genes from the samples 
except the amplification from vaccine sample used as 
positive control. The convalescent sera were collected 
from the recovered birds after one month of disease 
outbreak and performed HA and HI test again with the 
collected samples. 

The result showed HA and HI by convalescent sera 
(Fig. 59) but not ND specific hyper-immune sera 
thereby reaffirmed the cause of disease was other 
than ND virus. Subsequently, the representative 
samples were subjected to PCR to detect the presence 
of avian Influenza virus using universal primer Inf A. 
The amplification of Inf A gene in the samples (Fig. 60) 
indicated the need to look for specific avian influenza 
virus. 

Fig. 59 : Hemagglutination inhibition by 
convalescent sera

Fig. 60. Gel electrophoresis for detection of AIV 
Inf A Lane 1 : NTC, Lane M : 100 bp plus marker;

Lane 2-4 : Samples

Healthy (uninfected) 
MDCK cell line

Fig. 61. Isolation of Canine Distemper virus 
(CDV) in MDCK cell line

MDCK cell line infected 
with CDV from dog

Isolation of PPR virus (PPRV) in Vero cell line

Vero cells grown in DMEM (Dulbecco’s Modified 
Eagles Medium, Sigma) with 10% foetal bovine serum 
(Himedia) were infected with nasal swab of goat 
(PCR positive for PPR Virus) collected from Tura, 
Meghalaya by co-precipitation method. The cells were 
passaged upto P24 and all passages were confirmed 
by conventional PCR using partial N gene primers. 

Study of one step growth curve of Canine Distemper 
Virus 

(Contributors: Arnab Sen, S. Ghatak, R. Laha, K. Puro, S. 
Das, A. A. P. Milton)

Three Canine Distemper Virus isolates adapted in 
Madin Darby Canine Kidney (MDCK) cell line were 
used in this study. The samples were collected from 
zoo animals (Indian Jackal, Jungle Cat, Striped Hyena) 
from Assam. The viral inoculums were added to the 
cell (MDCK) monolayer in a 24 well plate by adsorption 
method. Supernatants and cell pellets of infected cells 

Cell lines used for isolation of viruses 

Eighteen cell lines are maintained in the laboratory for 
various research purposes and these are shared with 
various research institutes and universities of North 
East region. In addition,to theprevious work isolation 
of other viruses like Canine Distemper Virus (CDV) in 
MDCK (Madin –Darby Canine Kidney) cell line (sample 
from Assam State Zoo), in MDBK cell line (sample from 
Jirang, Ri-Bhoi, Meghalaya and Tripura) and  Peste des 
petits ruminants (PPR) in Vero cell line are also going on. 
CDV has been isolated from different sample of 
different species dog, jackal, hyena etc. Irrespective 
of the CPE observed, the samples were subjected to 
several serial passages and the presence of CDV was 
confirmed by conventional PCR. The virus isolation 
from wildlife with a potential of vaccine prototype
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were collected at 2hrs, 20hrs, 24hrs, 44hrs, 48hrs, 
68hrs, 72hrs interval and stored in a deep-freeze and 
rapidly thawed before use. They had a titer as follows-

Hyena:  TCID50 is 107.5/ml, Jungle Cat: TCID50 is 
107.2/ml, Jackal:TCID50 is 107.5/ml

Virus Titration.--Virus was assayed by the plaque 
method. 

Knowledge contribution in the area of 
antimicrobial resistance and zoonoses

(Contributors: Arnab Sen, S. Ghatak,  S. Das, A.A.P. 
Milton)

The following work was carried out conceding the 
objectives of the project in exploring the relationships 
and transmission dynamics of bacterial zoonoses 
and antimicrobial resistance pertaining to the North 
Eastern Region of India. The work was concentrated 
mainly in Assam and Meghalaya for enhancing the 
existing knowledge by delivering fact-based data for 
articulating actionable policies. Sampling was done 
in the month of February 2020. The different hosts 
targeted were goat, sheep, cattle, pig, poultry which 
included samples such as faecal-, nasal- rectal-, 
tracheal- swabs, blood and milk. Till date a total of 579 
(237 nos. for 2nd year) samples have been screened for 
bacterial isolation. A total of 264 (70 nos. for 2nd year) 
(45.59 %) isolates were recovered, comprising 52 
(6nos. for 2nd year) (19.69%) Klebsiella pneumoniae, 
97 (30 nos. for 2nd year) (36.74%) Escherichia coli 
and 115 (33 nos. for 2nd year) (43.56 %) Staphyloccus 
spp. Majority of Staphylococcus, Klebsiella and E.coli 
isolates belonged to cattle (40%) and goat origin 
(42.16%), while no E. coli was recovered from swine, 
and no Klebsiella isolates were isolated from Chicken 
and ovine samples.

Molecular platform for epidemiology, disease 
mapping and development of diagnostics for 
economically important diseases of ducks

(Contributors : Rajkumari Sanjukta, Samir Das, A.A.P. 
Milton, Sandeep Ghatak, Arnab Sen)

A total of 330 samples were collected; which 
comprises of 187 serum samples, 57 oropharyngeal 
swabs, 59 cloacal swabs and 27 faecal samples. Out 
of the 330 samples collected 323 were tested for the 
detection of disease causing pathogens which include 
Clostridium, Salmonella, Pasteurella, Mycoplasma 
and E. coli. Out of 143 samples processed 1 sample 
was identified as Salmonella spp. ;10 samples were 
identified as E.coli.; 28 samples were identified 

as Clostridium spp. A total of 180 serum samples 
were tested for Pasteurellamultocidaantibody,  
Mycoplasmasynoviaeand  Mycoplasma gallisepticum 
using indirect ELISA and 170 shows positive result 
for P.multocida, 02 were positive for M.synoviae and 
all were negative for M.gallisepticum.A total of 103 
RNA and 103 DNA samples were extracted from 
103 samples which include oropharyngeal swab, 
cloacalcswab and faecal samples. Remaining 40 
samples are yet to be proceeded for RNA and DNA 
extraction and their further work is ongoing.

Plant encapsulated nanosystem: An alternative to 
antimicrobial growth promoter in Poultry health 
in Northeastern India

(Contributors : Rajkumari Sanjukta, Samir Das, A.A.P. 
Milton, Sandeep Ghatak, Arnab Sen)

During the period under report from 2020-2021, the 
essential oils blend (fixed at 2, 4 and 5 % concentration) 
encapsulated nanoemulsions were formulated using 
the ultrasonication method. Surfactant of Tween 
80 (HLB=15), combined with Span 80 (HLB=4.3) in 
different HLB value (10 to 14) to develop a stable 
nanoemulsion. Glycerol and ethanol were used 
as co-surfactant system. The best formulation for 
nanoemulsion in the of 2:1 and 3:1 (S and Co-S), 1:3 
and onwards (EO:S). These nanoemulsions showed 
good stability for one to three months without any 
physical changes. Further characterization for their 
droplet size by Transmission electron microscopy, 
polydispersity index and zeta potential were 
determined to validate with the results. 

Fig. 62. Transmission Electron Microscopy 
(TEM) Images of Nanoemulsion

The antimicrobial activity test was performed by 
micro broth dilution method for essential oils blend 
nanoemulsions and  essential oils blend  against type 
cultures. From the test result obtained, nanoemulsions 
formulated were showing better results than the 
essential oils for almost all the tested microorganism.

Developing a geo-spatial based animal health 
information system in Northeast India

(Contributors : Rajkumari Sanjukta, Samir Das, A.A.P. 
Milton, Sandeep Ghatak, Arnab Sen)  



ANNUAL REPORT 2020ICAR RC NEH

63

Fig. 63. Lane 1: E. acervulina(321 bp), Lane 2: E. 
brunetti(310 bp), Lane 3: E. maxima (144 bp), Lane 
4: E. mitis(306 bp), Lane 5: E. necatrix(285 bp), Lane 
7: E. tenella (271 bp), Lane M: Marker

Studies on Drug sensitivity and Genetic diversity 
of Eimeria isolates from Meghalaya  

(Contributors : M. Das, R. Laha, S. Doley)

GPS coordinates and information on veterinary health 
care services or facilities/farms from Meghalaya 
Veterinary department were collected for creation 
of disease database (retrospective). Retrospective 
data of important livestock/poultry diseases from 
Manipur, Meghalaya and Mizoram were collected. 
Bio-physical Parameters and weather parameters of 
NEH were mapped .Incidence of important livestock 
diseases in Meghalaya (2004 to 2018) for FMD, BQ, 
HS, Swine fever, Fowl pox, Ranikhet disease and IBD. 
Decomposition analysis, Gini-Coefficient, Lorenze 
curves were used to deduced Livestock diseases 
trends, seasonal pattern, patterns and incidence 

Characterization of Immunogenic Proteins of 
Rhipicephalus (Boophilus) microplus Tick and 
its effect as a Vaccine in Experimentally infested 
Rabbits

(Contributors: M. Das, R. Laha, A. Sen)

Boophilus microplus ticks were collected from naturally 
infested cattle and identified morphologically. SDS-
PAGE analysis of salivary glands antigen of B.microplus 
ticks revealed presence of 150 kDa, 92 kDa, 74 kDa, 64 
kDa, 37 kDa, 24 kDa and 16 kDa polypeptides. Analysis 
of egg antigen revealed presence of 12 kDa, 22 kDa, 
33 kDa, 50 kDa, 93 kDa and 99 kDa while SDS-PAGE 
analysis of larval tick antigen revealed presence of 42 
kDa, 62 kDa and 85 kDa polypeptides.Western blot 
analysis of egg antigen revealed presence of 22 kDa, 
76 kDa, 93 kDa, 100kDa and 158 kDa immunogenic 
polypeptides.

Overall prevalence of gastrointestinal (G.I.) parasitic 
infections in poultry was 37.96%.Eight species 
of gastrointestinal parasites (G.I.) parasites have 
been identified viz. Eimeria sp. (31.14%), Heterakis 
gallinarum(14.68%), Ascaridia galli (20.13%), 
Choanotaenia infundibulum (2.03%), Strongyloides 
avium(12.41%), Capillaria sp. (7.85%), Raillietina 
tetragona (8.61%) and Syngamus trachea larvae 
(3.16%). Eight different species of Eimeria have 
been identified morphologically as well as by using 
COCCIMORPH software from Ri-Bhoi district, 
Meghalaya.Studies on the sensitivity of anticoccidials 
against Eimeria isolates in poultry revealed that 
mortality in poultry chicks (3-4weeks) is mostly 
due to Eimeria sp. where as in poultry (>8 weeks) 
is mostly due to mixed infections with either A. 
galli, H. gallinarum, Capillaria sp., Eimeria sp., C. 
infundibulum,R. tetragona, S. trachea and S. avium. 
Molecular characterization of Eimeria sp. in poultry 
using PCR confirmed presence of six species viz. E. 
acervulina, E. brunetti, E. maxima, E. mitis, E. necatrix 
and E. tenella. 

Service activity to States Disease surveillance

(Contributors : Arnab Sen, S. Ghatak, K. Puro, S. Das, 
A.A.P. Milton)

Dering the period under report, a total of 472 samples 
from State Veterinary Departments sent for laboratory 
diagnosis were analysed. Majority of samples were 
from pigs (n=363) while samples from other animals 
and wildlife were also analysed and diagnostic reports 
were sent to State Govt for managing the outbreaks 
and for surveillance.

FISHERIES 
Combination of two species fish culture under mid 
hill condition

(Contributors : S. K. Das, N. P. Devi, S. G. Singh)

A study was undertaken to evaluate a combination 
of two species fish culture system with Labeo gonius 
(Hamilton, 1822) and Cyprinus carpio Linnaeus, 1758, 
for enhancing fish production from the mid-hill region. 
The performance of the two species was evaluated 
in  small ponds ( 200 and 400 sq.mt ) at a stocking 
density of 10,000 nos per hectare over a period of one 
year in 2019. The specific growth rate (SGR) ranged 
from 0.248 to 1.038 g day-1 and 0.520 to 1.831 g day-

1 in case of L. gonius and C. carpio respectively. The 
combination yielded an average fish production of 
2,550 kg ha-1 year-1. A correlation between specific 
growth rate (SGR) and mean water temperature has 
also been established in this study.
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Utilization of Poultry manure in Fish seed rearing 
under mid hill condition

(Contributors : S. K. Das, N. P. Devi, S. G. Singh)

Common carp, Cyprinus carpio (var.communis) and 
Labeo gonius in fry and spawn stages were reared  in 
concrete tanks fertilized with poultry manure during  
May to September at ICAR Research complex fish 
farm, Umiam, Meghalaya. Among the three treatments 
viz. control T0 (no manure), T1 (poultry manure 
@5000 Kg/ha) and T2 (Poultry manure @10,000 
Kg/ha), the highest survival and growth of fishes 
were recorded in T2. The common carp fry stocked 
at a density of 5 lakh/ha attained the highest mean 
length of 7.02±0.07cm in 45 days of rearing with an 
average survival of 87.66%, while the spawn of Labeo 
gonius stocked at density of 3.0 million /ha attained 
the highest mean length of 6.99±0.07 cm in 75 days of 
rearing with average survival percentage of 76.75. The 
study highlights the importance of optimum doses of 
poultry manure, favorable water quality and optimal 
density of plankton population for higher survival and 
growth in fish seed nursing. 

Cage culture in Umiam lake

As a demonstration programme. A battery of 6 
nos. of CIFRI cages was installed in the month of 
September’2019 to assess the growth performance 
and survival of three important cultivable fish species, 
suitable for Meghalaya i.e. Amur Common carp,  
Common carp ( Cyprinus carpio) ( var.Koi)  and Labeo 
gonius.. Among the three species, Amur common carp 
and Koi carp recorded the highest growth of more 
than 650 g while gonius attained a size of 217g in a 
five month culture period.

Fish diversity assessment in Kyrdemkulai 
Reservoir, Meghalaya

(Contributors : S. G. Singh, S. K. Das, N. P. Devi)

A total of 34  fish species belonging to 24 genus, 13 
family and 6 Order were so far recorded. Two new 
species of ornamental value , Channa lipor and Channa 
aristonei have been described from Umraling  River, 
Rhi-Bhoi district and East Khasi Hills Meghalaya, India. 

Antibacterial activity of synergistic integumentary 
extract of cultivable fishes

(Contributors : N. P. Devi, S. G. Singh, S. K. Das)

Studies on the antibacterial activity of synergistic 
integumentary extract of indigenous major carp 
(Labeo rohita, Labeo catla and Cirrhinus mrigala) 
exotic major carp (Hypophthalmichthys molitrix and 
Ctenopharyngodon idella) and air breathing catfish 
(Clarias batrachus and Heteropneustes fossilis) 
against three selected bacteria strains viz., Aeromonas 
hydrophila, Staphylococcus aureus and Vibrio cholarae 
(Fig. 64) were conducted. The study demonstrated 
that the synergistic integumentary extract of 
different cultivable fishes shows varied results. The 
combination of catfish C. batratus + H. fossilis (22± 
1.05 mm) followed by indigenous major carp L. rohita 
+ L. catla (21 ± 1.65 mm) had shown the maximum 
antibacterial activity against the growth of bacteria A. 
hydrophilla. While, in case of V. cholerae, the highest 
antibacterial activity was achieved by the combination 
of L. rohita + L. catla (21 ± 0.30 mm) followed by 
C. batratus+ H. fossilis (20 ± 1.33 mm). Among the 
different combinations of integumentary extract, H. 
molitrix + C. idella was found to be the least effective 
against all the selected bacterial strains. Overall from 
this study it is clear that the antibacterial activity 
of integumentary extract combination of L. rohita 
+ L. catla and C. batratus + H. fossilis is comparable 
with the performance of positive control and can be 
considered for viable technology for production of 
antibacterial agents in the future.
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Fig. 64.  Antibacterial activity of synergistic 
integumentary extracts of fish and control 

Ciproflaxin

Effect of stocking density and presence or absence 
of soil base on growth performance of Puntius 
japonicus (Sauvage, 1883)

(Contributors : N. P. Devi, S. G. Singh, S. K. Das)

The study on the growth performance of Puntius 
japonicus was carried out in cemented tank. The 
experiment had a 3 x 2 factorial design with three 
levels of stocking density of fry @1 lakh/ha, 2 lakh/ha 
and 3 lakh/ha  and two levels of soil base ( with and 
without). The fish were fed with formulated feed twice 
@ 5% body weight daily. Six treatments with three 
replications were undertaken where T1 was stocked 
with 1lakh/ha fingerlings without soil base, T2 was 
stocked with 2lakh/ha fry without soil base, T3 was 
stocked with 3lakh/ha fingerlings without soil base, 
T4 was stocked with 1lakh/ha fingerlings with soil 
base, T5 was stocked with 2lakh/ha fingerlings with 
soil base and T6 was stocked with 3lakh/ha fingerlings 
with soil base, In a rearing period of  120 days, it was 
observed that T4 i.e fish stocked at 1 lakh/ha with 
soil base recorded  the highest growth  followed by 
T1where the stocking density was 1 lakh/ha without 
soil base .The T3 with stocking density of fry @3 lakh/
ha without soil base exhibited the poorest growth.

Fish Seed production and  Revenue generation

(Contributors : S. K. Das, N. P. Devi, S. G. Singh)

The division of Fisheries despite the pandemic Covid 
-19 situation, a reasonable quantity of fish seeds were 
produced to distributed to the fish farmers  and KVKs. 
A total of Rs.4,77,590.00 was generated as revenue to 
the institute during the year 2020-21.

Division of Technology Assessment and 
Capacity Building (DTAC)
Multidimensional performance evaluation of 
different integrated Farming System in North-
Eastern Hill Region 

(Contributors: Aniruddha Roy, N Uttam Singh, Pampi 
Paul, C Gowda)

Economic performance evaluation of different forms 
of integrated farming system in farmers field were 
studied from various states of the region and Agri-
horti-silvi-pastoral system was found the most 
economical with effective soil and water conservation 
measures in the northeast. Economics of micro 
watershed based different land use systems are 
presented in table 24. A watershed based Agri-horti-
silvi-pastoral system was studied in Ri-Bhoi district 
covering 1.55 ha land. The area under planned land 
use is 1.01 ha and remaining 0.54 ha is under forest. 
The crops like maize, groundnut, ginger, rice bean and 
sweet potato in kharif season and toria, radish, pea 
and turnip in Rabi season were grown and found most 
suitable at 1000m altitude. At the field level, Guava 
performs better as compared to mandarin and Assam 
lemon. Guava starts fruiting two and half years after 
planting. After 7 years of planting, size of fruits become 
smaller as compared to previous years in the system 
as a ratoon crop. Guava reached its full bearing stage 
after 7 years of planting and covered 90% of the area 
followed by Assam lemon. The growth of the orange 
was slow, 25% plants start flowering after 7 years but 
no fruiting. The average productivity of guava after 8 
years was 36.7 kg / tree, Assam lemon 48.3 nos / tree. 
After 11 years of planting average number of fruit / 
trees of orange and Assam lemon was 83.4 and 40.5 
respectively showed a good performance.

Table 24. Economics of micro watershed based 
different land use system

Land use Input 
(Rs/ha)

Output 
(Rs/ha)

Profit 
(Rs/ha) Ratio

Dairy farming 75109 144209 69100 1.92

Agropastoral 73940 140486 66546 1.90
Agri-horti-silvi-
pasture 73115 151348 78233 2.07

Silvi-horti system 35365 53498 18133 1.51
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Development of Strategies for Improving 
Effectiveness of Convergent Model of Extension 
Services in Meghalaya 
(Contributors: Pankaj Kr Sinha, N Uttam Singh, 
Aniruddha Roy, Ph. Romen Sharma, M. Islam and Pampi 
Paul)
Study indicated that existing level and extent of 
convergence among pluralistic extension organizations 
are low due to certain reasons like unawareness about 
the modus-opearandy of respective organizations 
for working in convergent approach, lack of inter-
departmental communications, overburden with non-
mandated task, lack of adequate and timely financial 
support etc. which negatively affect the access to 
extension services from formal and credible sources. 
In fact it has also been found that extension officials 
at district level (90 %) and block level (80%) were 
aware about the Krishi Vigyan Kendra (KVK) and 
nearly 45% of both block and district level officials 
had never interacted with KVK officials. Further, 
majority of extension officials (nearly 70 %) had 
reported that they had little knowledge about the 
operational mechanism of ATMA. So due to these 
all paucities, diffusion and adoption of improved 
scientific technologies are limited and duplication in 
delivering extension services which affect efficiency 
and effectiveness of delivery of extension services by 
different organizations. To increase the effectiveness, 
suitable policy level interventions are required and the 
study has come out with the following strategies.
Skill gap analysis of the tribal farmers on pig and 
cattle production in Meghalaya 
(Contributors: Bagish Kumar, Pankaj Kr Sinha, N Uttam 
Singh, Pampi Paul and Rakesh Kumar)

Strategies  developed Impact on Agriculture sector
A. Strategies to Institutionalize Convergence among 

Pluralistic Extension Organization
Appropriate amendments based on 
these recommendations will help 
in increasing the efficiency and 
effectiveness of delivering extension 
services to the farmers which will lead 
to increased access and adoption of 
improved agriculture technologies for 
increasing their income and livelihood 
security 

1.Creation of “Convergence Cell” in each organization with clear-
cut modus operandy for working in Convergence Mode
2.Like Lead Bank scheme of District, the “Lead Institution” should 
be identified to lead the convergence model in that district
B. Strategies to Strengthen ATMA Led Convergent Model 

of Extension
1. Urgent need of sensitization of all the extension officials within 
the district about operational mechanism of ATMA.
2. Allocation of specific fund and clear-cut delineation of Roles 
and Responsibility of each stakeholder in convergent mode of 
implementation.
3. Project Director ATMA should be officials at par with District 
Agriculture Officer or above to have maximum involvement. 

Study indicated that in breeding practices of cattle the 
skill gap of the farmers were low (62.78%) as most of 
the farmers were aware about the detection of heat 
symptoms like restlessness of animal, mounting etc. 
With respect to the feeding practices skill gap of the 
farmers were high (59.45%) as most of the farmers 
were unaware about the feeding of colostrum to new 
born calf, feed extra ration during advance pregnancy 
etc. The farmer’s skill gap were high as much as 66.12% 
w.r.t. the management practices as they were not well 
versed with the timely and regularly deworming, full 
hand milking practices, maintaining proper records, 
proper washing & drying of udder and teat before 
milking etc. The skill gap were highest i.e. 71.66% for 
cattle farmers in case of healthcare practices because 
respondents not maintain quarantine period, they 
simply mixed purchased animals with old one, don’t 
know that purchased animal should keep separate to 
see that animals suffered from some disease or not. 
They also not segregate their animal at the time of 
disease prevail due to lack of space. But they vaccinate 
their animal timely and regularly, government facility 
was available for vaccination of FMD, HS and BQ half 
yearly. 
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SUMMARY

The total annual rainfall was 3010 mm, 27 per cent above normal and very erractic. Maximum temperature 
was mostly above normal whereas minimum temperature below normal. Retaining six fruitlets per shoot in 
kiwifruit resulted in optimum thinning and maximum production of grade ‘A’ fruits (20.83 kg per vine). Mid-may 
planting plants treated with (50% lime + 100% RDF) and further plants mulched with paddy straw exhibited 
best in terms of yield and quality attributes of tissue cultured Grand Naine banana. Guava line RCGH-4 recorded 
the highest plant height (1.80 m) and number of leaves per shoot (27.60) whereas RCGH-7 exhibited maximum 
canopy spread (1.24 m2), fruit set (92.42 %) and number of fruits per plant (34.00). Peaches trained on Y-shape 
trellis recorded highest yield (3.13 kg/plant) and found significantly superior over others. In IFS model of area 
0.23 ha, vegetable-based cropping systems recorded the highest (167.32 t/ha) in terms of MEY followed by 
fishery unit (54 t/ha). Out of 35 land races two genotypes Amham and Tinin were found most diverse from 
others. Three entries of Job’s tears viz. RJTGP-89 (17 q/ha) followed by RJTGP-49 (15.36 q/ ha) and RJTGP-81 
(12.92 q/ha) were found promising. The highest French bean yield (28.5 t/ha) was recorded in 75% RDF + 
Lime + VC with variety MZ-FB 48. Out of 44 established multipurpose tree species Pinus kesia, Acacia Mangium, 
Eleocarpus sphaericus and Manglietia insignis were found promising in mid-hills of Arunachal Pradesh in terms 
of physical growth. In Jhum crop leaf blast (April-July) and brown spot (May-Aug) were found long duration 
disease of paddy crop under natural condition of infection. Host range of Sclerotinia sclerotiorum was studied 
and 11 crops recorded their host. 11 pollinators were recorded in mustard and black weevil infestation first 
recorded in Leparada district. Six forage species viz., Macaranga denticulate, Dendrocalamus giganteus, Ficus 
hirta, Ficus auriculata Lour, Ficus hispida L.f. and Ficus semicordata Buch.-Ham. ex Sm. were commonly found in 
Mithun foraged sites and had similar frequency per cent. Severe lower back pain (51.43 %) was most common 
physical discomfort reported by farmers. Physical trait and some morphometeric characteristic of indigenous 
cattle (Balang) were studied. 2120 district level and 848 block level agromet advisory bulletins were prepared 
and disseminated, benefitting over 3 lakhs farmers across the state. 
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Weather report

(Contributors : H. Kalita, K. Bhagawati)

The total annual rainfall received during the year was 
3010 mm which was 27 per cent above normal. The 
distribution of rainfall was very erratic with below 
normal rainfall mostly during winter and pre-monsoon 
seasons. The monsoon rainfall was also very irregular 
with excessive unprecedented rain during September 
(869 mm) which is about 17 per cent above the normal, 
leading to flood in several areas adversly effecting the 
standing rice and other crops. During the year the 
number of rainy days was 131 days which was 12 
days below normal (143 days). More rain in less days 
lead to high intensity rainfall consequently leading to 
extreme weather events like flash flood and drought. 
The monthly distribution of rainfall compared to 
normal is depicted in Fig. 1. The monthly distribution 
of average maximum temperature compared to 
normal is shown in Fig. 2. During the entire year, there 
was no significant departure from normal. However, 
the monthly average minimum temperature during 
the entire year remained below normal as depicted 
in Fig. 3. The cold waves in the month of December 
adversely affected the agricultural and allied sector. 
The distribution of average monthly relative humidity 
is shown in Fig. 4.

Fig. 1. Total monthly rainfall compared to 
normal

Fig. 2. Monthly average maximum temperature 
compared to normal

Fig. 3. Monthly average minimum temperature 
compared to normal

Fig. 4. Monthly average relative humidity 
compared to normal

HORTICULTURE
Productivity maximization and quality 
improvement of kiwifruit through canopy 
management and crop regulation in mid hills of 
Arunachal Pradesh
(Contributor : T. Angami)
Kiwifruit vines cv. Allison when subjected to hand 
thinning at different severities viz. retaining two 
fruitlets, four fruitlets, six fruitlets per fruiting shoot 
following proper canopy management practices was 
found effective in augmenting the fruit size and quality. 
The production of ‘A’ grade fruit increased and ‘B’ and 
‘C’ grade fruits decreased as the intensity of hand 
thinning were increased. Among the treatments, hand 
thinning to two fruitlets per fruiting shoot recorded 
the maximum fruit size of length (7.21 cm), breadth 
(5.35 cm) and fruit weight (83.69 g). Although the 
highest total yield (31.94 kg per vine) was exhibited 
in control (no thinning and canopy management) 
whereas the yield of grade ‘A’ fruit was least (8.88 
kg per vine) resulting in lowest net return (Rs. 
1241/- per vine). Retaining six fruitlets per fruiting 
shoot resulted in optimum thinning and maximum 
production of grade ‘A’ fruits (20.83 kg per vine) of 
better quality with highest net profit (Rs. 1790/- per 
vine) over other treatments.
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Productivity maximization of tissue culture 
banana var. Grand Naine through improved agro-
techniques in the mid hills of Arunachal Pradesh

(Contributor : T. Angami)

The study revealed that fruits harvested from mid-
May planting recorded the highest in yield based 
parameters viz. number of hands per bunch (13.17), 
number of fingers per bunch (162.63) and bunch 
weight (24.67 kg) respectively (Fig. 5). Fruits 
harvested from mid-May plant also recorded the 
highest TSS (21.03°Brix), minimum acidity (0.23%) 
and highest ascorbic acid content (14.99 mg/100 g). 

The study on standardizing the fertilizer and lime 
requirement for tissue cultured banana cv. Grand 
Naine under acidic soil of mid hill conditions revealed 
that plants treated with (50 % lime + 100 % RDF) 
performed best in terms of both yield viz. bunch 
weight (24.83 kg) (Fig. 6), number of hands per bunch 
(14.34), number of fingers per bunch (161.00), finger 
weight (143.61 g) and quality attributes viz. TSS 
(20.96 ºBrix), ascorbic acid (13.47 mg/100 g).

The study on the effect of different mulching materials 
also showed that mulching with paddy straw exhibited 
highest bunch weight (23.00kg) , number of hands per 
bunch (12.71), number of fingers per bunch (154.58), 
finger weight (142.79) and TSS (20.87°Brix) with 
minimum acidity percentage (0.20%). Meanwhile, 
black polythene mulch also exhibited the highest 
ascorbic acid content (13.32 mg/100 g).

Fig.5. Bunch from 
mid-may planting

Fig. 6. Bunch from 50 % 
lime and 100 % RDF

AGRONOMY
Integrated Farming System Approach
(Contributors : Badapmain Mokdoh, H. Kalita)
An Integrated Farming System model was developed 
at ICAR RC for Arunachal Pradesh centre, Basar, Gori 
farm covering an area of 0.23 hectare with the core 
idea of depicting the land holding capacity of small and 
marginal farmers in Basar and adjoining areas (Fig. 7). 
The IFS model was divided into different components 
which comprises of vegetable-based cropping systems 
(0.062 ha), maize-based cropping systems (0.018 ha), 
spice-based cropping system (0.021 ha), horticultural 
fruit crops (0.072 ha) and fish pond (0.05 ha). The 
results revealed that fishery component registered 
the highest gross return of Rs. 54,000/- followed by 
the Vegetable-based cropping systems of Rs. 30,043/-. 
Among different components vegetable based cropping 
systems recorded the highest maize equivalent yield 
(MEY) of 1.5 tons or 167.32 t/ha which is followed by 
fishery unit (Table 1). 

Table 1. Economics and Maize equivalent yield from different components in the IFS approach

Farming System Components Area 
(ha)

MEY 
(tons)

MEY 
(t/ha)

Cost of production 
/enterprise (Rs.)

Gross return 
(Rs.)

Net return 
(Rs.)

Net return 
(%) 

Vegetable based 0.062 1.502 167.32 9588 30,043.0 20,455.0 22.99
Maize-based 0.018 0.514 28.55 3528 10,278.0 6750.0 7.59
Spice based 0.021 0.446 21.25 2583 8925.0 6342.0 7.13

Horticultural fruits (pine apple, 
orange, banana, peach)

0.072 0.637 26.78 5325 12,748.5 7423.5 8.34

Fish based 0.05 2.7 54.00 6000 54000.0 48,000.0 53.95
Total 0.223 5.80 297.89 27,024.00 1,15,994.5 88,970.5 100.00

Fig.7. Fishery and vegetable components under IFS approach



ANNUAL REPORT 2020 ICAR RC NEH

70

Through this IFS approach with a total area of 0.230 
ha it enables to achieve the MEY of 5.8 ton or 297.89 
t/ha which otherwise if only maize monocropping is 
followed the MEY would barely give 0.13 t or 5.80 t/ha. 
The system as a whole recorded a gross return and net 
return of Rs. 1,15,994/- and Rs. 88,970/-, respectively. 
When comparing with the traditional farming system 
the relative employment generation efficiency was 
found to be 214.29 % and also the relative economic 
efficiency was 369.38%.

Varietal Evaluation of Toria-mustard under Basar 
Condition
(Contributor : Badapmain Mokdoh)
Five varieties of toria-mustard were evaluated for their 
performance in Basar condition which was sown on 
2nd November, 2020 (Fig. 8). The soil moisture content 
observed to be in the range of 13-18 % during the 
peak growth stage and two supplemental irrigations 
were also given. Based on several desirable characters 
like short duration, number of branches and siliqua 
number it is concluded that TS-36 is a better choice 
among the five varieties (Table 2).

Fig. 8. Performance of Toria-mustard varieties under Basar condition

 Table 2. Performance of Toria-mustard varieties under Basar condition

Variety Days to 50% 
Flowering

Plant height (cm) No.of    branches/plant No. of siliqua/plant

TS-36 48.00 71.23 8.65 193.10

PM-26 57.50 116.69 3.90 97.05

NRCHB 101 60.75 113.94 4.30 77.65

PM 27 62.00 84.80 3.95 51.35

TM-2 60.50 88.35 2.80 36.15

SE(m)± 1.15 2.15 0.41 7.86

C.D (p=0.05) 3.53 6.61 1.28 24.23

PLANT BREEDING
Agro-morphological characterization of rice 
germplasm (Oryza sativa L.) for different 
characters in Arunachal Pradesh

(Contributor : Letngam Touthang)

Based on two years data of various quantitative traits, 
morphological diversity was analyzed among the 35 
rice landraces (19 jhum/upland and 16 lowland) of 
Arunachal Pradesh. High morphological variations 
was observed among the landraces. Mean plant height 
of 127.39 cm, panicle length (25.7 cm), flag leaf length 
(40.54 cm) and width (2.10 cm), blade leaf length 
(58.66 cm) and width (1.82 cm), ligule length (2.14 

cm), test weight (2.44 g) and mean yield per hectare of 
(18.65 q/ha) were recorded respectively. The cluster 
analysis grouped 35 landraces into 4 clusters (67 
% dissimilarity) in which Jhum and WRC landraces 
respectively formed two distinct clusters (Fig.9). 
Principal component analysis based on 12 phenotypic 
traits revealed that, the first three PCA extracted 
accounted for 81.64 % of the total variation. The PC1 
accounted a total variance of 56.55 %, PC2 (16.70 %), 
and PC3 (8.4 %) respectively. A significant positive 
association was observed among the traits. Two 
genotypes Amham and Tinin were found to be most 
diverse from their respective group (jhum and WRC).
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Fig. 9. Grouping of 35 rice landraces based on unweighted pair-group method with arithmetic 
means (UPGMA) hierarchical clustering method

SOIL SCIENCE
Standardization of nutrient management practices 
of Phaseolus vulgaris in Eastern Himalaya, 
Arunachal Pradesh

(Contributors : Ampee Tasung,  L. J. Chanu) 

In order to improve the production and productivity 
of French bean crop in mid hills of  Arunachal Pradesh 
during rabi season, three French bean varieties (MZ-
FB 48, Changlabi Local and Popular variety) were 
grown under 10 different nutrient management 
treatment following Randomized Block Design 
(RBD) with three replications. The results showed 
that yield of MZ-FB48, Changlabi Local and Popular 
variety ranged from 10.4-28.5, 8.2-22.1 and 7.2-22.6 
tonnes/ha (Table 3). MZ-FB48 attained highest yield 
(28.5 tonnes/ha) followed by Popular variety (22.6 
tonnes/ha) and Changlabi local (22.1 tonnes/ha) in 
75% RDF+Lime+VC nutrient treatment. The highest 
pod length (15.5 cm) and weight (83.2 g) were highest 
in MZ-FB48 followed by Changlabi Local and Popular 
variety under 75% RDF+Lime+VC nutrient treatment. 

The average 50% days to flowering of MZ-FB48, 
Changlabi Local and Popular variety was 42.2, 47.4 
and 49 days. It was observed that application of 75% 
RDF and 75% RDF+Lime had the least days to 50% 
flowering in all the varieties. Hence treatment 75% 
RDF+Lime+VC was most effective in increasing the 
yield and yield attributes of French bean irrespective 
of cultivar. 

Varietal evaluation of lentil under mid hills of 
Arunachal Pradesh

(Contributor : Ampee Tasung)

Three varieties of lentil viz. PL-9, HUL-57 and KLS-
218 were evaluated to determine the best performing 
Lentil variety under mid hill condition of Arunachal 
Pradesh. It was found that all the varieties took 
longer days for 50% days to flowering ranging from 
26 to 97 days (Table 3). However, shortest 50% days 
to flowering was recorded in KLS-218. The other 
agronomic characteristics like plant height, number 
of primary and secondary branches were highest in 
KLS-218.

Table 3. Varietal evaluation of Lentil (Lens culinaris) during Rabi season in mid hills of Arunachal 
Pradesh

Varieties Days to 
germination

% 
germination

50% days to 
flowering

Plant height 
(cm)

No of 
primary 

branch /plt

No of 
secondary 
branch/plt

PL-9 12 77 97 26.6 2.0 8
HUL-57 9 82 87 26.3 2.0 13
KLS-218 7 78 86 27.7 3.0 14
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AGROFORESTRY  
Evaluation of Multipurpose trees and to develop 
Agroforestry based farming system

(Contributor : R. A. Alone)

 The 53 Multipurpose tree species were 
established in block plantations at Agroforestry 
section at ICAR Research farm, Gori, Basar during 
years 1997-2001 in order to evaluate the performance 
of different multipurpose trees in the mid-hills of 
Arunachal Pradesh. Out of these, 44 species are 
established successfully. In the year 1997, plantations 
of 16 tree species were raised. Among these, Pinus kesia 
performed better in terms of basal girth (148.1cm) 
and Canopy spread (8.9m x 9.0m). The highest plant 
height was recorded in Michelia obtusifolia (19.1m). 
Highest light intensity in inter-rows was recorded 
highest in Terminalia myriocarpa (659.4 lux). Total 
20 tree species were planted in the year 1998, among 
these, Acacia mangium performed best in terms of 
Basal girth (154.2 cm), plant height (27.0 m) and 
canopy spread (11.0 m x 9.90 m). Highest interspacing 
light intensity was recorded in Gravelia robusta 
(870.3 lux). During the year 1999, 6 tree species were 
planted. Among these, Manglietia insignis recorded 
the highest basal girth (111.8 cm) and plant height 
(18.0 m). However, Aleurites montana recorded the 
highest canopy spread (7.1 m x 6.85 m) and highest 
inter spacing light intensity (848.2 lux). Among the 5 

Alnus nepalensis + Takek Cinnamomum camphora + large 
cardamom

Terminalia myriocarpa + 
Guinea grass

Fig. 10. Intercropping with different MTPs (Multipurpose tree species)

Spacing Trial of 13 Bamboo species:

(Contributor : R. A. Alone)

The spacing trial of bamboo species was established 
in 1999 with an objective to evaluate the performance 
of 13 bamboo species at different spacings. The 
maximum clump circumference was recorded in 
Bambusa cacharensis (16.8 m) at 5m x 5m spacing.  In 

tree species planted during the year 2000, Eleocarpus 
sphaericus recorded the highest basal girth (126.8 
cm), plant height (23.1 m) and canopy spread (8.92 m 
x 8.64 m).  The inter row light intensity was recorded 
highest under Kobolakso (517.8 lux). Among 4 tree 
species planted during the year 2001, Hiko recorded 
the highest basal growth (65.7 cm) and plant height 
(9.12 m). The canopy spread was recorded highest 
(5.81 m x 5.95 m) in Lithocarpus sperma. The inter-
spacing light intensity was recorded highest in Litsea 
lacta (145 lux). 

Performance of different intercrops in 
combination with different MPTs

(Contributor : R. A. Alone)

 The intercropping of different crops such as 
guinea grass, broom grass, large cardamom and canes 
are being carried out in the plantations of MPTs with an 
objective to evaluate its performance in combination 
with the different multipurpose trees (Fig. 10). 
Among different combinations of MPTs and canes, 
Alnus nepalensis + Takek was reported best in terms of 
basal girth (39.6 cm). Among 28 combinations of MPT 
species and Guinea grass, the combination Terminalia 
myriocarpa + Guinea recorded the highest guinea 
grass yield (4.45 kg per running meter). Among 22 
combinations of MPT species and Broom grass, the 
combination Gravelia robusta + Broom grass recorded 
the highest yield (7.8 kg per running meter).

spacing 6m x 6m also, Bambusa cacharensis recorded 
highest clump circumference (15.0 m). But in spacing 
7m x7m, Bambusa nutans recorded the highest clump 
circumference (12.6 m). Highest number of culms per 
clump was recorded in Bambusa pallida (82) at 7m x 
7m spacing followed by Dendrocalamus sahnii (72) at 
6m x 6m spacing and Dendrocalamus hamiltonii (70) 
at 5m x 5m spacing.
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PLANT PATHOLOGY
Flagship programme on Improvement of jhum 
through horticulture interventions

(Jhum crop diseases and their occurrence period):

(Contributors : R. Singh, H. Kalita)

The impact of plant disease sometimes results in 
loss of indigenous crop varieties as well as yield. 
Diseases of jhum crops and their occurrence period 
during 2020 were recorded under natural condition 
of infections (Table 4).
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Rice Leaf blast (Pyricularia oryzae)

Brown spot (Bipolaris oryzae)

Leaf scald (Microdochium oryzae)

Narrow brown leaf spot  (Cercospora 
janseana)

False smut (Ustilaginoidea  virens)

Tip burn (Physiological disorder)

Maize 

Rust (Puccinia sorghi)

Turcicum leaf blight  (Exserohilum 
turcicum)

Maydis leaf blight (Bipolaris maydis)

Ragi Leaf blast (Pyricularia oryzae)

Sesamum Leaf blight (Alternaria sesami)

Brinjal Fruit rot (Phomopsis vexans)

Chilli Leaf spot (Cercospora capsisi)

Pumpkin Powdery mildew (E. cichoracearum)

Yam Leaf blight (Glomerella cingulata)

Taro Leaf blight (Phytophthora colocasiae)

Ginger Leaf spot (Phyllosticta zingiberi)

Turmeric Leaf blotch (Taphrina maculans)

Khasi 
mandarin

Scab (Elsinoe fawcetii)

Powdery mildew (Oidium spp.)

Banana Sigatoka leaf spots (Mycosphaerella 
spp.)

Table 4. Disease calendar of Jhum crops
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ENTOMOLOGY

Study on pollinators’ complex of mustard and 
their foraging behavior in Arunachal Pradesh

(Contributors : H. Kalita, R. Singh)

An experiment was conducted to study the foraging 
behavior of different insect pollinators in mustard 
during 2019-2020. In Arunachal Pradesh around 10 
insect pollinators have been recorded. Some of them 
are nectars feeder and some are pollen robberer. 
Among the visitors, E. himalayensis, Apis cerana 

Apis cerana 
indica

Eristalis spApis cerana 
indica

Danaus 
chrysippus

Apis cerana 
indica

Blue housefly 
(Lucilia sp)

Fig. 11. Different pollinators in mustard

Table 5. Host range of S. sclerotiorum and their 
disease incidence

Host crop Disease Mean sclerotial 
population/

plant

Disease 
Incidence 

(%)
Ash Gourd Fruit rot 05.00 39.33
Black gram White stem rot 07.00 13.33

Cabbage White rot 04.75 40.00
Cauliflower White rot 02.50 25.00

Carrot Cottony soft 
rot

03.60 38.00

Dahlia Head rot 03.20 50.75
French beans White rot 03.57 40.00

Lettuce Lettuce drop 56.00 23.00
Laiipata White rot 09.75 38.50
Mustard Stalk rot/white 

rot
06.88 24.93

Peas White rot 04.50 46.75

Study on host range of Sclerotinia sclerotiorum

(Contributor : Raghuveer Singh)

The fungus caused white rot disease in different crops. 
Sclerotia were randomly collected from the damaged 
parts of infected plants grown in the commercial plots 
of the research farm, Gori (Table 5). Observations 
on sclerotial morphology revealed that in nature on 
lettuce host the fungus produced mostly irregular, flat 
rectangular or short to long cylindrical sclerotia.

indica, Eristalis tenax and Bombus breviceps visit more 
(Fig. 11). The visit of insect pollinators is influenced 
positively by the SSH. The population of pollinators 
is less in cloudy and rainy days. The maximum 
population of all pollinators was observed during 9 
AM to 10 AM followed by 10 AM to 11 AM.

Monitoring, diagnosis and management of invasive 
alien insect pest species in North East India

(Contributors : H. Kalita, K. S. Singh)

Invasive alien species (IAS) are the biggest threat 
to the agriculture and also to the biodiversity (after 
destruction of habitat), they also causes severe 
economic losses in tune of billions of dollars to world 
economy.  A species that has been intentionally or 
unintentionally introduced to a location, area or 
region where it does not occur naturally are called 
alien species. So regular monitoring is required to 
diagnose the pest in time for development of suitable 
management strategies. 

Black Weevil infestation in maize: 

This is a new pest which was observed in maize 
cultivation of Chirne Village in this district. The maize 
crop was badly damaged in the early stage of growth 
due to infestation of this pest. The species level 
identification is not done yet, already sent to NBAIR, 
Bengaluru for identification. It was estimated around 
30% of crop damage during survey. The beetles feed 
on underground portion of stem and causes death of 
plants. Beetles live inside the soil and make 12 -15 
inch dept tunnels for movement.

Fig. 12. Outbreak of plant hopper in rice 
cultivation
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ANIMAL SCIENCE

Dynamics of Mithun (Bos frontalis) population 
and technological intervention for sustainable 
production in mid hills of Arunachal Pradesh

(Contributors : Doni Jini, R. A. Alone and K. Bhagawati)

To study the density of forages consumed by Mithun, 
another location was selected in the region (Fig. 
19). The available forages were compared with the 
previous location. It was found that 06 species viz., 
Macaranga denticulate, Dendrocalamus giganteus, 
Ficus hirta, Ficus auriculata Lour, Ficus hispida L.f. and 
Ficus semicordata Buch.-Ham. ex Sm. were commonly 

Fig. 13. Collection of forages from different sites

Table 6. Frequency per cent of  different forage found in different  Mithun  preferred sites

Sl. no Scientific  name Vernacular 
name Parts consumed Life 

form
Lura
(%)

Village
(%)

Village
(%)

1 Macaranga denticulata Ripum Leaves Tree 0.53 1.2 3.1

2 Dendrocalamus 
giganteus Munro Hurung Leaves & tender 

culms Tree 18.7 19.1 18.7

3 Ficus hirta taksin Leaves & tender 
culms Tree 7.2 6.2 11.2

4 Ficus auriculata Lour (Takuk) Leaves Tree 6.3 6.4 7.7
5 Ficus hispidaL.f. Takshin Leaves  Tree 7.2 7.8 13.1

6 Ficus semicordata Buch.-
Ham. ex Sm. 

Takuk 
(kugrikugma) Leafy shoot Tree 3.3 4.6 5.8

Assessment of self reported occupational hazards 
in livestock and poultry farmers in eastern parts 
of Arunachal Pradesh:

(Contributors : Doni Jini, Sandeep Ghatak,  S. Das, H. 
Kalita

To study the occupational hazards, a semi-structured 
questionnaire developed by Neitzel et al. (2014) 
was used for collection of data. Similarly, to identify 
various discomfort faced by the livestock owners 
during handling of livestock BPD (Body part 
discomfort) score was used. Four villages viz., Sago, 
Gori, Nyigam and Daring were purposively selected 
consisting of 35 farmers/villages during the month of 
November to January. The study revealed that, most 
common physical discomfort reported by farmers 
during different livestock mangemental operation 
(Fig. 14) was severe pain in lower back (51.43.%) 
in Gori and (45.71%)  by Nyigam farmers. Overall 
(38.17 %) farmers reported severe pain in the wrist, 
moderate pain in the finger (68.17%), knee pain 
(40.%) whereas pain of shoulder (31.42%), palm 
(55.71%) was reported minimum. Injury due to 

close proximity with animals, (45.18%) reported due 
to kicking in dairy, (54.28.1%) biting in pigs and 35 
.71 per cent picking in poultry. In terms of chemical 
hazards due to contacts (94.28%) of the respondents 
reported skin allergies in poultry and (87.14%) from 
pigs. Fungal infection particular ringworm (92.85 %) 
was reported during cleaning and feeding of pigs (fig. 
30). But No seropositive cases for brucellosis were 
found in the animals 14 cattle and 22 pigs (3 boars + 
16 sow + when screened using RBPT test during the 
investigation.

found in all the three sites  and had almost similar 
frequency per cent (As per Curtis and McIntosh 
(1950) as shown in Table 6 and Fig. 13.

Fig. 14. Physical hazard due to discomfort faced 
by the farmers during various management 

activities
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Fig. 15. Adult male and female indigenous cattle 
with calves

Conservation and improvement of indigenous 
cattle in northeast of India

(Contributors : Doni Jini, H. Kalita) 

Under cattle project of the institute from Arunachal 
Pradesh three districts were purposively selected 
for the study viz. Si Yomi, Anjaw, Tawang, which are 
located in the eastern most part of Arunachal Pradesh. 
As per the objective for documentation survey was 
conducted using pretested questionnaire to study 
the phenotypic characteristic and management 
practices of indigenous cattle in the Shi Yomi district 
of Arunachal Pradesh state. 

Physical traits: The indigenous cattle (Balang) 
(Fig. 15) were of small size, stout. The body colour 
varied from black (62%), brown (23.8%) and light 
black (14.2%). The horn orientation (66.7%) curved 
upward and 33.3 per cent curved upward and inward. 
Horn colour (71.4%) black and remaining was brown 
colour. Cent per cent ear orientation was horizontal. 
Muzzle were black in colour (62.0 %) and followed by 
brown colour.Head was straight (80.9%) and convex. 
Hump and dewlap were small with small penis sheath. 
The udder were bowl in shape and small size. Around 
62.5 per cent of the teats were funnel shaped with 
rounded tip. Milk vein was non prominent. Hoof color 
varied from black (47.6%), black & white (33.3%) and 
brown (19.1%). Tail was up to the hock with switch 
colour was predominantly black (52.3%) followed by 
brown (38.1%) and white 9.5 per cent.

Morphometric trait: Average body length of male 
and female cattle below 1 year age (72.3± 0.7) and 
(67.05±0.43 cm), 1-2 years age male (86.5±0.5 cm) 
and (82.35±0.67 cm), cows (96.74±0.32 cm) and bull 
(101.34±0.45 cm). Similarly, for 16 adult cows and 5 
bulls chest girth, height at withers, horn length, ear, 
face and tail length were 127.95±0.39 cm, 135.56±0.51 
cm, 100.03±0.30 cm, 104.34±0.64 cm, 9.95±0.17 
cm, 12.2±0.37 cm, 18.49±0.19 cm, 38.06±0.15 cm, 
38.36±0.33 cm, 86.68±0.74 cm and 90.72±0.49 cm 
respectively.

Regional Trial of Advanced Guava Lines

(Contributors : T. Angami, R. A. Alone)

The performance of different guava lines under Basar 
condition revealed that among the five varieties of 
guava grown under sub tropical mid hill condition (Fig. 
16), RCGH-4 recorded the highest plant height (1.80 
m) and number of leaves per shoot (27.60). Whereas 
RCGH-7 took minimum days (11.50) from flowering to 
fruit set while exhibiting the maximum canopy spread 
(1.24 m2), fruit set (92.42 %) and number of fruits per 
plant (34.00).

Fig. 16. View of varietal trial of Guava

All India Network Challenge Programme on 
Canopy Management and Plant Architectural 
Engineering in Temperate fruits

(Contributors : T. Angami, R. A. Alone)

The study of different training systems of peach 
varieties under Basar condition (Table 7) revealed that 
the variety Florda Prince exhibited higher plant height 
(2.66 m), canopy volume (12.45 m3), rootstock girth 
(13.83 cm), scion girth (11.96 cm), fruit weight (43.42 
g) and fruit yield per plant (2.92 kg) as compared to 
the variety Partap. Peaches trained on Y shape trellis 
recorded highest yield (3.13 kg/plant) and found 
significantly superior over others.

AICRN on Potential Crop

(Contributor : Letngam Touthang)

Biochemical content analysis of Job’s tear and 
Perilla leaves

Nutritional and antioxidant content of Job’s tears and 
perilla leaves at early vegetative stage were analyzed 
to explore their economic importance. In Job’s tears 
leaves carbohydrate content of 165.25, Starch (5.71), 
Protein (179.69), Phenol (122.78), Ascorbic acid 
(46.44) and DPPH % activity (93.57) were recorded 
respectively.  While in perilla, carbohydrate content of 
154, Starch (9.93), Protein (162.17), phenol (150.45), 
Ascorbic acid (29.26) and DPPH % activity (89.64) 
were recorded respectively. Job’s tears (Tanyak) could 
also be a good alternative source of fodder specially at 
early vegetative stage.
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Table 7. Growth attributes of peach varieties on different training systems at Basar

Treatments
Plant 

height 
(m)

Canopy 
Vol. (m3)

Rootstock 
girth (cm)

Scion 
girth 
(cm)

Fruit 
weight 

(g)

Fruit yield 
(kg/plant)

Florda Prince (V1) 2.66 12.45 13.83 11.96 43.42 2.92
Partap (V2) 2.34 10.38 11.83 9.33 39.75 2.47
Sem (±) 0.14 0.87 0.96 0.56 0.88 0.10
CD (P=0.05) 0.45 2.64 2.89 1.68 2.63 0.31
Y shape Trellis (T1) 3.20 17.86 16.33 13.83 42.83 3.13
Espalier (T2) 2.63 12.48 13.00 11.25 42.33 2.45
Open Centre (T3) 2.10 7.69 10.50 7.83 41.67 2.63
Central Leader (T4) 2.07 7.62 11.50 9.67 39.50 2.55
Sem (±) 0.20 1.24 1.36 0.78 1.23 0.15
CD (P=0.05) 0.64 3.74 4.09 2.38 3.72 0.44
V x T 0.90 5.29 5.78 3.36 5.27 0.63

Germplasm evaluation of Job’s tears:

(Contributor : Letngam Touthang)

Eleven entries of Job’s tear were evaluated during 
kharif  2020 (Table 9).  Recorded days to 50 % 
flowering ranges from 129 (RJTGP-68) to 144 days 
(RJTGP-45) with a mean of 137.81 days. Mean plant 

height of 135.61 cm, mean number of seed per 
plant of 252.2 with average yield per plant of 23.94 
g were recorded among the genotypes. The highest 
yielding potential was recorded in RJTGP-89 (17 q/
ha) followed by RJTGP-49 (15.36 q/ha) and RJTGP-81 
(12.92 q/ha) respectively.

Table 8. Yield contributing traits of Job’s tear

Sl.No. Variety Days to 50% 
flowering

Pl Ht 
(cm)

No. of seed/
plant Yld (g)/Plant Yld (q)/ha

1 RJTGP-41 140 119.7 237 20.5 8.2
2 RJTGP-45 144 126.7 168.2 11.5 4.98
3 RJTGP-49 132 152.3 396.4 38.4 15.36
4 RJTGP-59 135 151.7 288 25.5 10.2
5 RJTGP-65 142 159.7 147.4 12.9 5.16
6 RJTGP-68 129 126.7 253.7 22.6 9.04
7 RJTGP-71 142 123 210 16.8 6.72
8 RJTGP-74 136 135 243 22.9 9.16
9 RJTGP-81 134 143.7 306.6 32.3 12.92

10 RJTGP-89 141 137.3 373.6 44.1 17.64
11 RJTGP-96 141 116 150.3 15.9 6.36
 Mean 137.81 135.61 252.2 23.94 9.61
 CV(%) 3.522 10.8 33.24 43.69 43.08

AICRP on Mushroom

Evaluation of high yielding strains and varieties of 
oyster mushroom

(Contributors: R. Singh, H. Kalita)

Under AICRP-mushroom, seven strains (Pl-19-01 
to Pl-19-07) and three varieties (P. sajor-caju, P. 
florida and P. flabellatus) (Fig. 17) were evaluated in 
mushroom cropping room at ICAR research farm, Gori 
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in the year 2020. Substrate used was chopped paddy 
straw. Pleurotussajor-caju (99.65% BE) gave highest 
yield followed by P. florida (98.78% BE), P. flabellatus 
(98.25% BE), Pl-19-04 (97.20% BE) and Pl-19-

 A
c 

B C 

Fig. 17. High yielding oyster mushroom A) P. sajor-caju, B) P. florida and C) P. flabellatus

Quantitative impact assessment of mushroom 
production technology

(Contributors: R. Singh, H. Kalita)

Fifty farmers were randomly selected for quantitative 
impact assessment of mushroom trainings and 
demonstrations. When they were asked the reasons 
of participation in mushroom training programmes, 
100% of respondent required certificate for bank loans 
followed by 90% respondent required to knowledge 
about mushroom cultivation. Based on perception 
level changed during trainings programmes, highest 
87.09% of respondent changed their perception level 
about materials and techniques used in mushroom 
cultivation.

National Seed Project-ISP project

(Contributors : Letngam Touthang,  A. Tasung)

Under NSP-ISP project, truthfully labeled seed 
production were undertaken on Paddy (var. CAU-R-I, 
10 qt), Pea (Var. Aman, 3 qt) and Ginger (var. Nadia, 30 
qt) in selected farmers field at Leparada district during 
kharif and rabi 2020. Demonstration on scientific seed 
production technology and diagnostic field visit were 
undertaken regularly during the crop period (Fig. 18).

02 (96.87% BE). Other strains were also recorded 
biological efficacy like Pl-19-03 (89.60%), Pl-19-06 
(85.65%), Pl-19-01 (84.24%), Pl-19-05 (78.64%) and 
Pl-19-07 (75.85%).  

Fig. 18. FLD and seed production on rice 
(var. CAU-R-I) and Ginger (Var. Nadia)

Integrated Horticulture including Fisheries for NE 
India

(Contributors : H. Kalita, T. Angami, R. A. Alone)

The main objective of this project was for improvement 
of livelihood of the farmers through intervention of 
Horticulture and Fishery. Since January 2020, for 
expansion of area of Khasi mandarin two training 
cum distribution programmes were organized for the 
farmers of Leparada district (Fig. 19). Forty farmers 
of Basar and Tirbin circle were benefited through this 
programme. 15ha area of khasi mandarin was covered. 
In Longding One bore well, one labour shed and one 
pump house have been established under this project

Fig. 19. Distribution of khasi mandarin

AICRP on Oilseed, ICAR-IIOR, Hyderabad

(Contributors : Badapmain Mokdoh, A. Tasung)

Sesame (Sesamum indicum) is an oilseed crop that is 
being adopted by the farmers of Arunachal Pradesh in 
the recent decade due to its adaptability and market 
demand. Critical inputs were distributed along with 
training programme in collaboration with KVK, 
Namsai. Nine farmers were selected for demonstration 
of Sesame (Sesamum indicum) crop production in 
farmer’s field (Fig. 20). The yield data were collected 
but good crop could not be harvested due to the heavy 
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rainfall. The market rate was also very low (@Rs 70-
80/kg) as compared to previous years @Rs 150-160/
kg. A field experiment was also carried out in Gori 
Farm, ICAR RC NEH, Arunachal Pradesh Centre, Basar. 
The crop duration was varied from 137-153 days in 
the farmers’ field. The yield was varied 6.0-7.5 q/ha.

Fig. 20. Input distribution Programme at KVK 
Namsai and Demonstration plots in farmers’ field

Gramin Krishi Mousam Sewa (GKMS)

(Contributors: H. Kalita, K. Bhagwati)

GKMS AMFU Basar, ICAR Arunachal Pradesh Centre, 
Basar is providing weather-based customized 
advisory to farmers and other stakeholders across 

the 20 districts of Arunachal Pradesh. It is also 
providing block level advisory to farmers of 8 blocks 
of West Siang and Leparada Districts. The advisory 
bulletins are prepared based on the medium range 
weather forecast received from India Meteorological 
Department (IMD) and the inputs from scientists and 
experts of various discipline on every Tuesday and 
Friday. The advisory were regularly disseminated 
on every Friday and Tuesday mainly through mobile 
sms, website, social media (whatsapp), and email and 
through 14 KVKs of the state. As per the report of 
mKisan portal (Govt. of India), over 3 lakhs farmers 
and stakeholders has been benefitted through this 
service across the state of Arunachal Pradesh. During 
the year 2020, 2120 district level and 848 block 
level agromet advisory bulletins were prepared, 
disseminated, published and uploaded. 

Extension and other activities

Different extension/training programmes were 
organized for the livelihood improvement of farmers 
and other important mandatory activities were also 
carried out in the centre during the year. 
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SUMMARY

ICAR RC NEH Region, Manipur Centre through its extensive multidisciplinary research and extension activities 
played a significant role in solving the problems of agriculture and allied field the state of Manipur. It worked as 
a core body in formulating state action plan /policy documents for double cropping for sustainable agri-horti 
development, enhancement of rice production, livestock production, feed policy and fishery sector. During the 
year 2020, multi-location yield trial of promising three rice lines- RCM 33, RCM 36 and RCM 37 was successfully 
conducted, these lines outperformed well with blast and false smut tolerance. These are to be proposed for state 
release during 2021. DUS characterization for 51 traits in 23 Black rice “Chakhao” landraces were carried out. 
Purification and maintenance of GI Black rice is also being taken up. Under NSP Breeder Seed Production and 
ISP, 43.7 quintals of breeder seed, 44.50 quintals of foundation seed and 14.97 quintals of certified seeds of rice, 
soybean, groundnut, maize and pearl millet were produced. Under ICAR Seed Project, 561.30 quintals of pre 
kharif  rice, 964.49 quintals of main kharif rice and 13.09 quintals of groundnut were produced. Comparison of 
various maize based cropping systems revealed that maize-sweet corn- veg. broadbean combination gave higher 
system productivity i.e. 23.24±0.73 t/ha. Foliar application of melatonin in pineapple showed substantial impact 
on enzymatic activity. For management of Fall armyworm, application of Metarrhizium anisoplae @ 5ml/litre 
water and Spinetoram 11.7% SC @0.5ml /litre water was found to be most effective. Infectivity analysis of Banana 
Streak MY Virus (BSMYV) revealed that resistance of diploid Musa balbisiana genotype Bhimkol genome broke 
down upon agroinfection with BSMYV. First successful attempt was made to decipher the virome of chilli pools 
of North East India. Under poultry seed project 24,367 number of day old chicks were produced and supplied to 
the beneficiaries/ agencies. Valley area of the state observed higher farm income diversification (42.87 per cent) 
compared to hill. During the year, 13 number of trainings, webinars and capacity building programmes were 
organised. Despite Covid-19 pandemic, by following SOPs and guidelines, almost all the mandated targets for the 
year 2020 could be achieved. Formation of Covid task force, mass testing, thermal testing, use of sanitizers and 
restriction of entry and gatherings were also followed.
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Weather report

During January to December 2020, a rainfall of 1627.1 
mm was recorded against normal rainfall of 1454.0 
mm. The highest rainfall day was observed on 23rd 
September 2020 with 82.4 mm rain. June month 
recorded the highest rainfall ie. 307.4 mm against 
the highest monthly normal rain of 262.6 mm during 
June month. The highest temperature of 34.6 oC was 
recorded on 3rd August 2020 while the coldest (3.1 
oC) was 29 December 2020. The monthly average 
maximum temperature ranged from 21.2 oC in January 
to 30.3 oC in September against normal range of 
22.0 oC in January to 29.7 oC in August. The monthly 
average minimum temperature ranged from 6.5 oC in 
December to 23.0 oC in August against normal range of 
4.3 oC in January to 21.6 oC in July. The monthly average 
maximum relative humidity ranged from 83.0% in 
March to 95.6% in December against the normal 
range of 71.5% in March to 86.5% in July. The monthly 
average minimum relative humidity ranged from 37.5 
% in March to 72.8 % in July against the normal range 
of 51.4% in March to 77.9% in August (Fig.1).

FIELD CROPS
RICE
Breeding for high yielding lowland rice varieties 
of Manipur and mapping of leaf and neck blast 
resistant gene(s)

(Contributors: Konsam Sarika, S. Bhuvaneswari, I 
Meghachandra Singh, S K Sharma, E Lamalakshmi 
Devi, Arati N) 

Station trials of rice for yield

In the second year lowland yield trials of rice PYT-I 
and PYT-II conducted during Kharif 2020, 6 lines from 

Fig. 1. Monthly average maximum and minimum 
temperatures (oC), relative’s humidity (%) for 

morning and afternoon, rainfall (mm) and bright 
sunshine hours during 2020 in Imphal

PYT-I viz., MC-48-1-1-3, MC-48-2-1-14, MC-48-4-2-71, 
MC-49-1-3-43, MC-49-1-5-16 and MC-49-1-5-34 and 
7 lines from PYT-II viz., MC-56-8-5-22, MC-59-1-1-1, 
MC-61-1-2-1, MC-65-2-1-3, MC-65-2-1-4, MC-66-1-1-
17 and MC-66-4-2-24 outperformed the three checks 
viz. Leimaphou, RCM 30 and RC Maniphou 7. Based 
on 2 years PYTs (Kharif 2019 and 2020) data and 
Farmers’ participatory varietal selection conducted, 
four lines MC-48-1-1-13, MC-48-2-1-14, MC-49-
1-3-43 and MC-56-8-5-22 had been identified for 
nomination in AICRIPs medium hill trial during Kharif 
2021. Parentage of the identified lines includes RC 
Maniphou 7, RC Maniphou 10, RCM 23 and Chakhao 
Amubi.

Multi-Location Yield trial for varietal release in 
Manipur State

A second year multi-location yield trial was conducted 
to evaluate the performance of promising rice 
genotypes, RCM 33, RCM 36 and RCM 37 (Fig 2) 
developed by ICAR RC NEHR Manipur Centre along 
with check (KD 3-6-2) in farmers’ fields in five districts 
of Manipur viz. Imphal West, Imphal East, Bishnupur, 
Thoubal and Chandel. All the three outperformed well 
with blast and false smut tolerance in all the districts 
over the check and were to be proposed for state 
release in 2021. 

Fig 2. Seeds, unpolished grain, polished grain 
and grain morphology of A) RCM 36 B) RCM 37

Station trial of Black Rice

A second year replicated yield trial of 12 advanced 
breeding lines of black rice was conducted during 
kharif 2020. Based on two years evaluation, three semi-
dwarf lines MC-55-2-1-3-9, MC-66-1-1-28 and MC 66-
1-1-3-28 showed promising yield > 4.5 t/ha with 8-14 
effective tillers as against 5 in parent Chakhao Amubi 
(Fig 3). These lines have high anthocyanin content 
with better cooking quality with ASV >5. Parentage 
of the identified lines includes Chakhao Amubi I, RC 
Maniphou 7 and IR 64.
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Fig 3: Seeds, grains and plant height (1 metre scale) of selected Chakhao Amubi lines viz. Line 1: MC-
55-2-1-3-9, Line 3: MC-66-1-1-28  and Line 5: MC 66-1-1-3-28  from two years station trial conducted 

during kharif 2019 and 2020

One hundred and four F4 generations promising 
single plant selection was carried out in 13 crosses 
during kharif 2020.  Two BSA Mapping populations 
were developed from crosses RC Maniphou 7 x Ching 
phourel and Wainem x RC Maniphou 7. Scoring for 
leaf and neck blast was carried out for a total of 737 
F2 plants. 
Characterization and development of rice plant 
ideotype for improved yield under upland 
conditions of Manipur 
(Contributors: S.Bhuvaneswari, E. Lamalakshmi Devi, 
Konsam Sarika, I Meghachandra Singh)
During Kharif 2020, station trial with 13 rice 
genotypes under direct seeded upland conditions 
showed Bhalum-3 with medium duration in maturity 
(125 days), semi-tall stature (117 cm) as significantly 
higher in grain yield (4.2 tha-1) compared to checks.  
Single plant selections were also made from six F4 
families of MC-76 series (Bhalum-3×RC Maniphou-7) 
for sturdy culm and yield related traits. 
Development of high yielding rice variety of 
Manipur Black rice Chakhao (Oryza sativa L.)
(Contributor: Konsam Sarika )
Characterization of black rice landraces
DUS characterization for 51 agro morphological 
traits of 23 Chakhao collections were carried out 
during Kharif 2020. Significant variations in traits like 
presence or absence of anthocyanin colour of leaf and 
leaf sheath, awn characters, etc could be observed. 
Generation of F2 seeds
F1  plants of the cross Chakhao Amubi and RC Maniphou 
13 were raised during kharif 2020 and true F1 plants 
were identified based on polymorphic SSR marker 
(Fig 4). 

Fig 4: A) F1 seeds of the cross Chakhao amu-
bi x RC Maniphou 13 B) Polymorphic and C) 

non-polymorphic SSR marker between Chakhao 
amubi(P1) and  RC Maniphou 13 (P2)

DUS testing and Grow out test (GOT) of farmers’ 
varieties of rice

(Contributor: S. Bhuvaneswari) 

During Kharif 2020, first year DUS characterization 
of seventy-five farmers’ varieties of rice from North 
East region along with eight released varieties of ICAR 
Manipur Centre and reference varieties Prasanna, 
Mahamaya and Nidhi revealed their morphologically 
distinctness. Further, 30 upland rice landraces from 
Tamenglong district were characterized for the 
important morphological traits under direct seeded 
upland conditions and found distinct.

All India Co-ordinated Rice Improvement Project 

(Contributors: Konsam Sarika, S.Bhuvaneswari)

Three medium duration trials were conducted during 
Kharif 2020, namely IVT M (H), AVT-1 M (H) under 
lowland rainfed transplanted conditions and AVT-1 U 
(H) under direct seeded upland conditions. In AVT-1 M 
(H), entry no. 2501, 2502 and 2507 were significantly 
high yielders (7 tha-1) over local check RC Maniphou-13 
(5.3 tha-1). In IVT M(H), entry no.2608 (10 tha-1), 2603 
(8.6 tha-1) and 2609 (8 tha-1) were significantly high 
yielders over local check RC Maniphou-13 (7.3 tha-1). 
Under AVT-1 U(H), entry no.2705 (4.0 tha-1) and entry 
no.2701 (3.4 tha-1) were promisingly performing. 

Screening of rice entries under National Screening 
Nursery-Hills (NSN-H), National Hybrid Screening 
Nursery (NHSN) and Donor Screening Nursery 
(DSN) for leaf and neck blast diseases

A total of 407 rice entries constituting NSN-H (128), 
NHSN (105) and DSN (174) entries received from ICAR-
IIRR, Hyderabad were screened for leaf and neck blast 
diseases under modified uniform blast nursery (UBN) 
and natural disease pressure respectively. Moderate to 
high disease pressure was recorded during the Kharif 
2020. In NSN-H trial, 43 entries exhibited low disease 
score (0-3) for leaf blast and 91 entries for neck blast. 
38 entries in NSN-H trial showed resistance to both 
leaf and neck blast. In NHSN trial, 49 entries showed 
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resistance (low disease score of 0-3) to leaf and neck 
blast. In DSN, 117 entries showed resistant reactions 
(score of 0-3) to leaf blast and 150 entries to neck 
blast. 110 entries in DSN trial showed resistance to 
both leaf and neck blast diseases.

Field monitoring of virulence of Pyricularia oryzae 
under Manipur valley conditions

(Contributors: S. K. Sharma, Bhuvaneshwari S., Konsam 
Sarika)

The virulence spectrum of rice blast pathogen was 
monitored using 35 standard differentials during 
Kharif 2020. None of the differentials showed resistant 
reaction to leaf blast. Two differentials (Tadukan and 
RP Patho-8) showed resistant reaction (score 0-3) 
to leaf blast. Nine differentials showed moderate 
reaction (score 4-6) while remaining all genotypes in 
the differential set showed highly susceptible reaction 
(score above 6) to leaf blast pathogen. Differential 
virulence pattern as compared to last four years was 
observed which indicated changes in the virulence 
pattern of rice blast pathogen in Manipur.

MAIZE
Development of single cross maize hybrid(s) for 
North-Eastern hilly states

(Contributors: E.Lamalakshmi Devi, S.Bhuvaneswari, 
Konsam Sarika, SK Sharma, Akoijam Romila, Akoijam 
Ratan kumar, I Meghachandra Singh) 

During summer 2020, a total of 119 maize breeding 
lines (S3 seeds) including sister lines developed from 
local landraces of NE India were raised and a total of 
30 promising lines were selected. The yield related 
traits among these 30 promising lines showed large 
variation while, genetic diversity and marker-trait 
associations using 52 microsatellite markers covering 
the whole genome revealed a total of 189 alleles with 
a mean of 3.63 alleles/ locus and average PIC value of 
0.49. A total of 70 germplasm from NBPGR, Shillong 
and collections from different parts of Manipur 
and Meghalaya were grown and maintained during 
summer 2020 at Lamphelpat research farm.

Marker-assisted introgression of waxy1 allele for 
development of high amylopectin maize genotypes 

(Contributors: E. Lamalakshmi Devi, Konsam Sarika)

The waxy allele wx1 from maize donor parent Pusa 
wx1 was transferred into two maize recurrent parents 

V 373 and V 391 through marker assisted selection 
using waxy1 specific SSR markers in foreground 
selection and genome wide polymorphic SSR markers 
for background selection (Fig 5) and BC2F2 seeds were 
obtained during rabi 2020-21.

Fig. 5. Polymorphism survey of SSR primers for 
background selection

Development of locally adapted haploid inducer 
lines in maize through marker- assisted 
introgression of pollen-specific MATRILINEAL 
phospholipase gene 

(Contributors: Konsam Sarika, E. Lamalakhsmi Devi)

Locally adapted NE maize F2 generations were grown 
and homozygous (mtl/mtl) were identified through 
marker assisted selection during kharif 2020 (Fig 7 
& 8). The haploid induction capacity of these newly 
developed early generation haploid inducer lines will 
be evaluated during kharif 2021.

Fig. 6. Segregation of marker linked to MTL 
gene in F2 population, star indicate MTL 

positive plants

Fig. 7. Cobs of mtl/mtl homozygous locally 
adapted plants with purple colour in the 
crown region of kernel due to R1-nj allele 

Multilocation trial of RCM 1-78 Maize

(Contributors: Amit Kumar, Meraj Alam Ansari, I. 
Meghachandra Singh, Susheel Kumar Sharma, Konsam 
Sarika, Dr. Bhuvaneswari S., E. Lamalakshmi Devi, 
Arati Ningombam, Subhra Saikat Roy, T. Basanta Singh, 
Narendra Prakash)

Multilocation trial (MLT) of RCM 1-78 was conducted 
in consecutive second year at Chandel, Churachandpur 
and Imphal West district. RCM 1-78 (flint corn) gave 
on an average 24.6 and 21.3% higher grain yield over 
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Fig. 8. RCM 1-78 grain 
and cob

Fig. 9. RCM 1-2 grain 
and cob

Fig. 10. Different organic nutrient management

Multilocation trail of RCM 1-2 Maize

(Contributors: Amit Kumar, Meraj Alam Ansari, I. 
Meghachandra Singh, D. K. Verma, Jiban Mitra, Vinay 
Mahajan, Susheel Kumar Sharma, Bhuvaneswari S., 
Konsam Sarika, Subhra Saikat Roy, Narendra Prakash)

Multilocation trial of RCM 1-2 was conducted at 
Chandel, Churachandpur and Imphal West district 
of Manipur. RCM 1-2 (popcorn) genotype gave on an 
average 37.2 and 25.2% higher grain yield over VL 
Amber variety under experimental and multilocation 
trails respectively (Fig.9).

Field pea (Pisum sativum L.) improvement for 
powdery mildew and rust resistance

(Contributors: S. Bhuvaneswari, E.Lamalakshmi Devi, 
Susheel Kumar Sharma and I. Meghachandra Singh) 

Based on field screening for powdery mildew, rust 
disease reaction and yield related traits evaluation 
during rabi 2019 and 2020, 26 advanced breeding 
lines (F5:6 generation) derived from three crosses 
Makhyatmubi/HUDP-16, HUDP 15/DDR-30, EC 8495/
HUDP 15 developed at ICAR RC NEH Region, Manipur 
Centre were found promising with resistant reaction 
(disease score < 5) and yield related traits namely 
no. of pods per plant (5-10), 100 seed weight (14.4 
to 24.1 g), plant height (60-100 cm) and selected for 
station yield trial. The breeding material developed 
through pedigree method helps in development of 
high yielding, disease resistant field pea variety/ies 
adapted to the region.

Network Project on Organic Farming (NPOF)

(Contributors: M A Ansari, S S Roy, S K Sharma)
The experiment was conducted on various organic 
nutrient management practices (control, poultry 
manure @ 2.0 t/ha, vermicompost @ 2 t/ha and FYM 
12 t/ha) under four maize and rice based cropping 
system at ICAR Langol hill farm under rainfed 
conditions (Fig 11). Maize + groundnut cropping 

systems (5.73 t/ha) observed higher maize equivalent 
yield (MEY) than paired rice + groundnut (5.12 t/ha). 
Application of 2 t/ha vermicompost with biofertilizers 
(Azo. + Rhizo.) gave higher maize equivalent yield 
(5.41 t/ha) followed by poultry manure (5.1 t/ha) 
than control (4.22 t/ha).

All India Coordinated Network Project (AICRN) on 
Potential Crops
(Contributors: M. A. Ansari, S. Bhuvaneswari)

Evaluation of perilla under IVT trial (9 entries): 
RC Thoiding 8 (17.89 q/ha) recorded the highest 
seed yield with duration of 178 days. Among medium 
maturing duration (148 days), RC Thoiding- 15 
recorded the highest seed (15.98 q/ha).
Evaluation of perilla germplasm (24 entries): IC-
0615378, IC-0615381 and IC-0615390 gave more than 
25 g/plant seed yield than other perilla germplasms.
Evaluation of Jobstear Germplasm (50 entries): 
RJTGP-49 (252.1 g/plant) and RJTGP-45 (236.1 g/
plant) was recorded the highest grain yield/plant. 
Evaluation of winged bean germplasm (90 
entries): Under this trial EC-130184 gave 131 g/plant 
pod yield as compared to other germplasm.
Evaluation of winged bean under IVT trial (90 
entries): Under this trial PWB-17-14 gave 40.5 g/
plant green pod yield as compared to other entries.
Evaluation of perilla genotype under multilocation 
trials (2 entries): Under multilocation trail conducted 
at Chandel, Churachandpur and Imphal West districts 
of Manipur. RC Thoiding-8 and RC Thoiding-15 gave 
on an average 15.8 q/ha and 13.5 q/ha respectively.

SEED TECHNOLOGY 
DNA fingerprinting and barcoding of rice varieties 
for varietal identification and assessment of 
genetic diversity among landraces of Manipur
(Contributors: I. Meghachandra Singh, E. Lamalakshmi 
Devi, Susheel Kumar Sharma and Amit Kumar and 
Ngangkham Umakanta)

Vijay and Hemant variety, respectively in experimental 
trial. In MLT, RCM 1-78 reported on an average 27.9 
and 29.9% higher yield over Vijay and Hemant variety 
respectively (Fig.8). 
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A set of five Manipur Black Rice (Chakhao) accessions 
collected from different locations of Manipur viz. 
G1 -Chakhao  Poreiton from ICAR Manipur Centre, 
G2 -Chakhao Poreiton from Imphal East area, G3 
-Chakhao Poreiton  from Sanjenbam, Imphal East, G4 
-Chakhao (Black Rice) from Lokmang and G5 - Chakhao 
Poreiton from germplasm of ICAR Manipur centre 
was used for DNA fingerprinting for genetic purity 
testing using SSR markers distributed uniformly on 
twelve chromosomes. Out of 100 SSR markers, 60 SSR 
markers from different six chromosomes collected 
from the Gramene marker database (https://archive.
gramene.org/markers/) was used for genotyping. 
Based on the genotyping score data of 60 SSR markers, 
all the five Chakhao genotypes showed homozygosity 
which indicated that they could be genetically pure. 
Besides, the matk gene of 5 rice germplasm viz. 
Kahangaom, Bhobu kangbu, Meitidak, Haorei 
machang and Naga wonder rice have been sequenced 
and submitted to NCBI with accession numbers 
MT161602, MT188669, MT211957, MT676445 and 
MT676446 respectively.

Identification and development of anthocyanin 
biosynthesis related gene based SSR markers 
(agSSR) from rice (Oryza sativa L.)

(Contributors: I. Meghachandra Singh, Umakanta 
Ngangkham, E. Lamalakshmi Devi, Konsam Sarika, 
Susheel Kumar Sharma, Dr. Amit Kumar)

A total of 26 structural and regulatory genes involved in 
anthocyanin biosynthesis have been collected and thier 
full genomic sequences have been downloaded. The 
genomic sequences were used to mine microsatellite 
or SSR (simple sequence repeat) using MISA-web 
online tool. A total of 140 microsatellite repeats were 
observed of which the maximum frequency was tri-
nucleotides repeat motif (39.18%) followed by tetra-
nucleotides (26.35%), mono-nucleotides (12.16%), di-
nucleotides (10.13%), hexa-nucleotides (6.75%) and 
penta-nucloetides (5.40%). The maximum frequency of 
microsatellite repeats were observed in exonic regions 
(47.97%) followed by intronic regions (38.51%). 
These agSSR markers will be validated and would be 
useful for characterization and understanding the 
variation of anthocyanin content among the different 
Chakhao landraces in Manipur.

Morphological characterization of Manipur GI 
black rice (Chak-Hao) maintained in Manipur 
centre

(Contributor:  I. Meghachandra Singh, E. Lamalakshmi 
Devi, Konsam Sarika, Bhuvaneswari S, Umakanta 
Ngangkham)

A set of seven Manipur black rice (Chak-hao) local 
germplasm collections from the state was raised at 
Manipur Centre during Kharif 2020 (Fig. 13) with 
state government support. Important agronomical 
traits/characters viz. plant height (cm), leaf length 
& width (mm), number of effective tillers per plant, 
panicle length (cm), stigma colour, days to maturity, 
grain size (length, width & breadth), grain weight and 
yield/10 plants collected at different stages of growth. 
They are to be subjected for DNA fingerprinting and 
nucleus seed maintenance.

Maintenance Breeding of Locally Released 
Varieties of Rice and other Recommended Crop 
varieties (BSP: NSP)

Rice varieties released from the Centre are being 
maintained through panicle row selection and basic 
seeds are being produced. Seeds were supplied to the 
farmers either directly under different demonstration 
programmes or Participatory Seed Production 
programme of the centre. Varieties RC Maniphou-4, 
RC Maniphou-5 and RC Maniphou-12 as pre kharif 
rice varieties and RC Maniphou-6, RC Maniphou-7, 
RC Maniphou-10 and RC Maniphou-13 as main kharif 
varieties were taken up. During the year, altogether 
21.6 q basic seeds in rice were produced. In other crops 
too, maize composite variety (Pusa Composite-3) has 
been maintained since 2005 with time isolation by 
sowing during Rabi where a total of 0.10 q of basic 
seed was produced. In millet, 0.20 q was produced 
as breeder seed. In oilseeds, soybean variety JS -335 
(0.20 q) and groundnut variety ICGS-76 (0.20 q) of 
breeder seed was maintained.

Participatory Development of Quality Seed 
Production Practices for Seed Village Concept 
(ISP)

(Contributors: I. Meghachandra Singh, Shri. S. Gunamani, 
N. Umakanta, Bhuvaneswari S, E. Lamalakshmi Devi, 
Konsam Sarika, Ms. Leenda Monsang, L. Somendro 
Singh.) 

The project involving KVKs, NGOs, Self-Help Groups 
and Farmers Clubs under Famers’ Participatory Seed 
Production approach under ICAR seed project, aimed 
at developing a suitable seed production system 
for the NEH Region in major crops was taken up in 
seven different districts of Manipur viz., Imphal West, 
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Fig 11. Experimental Field of Black Rice

Promotion of improved technology of maize 
production in NEH Region 

Contributors: M A Ansari, Saurav Saha, Anup Das, 
Raghavendra Singh, Jayanta Layek, S. S. Roy)

Field experiment was conducted for consecutive third 
year to assess the impact of intensive cropping system 
with two levels of tillage practices (conservation 
tillage and conventional tillage) and cropping systems 
[(Maize-sweet corn-vegetable pea (CS1), maize- sweet 
corn-rapeseed and mustard (CS2), maize sweet corn-
lentil (CS3), maize-sweet corn- veg. broadbean (CS4), 
maize (local)-vegetable pea (local) (CS5) and maize 
(local) sole cropping)] (Fig 12). 

Fig. 12. Maize-sweet corn-broadbean sequential 
cropping system under conservation agriculture

After three years of experiment, soil quality (soil 
carbon dynamics and enzymatic activities) water 
and energy use efficiency significantly increased as 
compared to conventional tillage practices. Among 
cropping system, higher system productivity in 
terms of maize equivalent yield was recorded in CS4 
(23.24±0.73 t/ha) followed by CS1 (23.24±0.0.53 t/
ha). The soil quality depletion was recorded highest 
in maize sole cropping as compared to maize crops 
grown with pulses in sequential cropping system. 
The highest soil quality index was recorded in CS4 
followed by CS1 as compared to other maize based 
cropping system.

Supportive technology demonstration conducted 
over 387 ha area with 1566 farmer beneficiaries in 
Manipur, Tripura, Mizoram, Sikkim and Meghalaya. 
The front line demonstrations (FLDs) emphasized on 
quality protein maize production, crop diversification 
with sweet corn and cropping intensification with 
maize i.e. intercropping (with groundnut, pea, 
rice bean, frenchbean, vegetables etc.) along with 
scientific management practices (row planting, crop 
rotation, soil liming and integrated nutrient/water 
management etc) against the farmers’ practice (FP) 
. In Rabi season field pea, vegetable pea, rapeseed 
and mustard and lentil in maize based cropping 
system were demonstrated. The system productivity 
increased from 20.0 to 95.7% in Manipur; 21.5 to 

Imphal East, Thoubal, Bishnupur, Chandel, Ukhrul and 
Churachandpur were produced with some major crops 
like rice, maize, groundnut, rapeseed, etc. In rice 60 
ha were covered involving 59 farmers in varieties RC 
Maniphou-7, RC Maniphou-10, RC Maniphou-12 and 
RC Maniphou-13 with a production of 561.30 quintals 
and average seed yield of 46.0 q/ha in pre kharif and 
964.49 quintal seeds from main kharif rice with yield 
of 54.6 q/ha was obtained from different districts of 
the Manipur. Similarly, 13.09 quintals of labelled seeds 
of groundnut (ICGS-76) and 0.80 quintals of maize 
(RCM 1-76) from 6 ha were produced.

Organic Seed Production in National Seed Project 
(STR AICRP on Seed) 2020-21

(Contributor: I. Meghachandra Singh, N. Umakanta)

Optimization of organic seed production systems 
in Black Rice and Maize

Black rice experiment was carried out at Farmers’ 
field at Bamon Kampu, Imphal East district with four 
different cultivars of black rice with three Nutrient 
management treatments; N1 –Control (no treatment), 
N2-State Recommended Dose of Fertilizer and N3- 
RDN through green manure/FYM/Vermicompost/
Neem-Cake/Azospirillium, as either sole application 
or combination of different sources +10 kg PSB/ha + 
10 kg KSB/ha with three replications. N2 gave highest 
tiller number (9.33 nos.), plant height after 30 days 
(56.00 cm), and plant height at harvesting (157.33 
cm). Seed yield (2210.40 q/ha) was found to be 
significantly higher with N2 treatment. 

The experiment in maize was carried out at 
ICAR farm Langol with three varieties with three 
Nutrient management treatments viz: N1 –Control 
(no treatment), N2- State Recommended Dose of 
Fertilizer and N3- RDN through green manure/
FYM/Vermicompost/Neem-Cake/Azospirillium as 
either sole application or combination of different 
sources + 10 kg PSB/ha + 10 kg KSB/ha with three 
replications each. The tallest plant heights after 30 
days (140.67cm) and at harvesting (291.33cm) were 
with N2. The highest grain yield (1947.62 q/ha) was 
recorded with N2 treatment (Fig. 11).
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535% in Tripura under HQPM-5 based cropping 
system and 133 to 140% in Mizoram under sweet 
corn based cropping system over farmers practice. 
The result indicated the substantial possibility for the 
maize production enhancement with available crop 
production technologies across the least explored 
North East Indian hills.

Under this project, 15 numbers of trainings were 
organized in collaboration with respective ICAR- KVKs 
for the NEH maize growers in North East India. The 
theme of the training programmes were concentrated 
on the scientific maize cultivation technologies for 
increasing profitability and resource use efficiency like 
integrated nutrient and water management, liming 
for amelioration of soil acidity, adaptation of high 
yielding varieties (including sweet corn and baby corn 
cultivation), pest management techniques and post-
harvest management under upland condition (Fig. 
13).  Fodder maize cultivation potential was one of 
the prime aspects for improving livestock production 
for improving livelihood and nutrition security of 
marginal and small farmers in North East India. 
During the year 2020 altogether, 861 beneficiaries 
were benefited under the training programme. In 
Manipur 6 number of training programme were 
conducted benefiting 303 farmers and participatory 
demonstration was conducted in 230 ha.

Fig .13. Training programme at Tupul, 
Tamenglong and Shri R.K. Ranjan Singh, Hon’ble 

MP Lok Sabha as Chief Guest, ICAR General 
Body Member Shri Nabakumar Singh and Joint 

Director ICAR Manipur Centre attended at 
Kumbi village, Bishnupur, Manipur

HORTICULTURE 

PINEAPPLE 

Impact of Exogenous Application of Melatonin on 
Pineapple

(Contributors: S. S. Roy, M. A. Ansari, Romila Akoijam, S. 
K. Sharma)

Four doses of melatonin viz. 50, 100, 250 and 500 
µmol/L and one control (MT50, MT100, MT250, 
MT500 and CK, respectively) as foliar spray at all eye 

green stage and 40-80% eyes yellow stage in pineapple 
was evaluated. With respect to proximate composition, 
maximum carbohydrate (14.72%), protein (0.28%), 
fat (0.94%) and total sugar (14.70%) were observed 
with melatonin @ 100 µmol/L. Maximum TSS 
(16.8oBrix) was recorded with melatonin @ 250 
µmol/L. Maximum vitamin C (30.50 mg/100 g) was 
recorded with application of melatonin @ 250 µmol/L. 
Maximum contents of Ca (13.5 mg/100 g), K (107.20 
mg/100 g) and Zn (0.16 mg/100 g) were recorded 
with melatonin (100 µmol/L); whereas, maximum 
levels of Mg (16.00 mg/100 g), Fe (0.37 mg/100 g) and 
Mn (1.09 mg/100 g) were associated with melatonin 
(50 µmol/L). Application of melatonin (250 µmol/L) 
registered maximum Cu (0.11 mg/100 g) content. 

Application of melatonin has also shown substantial 
impact on the activity of Peroxidase, Ascorbic Acid 
Oxidase, Polyphenol Oxidase and Polygalacturonase 
I enzyme (Fig 21). Minimum activity of peroxidase 
enzyme (23 U/L) was recorded with melatonin @ 
50 µmol/L; closely followed by melatonin @ 100 
µmol/L (23.66 U/L). The activity of ascorbic acid 
oxidase (127.33 U/L) and polyphenol oxidase (47.10 
U/L) was also associated with melatonin @ 100 
µmol/L; whereas melatonin @ 500 µmol/L registered 
maximum inhibition of Polygalacturonase I enzyme 
(1597.87 U/L). Regarding phenolics, flavonoids 
and antiradical activity, exogenous melatonin @ 
500 µmol/L was found to be beneficial for higher 
bioactivity in tomato in terms of phenolics (356 μg 
GAE/g), flavonoids (300 μg QE/g), DPPH and ABTS 
radical scavenging activity (IC50 value of 33.51 and 
7.75 mg, respectively). The results of antioxidant assay 
were validated using DNA nicking assay with Trolox 
as standard. Overall, application of melatonin @ 100 
µmol/L was found to be more beneficial in enhancing 
food value of pineapple fruits.

GUAVA

Regional trial on advance breeding lines of 
Horticultural Crop (Guava)
(Contributors: Ch. Tania, Ch. Premabati Devi)
Five guava varieties viz. RCGH-1 (Sour type x Red 
fleshed local), RCGH-4 (Red fleshed x Allahabad 
Safeda), RCGH-7 (Lucknow - 49 x Pear shaped), 
Allahabad Safeda and Lucknow-49 (Sardar) have 
been planted for their suitability under Manipur 
conditions. Maximum plant height (5.19 m), number 
of leaf (43.11), number of branch (34.52), stem 
diameter of (5.632 cm) and canopy spread (13.55 m2) 
were recorded in Lucknow -49.
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BRINJAL
Evaluation and characterization of brinjal land 
races tolerance to biotic stresses 
(Contributors: Ch. Premabati, Ch. Tania, Arati 
Ningombam,  Susheel Kumar Sharma)
Estimation of Anthocyanin, Antioxidant activity, 
Total phenol and Vitamin C content in 56 brinjal 
germplasm collected from North East India. 
The maximum anthocyanin content was recorded 
in IC 090026 (3.60 mg/100g) followed by Khamen 
Ashangbi macha (3.49 mg/100g), IC 394877 (1.71 
mg/100g), S. incanum (1.39 mg/100g). The maximum 
antioxidant activity was recorded in IC 136176 (11.36 
µmol Trolox g-1) followed by IC 090869 (9.7 µmol 
Trolox g-1) IC 090026 (9.07 µmol Trolox g-1), IC 090144 
(8.45µmol Trolox g-1). The maximum ascorbic acid 
content was recorded in IC 090160 (13.56 mg/100g) 
followed by IC 394877 (13.20 mg/100g), Marpara 
(12.74 mg/100g), IC 420406 (12.6 mg/100g), S. 
incanum (12.3 mg/100g), IC420590(12.3 mg/100g), 
IC 090144(11.92 mg/100g), Andro khamen, 
Chwangte (10.5 mg/100g) and IC 090116 (10.27). 
The maximum total phenol content was recorded in 
IC 090151 (1814.20 mg/kg) followed by IC111013 
(1618.63 mg/kg) and IC 089986 (1437.01 mg/kg), IC 
136296 (1404.2 mg/kg), 374535(1363.41 mg/kg), IC 
089989 (1348.46 mg/kg), IC 394877 (1246.55 mg/
kg), IC 136181(1239.94 mg/kg), IC 136268 (1199.49 
mg/kg) and IC 090160.

Morphological Characterization of brinjal 
germplasm collected from North East India 
(Contributors: Ch. Premabati Devi, Ch. Tania Arati 
Ningombam, Susheel Kumar Sharma)

Morphological characterization has been recorded 
from 56 brinjal germplasm collected from North 
East India. Maximum number of fruit per cluster was 
observed in RCMB 10 (4.75) followed by IC 090084 
(3.5), IC 420406 (3), IC 136268 (2.75), IC 090151 
(2.6), IC 090869(2.5), IC 136296 (2.5), S.incanum 
(2.5), Marpara (2.5) and Mamit (2.5). The maximum 
number of fruit per plant was observed S. incanum 
(19.75) followed by M9 (15.33), S. underatum (14.75), 
IC 136268 (14.33) and IC 280952 (14). The maximum 
fruit weight per plant was recorded in IC 420656 
(2016.67 g/plant) followed by IC 090160 (1075 g/
plant), IC 136268 (1016.66 g/plant), IC 090093 (950 
g/plant), khamen Asangbi macha (933.33 g/plant), 
IC 136176 (901.67 g/plant), IC 280952 (856.67 g/

plant), IC 345747(833.33 g/plant), IC 420656 (826.67 
g/plant) and IC090146 (816.67 g/plant). Considering 
both biochemical and morphological traits germplasm 
IC 090160 (13.56 mg/100g) contain maximum 
Vitamin C and second position in fruit weight per 
plant (1075 g/plant) and antioxidant activity was in 
tenth position. S. incanum recorded maximum no. of 
fruit per plant (19.75), fourth position in anthocyanin 
content (1.39 mg/100g) and Vitamin C content. IC 
090151 recorded maximum total phenol content 
(1814.20 mg/kg) and fifth position in number of 
fruit per cluster (2.6) making it the best among the 
germplasm tested. 
INDIGENOUS VEGETABLES

Standardization of organic nutrient management 
package for important indigenous vegetables of 
Manipur

(Contributors: Ch. Tania, Ch. Premabati Devi, S.S. Roy, 
T. Basanta)

Among the organic  treatment T6-100% N through 
Vermicompost + Azospirillum + PSB + AM recorded 
with plant height (92.05 cm), number of petiole 
(5.72), length of petiole (69.45 cm), number of 
leaves per plant (5.72), leaf length (33.28 cm), 
weight of corm (125.82 g), yield per plot (2.78 kg), 
projected yield per ha (12.37 t/ha), highest soil pH 
of 6.18, organic carbon (1.60%), available nitrogen 
(432.12 kg/ha), available phosphorous (22.80 kg/
ha) and available potassium 460.00 kg/ha in Alocasia 
indica. The perusal of data reveal the overall highest 
among all organic treatment with T6: 100% N 
through Vermicompost+Azospirillum+ PSB + AM 
which recorded plant height of 29.28 cm, number of 
leaves/plant 23.19, yield/plot 3.48kg and projected 
yield 15.47 t/ha followed by the organic treatment 
with plant height of 27.08 cm, number of leaves/
plant - 29.33 yield per plot 3.12 kg  and projected 
yield/ha 13.86 t/ha, soil pH of 6.21, organic carbon 
(1.63%), available nitrogen (440.15 kg/ha), available 
phosphorous (24.62 kg/ha) and available potassium 
470.44 kg/ha 

Collaborative Research and Development 
activities for promotion of seed spices varieties/ 
technologies in NEH Region under NEH Component

(Contributors: Ch. Tania, Ch. Premabati Devi)

Through this project, for coriander application of 
Vermicompost 5t/ha + lime (2.5q/ha) recorded 
highest plant height (35.22 cm), no. of umbellets/
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umbel (23.11) and no. of seeds /umbel (43.78). 
In Fenugreek, application of Vermicompost 5t/ha 
+ lime (2.5q/ha) recorded highest no. of primary 
branch (4.56), no. of pods/plant (2.56) and no. of 
seeds/pod (15.99). In dill, plant height (30.22 cm), 
no. of branches/plant (5.78), no. of umbellets/umbel 
(19.62) and no. of umbels/plant (3.00) was recorded 
with Vermicompost 5t/ha + lime (2.5q/ha)

CITRUS

Characterization of huanglongbing-associated 
Candidatus Liberibacter asiaticus based on multi-
genomic loci from citrus groves of North East India

(Contributors: S. K. Sharma, S. S. Roy, Arati Ningombam, 
M. A. Ansari, A. Ratankumar Singh, Raghuveer Singh)

A total of 318 citrus samples showing symptoms akin 
to huanglongbing disease were collected from all over 
the North Eastern (NE) citrus groves. Representative 
59 Candidatus Liberibacter asiaticus (CLas) isolates 
were characterized based on the multi-genomic 
loci viz. outer membrane protein (omp), ribosomal 
protein (rp), 16S rDNA, hypervariable effector protein 
and CLIBASIA region. Based on the concatenated 
sequences of these genomic regions, the CLas isolates 
from NE India were segregated into 13 distinct 
phylogenetic clusters. Further 26 representative CLas 
isolates from NE India were characterized based on 
the prophage genomic region. Out of 26 samples, 
4 (15.3%) samples harboured only the Type 1 
prophage, 7 (26.9%) samples harbored only the Type 
2 prophage, 10 (38.4%) samples harboured both Type 
1 and Type 2 prophages, 1 (3.8%) sample harboured 
both Type 2 and Type 3 prophages and 4 (15.3%) 
samples had neither Type 1 nor Type 2 nor Type3 
prophages. This study conclusively reported the 
occurrence of high genetic and pathogenic diversity of 
CLas strains associated with huanglongbing disease of 
citrus in NE India.

Development and validation of recombinase 
polymerase amplification assay for robust 
detection of Candidatus Liberibacter asiaticus 

(Contributors: S. K. Sharma, S. S. Roy, Arati Ningombam, 
M. A. Ansari, A. Ratankumar Singh, Raghuveer Singh, 
Romila Akoijam)

A recombinase polymerase amplification (RPA) assay 
using primers targeting the partial outer membrane 
protein (omp) and ribosomal protein (rp) were 
validated using field citrus samples. The developed 
RPA assays (based on omp genes and rp gene) could 

Fig. 14. Comparison of RPA assay and bench 
mark PCR in detection of CLas infection in citrus 
samples. Lanes 1-6, 8-12: CLas positive sample, 

lane 7: healthy sample.

A fluorescent based real time Exo-RPA assay was 
also developed for highly sensitive detection of CLas 
infection in citrus samples. The probe and primers 
designed from omp genomic region were successfully 
validated for CLas detection using Exo-RPA assay. 
Crude sap extracted in phosphate buffer yielded 
significantly higher amplification as compared to the 
crude sap extracted in NaOH:EDTA buffer (Fig. 15). 
The developed Exo-RPA assay was validated using 45 
field samples and was found to be more sensitive than 
PCR in detection of CLas infection. 

detect the infection in all 11 CLas positive samples 
when DNA and crude sap extracted in phosphate 
buffer (pH 7.4) was used as template (Fig. 14). The 
results of RPA based detection were in-consistent with 
the bench mark PCR. The tested samples although 
having differential bacterial titer, could be detected for 
CLas infection in the RPA assays employing primers 
from omp and rp genomic regions. The CLas titer in 
the tested samples (11 CLas positive samples and 
one healthy sample) was crosschecked in qPCR. None 
of the sample could be detected for CLas infection 
in PCR when same crude sap was used as template. 
The developed RPA was validated using field samples 
infected with HLB disease. Out of the 236 symptomatic 
and 110 asymptomatic samples tested, 89.9% and 
16.4% in RPA assay and 87.3%, 14.5% in PCR were 
tested positive respectively. The results of validation 
experiment indicated that few samples containing 
low CLas bacterial titer could not be detected in bench 
mark PCR but successfully detected in the developed 
RPA assay indicating its sensitivity and robustness. 
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Fig. 16. Heat map of top 50 differentially 
expressed genes in BSYMV agroinfected Musa 
balbisiana (BB) cv Bhimkol (BB) verses mock

Fig. 17. White translucent calli of diploid Musa 
balbisiana (BB) cvs. Luichek, Changbi (A-B) and 

Chini Champa, Champa Kola (AAB) (C-D).

Fig. 15. Rapid detection of CLas using a 
fluorescence-based real time isothermal Exo-

RPA assay

BANANA
Quasispecies diversity of episomal banana streak 
viruses
(Contributors: S. K. Sharma, S. S. Roy)
A directed-rolling circle amplification (D-RCA) assay 
was developed for specific and high amplification of 
badnaviral DNA from streak infected banana samples. 
The D-RCA could yield high amplification of episomal 
replicationally competent badnaviral DNA. Two pools 
of undigested D-RCA product was subjected to next 
generation sequencing. Reference based assembly 
of sequenced D-RCA pools could reconstitute the full 
genomes of banana streak IM virus (BSIMV), banana 
streak MY virus (BSMYV), banana streak OL virus 
(BSOLV), banana streak UA virus (BSUAV), banana 
streak YN virus (BSYNV) and banana streak VN virus 
(BSVNV). Analysis of quasispecies diversity indicated 
the frequent occurrence of SNPs in ORF1 followed by 
ORF2 genomic regions. 
Infectivity analysis of banana streak MY virus 
(BSMYV) and mechanism of its delayed infection 
on diploid Musa balbisiana (BB)
(Contributors: S. K. Sharma, S. S. Roy)
Infectious clone of banana streak MY virus was 
successfully employed to prove the pathogenicity on 
original banana host of different genetic constitution 
(AAA, AB, AAB), which exhibited typical streak 
symptoms after 85-100 days post-agroinoculation. 
Interestingly, the Musa balbisiana genotype Bhimkol 
(BB) showed delayed infection of BSMYV, 9 months 
post-agro-inoculation exhibiting typical streak 
symptoms. The de novo comparative transcriptome 
analysis of agroinfected Bhimkol versus mock 
samples identified changes in some key mechanism 
of agroinfected plants. Analysis of the differentially 
expressed genes (DEGs) in response to BSMYV 
induced stress between the mock and the agroinfected 
Bhimkol sample revealed a total of 1138 transcripts 
as up-regulated and 2036 transcripts down-regulated 
(Fig. 16). 

Based on qPCR validation of transcriptome associated 
DEGs w.r.t. gene ontology and KEGG pathways, the 
mechanism of delayed infection in Bhimkol banana 
can be explained as hijacking of host machinery for its 
propagation, ability to integrate to host genome etc. 
A typical arm race between banana and BSMYV was 
observed wherein the virus finally overcame to cause 
infection successfully. This is the first ever report of 
breakdown of resistance of diploid BB genome banana 
upon agroinfection with BSMYV.

An embryogenic cell suspension (ECS) for targeted 
editing of endogenous banana streak virus 
sequences in banana using CRISPR-Cas9

(Contributors: S. K. Sharma, S. S. Roy.)

In order to develop an efficient CRISPR/Cas9 
genome editing protocol in banana, initiation of 
embryogenic cell suspension was also carried out. 
The inflorescence bearing male flowers of banana 
cvs. Changbi (BB), Bhimkol (BB), Chini Champa 
(AAB) and Meitei Hei (ABB) were used as explants. 
A total of 7500 explants were induced in a callus 
initiation medium. The explants were inoculated on 
MS medium supplemented with 2.56g L-1 clerigel, 
30g L-1 sucrose, along with different concentration of 
2,4-dicholorophenoxyacetic acid, indole-3-acetic acid, 
benzylaminopurine, napthleneacetic acid, picloram 
and dicamba (Fig. 17). After 9-10 months appearance 
of white translucent calli were observed in case of cvs. 
Changbi (BB) and Chini Champa (AAB) which were 
further subjected to ECS preparation.
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PASSION FRUIT

Development of isothermal recombinase 
polymerase amplification (RPA) assay for 
detection of potyvirus infection

(Contributors: S. K. Sharma, S. S. Roy.)

A simplified isothermal recombinase polymerase 
amplification (RPA) assay was developed for detection 
of potyvirus associated with yellow mottle and fruit 
deformation disease. The primers targeting the core 
coat protein (CP) amplifying 139 bp fragment was 
employed in RPA based detection using crude sap 
extracted in phosphate buffer (pH 7.4). The developed 
RPA assay could detect the potyvirus infection up to a 
sap dilution of 10-8 as against the bench mark RT-PCR 
which did not detect the virus when crude sap was 
used as template (Fig. 27). 

Out of the 110 symptomatic and 55 asymptomatic 
passion fruit samples tested using the developed RPA 
assay, 74.55% and 16.36% of the respective samples 
were positive. The devolved RPA assay was more 
sensitive than the benchmark RT-PCR.

CHILLI

Cross-infectivity studies of large cardamom chirke 
virus (LCCV) on chilli

(Contributors: S. K. Sharma, S. S. Roy. Arati Ningombam, 
M.A. Ansari)

Large cardamom chirke virus was originally reported 
from large cardamom. Recently we reported its 
natural host jump from large cardamom to Dalle 
chilli. LCCV was successfully transmitted to king chilli 
(Capsicum chinense) and Capsicum annum. Inoculated 
chilli plants exhibited typical symptoms of severe 
mosaic symptoms and deformation after 24 to 28 days 
post inoculation, thus proving the pathogenicity and 
Koch’s postulates (Fig. 28). All the inoculated chilli 
plants were tested in RT-PCR and sequencing. 

Chilli virome of North East India

(Contributors: S. K. Sharma, S. S. Roy, Ch. Premabati 
Devi)

For the first time, a successful attempt was made 
to decipher the virome of chilli pools of North East 
India. Two symptomatic chilli pools representative 
of major chilli growing pockets of North East India 
were subjected to virome analysis.  39% of sequenced 
reads belonged to cucumber mosaic virus, 21% to bell 
pepper endornavirus, 14% to chilli veinal mottle virus, 
11% to hot pepper endornavirus, 7% to Phaseolus 

vulgaris endornavirus-2 (Fig. 18). This is the first 
report of chilli virome and virus profiling from Indian 
chilli groves.

Fig. 18. Krona chart based analysis of the 
chilli sample pools from North East India for 
visualization of viruses in symptomatic chilli 

pools of North East India

Multiplex-PCR (mPCR) assay for simultaneous 
detection of six chilli viruses in single tube

(Contributors: S. K. Sharma, S. S. Roy, M. A. Ansari)

A multiplex-PCR assay was developed and validated 
for the simultaneous detection of six chilli viruses 
in a single tube; pepper mild mottle virus (PMMoV), 
cucumber mosaic virus (CMV), large cardamom 
chirke virus (LCCV), chilli leaf curl virus (ChiLCV), 
chilli veinal mottle virus (ChiVMV) and capsicum 
chlorosis virus (CaCV) yielding the specific amplicons 
of 634 bp, 572 bp, 450 bp, 350 bp, 250 bp and 150 bp 
respectively (Fig. 19). 

Fig. 19. A multiplex PCR assay for simultaneous 
detection of six chilli viruses in single tube. 

Optimization of primer concentrations, lanes 1-6: 
50, 150, 250, 350, 450 and 550 nM of individual 

primer respectively
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Fig. 20. Organic insect pest management of 
cabbage and cauliflower in Manipur conditions

COLE CROPS

Persistence study of new commonly used chemical 
insecticides on cole crops

(Contributors: Romila Akoijam, Arati Ningombam, 
Aruna Beemrote) 

Most of the farmers of Manipur apply 
chlorantraniliprole, fipronil and deltamethrin 
insecticides for managing both Diamond back moth 
(Plutella xylostella) and cabbage butterfly (Pieris 
brassicae) and other lepidopteran insects. The 
insecticides such as chlorantraniliprole 18.5% w/w 
SC @ 30 g a.i./ha, fipronil 5% SC @ 50 g a.i./ha and 
deltamethrin 2.8% EC @ 12.5 g a.i./ha were sprayed 
twice on cabbage and cauliflower at an interval of 
7 days during Jan to Feb, 2020. The samples were 
taken before application and it was found to be Below 
Detectable Limit (BDL) for all the plots in cabbage 
and cauliflower. After 7 days, all the insecticides were 
found to be BDL in cannage. Similarly, the treatments 
were undertaken on both the curd and leaves of 
cauliflower. At 0 day, the residue of chlorantraniliprole 
in curd was 0.80 mg/kg while it was 0.63 mg/kg on 
leaves of the same plant. The residue was dissipated 
to BDL at 7th day. However, the residue of fipronil at 
0 day was found to be 1.20 mg/kg in curd whereas 
in leaves, it was 0.97 mg/kg. The residue in curd was 
persistent till 7th day (0.02 mg/kg) while it was not 
detected on leaves on the same day. Likewise, the 
residue of delatmethrin was persistent upto 5th day 
(0.04 mg/kg) but it was not found on leaves on the 
same day. The three chemical insecticides were found 
to be BDL except Fipronil, it persists upto 7th day on 
cabbage and curd of cauliflower.

Organic insect pest management of cabbage and 
cauliflower in Manipur conditions

(Contributors: Aruna Beemrote, Romila Akoijam, Arati 
Ningombam)

Experiments were conducted at ICAR-RC-NEH Region, 
Manipur centre, at both Lamphel and Langol farms 
during rabi seasons (2017-18, 2018-19 and 2019-20) 
in RBD with 4 modules and 3 replications. Cabbage 
butterfly appeared right after transplanting. The mean 
number of larvae per plant did differ significantly 
among different treatment modules. Diamond back 
moth appeared 1 week after transplanting. The mean 
number of larvae per plant did differ significantly 
among different treatment modules after 2 week after 
transplanting. Cabbage aphids appeared 5 weeks after 
transplanting. The mean number of aphids per square 

inch leaf area did differ significantly among different 
treatment modules.  Modules 2 and 3 (Seed/soil 
treatment with Trichoderma sp., planting of mustard 
as trap crop, use of botanicals like karanjin and 
annonin, and use of biopesticides i.e., Bt and Spinosad) 
were at par for organic insect pest management with 
lower insect pest infestation, and can be applied both 
at valley and hill regions of Manipur (Fig. 20). 

Effect of staggered planting on the incidence of 
different insect pest on cabbage and cauliflower

(Contributors: Aruna Beemrote, Romila Akoijam, Arati 
Ningombam)

In the experiment on staggered transplanting 
of cabbage and cauliflower showed that, first 
transplanted crop (15th Oct) recorded lowest 
population of Diamond back moth (DBM) and 
aphids both in cabbage and cauliflower. The highest 
population of DBM and aphids were observed in late 
transplanted crop i.e., 15 Dec. The incidence of DBM 
on 15 Dec. transplanted crop was 3.65 and 2.39 no. of 
larvae/ plant in 2017-18 and 2018-19; respectively in 
cabbage and 3.86 and 2.71 No. of larvae/ plant in 2017-
18 and 2018-19; respectively in cauliflower. Highest 
aphid infestation was also in late transplanted crop 
i.e., 12.11 and 11.4 no. of aphid/ square inch leaf area 
in 2017-18 and 2018-19; respectively in cabbage and 
12.09 and 11.69 no. of aphid/ square inch leaf area in 
2017-18 and 2018-19; respectively in cauliflower. The 
infestation of cabbage butterfly was non-significant.

MAIZE
Management of Fall armyworm, Spodoptera 
frugiperda (J. E. Smith) under both laboratory and 
field condition
(Contributors: Romila Akoijam, Arati Ningombam, 
Aruna Beemrote)
Biopesticides bioassay was done through the leaf dip 
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Fig. 21. Percentage reduction of biopesticides 
(4 numbers in different concentrations) and 

chemical insecticides (4 numbers) against FAW 
Larva under field condition

Table 1. Comparative growth inhibitory activity (GI50) of various indigenous plant powders and their 
combinations in known fixed ratios

Plant Powder/ Combination b±SE Regression Equation GI50 (mg/gm) OE
P. ternifolius 60.92 ± 12.79 y=-17.14+60.92(x) 3.00 2
G. sesquipedalis 9.32 ± 2.45 y=40.04+9.32(x) 2.92 1
Z. acanthopodium 6.76 ± 2.45 y=57.50+6.76(x) 3.03 3
50Plectranthus:50Goniothalamus (50P:50G)                                   17.99 ± 12.69 y=3.79+17.99(x) 13.07 6
60Plectranthus:40Goniothalamus (60P:40G)                                                          64.93 ± 14.29 y=-59.95+64.93(x) 5.42 4
70Plectanthrus:30Goniothalamus (70P:30G)                                                              19.72 ± 2.53 y=-1.54+19.72(x) 13.60 7
80Plectranthus:20Goniothalamus (80P:20G)                                                                           56.70 ± 23.65 y=-65.79+56.70(x) 7.69 5
OE: Order of Efficacy

method by taking fresh maize leaves on FAW larva 
(4th to 5th instar larva). Mortality observations were 
recorded at 96 hours after treatments of six doses 
each of Azadirachtin, Bacillus thuringensis, Beuveria 
bassiana and Metarrhizium anisoplae. Based on LC50

 

values, the biopesticides, M. anisoplae showed better 
efficacy (LC50 value of 2.764 mg/l at Confidence 
Interval 95% and fiducial limit of 2.229 to 3.296 mg/l) 
over B. thuringensis (LC50 value of 2.996 mg/l and 
fiducial limit of 2.482 to 3.560mg/l) and B. bassiana 
(LC50 value of 2.785 mg/l and fiducial limit of 2.218 
to 3.406mg/l). The plant product, Azadirachtin also 
showed better efficacy with LC50 value of 0.209mg/l. 
The above plant product insecticides like Azadirachtin 
0.03EC @5ml/litre water, Azadirachtin 1500 ppm 
@5ml/litre water, Biopesticides such as Bacillus 
thuringensis @2ml/litre water, Bacillus thuringensis 
@5ml/litre water, Beauveria bassiana @ 5ml/litre 
water and Metarrhizium anisoplae @5ml/litre water) 
and chemical insecticides like Spinetoram 11.7% 
SC @0.5ml /litre water, Emamectin benzoate 5%SC 
@0.4g/litre water, Thiamethoxam 12.6 + λ-Cyhalothrin 
9.5% ZC @0.25ml/litre water and Chlorantraniliprole 
18.5%SC @ 0.4ml/litre water) were evaluated against 
S. frugiperda under field condition (Fig 21). Among 
biopesticides, the highest efficiency was found in M. 
anisoplae followed by B. bassiana, B. thuringensis 
(5ml/litre water), B. thuringensis (2ml/litre water), 
Azadirachtin 1500ppm and Azadirachtin 0.03EC. 
Among chemical insecticides, Spinoteram was found 
to be the most effective followed by Emamectin 
benzoate, Chlorantraniliprole, Thiamethoxam 
and Thiamethoxan + λ-cyhalothrin mixture. M. 
anisoplae @ 5ml/litre water was found to be effective 
among Biopesticides both under laboratory and 
field conditions and among chemical insecticide, 
Spinetoram 11.7% SC @0.5ml /litre water were found 

to be the most effective against S.frugiperda larva and 
can be recommended for the farmers to get better 
efficiency. 
STORED GRAIN
Management of Major Stored Grain Pests of pulses 
and cereals with indigenous plants
(Contributors: Arati Ningombam, Romila Akoijam, 
Aruna Beemrote, Ch. Tania, I. Meghachadra Singh)

Indigenously known repellent plants viz. Zanthoxylum 
acanthopodium, Plectranthus ternifolius and 
Goniothalamus sesquipedalis were tested for their 
efficacy in inhibiting the growth of rice weevil, 
Sitophilus oryzae which is the most common and 
dominant storage insect pest. Different doses of the 
plant powders (shade dried and ground) were mixed 
with rice grains and observations were recorded 
every week for growth in population. Altogether seven 
treatment doses were tested. First batch of bioassay 
experiments was with individual plant powders and the 
second batch were conducted in fixed ratios of 50:50, 
60:40, 70:30 and 80:20 of Plectranthus ternifolius 
and Goniothalamus sesquipedalis. Regression analysis 
done and regression equations generated for each 
treatment from which the GI50 were calculated and the 
order of efficacy is given in Table 1.
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Fig. 22. Different edible insects studied in the 
present investigation

BIOPROSPECTING

First Report on Antioxidant and Antimicrobial 
Activities of Parkia roxburghii G. Don and Rhus 
semialata Merr. Bark Extract 

(Contributors: S. S. Roy, B. Sailo, S. K. Sharma, M. A. 
Ansari)

Two indigenous plants namely, tree bean (Parkia 
roxburghii G. Don) and nutgall tree (Rhus semialata 
Merr.) were screened for phenolic content, antioxidant 
and antimicrobial activities. The total phenolic content 
of methanolic bark extract of Parkia roxburghii G. Don 
(MBEPR) and Rhus semialata Merr. (MBERS) were 
recorded as 422±0.2 and 197.9±0.1 mg GAE/g extract, 
respectively. In the in-vitro antioxidant activity, the 
EC50 value of MBEPR and MBERS were found to be 
6.50±0.05µg/mL and 9.76±0.023µg/mL, respectively 
while EC50 of ascorbic acid was recorded as 3.62± 

EDIBLE INSECTS
Nutrachemical potential of edible insects: High 
Protein content and Good Antioxidant activity 
(Contributors: Arati Ningombam, L. Santhalembi, 
Romila Akoijam, Aruna Beemrote, S.K. Sharma)

Different edible insects were collected from different 
parts of Manipur and Bradford method of protein 
analysis was used to evaluate the protein content 
and all the edible insects tested showed high protein 
content.  The antioxidant properties of the edible 
insects were also evaluated. DPPH (2,2-diphenyl-1-
picryl-hydrazyl-hydrate) antioxidant assay performed 
for the extracted protein showed that the roasted 
grasshoppers has the highest antioxidant activity 
when compared to the other insects. The IC50 value 
obtained for protein extracted from Rhynchophorus 
ferrugineus, Udonga montana, Rice Grasshoppers: 
live and roasted were 30.9, 26.0,28.9 and 23.5µg/ml, 
respectively and scavenging effect were compared 
with standard ascorbic acid with IC50 50.8µg/ml (Fig. 
22). It can be concluded that edible insects can be 
used as a natural source of antioxidant giving effective 
health benefits.

0.005µg/mL. In ABTS assay, the EC50 of MBEPR 
(1.6±0.015 µg/mL) and MBERS (2.36± 0.14 µg/mL) 
were comparable with ascorbic acid (1.57± 0.02µg/
mL). In FRAP assay, and MBERS showed 6.60±0.296 
mM and 6.20±0.14 mM Ferric (Fe3+) reducing power 
as compared to ascorbic acid (11.1±0.37 mM). In-vivo 
antioxidant activity the bark extract showed significant 
increase in survival of yeast cells treated with H2O2 
(Fig 34). Survival rate of yeast cells in this assay goes 
as Parkia roxburghii G. Don > Rhus semialata Merr. > 
Ascorbic acid. 

The bark extracts also showed antibacterial activity 
against four test pathogens namely, Salmonella 
typhimurium, Bacillus subtilis, Staphylococcus aureus 
and Enterococcus faecalis (Fig 23). The minimum 
inhibitory concentration (MIC) for MBEPR against 
B. subtillis, E. faecalis and S. aureus was recorded as 
26.9, 20.18 and 16.64 μg/ml, respectively; whereas, 
MBERS extract had MIC of 51.59, 50.47 and 55.81 
μg/ml, respectively. MBEPR extract showed potential 
bactericidal activity with minimum bactericidal 
concentration (MBC) of 125 µg/mL for B. subtilis 
and 62.5 µg/mL for S. aureus and E. faecalis. MBC for 
MBERS was 250 µg/mL for B. subtilis and 125 µg/mL 
for S. aureus and E. faecalis. 

Fig. 23.  Antimicrobial activity of the methan-
olic bark extracts of Parkia roxburghii G. Don 

(PR) and Rhus semialata Merr. (RS). A: S. aureus 
(Cloramphenicol); B: S. aureus (Bark extracts); C: 
E. facaelis (Cloramphenicol); D: E. faecalis (Bark 

extracts); E: B. subtilis (Cloramphenicol); F: B.sub-
tilis (Bark extracts); G: S. thyphi (Cloramphenicol) 

and H: S.thyphi (Bark extracts).

In-vivo Cytotoxic and Antiproliferative Activity of 
Jussiaea repens L. 

(Contributors: S. S. Roy, S. K. Sharma, M. A. Ansari, 
Chongtham Tania, Romila Akoijam, Chongtham Sonia, 
Chongtham Rajiv)

The anticancer activity of Jussiaea repens L. 
(Floating primrose-willow), an edible aquatic 
plant, was analyzed under in-vivo conditions using 
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Fig. 24. FT-IR spectrum of melanin (A) Standard 
melanin, (B) Melanin from Vanaraja feather 

and (C) Melanin from Kuroiler feather

the zebrafish model (Danio rerio). The treatment 
of J. repens L. extract on the developing zebrafish 
embryo delayed the developmental process in the 
concentration-dependent manner indicated by 
delayed in hatching rate and developmental stages. 
Further, fin reduction assay using zebrafish embryo 
suggested the antiproliferative property of J. repens 
L. A concentration of 50 µg/mL was used to reduce 
the fin area of the zebrafish embryo after 24 hours of 
treatment; further increased in concentration did not 
reduce the fin area. A slight reduction in fin area was 
observed when treated with a 40 µg/mL of extract after 
48 h post-treatment. Similarly, treatment of 50, 60, 70 
and 80 µg/mL of extract did not show any significant 
differences even after 48 h post-treatment. This results 
indicate that J. repens L. is a potential plant for the 
discovery of new promising anticancer compounds 
that will subsequently have a huge economic impact 
on pharmaceutical and nutraceutical industries. 

Characterization of Melanin Extracted from 
Coloured Feather 

(Contributors: S. S. Roy, B. Sailo, S. K. Sharma, M. A. 
Ansari, P. Kshetri)

The crude melanin was successfully extracted 
from coloured feather of poultry strain Vanaraja 
and Kuroiler using a native bacterium Bacillus sp. 
RCM-SSR-102. The UV–visible absorption spectrum 
of standard melanin and crude melanin revealed 
that the absorption was maximum in UV region at 
200–300 nm, but significantly declined towards the 
visible region, which is the typical characteristic of 
melanin. In the FT-IR spectroscopy (Fig. 24), a broad 
absorption spectrum at 3272-3286 cm−1 was observed 
which may be due to characteristic O-H stretching or 
N-H stretching vibrations of the carboxylic acid, and 
phenolic groups in melanin.

The characteristic strong band at between 1647-1531 
cm−1 is attributed to the bending vibrations modes of 
aromatic ring C=C and C=N bond of aromatic system 

in addition to C=O double bond (COOH) of carboxylic 
function. The color spectroscopy of crude melanin 
revealed a mean L*, a* and b* value as 62.48, 3.35 and 
36.38, respectively which is typical characteristics of 
pheomelanin. The crude melanin was yellowish to 
reddish in colour as indicated by positive a* and b* 
value. However, crude melanin was found to be darker 
than the standard melanin represented by higher L 
value. 

Bioactivity Guided Screening of Peptides Derived 
from Feather Keratin

(Contributors: S. S. Roy, B. Sailo, S. K. Sharma, M. A. 
Ansari, P. Kshetri)

Peptides were derived by hydrolyzing feather keratin 
using native bacterial strains RCM-SSR-2, -102, -176 
and KER-102 enzyme. Peptides were screened for 
different bioactivity. All the peptides prepared with 
different microbes and enzyme showed promising 
antioxidant activity. RCM-SSR-6 hydrolyzed peptide 
showed maximum antioxidant activity (EC50 of 20.85 
µg/mL) in ABTS assay; whereas KER-102 hydrolyzed 
peptide showed maximum antioxidant activity in 
FRAP assay (1.80 mM of Fe2+ for mg/mL sample). In 
antityrosinase activity, all other three peptide samples 
showed lower IC50 value than the standard Kojic acid, 
except KER-102 hydrolyzed enzyme. Minimum IC50 
value (4.06 µg/mL) was associated with RCM-SSR-6 
hydrolyzed peptide. All the four crude peptides also 
showed angiotensin converting enzyme inhibitory 
activity except RCM-SSR-102 hydrolyzed peptide 
and lipoxygenase inhibitory activity. KER-102 
enzyme hydrolysed peptides exhibited maximum 
angiotensin converting enzyme inhibitory activity 
(63.8% inhibition at 256 μg/mL of peptide) and 
maximum lipoxygenase inhibitory (IC50 of 95.40 μg/
mL). Except RCM-SSR-176 hydrolysed peptides, other 
three peptide samples were found to be positive 
for the xanthine oxidase inhibitory activity and 
maximum inhibition was observed with RCM-SSR-102 
hydrolyzed peptide (IC50 of 1.12 mg/mL). The results 
indicate that peptides derived from feather keratin are 
endowed with commercially exploitable bioactivity. 

Identification of Promising Bacterial Isolates for 
Phytostimulating Activity under Induced Moisture 
Stress

(Contributors: S. S. Roy, S. K. Sharma, M. A. Ansari, K. 
Tamreihao)

A 205 bacterial culture were isolated from the soils 
collected from various habitat of Manipur. Of these, 27 
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isolates (13 actinobacteria and 14 bacteria) showed 
good growth under induced moisture stress conditions 
(15% PEG 6000). However, growth decreased with 
the increase in the concentration of PEG viz. 20, 25 
and 30% respectively. The moisture stress tolerant 
strains were selected for further experiments. A 
majority of the isolates (85.2%) were able to produce 
IAA in the range of 7.52 to 93.57 µg/mL. However, IAA 
production significantly decreases to the tune of (0.92 
to 17.25 µg/mL) under moisture stress conditions 
(20% PEG). All total 22 promising isolates were also 
able to solubilize tricalcium phosphate ranging from 
106.77 to 376.38 µg/mL under induced moisture 
stress. Twenty four isolates were also found to be 
positive for ACC deaminase production and 15 isolates 
exhibited potash solubilizing activity. All the isolates 
except two were found to produce siderophore; 
whereas, 12 isolates were able to produce chitinase. 
Considering all the parameters, all total 5 strains 
viz., RCM-SSR-304, -312, -317, -323 and -326 
showing promising multifaceted phytostimulating 
activity under induced moisture stress have been 
identified (Fig 39). The strains hold a good promise 
for development of microbial formulation for growth 
promotion of higher plants under moisture stress 
condition and also to determine the drought response 
activities of the test plant.  

VALUE ADDITION

Development of herbal beverages from 
horticultural crops

(Contributors: S. S. Roy, Y. Prabhabati Devi)

All total five herbal beverages have been developed using 
different horticultural crops (Fig . 25). Organoleptic 
study was done using nine points Hedonic scale. For 
dragon fruit based herbal beverages, the combination 
of dried dragon fruit pulp (57% w/w), dried dragon 
fruit peel (22% w/w), dried lemon pulp (13% w/w) 
and dried orange peel (9% w/w) has been found to be 
most liked in organoleptic study. For kiwifruit based 
herbal beverage, two combinations viz. dried kiwifruit 
pulp (80% w/w) + dry ginger (20% w/w) and dried 
kiwifruit pulp (52% w/w) + dried pineapple pulp 
(40% w/w) + dry ginger (8% w/w/) obtained highest 
organoleptic score. For roselle and pineapple based 
herbal drink, dried roselle petals (56% w/w) + dried 
pineapple pulp (37% w/w) + dry ginger (7% w/w) has 
emerged as the best combination. Among the different 
combination tried for lotus herbal beverage, dried 
lotus petal (60% w/w) + black rice (20% w/w) + bay 

Fig. 25. Horticultural crop based herbal beverages
 (A: Pineapple + Roselle, B: Kiwifruit, C: Dragon 

fruit, D: Lotus petal)

MUSHROOM

(Contributors: S. K. Sharma, S. S. Roy, M. A. Ansari,  Arati 
Ningombam)

In order to popularize mushroom cultivation among 
farmers of Manipur, quality spawn of different 
Pleurotus species (P. ostreatus, P. eous, P. sapidus, P. 
flabellatus, P. sajorcaju, P. florida and P. eryngii), button 
mushroom (Agaricus bisporus) and shiitake (Lentinula 
edodes) were produced and supplied to different 
stakeholders. Eight number of training programmes 
(189 participants) on scientific mushroom spawn 
production and cultivation technology were organized 
for farmers, farm women, women shelf help groups, 
entrepreneurs etc. ‘National Mushroom Day-2020’ 
on 23 December, 2020 in which a total of 46 farmers, 
entrepreneurs and growers from all over the state 
participated. Under AICRP-Mushroom, seven strains 
of oyster mushroom (Pleurotus sp.) were evaluated 
under advance varietal trial-1 during 2020, wherein 
strain PL-19-05 gave the highest biological efficiency 
(BE) of 77.46, followed byPL-19-02 and PL-19-01 with 
biological efficiency of 75.78 and 74.24 respectively. 

Molecular characterization of shiitake germplasm

(Contributors: S. K. Sharma, Shweta Singh, Chandramani 
Raj, Pankaj Baiswar, S. S. Roy)

34 strains of shiitake germplasm were characterized 
based on ITS sequences. The shiitake germplasm 
characterized in the present study segregated to 
14 phylogenetic clusters observed in present study  
(Fig. 26). 

leaf (10% w/w) + dry ginger (10% w/w) ranked first in 
organoleptic test. These products have been developed 
in dry powder form and can be easily packed in airtight 
container. For preparing the herbal beverage, it should 
be mixed with hot water @ 2.5 g per 250 mL water. 
These products can be commercialized or popularized 
through interested food processors.
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Fig. 26. Maximum likelihood phylogenetic 
inference of shiitake germplasm based on the 

nucleotide sequences of ITS region.

The present ITS based characterization of shiitake 
strains clearly indicated the existence of genetic 
diversity among them even based on the sequences of 
conserved ITS genomic region.

Development of Shiitake Cultivation Technology 
on Locally Available Substrates

(Contributors: S. K. Sharma, Shweta Singh, M.A. Ansari, 
Chandramani Raj, Pankaj Baiswar, S. S. Roy)

Growth and yield parameters of shiitake in different 
locally available substrates were tested in the present 
study.  Based on the cultivation batch experiment 
carried out using locally available substrate, perilla 
stover based substrate (supplemented with rice bran 
and saw dust) was found to give maximum biological 
efficiency of 75-84% (based on two harvests) under 
Manipur conditions followed by perilla based 
substrate supplemented with rice bran alone and 
saw dust alone with the biological efficiency of 74-
78% and 72-76% respectively (Fig. 27). Perilla based 
substrate took on 51-67 days for first harvest. 

Fig. 27. Performance of shiitake on different 
substrates tested under Manipur conditions.

Collection and Characterization of Wild Edible 
Mushroom of Manipur

(Contributors: S. S. Roy, S. K. Sharma, T. Langhu)

Local exploration was made for collection of wild edible 
mushrooms consumed by ethnic tribes of Manipur (Fig. 
28). All 20 collected samples were characterized using 
minimal morphological descriptor. Of these, 9 samples 
were found to be Pleurotus; whereas, 6 samples belong 
to Termitomyces genus. Further, 4 samples were found 
to belong genus Ramaria; while 1 sample represents 
Lentinula. Of 9 Pleurotus samples, 3 samples have been 
identified as P. pulmonarius, P. djamor and P. sapidus 
using ITS and18S rDNA sequencing. Based on the 
yield and quality attributes, these collections can be 
included in improvement programme for development 
of superior mushroom varieties.

Fig. 28. Collected wild edible mushrooms of Mani-
pur (RCMP1 to 9: Pleurotus, RCMT1 to 6: Termito-

myces, RCMR1 to 4: Ramaria and RCML1: Lentinula)

ANIMAL SCIENCE AND POULTRY
Conservation and improvement of indigenous 
cattle in North East of India
(Contributors: Blessa Sailo, Chongtham Sonia, G. 
Kadirvel)
The physical and morphometric characteristics were 
recorded in 32 indigenous cattle of different age groups 
from Churachandpur district of Manipur. The coat 
colour pattern of indigenous cattle was found to be 
mostly patchy type. Out of various coat colour pattern 
observed in indigenous cattle of Manipur, the majority 
of cattle were brown in colour followed by black. The 
other colour recorded was fawn and mixed type. The 
average body length (BL), Height at wither (HW) and 
Chest girth (CG) of 0-12 months calf (n=10), 12-36 
months cows (n=9), Bullock >36 months (n=6) and 
Cow >36 months (n=7) were 63.10±2.38, 75.20±2.85, 
82.60±3.51, 96.89±0.59, 103.44±0.75, 128.11±1.36, 
108.83±1.74, 114.17±2.10, 137.17±0.60 and 
107.00±0.87, 112.00±0.98, 135.00±1.50 centimeters 
respectively.
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(a) Khordak village (b) Lafupat Tera village (c) ICAR Lamphelpat fish pond (d) Yurembam village

Fig. 29. (a - d). Fish hatching using happas at various locations

Characterization of Salmonella Typhimurium 
isolated from diverse sources
(Contributors: Blessa Sailo, Chongtham Sonia, 
Grihalakshmi Devi)
Screening of the presence of virulent and resistant 
genes from 207 Salmonella Typhimurium strains 
isolated from diverse sources revealed high prevalence 
of virulence and resistant genes. Out of blaESBL genes 
tested, CTX-M (n=22), TEM (n=78), and SHV (n=25) 
were positive. Other antibiotic resistant and virulent 
genes tested revealed, aac(6’)-Ib (n=11), aac(3)-
IIa (n=13), tetA (n=17), tetB (n=8), sulA (n=13), qnr 
(n=7), int (n=44) and SpvC (n=11).
Screening of resistant and enterotoxin genes 
in Staphylococcus aureus isolates from diverse 
sources
(Contributors: Blessa Sailo, Chongtham Sonia, 
Grihalakshmi Devi and Dilrash Mayanglambam)
A total of 125 Staphylococcus aureus isolates from 
diverse sources (Raw milk=70, Mastitic milk=50, Pig 
abscess=5) were screened for their biofilm associated 
genes, virulent and enterotoxin genes. It was found 
that biofilm associated gene IcaA gene is expressed 
in 69 isolates (55.2%) and 56 (44.8%) isolates 
expressed IcaD genes. Screening of blaESBL genes 
revealed 21 (16.8%) for TEM, 17 (13.6%) for CTX-M, 
3 (2.4%) for tetG, 7 (5.6%) for tetB, and 3 (2.4%) for 
tetA gene. Only 6 isolates (4.8%) were Methicillin 
Resistant Staphylococcus aureus (MRSA) and positive 
for mecA gene. All the isolates were further screened 
for Staphylococcal enterotoxin genes, and found that 
88 (70.4%) were positive for sea, 7 (5.6%) for seb, 31 
(24.8%) for sec, 11 (8.8%) for sed, 4 (3.2%) for see, 54 
(43.2%) for seg, 0 for she, 37 (29.6%) for sei and 16 
(12.8%) for sej. 
Dairy and Piggery Unit
(Contributors: Blessa Sailo, Chongtham Sonia, B. K. 
Sharma)
At present, 12 numbers of Local x Jersey and Local x HF 
cross-bred cattle (Milch cow=4, Dry cow=3, Calf male=3, 
Calf female=2) are maintained in the farm. Beside these, 
from January to December, a total of 6966.5 liters of milk 
were produced from the dairy unit. Under Piggery unit, 5 

adult pigs (Large White Yorkshire Boar=1 and Hampshire 
Sow=4) are maintained in the farm. During the reporting 
year, 8 numbers of piglets are produced.
ICAR-Poultry Seed Project
(Contributors: Chongtham Sonia, Blessa Sailo, B. K. 
Sharma, L. Arjun Singh, Dilrash Mayanglambam)
The total number of parent stock of Gramapriya, 
Vanaraja and Srinidhi poultry birds maintained in 
the poultry farm was 741 birds. During the reporting 
year, a total of 24,367 numbers of day old chicks was 
produced and were supplied to the beneficiaries in 
various districts of Manipur. Altogether, 215 numbers 
of farmer’s were benefitted under Tribal Sub Plan 
(TSP) component of the project. Besides, a three days 
training programme on Poultry Farming in Manipur: 
Learn how to start Poultry farming was conducted 
and 33 farmers were benefitted from this training 
programme.
FISHERIES
Common carp and grass carp seed production 
using hapa under different environments
(Contributors: Ch. Basudha, Kh. Rishikanta Singh)
Hapas having 2m x1m x1.20m were used as egg 
incubator in traditional hapa breeding of common 
carp and grass carp in three different environments 
viz, riverine, ponds and tanks in different locations of 
Manipur [Fig. 29 (a - d)].  
The eggs were well fertilized (80-85%) and 
successfully hatched in all the hapas tested in different 
environment and locations viz Lafupat Tera, Khodrak, 
Purul, Rongdai, Sagoltongba, Mayang Imphal and 
Kumbi in three different environments. However, 
best hatching and survival of spawn were obtained in 
riverine environments 85-92% in both Lafupat Tera 
and Sagoltongba. 
Broodstock of common carps and grass carps were 
procured locally and used for breeding programmes 
in all the sites. Total 65 and 37 lakhs of common 
carp and grass carp spawns were produced through 
induced breeding at the selected farmers’ seed farms. 
The spawn production were 1.0 lakh /kg and 1.2lakh /
kg body weight of female common carp and grass carp 
respectively. 
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Use of meal worm meal as protein sources in fish 
feed for nursery rearing of Bangana dero

(Contributor:  Ch. Basudha)

Meal worms collected were dried in hot air oven 
at 60°C and are ground into powder form (Fig 46). 

Isocaloric fish diets were formulated using meal worm 
meal and fish meal as protein sources. A commercial 
fish feed having 28% CP was used as control diet. All 
the diets contain 28% CP (Table 3). The feeding trials 
were conducted in a series of outdoor cemented tanks 
located at ICAR Manipur Centre. 

Table 2.  Composition of experimental diets (per 100g)

Composition Fish meal-based Diet 
(T1)

Meal worm meal-
based diet  (T2)

Commercial feed 
(Control) T3

Moisture 4.46±1.2  5.10±1.1 4.80±1.2
Crude protein  28.25±0.2 28.31±1.2 28.61±0.2
Crude lipid 9.97±0.21 9.76±0.2 6.40±0.2
Crude fiber 5.02±0.01 4.80±0.2 4.8±1.2
Ash 18.89±0.2 18.36±0.2 19.30±0.2
Nitrogen free extract (NFE) 33.1 33.67 36.09

The growth of Bangana dero fed with different diets 
were significantly different (P<0.5) on the basis of 
mean final body weight. Highest growth was obtained 
in fish fed with mealworm-based diet (Fig. 30. Feed 
conversion ratio (FCR) and protein efficiency ratio 
(PER) with mealworm diet were superior then the 
other diets tested.

Fig. 30. Growth of Bangana dero with different 
diets for 40 days

SOCIAL SCIENCE

Farm Income Diversification among the valley and 
hill farmers of Manipur

(Contributors: Kh. Rishikanta Singh, N. Uttam Singh, Ch. 
Basudha Devi, T. Basanta Singh, N. Prakash)

Study based on primary data collected from eight 
districts of Manipur, viz. Churachandpur, Chandel, 
Tamenglong, Ukhrul, Imphal West, Imphal East, 
Thoubal and Bishempur districts with 240 respondent 
farmers (2019-20) using Descriptive analysis, Simpson 
index of Diversification, TOBIT regression analysis 
using R-Software and Garrett Ranking technique. 

revealed that the monthly income was higher for 
valley area (Rs. 15,932) than hill area (Rs.12,110). 
For valley area, total farm income constitutes 66 per 
cent against 51 per cent for hill area, the remaining 
constituted non-farm income. With Simpson index 
of diversification (SID) the average diversification 
index was found to be higher for valley (42.87 per 
cent) compared to hill farmers (33.89 per cent). Hill 
area had more number of farmers in low SID category 
compared to valley. Tobit regression analysis revealed 
that among the nine variables used in the regression 
only one variable was found significantly different 
which was social category. General category farmers 
have more farm income diversification. The coefficient 
of age was negative showing that as the age increased, 
risk bearing ability decreased thereby declining level 
of income diversification. Analysing of stockholder’s 
perspective in farm income revealed that limited 
irrigation facilities with Garrett score 67.05 was found 
to be the major cause of low farm income in the state. 
This is followed by practice of mono-cropping and 
poor adoption of improved technology.

Impact of Covid -19 pandemic on farmers in valley 
areas of Manipur

(Contributors : Kh. Rishikanta Singh, Ch. Basudha Devi, 
T. Basanta Singh

A survey conducted during kharif 2020 to access the 
impact of pandemic lockdown to farmers of Manipur. 
Altogether 37 respondents were selected randomly 
from four valley districts viz. Imphal West, Imphal 
East, Thoubal and Bishempur. The problems and 
challenges faced by the farmers during the Covis-19 
pandemic were given in table 3 below.
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Table 3. Challenges faced by farmers in crop cultivation

Particulars Frequency %age
Difficulty in getting improved variety 25 68
Shortage of farm labour 21 57
Could not get institutional loan 19 51

Challenges faced by the farmers in procurement of farm inputs
Could not purchase due to lock down 30 81
Difficulty in getting fertilizer 21 57
Difficulty in getting pesticide and insecticide 17 46

Challenges faced by the farmer for selling and marketing of farm product
No bulk buyer 27 73
Selling at cheaper rate 25 68
Restriction in movement 24 65
Lack of transportation system 24 65
Crop losses and spoilage 23 62

Constraints faced by the farmer in daily food consumption
Irregular Supply 32 86
Vegetables available in limited quantity 30 81
Prices are high 29 78
Limited consumption 26 70

Access to institutional credit
No of respondent taken before Covid -19 (2019) 18 49
No of respondent taken during Covid-19 (2020) 1 3

Due to reduction in economic activities and movement, 
the average monthly income and earnings from all 
sources of the farmers reduces from Rs. 14568 per 
month before the pandemic to only Rs.8095 per month 
during the lockdown. This accounts for reduction of 
income and earning to an extend of 44 per cent. 
AGRI-BUSINESS INCUBATION CENTRE
(Contributors: S. S. Roy, S. K. Sharma, B. Sailo, Arati 
Ningombam, Romila Akoijam, Aruna Beemrote)
 During 2020, ABI (Manipur Centre) has provided 
business incubation support to 35 incubates, including 
6 new incubates. All total 5 incubates graduated 
during the period. Under the guidance of ABI all 
total 6 incubates have been selected for funding by 
various funding agencies. One State Level Workshop 
on “StartUps and Entrepreneurship in NER” was 
organized by ABI in collaboration with NEATEHUB, 
AAU, Jorhat (Fig. 31). All total 4 webinars including 
one National Webinar on “Mushroom Farming – An 

Fig. 31. State Level Sensitization Workshop 
on “StartUps and Entrepreneurship in 

NER” organized by ABI, Manipur Centre in 
collaboration with NEATEHUB, AAU, Jorhat

Avenue for Agripreneurship Development in NER” 
were organized covering a total of 1471 participants 
from 18 states of India. One online survey was also 
undertaken to critically assess the performance of 
micro and small food processing enterprises during 
COVID-19 pandemic in Manipur. In addition, all total 
4 awards have been received by ABI incubates during 
the period.
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MIZORAM
SUMMARY

The total rainfall in Kolasib during 2020 was 2296.1mm with 119 rainy days while maximum temperature 
was 34.1°C with lowest minimum 8.5°C. Screening of upland rice lines showed the least growing degree day 
accumulation in MZ UP R 42 with higher radiation use efficiency (216.8 g MJ-1 ha-1). Out of maize inbred lines, 
MZM-2 has the highest true kernel density (1.196 g/c.c.) while Mimpui lines (MZM-11 and MZM-16) had 
maximum grain surface area. Fertilizer and lime combination on maize (RCM-76) soybean (JS-8021) sequence 
significantly increase crop yields. Application of NPK @ 25-75-75 g/pole along with FYM (2 kg/ pole) and 
vermicompost (1 kg/pole) significantly improved yield of dragon fruit. Important pig viral sero-prevalence 
observed in four districts of Mizoram was PRRSV, CSFV, PCV2 and PPV. Replacement of concentrated feed at 
15% & 25% using banana stem and cassava root (1:1) can be used as an alternative feeding option for pig 
rearing to reduce the feed cost. Fish species richness was found highest in Chhimtuipui river with highest 
species similarity between Tlawng & Tuipui rivers. Days to 50% flowering was least (55days) in PWB 17-1 
and highest green pod yield in AKWB-1 (8056 kg/ha) winged bean genotypes. Oyster Mushroom (Pleurotus 
spp) strain, PL-19-101 gave the maximum yield with maximum time of 32 days for first harvest. Out of seven 
ginger genotypes PGS-102 (6.40 t/ha) recorded maximum yield. Rhizome priming of turmeric using metalaxyl-
mancozeb @ 1.25g/L+ Imidacloprid 0.5 ml/L for 30 minutes gave maximum yield of 35.58 t/ha. Demonstration 
such as pig cum fish farming, Jalkund were done in farmer’s field while open dug well with solar pump facility in 
ICAR Farm from NABARD. Certified seeds of RC Maniphou 7, 10, 11, 12 and 13 were demonstrated in farmer’s 
field under ISP.
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Weather report

The total amount of rainfall received during the 
period was 2296.1mm with 119 rainy days (more 
than 2.5mm per day) and no extreme rainy days 
(more than 100 mm per day). Maximum rainfall was 
received during monsoon (1301.60 mm) followed by 
post monsoon (491.50 mm), pre monsoon (454.50 
mm) and winter (48.50 mm). Maximum monthly 
rainfall was observed in October (424.9 mm) and 
lowest monthly rainfall was observed in month of 
March (3.6 mm). The considerable variation in mean 
monthly maximum temperature (Mean Tmax) and 
mean monthly minimum temperature (Mean Tmin) was 
evident (Fig. 1). The mean TMax varied from 28.50C to 
29.60C in April and October respectively while mean 
TMin varied between 12.00C to 13.00C in January and 
February respectively. The maximum temperature 
was observed on 11th April, 13th April and 14th April, 
2020 (34.1°C) and lowest minimum temperature 
on 26thJanuary, 2020 (8.5°C). The variation in the 
morning relative humidity (RH morning) was much 
less as compared to the evening relative humidity 
(RH-evening). The variation RH-morning was much 
less than the RH-evening, varying from 70.1% 
(during April) to 97.5% (during October) while the 
RH-evening varied between 43.6% (during March) 
to 86.7% (during October) respectively. Southernly 
to South-Easternly was most prevalent throughout 
the year. The Average Bright Sunshine Hours varied 
from 3.2 to 4.0 hr during monsoon Months (June to 
September) and 5.2 to 7.4hr during October, 2020 to 
December, 2020.

Characterization study of upland rice 

(Contributor : Saurav Saha)

Upland rice trial: Fifteen potential upland jhum rice 
lines (developed through pure line selection) were 
screened for efficiency of heat unit accumulation and 
radiation utilization pattern (Fig. 2 a & b). The line MZ 
UP R 42 has the least accumulated Growing Degree 
Day accumulation (GDD) for its relative earliness than 
IURON 514 check with higher radiation use efficiency 
(216.8 g MJ-1 ha-1) followed by MZ UP R 42 (189.2 g 
MJ-1 ha-1). The identified potential early line has the 
highest potential for maximization of resource use 
efficiency and increasing net cropping intensity of 
jhum agro-ecosystem in Mizoram.

Fig 1: Mean monthly weather of ICAR Research 
Complex for NEH region, Mizoram (January, 

2020-December, 2020)

Fig 2: (a) Variation in GDD accumulation and (b) 
radiation use efficiency of selected upland rice 

lines in Mizoram



ANNUAL REPORT 2020ICAR RC NEH

103

Performance evaluation of different varieties of 
rice under lowland conditions of Mizoram

(Contributors : Sunil Kumar Sunani, J. K. Soni, I. 
Shakuntala)

A field experiment was conducted during Kharif 2020 
to evaluate the production potential of 22 rice varieties 
under lowland conditions in Mizoram (Table 1; Fig 
3). Among the varieties tested, significantly tallest 
plant was observed in Local variety (175.2 cm) with 
longest crop duration (160 days; Table 1). Maximum 

number of tillers per hill was recorded in Gomati 
(15.1) with highest 94.5 grains per panicle whereas 
minimum tillers per hill were observed in P.B 1718 
(5.0). Significantly highest grain yield was recorded 
in Gomati (4342 kg/ha) followed by RCM 10 (4018 
kg/ha) while lowest in PB 1121 (1325). Significantly 
highest biological yield was recorded in NLR 4 (16485 
kg/ha) followed by NLR 9 (14206 kg/ha) and lowest in 
PB 1718 (5901 kg/ha). However, the highest harvest 
index was recorded in PNR 546 (0.39) and highest 
1000 seeds weight was found in NLR9 (33.2 g).

Table 1:  Performance evaluation of different low land rice varieties at ICAR Mizoram centre under 
RCRT trials

Variety
Plant 

height 
(cm)

Crop 
duration 

(days)

No. of 
tillers 

per hill

No. of 
grains 

per 
panicle

1000 
grain 

weight 
(g)

Grain 
yield 

(kg/ha)

Biological 
yield (kg/

ha)

Harvest 
index

Gomati 150.1 148 15.1 94.5 29.8 4342 14140 0.31

RCM-10 143.5 148 14.2 81.2 26.4 4018 12540 0.32

NLR-9 134.6 149 10.2 92.5 33.2 3859 14206 0.27

NLR-1 135.6 146 9.6 90.2 26.8 3639 9985 0.36

TRC-2015-7 129.8 146 10.4 86.4 22.4 3638 12163 0.30

RCM-9 139.0 149 13.5 67.9 25.7 3604 10012 0.36

TRC-2013-11 168.2 146 9.7 61.2 25.4 3215 11254 0.29

PNR-546 118.4 132 11.2 85.4 27.6 3390 8695 0.39

Tripura Hakuchuk 146.9 135 8.2 62.5 24.2 3212 8541 0.38

Tripura Nirogi 144.2 139 7.3 58.4 26.0 3088 9248 0.33

Shahsarang 137.4 150 9.2 59.4 25.2 3042 14084 0.22

Tripura Chikan 129.1 146 8.0 50.0 30.1 1800 9854 0.18

P.S-5 115.0 124 6.3 75.4 21.0 2650 7984 0.33

NLR-5 137.2 150 9.1 87.9 28.0 2904 11241 0.26

NLR-3 146.3 150 6.2 78.4 28.1 2809 10854 0.26

NLR-4 152.1 146 7.4 74.2 27.4 2788 16485 0.17

NLR-2 150.2 150 7.2 57.5 26.5 2742 8254 0.33

Local 175.2 160 7.1 60.1 23.2 1685 12001 0.14

P.D-13 76.5 120 5.1 48.2 21.4 1499 6084 0.25

Tripura Sarat 137.5 151 6.8 51.3 27.6 1485 6514 0.23

P.B 1718 148.2 150 5.0 80.4 25.0 1452 5901 0.25

P.B 1121 135.2 150 6.1 80.9 24.5 1325 5984 0.22

CD (P=0.05) 11.2 12 0.7 6.0 2.0 225 779 0.02

SEd 3.9 4 0.2 2.1 0.7 78 272 0.01
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Fig 3. Performance of different rice varieties at 
ICAR Mizoram Centre under lowland condition.

Characterization study of maize

(Contributor : Saurav Saha)

Maize inbred lines: Fourteen maize inbred lines 
were characterized for potential grain quality 
characteristics (Fig. 4). MZM-20 (Mimban) bear the 
least grain diameter (5.05 mm) followed by MZM-2 
(5.72 mm) while MZM-2 has the highest true kernel 
density (1.196 g/c.c.); the least for RCM 76 composite 
and MZM -7 respectively. The two specific Mimpui 
lines viz. MZM-11 and MZM-16 had the maximum 
grain surface area and 1000 grain weight; but lesser 
for the collected Mimban accessions. The grain starch 
content was comparatively higher in Mimban lines 
and the least for Puakzo lines (MZM-19 and MZM-17). 

The higher grain nutrient bearing accessions were 
MZM-2 and MZM-6 for Fe (> 14 µg/g), MZM-7 and 
MZM-9 for Mn (> 15 µg/g), MZM-3 and MZM-7 for Zn 
(> 40 µg/g), MZM-4 and MZM-1 for high Cu content 
(> 5 µg/g). MZM-8 contained the highest Calcium 
content (75.1 µg/g) followed by MZM-3 maize lines 
(64.23 µg/g). The highest oil content was recorded 
for MZM-3 (9.2%) accession followed by MZM-9 
accession (7.4%), with least moisture content. The 
Mimpui lines had comparatively higher grain energy 
content (calorific value per unit grain weight) than 
Mimban and Puakzo lines. The MZM-11 accessions 
had the highest grain calorific value (~3991 cal/g) 
followed by RCM-76 composite (~3976 cal/g) and 
MZM-16. In contrast, MZM-19 (Puakzo) had the least 
calorific value (~3746 cal/g), followed by MZM-17 
(~3761cal/g; Mimban). The chromomeric parameters 
(bold grain) confirmed the least chroma for MZM-3 
and greater values of hue angle values for light white 
coloured gains of the selected maize lines viz. MZM-
11, MZM-2, RCM-75 accessions. The potential lines 
may be used as the source material of maize breeding 
programme in near future.

Fig. 4. Variation in (a) nutrient content and (b) energy content of the selected local maize lines
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Effect of integrated nutrient management on Maize 
followed by Soybean in acidic soil of Mizoram 

(Contributor : Lungmuana)

To explore the effect of integrating fertilizer and lime 
combination on maize (RCM-76) followed by soybean 
(JS-8021) sequence and its affect on soil, an experiment 
was conducted in the terrace of ICAR RC NEH Region, 
Mizoram Centre during 2019 and 2020. Maize was 
sown during first week of April and soybean during 
mid August. The study was laid out in a randomized 
complete block design (RCBD) consisting of 7 
treatment combination. The fertilization treatments 
include T1-Absolute control, T2-Half RD NPK @ 
40:30:20 for Maize and @ 10:20:20 for Soybean, T3- 
Full RD NPK, T4- Half RD NPK and Lime @ 400 kg ha-1, 
T5- Half RD NPK and Lime @ 800 kg ha-1, T6- Full RD 
NPK and Lime @ 400 kg ha-1, T7- Full RD NPK and Lime 
@ 800 kg ha-1. Pooled data for two consecutive year 
results (Fig. 5) suggested that the yield of Maize and 
Soybean significantly increase due to fertilize and lime 
combination. Among the treatment combinations, the 
yield data between half and full dose of fertilizer were 
at par, while the lime increased the yield significantly 
suggesting that lime is very important for increasing 
the yield in acidic soil of Mizoram. Soil analysis results 
after two years suggested that lime increase the soil 
pH and lime fertilizer integration increased the soil 
nutrients significantly.  

Standardization of package and practices of 
dragon fruit cultivation under Mizoram condition

(Contributor : Vishambhar Dayal)

The growth, flowering and number of fruit per pole of 
dragon fruit planted at 2x2 m spacing were laid out at 
different nutrient treatments viz.T1: Control, T2: NPK 
fertilizer @ 25, 75, 75g/pole,T3: NPK @ 25, 75, 75g/
pole + FYM 2 kg/pole,T4: NPK @ 25, 75, 75g/pole 
+ Vermicompost 1 kg/pole ,T5: NPK @ 25, 75, 75g/
pole + FYM 2 kg/ pole + Vermicompost 1 kg/pole. The 
maximum plant height was recorded in treatments 
(T5) of 231.25 cm followed by (T4) of 220.92 and 
minimum plant height was recorded in control (T1) 
of 128.52 cm. Maximum plant canopy was recorded 
from T5 of 135.05 cm followed by T4 of ( 120.71cm) 
and minimum was observed in T1 (81.04 cm) in 
east–west direction of plant canopy and similarly in 
north- south plant canopy direction (T5: 137.51cm 
followed by T4: 116.55 cm) and minimum in T1: 
79.02). The maximum number of flower buds/pole 
(44.25), number of flowers (37.50), number of fruits/
pole (34.10), yield per pole (12.6 kg) and average fruit 
weight (369.42g) were recorded in T5 followed by T4 

(38.25 number of flower buds/pole, 32.44 number 
of flowers, 31.50 no of fruits/pole, 11.19 kg yield per 
pole and 355.32 g average fruit weight) while the 
lowest fruit yield (4.52 kg) was recorded in control. 
Result revealed that applying NPK @ 25-75-75 g/pole 
along with FYM (2 kg/ pole) and vermicomposting (1 
kg/ pole) significantly improved growth, flowering 
and number of fruit/ pole. Thus application of NPK 
@ 25-75-75 g/pole along with FYM (2 kg/ pole) and 
vermicomposting (1 kg/ pole) may be recommended.

Effect of growth hormone on root length and root 
number on dragon fruit

(Contributor : Vishambhar Dayal)

Different concentration of growth hormone were 
used: T1: IBA 2000 ppm, T2: IBA 4000 ppm, T3: IBA 6000 
ppm, T4: NAA 2000 ppm, T5: NAA 4000 ppm, T6: NAA 
6000 ppm, T7: IBA+NAA 2000 ppm each, T8: IBA+NAA 
4000 ppm each, T9: IBA+NAA 6000 ppm each and T10: 
Control. Result (Fig. 5) showed that maximum root 
length was recorded in T3 (11.23 cm) followed by  T6 
(9.87 cm) and minimum was found in T9 (4.20 cm). 
The maximum number of roots was recorded in T8 
(11.67 nos.) followed by T5 (10.33nos.) and minimum 
was recorded in T10 (4.67 nos.). Therefore, dragon fruit 
cutting dipped with IBA 6000 ppm resulted in longer 
root length whereas IBA (4000 ppm) +NAA (4000 
ppm) resulted in more numbers of roots per cutting 
that help in early establishment of cutting in the field.

Fig. 5. Effect of hormone on root length (cm) and 
no. of roots of dragon fruit

Post harvest products of dragon fruit, jack fruit 
and mango
(Contributor : Vishambhar Dayal)
Dragon fruit (Fig. 6) and jackfruit wine was prepared 
with T1: 0 % sugar, T2: 10% sugar, T3: 20% sugar, 
T4: 30% sugar, T5: 40% sugar, T6: 50% Sugar and 
T7: 60% sugar. Results through organoleptic taste 
revealed that 50% sugar was the best followed by 
60% in both the fruit.
Mango and dragon fruit leather was prepared different 
concentrations of sugar and through organoleptic 
taste, the best in terms of taste and slice making was 
observed for 10% sugar in mango + 90% pulp while 
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Fig. 6. Dragon 
fruit wine

Fig. 7. leather blended with 
mango pulp (50: 50)

Without Sugar 20 % sugar                           50% sugar

Fig. 8. Mango leathers under different sugar 
concentrations

Pulps of guava and dragon fruit, jackfruit and dragon 
fruit were blended for jam preparation in (100:0, 
90:10, 80:20, 70:30, 60:40 and 50:50) combinations. 
Treatment ratios was prepared by addition of sugar, 
acid and cooked till end-point consistency wherein 
the final TSS and acidity was adjusted to 68°B and 
0.5% acidity. Based on the organoleptic evaluation, 
70:30 was most preferred for both the fruit mixture. 
Dragon fruit jam preparation was optimized with 40 
% sugar, 0.2% acidity, 0.01% preservative and which 
kept well for up to six months at room temperature.
Preparation of dragon fruit jam can be an alternative 
option for preservation and value addition since the 
crop is highly perishable.

Monitoring and surveillance of important viral 
and bacterial diseases of pigs in Mizoram

(Contributors : Lalhruaipuii, I Shakuntala)

 A total of 440 serum samples were collected from 
pigs and piglets of four districts (Aizawl, Champhai, 
Kolasib and Serchhip) of Mizoram to investigate the 
sero-prevalence of important viral diseases of pigs. 
The serum samples were analyzed by commercially 
available enzyme-linked immunosorbent 

Fig. 9. PCR amplicons of blaCMY gene (462bp) (E.coli 
isolated from pig)
LM : 1000bp DNA Ladder; L1 : Positive control; 
L2 : Negative control
L3, L4, L6 & L7: Representative samples showing blaCMY 

gene amplicon

for dragon fruit leather blended with mango pulp, 
50% dragon fruit pulp + 50 % mango pulp leather was 
the best where 100 % dragon fruit pulp leather was 
not good and very poor in thickening of leather (Fig. 
7 and 8). 

assays (ELISA) (OIE approved) according to the 
manufacturer’s instructions.

Out of 440 samples, 119 were positive for PRRSV, 
178 for CSFV, 307 for PCV2 and 126 for PPV (Fig. 11). 
Indicating a mean positivity of 27.05% (119/440), 
40.45% (178/440), 69.77% (307/440) and 126% 
(126/440) respectively. Presence of mixed infection 
was observed in many cases, a total of 13.9% (61/440) 
showed the presence of PPV and PCV2 whereas 
11.81% (52/440) showed the presence of PCV2 and 
CSFV; 7.5% (33/440) showed the presence of CSFV, 
PPV and PCV2; 7% (31/440) showed the presence of 
PRRS, CSFV and PCV2; 2.95% (13/440) showed the 
presence of PRRSV, CSFV, PCV2 and PPV; 1.6% (7/440) 
showed the presence of PRRSV, PPV and PCV2. 

To study the prevalence of porcine bacterial diseases 
faecal samples (n=200) were collected randomly from 
pigs irrespective of their age, sex and breed with or 
without the history of diarrhoea from 3 districts 
(Champhai, Kolasib and Serchhip) of Mizoram. A total 
of 261 isolates was shown positive to E.coli by 16S 
rRNA detection by PCR. Based upon the PCR assay, 
a total of 22, 21, 20 and 13 isolates were recorded 
as positive for blaSHV, blaCTX-M, blaTEM and blaCMY  
antimicrobial resistance genes, respectively (Fig 9).

Production performance and egg weight of 
Vanaraja parent bird 
(Contributors : Lalhruaipuii, I Shakuntala)
The data were recorded from a flock of 385 Vanaraja 
parent line maintained at Poultry Unit, ICAR, Mizoram 
Centre. Egg production and egg weight data were 
taken from six months to seventeen months of age. A 
total of 35055 eggs were produced during 2020 with 
an annual average egg production of 135.5 eggs/bird. 
The average monthly egg production per bird has been 
recorded as 11.29. Age wise mean egg weight ranged 
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considering the physical habitat differences 
existing in the river and sampling was carried out 
with the help of local fisherman using cast net and 
other available fishing gears including fishing trap 
and hook. The collected fishes were fixed in 10% 
formalin which was later preserved in 70% alcohol 
for further examination. Fish species belonging to 
Cyprinidae family dominated highly in all the studied 
rivers. Maximum families of fishes were found in 
Chhimtuipui river (14) followed by Tlawng (12) and 
Tuichang (12) rivers, while the least family of five 
(5) was recorded in Varhva and Teirei river. Among 
the entire river studied, the dominance by a single 
species is highest in Tut river whereas it was lowest 
in Chhimtuipui river. The simpson Index showed that 
mature and stable communities with high diversity 
in all the rivers assessed. The community similarity 
and richness is highest in Chhimtuipui river and 
the environment in all rivers are stable. Further, the 
evenness of a community was highest in Chhimtuipui 
river and in general the species evenness is high in all 
the rivers. Species richness is highest in Chhimtuipui 
whereas it is lowest in Teirei river. Species similarity 
is highest between Tlawng & Tuipui rivers whereas it 
is lowest between Teirei and Varhva rivers.
Additionally, it was observed that single species 
representation in a river was found to be highest in 
Chhimtuipui river, where thirteen (13) species was 
observed which were not represented in other rivers. 
In contrast, species were found in Varhva river which 
were not observed in other rivers studied. Among the 
species observed, Puntius ticto and Tor tor were found 
to be most widely distributed species and represented 
in all the rivers.

Table 2. Diversity indices of different rivers of Mizoram

Diversity indices Varhva Tuichang Tuikum Tuipui Tlawng Teirei Tut Chhimtuipui 
Dominance_D 0.0928 0.0655 0.0905 0.0683 0.0510 0.1320 0.1413 0.0388
Simpson_1-D 0.9072 0.9345 0.9095 0.9316 0.9490 0.8673 0.8587 0.9612
Shannon_H 2.5110 2.9350 2.5580 2.8850 3.1290 2.2020 2.2910 3.3880
Evenness_e^H/S 0.8210 0.7236 0.8069 0.6885 0.7883 0.6957 0.6178 0.8457
Margalef 3.0140 5.120 3.4330 4.1690 5.4330 2.806 3.620 7.6740

Table 3. Sorenson’s Similarity indices of different rivers of Mizoram

River Varhva Tuichang Tuikum Tuipui Tlawng Teirei Tut 
Varhva 0 
Tuichang 0.476 0 
Tuikum 0.516 0.465 0 
Tuipui 0.486 0.449 0.526 0 
Tlawng 0.273 0.357 0.311 0.627 0 
Teirei 0.143 0.25 0.276 0.342 0.286 0 
Tut 0.343 0.255 0.222 0.429 0.245 0.485 0 
Chhimtuipui 0.36 0.287 0.392 0.386 0.25 0.33 0.473 

from 40.06±0.01g (at 6 months of age) to 62.50±0.17g 
(at 17 month of age). 
Effect on the growth performance and nutrient 
utilization of pig feed containing banana stem and 
cassava root (1:1)
Fresh banana stalk and cassava tubers were initially 
harvested, chopped, cooked and mixed with 
concentrated feed.  Eighteen 3 months old Hampshire 
cross breed pigs of similar average body weight were 
divided randomly into 3 treatment groups [G1: 100% 
concentrate feed; G2: banana stem and cassava root 
meal (1:1) 15%; G3: banana stem and cassava root 
meal (1:1) 25%]. Six pigs in each group were housed 
individually in well-ventilated pig sty and animals 
were fed twice a day throughout a period of 150 days.
The growth performance of pigs fed with different 
levels of banana stem and cassava roots were 
recorded weekly. The average daily body weight gain 
(g/day) was recorded as 0.30±0.01kg, 0.27±0.03kg 
and 0.26±0.02kg respectively for G1, G2 and G3 and 
no significant differences (P>0.05) were found among 
the different groups. So, replacement of the Standard 
Concentrate Mixture with the locally available tuber 
crops/ banana stem @15-25% can be recommended 
to reduce the feed cost in pig rearing.
Fish diversity assessment from different rivers of 
Mizoram
(Contributors : P .L. Lalrinsanga, I. Shakuntala)
The fish diversity in eight (8) major rivers of Mizoram 
viz. Tlawng river, Tuipui, Tut, Teirei, Chhimtuipui, 
Tuichang river, Tuikum river and Varhva river 
were assessed. Sampling locations were selected 
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Out of the fish species collected, Tor putitora is 
listed as “Endanger” and Botia rostrata is listed as 
“Vulnerable” while six (6) species including Tor 
tor, Neolissocheilus hexagonolepis, Poropuntius 
clavatus, Bagarius bagarius, Anguilla bengalensis and 
Glyptothorax striatus falls under “Near Threatened” 
category under International Union for Conservation 
of Natural (IUCN) resources red list indicating the 
need for conservation of the indigenous fishes. The 
study revealed that the rivers of Mizoram are rich 
in fish diversity. However, the indigenous fishes are 
under threats from several factors indicating the need 
to take immediate conservative measure. 

ICAR Seed Project-Seed Production in Agricultural 
Crop

(Contributors : Lungmuana, J. K. Soni, I Shakuntala)

Certified paddy seeds of RC Maniphou 7, 10, 11, 12 and 
13 were distributed to farmers from Kolasib, Saiha, 
Hnahthial and Serchhip district covering 6 hectares 
area for lowland paddy (Fig 15). On an average RC 
Maniphou 7 yielded about 4.4 t/ha, RC Maniphou 10 
yielded about 4 t/ha, RC Maniphou 11 yielded about 
3 t/ha, RC Maniphou 12 yielded about 4 t/ha and RC 
Maniphou 13 yielded about 4.5 t/ha. 

Fig. 10. RC Maniphou 11 in Phaisen village and 
RC Maniphou 7 in Tuichhuahen village.

All India Coordinated Research Network on 
Potential Crop

(Contributors : Sunil Kumar Sunani, J. K. Soni)

Genotype screening trial on Winged bean:

Five genotypes (RWB-25, RWB-26, RWB-30, PWB-17-
14 and PWB-17-18) under AVT-I and one genotype 
(PWB 17-1) under AVT-II were tested at ICAR Mizoram 
Centre with three checks (AKWB-1, Indira Winged 
bean-1 and RMDWB-1) (Fig 16). Among the different 
genotypes, days to 50% flowering ranged from 55 
to 83 days out of which PWB 17-1 recorded least 55 
days and Indira Winged bean-1 with highest 83 days 
to 50% flowering. These genotypes recorded in pod 
length the range of 16.7 to 19.6 cm with 10.0-13.4 nos. 
of seeds per pod. The weight of 100 seeds was highest 

in PWB-17-14 (41.9g) and lowest in PWB 17-1 (30.0). 
Significantly highest green pod yield was recorded 
in AKWB-1 (8056 kg/ha) which is at par with RWB-
30, whereas lowest was observed in PWB 17-1 (5889 
kg/ha). Similarly, highest seed yield was observed in 
AKWB-1 (3994 kg/ha) which is at par with PWB 17-18 
whereas lowest seed yield was recorded in PWB 17-1 
(1172 kg/ha). Therefore, among the tested genotype, 
AKWB-1 has performed the best in terms of yield.

All India Coordinated Research Network on 
Potential Crop
(Contributors : Sunil Kumar Sunani an J. K. Soni )
Genotype screening trial on Winged bean:
Five genotypes (RWB-25, RWB-26, RWB-30, PWB-17-
14 and PWB-17-18) under AVT-I and one genotype 
(PWB 17-1) under AVT-II were tested at ICAR Mizoram 
Centre with three checks (AKWB-1, Indira Winged 
bean-1 and RMDWB-1) (Fig. 11). Among the different 
genotypes, days to 50% flowering ranged from 55 
to 83 days out of which PWB 17-1 recorded least 55 
days and Indira Winged bean-1 with highest 83 days 
to 50% flowering. These genotypes recorded in pod 
length the range of 16.7 to 19.6 cm with 10.0-13.4 nos. 
of seeds per pod. The weight of 100 seeds was highest 
in PWB-17-14 (41.9g) and lowest in PWB 17-1 (30.0). 
Significantly highest green pod yield was recorded 
in AKWB-1 (8056 kg/ha) which is at par with RWB-
30, whereas lowest was observed in PWB 17-1 (5889 
kg/ha). Similarly, highest seed yield was observed in 
AKWB-1 (3994 kg/ha) which is at par with PWB 17-18 
whereas lowest seed yield was recorded in PWB 17-1 
(1172 kg/ha). Therefore, among the tested genotype, 
AKWB-1 has performed the best in terms of yield.

PL-19-101 PL-19-102 PL-19-104         PL-19-105

Fig. 11. Performance of different Pleurotus strains

All India Coordinated Research Project on Spices 

(Contributors: Sunil Kumar Sunani, V. Dayal)

Performance evaluation of bold and vegetable 
ginger 

Seven (7) genotypes of vegetable/ bold type of ginger 
were evaluated and all the growth parameters (Fig 
.12), i.e. plant population, plant height, number 
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of tillers, no. of leaves/plant were taken after 120 
days of planting. Maximum plant population was 
found in Johans (31) followed by PGS-121 (27) 
and Gurubathani (20.6). Highest number of tillers 
per plant was found in PGS-121 (3.50) followed by 
Gurubathani (3.46) and PGS-102 (3.30). Plant height 
was highest in Gurubathani (38.73 cm), PGS-102 
(33.18 cm) and PGS-95 (32.77 cm). Maximum no. 
of leaves/plant was recorded for PGS-121 (15.99), 
followed by PGS-102 (14.71) and PGS-95 (13.15). The 
maximum fresh weight of clump was recorded for 
PGS-102 (263.03g/plant), followed by Gurubathani 
(183.32 g/plant) and PGS-121 (133.60 g/plant). The 
maximum yield was recorded for PGS-102 (6.40 t/ha), 
followed by Gurubathani (5.66 t/ha) while dry matter 
content was found to be highest in Bold Nadia (26%) 
followed by PGS-102 (25%). 

PGS-95 PGS-121  PGS-121  Gorubathani

Fig. 12. Performance of vegetable type of ginger 
at ICAR Kolasib, Mizoram

Priming of rhizomes for enhanced germination, 
vigour and storage rot suppression in turmeric

Turmeric (RCT-1) rhizome were treated with T1- 
Trichoprime; T2- Metalaxyl - mancozeb@ 1.25g/
L+ Imidacloprid 0.5 ml/L for 30 minutes; T3- 
tebuconazole @ 1ml /L + Imidacloprid 0.5 ml/L for 
30 minutes and T4- recommended state package 
of practices and sown in a plot size of 3m2 (Fig. 19). 
All the growth parameters, i.e. no of tillers/plant, 
plant height were taken after 120 days of planting 
and plant population taken 50 days after planting. 
Maximum plant population of 36.83 with a sprouting 
percentage of 92.08 was found in T2 followed by T3 
(35 with a sprouting percentage of 87.50). The plant 
height was highest in T1 (75 cm) followed by T2 (74 
cm). Highest number of tillers per plant was found in 
T1 (5.17) followed by T2 (4.83). Maximum yield was 
recorded for T2 (35.58 t/ha) followed by T1 (31.90 t/
ha) respectively. Dry matter content was found to be 
highest in T4 (21.01%), followed by T3 (19 %).

Fig. 13. Performance of priming treatments in 
turmeric at ICAR-RC Mizoram Centre, Kolasib

Intervention through low cost rainwater harvesting 
technology (Jalkund) for livelihood improvement 
of tribal farmers of Mizoram (NABARD).

(Contributors : Lungmuana, I Shakuntala)

Fifty five (55) numbers of silpauline (36 x 30) feet 
having 250 GSM were distributed to 55 farmers across 
Thingdawl, Kawnpui and Hortoki villages (Fig. 14). 
Some farmers could get B:C ratio of about 2..5 through 
cultivation of vegetables like tomato and cole crops by 
harvesting small perennial streams from the hills.

Fig. 14. Demonstration, training of Jalkund for 
harvesting water on 3nd December, 2020 at 
Thingdawl village under NABARD project

Introduction of Open dug well with solar pump: 
A sustainable Irrigation System for Enhancing 
Agricultural Production, Income and Employment 
(NABARD)

(Contributors : Lungmuana, I Shakuntala)

An open dug well with solar-based submersible 
pump and water tank facility has been established 
for demonstration at ICAR Mizoram Centre, Kolasib 
(Fig. 15). This facility is to enhance crop productivity 
through supplementary irrigation for Rabi season 
cultivation.
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Fig. 15. Project demonstration site visited by  
Dr. S.N. Mallick, GM of NABARD, Mizoram on 27th 

July, 2020

Demonstration of integrated pig cum fish farming 
technology

(Contributor : P. L. Lalrinsanga)

The technology of pig cum fish farming has been 
demonstrated to 10 farmers from Bilkhawthlir 
villages of Kolasib district under the financial aid from 
NABARD. Critical inputs including fish seed, piglets 
etc. were distributed to the selected beneficiaries and 
training cum distribution of input was conducted. The  

Fig. 16. Distribution of fish seed to farmers and 
demonstration of pig cum fish farming

water samples and fish growth performance are being 
regularly monitored. 
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NAGALAND
SUMMARY 

The total rainfall received during 2020 was 1253.7 mm (91 rainy days) which was19% less than the normal 
(1554.8 mm). A total of 21 projects (08institute funded and 13 externally funded) are under progress in the 
centre. Under promotion of oilseed in NEH region, nine variety of sunflower were evaluated, of which variety 
KBSH-74 recorded highest yield (5.9 quintal per ha) followed by RSFH-1887 (5.4 quintal per ha). Similarly in 
sesame, Cums-17 recorded the highest yield (7.66 quintal per ha) followed by Prachi (7.18 quintal per ha).  
Among different organic nutrient management practices, application of PSB (Phosphate solubilizing bacteria) 
in soil resulted in higher yield of 3.89 tonnes/ha compared to other treatments.  A total of 100selected upland 
rice landracesamong 176 rice landraces were evaluated using Bhalum- 3 and RCM-9 as check variety. Among 
these, Aongsho, Semmeki, GoyoTsük, Shuphok,  MoyaTsük showed high potential yield compared to Bhalum-3 in 
upland condition. A total of eight promising landraces were evaluated for yield on plot basis. Under PPV&FRA, 4 
rice entries were evaluated and found distinct from reference varieties namely RCM-9, Ranjit, Pusa Sughandha 
and Shashrang (IET16313). Among the six strains of oyster mushroom evaluated at Nagaland,PL-19-05strains 
recorded maximum yield of 46.17 kg per 100 kg dry weight substrate of paddy straw. Out of season cultivation 
of king chilly under protected structures (September sowing) enhanced production by 35% with superior 
quality fruit and higher capsaicin content ranging from 5.76-6.28% (921600- 1004800 SHU) as compared 
to open cultivation 3.38-4.5 %. Demonstration on scientific cultivation of banana and high density in banana 
cultivation was undertaken at 3 different sites viz. in Medziphema, Doyapur and Vidima covering an area of 1.5 
acres during 2019-20. Captive breeding of Garra sp. was done in glass aquaria. During the reporting period, 
90932 numbers of eggs were produced (PSP); 859 piglets were farrowed (MSP on pig). The centre organized 
trainings, field day, demonstrations etc. and published 8 research papers.
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Weather Condition at ICAR RC for NEH Region, 
Nagaland Centre, Medziphema 

The monthly maximum and minimum air temperature 
were found to vary from 22.40C to 33.70C and 9.60C 
to 25.00C, respectively (fig 1). Highest maximum 
temperature recorded for a single day was 37.20C which 
was on 30th March, the lowest maximum temperature 
for a single day was recorded on 4th January which was 
16.00C. Highest minimum temperature for a single day 
of 26.90C was recorded on 4th August whereas the 
lowest minimum temperature of 6.10C was recorded 
on 29th December.During 2020, monthly relative 
humidity ranged from 41% to 97%. Highest monthly 
maximum relative humidity was recorded during 
the month of January which was 97% and the lowest 
monthly maximum relative humidity was recorded 
during the month of May which was 90%. Total rainfall 
received during the year 2020 was 1253.7 mm, which 
was 19% less than the normal; except December 
there was rainfall throughout the months. Total rainy 
days were 91 days (considering precipitation of more 
than 2.5mm) which was 2% less than the normal. 
Monthly rainfall was maximum during the month of 
June (266.2mm) followed by July (199.9mm) (fig. 2). 
Highest amount of rainfall in a single day was recorded 
on 2nd October (51.0mm) which was followed by 10th 
September (50.6mm). Cloud cover was observed both 
during the morning and evening. Mean monthly wind 
speed ranged from 0.665 kmph during the month of 
January to 1.615 kmph in the month of April. Highest 
mean wind speed of 4.145 kmph in a single day was 
recorded on 30th March. Soil temperature was recorded 
both in the morning and evening from 5cm, 10cm, 
15cm and 20cm depth. Average soil temperature 
showed a decreasing trend along with the depth. 
Highest total monthly evaporation was recorded in the 
month of March (118.9 mm) and lowest in the month 
of January (45.7 mm). 

Fig 1: Monthly variation of mean maximum and 
minimum temperatures

Fig 2. Monthly variation of total rainfall

SOIL SCIENCE
Effect of altitudinal gradient and variation in 
temperature in soil parameters under different 
agro-forestry and other major land-use systems in 
Nagaland

(Contributors : Christy B. K. Sangma, Tulika Swu, D. J. 
Rajkhowa)

Soil samples were collected from different land 
uses, Rubber plantation, teak plantation, bamboo 
forest and pineapple cultivation in Kukidolong, New 
Medziphema and Molvom village under Dimapur 
District at four different soil depths i.e., 0-15 cm, 15-
30 cm, 30-45 cm and 45-60 cm at varying altitudes. 
The site details, textural classes and mean result of 
soil parameters analyzed are presented in Table 1. 

Table 1. Site details and soil textural class of the sampling location

Place Crop Latitude Longitude Altitude
(m amsl)

Silt 
(%)

Clay 
(%)

Sand 
(%) Texture

Kukidolong Rubber 
plantation 25.7649°N 93.8298°E 288.31 8.4 20.2 71.36 Sandy 

clay loam
New 

Medziphema Teak plantation 25.7505°N 93.8515°E 310.00 17.6 26.2 56.16 Sandy 
clay loam

Molvom

Bamboo forest 25.7387°N 93.8423°E 411.00 16.4 38.2 45.32 Sandy 
clay

Pineapple site 1 25.7381°N 93.8400°E 413.00 20.0 26.2 53.76 Sandy 
clay loam

Pineapple site 2 25.7449°N 93.8367°E 408.00 26.0 38.2 35.76 Clay loam



ANNUAL REPORT 2020ICAR RC NEH

113

Isolation and characterization of Rhizobium spp. 
from leguminous crops grown under organic 
management systems in Nagaland

(Contributors : Christy B. K. Sangma, Tulika Swu, D. J. 
Rajkhowa)

For Rhizobium strains isolation, four types of 
leguminous crops were grown under the organic 
nutrient management practices in Nagaland. These 
crops were greengram (Vigna radiata), groundnut 
(Arachis hypogaea) (Fig. 3), soybean (Glycine max) 
and lentil (Lens culinaris). The srtains isolated from 
these leguminous crops were RS1 (Rhizobium sp. 
(miscellany)) from greengram, RS2 (Rhizobium 
sp. (miscellany)) from groundnut (Fig. 4), RS3 
(Bradyrhizobium japonicum) from soybean and RS4 
(Rhizobium leguminosarum) from lentil. These crops 
were uprooted at flowering to pod formation stage, 
and healthy and pinkish nodules were separated and 
surface sterilized following the standard procedure. 
The surface sterilized nodules were sliced under 
aseptic condition and streak on YEMA (Yeast Extract 
Mannitol Agar) media (Vincent, 1970) followed 
by CRYEMA containing congo red (0.0025%) and 
incubated at 28±1°C for 48-72h. In CRYEMA media 
Rhizobium colonies remained white, translucent, 
elevated and mucilaginous, after 24-72h, YEMA-CR 

Fig 3. Arachis hypogaea 
(Groundnut) nodule

Fig. 4. RS2 (Rhizobium 
sp. (miscellany) 

Groundnut

Performance of soybean var. JS-9560 under 
different organic nutrient management systems

(Contributors : Christy B. K. Sangma, Tulika Swu, D. J. 
Rajkhowa)

A field trial was conducted on soybean var. JS-9560 
(fig. 7 & 8) with the following treatment combinations: 
T1: Control, T2: FYM @ 2 tonnes/hectare, T3: Nitrogen 
(N2) fixer, T4: Phosphorus solubilising bacteria (PSB), 
T5:N2fixer+PSB, T6:N2fixer+FYM @2 tonnes/hectare 
and T7: PSB+FYM @2 tonnes/hectare. The experiment 
was laid out in Randomized Block Design (RBD) 
replicated three times. Plant and yield characteristics 
are mentioned in Table 2.

Table 2. Performance of soybean under different organic treatment combinations

Treatment
 combinations

Plant 
height 
(cm)

No. of 
branches 

plant-1

Plant 
population 

count

Pods 
plant-1

Seeds 
pod-1

Seed yield 
(kg ha-1)

Stover 
yield 

(kg ha-1)
T1: Control 43.07 7.09 22.33 152.7 2.4 335.5 293.3

T2: FYM @2 t/ha 48.78 7.78 26.17 198.3 3.0 686.5 366.6

T3: N2 fixer 50.39 8.25 16.17 216.7 3.0 762.0 724.3

T4: PSB 50.83 7.81 26.50 163.0 2.6 414.9 343.2

T5: N2fixer+PSB 50.39 7.76 36.83 161.0 2.8 446.5 491.0

T6: N2fixer+FYM @2 t/ha 50.27 7.20 36.33 161.7 2.4 461.0 364.9

T7: PSB+FYM @2 t/ha 50.69 6.78 36.00 159.7 2.6 735.4 638.7

media was so used to differentiate contaminants 
Agrobacterium from Rhizobium. 

Influence of different organic nutrient practices on 
growth and yield of upland rice variety, Bhalum-3 

(Contributors : Christy B. K. Sangma, Tulika Swu, D. J. 
Rajkhowa)

Upland rice variety, Bhalum-3 was evaluated for 
growth and yield attributes under different organic 
nutrient management practices. The treatments 

were; T1: Control, T2: Azospirillum, T3:Phosphorus 
Solubilising Bacteria (PSB), T4:FYM @5t ha-1, T5: 
Azospirillum+PSB, T6:Azospirillum+FYM @2.5t ha-1 
and T7:PSB+FYM @ 2.5t ha-1. The experiment was 
laid out in Randomized Block Design (RBD) with 
three replications. The mean values of all recorded 
parameters are shown in Table 3.
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Table 3. Performance of Bhalum-3 under different organic nutrient management practices

Treatment combinations
Plant 

height 
(cm)

No.of 
tillers

No. of 
effective 

tillers

Panicle 
length

Grains 
panicle-1

Test 
weight

Seed 
yield 

(t ha-1)

Straw 
yield 

(t ha-1)
T1: control 80.32 10.66 11.05 21.9 143.33 2.08 2.90 5.39

T2: Azospirillum 78.35 11.28 11.43 22.33 160.33 2.24 3.66 6.36

T3: PSB 81.59 11.58 13.07 23.57 174.33 2.53 3.89 8.13

T4: FYM 5t/ha 81.90 10.83 12.01 23.33 162.67 2.21 3.18 6.26

T5: Azospirillum+PSB 79.80 10.86 11.33 22.93 161.33 2.28 3.43 6.72

T6: Azospirillum+FYM 2.5t/ha 82.69 11.75 12.01 22.23 164.00 2.34 3.23 5.87

T7: PSB+FYM @2.5t/ha 81.89 11.66 11.25 22.17 163.67 2.19 3.61 7.35

Plant Breeding and Genetics
Morphological and molecular characterization 
and diversity analysis for grain quality, yield and 
yield attributes in rice of NEH region 

(Contributors : Harendra Verma, D. J. Rajkhowa)

A total of eight promising upland rice landraces 
selected out of 180 upland rice landraces and 
evaluated for yield and yield attributes in plot size of 
5x10 meter using CRBD design in three replications 
along with RCM-9 and Bhalum-3 as check varieties. 
The yield potential of Aongsho (4.2t/ha), GoyoTsuk 
(4.1 t/ha), Ongsho (3.9 t/ha), Semmeki (3.85 t/ha), 
and VapvuTsuk (3.7 t /ha) were recorded higher 
compared to Bhalum-3 (3.6 t/ha) and RCM-9 (3.7 
t/ha) in upland ecosystem. Genotyping of 130 rice 
landraces using 90 SSR markers has been completed.

DUS testing and grow out test (GOT) of farmers’ 
rice varieties under PPV & FRA

(Contributors : Harendra Verma, D. J. Rajkhowa)

ICAR, Nagaland Centre received 3 farmers’ varieties 
with trial code Reg/2013/757 (Gundri Bhog), 
2876/2668 and 2876/2672, out of which two namely 
2876/2668 and 2876/2672 did not geminate. 
Therefore, Gundri Bhog along with 3 varieties which 
were received in 2019 i.e. 2877/2338, 2877/2339 
and 2877/2319 along with 4 checks, Pusa Sughand, 
Ranjit, RCM-9 and IET-16313 during Kharif 2020 
were evaluated for DUS characterization in lowland 
ecosystem during Kharif season of 2020. Observations 
were recorded for 62 DUS characters on 10 randomly 
selected plants. All the four entries were distinct from 
check varieties (Fig. 5). A total of 26 rice landraces 
varieties, 3 maize landraces and 2 frenchbean 
germplasm were collected from Peren districts of 
Nagaland.

Fig. 5. Distinctness in candidate varieties for 
grain phenol reaction of lemma

Identification of major QTLs for grain yield under 
drought stress in rice of North East region for use 
in marker assisted breeding

(Contributors : Harendra Verma, D. J. Rajkhowa)

A total of 100 breeding rice lines and 150 upland 
landraces were evaluated for drought tolerance traits 
under both moisture stress as well as normal field 
conditions under a rain shelter at ICAR Nagaland 
centre research farm, Medziphema, during the year 
2020-2021 (Fig. 6). A total of 116 rice landraces along 
with drought tolerant check Teke and Vandana were 
evaluated for various root traits, physiological traits 
and drought tolerance traits at reproductive stage 
in PVC pipes as well as field conditions under both 
moisture stress as well as normal field conditions 
using completely randomized block design (CRBD 
design under a rain shelter at ICAR Nagaland centre 
research farm, Medziphema. Analysis of variance 
revealed significant differences among the genotypes 
for all traits measured in the study. Drought response 
varied among genotypes, 9 genotypes Meche, 
TsukNakla, NailongMapok, Teke, Welhinyi Kezuru, 
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Fig. 6. Evaluation for drought tolerance

Drought tolerance index (DTI) was observed maximum 
in Nari-chitpi (0.88) and TsukNakla (0.88) followed 
by Teke (0.87), and lowest was showed by Maring. 
However when both DTI and yield under stress 
condition are considered Meche (34.7 q/ha), Nailing 
Mapok (32.58 q/ha), Teke and Narichitpi are the best 
genotypes. Among present study genotypes longest 
root length was recorded in EngchaYoh (26.33cm). 
Maximum root volume was recorded in TeiYoh (44ml) 
and minimum was recorded in Nukjan shola (1.67ml) 
with a mean of 10.99 ml. Fresh root weight varied 
from 45.34g in EngchaYoh to 0.44 g in Teke, with a 
mean of 8.42g. Dry root weight ranged from 25.68g 
in EngchaYoh to Nukjan shola 0.23g with a mean of 
4.43g. Considering whole root system EngchaYoh, 

Yinching, Leimaphou, NL-313 and Nari Chitpi behaved 
as drought tolerant when drought tolerant check 
showed susceptible symptoms.

Fig. 7. Evaluation of sunflower varieties

TeiYoh, Toiya, Leimphou and Vandana genotypes were 
the best among 116 genotypes. Based on evaluation 
of breeding lines for yield and drought tolerant traits 
a total of 33 promising breeding lines were identified 
having drought tolerance and high yield under 
moisture stress.A few of them are TRC115-BL53 (20 
g/plant), TRC295-BL229 (19 g/plant), TRC 171 (16 g/
plant). 

Varietal Evaluation trials on Sunflower

(Contributors : Harendra Verma, D. J. Rajkhowa)

Nine varieties of sunflowers were evaluated for their 
yield performance in NEH region (Fig. 7). Among 
all these varieties the sunflower variety KBSH-74 
recorded highest yield (5.9 quintal/ hectare) followed 
by RSFH-171 (5.4 quintal/hectare) (Table 4). KBSH-
78 variety is the dwarf variety with a height of 74.9 
cm only. 

Table 4. Evaluation of sunflower varieties for yield and yield attributes

Genotypes
Days 

to 50% 
flowering

Maturity 
duration

Plant 
height 
(cm)

Head 
length 
(cm)

Head 
weight 

(kg)

Seed/
head

Effective 
seed

Yield 
(q/ha)

Straw 
yield 

(q/ha)

RSFH - 1887 84 144 153.8 9.84 0.01 393.0 51.4 5.4 16.5
DRSH-1 76 127 150.9 12.3 0.02 485.6 49.8 4.6 7.4
COSFV - 5 76 127 135.5 9.5 0.03 380.4 42.8 2.1 4.9
KBSH - 71 79 123 123.2 9 0.03 379.6 39.2 3.7 6.4
COH- 3 76 123 121.1 9.2 0.03 381.0 58.6 1.5 9.5
KBSH - 74 81 123 122.1 9.2 0.03 347.8 46.2 5.9 7.5
CO2- - 
HYBRID 81 123 112 8.6 0.03 328.4 50.4 4.3 8.9

LSFH-171 81 127 138.5 8.1 0.06 311.6 44.2 4.8 10.3
KBSH - 78 81 127 74.9 5.7 0.04 239.6 36.6 5.3 11.1
Mean 79.44 127.11 125.76 9.05 0.03 360.78 46.58 4.18 9.18
SEm 1.21 3.19 3.63 2.75 0.055 33.78 4.09 0.71 1.37
C.D (0.05%) 3.62 9.58 10.89 8.24 0.164 101.26 12.27 2.14 4.11
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3.5 Varietal evaluation trials on Sesame:  

(Contributors : Harendra Verma, D. J. Rajkhowa)

Seven varieties of sesame were evaluated for their 
yield performance in NEH region (Fig. 8), among these 
varieties the sesame variety Cums-17 recorded the 
highest yield (19 quintal per ha) followed by TKG-308 
(15 quintal/ha) (Table 5). Fig. 8. Evaluation of sesame varieties

Table 5. Evaluation of sesame varieties for yield and yield attributes

Genotypes Days to 
50 % 

flowering

Days to 
maturity

Plant 
height 
(cm)

No of 
branches

No. of 
pods/
plant

Pod 
length 
(cm)

No of 
seeds 

per 
pod

Yield 
(q/ha)

Straw 
yield 

(q/ha)

Savitri 27.67 82.00 89.87 4.50 48.37 2.33 42.90 5.91 10.28
Prachi 25.00 81.00 102.03 4.63 58.50 2.59 49.10 7.18 11.74
TRC 26.33 81.33 83.10 4.73 53.87 2.44 41.53 4.21 7.50
GT-10 26.00 81.67 107.77 5.07 52.00 2.40 44.40 4.31 10.83
Amrit 27.00 83.33 74.03 3.80 41.33 2.44 47.57 6.45 8.82
TKG-308 26.33 82.00 111.73 5.53 56.40 2.27 41.53 6.02 9.03
Cums-17 29.67 85.33 88.40 4.40 40.90 2.53 49.40 7.66 9.93
Mean 26.86 82.38 93.85 4.67 50.20 2.43 45.20 5.97 9.73
SEm 0.47 0.80 1.64 0.17 3.82 0.07 2.12 0.18 0.86
CD(0.05%) 1.44 2.47 5.07 0.53 11.78 0.21 6.52 0.57 2.64

Farmers’ participatory seed production

(Contributor : D. J. Rajkhowa)

The centre has taken up initiatives for promoting 
quality seed production through farmers’ participatory 
seed production under ICAR Seed Project. The centre 
is promoting location specific improved varieties of 
rice, toria, soybean, green gram, linseed, groundnut 
and sesame to minimize yield gap in Nagaland (Total 
TFL produced-9258 q.)

HORTICULTURE

Off-season cultivation of Naga King chilli under 
protective structures

(Contributors : Azeze Seyie, Aabon Yanthan, D. J. 
Rajkhowa)

Out of season cultivation of Naga King chilli under 
protected structures (September sowing) enhanced 
production by 35% with superior quality fruit and 
higher capsaicin content. The growth and yield 
parameters under polymulch condition (Fig. 9) 
showed better performance followed by polyhouse 
condition (naturally ventilated) (Fig. 10) with the 
application of Poultry manure 2.5t/ha + 30:12:12 NPK 

kg/ha. On an average, fresh yield of 1-1.2 kg per plant 
were obtained under polymulch and 0.7-0.8 kg per 
plant under naturally ventilated polyhouse condition. 
Although early flowering was observed under 
polyhouse condition, the increase in temperature 
(>30°C), the later pickings were affected due to high 
flower/ fruit drop. Capsaicin content of 5.87% was 
obtained in the crop harvested under polyhouse 
condition followed by polymulch (5.46%). The 
economics of crop grown under polymulch condition 
recorded a net return of Rs. 28.07 lakhs followed by 
crop under polyhouse condition (Rs. 21.9 lakhs) in 
one hectare. 

Fig. 9. Naga King chilli under polymulch condition
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Fig. 10. Naga King chilli under polyhouse 
(naturally ventilated) condition

Demonstration on Scientific cultivation of G-9 
variety of Banana (BIOTECH KISAN)

(Contributors : Azeze Seyie, Jyotish Barman, D. J. 
Rajkhowa)

Demonstration on scientific cultivation of banana and 
high density in banana cultivation was undertaken 
at 3 different sites viz. in Medziphema, Doyapur and 
Vidima covering an area of 1.5 acres during 2019-
20. The farmers were imparted training on the Good 
agricultural practices on banana and tissue culture 
saplings of Grand Naine (G-9) (Fig. 11) variety was 
provided alongwith various inputs. On an average a 
bunch weight of 22-23 kg was obtained in a plant with 
a total yield of 60.43 t/ha (HDP with drip irrigation) 
and 52.23 t/ha (conventional).

Fig. 11. Cultivation of G-9 variety of Banana

Entrepreneurship development through Naga 
mircha pickles

(Contributors : Azeze Seyie, D. J. Rajkhowa)

Entrepreneurship development in value addition and 
processing of Naga king chilli was encouraged among 

the youths, SHGs and entrepreneurs. Naga mircha also 
commonly known as Naga king chilli or Bhoot jolokia 
has received massive attention throughout the world 
for its unique pungency and aroma. Naga mircha is a 
highly perishable crop and in order to combat the post-
harvest losses, particularly during the peak season, 
pickle making on a home-scale level has become 
a remunerative option to the growers to minimize 
these losses. In order to encourage the producers 
and learning the potential of this crop, two young 
graduates started a small business enterprise by the 
name “The backyard garden” based in Dimapur. With 
the blossoming of the demand in Naga mircha pickles, 
they started liaising with different stakeholders and 
invested around Rs.40,000 for fresh Naga mircha 
fruits, spices, oils, packaging materials and labeling. 
The products were sold to various retailers @ Rs. 220 
per jar and an amount of approximately Rs.70,000 
was generated through this small enterprise and 
the entrepreneurs are optimistic to continue in the 
forseeable future. 

AICRP Mushroom: Identification and evaluation 
of Pleurotus species suitable for higher yield in 
Nagaland

(Contributors : Aabon Yanthan, D. J. Rajkhowa)

The experiment on evaluation of 6 strains of Pleurotus 
species was conducted in 2020 in Nagaland to identify 
the high yielding strain. The Pleurotus species were 
evaluated for yield/100kg of dry substrate of paddy 
straw. The maximum yield of 46.17 kg of mushroom 
was recorded in PL-19-05 (Fig . 12) followed by 42.48 
kg in PL-19-03. The significant different was observed 
in other strains of Pleurotus species. The least yield 
of 35.46 kg was reported in PL-19-04. The minimum 
time taken for first harvest of 28 days was recorded 
in PL-19-05 which was highly significantly different 
with other strains. Highest biological efficiency was 
recorded in strain of PL-19-05.

Fig. 12. Pleurotus species (PL-19-05)
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ANIMAL SCIENCE

ICAR-Poultry Seed Project

(Contributors : Mahak Singh, D. J. Rajkhowa)

The Parent stock of Vanaraja and Srinidhi variety 
(one batch of each variety) of chicken were reared. 
During the year 2020, a total 90932 numbers of eggs 
were produced in the project. Fertility varied from 7 
5% to 89% in Srinidhi and 79% to 91% in Vanaraja. 
Hatchability on total egg set and hatchability on 
fertile egg set were 53.21 per cent and 64.27 per cent, 
respectively. A total of 53432 numbers of chicks were 
hatched and 52337 numbers of chicks were supplied 
to 618 numbers of beneficiaries in Nagaland. The 
chicks were distributed at Day Old or after rearing 3- 
4 weeks in the brooding unit. 

ICAR-Mega Seed Project on Pig

(Contributors : Mahak Singh, D. J. Rajkhowa)

Rani breed’s parent stock (65 numbers) was 
maintained under the project during the reporting 
period. A total of 859 piglets were farrowed, of which 
611 piglets were distributed to the beneficiaries, 
NGOs, KVKs, and GOI sponsored programs in all the 
districts of Nagaland and neighboring districts of 
Assam. The coverage area for artificial insemination 
(AI) was also expanded and 689 doses of semen 
were supplied to farmers. Farrowing rate in ICAR 
farm was 50.78% and litter size was 8.85 piglets 
following double insemination. At the farmers’ level, 
the farrowing rate was 82.85% with an average litter 
size of 9.13 piglets. Total revenue Rs. 32,24,650 was 
generated in the project. 

Spawn and mushroom production

(Contributors : Aabon Yanthan, D. J. Rajkhowa)

The spawn packets (600 nos.) have been producing 
at ICAR Research Complex for NEH Region, Nagaland 
centre, Jharnapani to supply the quality spawn for the 
farmers of the Nagaland and other states to fulfill the 
demand and increase the production of the mushroom 
in Nagaland state.

Pork marketing chains in North East India for 
Sustainable Livelihood of Tribal Women (Assam, 
Meghalaya and Nagaland)

(Contributors : Mahak Singh, D. J. Rajkhowa)

The pig population in Nagaland has decreased by 
almost 34 per cent since 2007. Currently the state is 
having only four lakhs of pig which accounts for 72 
per cent of total livestock of the state. In Nagaland, 

Fig. 13. Breeding tanks

GRAMIN KRISHI MAUSAM SEWA (GKMS)

(Contributors : Christy B. K. Sangma, Imtisenla Walling, 
Nusungtemjen Imsong, D. J. Rajkhowa)

One hundred one biweekly Integrated Agro Advisory 
Bulletin for the farmers of all the eleven districts of 
Nagaland and 101 block level advisories (Dhansiripar, 
Kuhuboto, Medziphema and Niuland) of Dimapur 
district has been issued using Agro DSS Portal based 
on the medium range weather forecast to plan 
agricultural operation so as to take advantage of the 

pork accounts for almost 49 per cent of total meat 
production. Nagaland is deficit by 51.34%, 79.61% 
and 33.34% in meat, egg and milk production.

FISHERIES

Breeding and larval rearing of selected indigenous 
ornamental fishes of Nagaland.

(Contributors : Jyotish Barman, S. K. Das, D. J. Rajkhowa)

Breeding and larval rearing of Garra spp was done in 
captive condition by simulating natural environment 
condition. Species of Garra was collected from riverine 
source and acclimatized to indoor condition in glass 
tank. Four glass tanks (30 x 60 x 45) cu cm size with 
water depth of 20 cm were used for captive breeding 
(Fig. 13). The bottoms of the glass tank were provided 
with coarse pebbles and small stones to simulate 
natural environment condition and continuous 
aeration was given. Matured brooders were stocked 
in the tank at 1:2 (female: male) ratio. Each tank was 
covered with mosquito net to prevent escape of fish. 
Spawning took place after two weeks of introduction. 
Temperature was maintained at 26-28°C while pH 
was maintained at 7.0 – 7.5. Complete hatching took 
place within 36-48 h. 



ANNUAL REPORT 2020ICAR RC NEH

119

favorable weather and mitigate the effects of adverse 
weather. 30389 registered farmers are benefiting 
through SMSs service which are provided twice 
a week in local language “Nagamese” covering all 
aspect on crops and livestock, fisheries etc which is a 
life saver for farmers in remote location. During the 
year 2020, 3756 farmers have been registered for the 
service and SMSs have been disseminated 78 times 
during the said year. Farmers are encouraged to utilize 
the service for contingency planning and betterment 
of their livelihood. Newspaper is another mass 
medium communication of agricultural information 
dissemination to the farmers.  Monthly weather based 
integrated agro advisory have been published 11 times 
in the local dailies “The Morung Express” in addition 
to articles on agriculture and allied topics. Whatsapp 
service (8787754803) have been started too. During 
the year 2020, Farmer Awareness Programme had 
been conducted under GKMS in different villages of 
Dimapur, Kohima, Phek and Peren district where 192 
farmers have been benefitted through the programme. 
Farmers were also apprised about the importance of 
Agromet Advisory services during different training 
programmesorganised by ICAR Nagaland Centre and 
KVK, Dimapur at ICAR Complex, Medziphema. A two 
days training programme from 11th to 12th March 
2020 was conducted for meteorological observer 
of Office of Deputy Director, Agri Expo. Department 
of Agriculture. Nagaland at ICAR. Nagaland Centre. 
Medziphema.

SUCCESS STORY

Development of large cardamom based agro-
forestry system in Longleng District of Nagaland- 
A success story 

(Contributors : Christy B. K. Sangma, A. Namei, Rajesha 
G., K. L. Meena, Lily Ngullie,D. J. Rajkhowa)

(The credit goes to the joint effort of team constituting 
of man-powers of KVK Longleng, National Mission 
for Sustaining the Himalayan Ecosystem (NMSHE): 
Taskforce on Himalayan Agriculture (TF-6) project and 
TSP project under ICAR Nagaland Centre, running in 
the Longleng District of Nagaland). 

For development of large cardamom based 
agro-forestry system under Jhum improvement 
programme, total 44 nos. of farmers from adopted 
villages –Hukphang (Fig. 14) and Mongtikang (Fig. 15) 
of Longleng District were selected for large cardamom 
cultivation. Prior to intervention the farmers were 
trained with the proper package of practices. All 
together 9.5 hectares of land were covered for 
cultivation of large cardamom in those villages. 
Necessary inputs and planting materials (tissue 
culture planting materials of) cv. Ramsay, Sawney and 
Serenna were provided to the selected farmers at free 
of cost during the year 2016, 2017 and 2018, and a 
total of 42,000 planting suckers were planted in those 
adopted villages. After the 2nd and 3rd year of planting, 
the farmers on an average starting to earned Rs. 
4000-10,000/season based on the area by selling the 
capsule @Rs. 400/kg in the local market (Fig. 16). This 
showed that the cultivation of large cardamom has got 
tremendous potential due to higher market demand, 
and more areas can be covered for Jhum improvement 
or replacement programmes. 

Fig. 14. Large cardamom at 
Hukphang village

Fig. 15. Large cardamom at 
Mongtikang village

Fig. 16. Large cardamom 
capsule
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SIKKIM
SUMMARY

Maximum yield of large cardamom was recorded in GI wire planted with bottle gourd (12.21 t/ha) followed by 
cucumber (8.68 t/ha) as trailing vegetables. Application of Artemisia vulgaris @ 10 t/ha produced significant 
improvement of rice grain and biological yield and recorded 60.3% and 47.5% higher yield compared to 
weedy. The IOFS system has generated total gross return (Rs. 2,92,835/-), net return (Rs. 1,51,283/-) and 1.06 
B: C ratio. Higher values of sunflower seed yield (23.4 q/ha) and biological yield (83.9 q/ha) was registerd 
under LSFH-171. Either maize-soybean (CS3) or maize-mustard (CS4) cropping system with different organic 
management is better for sequestering higher C in the soil than the maize-black gram (CS1), maize-rice (CS2), 
maize-vegetable pea (CS6) and maize-buckwheat (CS5). It has been quantified the influence of four feedstocks 
and three pyrolysis temperature on twenty nine morpho-mineralogical characteristics of biochar for their wide 
range of environmental and soil application. The four developed biochar explored huge potential for removal 
of heavy metal along with wastewater treatment to meet guidelines for wastewater effluent disposal. 09 crop 
Varieties released for the state of Sikkim during 2020 by State Variety Release Committee, Govt. of Sikkim. 
The highest percent disease incidence of blight was observed on large cardamom clump planted under open 
condition. The need of broad spectrum anthelmintic treatment of goats in the month of April-May and August-
September could reduce the parasitic load in animals. After a long period of short daylight exposure, a resting 
period is needed for the goats to resume their estrus behaviour.
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Weather Report 

The total rainfall received during January 2020 to 
December 2020 was 2984mm; maximum rainfall was 
recorded in the month of July (814.4mm) whereas 
least rainfall was recorded in the month of November 
(0.2 mm). The maximum average temperature 
(28.98°C) was observed in August (27.6) and the 
minimum (6.68°C) in January. The maximum relative 
humidity of 93% was observed during September 
and the minimum was observed in November and 
March (50%).

Evaluation and standardization of vertical farming 
in large cardamom under organic management 
practices 

(Contributors : R. Singh, R. K. Avasthe, M. Singh, S. K. 
Das, C. Raj, A. Kumar)

Large cardamom is an important spice crop which 
provides cash flow in Sikkim. It is shade loving crop, 
hence, grown under different agro-forestry systems 
as a component crop. It is noticed that heavy shade 
or less shade hinders crop growth and production. 
About 50% shade is found ideal. Since it is a shade 
loving crop, vertical farming (trailing plant above 
the large cardamom) is likely to benefit the large 
cardamom. Presently the farmers’ grow it in rice field 
under open conditions. We have evaluated one such 
experiment and compared with farmers’ practice of 
growing in open paddy field. We found lower lux (15.2 
to 32.8) in large cardamom when grown in vertical 
farming as compared to open condition (37.4 to 40.0). 
Among the trailing vegetables, chow-chow (Sechium 
edule) provided shade for longer duration almost 
278-288 days. Maximum yield of large cardamom was 
recorded in GI wire planted with bottle gourd (12.21 
t/ha) followed by cucumber (8.68 t/ha) as trailing 
vegetables.

Effect of different locally available weed biomass 
mulches on performance of basmati rice under 
organic management condition 

(Contributors : R. Singh, R. K. Avasthe, S. K. Das and A. 
Kumar)

Weed management under organic farming is very 
difficult especially for rice crop. Hence, different 
weed biomass mulches were used for managing the 
weeds under organically grown rice crop. Keeping 
this in view, an experiment was conducted during 
kharif season of 2020 to study the effect of different 
weed biomass mulches on performance of organically 
grown basmati rice crop at Research Farm of ICAR-
NOFRI, Tadong, Sikkim. The experiment comprised of 
10 treatments viz., T1 -Ageratum spp. biomass mulch 
@ 5 t/ha, T2-Ageratum spp. biomass mulch @ 10 t/
ha, T3- Eupatorium spp. biomass mulch @ 5 t/ha, 
T4- Eupatorium spp. biomass mulch @ 10 t/ha, T5- 
Artemisia spp. biomass mulch @ 5 t/ha, T6- Artemisia 
spp. biomass mulch @ 10 t/ha, T7- Mix weed biomass 
mulch @ 5 t/ha, T8- Mix weed biomass mulch @ 10 
t/ha, T9- Weed free check, T10- Weedy check and laid 
out in randomized complete block design with three 
replications. The results revealed that the application 
of Artemisiavulgaris @ 10 t/ha produced significant 
improvement of grain and biological yield and 
recorded 60.3% and 47.5% higher yield compared 
to weedy check but it remained statistically at par 
with Eupatoriumodoretum @ 10 t/ha and weed free 
check. Maximum weed control efficiency (55.4) 
was noticed under Artemisia vulgaris@ 10 t/ha as 
compared to other biomass mulching. Higher weed 
control efficiency indicates better weed control when 
compared with weedy check. Significantly lower 
weed index (-4.62) was recorded with the application 
of Artemisia vulgaris @ 10 t/ha as compared to 
remaining treatments but it remained statistically at 
par with weed free check. Weed index value was found 
negative because of superiority of treatment than 
weed free check.

Study of Integrated Organic Farming System 
(IOFS) for marginal farmers (0.6 ha) in mid hills 
of Sikkim 

(Contributors : R. Singh, R. K. Avasthe, S. K. Das, A. 
Kumar)

An IOFS model was developed in 0.60 ha area during 
2017 at Research Farm of ICAR-NOFRI, Tadong, 
Sikkim. The IOFS model maintains a wide bio-diversity 
having fishery, dairy, poultry, large cardamom nursery, 
field crops, etc., maize/rice-based cropping system 
has been the backbone of the farmers’ economy and 
livelihood security in Sikkim. Among the cropping 
systems, highest value of system equivalent yield 
(SYE) 35.3 t/ha was recorded under cauliflower–
spinach–coriander–broccoli–fenugreek cropping 
system followed by maize–pahenlo dal–vegetable 
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pea while the lowest (15.9 t/ha) was observed under 
maize–pahenlo dal–buckwheat cropping system. 
Among the different enterprises, maximum gross (Rs. 
86,800/-) and net return (Rs. 37,510/-) was recorded 
under dairy component while maximum B: C ratio 
(1.70) was recorded under fishery component. The 
IOFS system has generated total gross return (Rs. 
2,92,835/-), net return (Rs. 1,51,283/-) and 1.06 
B: C ratio. Among the cropping systems, maximum 
energy output and energy net return was recorded 
under maize–pahenlo dal–vegetable pea followed by 
maize–pahenlo dal–buckwheat and the lowest was 
observed under cauliflower–spinach–coriander–
broccoli–fenugreek cropping system. Higher value 
of energy productivity and energy use efficiency 
was noticed under cauliflower–spinach–coriander–
broccoli–fenugreek cropping system followed by 
maize–pahenlo dal–vegetable pea and the lowest 
was registered under maize–pahenlo dal–buckwheat 
cropping system.

Evaluation of sunflower (Helianthus annus) 
varieties under organic management conditions 
in the mid hills of Sikkim 

(Contributors : R. Singh, R. K. Avasthe, S. K. Das, A. 
Kumar)

A field study was carried out to evaluate the seed yield 
potential of nine sunflower varieties in the Research 
farm of ICAR- National Organic Farming Research 
Institute, Sikkim during Rabi season of 2019-20. It 
was aimed at selecting high yielding varieties for 
cultivation in the State. The varieties under study were 
LSFH-171, KBSH-71, RSFH-1887, COSFY-5, DRSH-1, 
COH-3, CO-2 HYBRID, KBSH-74 and KBSH-78. The 
experiment was laid out in a randomized complete 
block design (RCBD) in three replications. The data 
pertaining to growth, yield attributes and yield of 
sunflower varieties were influenced significantly 
under organic management condition except test 
weight and harvest index. The results indicated that 
the variety DRSH-1 was recorded significantly higher 
plant height (148 cm) as compared to other varieties 
but it was remained at par with the LSFH-171. 
However, maximum dry matter accumulation at 90 
DAS (173 gm) was noticed under LSFH-171 which was 
statistically at par with RSFH-171 and KBSH-78 but 
significantly higher than other cultivars, respectively. 
Variety LSFH-171 were recorded significantly higher 
diameter of capitulum (42.3 cm), weight of capitulum 
(150 gm), breadth of capitulum (16.3 cm), no. of seed 
per capitulum (905) and stover yield (60.5 q/ha) 

as compared to other varieties but, it was remained 
statistically at par with the KBSH-78. However, higher 
values of seed yield (23.4 q/ha) and biological yield 
(83.9 q/ha) was registerd under LSFH-171 which was 
statistically at par with the KBSH-78, RSFH-1887 and 
significantly higher than other varieties, respectively. 

Evaluation of sesame (Sesamum indicum) varieties 
under organic management conditions in the mid 
hills of Sikkim 

(Contributors : R. Singh, R. K. Avasthe, S. K. Das, A. 
Kumar)

An experiment was conducted at Research Farm of 
ICAR-NOFRI during pre-kharif season of the year 
2020. During the experiment 14 sesame varieties 
were evaluated and growth parameters were 
observed i.e., plant height, days to 50% flowering, no. 
of pods per plant and seed yield. Among all varieties, 
the maximum plant height was recorded in GT-10 
(155.43 cm) and the lowest in AT-332 (107.7 cm). The 
early maturing varieties were GT-10 (151.0 days). The 
maximum number of pods per plant was observed 
in TMV SV-7 (181.6) and minimum in AT-332 (52.0) 
whereas maximum no. of seeds/pod was recorded in 
Savithri (79.00). The highest seed yield was observed 
in GT-10 (8.99 q/ha) followed by VRI SU-2 (6.66 q/
ha). Similar trend was recorded in biological yield 
and harvest index. No pest and disease was observed 
throughout the cropping period. The high yielding 
cultivars like GT-10 had stable performance over the 
environment with broad adaptability.

Effect of nutrient sources and cropping sequence 
on system productivity of Pre-kharif, Kharif and 
Rabi crops 

(Contributors : R. Singh, R. K. Avasthe, S. K. Das, A. 
Kumar)

Among all the cropping systems, maize, ginger, and 
turmeric were grown in Pre-Kharif, soybean and black 
gram (Pahenlo dal) grown in Kharif season and French 
bean, buckwheat rajmash and toria were grown in 
Rabi season. Nutrient sources had significant effect 
on productivity of different crops and MEY of maize 
based cropping systems. Significant higher maize yield 
(3.13 t/ha) was recorded under 100 % N equivalent 
through organics in Maize + Ginger – French bean 
cropping system as compared to 50 % N equivalent 
through organic and farmer practices but it remained 
at par with 75% N equivalent through organics. 
However significantly maximum Ginger and French 
bean yield (7.23 and 6.04 t ha-1) was noticed under 
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100% N equivalent through organics in Maize + Ginger 
– French bean cropping system as compared to other 
nutrient sources. The highest MEY (12.6 t ha-1) was 
recorded with 100% N through organics as compared 
to other remaining nutrient sources, respectively. 
In Maize – Soybean – Buckwheat cropping system, 
maximum maize grain yield (3.29 t ha-1) and MEY 
(6.19 t ha-1) was observed under 100% N equivalent 
through organics which was statistically at par with 
75% N equivalent through organics but significantly 
higher than 50% N equivalent through organics and 
farmers practices. Significantly higher soybean yield 
(1.73 t ha-1) was noticed with the application of 
100% N equivalent through organics as compared to 
farmer’s practices but remained statistically at par 
with other nutrient sources, respectively. Higher grain 
yield of buckwheat (1.36 t ha-1) was recorded under 
100% N equivalent through organics compared to 
other treatments, respectively. In maize + Turmeric 
– Rajmash cropping system highest maize yield (3.05 
t ha-1) was observed with application of 100 % N 
equivalent through organics which was statistically 
at par with 75% N through organics and significantly 
higher than remaining treatments, respectively. 
Compared to other nutrient sources, significantly 
higher turmeric yield (11.3 t ha-1) was registered 
under 100% N equivalent through organics. Higher 
rajmash yield (1.41 t ha-1) was noticed under 100% N 
equivalent through organics as compared to farmer’s 
practices. Higher value of MEY (12.3 t ha-1) was found 
with application of 100% N equivalent through 
organics when compared to other nutrient sources 
but remained at par with 75% N equivalent through 
organics.Significantly higher maize and pahenlo dal 
grain yield (3.07 and 0.98 t ha-1) was recorded under 
100% N equivalent through organics compared to 
other nutrient sources but produced statistically 
similar result with 75% N equivalent through 
organics in Maize – Blackgram –Toria cropping 
system. Maximum seed yield of toria (1.08 tha-1) was 
observed under 100% N equivalent through organics 
as compared to farmer’s practices and remained 
at par with remaining treatments, respectively. 
Highest value of MEY (9.18 t ha-1) was noticed by the 
application of 100% N equivalent through organics 
which was significantly superior over rest of the 
nutrient sources. This might be due to the application 
of nutrients through organic sources which increased 
the availability of N, P, K and other micronutrient 
content in soil and improved the aeration, root activity 
and thereby increased the absorption and assimilation 
of N by plants and encouraged the translocation of ‘N’ 

from vegetative parts to reproductive parts which 
results more crop yield. Legume crops (soybean and 
pahenlo dal) maintain the soil fertility because they 
add green plant tissue to soil through leaf fall and fix 
atmospheric N in soil. It increased the organic matter 
content of soils, reduced loss of nutrients particularly 
N, provided a source of N for the succeeding crop and 
thereby increased the production of crops.

Soil organic carbon stocks and fractions in 
different orchards of north eastern hill region of 
India 

(Contributors : S. K. Das, R. K. Avasthe, A. Yadav, R. Singh, 
S. K. Dutta, C. Kapoor, C. Raj)

Experiment was conducted during the year 2020 to 
estimate soil organic carbon stocks and fractions in 
different orchards at ICAR-Sikkim Centre. The three 
year (2018, 2019 and 2020) pooled data has been 
discussed here. Soil properties of all the orchards 
were estimated and presented. Oxidizable organic 
carbon (Mg C ha-1) in soils (0-15 cm soil depth) of the 
selected fruit orchard was highest in peach (18.63) 
followed by kiwi (18.30), citrus (17.88), guava (17.82), 
pear (17.43), plum (17.38) and lowest in mandarin 
(17.33). The similar trend was observed in the entire 
soil layer (15-30, 30-45, and 45-60 cm). Active carbon 
pools (Mg ha-1) in soils in 0-15 cm layers of different 
fruit orchard was significantly higher in citrus (14.15) 
followed by kiwi (14.12), peach (13.75), guava (13.09), 
mandarin (12.23), pear (12.06) and lowest in plum 
(11.24). Here also similar trends in active carbon pool 
was observed in all the below ground soil profile. 
Passive carbon pools in soils (Mg ha-1) in 0-15 cm soil 
layer of different fruit orchard was highest in peach 
(11.47) followed by guava (11.29), kiwi (11.24), pear 
(10.91), mandarin (10.05), citrus (9.95) and lowest 
in plum (9.75). After five years of the experiment the 
carbon pool index, carbon management index and 
carbon builds up rate will be estimated for recognition 
of best fruit orchard production system to sequester 
more carbon in the mid hill of Sikkim.

Effect of organic nutrient management practices 
on carbon sequestration and soil carbon pools in 
different cropping systems in Sikkim 

(Contributors : S. K. Das, R. K. Avasthe, A. Yadav, R. Singh, 
S. K. Dutta, C. Kapoor, C. Raj)

Three years pooled data showed that the bulk density 
varied from 1.22 to 1.25 Mg/m3 in 0-20 cm soil under 
different nutrient management practices and the same 
increased with the increase in depth of soil. Soil organic 
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carbon content varies significantly among different 
cropping systems in 0-20 cm soil. It ranged from 12.29 
to 15.84 g/kg under different cropping systems in 
0-20 cm soil depth and decreased with the increase in 
depth of soil. The SOC was higher in 0-20 cm soil depth 
with organic management of maize-soybean (CS3) 
systems compared to other systems and management 
practices. The labile carbon pool ranged from 2359.5 
to 2593.2 mg/kg in 0-20 cm soil depth under different 
cropping systems and it decreased with the increase 
of soil depth. The labile carbon pool was higher maize-
rice (CS2) systems in 0-20 cm soil depth compared to 
other systems and management practices. The soil 
organic carbon pool (39.43 Mg/ha) was significantly 
higher in maize-soybean (CS3) systems compared 
to other systems and management practices which 
resulted in both higher carbon sequestration (14.71 
Mg/ha) and carbon sequestration rate (2.97 Mg/ha/
year) in the same system. The carbon sequestration 
rate was CS3>CS4>CS1>CS2>CS6>CS5. The carbon 
sequestration rate of maize-soybean (CS3) was almost 
at par with maize-mustard (CS4). Therefore, either 
maize-soybean (CS3) or maize-mustard (CS4) cropping 
system with different organic management is better 
for sequestering higher C in the soil than the maize-
black gram (CS1), maize-rice (CS2), maize-vegetable 
pea (CS6) and maize-buckwheat (CS5). 

Exploring crop, weed and tree derived biochar for 
heavy metal removal and wastewater treatment 
(Contributors : S. K. Das, R. K. Avasthe)

We have quantified the influence of four different 
biomass types (maize stalk, Lantana camara, pine 
needle and black gram) on twenty compositional 
characteristics of produced biochar for their wide 
range of environmental application. The removal of 
most widespread heavy metal ions [cadmium (Cd), 
lead (Pb), nickel (Ni), zinc (Zn), copper (Cu) and 
arsenic (As)] by adsorption on four biochar has been 
investigated. Initial evaluation revealed that all the 
biochar was efficient in removing a mixture of six 
heavy metals from aqueous phase having maximum 
removal for arsenic and minimum nickel. Utilizing 
four different biochar the average removal rate of 
heavy metal from aqueous solution was 49.5-66.1% 
(Cd), 47.3-60.0% (Pb), 45.5-60.6% (Ni), 46.6-60.8% 
(Zn), 49.3-63.2% (Cu), and 52.7-64.2% (As) compared 
to no biochar treatment. The percent decrease of Pb 
heavy metal adsorption with increase in maximum 
contaminant level (MCL) from 1- to 5-fold was 54.7 
(BGB), 53.5 (PNB), 52.02 (LCB), and 50.0 (MSB). 

Effect of dose study showed that the As adsorption on 
all the four types of biochar was most favourable and 
Ni adsorption was the most awful. At the bio-filtration 
stage the wastewater was treated with four different 
biochar and the physico-chemical character changes 
were recorded before and after treatment with 
biochar. Results revealed that the wastewater CODT, 
TSS, ammonia, TKN and TP values demonstrated an 
88.3-90.6%, 84.8-81.1%, 90.9-86.6%, 58.8-69.3% and 
88.1-77.96% decrease, respectively. Additionally, the 
wastewater As, Cd, Cr, Pb, Zn and Cu values resulted 
an 78.5-86.5%, 52.6-94.7%, 83.1-88.1%, 94.6-77.8%, 
90.1-94.5% and 93.3-95.5% decrease, respectively 
after being passed via biochar bio-filter. Therefore, 
the four developed biochar explored huge potential 
for removal of heavy metal along with wastewater 
treatment to meet guidelines for wastewater effluent 
disposal.

Morpho-mineralogical exploration of crop, weed 
and tree derived biochar 

(Contributors : S. K. Das, R. K. Avasthe)

It has been quantified the influence of four feedstocks 
and three pyrolysis temperature on twenty nine 
morpho-mineralogical characteristics of biochar for 
their wide range of environmental and soil application. 
The morpho-mineralogical characteristics were 
principally manipulated by feedstocks rather than 
pyrolysis temperature. With increase in pyrolysis 
temperature the average decrease in biochar 
mass yield was 20.69%. With increase in pyrolysis 
temperature the higher heating value of all the four 
biochar decreased. The X-ray diffraction band patterns 
of biochar were of an amorphous with crystalline 
structure and represented significant quartz content. 
The crystallinity index deceased (average 8.98%) in 
all biochar with increase in pyrolysis temperature. 
The presence of crystalline stripes on black dots in 
transmission electron microscopy proved that the 
nano-range like sheets was arranged in a tubostratic 
state. The biochar scanning electron microscopy 
images showed cross-linked porus structure with 
layer construction. Low temperature pyrolyzed 
biochar showed little acid soluble nutrients than high 
temperature. The existence of more water soluble 
minerals indicated its potential to act as a source of 
available plant nutrients. The energy density and 
energy yield of biochar were linearly and fuel ratio 
was inversely correlated with pyrolysis temperature. 
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Development of productive and genetically broad 
based inbred lines from local maize germplasm of 
North Eastern India for evolving superior hybrids 
(C. Kapoor, S. K. Das, C. Raj, S. Singh)

A total of 62 populations selected out of 184 tested 
during first year (2019) were evaluated during second 
year. Entries identified with highest cob weight and 
number of cobs per plot are ChirkeyMirkey, RCGPM-42, 
Seti-15, Ma-17, Seti-17, ME-1, Seti-2, Seti-13, ME-19, 
NEM-9, RatoMakkai and Seti-4. Selfing was attempted 
in superior single plants in local germplasm but very 
low seed set due to heavy rainfall during crossing 
period.

To develop genetically broad based inbred lines 
utilizing local maize germplasm of North Eastern 
India 

(Contributors : C. Kapoor, S. K. Das, C. Raj, S. Singh)

First generation selfs have been generated from 
superior single cross hybrids, OPVs and local 
germplasm following standard selfing method. Seed 
of CIMMYT inbred lines was also generated through 
selfing in inbred lines.

Development of high yielding rice (Oryza sativa L.) 
varieties with biotic and abiotic stress resistance 
for organic conditions of Sikkim 

(Contributors : C. Kapoor, R. K. Avasthe, Shaon Kr Das , 
C. Raj) Fig. 1. Field view of variety Chirakey Selection- 1

A pure-line selection from local rice landrace Chirakey 
Selection- 1 found promising under late transplanting 
conditions under mid hills (low temperature 
tolerance). Average yield under late transplanted 
conditions is 3.80 t/ha. 

A total of 27 lines including lines from IRRI advanced 
to second year of testing during kharif, 2020 for yield 
and yield attributing traits under organic conditions 
(mid- hills) of Sikkim. The lines were evaluated Traits 
like plant height, number of productive tillers/ plant, 
and grain yield per plot were estimated. Highest grain 
yield recorded in entries IR- 67 (4.71 t/ha) and VL- 86 
(4.71 t/ha) followed by IR- 66 (4.56 t/ha), IR- 29 (4.42 
t/ha), IRTON- 27 (4.42 t/ha), IR- 55 (4.35 t/ha).For 
taking up crossing program with local cultivars, nine 
high yielding varieties were identified for use as one 
of the parents in the crossing program for improving 
the local cultivars.

Table 1. Organic seed production of different crop varieties under ISP/ IISS/ Seed Project during 2020

Crop Variety
          Seed Production classes (q)

Total (q)
Breeder Foundation Certified TLS

Rice

Sikkim Dhan-1 2.0 - 6.0 1.0 9.0
Sikkim Dhan-2 0.2 - - - 0.2
Sikkim Dhan-3 0.1 - - - 0.1
Sikkim Dhan-4 0.2 - - - 0.2
Pusa Sugandha-5 - - - 150.0 150.0
VL Dhan-68 - 120.0 - - 120.0
VL Dhan-86 - - 3.0 - 3.0
VL Dhan-65 - - 3.0 - 3.0
VL Dhan-62 - - - 3.0 3.0

Maize
Sikkim Sankul Makka-1 0.5 - - - 0.5
Sikkim Sankul Makka-2 1.0 - - - 1.0
SKMC-2 0.3 - - - 0.3
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Table 2. Crop Varieties released for the state of Sikkim during 2020 by State Variety Release Committee, 
Govt. of Sikkim

S.No Crop Entry 
name

Proposed 
name

Characters

1 Maize MS 8-1 Sikkim Sankul 
Makka-1

Seed yellow flint, plant height: 210 cm, maturity duration: 
130 days, average yield: 42.0 - 45.0 q/ha, moderately 
resistant to TLB and rust disease of maize. Suitable for 
sowing during spring season (Feb-March).

2 RCM 1-76 Sikkim Sankul 
Makka-2

Seed yellow flint, plant height: 220 cm, Maturity duration: 
130 days, average yield: 42.0 - 45.0 q/ha. Suitable for 
timely sown conditions (Feb-March).

3 SKMC-2 SKMC-2 Seed yellow flint, plant height: 190 cm, maturity duration: 
120 days, average yield: 40.0 q/ha. Suitable for timely 
sown conditions (Feb-March).

4 Rice RCPL1-
412

Sikkim Dhan-1 Recommended for both direct seeded upland and lowland 
transplanted conditions in Sikkim up to altitude of 1350 m 
amsl, plant height: 110 cm, maturity duration: 135 days, 
average yield: 35.0 q/ha under upland conditions and 45.0 
q/ha under transplanted conditions, moderately resistant 
to prevalent diseases and pests in Sikkim.

5 IET-26579 Sikkim Dhan-2 Recommended for irrigated transplanted conditions up to 
an altitude of 1350 m amsl, plant height: 75.0 cm, maturity 
duration: 130 days, average yield: 45.0 q/ha, moderately 
resistant to prevalent diseases and pests in Sikkim.

 6 IET- 2774 Sikkim Dhan-3 Recommended for both direct sown upland and irrigated 
transplanted conditions up to an altitude of 1350 m 
amsl, plant height: 85.0 cm, maturity duration: 130 days, 
average yield: 30.0 q/ha under upland conditions and 42.0 
q/ha under transplanted conditions. moderatelyresistant 
to prevalent diseases and pests in Sikkim.

7 IET-26596 VL- Sikkim 
Dhan-4

Suitable for irrigated transplanted conditions up to an 
altitude of 1350 m amsl, plant height: 95.0 cm, maturity 
duration: 130 days, average yield: 45.0 q/ha, moderately 
resistant to prevalent diseases and pests in Sikkim.

8 Rajmash SKR 57A Sikkim 
Rajmash-1

Suitable for pre-rabi season under rainfed conditions, 
determinate type, synchronous maturity, bush type, plant 
height: 45 cm, maturity duration: 100 days, average seed 
yield: 10.0 - 12.0 q/ha.

9 Soybean RCS1-10 Sikkim Pahelo 
Bhatmas-1

Seed yellow coloured, bold, plant height: 70.0 cm, maturity 
duration: 120 days, average seed yield: 25-30.0 q/ha, 
tolerant to yellow mosaic disease.

Rajmash
Sikkim Rajmash-1 1.5 0.5 - - 2.0

Urdbean SKM PD-3 1.0 0.2 0.3 - 1.5
Pant Urd-31 - - - 0.25 0.25

Soybean
Sikkim Pahelo Bhatmas-1 0.50 - - - 0.5

Total 294.55
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Studies on epidemiology of blight of large 
cardamom and its management under organic 
conditions 

(Contributors : C. Raj, S. Singh, S. K. Dutta, C Kapoor,  S. 
K. Das)

Large cardamom in Sikkim has been grown under 
open as well as in shade of different trees. To study 
the effect of different tree species on blight disease,a 
total of eleven tree species from six genus (Leucaena, 
Albizia, Schimawallichii, Alnus nepalensis, Ficus sp., 
Terminalia elliptica) along with open conditions was 
identified for providing shade to large cardamom and 
percent disease incidence was calculated. The highest 
percent disease incidence of blight was observed on 
large cardamom clump planted under open condition. 
Moreover, the lowest percent disease incidence 
of blight was observed on large cardamom clump 
planted under utis and barar tree.

To investigate the primary role of infected leaves 
in disease spread, the study was conducted under 
different light intensity and at different depth of soil. 
The pathogen was isolated after 30 days of burial of 
infected tissue in soil. Infected tissue buried in open 
condition at 20 cm depth showed less isolation of 
pathogen compared to other conditions.

>75% shade >50-75% shade

Complete Open Compost unit

>25-50% shade

Fig. 2. Investigation on survival ability of blight 
pathogen after burying the infected leaves

Flower and fruit drop studies in Sikkim mandarin 
under organic management practices 

(Contributors : S. K. Dutta, A. Yadav, S. K. Das, C. Raj)

Variation in flower and fruit drop was recorded for 
Sikkim mandarin and Mosambi plants at ICAR RC NEH 
Region, Sikkim Centre, Gangtok, Sikkim. We recorded 
% of fruit drop of mandarin and Mosambi plants of 
four age group viz. 0-5 years, 5-10 years, 10-15 years 
and > 15 years old respectively. In mandarin and 

Mosambi, fruit drop was recorded in predominantely 
two phases which were post-anthesis drop (Stage S2 
to S6, Feb-March) and pre-harvest drop (Stage S9 and 
S10, Nov-Dec) in all the age groups. For the age group 
0-5 years, post-anthesis drop was 24.07 %, while 
preharvest drop was 85.80 %. For age group 5-10 
years, post-anthesis drop was 38.27 %, while pre-
harvest drop was 91.97 %. For age group 10-15 years, 
post-anthesis drop was 68.25 %, while pre-harvest 
drop was 93.52 %. In case of age group >15 years, 
post-anthesis drop was 79.38 %, while pre-harvest 
drop was 97.39 %. 

In Mosambi, also, fruit drop was recorded in 
predominantly two phases which are post-anthesis 
drop (Stage S2 to S6, Feb-March) and pre-harvest 
drop (Stage S9 and S10, Nov-Dec) in all the age groups. 
For the age group 0-5 years, post-anthesis drop was 
16.50 %, while pre- harvest drop was 85.51 %. For 
age group 5-10 years, post-anthesis drop was 25.40 
%, while pre-harvest drop was 91.02 %. For age group 
10-15 years, post-anthesis drop was 24.50 %, while 
pre-harvest drop was 92.41 %. In case of age group 
>15 years, post-anthesis drop was 29.30 %, while pre-
harvest drop was 95.16 %.

To address the issue of flower and fruit drop under 
organic management practice, we evaluated three 
seaweed extract (SWE) viz. Ascophyllum nodosum 
(AN), Kappaphycus alvarezii (KA) and Gracilaria edulis 
(GA) @ 1:1, 1: 10 and 1: 100; the data presented here 
represents the pooled average of all the three doses. 
Post bloom fruit set was maximum with GA while it 
was lowest in control. However, pre-harvest fruit 
set was highest in KA followed by AN. Therefore, 
it shows that, SWE increases fruit set in mandarin 
under organic production. Fruit TSS was found to be 
higher in SWE treated plants while acidity was more 
in control plant fruits. pH of fruit juice was lower in 
control plants while it was higher in SWE treated 
plants. Fruit size and fruit diameter was higher in 
SWE treated plants, also number of seeds were more 
in SWE treated plant fruits.

Productive and reproductive performance of 
Singharey Goats in organized and conventional 
farms of Sikkim 

(Contributors: M. Bhatt, R. Islam)

The study was undertaken to achieve breeding in 
Singharey does which remained in anoestrous during 
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the period of September to December, 2019. In 
total, 10 nos. of does were administered melatonin 
subcutaneously @ 20 mg and were observed for 
development of estrus behaviour up to 40 days post 
treatment. However, none of the treated does showed 
estrous behaviour during the observation period. This 
is in contrary to our previous experiment conducted 
in February, 2016 wherein positive results were 
recorded and a higher estrus induction, pregnancy 
rate and kidding rate could be achieved in comparison 
to the control group. This could be explained on the 
basis of effect of season on the exhibition of estrus 
behaviour by the goats. Goats are considered short day 
breeders and reported to show estrous in the month 
of September to December in subtropical areas. The 
effect of melatonin on estrus behaviour and ovarian 
activity in goats is based on the principle of alteration 
in diurnal rhythms in goats leading to changes in 

Table. 3. Effect of melatonin administration in two different seasons on induction of estrus in Singharey 
goats

Treatment 
Groups

Estrus Induction* Pregnancy 
rate

Twin/  Triplet 
birth Kidding rate

No. (%)
Exp. I

(Feb., 2016)
Control 04/7 57.1% 100% (4) 25.0% (01) 125% (5)
Melatonin 16/17 94.1% 87.5% (14) 64.29 % (09) 185.7% (26)

Exp. III
(Dec., 2019)

Control 0/10 - - - -
Melatonin 0/4 - - - -

* Estrus induction within 30 days post-treatment

Expansion of Biotech-KISAN Hub in selected seven 
Aspirational Districts of North Eastern States 

(Contributor:  M. Bhatt)

The project is aimed at promoting pig farming in 
the state by capacity building and supply of quality 
germplasm of improved breeds to the farmer’s 
doorstep. ICAR - National Organic Farming Research 
Institute, Tadong, organized four nos. of Capacity 
Building/training programmes under Biotech-KISAN 
(Krishi Innovation Science Application Network) 
project, in selected four villages of aspirational 
district West Sikkim. A total of 60 farmer beneficiaries 
of four villages attended the training. Training was 
given on various aspects of scientific pig farming like 
scientific feeding, housing, breeding, vaccination and 
deworming of pigs so as to achieve higher returns. A 
total of 53 nos. of piglets were distributed to 25 nos. of 
beneficiaries in two villages (Soreng and Timburbong 
villages) along with feed and mineral mixture. Need 

Fig. 3. Piglet Distribution in Timburbong Village, 
West Sikkim under Biotech-KISAN Project

Technology transfer to the farmer’s field
Maize-urd bean (Pahenlo dal)- buckwheat a 
climate resilient cropping system 
(Contributors : R. Singh, R. K. Avasthe, S. K. Das)
ICAR-National Organic Farming Research Institute, 

hormonal level in the blood. However, it is suggested 
that after continuous exposure to short days, the 
animals become refractory to further treatment using 
melatonin and in such cases, no response is seen even 
after administration of melatonin. As in this case, the 
treatment was given after 90 days post September 
equinox on 17th December, 2019, it is quite possible 
that the animals had already entered the phase of non-
responsiveness to melatonin and hence all the treated 
does remained non-responsive post treatment. It 
is learnt in this study that induction of estrus in the 
Singharey goats using melatonin administration 
is affected by the season of the year and daylight 
exposure to the animals. In accordance with the 
published literature it can be summarized that after 
a long period of short daylight exposure, a resting 
period is needed for the goats to resume their estrus 
behaviour. However, this is too early to say this and 
further investigation in this regard is augmented. 

based advisory and health coverage of the piglets was 
also provided to the beneficiaries under the project.
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Tadong worked on development of climate resilient 
maize-based cropping system for rainfed ecosystem 
and identified maize – pahenlo dal – buckwheat 
cropping system and demonstrated to the progressive 
farmers of the East District of Sikkim. The technology 
was extended as front-line demonstration to 144 
nos. progressive farmers covering an area of 56 ha 
in Loosing, Bhasme,Tshlamthang, Sirwani, Ralap, 
Thanka-Martam and Amba village of East Sikkim and 
Mangle and Sripatam in South Sikkim. The intensified 
systems, maize–urdbean–buckwheat recorded the 
highest economic gain (242.7%) over maize-fallow 
system. Similarly, the maximum system profitability 
(823 Rs./ha/day) was recorded with maize (green 
cobs)–urdbean–buckwheat. On contrary, minimum 
system profitability (228 Rs./ha/days) was recorded 
with maize-fallow system. 
No-till vegetable pea in rice-fallow 
(Contributors: R. Singh, R. K. Avasthe, S. K. Das)

In order to enhance the cropping intensity by 
exploring the best possible utilization of available 
resource conserving technologies (RCTs) like zero 
tillage and retaining rice stubble (30-40 per cent) 
by utilizing the residual soil moisture of kharif rice; 
ICAR–National Organic Farming Research Institute, 
Tadong, Gangtok introduced zero tillage vegetable 
pea technology in puddled rice-fallows that has 
been demonstrated to the progressive farmers of 
the East District of Sikkim. The technology has been 
disseminated as front-line demonstration to 110 nos. 
progressive farmers covering an area of 45.5 ha in 
Amba, Sripatam, Timpyem, Nandok, Thanka, Upper 
Sirwani village of East Sikkim. The benefit:cost ratio 
under rice-vegetable pea was higher (2.52) compared 
to rice-fallow (1.43).Overall, on an average no-till 
cultivation of vegetable pea enhances the soil organic 
carbon by 6.1% after three crop cycles over rice-fallow 
in the adopted villages.
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SUMMARY
In Tripura Centre, two rice varieties (NICRA Aerobic Dhan1 and TRC 2014-8) were notified by Central Sub-
Committee on Crop Standards, Notification & Release of Varieties for Agricultural Crops in 2020. Out of 17 
notified field crop varieties, 12 are receiving breeder seed indent from DAC&FW, Govt. of India (Paddy: 46 
%, Blackgram: 33%, Green gram: 17%, Sesame: 25%, Toria: 91%, Field pea: 36%) by Tripura Govt. A total of 
146.2q breeder seed, 3292.5q TL seeds, and 936q pulses seed were produced during the period participatory 
mode. Evaluation of Integrated Seed based Farming System (ISFS) and Integrated Intensive farming system 
(IIFS) revealed that vegetable pea-maize (10.41 t/ha), cowpea- groundnut- maize (8.70 t/ha), brinjal-okra 
(11.60 t/ha), vegetable pea-maize (7.56 t/ha) gave higher productivity. In a tillage and cropping system study, 
the highest rice equivalent yield (REY) was on par for ‘no-till’ and ‘minimum tillage’ compared to conventional 
tillage. Vegetable based intercropping system for upland conditions with average B: C ratio of 3.5, INM Schedule 
for dragon fruit cultivation, Weed free pineapple cultivation using weed mat resulting in bigger fruit size (1.5 
– 2Kg) and in vitro mass multiplication of Elaichi lemon using nodal explant in Tripura were standardized. 
Under animal science, dietary supplementation of Litsea glutinosa (1.5-2.0%) powder in growing chicken 
improved body weight and FCR during heat stressed condition. A total 26 capacity building  programmes 
were organized and 40915 nos. of chicks, 78 piglets, 15 goats, pig/poultry feed, feed supplements and Hybrid 
Napier were distributed among more than 450 farmers. In Fisheries, emphasis was laid upon capacity building 
of unemployed youths on bio-floc technique and demonstration of low-cost cage culture technology in the 
riverine ecosystem using Common carp (@ 50 fingerlings/m3) and Mono-sex Tilapia (@ 100/m3) as candidate 
species. G3 bacteriophage was isolated and characterized for biological control of diseases caused by Aeromonas 
hydrophila.  Low cost of phage production (Rs. 150/- per 10 ml) might aid in future commercial application. 
Under TSP and SCSP, 1,09,000 fingerlings, 850 kg fish feed, 1170 kg lime and 143 medicine kits were distributed 
to 317 farmers.

TRIPURA
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Weather
Overall, 2154.9 mm rainfall in 86 rainy days was 
received against total pan evaporation losses of 1043.7 
mm (2.7 mm/day) during the year 2020-21. There 
were 13 events of rainfall more than 50 mm and only 
one event of more than 100 mm in 24 hours (133.1 
mm)  . In comparison to long period average (LPA), the 
rains were observed Normal during Monsoon (June-
Sept, 96.8%) and Post Monsoon (Oct-Dec, 94.8%) 
seasons, but remained below normal during  Winter 
(Jan-Mar, 29.7) and Summer (April-May, 21.2%). 

During summer, although the deficit rains (50%) 
in April slowed showing of summer vegetables, but 
subsequently recovered with sufficient rains in May. 
Further, the total rains during Monsoon season (June-
Spet) was Normal with 30% deficit rains in August 
and 47% surplus rains in September. In addition, 
9.7% surplus rains during October supported late 
sown Aman rice in North Tripura, Unakoti and Dhalai 
districts, but damaged timely shown rice areas, early 
winter vegetables, and delayed sowing of potato in 
the state. Overall in rainfall point of view the year was 
favorable for cultivation with some exception. 

Fig. 1. Monthly variation of Temperature 
(Max & Min) during 2020-21

Mean monthly maximum air temperature (Fig 1) 
varied from 25.30 C during January (2% above 
normal) to 33.80 C during April (2% above normal) 
while mean monthly minimum temperature varied 
from 9.60 C during January (6% below normal) to 
24.00 C during July (2% below normal). Yearly mean 
maximum temperature recorded 2% above normal 
(31.30 C) while yearly mean minimum temperature 
recorded 4% below normal (18.80C). Seasonal mean 
maximum temperature recorded lowest during 
winter (6% above normal) while highest during 
Summer (5% above normal). Similarly seasonal mean 
minimum temperature recorded lowest during winter 
(1% below normal) and mean minimum temperature 
recorded highest during summer (5% below 
normal). In brief maximum temperature during the 
period is showing increasing trend while minimum 
temperature is in decreasing trend.

Available bright sunshine hour during entire year was 
12.6% less than normal. During winter (Jan to Mar) 
and summer (Apr and May) months, available bright 
sunshine was below Normal (84 and 83 per cent over 
LPA respectively). But improvement of bright sunshine 
during monsoon promoted better translocation of 
photosynthates to sink. 
Analysis of seasonal wind direction reveals that wind 
during summer mostly remains southerly. High speed 
wind mostly occurs during the evening hour (6 to 
10 kmph) which is either South or Southwesterly. 
During monsoon (morning) about 36 per cent wind 
remains southerly with average speed of 4 to 6 
kmph. High wind (6 to 12 kmph) contributes 11 per 
cent and mostly from southerly. Wind follow similar 
trend in the evening. High winds (6 to 12 kmph) are 
mostly from south westerly and southerly. During 
Post monsoon wind in the morning mostly remain 
southerly but turns to North easterly in the evening. In 
winter wind was mostly scattered. In morning it was 
mostly southerly followed by south easterly and south 
westerly. In the evening wind was scattered. It was 
almost from every direction except East. Day average 
wind speed remains below 4 kmph during this period. 
Based on this it is suggested that farmers needs wind 
barriers at south and south westerly direction during 
summer and early parts of monsoon to protect the 
crop from high wind.
Crop improvement
Rice Improvement / All India Coordinated Rice 
Improvement Project
(Contributor: S. P. Das)
Varieties notified by CSCCSN, Govt. of India: Two rice 
varieties released by CVRC were notified by  Central 
Sub-Committee on Crop Standards, Notification and 
- Release of Varieties for Agricultural Crops, Govt. of 
India during 2020. The notified varieties are NICRA 
Aerobic Dhan1 / TRC 2015-5 / IET 26178(–notified 
for Karnataka, Jharkhand and Chhattisgarh) and TRC 
2014-8 (IR 83928-B-B-9-1) / IET 24197 (notified for 
Himachal Pradesh and Karnataka)

Fig. 2. TRC 2014-8 (IR 83928-B-B-9-1) / IET 
24197notified for Himachal Pradesh and Karnataka
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Fig. 3. NICRA Aerobic Dhan1  / TRC 2015-5 / IET 
26178notified for Karnataka, Jharkhand and Chhattisgarh

IET 26435 / TRC 2016-14 &IET 26440 / TRC 2016-
18 completed 3 years of testing in Boro trials and 
qualified for CVRC-VIC proposal. CVRC -VIC Proposal 
for TRC 2016-14 was submitted and same will be 
considered after the availability Agronomy data from 
2020-21 boro.

Fig. 4. IET 26435 / TRC 2016-14 CVRC VIC proposal submitted for boro cultivation in 
Tripura, Assam and West Bengal

The following entries were promoted up to final / 
3rd year of testing / AVT2 in AICRIP Hill trials. These 
entries performed very well in AICRIP Hill trials but 
could not be considered for CVRC-VIC due to lack of 
consistent superiority in all the 3 years in more than 
one state at same elevations. These entries will be 
tested in RCRT and SVRC proposals will be submitted 
in the promising states. The entries are TRC BN-83-
372-B-B-18/ IET 27468 ,  TRC 2016-9 /IET 25818 and   
TRC 2016-2/ IET 25826 in AVT2 –E(H); TRC PSM 164-
B-B-13-6-1/ IET 28212,  TRC BN-1818-B-B-23-7-1/ 
IET 28222, TRC 2016-4/ IET 25833 and  TRC 2016-
3 / IET 25836 in AVT2 –M(H) and TRC SMCT-23-
202-B-29/ IET 27498in AVT-2 U (H)

•	 Three rice entries TRC 2013-2 (IET 23947), TRC 
2015-12 (IET 25662) and TRC 2016-18(IET 
26440) qualified for CVRC-VIC but not identified 
will be taken up for release by SVRC. Preliminary 
meeting of Tripura State Seed Sub Committee is 

already held and final meeting will be held once 
the final proposals are submitted.

•	 In rice 93 entries are selected on the basis 
of multi-year station trial data and ready for 
nomination to AICRIP, RCRT and state trial. 

•	 2200 most promising SPS ( single plant 
selections) from 28 cross combinations are 
advanced to F5/F6.

•	 RGA (Rapid Generation Advance) protocols are 
introduced to speed up generation advancement 
of breeding materials.

AICRIP trials: Ten coordinated trials were conducted 
and data reported. Trials conducted are AVT1 E TP, 
IVT E TP, AVT1 IME, IVT EDS, AVT1 AEROB, AVT1 MS, 
IVT MS, AVT1 IM, IVT Boro& AVT1 Boroin 2019 and 
13 trials were conducted in 2020. 
Upscaling and Outscaling of technologies / varieties 
developed by ICAR NEH, Tripura Centre and its impact.

Table 1. Share of ICAR, Tripura Centre varieties in the total breeder seed indent by Govt. of Tripura 
through DAC&FW, Govt. of India (2020 -21)

Sl No. Crop Varieties received Breeder seed indent 
through DAC&FW, Govt. of India

% share of ICAR –NEH, Tripura 
Centre’s varieties in total 
Breeder seed indent by Tripura

1

Paddy

Gomati 6.67 %
2 Khowai 6.67 %
3 Tripura Nirog 6.67 %
4 Tripura ChikanDhan 6.67 %
5 Tripura Hakuchuk 2 13.34 %
6 Naveen 6.67 %
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In paddy 46.67 % of total breeders seed indent by the 
Govt. of Tripura are for the varieties developed and 
released by ICAR NEH, Tripura Centre. For Blackgram 
our variety occupies 33.34% breeder seed indent by 
Tripura, whereas the corresponding figures for other 
crops are: greengram (16.67%), Sesame (25%), toria 
(90.9%) and fieldpea (35.71%). (Source: Seednet)

Out of 17 notified field crop varieties, 12 are receiving 
breeder seed indent from DAC&FW, Govt. of India. 
Some varieties are receiving breeder seed indent 
from NSC, SAI and States like Uttar Pradesh, Bihar and 
Assam. (Source: Seednet India Portal, Govt. of India)

All above mentioned varieties and other released 
and notified varieties of paddy like Tripura Sharat, 
Tripura Jala, Tripura Hakuchuk 1 and Tripura Aus are 
also receiving direct seed indent (Breeder / TL) from 
the Govt. of Tripura. Apart from Tripura seed indents 
are also received from Meghalaya, Mizoram, Manipur, 
Nagaland and Assam.

The Department of Agriculture & Farmers welfare, 
Govt. of Tripura, has taken up Breeder to Foundation (B 
to F) seed production in 69.5 ha during last 2 seasons 
(2019 -20). Estimated production of Foundation seed 
of paddy is 2920 q and other crops is 100 q. These 
Foundation seed will be taken up by the Tripura 
government for certified seed production through 
their RGP (Registered Seed Growers Programme). 
(Source: Seed Certification Unit, Dept. of Agriculture 
& FW, Govt. of Tripura)

Estimated gross area coverage of the released and 
notified varieties by Tripura Centre in Tripura is about 
1,60,000 ha, of which paddy variety Gomati covers 
more than 70,000 and Naveen covers about 60,000 ha.

The variety Gomati exhibited yield superiority of 
about 14-25% over the existing most popular varieties 
of paddy. Keeping the average productivity of paddy in 
the state (3000 kg/ha) as base, cultivation of Gomati 
led to minimum additional production of 420 kg/ha. 
For an area coverage of 70000 ha, total additional 
production is estimated to be 29,400 MT. Considering 

the MSP of paddy, this additional production has 
given additional income of 5145 lakh rupees to the 
farmers of Tripura in a year. In total, estimated value 
of additional income earned by Tripura farmers due 
to adoption of high yielding varieties developed and 
released by ICAR NEH, Tripura centre would be about 
10,000 lakh rupees.

During boro 2019-20, aus and kharif 2020, the 
Department of Agriculture & FW has taken up 
Foundation – Certified (F to C) seed production on 662 
ha land under their RGP (Registered Seed Growers 
Programme), with an expected production of 32,470 
quintal of certified seed.

Development of multiple stress tolerant versions 
of Rice varieties Gomati and Tripura Chikandhan 
through molecular breeding 

(Contributors: S. P. Das, S. K. Pradhan, Mridul 
Chakraborty, Arup K Mukherjee, B. K. Kandpal, A. 
Gangarani Devi)

The following hybridization work was completed 
during Kharif, 2020

1.Gomti x CR Dhan 800
2.Gomti x CR Dhan 801
3.Tripura ChikanDhan x CR Dhan 800
4.Tripura ChikanDhan x CR Dhan 801
The donor parents, CR Dhan 800 carry 
Xa21+ xa13+xa5and CR Dhan801carrySub1 + 
qDTY1.1+qDTY2.1+qDTY3.Hybridization was made 
during kharif, 2020 to generate F1 seeds of Gomti x CR 
Dhan 800, Gomti x CR Dhan801,TripuraChikanDhan x 
CR Dhan 800 and Tripura ChikanDhan x CR Dhan 801. 
A total of 150 F1 seeds of Gomti x CR Dhan 800; 145 
seeds of Gomti x CR Dhan 801;165 F1 seeds of Tripura 
ChikanDhan x CR Dhan 800 and 145 F1 seeds of Tripura 
ChikanDhan x CR Dhan 801were generated during the 
season. Both the F1s produced in Gomti and Tripura 
ChikanDhan will be crossed during dry season, 2021 
to pool Sub1+qDTY1.1+qDTY2.1+qDTY3.1+Xa21+ 
xa13+xa5 together in F1 generation. Then backcross 
will continue.

7 Paddy (total) 46.67 %
8 Blackgram Tripura Maskolai 33.34 %
9 Greengram Tripura Mung 1 16.67 %

10 Sesame Tripura Siping 25.00 %
11 Toria Tripura Toria 90.90 %
12 Fieldpea TRCP 9 35.71 %
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NICRA –Drought component in Rice

(Contributors: S. P. Das, A. Gangarani Devi

SSR genotyping of the Bhalum 3 x Naveen mapping 
population (811 RILs) is continued.

Screening completed for 625  NEH rice under drought 
and stagnant flooding condition.

Drought tolerant varieties promoted in AICRIP 
2020-21

(Contributor: S. P. Das)

1. TRC KS-1512-B-B-1-12-1/ IET 28196 promoted 
to AVT-2 E (H) with yield advantage of 23.4% 
over best check (BC) in Northern medium hills.

2. TRC BN-1311-B-B-43-11-1/ IET 28200 
promoted to AVT-2 E (H). with 19% yield 
advantage over  BC in medium northern hills. 

3. TRC BN 793-B-B-27-4-1/ IET 28884 promoted 
to AVT-1 E (H) with yield advantage of 14% on 
southern hill and 24% on northern medium hills. 

4. TRC GN 117-B-B-12-1-1/ IET 28890 promoted 
to AVT-1 E (H) with yield advantage of 17% on 
northern low and 30% on southern low hills. 

5. TRC PSM-1720-B-B-5-1/ IET 28230 promoted 
to AVT-2 U (H) with yield advantage of 22.6% in 
northern low hills.

Genetic and Phenotypic Diversity of Upland Rice 
Landraces of North East India

(Contributors: S. P. Das, A. Gangarani Devi, Rekha Das)

The genetic diversity in a total of 100 rice landraces 
from the North Eastern Region was assessed. A den-
drogram constructed on the phenotype data by com-
plete linkage based on Neighbour Joining Method 
using the eucledian distance matrix divided the land-
races into two major clusters.  In addition, microsat-
ellite based genotyping of the 100 landraces using all 
50 primers in the Panel of 50 Standard SSR markers 
recommended for rice diversity analysis by the Gen-
eration Challenge Programme sponsored by CGIAR 
was also performed. Significant genetic diversity was 
observed among the landraces used in our study. Out 
of the 50 SSR markers, 47 produced reproducible and 
polymorphic patterns while three primers (RM- 160, 
RM-454, RM-283) were monomorphic. Among the 
monomorphic primers RM-454 showed a unique al-
lele of 270 bp in Chakhauporeiton. The average gene 
diversity observed in our study (0.47) and average 
PIC value of 0.43 was comparable to those reported 

for panels that contained upto 400 germplasms such 
as the US accession panel and Chinese rice accession 
panel signifying the quantum of genetic diversity in-
herent to the rice landraces of this region. No signifi-
cant genetic differentiation based on the geographical 
origin (states) of the landraces could be made out in 
our study. Ironically, this observed genetic ‘homoge-
neity’ in our dataset could actually be a reflection of 
the strong genetic differentiation between each indi-
vidual landrace. Study further underlines the necessi-
ty for comprehensive exploration and documentation 
of qualitative and quantitative traits of these valuable 
genetic resources.

Pulses improvement & AICRP MULLaRP

(Contributor: S. P. Das)

•	 In mung bean on the basis of multiyear station 
trial data 38 promising entries from different 
cross combinations are at seed bulking stage for 
nomination to AICRP MULLaRP, RCRT and State 
trial. In mungbean selected lines from 39 cross 
combinations are advanced and are in F3 to F7 

•	 In urd bean 21 most promising entries on 
the basis of station trial are taken up for seed 
bulking for nomination to AICRP MULLaRP, 
RCRT and State trial. Selected lines from 22 cross 
combinations are advanced and are in F3 to F7.

•	 Ten coordinated trials (IVT & AVTs) were 
conducted during the period under report and 
164 entries of mungbean, urdbean, lentil fieldpea 
and chickpea were evaluated in replicated trials 
and data reported to AICRP MULLaRP. Promising 
entries were identified for Tripura.

Seed Production

(Contributor: S. P. Das)

In total 146.2 q breeder seed and 3292.5q TL seed 
of released varieties are produced under ICAR 
Seed Project and 936q pulses seed were produced 
under Pulses Seed Hub during the year 2019-20 in 
participatory mode. Under Pulses Seed Hub 936 
quintals of seed are produced during 2019-20, out of 
which 162.44 quintals of seed are procured and sold to 
different agencies for total revenue of Rs. 24,18,764/-.

Changing the pulses production scenario in 
Tripura

(Contributor: S. P. Das)

Since 2010, the centre has released 4 pulses varieties, 
2 in fieldpea, 1 in mungbean and 1 in urdbean. One 
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fieldpea variety: TRCP-8 was released by CVRC and 
notified in 2010. Other 3 varieties: fieldpea –TRCP-9, 
mungbean – Tripura Mung 1 and blackgram- Tripura 
Maskolai, were released by 2014 but got notified in 
2018. TRCP-8 was in formal seed chain since its notifi-
cation in 2010, for other varieties TFL seed were pro-
duced till their notification and entered in formal seed 
chain once they are notified in 2018. In the year 2020 
the share of ICAR-NEH pulses varieties in the Breeder 
seed indent by Tripura stands at as in the Table 2. For 
Blackgram our variety occupies 33.34% breeder seed 
indent by Tripura, whereas the corresponding figures 
for other crops are: greengram (16.67%)and fieldpea 
(35.71%). (Source: Seednet India Portal, Govt. of India)

The impacts can also be seen in the increase in area, 
production and productivity in these 3 crops, fieldpea, 
greengram and blackgram.

Plant physiology
Candidate gene association mapping for tolerance 
to iron toxicity and low phosphorus stress in rice

(Contributors: A. Gangarani Devi, Renu Pandey, K. K. 
Vinod, S. P. Das)

Field phenotyping of 100 diverse rice germplasm 
from North East India were undertaken in iron toxic 
field with a toxicity level of 1000 ppm ferrous iron 
during Kharif 2020. The leaf bronzing score ranged 
from 0 to 7.66. Plant height values ranged from 68.0 
to 175.6 cm in Botrow and Kba Lyiur-3, respectively. 
Among the genotypes Malati recorded the largest leaf 
area of 101.24 cm2 and smallest leaf area of 34 cm2 
in Thedui. Chlorophyll index value varied from 21.13 
to 46.86. Number of tillers were recorded highest in 
Botrow with an average of 32 tillers per plant and 
lowest with 3 tillers per plant were noted in Nijum 
Biron. Days to 50 % flowering is highly affected by 
iron toxicity which ranged from as early as 45 days 
after transplanting (DAT) in RCPL-1-132 to 73 DAT 
in Meupr-23. Variation was also noted in biomass, 
grain yield and harvest index among the genotypes 
studied. Among these four germplasm viz. Nyeinyak, 
Yemsheangha, Delipengulo and Chakhao were found 
to be promising with a yield potential of 2.8-3.8 ton/
ha under iron toxic field condition (Fig. 11). These 
germplasm exhibited lowest bronzing score of 0, SPAD 
index value of 38.3 to 38.7 with an average tiller of 12 
to 14 and harvest index of 33 to 37%.

Evaluation of winged bean (Psophocarpus 
tetragonolobus L.) germplasm under AICRN on 
Potential crops

(Contributors: A. Gangarani Devi, Satyapriya Singh, H. 
Lembisana Devi)

Second year evaluation 100 genotypes of winged bean 
along with three local checks were evaluated for 8 
qualitative at Lembucherra. The genotype EC178293 
(96.00 days) was early flowering. Maximum green 
pod yield (33.33 q/ha) was recorded in the genotype 
RWBGP-42 followed by RWBGP-45 (31.25 q/ha). The 
longest pod length (19.70 cm) was recorded in the 
genotype IC026846 followed by IC026170 (19.60 
cm). Maximum No. of pods/plant (60.75) was found 
in the genotype RWBGP-42 followed by RWBGP-37 
(60.50). Highest seed yield (17.87 q/ha) was recorded 
in the genotype RWBGP-42 followed by RWBGP-37 
(13.66 q/ha). Maximum green pod yield (33.33 q/ha) 
was recorded in the genotype RWBGP-42 followed 
by RWBGP-45 (31.25 q/ha). Test weight expressed 
in terms of 100 seed in g recorded, the genotype 
EC121919 (51.18 g) showed the highest test weight 
followed by IC095236 (50.79 g).

Crop production
Resilient farming systems for efficient factor 
productivity and livelihood security in Tripura

(Contributors: Anup Das, G. S. Yadav, Lembisana Devi, 
C. Debnath, Vinay Singh, Lopamudra Sahoo, Satyapriya 
Singh, B. K. Kandpal)

Two farming systems, viz., Integrated Seed based 
Farming System (ISFS) and Integrated Intensive 
farming system (IIFS) were established at ICAR 
Tripura Centre, Lembucherra during 2017-18 for 
improvement of livelihood and income of farmers. 
Apart from crop production, both the systems 
included fodder grasses on the terrace risers and 
fences, compost pits, ponds for fish farming and life-
saving irrigation, plantation crops like arecanut, 
mango, banana, litchi, papaya, coconuts, etc. Under 
ISFS, vegetable pea-maize (10.41t/ha), cowpea- 
groundnut- maize (8.70t/ha) and rajma - maize- 
brinjal (7.53 t/ha) were the best performing systems 
which gave higher rice equivalent yields (REY).
Whereas, in IIFS brinjal-okra (11.60 t/ha), vegetable 
pea-maize (7.56 t/ha) and mustard-cowpea (4.97 t/
ha) gave higher REY than others. The fodder yield 
obtained under ISFS and IIFS were about 41.7 t/ha 
and 39.3 t/ha, respectively. There was a decreasing 
trend observed in bulk density (BD) under both the 
systems. The BD of soil under ISFS has decreased from 
1.48-1.50 Mg/m3 in 2017-2018 to 1.32 -1.35 Mg/m3 in 
2020-2021 and from 1.43-1.46 Mg/m3 in 2017-2018 
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under IIFS to 1.36-1.40 Mg/m3 in 2020-2021. The SOC 
content at 0-30cm depth under IIFS and ISFS were 
4.14-5.98 g/kg and 3.91-5.02 g/kg, respectively.  The 
net return obtained was Rs. 1, 82,361 and Rs. 74, 422 
and B:C ratio was 2.03 and 1.49, under IIFS and ISFS, 
respectively. 

Nutrient management for organic vegetable 
production in Tripura (Under NPOF)

(Contributors: Anup Das, G. S. Yadav, Lembisana Devi)

Three cropping systems namely ,cowpea-okra-
tomato, cowpea-okra-carrot, cowpea-okra-brinjal 
were evaluated under different organic nutrient 
management practices. The nutrient treatments 
included: Control, Vermicompost (VC) @ 5t/ha, VC 
@ 5t/ha + Agricultural lime (AL) @ 500kg/ha, VC 
@ 5t/ha + AL @ 500kg/ha + Rock Phosphate (RP) 
@150kg/ha. After three cropping cycles, the highest 
okra equivalent yield (19.70 t/ha) was obtained under 
VC+AL+RPand cowpea-okra-carrot (19.85 t/ha). 
The highest soil organic carbon (SOC) was observed 
underVC+AL+RP (9.02 g/kg at 0-10 cm, 7.21 g/kg 
at 10-20 cm and 7.84 g/kg at 20-30 cm) followed by 
VC+AL (7.63 g/kg at 0-10 cm, 6.71 g/kg at 10-20 cm 
and 5.86 g/kg at 20-30 cm).

Screening of varieties for production of vegetables 
under organic production

(Contributors: Anup Das, Satyapriya Singh)

A vegetable based multistoried cropping system 
was established where a raised bed structure was 
prepared and the vertical space above the bed was 
utilized by installation of bamboo structures called 
machan to grow trailing vegetable crops. For the 
rabi season, 4 local varieties each of bottle gourd and 
lablab bean were raised in the machan and crops 
like chilli, okra, palak, etc, were sown in the beds. 
During kharif season, ashgourd (Cairo), cowpea (YB-
7), bittergourd (Monika), cucumber (Tasty) and 7 
varieties of spinegourd (TSG 9, TSG 36, TSG 28, TSG 
42, TSG 21 and 2 local varieties) were planted in the 
machan and the understory space was utilized for 
chilli, okra, amaranthus, puishaak. The lablab bean 
variety TDB-20 out yielded other varieties producing 
6.29 t/ha followed by TDB-39 (5.98 t/ha). Among the 
spine gourd varieties, TSG 36 (6.8 kg/plant) andTSG9 
(4.89 kg/plant) were best performers.

Screening of groundnut varieties for organic 
cultivation in Tripura 

(Contributor: Anup Das)

A field experiment was conducted during Kharif 
2019-20 at ICAR Research Complex for NEH Region, 
Tripura Centre, Lembucherra, under ICAR DGR-
Groundnut project NEH Programme. In this trial 
18 groundnut varieties were sown under organic 
nutrient management. A highly variable trend in 
respect of pod yield, number of pods per plant, pod 
weight, fruit weight, number of branches per plant, 
plant height and number of nodule formation in root 
has been observed in varieties like KDG-123, TG-37A, 
GJG HPS-2 etc. Varieties like KDG-123 (3314 kg/ha), 
HNG-69 (3296 kg/ha), GPBD-5 (2370 kg/ha) and Tag-
24 (2000 kg/ha), were found promising in terms of 
higher pod yields than others.

Organic nutrient management for groundnut 
production in Tripura 

(Contributor: Anup Das)

In these experimental trial different combinations of 
FYM, vermicompost, poultry manure, goat manure, 
rock phosphate, and agricultural lime were tried. 
Among the nutrient combinations, highest pod yield 
and number of pods per plant was noted under the 
treatment combination comprising of FYM @ 10 t/ha 
+ Agricultural lime @ 0.5 t/ha and highest plant height, 
number of branches and number of leaves per plant 
have been observed under FYM @ 5 t/ha + Poultry 
manure @ 2.5 t/ha + Agricultural lime @ 0.5 t/ha.

Integrated Resource Conservation Technologies 
for Improving Crop Productivity and Soil Health 
under Sub-tropical Hill Ecosystem

(Contributors: Anup Das, GS Yadav, A. Gangarani Devi, 
B. K. Kandpal)

Rice mono-cropping is a low remunerative practice 
that degrades both crop and soil productivity. The 
heavy use of machines to carryout tillage practices 
without proper soil and water conservation add to 
the adversities. As a remedial measure, a rice based 
cropping system under conservation tillage practices 
was established at ICAR, Tripura Centre, to study 
the effect of reduced tillage on crop productivity 
and soil properties. Four cropping systems viz.,rice-
fallow, cowpea-rice-maize, cowpea-rice-mustard, 
and cowpea-rice-lentil were evaluated under 4 
tillage practices: no-till (NT), minimum tillage (MT), 
conventional tillage (CT) and permanent broad bed 
and furrow (PBBF). The highest rice equivalent yield 
(REY) was observed under CT (10.30 t/ha), which 
was on par with NT (9.16 t/ha) and MT (9.78 t/ha) 
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and the cropping systems were on par to each other 
except for rice-fallow. Soil organic carbon (SOC %) 
was the highest under NT (0.65 %, 0.58%, and 0.57% 
at 0-10 cm, 10-20 cm and 20-40 cm, respectively) and 
among the cropping systems, rice fallow had higher 
SOC content (0.62, 0.59, and 0.53% at 0-10 cm, 10-
20 cm and 20-40 cm, respectively). Bulk density 
(BD) increased with depth and the highest BD was 
found under CT (1.30 Mg/m3, 1.33 Mg/m3, and 1.38 
Mg/m3 at 0-10 cm, 10-20 cm and 20-40 cm depth, 
respectively) and rice-fallow system (1.25 Mg/m3, 
1.28 Mg/m3, and 1.38 Mg/m3at 0-10 cm, 10-20 cm and 
20-40 cm, respectively). Soil moisture recorded after 
the harvest of rice was highest under CT (12.84%) 
at 0-10 cm depth, which was on par with MT (12.81 
%) and PBBF (11.62%) and at 10-20 cm and 20-40 
cm it was maximum under MT (14.22% and 16.26 
%, respectively). Cowpea- rice-maize had highest soil 
moisture observed after harvest of rice at both 0-10 
cm (12.30%) and 10-20 cm (13.84 %) and for cowpea- 
rice-lentil (15.68%) at 20-40 cm depth.

Improving resource use efficiency of rice based 
cropping systems through weed management in 
Tripura

(Contributors: Anup Das, B. K. Kandpal, M. Prabha Devi)

A trial on weed management was  in upland rice  
revealed that the dominant weeds species observed 
under direct seeded rice (DSR) were Digitaria 
sanguinalis, Echinochloa colona, Echinochloa crusgali, 
Cleome rutidosperma and Ludwigia sp. Among the 
treatments, Pendimethalin @ 1 kg ai/ha + Bispyribac 
Sodium @25 g ai/ha gave highest weed control and 
generated the lowest weed biomass at 25, 60 DAS & 
at harvest. The grain and straw yield were obtained 
to be highest under Pendimethalin @1 kg ai/ha + 
Bispyribac Sodium @25 g ai/ha. 

Under lowland rice the dominant weeds observed 
were Cyperus rotundus, Scoparia, Ludwigiaoctovalvis 
and Digitaria. The most effective control of weeds 
were recorded under Oxadiargyl @ 100 g ai/ha + 
Bispyribac sodium @ 25 g ai/ha, which resulted into 
lowest weed count and weed biomass irrespective 
of the stages studied, i.e, at 25, 60 DAS & Harvest. 
Similarly, the grain and straw yield of rice was found 
higher under the same treatment.

Promoting Improved Maize Production 
Technology in Tripura

(Contributors: Anup Das, G. S. Yadav, Satyapriya Singh)

The programme on “Promoting Improved Technology 
of Maize Production in NEH Region” was funded by 
IIMR, Ludhiana with the aim of creating the location 
specific improved maize production technologies 
for farm diversification and income enhancement of 
farmers. The demonstration was conducted over 80 
ha area with about 630 farmer as beneficiaries. The 
important technologies demonstrated were high 
yielding varieties and hybrids of maize (RCM 1-61, 
Megha maize-1, VMH-45, DMRH-1301, ASHA-350), 
intercropping of maize with vegetables (cowpea, 
okra, vegetable pea and bitter gourd) and soil acidity 
management. During 2020, a total of 1800 kg of 
maize seeds were made available to farmers in 19 
villages covering 6 districts of Tripura. The front 
line demonstrations (FLDs) emphasized on crop 
intensification with maize i.e. intercropping along 
with scientific management practices (linesowing, 
crop rotation, liming for ameliorating soil acidity and 
integrated nutrient/water management etc) against 
the farmers’ practice (FP).

Among different systems demonstrated rice – maize+ 
okra gave the highest maize equivalent yield (MEY 
9t/ha) in Khowai district (North pulinpur village), 
over farmers practice of rice monocropping (4.2t/
ha). Farmers net income was approx Rs 80,000 under 
rice - maize + okra system compared to about 25,000 
under rice monocropping. Whereas at Sepahijala 
district (Charkalak ADC village),MEY obtained from 
maize +cowpea intercropping was 8.2 t/ha, over 
farmers practice of rice monocropping (4.4t/ha). 
The net return received from improved practice (Rs 
75,000/ha)was about 86.3% higher than existing 
practice of rice monocropping.In West Tripura district 
farmers intercropped maize with okra (MEY-8.73 t/
ha), cowpea (MEY-7.53 t/ha), bittergourd (MEY-9.21 
t/ha), vegetable pea (MEY-7.81 t/ha. They obtained 
net income of about Rs. 75,000/ha from maize+okra, 
Rs 74,000/ha from maize+vegetable pea andRs 
72,000/ha from maize + bitter gourd Rs 25,000/ha 
under farmers practice. Thus, there was 93 to 136% 
enhancement in farmers’ income. In North Tripura 
district (Madhuvan ADC, village) farmers intercropped 
maize with okra (MEY-7.96 t/ha), cowpea (MEY-8.02 
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t/ha), over farmers practice of rice monocropping 
(3.7t/ha). In Dhalai district (Maharanipur VC, village) 
farmers intercropped maize with cowpea (MEY-7.15 
t/ha). At South Tripura district (Birchandramanu, 
village) farmers intercropped maize with cowpea 
(MEY-7.71 t/ha), and obtained net returns of Rs 
75,000-80,000/ha as against Rs. 30,000/ha from rice 
monocropping. The results indicated the substantial 
possibility for the maize production enhancement 
with improved crop production technologies across 
Tripura.

Horticulture
Standardization of vegetable based intercropping 
system for upland conditions of Tripura

(Contributors: Biswajit Das, H. Lembisana Devi, K. K. 
Barman, B. K. Kandpal)

To develop a highly profitable and sustainable 
multistoried vegetable cropping system for upland 
conditions of Tripura, various commercial vegetable 
crops were selected as ground cover crops underneath 
the vine crops.  Two years data revealed that in winter 
season under this multi-storeyed system, average 
yield, LER and BC ratio of Hyacinth bean and Bottle 
gourd were 10.5 t/ha, 1.0 and 2.9 and 20.8 t/ha, 1.0 
and 2.3, respectively, whereas, ground cover crops 
under these vine crops namely cowpea (15.1 t/ha),  
peas (8.0 t/ha), french bean (16.3 t/ha), brinjal (25.9 
t/ha) and Chilli (9.5 t/ha) performed better. BC ratio 
of these crops under the multistoreyed system were 
also very high which indicate added avantage of yield 
and profite from the same piece of land Similarly in 
summer season, yield, LER and BC ratio of vine crops 
namely spinegourd and ridgegourd  were 11.4 t/ha, 1.0 
and 3.4, and 9.2 t/ha, 1.0 and 3.8, respectively. Ground 
cover crops under these vine crops namely Swam 
taro (caudex  + stolon type), Amaranthus (Leafy), 
Amaranthus (Shoot type) and Chilli performed better 
in terms of yield and BC ratio 96.6 t/ha and 6.5,  15.5 
t/ha and 3.5, 30.5 t/ha and 5.7 and 8.8 t/ha and 5.1, 
respectively under the spinegourd systen and similar 
observation was also recorded under ridgegourd 
system. 

Integrated Nutrient Management for Dragon Fruit 
Cultivation

(Contributors: Biswajit Das,  H. Lembisana Devi)

Dragon fruit (Hylocereus sp.), trail was under taken 
to standardize the integrated nutrient management 
(INM) for better plant growth and higher production 
of quality fruits. Rooted stem cuttings (15-25 cm 

long) were planted in May to September at spacing 
2 m x 2m. Plants were trailed on concrete poles of 
dimension 7 feet height and 4-6 inches thickness. Old 
bike tyre was placed on top of each pole to support 
the dropping canopy of the plants. INM Treatments: 
Inorganic fertilizers in the form of Urea, SSP and 
MOP in combination with FYM and Vermicompost in 
various proportions were applied in 11 treatments 
combinations including control (without any fertilizer) 
with four plants in each treatment. VAM was applied 
at the time of planting in few designated treatments.  
Foliar sprays were also followed for improving fruit 
quality. Irrigation was applied fortnight interval from 
November to March.  Straw mulching was used for 
each plant.

Fig.  5. INM technology for Dragon fruit cultivation

Weed Mat Technology for Pineapple Cultivation

(Contributors: Biswajit Das,  H. Lembisana Devi)

Over the years pineapple (Ananus comosus), plantations 
have been facing problems due to lack of replantation 
with quality suckers, mismanagement, inaccessible 
due to over growth of leaves of old plants and unfertile 
soil due to surface runoff and unmanageable weed 
growth. To produce large size fruit with better taste 
scientific management is very much important. More-
over, under the changing climate conditions which is 
also noticeable in Tripura adoption of climate resilient 
technologies are essential for increasing production of 
premium quality fruits.

Raised beds of dimension 100 m length x 1 m width 
and 15-20 cm hight are prepared and organic manure 
@ 300 g/plant and Urea, SSP and MOP  18g, 25g and 
15g/plant, respectively is applied.  Raised beds are 
covered with woven polypropylene black weed mat 
(1.5 m width and 100 m long). Edges are pressed with 
mud to protect from high wind blow. Suckers weighing 
500-600 g are planted in the month of September. 
Raised Bed double row high density planting with 
spacing 40 cm (plant to plant) x 60 cm (Row to Row) x 
90 cm/1.0 m (Bed to Bed).
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During November to mid-March in the 1st year 
(Planting Year) at fort night interval and in the 2nd year 
and in successive years (fruiting years):  Dec-Jan. and 
Feb.-March (2-3 times). NPK (19:19:19) foliar sprays 
at 7th   or 8th months after planting, and again at 30 
and 60 day after fruit set. Zn (0.4%) + B (0.1%) sprays 
provided at 40 and 50 days after fruit set.

Fig. 6. Weed mat technology of pineapple

Varietal Evaluation of Onion entries Under AINRP 
(Onion & Garlic)

(Contributors: Biswajit Das,  H. Lembisana Devi)

Various onion varieties and new entries were evaluated 
under Tripura conditions as IET, AVT-I and AVT-II trails. 
Red onion varieties with higher Total yield under IET 
were LORVA 19-18 (340.4 q/ha), LORVA 19-11 (338.3 
q/ha), LORVA 19-09 (335.6q/ha), LORVA 19-16 (334.4 
q/ha), LORVA 19-07 (296.3 q/ha) and, LORVA 19-14 
(295.5 q/ha). Whereas, white onion varieties namely 
LOWVA 19-66 (347.2 q/ha), LOWVA 19-70 (332.5 q/
ha), LOWVA 19-68 (331.5 q/ha), LOWVA 19-72 (292.6 
q/ha), LOWVA 19-74 (290.4 q/ha) gave higher yield. 
Hybrid IET evaluation trials, LORHA 19-59 (346.5 q/
ha), LORHA 19-55 (345.5 q/ha), LORHA 19-65 (342.2 
q/ha), LORHA 19-51 (331.5 q/ha), LORHA 19-53 
(330.4 q/ha), LORHA 19-57 (316.4 q/ha) and LORHA 
19-61 (270.6 q/ha) were found to higher yielder. 

Under AVT-I, red onion varieties namely LOWVB 19-84 
(345.4 q/ha), LOWVB 19-79 (338.6 q/ha), LOWVB 19-
82 (335.4 q/ha) and LOWVB 19-75 (278.5 q/ha), and 
under white group onion varieties namely LOWVB 19-
84 (345.4 q/ha), LOWVB 19-79 (338.6 q/ha), LOWVB 
19-82 (335.4 q/ha) and LOWVB 19-75 (278.5 q/ha)  
gave higher total yield.  Yield data on AVT-II  trails 
show that LORVC 19-35 (352.5 q/ha), LORVC 19-32 
(348.6 q/ha), LORVC 19-33 (322.8 q/ha) and LORVC 
19-40 (299.5 q/ha) gave higher total yield. 

Horticulture-based women friendly 
entrepreneurship for livelihood improvement 

(Contributors: Biswajit Das,  H. Lembisana Devi)

Quality planting materials of fruits and vegetables is 
very important for higher production for livelihood 

improvement through higher income generation.  
Production of planting materials of different fruit 
and vegetable crops was carried out at ICAR Tripura 
centre.  Mango varieties Amrapali, Arunika and some 
other new varieties are becoming popular in Tripura. 
Consequently, there is a huge demand for quality 
planting materials. Around 5000 plants of mango, 500 
plants of litchi, 500 plants of Mosambi, 200 plants of 
Banana were distributed under this project. 20 kg 
okra seeds, 10 kg Radish seeds and 5 kg seeds of other 
vegetables along with mushroom spawn were also 
distributed. A demonstration and hands on training 
on mushroom production technology was given to 50 
women farmers and all the trainees were distributed 
mushroom spawn and paddy straw substrate for 
starting quality mushroom production at home. 
Field visits to high density pineapple under mulch, 
dragon fruit and multi-storeyed vegetable cultivation 
technology demonstration unit was also conducted.

Varietal evaluation of Colocasia and fertilizer 
standardization for Swamp taro 

(Contributors: Biswajit Das,  H. Lembisana Devi)

URT on Colocasia 2nd year trial show that  TTr 12,TTr 
13 and TTr17-8 gave significantly  higher total yield 
18.5 t/ha, 18.3 t/ha and 17.5 t/ha, respectively. Corm 
weigh was also higher with values of 95.6 g, 93.2 and 
89.4 g. Organoleptic score was also very good with 
range of 8.5-9.0. Calcium oxalate was in the range of 
12.5-18.3 mg/100g.

First year trial data on Swamp Taro show that organic 
manure and fertilizer combination FYM 15 t/ha + 
N-P2O5-K2O 120-60-90 kg/ha was comparatively 
better in terms of  plant height (163.8 cm), girth of 
pseudostem (7.5 cm), number of stolons per plant 
(17.4), average Length of the stolon (57.8 cm), average 
girth of the stolon (2.85 cm), weight of Stolons/plant 
(1490.9 g), yield of stolon /ha (23.7 T/ha),  average 
weight of single pseudostem (0.92 kg) and Yield 
of pseudostem (55.12 T/ha). However, treatments 
namely T10: FYM 15 t/ha + N-P2O5-K2O 120-60-120 
kg/ha and T8: FYM 15 t/ha + N- P2O5-K2O 120-60-
60 kg/ha also performed on par for many important 
parameters. 

AICRP on Fruits

(Contributors: Biswajit Das,  H. Lembisana Devi)

The following trials like  Collection, characterization, 
conservation, evaluation and utilization of germplasms 
of mango and jackfruit,  Nutritional survey in 
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mango, Survey for new and emerging insect pests of 
jackfruit, Management of mango stem borer (Batocera 
rufomaculata) using ‘Arka Borer Control’ and Biological 
control of tea mosquito bug Helopeltis antonii Signoret 
by Beauveria bassiana on guava was conducted during 
the period. Limited survey of the nearby areas of 
Lembucherra, West Tripura and Khowai districts was 
conducted  due to the pandemic and  collected 2 local 
mango germplasms and one Jackfruit germplasm. The 
mean performance (fruit quality parameters and soil 
properties) of 10 orchards each of Low, medium and 
high yields from Tripura was evaluated. During the 
roving survey, mealy bug and leaf webber infestation 
was recorded in Jackfruit at Lembucherra.  Arka Borer 
control treatment was found more effective against 
mango stem borer than control and local check.

In vitro mass multiplication & conservation of 
some endangered citrus species of NEH region of 
India 

(Contributors: H. Lembisana Devi, Biswajit Das, M. R. 
Sahoo)

In vitro protocol for multiple shoot regeneration and 
mass multiplication of Citrus limon Burm (Elaichi 
lemon) was standardised. The combination of MS 
supplemented with BAP (3.0 mg/l) + GA3 (1.0mg/l) 
possessed early germination of seed without coat i.e., 
within 15 days after inoculation. The seed without 
coat possessed highest percent germination from 
the MS media supplemented with BA (1.0mg/l) 
i.e., 81.67 per cent with highest no of shoots (3.15) 
and highest shoot length per explants (3.14 cm).  
In vitro propagated plantlets of Elaichi lemon (C. 
limom Burm) having good shoot and root system are 
hardened and acclimatized. Plantlets from hardening 
media combinations of Cocopeat + Perlite (1:1) and 
Cocopeat + Vermiculite + Perlite (1:1:1) showed 
maximum survivality (100 percent). Highest plant 
height (5.11cm) with maximum number of leaves per 
explants (6.17) was observed from plantlets hardened 
with Cocopeat + Vermiculite + Perlite (1:1:1). 

Multiple shoot 
proliferation

Fig. 7. In vitro multiplication of Elaichi lemon

In vitro Hardening

FISHERIES
Cage culture demonstration in Gomati River under 
NICRA (TD)

(Contributor : Chandan Debnath)

Low-cost cage culture was initiated at River Gomati, 
Udaipur. The size of each cage was 3m x 2m x 1m 
(6m3) and it was made up of locally available bamboo. 
Fish stocked were Common carp @ 50 fingerlings/m3 
and Mono-sex Tilapia @ 100/m3. Survival after two 
months of rearing was 92% in Common carp and 95% 
in Mono-sex Tilapia which is highly encouraging. 

Biocontrol of Aeromonas hydrophila employing 
phage therapy

(Contributors: Lopamudra Sahoo, Chandan Debnath)

To determine the effectivity of bacteriophages in 
controlling infections caused due to A. hydrophila, 
bacteriophages were isolated from culture waters, 
sewage waters and natural water system of Tripura. 
Only those bacteriophages were selected which were 
specific to A. hydrophila and displayed broad host 
range.  A total of 21 Aeromonas species and 16 lytic 
phages specific to Aeromonas hydrophila were isolated 
out of 195 samples. The titers were found to be in 
the range of 10 7 – 10 10pfu/ ml for the phages. Out of 
sixteen isolated bacteriophage, Phage G3 was chosen 
for its broad host range for further experiments. The 
latent period of G3 bacteriophage was 10 minutes and 
the burst size was 125 PFU/infected cells. Optimal 
Multiplicity of infection (MOI) of G3 bacteriophage was 
‘1’. With shorter latent period and higher burst size G3 
phage has the potential for higher phage production 
to control Aeromonas infection effectively. It was 
observed that as the temperature increased from 4 
to 400C, the adsorption rate of the phage increased to 
84%. The optimal pH for the viability of G3 phage was 
in the range of 4-8. 

Protective effects of phage therapy against Aeromonas 
infection was demonstrated in L. rohita where the 
treatment group received A. hydrophila at a dose 
of 2 X 106 CFU/ml. G3 phage was administered 
simultaneously at MOI 1. Fish treated with G3 phage 
showed upto 90% survival compared to 10% survival 
in control group. The results reveal that G3 phage hold 
the potential as therapeutic agent for treatment of A. 
hydrophila infections.
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Habitat ecology, productivity, fish and fisheries of 
Rudrasagar Lake, Tripura 

Assessment of relationship of physico-chemical 
water parameters with phytoplankton communities 
in Rudrasagar Lake

(Contributors: H. Bharti, Lopamudra Sahoo, Chandan 
Debnath, S. K. Das)

Canonical Correspondence Analysis method was 
used to study the influence of 16 physico-chemical 
water parameters on observed phytoplankton 
communities and identify main parameters 
influencing phytoplankton community.  During post-
monsoon, the eigen values were 0.010 and 0.002 for 
axis 1 and 2 respectively. The axis 1 showed 80.79 
% correlation with the physico-chemical water 
parameters and phytoplankton communities showing 
positive correlation with water depth, transparency, 
nitrite, nitrate, phosphate, chlorophyll a and primary 
productivity. The axis 2 showed 19.17 % correlation 
and indicated positive correlation with temperature, 
pH and alkalinity. Eigen value of axis 1 (0.052) 
explained 98.44 % correlation with water parameters 
and phytoplankton while, eigen value of axis 2 
(0.0007) explained 1.42 % correlation during winter. 
Phosphate, chlorophyll a, free CO2, BOD, chloride 
were found to positively related to axis 1 while water 
depth, total hardness, nitrite and nitrate showed 
positive correlation with axis 2. During pre-monsoon 
(Fig.3), the eigen values of axis 1 (0.004) and axis 2 
(0.0002) explained 93.79 % and 5.83 % correlation 
respectively. Axis 1 showed positive correlation with 
water depth, transparency, DO,alkalinity, hardness, 
phosphate and nitrite, whereas, chlorophyll a, free 
CO2 and nitrate showed positive correlation with 
axis 2. The eigen values of axis 1 (0.0047) and axis 2 
(0.0036) explained 52.82 % and 41.14 % correlation 
respectively in monsoon season). Water temperature, 
pH, transparency, depth, DO, free CO2, BOD,nitrite, 
nitrate, phosphate and chlorophyll a were positively 
correlated to axis 1 while, water temperature, depth, 
transparency and primary productivity positively 
correlated to axis 2.  

Assessment of Trophic State Index (TSI) of 
Rudrasagar lake

The trophic state index of Rudrasagar lake was 
assessed based on Carlson’s Trophic State Index 
(1977) using three parameters viz., chlorophyll 
a, secchi disk transparency and total phosphorus. 
Carlson’s TSI values were found to vary from 67.29 – 
76.07 with a mean value of 70.87, indicating eutrophic 
condition in Rudrasagar lake which draws serious 
attention for collective efforts from the scientists, 
policy makers and local people dwelling around the 
lake for its management.

ANIMAL SCIENCE
Comparative Evaluation of performance of 
different breeds/varieties of Pig:

(Contributors: R. S. Godara, Vinay Singh)

Three types of Pigs are maintained at farm. 

1. Mali Breed-it is indigenous registered pig breed 
from Tripura 

2. Hamphsire- it is exotic pig breed from New 
Hamphsire from USA

3. Cross- 50% cross between Mali X Hamphsire. 

 The comparative evaluation of performances like 
production, reproduction and health status of these 
breeds have been done in Agro-climatic condition of 
Tripura. 

Fig. 8. (Hampshire X Mali, 50% cross) sow with 
piglets 

Table 2. Production performance comparison of three breeds of Pigs

Breeds of piglets 
born to sow

No of 
farrowing

Total
piglets

Male Female Average body weight( in kg)

Birth weight 30th day 60th day
Hampshire 5 28 15 13 1.38±0.12 5.09±0.22 9.12±0.61
Hampshire × Mali 8 67 28 39 0.89±0.06 4.95±0.40 7.67±0.28
Mali 11 61 35 26 0.69±0.11 3.68±0.24 5.55±0.59
Total 24 156 78 78
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Performance of Black Bengal Goat

(Contributor : R. S. Godara)

Black Bengal Goats are maintained at farm. Goats 
are maintained mainly on extensive rearing system 
in which goats are let loose in day time in institute 
premises and in night kept in goat shed. Reproductive 
performance is astonishing in some animals. Triplets 
and Quadruplets are not uncommon and in some 
animals kidding interval is less than 6 months it 
means that 2 kidding is possible per annum. 

POULTRY SCIENCE
AICRP on Poultry Breeding (Rural Poultry 
Production)

Performance of BND Cross chicken (Dual type 
chicken) in Tripura Conditions

(Contributors: Vinay Singh, R. S. Godara)

Location specific variety BND Cross chicken (Dual 
type chicken) was developed during 2014-15 by 
crossing of Coloured Broiler, Tripura Black and 
Dahlem Red. Genetic composition of newly developed 
dual variety chicken is Coloured Broiler (25%), 
Tripura Black (25%) and Dahlem Red (50%). BND 
Cross chicken is coloured bird with moderate body 
weight, good escaping ability and scavenging habits 
and suitable for rural backyard poultry farming in 
NEH Region. Till December 2020, a total 68,116 chicks 
of BND Cross were distributed among the farmers 
across Tripura to popularize backyard technology. 
The newly developed BND Cross poultry variety is well 
adapted to local agro climatic condition and is readily 
accepted by farmers as stock of choice for backyard 
poultry farming in rural areas. Fourth evaluation of 
mean performance of BND Cross chicken has been 
completed upto 40 wks of age at institute farm as well 
as the farmer’s field’s conditions.

Evaluation of fertility and hatchability of different 
chicken germplasms

(Contributors: Vinay Singh, R. S. Godara)

During the period, a total of 58284 eggs of different 
breeds/varieties/ lines of chicken were set for 
hatching at the hatchery unit. A total of 39528 chicks 
of different varieties / lines of chicken were produced. 
The overall average percent fertility was estimated 
82.08% in different breeds/varieties/ lines of chicken. 
The highest percent fertility was found in Coloured 
Broiler (87.45%) and lowest percent fertility was 
found in Dahlem red (75.88%). The overall average 
percent hatchability on total egg set (TES) and fertile 

Litsea glutinosa

egg set (FES) were estimated; 67.82% and 82.08%, 
respectively. The highest hatchability on total egg 
set (TES) and on fertile egg set (FES) was found in 
Tripura Black (72.00%) and (86.28%) respectively. 
The lowest hatchability on total egg set (TES) and 
on fertile egg set (FES) Dahlem red (53.03%) and 
(69.89%) respectively.

Supplementation of herbs to ameliorate the heat/
climate stress in poultry 

(Contributors: Vinay Singh, R. S. Godara)

•	 A feeding trail was conducted study the effect of 
dietary supplementation of Litsea glutinosa on 
the growth performance, heamato-biochemical 
profile and stress parameters in growing chicken.

•	 Five groups of birds were maintained in stress 
condition (37±1 0C) while other one group of 
birds was reared in normal environment (20-26 
0C, RH- 75-85%) to compare the effect of heat 
stress. Induced heat stress (37±1 0C) is created 
in poultry shed for 3 hr daily for 30 days in birds. 
Birds are fed basal diet supplemented with 
Litsea glutinosa meal (0.5, 1.0, 1.5 & 2.0%)

Growth performance parameters like body weight 
change, feed intake and FCR of individual birds were 
calculated.

After 30 days of feeding experiment, just after inducing 
heat stress, blood samples are randomly collected and 
estimation of glucose, serum total protein, albumin, 
serum cholesterol, triglycerides  & hemoglobin (Hb) 
have been done.

Performance of Kadaknath chicken in Tripura 
condition

(Contributor : Vinay Singh)

ICAR, Tripura Centre, Lembucherra has introduced 
Kadaknath chicken in Tripura for the evaluation 
of their performance in agro-climatic condition of 
Tripura. The fertile eggs of Kadaknath were procured 
from ICAR- CARI, Izatnagar, UP. The eggs were set 
in egg incubator for hatching at the hatchery unit. 
After hatching of eggs, the chicks are maintaining as 
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parent stock and evaluation of their performance have 
completed upto 16 wks of age at institute farm.

Evaluation of fertility and hatchability of 
Kadaknath in Tripura condition

(Contributor : Vinay Singh)

During the period, a total of 104 eggs of Kadaknath 
were set for hatching at the hatchery unit. A total of 
75 chicks were produced. The overall average percent 
fertility was estimated 78.85%. The overall average 
percent hatchability on total egg set (TES) and fertile 
egg set (FES) were estimated; 72.12% and 91.46%, 
respectively.
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NATIONAL INNOVATIONS IN CLIMATE RESILIENT AGRICULTURE (NICRA)

A.  Rainfall pattern over Northeastern Region of 
India 

The maximum 1-day rainfall reflected a sharp decline, 
without any significant changes in annual rainfall 
amount across North east India. We also observed 
a relatively erratic behavior of rainfall distribution 
pattern across eastern India. With some exceptions, 
we observed no significant changes in rainfall 

seasonality, erosivity (assessed through Fournier 
index), center of gravity and seasonal entropy of daily 
rainfall distribution over past three decades (Fig.1). 
However, canonical correlation studies confirmed that 
longitude has the most effective control on rainfall 
seasonality and seasonal precipitation concentration 
over latitude in eastern India (Fig. 2; Table 1). In 
courtesy, altitudinal variation has the least effective 
control on seasonal rainfall distribution on daily scale.

Table 1: Co-relation between rainfall distribution indices and location of rain gauge stations

Rainfall distribution indices Latitude Longitude Altitude

SD 0.17 0.12 0.28

CI 0.09 -0.08 0.00

PCD -0.30 -0.51 -0.21

PCP -0.03 0.01 -0.02

H(X) 0.10 0.65 0.11

AE -0.08 0.45 0.05

Si -0.14 -0.72 -0.19

Sij -0.26 -0.81 -0.21

Rl -0.01 0.24 0.00

Rs -0.20 0.04 -0.23

V 0.00 -0.37 0.25

SI -0.07 -0.14 0.08

Tx 0.05 -0.19 0.02

MFI 0.17 0.12 0.28

WPCI -0.36 -0.74 -0.23

MPCI 0.12 -0.04 -0.04

PPCI -0.60 -0.85 -0.50

APCI -0.27 -0.75 -0.19

F -0.64 -0.77 -0.37

(Bold digit signifies statistical level of significance at p < 0.05)
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Fig. 1.  Spatial plot of long term trend in rainfall distribution indices over the identified locations in 
eastern India

Fig. 2. Helio plot showing the effective control of latitude, longitude and altitude on the rainfall 
distribution indices

B. Effect of elevated CO2 and temperature on 
growth and productivity of maize and soil fertility 
under Free Air Temperature Enrichment (FATE).

A first year (2020-2021) experiment was conducted 
under Free Air Temperature Enrichment (FATE) 

chamber to study the effect of elevated CO2 and 
temperature on growth performance of maize and soil 
fertility. The maize variety RCM 1-61 was selected as 
the test crop for the experiment. The experiment was 
laid out in a factorial randomized block design (FRBD) 
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with three replications in 4 x 2 m2 plots (8 m2). The 
main treatment comprised (1) Ambient CO2 (ACO2) 
and temperature (AT), (2) Ambient CO2 and elevated 
temperature (ET) (+3o C), and (3) Elevated CO2 
(ECO2) (550 ppm) and ET (Fig.3). The sub-treatments 
consisted of (1) Control, (2) Inorganic fertilizers 
(NPK), (3) Integrated Nutrient Management (INM), 
and (4) Organic manure (farmyard - FYM). At the end 
of the crop growth period, all the plant parameters 
including plant height, cob length, cob diameter, cob 
weight, number of grain rows, 100-grain weight, 
Stover yield, root biomass, and shoot biomass were 
recorded following the standard procedures. The 
results revealed that the average cob length, cob 
diameter, number of rows, number of seeds and 100 
seed weight varied from 7.76-9.56cm, 3.19-3.54cm, 
10.33-11.39, 125.6-174 and 21.9-26.7g, respectively. 
The increase in temperature (ET) resulted in 23, 11, 
10, 39, and 22% reduction in cob length, cob diameter, 
number of rows, number of seeds and 100 seed 
weight, respectively over the ACO2 and AT (9.56 cm, 
3.54 cm, 11.39, 174, and 26.7g, respectively). 

Similarly, the increase in temperature and CO2 
concentration (550 ppm) significantly decreased the 
cob length (11%), cob diameter (2%), number of 
seeds (10%) and 100 seed weight (17%) compared to 
ACO2 and AT. However, inclusion of ECO2 along with 
ET increased the cob length, cob diameter, number 
of rows, number of seeds, and 100 seed weight by 

11, 9, 12, 26, and 4%, respectively over the ACO2 and 
ET. The increase in temperature alone significantly 
decreased the SDW, RDW, biomass and grain yield by 
31, 64, 65 and 43%, respectively over the ACO2 and 
AT (36.8g/plant, 9.3 g/plant, 3.46 t/ha, and 0.67 t/
ha, respectively) (Fig. 4). However, addition of ECO2 
decreased the SDW, biomass and grain yield by 4, 11 
and 19%, respectively while the RDW was increased 
by 51% as compared with ET alone. With respect to 
the nutrient management practices, a definite trend 
was not observed in the growth parameters and grain 
yield of maize in all the three main treatments. While 
comparing all the 10 studied maize growth parameters, 
inorganic fertilizer application (T2) improved most 
of the parameters compared to other treatments, 
irrespective of the ECO2 and ET. However, in all the 
three conditions (ambient, ECO2 and ET), farmyard 
manure (FYM) (T4) had significantly increased grain 
yield by 14-47, 17-89, and 22-81% under ACO2+AT, 
ACO2+ET and ECO2+ET, respectively. From the above 
study, it can be concluded that elevated temperature 
alone and in combination with elevated CO2 decreased 
the maize growth parameters and grain yield but the 
decrease was relative less when there was an increase 
in CO2 concentration with elevated temperature. 
Under the elevated CO2 and temperature, FYM 
improved the maize grain yield and could be suitable 
nutrient management option for the changing climatic 
scenarios.   

Fig. 3. Experiment on maize crop (cultivar RCM 1-61) under 
Free Air Temperature Enrichment (FATE) chamber.

Fig. 4. Effect of ECO2 and ET on biomass (a) and grain yield of maize (t/ha) (b) under different 
nutrient management practices.
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C.  Effect of elevated CO2 and temperature on 
growth and productivity of rice under Carbon 
Dioxide Temperature Gradient Chamber 
(GTGC).

A first year (2020-2021) experiment was conducted 
under GTGC to study the effect of ECO2 and ET on 
growth performance of rice and soil fertility. The 
rice variety IURON 514 was selected as the test crop 
for the experiment. The experiment was laid out in 
a factorial randomized block design (FRBD) with 
three replications in 11m2 plots. The main treatment 
comprised (1) ACO2 and AT, (2) AT and ECO2 (+3o 
C), (3) ACO2 and ET, (3) ECO2 (550 ppm), and (4) 
ET (+3o C) (Fig.5). The sub-treatments consisted of 

combination recorded highest value of most of the 
studied parameters which increased the root dry 
weight and shoot dry weight about 45 to 101% and 
26 to 101%, respectively compared to other treatment 
combinations. The highest biomass yield was observed 
under AT+ECO2 which was 6 to 48% higher than 

Similarly, AT+ECO2 recorded the maximum grain 
yield (3.68 q/ha) which was at par with ECO2+ET 

Fig. 6. Effect of elevated CO2 and temperature on 
biomass (a) and grain yield (b) of rice under Carbon 

Dioxide Temperature Gradient Chamber (GTGC).

Fig. 5: Experiment on maize crop (cultivar RCM 1-61) under Carbon Dioxide Temperature Gradient 
Chamber (GTGC)

(T1) Control, (T2) Inorganic fertilizers (NPK), (T3) 
Integrated Nutrient Management (INM), and (T4) 
Organic manure (farmyard - FYM). At the end of crop 
growth period, all the plant parameters including 
plant height, root length, shoot length no. of tillers, 
leaves per tiller, root dry weight, 100-seed weight, 
biomass and grain yield were recorded following the 
standard procedures. The results revealed that the 
average plant height, root length, shoot length, no. 
of tillers, leaves per tiller, root dry weight, shoot dry 
weight and 100 seed weight ranged from 128-135cm, 
8-14cm, 117-134cm, 5-7, 4-6, 6.6-188 g/plant, 30.6-
47.5 g/plant, 0.47-1.67 g, respectively. Amongst the 
four CO2 and temperature combination, AT+ECO2 

and showed 47 to 69% increase in grain yield over 
other treatments (Fig. 6). With respect to nutrient 
management practices, inorganic fertilizers (T2) 
recorded the highest values all the studied parameters 
followed by INM practices (T3). Nevertheless, INM (T3) 
resulted in higher biomass (mean: 8.05 t/ha) and grain 
yield (mean: 3.36 q/ha) which is 2-52% and 12-33%, 
respectively higher than other nutrient management 
practices. From this study, it can be concluded that 
ECO2 with AT significantly improved the plant growth 
parameters including grain yield while ET alone 
significantly decreased the plant growth parameters 
over the other treatment combinations. However, 
inclusion of ECO2 with ET could nullify the impact of 
ET though there is slight improvement in plant growth 
parameters compared to ECO2 alone. Following INM 
practices under the elevated climatic conditions could 
be suitable nutrient management options as reflected 
in higher grain and biomass yield.

D. Effect of nutrient management practices on 
physiological traits of maize under different 
climatic stresses in FATE facility

Climate change stresses significantly affect the maize 
growth and production in the North Eastern Hill 
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(NEH) Region. As most soils of the region are acidic 
in nature, nutrient availability is major constraint 
for crop growth and productivity. In this regard, one 
field experiment was conducted to assess the impact 
of different nutrient management practices under 
major climatic stress like elevated temperature and 
CO2. In FATE (Free Air Temperature Enrichment) 
facility Stress responsive physiological traits were 
measured at active growth stage of maize to know the 
synergistic impact of nutrient management practices 
and elevated temperature (Fig. 7).

Results shows that leaf chlorophyll content was 
reduced under elevated temperature at both stages 
of pre tasselling (30.9%) and cob formation stage 
(3.15%) whereas the reduction in leaf chlorophyll 
was not much affected under elevated temperature 
and CO2 conditions compared to ambient conditions 
(Table 2). INM (Integrated nutrient management) 
practice was recorded higher chlorophyll in all 
temperature stress treatments and also at both the 
stages of crop growth. Important Photosynthetic traits 
like stomatal conductance were reduced significantly.

Table 2. Effect of different nutrient management practices on physiological parameters of maize under 
elevated temperature and CO2 conditions

Treatment

SPAD Photosynthetic traits
Pre- 

tasselling 
stage

Cob 
formation 

stage

Stomatal 
conductance

(mmol m-2 s-1)

Leaf 
temperature

(oC)

Transpiration
(mmol m-2 s-1)

AT+ACO2

Control 31.6 31.3 68.7 33.5575 1.12
Fertilizer 33.0 32.3 100.4 36.0 1.75
INM 35.0 34.3 100.5 37.4 1.82
FYM 33.1 33.6 101.1 38.4 2.26
Mean 31.4 32.1 92.7 36.4 1.73

ET

Control 29.9 33.0 46.6 33.1 1.03
Fertilizer 32.9 34.0 78.4 36.7 1.72
INM 34.0 35.5 62.5 34.8 1.54
FYM 31.1 31.1 47.4 34.6 1.70
Mean 21.7 31.7 58.7 34.8 1.50

ET+ECO2

Control 31.2 34.7 48.8 34.6 1.23
Fertilizer 31.1 36.5 64.0 35.2 1.51
INM 33.6 36.0 67.2 34.6 1.40
FYM 35.7 28.3 79.1 35.7 1.67
Mean 29.0 30.6 64.8 35.0 1.45

CD <0.05 T=2.12
(±0.92)

T=2.45
(±0.89)

T=13.9
(±4.82)

T=0.52
(±0.18)

T=0.22
(±4.82)

under elevated temperature alone (36.7%) than 
elevated temperature and CO2 condition (30.1%) 
compared to ambient conditions. In the similar line 
leaf temperature was decreased significantly (4.4%) 
under elevated temperature but the decrease was 
relatively less (3.8%) under elevated temperature 
and CO2 conditions. Transpiration also varied 
significantly across the temperature stress conditions. 
The extent of reduction was 13.3% under elevated 
temperature alone whereas it was 16.2% under 
elevated temperature and CO2 conditions. Most of 

Fig.7. Effect of different nutrient management 
practices on photosynthetic rate of maize under 

and ET and ECO2 condition
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Fig.8: Changes in fresh and dry biomass of maize 
as influenced by different nutrient management 

practices under ET and ECO2 conditions

the nutrient management practices have shown 
increased values for physiological traits compared to 
control under different temperature stress conditions 
(Table 2). Higher photosynthesis was noticed INM 
in both ambient and elevated temperature and CO2 
conditions. The inorganic treatment like application of 
fertilizer also significantly enhanced photosynthesis 
under elevated temperature and CO2 conditions than 
elevated temperature alone. The photosynthesis of 
control was noticed significantly lesser under elevated 
temperature (33.6%) than elevated temperature and 
CO2 conditions (1.3%) compared to control (Fig.7). 

Whole plant fresh weight and dry weight recorded 
under different nutrient management practices and 
climatic stresses indicated higher biomass (both fresh 
and dry) was higher under INM and FYM practice. 
Elevated temperature has significantly reduced both 
fresh and dry biomass (15.7% and 22.5%) than 
elevated temperature and CO2 (10.5% and 37.2%) 
indicating the elevated temperature and CO2 could 
retrieve the crop biomass than elevated temperature 
alone (Fig. 8). The biomass was highest under ambient 
conditions than elevated temperature and elevated 
temperature and CO2 conditions.

In conclusions, most of the physiological traits 
have been significantly reduced under elevated 
temperature than elevated temperature and CO2 
conditions. The presence of higher CO2 could 
retrieve the fall in leaf temperature, transpiration, 
photosynthesis, and biomass accumulation under 
elevated temperature and CO2 conditions. The INM and 
FYM supplementation have recorded higher values for 
many physiological traits under ambient and elevated 
CO2 conditions than elevated temperature alone. 

E. Physiological characterization of drought stress 
resilience of Pea (Pisum sativum L.)

        Drought is one of the major impediments for pea 
production during Rabi season, reducing cropping 

intensity significantly under changing climate. 
Even though the region receive more and intense 
rainfall during kharif, occurrence of dry spell with 
very less or no adequate rain water is becoming 
regular and formidable challenge for the cultivation 
of nutritious rabi pulse like pea.  In this backdrop, 
one field experiment was conducted under rainout 
shelter facility under NICRA. To know the extent 
of imparting drought tolerance ability, around six 
potential bio-formulations (Salicylic acid-300ppm, 
Thiourea-1000ppm, Ascorbic acid-500ppm, Vermi 
wash-10%, DAP-3% and water) were used through 
foliar application at pre-flowering stage (55DAS) 
and pre-podding stage (70DAS). Three water stress 
regimes viz., severe water stress with 9-10% soil 
moisture, moderate water stress with 14-15% soil 
moisture and control with 18-19% soil moisture were 
maintained from active growth stage (45DAS).  Soil 
moisture content (SMC) required for drought stress 
was maintained and monitored through periodic 
measurement by soil moisture probe.

         Different drought stress responsive physiological 
traits were measured at flowering after application 
of bio-formulations.  Leaf pigment content was 
measured after 10days after 1st spray and at 25 days 
after 2nd spray.  Results indicated that leaf chlorophyll 
content measured through SPAD chlorophyll meter 
and acetone extraction method, total carotenoids 
and chlorophyll a/b ratio, were observed more with 
vermiwash and salicylic acid spray both under severe 
and moderate water stress (Table 3). Total chlorophyll 
and carotenoids were accumulated 7.5% and 11% 
higher under moderate drought over control stress 
and 4.8% and 6.17% higher over severe drought 
stress. The Chl a/b ratio was recorded highest under 
control over moderate and severe stress. During 
Podding stage also similar trend was observed in leaf 
chlorophyll, carotenoids and chl a/b ratio but the 
extent of reduction in SPAD reading, leaf chlorophyll 
content, carotenoids and chl a/b ratio was looking 
higher (to the tune of 26.8%, 20.2%, 16.3% and 
16.9%) in severe drought stress than in moderate 
water stress (to the tune of 9.21%, 15.6%, 9.53% 
and15.7%) over control (Table 4). Pea plants were 
appearing more greener under controlled conditions 
than severe water stress conditions (Fig.10). Under 
severe water stress, bio-formulations like salicylic acid 
and vermi wash increase shoot biomass compared 
to other treatments. Even timely water spray under 
severe water stress could be great relief to the plant.  
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it was 36.8% reduction was noticed in severe water 
stress indicating the sensitivity of CMS for drought 
stress. Total soluble solids (TSS) were recorded 
16.3% and 8.16 % higher under moderate stress and 
severe water stress compared to control. TDM (total 
dry matter) was noticed higher under controlled 
condition whereas it was reduced to the tune of 5.5% 
and 12.8% lower under moderate and severe water 
stress respectively. Under severe and moderate water 
stress highest TSS and TDM was noticed in vermiwash 
and salicylic acid spray. HI (Harvest index was fond 
higher under moderate water stress than severe water 
stress and control. Under severe and moderate water 
stress, highest HI was noticed in Vermi wash and 
salicylic acid spray compared to control. Under severe 
water stress, yield  in terms of green pods per hectare 
was found 96.9% and 52% higher in vermiwash and 
salicylic acid spray over water spray whereas under 
moderate water stress 86.9% and 31.2% higher over 
water spray was noticed in vermiwash and salicylic 
acid spray. In general crop yield was recorded higher 
in control whereas percent reduction to the tune of 
5.7% and 8.9% was noticed in moderate water stress 
and severe water stress.

F. Impact of Biochar on soil hydro-physical and 
crop productivity in Rice & Maize based 
cropping systems

A field experiment was conducted in rice-mustard 
and maize-French bean cropping systems by addition 
of different sources of biochar which were locally 
available (maize residue, mixed weed biomass and 
pine woods bark) at 5, 10, and 20 t/ha in order to 
get suitability for enhancing soil hydro-physical and 
carbon dynamics in long run in the North-east regions 
of India. Moisture content in soil also recorded at 15 
days interval for French bean grown after maize and 
Mustard grown after Rice. In all the stages (15, 30, 
45, 60, and 75 days after sowing). Application of WB 
@20t/ha followed by WB @10 t/ha increased the soil 
moisture content (0-15cm soil depth) in most of the 
growth stages in the ensuing crops (French bean and 
mustard) (Fig. 10a). Similarly, significantly (p<0.05) 

Highest RSA (root surface area), TRL (total root length) 
and RV (root volume) was recorded under moderate 
water stress than severe water stress and over control 
(Table 3). However, highest RSA, TRL, RV, Av. diameter 
and root dry weight was recorded in ascorbic acid 
foliar spray under severe water stress. Relatively 
higher RSA, TRL and RV were found higher under 
vermi wash and salicylic acid spray. There were no 
significant differences noticed in av. diameter among 
the different stress regimes (Table 3). But within 
severe water stress thinner roots with less average 
root diameter was noticed in salicylic acid and DAP 
whereas under moderate water stress thinner roots 
were observed under vermi wash and salicylic acid. 
Root dry weight (RDW) was found 71.8% and 21% 
higher under severe water stress and moderate water 
stress over control respectively. In the similar line, 
root to shoot ratio(R/S) was noticed 28.5% and 50% 
higher in moderate water stress and severe water 
stress respectively (Table 4). The similar differences 
in the root size were reflected and indicated in fig.9.

Fig.9: Impact of drought stress on pea growth as 
influenced by different bioformulations

Under severe water stress, around 15% higher leaf 
relative water content (LRWC) over water spray 
was observed in vermi wash and salicylic acid spray 
whereas under moderate water stress 9.4% and 4.1% 
higher LRWC over water spray was noticed in salicylic 
acid and vermi wash spray respectively. Cell membrane 
stability (CMS) was found higher in control without 
water stress conditions compared to other stress 
regimes (Table 3). The extent of reduction was to the 
tune of 11% under moderate water stress whereas 

Fig. 10: Effect of biochar on soil hydro-physical and maize ensuing crop (mustard) productivity
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higher infiltration rate was recorded in plots of weed 
biochar addition @ 20t/ha as compared to 10t/ha and 
control (Fig.10b, c). Biometric observations like, plant 
growth, physiological characters (Chlorophyll content, 
Photosynthetic rate, transpiration rate, leaf area index, 
transpiration rate etc.) and yield attributes were 
taken for all the crops. In Maize, application of mixed 
weed biomass (WB) @ 20t/ha recorded the highest 
photosynthetic rate, (56.6 µmol/m2/s2) followed by 
WB @10t/ha. With the addition of biochar especially 
the WB @ 20 t/ha and maize biochar @ 20t/ha, the pH 
was increased by 0.31 and 0.22 units, respectively in 
Maize-French bean cropping system. Significantly, the 
highest grain yield of French bean was recorded with 
weed biochar @20 t/ha followed by maize biochar 
@20 t/ha and weed biochar @ 10 t/ha. as compared 
to control. The addition of weed biochar @20t/ha in 
the soil during rice crop increased the yield of ensuing 
mustard (1490 kg/ha) followed by weed biochar 
@10t/ha (yield of 1308 kg/ha) compared to control 
(1107 kg/ha) (Fig.10d).

G. Development of drought tolerant rice 
varieties and identification for major QTLs 
for drought tolerance

CVRC Varieties notified by CSCCSN, Govt. of India 
in 2020: NICRA Aerobic Dhan1/TRC 2015-5/IET 
26178 (– notified for Karnataka, Jharkhand and 
Chhattisgarh) (Fig.11). In the state of Karnataka the 
entry TRC 2015-5 / IET 26178 produced 42.95% 
higher yield over national check (NC). In the state of 
Jharkhand, the entry out yielded the NC by 21.62%. In 
the state of Chhattisgarh, the proposed has recorded 
yield superiority of 36.15% over NC. The entry TRC 
2015-5/ IET 26178 posses very good grain quality 

Fig. 11:  NICRA Aerobic Dhan1/TRC 2015-5

attributes of Hulling % (76.55%), Milling (68.6%) and 
Head Rice Recovery (65.9%), VOC, amylase content of 
22.18 and GC of 34.5. 

H.  Performance of drought tolerant entries 
developed under NICRA in AICRIP 2020-21.

 Five drought tolerant entries developed under 
NICRA project were promoted to AVT2 (3 entries) 
and AVT1 (2 entries) in AICRIP on the basis of their 
superior performance over the checks. 

Entries promoted in AICRIP 2020-21

1. TRC KS-1512-B-B-1-12-1/ IET 28196: Promoted 
to AVT-2 E (H). Yield advantage of 23.4% in 
Northern medium hills.

2. TRC BN-1311-B-B-43-11-1/ IET 28200: 
Promoted to AVT-2 E (H). Yield advantage of 
19% in medium northern hills.

3.  TRC BN 793-B-B-27-4-1/ IET 28884: Promoted 
to AVT-1 E (H). Yield advantage of 14% on 
southern hill and 24% on northern medium hills.

4.  TRC GN 117-B-B-12-1-1/ IET 28890: Promoted 
to AVT-1 E (H). Yield advantage of 17% on 
northern low hills and 30% on southern low hills.

5.  TRC PSM-1720-B-B-5-1/IET 28230: Promoted 
to AVT-2 U (H).  Yield advantage of 22.6% in 
northern low hills.

I. Genetic and Phenotypic Diversity in 100 
Upland Rice Landraces of North East India.

 The genetic diversity in a total of 100 rice 
landraces from the North Eastern Region was assessed. 
Data for 12 morphological traits were recorded 
for the genotypes. A dendrogram constructed on 
the phenotype data by complete linkage based 
on Neighbour Joining Method using the Euclidian 
distance matrix divided the landraces into two major 
clusters (Fig.12).  In addition, microsatellite based 
genotyping of the 100 landraces using all 50 primers in 
the Panel of 50 Standard SSR markers recommended 
for rice diversity analysis by the Generation Challenge 
Programme sponsored by CGIAR was also performed. 
Significant genetic diversity was observed among the 
landraces used in our study. Out of the 50 SSR markers, 
47 produced reproducible and polymorphic patterns 
while three primers (RM- 160, RM-454, and RM-
283) were monomorphic. Among the monomorphic 
primers, RM-454 showed a unique allele of 270 
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(states) of the landraces could be made out in our 
study. Ironically, this observed genetic ‘homogeneity’ 
in our dataset could actually be a reflection of the 
strong genetic differentiation between each individual 
landrace. Study further underlines the necessity for 
comprehensive exploration and documentation of 
qualitative and quantitative traits of these valuable 
genetic resources.

bp in Chakhauporeiton. The average gene diversity 
observed in our study (0.47) and average PIC value 
of 0.43 was comparable to those reported for panels 
that contained up to 400 germplasms such as the 
US accession panel and Chinese rice accession panel 
signifying the quantum of genetic diversity inherent to 
the rice landraces of this region. No significant genetic 
differentiation based on the geographical origin 

Fig.12: Dendogram showing  genetic and phenotypic diversity in 100 upland rice landraces

J.  Genetic variation for drought tolerance root, 
shoot and physiological traits

Analysis of variance

In the present study, 116 genotypes were evaluated 
for drought tolerance, root traits and physiological 
traits under drought and irrigated conditions (Fig.13).  
Analysis of variance revealed significant differences 
among the genotypes for all traits measured in the 
study (Table 4), indicating differential response of 
genotypes might have genetic basis. The wide range 
of variation for root, shoot traits, drought sensitivity 
score, drought tolerance index and physiological traits 
(RWC%, cell membrane stability and chlorophyll 
content index) indicate the scope of selection for 
improving these traits. Drought response varied among 
genotypes, 17 genotypes behaved as drought tolerant, 
54 genotypes as moderately drought tolerant, and 45 
genotypes showed drought susceptible response at 
10 % soil moisture (wt. by wt.) level. When severity 
of drought increased, drought tolerant check Vandana 
variety showed drought susceptible response whereas 
9 genotypes Meche, Tsuk Nakla, Nailong Mapok, Teke, 
Welhinyi Kezuru, Yinching, Leimaphou, NL-313, and 
Nari Chitpi behaved as drought tolerant. 

H.  Performance of genotypes for drought 
tolerance sensitivity, root, shoot and 
physiological traits

 Drought tolerance index (DTI) was the maximum 
in Nari-chitpi (0.88), Tsuk Nakla (0.88), and Teke 
(0.87) while the lowest was estimated in Maring. 
However when both DTI and yield under stress 
conditions were considered, Meche, Nailing Mapok, 
Teke and Nari chitpi 

outperformed other genotypes. Among the present 
studied genotypes, the longest root length was 
recorded in Engcha Yoh (26.3cm) and the smallest 
root length of 4.0 cm was recorded in Laza landrace 
with a mean of 12.55cm across genotypes. Maximum 
root volume was recorded in Tei Yoh (44ml) and the 
minimum was recorded in Nukjan shola (1.67ml) 
with a mean of 10.99 ml across genotypes. Fresh root 
weight varied from 45.34g in Engcha Yoh to 0.44 g in 
Teke, with a mean of 8.42 g across genotypes. Dry root 
weight ranged from 25.68g in Engcha Yoh to Nukjan 
shola 0.23g with a mean of 4.43g across genotypes. 
Considering whole root system, Engcha Yoh, Tei Yoh, 
Toiya, Leimphou and Vandana genotypes were the 
best among 116 genotypes screened. 
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I. Identification of heat tolerant, excess moisture 
tolerant and moisture stress tolerant maize for NE 
Region 

•	 A total of 49 promising S5 generation lines: 24 
red, 18 yellow and 7 white kernel lines were 
derived and developed from an original set of 
450 populations/genotypes (Fig.14). 

•	 The combining ability of these lines for 
identifying promising hybrid was set / planned 
to be tested in Feb-March 2021 but dropped in 
NICRA phase 2020-25 due to biased view on 
importance of heat tolerant lines of maize in 
northeast region.

•	 Nevertheless, the present fixed homozygous 
lines would be shared and utilized for further 
physiological and biochemical heat tolerance 
study under the new NICRA phase.

Fig.14. Developed red, yellow and white kernel 
maize inbred.

J.  Development of drought tolerant tomato for 
NEH region

Application of exogenous melatonin as seed and 
seedling treatment has acted as stress mediator in 
drought susceptible tomato varieties under moisture 
stress condition during germination and seedling 
stage. Soaking the seeds in Melatonin solution (50-
100 µM) for 12 hours before sowing has been found 
to be beneficial in terms of enhancing the germination 
performance of tomato under moisture stress 
condition (15% PEG 6000). In DVRT-2, application 
of 50 µM melatonin could enhance the germination 
percentage up to 59.16% as compared to 35.77% 
under control; whereas, in Arka Vikas, the germination 
percentage with melatonin treated (100 µM) was 
recorded as 37.31% against 16.66% under control. 
The specific activity of ascorbate peroxidase (APX) and 
catalase (CAT) was found to be higher in melatonin 
treated germinating seeds and the activity increased 
with the increase in melatonin concentration. This 
suggests that exogenous application of melatonin 
could activate the antioxidant defense enzyme system 
in the germinating seeds which protected the seeds 
from damage by hydroxyl radicals generated due 
to induced moisture stress. However, treatment 
of melatonin exhibited lesser accumulation of 
melondialdehyde (MDA). The seedling treated with 
20 µM melatonin solution also resulted in more than 
50% sapling survival rate, as compared to control 
(18.66%) (Figs.15-19). The expression profile of 
the stress related genes (Ascorbate peroxidase 
(APX), Catalase (CAT), Inducer of CBF expression 1 
(ICE 1a), Dehydration-responsive element-binding 
protein (DREB), Glutathione reductase (GR), Mono 
Dehydroascorbate reductase (MDHAR) was studied 
using the tomato variety DVRT-2 under PEG induced 
moisture stress condition. All the stress related genes 
were found to be upregulated in melatonin treated 
saplings as compared to control. Fold change of CAT, 
GR and DREB was found to be higher as compared to 
other genes. The expression pattern of stress related 
genes under study validates the role of melatonin 
application in conferring the significant level of stress 
tolerance in tomato plants.
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Table 5. Effect of bio-formulations on leaf pigments of pea under different drought stress regimes in 
ROS facility

Water 
stress

Foliar spray Flowering stage Podding stage
SPAD  Total chl Carotenoids Chl 

a/b 
SPAD  Total chl 

(mg/g) 
Carotenoids Chl 

a/b
reading (mg/g) (µg/g) reading (µg/g) 

Severe  Water 48 2.41 62.1 3.09 29.93 1.23 42.11 2.61

Water 
Stress

 
 
 
 
 

DAP 52.3 2.35 60.6 3.21 35.6 2.03 63.10 2.66

Vermi Wash 57.3 3.15 85.2 3.23 38.07 2.24 72.76 2.77

Thiourea 55.4 2.35 61.1 2.76 37.67 1.67 59.60 2.66

Salicylic acid 61.5 3.34 75.9 3.27 40.33 2.30 68.84 2.81

Ascorbic acid 54.5 2.65 66.0 3.03 32.37 1.85 62.15 2.71

Mean 54.82 2.71 68.47 3.1 35.66 1.89 61.43 2.7

Moderate 
water 
Stress

Water 45.5 2.74 63.3 3.19 36.93 1.85 61.1 2.73

DAP 52.3 2.53 68.3 3.21 37.2 1.55 72.04 2.76

Vermi Wash 63.8 3.43 72.4 3.38 36.63 2.24 71.14 2.74

Thiourea 45.5 2.76 70.3 3.26 38.87 1.71 68.28 2.78

Salicylic acid 56.1 3.02 74.6 3.27 42.6 2.39 55.76 2.65

Ascorbic acid 51.4 2.57 87.2 3.15 44.9 2.23 70.00 2.8

Mean 52.44 2.84 72.7 3.24 39.52 2.00 66.39 2.74

Control

Water 50.1 2.43 75.9 3.29 48.47 2.11 93.54 3.01

DAP 58.9 3.26 61.2 3.26 44.87 2.07 80.48 2.63

Vermi Wash 48.5 2.66 64.7 3.34 51.5 2.65 74.91 3.24

Thiourea 53.7 2.51 61.2 3.34 52.47 3.32 71.75 2.92

Salicylic acid 51.9 2.63 64.6 3.26 51.9 2.39 70.21 2.87

Ascorbic acid 48 2.37 65.4 3.13 43.2 1.69 49.49 4.83

Mean 51.86 2.64 65.51 3.27 48.73 2.37 73.39 3.25

Fig. 15. Effect of melatonin on germination of tomato seeds under moisture stress
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Fig.16.  Effect of melatonin on the activity of 
ascorbate peroxidase in germinating tomato 

seeds under moisture stress

Fig.17. Effect of melatonin on the activity of 
catalase in germinating tomato seeds under 

moisture stress

Fig.18. Effect of melatonin on the activity of 
melondialdehyde in germinating tomato seeds 

under moisture stress

Fig.19. Expression profile of drought response 
genes in melatonin treated tomato sapling 

under moisture stress

Table 6. Plant growth stimulating activities of selected bacterial strains under moisture stress

Isolate Code ACCD-P IAA-P P-S S-P C-P K-S 

RCMSSR300 ++ + + ++ - +

RCMSSR301 - ++ + + - -

RCMSSR302 ++ + - + - ++

RCMSSR303 ++ ++ + + - ++

RCMSSR304 ++ + + + - -

RCMSSR305 + - ++ ++ - -

RCMSSR306 ++ - + + - +

RCMSSR307 ++ - ++ - - ++

RCMSSR308 + + + + - +

RCMSSR309 ++ - ++ + - ++

RCMSSR310 - ++ + + - -

RCMSSR311 - + + + - -

RCMSSR312 ++ + ++ + - +

RCMSSR313 ++ + ++ + - +

ACCD-P: ACC deaminase production; IAA-P: IAA production; P-S: P solubilization; S-P: Siderophore production; 
C-P: Chitinase production; K-S: K solubilization.
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 Out of 205 bacterial isolates screened, 27 isolates 
(13 actinobacteria and 14 bacteria) showed good 
growth under induced moisture stress conditions 
(15% PEG 6000). However, growth decreased with the 
increase in the concentration of PEG viz. 20, 25 and 
30% respectively (Table 6). The 27 promising isolates 
were further screened for their phyto-stimulating 
activities. Among the 27 isolates, 23 isolates were able 
to produce IAA in the range of 7.52 to 93.57 µg/mL. 
However, IAA production significantly decreases to the 
tune of (0.92 to 17.25 µg/mL) under moisture stress 
conditions (20% PEG). All total 22 promising isolates 
were also able to solubilize tricalcium phosphate 
ranging from 106.77 to 376.38 µg/mL under induced 
moisture stress (Fig. 20). Twenty four isolates were 
also found to be positive for ACC deaminase production 

Fig.20. Identified drought tolerant bacterial strains (A: RCM-SSR-304; B: RCM-SSR-312; C: RCM-
SSR-317; D: RCM-SSR-323 and E: RCM-SSR-326)

a) The replicated yield trial for two promising 
moisture stress tolerant tomato lines is under 
progress.

and 15 isolates exhibited potash solubilizing activity. 
All the isolates except two were found to produce 
siderophore; whereas, 12 isolates were able to 
produce chitinase. Considering all the parameters, all 
total 12 strains viz., RCM-SSR-300, -303, -304, -312, 
-313, -317, -319, -320, -321, -323, -324 and -326 
showing promising multifaceted phytostimulating 
activity under moisture stress have been identified. 
Of these, seven bacterial strains viz. RCM-SSR-304, 
-306, -312, -319, -320, -323 and -326 were identified 
as Bacillus aryabhattai, Pseudomonas koreensis, 
Burkholderia oklahomensis, Citrobacter freundii, 
Lentzea isolaginshaensis, Streptomyces antibioticus, 
Streptomyces isolaginshaensis and Streptomyces canus, 
respectively using 16S rRNA sequencing.

Fig. 21. Promising 
moisture stress 

tolerant tomato line 
RCM-N-T-1

Fig. 22. Promising 
moisture stress 

tolerant tomato line 
RCM-N-T-2

K. Season Specific Feed Formulations for 
Ameliorating Climate Stress in Grower Pigs 

Thermal stress is an emerging issue for pig producers 
in tropical and sub-tropical Eastern Himalayan region 
as a climate change effect. Seasonal specific feed was 

formulated for amelioration of thermal stress and 
feeding experiment was conducted for both summer 
stress (May-August) and winter stress (November-
February) in grower pigs. Crossbred piglets with 
75% Hampshire and 25% Niang Megha inheritance, 
48 piglets for each experiment were selected and 
distributed by completely randomized design for 
these two experiments.  For the summer experiments, 
105 days old piglets with uniform bodyweight were 
selected. Whereas 90 days old piglets with uniform 
body weight were selected for winter experiment. The 
piglets were distributed by completely randomized 
design for these two experiments. For summer 
experiment, 48 piglets divided into 24 for summer-
hot feed and 24 for standard control feed. Similarly, 
48 piglets divided into 24 for winter-cold feed and 
24 for standard feed for winter experiment. Blood 
samples were collected from the piglets in early 
morning between 8 and 10 am on 30, 60 and 90 days 
of experiment. The serum cortisol level was assessed 
using Cortisol EIA assay kit (Item no: 5000360, Cayman 
chemical, USA) as per the standard protocol of the kit. 
Body weight of the piglets at 30 days interval before 
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feeding and watering was recorded using digital 
electronic balance. Body weight gain was determined 
by obtaining the difference between initial weight and 
final weight of the piglets from each group (Table 7). 

Data on feed intake and weight gain were used to 
calculate the average daily gain and feed conversion 
ratio.  The seasonal specific feed as well as standard 
feed were formulated and provided to the piglets as per 
the standard procedures. Blood cortisol was measured 

as indicator of stress, besides the body weight gain, 
average daily gain and feed conservation efficiency in 
the pigs. Results indicated that the grower pigs fed with 
summer specific feed had significantly (P <0.01) lower 
heat stress, higher body weight gain and better feed 
conversion ratio as compared to grower pigs fed with 
standard diet during summer season. Similarly, feeding 
of winter specific feed has significantly (P<0.01) lower 
the cortisol level, improved the body weight gain and 
better feed conversion ratio in grower pigs. 

Table 7. Feeding of seasonal specific diet on feed intake, FCR, growth rate and blood cortisol level in 
growers pigs

Parameters

Experiment 1
(Summer stress amelioration)

Experiment 2
(Winter stress amelioration)

Standard feed 
(n=24)

Summer  specific feed 
(n=24)

Standard feed 
(n=24)

Winter specific feed 
(n=24)

Initial BW, kg 18.38±0.78a 18.34±0.56a 14.91±0.35a 14.93±0.75a

Final BW, kg 47.62±0.84a 52.64±0.72b 41.37±0.63a 44.32±0.95b

Weight gain (kg) 29.24±0.26a 34.30±0.16b 26.46±0.28a 29.50±0.20b

ADG (g/d) 324.22±1.21a 381.12±1.15b 294.32±1.32a 327.77±1.22b

FCR 3.04±0.03a 2.88±0.11b 3.31±0.12 3.05±0.01b

ADFI(kg/day) 1.01c±0.11 1.10c±0.13 0.977c±0.02 1.05±0.11

Blood Cortisol(ng/ml)

30 days 38.21±2.72a 34.75±2.62b 35.74±2.46a 30.14±2.48b

60 days 42.11±3.02a 36.18±2.82b 37.64±2.34a 32.02±2.77b

90 days 45.21±2.12a 37.78±3.02b 41.24±2.83a 35.84±2.63b

Overall Mean 41.84±2.69a 36.23±2.85b 38.23±2.41a 32.58±2.67b

Means with different superscript were significantly(P <0.05) different from standard feed in Coolum

 The present study concluded that climate thermal stress could be ameliorated using seasonal specific 
feed formulation in grower pigs in subtropical eastern Himalayan region.  The pigs fed with summer specific 
feed containing lower protein content along with supplementation of molasses, electrolytes and vitamins can 
reduce the heat stress, increased growth rate and better FCR. Similarly, alleviate the cold stress in the pigs 
feeding with winter specific high-energy feed containing vegetable oil.
L. Developed Eco-friendly heating system using Beehive briquettes to reduce cold stress in neonatal 
pre-weaning piglet    
 Thermal stress most specifically the cold stress is one of the major stresses causing pre-weaning mortality 
in the winter season in this region. Normally, the farrowing crate needs to be maintained 30-35 ºC for the 
comforts of the piglets. However, during winter season this region is reaching the minimum temperature 4-7 
ºC during the night time, which cause severe cold stress to the piglets leads to piglets mortality and economic 
lost to the farmer. Further, considering this fact, we have designed the experiment to prevent cold stress in the 
piglets by using eco-friendly heating system.
 Initially, we have designed eco-friendly heating system to burn beehive briquettes in collaboration with 
Division of Engineer, ICAR-RC for NEH, Umiam. It is designed, such that there are no adverse effects on the sow 
and piglets. The heating system is known as Briquette Fuel Animal Heating System and consists of skeletal 
support, casing, top cover and wire mesh. 
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Fig. 23. Briquette fuel animal heating system (a) and pig placed inside the crate.

(a) (b) (c) (d)

Fig. 25. Thermal image of temperature gradient in pen without heat source 
(c) and inside the pen and outside the pen (b).

The model of the heating system is shown in (Fig. 
23). The beehive briquettes were prepared by mixing 
grinds charcoal 2 parts and mud 1part (2:1) with 
water. Preliminary study was conducted to validate the 
heating system. For this 5 farrowing pens (1 control, 
2 bulbs and 2 beehive briquette) were selected. The 
heating system was placed inside the crate as shown 
in Fig. 23. Briquettes were burned during night time 
from 7 pm onwards. One dried briquette can produce 
heat up to 2 hrs. Parameters like gradient temperature 

and inside-outside temperature (Figs. 24-25) for each 
pen was recorded using an infrared camera (Thermal 
imager, Testo 875) and the values are presented in 
Table 8. The emissivity value was set to 0.95 for the 
current study. The room temperature of the pens were 
recorded using digital hygro-thermometer at different 
time interval i.e. at 10 pm, 2 am and 5 am as 16.9 ºC, 
15.5 ºC, 13.3 ºC, 14 ºC, 15.5 ºC, 12.7 ºC, 13.4 ºC and 13.7 
ºC, 9.3 ºC, 9.3 ºC  for pens using beehive briquettes, 
incandescent bulb and control respectively.

Table 8. Micro-environment of farrowing pen  using developed heating system

Gradient temperature and average temperature

Experiment group
Temperature (°C) Average pen 

temp. (°C) Emiss
M1 M2 M3 M4 M5 M6

Incandescent bulb 14.5 14 13.5 14.4 13.1 12.8 13.6 0.95

Beehive briquettes 23.4 19.4 17.9 15.9 15.4 14.5 17.5

Control (without heat 
source)

14.3 14.5 13.8 13.6 13.3 13 12.3
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Temperature and relative humidity (max. & min.)

Experiment group

February March

Temperature (°C) Relative humidity 
(%) Temperature (°C) Relative humidity (%)

Max. Min. Max. Min. Max. Min. Max. Min.
Incandescent bulb 21-25 6.6-8.1 81-92 39-50 25-27 6.8-9 92-94 35-44
Beehive briquettes 17-28 11-14 62-80 35-74 23-28 13-16 65-99 35-60
Control (without heat 
source)

20-25 6.5-8.1 80-90 39-48 25-28 6.6-8.2 90-92 34-46

Based on the current study, the performance of piglets 
in pens using beehive briquettes is better as compare 
to other two groups i.e. using incandescent bulb and 
control (without heat source) in all the parameters 
studied as shown in Table 9. The body weight at 45 
days was significantly higher than the other groups 
(incandescent bulb and control). In current study, 
piglets in pens using beehive briquettes were found to 
be all healthy throughout the study period. However, 
in pen using incandescent bulb and control, out of 10 

piglets in each group, 6 and 7 piglets were healthy 
at 15 days and 4 and 3 piglets were moderately 
compromised, on 30 and 45 days 4 and 6 were healthy, 
3 piglets in each group were moderately compromised 
and 1 piglet each was very compromised. Therefore, it 
is concluded from the study that body condition of the 
piglets were found to be better in pens using beehive 
briquettes as compare to pens using incandescent 
bulb and control group.

Table 9. Growth Performance of neonatal piglets in different heating system

                                         Body weight (kg)

Experiment group At birth 15 days 30 days 45 days

Incandescent bulb 1.29±0.00 4.85±0.10 6.2±0.52 7.28±0.65
Beehive briquettes 1.32±0.01 4.95±0.15 6.85±0.33 8.99±0.31
Control (without heat source) 1.27±0.01 4.79±0.14 6.03±0.17 7.19±0.34
Body condition score

Mortality during study period

Experiment group 0-15 days 15-30 days 30-45 days Total Mortality 

Incandescent bulb - 2 - 2

Beehive briquettes 1 - - 1

Control (without heat source) 2 - - 2

M.  Amelioration of climate stress through 
housing and nutritional management in 
poultry

The alligator weed is reported to be a good source 
of protein, carbohydrate, calcium, magnesium and 
other nutritional requirement of animals. The farmers 
in Meghalaya also supplement the fresh alligator 
weeds to their backyard chicken flocks. Therefore, 
an experiment was carried out to study the effect 
of feeding alligator weed on the performance and 
expression of biomarkers of innate immunity in 

Vanaraja grower birds. The experiment was conducted 
during the winter months in Meghalaya at an average 
temperature and humidity ranging from 13 -140C 
and 72 -81% respectively. A total of 100 numbers of 
Vanaraja grower birds of 8 weeks old were allotted 
into 2 groups viz.  Control group fed with 100% 
concentrate ration and treatment group fed with 70% 
concentrate ration and 30% fresh Alligator weed for a 
period of 5 weeks (8-12 weeks). The birds were reared 
in deep litter system throughout the experimental 
period following standard and uniform management 
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practices. The performance parameters viz. body 
weight gain, feed intake, FCR and mortality were 
calculated. Blood cells were also collected to study 
the expression of some of the biomarkers (cytokine 
genes) responsible for innate immunity in birds.

The results indicated that the feeding of fresh Allegator 
weeds replacing 30 per cent of concentrate feed did 
not affect the performance of Vanaraja grower birds, 
but it reduced the feeding cost up to 30 per cent 

Table 10.  Performance of the experimental grower birds during 8-12 weeks (Mean ± SE).

Traits *Control Treatment 1

Overall body weight gain (g/bird) 753.75±18.45 735.7±12.59

Total feed consumption (g/bird) 2800±0.00 2800±0.00

Overall mortality (%) 5.00±0.10 5.00±0.10

Overall  FCR 3.71±0.42 3.81±0.32

*Control: 100% concentrate ration; Treatment 1: 70% concentrate ration and 30% fresh Alligator weed for a 
period of 5 weeks (8-12 weeks).

There were no significant differences in the overall 
performance traits of control and experimental 
groups. The overall body weight gain of the control 
group was slightly higher than that of the treatment 
group.  The birds in both the groups were fed ration 
as per the standard feeding schedule. The overall feed 
intake of grower birds during the period for both the 
control and treatment group was restricted to 2800 g 
per bird. The overall mortality rates were 5 percent in 
both the groups. The overall FCR value of treatment 
group was slightly higher than control group. The cost 
of feed per bid was calculated at the rate of Rs.32.0 
per kg concentrate grower ration formulated the 

experiment. Although total feed consumed per bird 
for all the groups were 2800g, but the cost of Allegator 
weeds replacing 30 per cent of concentrate grower 
ration for the treatment group was not accounted as 
it was abundant and readily available in the locality. 
Hence, only 70 per cent of cost of concentrate ration 
was accounted for the treatment group. Therefore, the 
cost of feed for control group was (100% concentrate 
i.e.2.8 kg x Rs. 32/- =Rs. 89.60/-) Rs. 89.60/- per 
bird and for treatment group was (70% concentrate 
i.e.1.96 kg x Rs. 32/- =Rs. 62.72/-) Rs. 62.72/- per bird 
and was directly reduced by 30 per cent. 

(Table 10). As the Allegator weeds are abundantly 
available throughout year in Meghalaya, there is a 
scope for utilizing as unconventional feed resources 
poultry. However, more studies need to be conducted 
to identify their nutritive values and anti-nutritional 
factors of Allegator weeds found in the region to arrive 
at final conclusion. The biomarkers (cytokine genes) 
to be used for innate immunity in poultry have been 
standardized.

Table 11. Partial replacement of maize by Banana Pseudo stem  (10% and 20%) on dry matter basis 
feeding on growth performance in grower pig (3-6 months) to ameliorate climate stress

Performance traits Control (n=12) T-10% (n=12) T-20% (n=12)

Initial body weight (Kg) 15.63±1.09 15.63±1.01 15.63±0.94

Final body weight (Kg) 55.12±3.15a 57.46±3.48b 55.07±3.78c

Weight  gain (Kg) 39.50±2.06a 41.83±2.47b 39.44±2.84c

Average daily gain (g/d) 329a 348b 328c

FCE 1:4.43a 1:4.34b 1:4.44c

SOD(U/ml) 1.79±0.09a 1.75±0.01b 1.83±0.11c

Cortisol (µg/dl) 2.70±1.14a 2.36±1.02b 2.49±1.36c
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O. Study of thermoregulatory behaviors and body 
fluid mechanism of grower pigs in response to 
cold stress

Cold tolerance of local pig breed is generally 
correlated with their small size and its surface area 
to volume ratio, their low production level and some 
unique morphological/anatomical traits (properties 
of the skin or hairs, sweating capacity (>30/cm2), 
tissue insulation, special appendages compared to the 
exotic breed of pigs. These traits are generally related 
to change in the animal ability for heat dissipation/ 
heat conservation. The identification of well-adapted 
individual pig within the existing breed may be 
an alternate solution to mitigate under changing 
climate. The best reliable indicator for environmental 
adaptation is the animals themselves for the long term 
and integrates all internal and external factors exposed 
to cold stress then expressed their thermoregulatory 
pattern of behaviors, physiological and immunological 

N.  Fortified fermented banana pseudo-stem with 
probiotics @ 106 CFU/gm feed kitchen waste 
plus concentrate feed to ameliorate climate 
stress on the performance of grower and 
fattening pigs: 

Different treatments of the proximate analysis 
of fermented banana pseudo-stem was 
done by AOAC (2007) at Animal Nutrition laboratory 
and element of minerals (micro & macro-nutrients) 
analysis was done at SAIF, NEHU, Shillong by 
Inductively couple plasma optical emission 
spectrometry (iCAPTM 7600 ICP-OES) and design of 
experimental feeding as shown in Tables 11 and 12. An 
experiment was conducted to determine growth 
performance, carcass traits and stress biomarker 
evaluation for a period of 4 months duration. The 
age groups of animals were 4 & 9 months before 
started the experiment. 75% crossbred (Hampshire 

x Niang Megha) of thirty-six pigs (18 male: 18 
female) with average body weight. Twelve (12) 
grower pigs were assigned to each treatment. Each 
treatment was fed with fermented feed (20% level) 
+ standard concentrate mixture (80% level)-T-20%; 
fermented feed (40% level) + standard stabilizing the 
environmental pollution to mitigate under changing 
climates for better adaptation. However, wild banana 
plants have nutritional aspects and medicinal values 
in our country are very necessary for a remote part 
of NEH regions of India. It is therefore suggested that 
the sustainable utilization of wild banana pseudo-
stem diets/feeding a partial replacement for maize in 
pigs be further explored to ascertain the best inclusion 
level needed for optimal performance. However, an 
easy to adopt processing method to reduce the high 
moisture content should be developed so that wild 
banana pseudo-stem could be effectively utilized as a 
substitute for maize. 

mechanisms.

The present investigation is to study and quantify 
the thermoregulatory mechanism of indigenous pigs 
including cutaneous mechanism, body fluids, and 
behavioural mechanisms were evaluated in detail 
with compared to crossbred and exotic pig breeds. 
Local, crossbred, and Hampshire consists of six each 
groups was used for behavioural thermoregulatory 
mechanisms under natural stimulation mode. A total 
of six no. of CCTV video cameras were used for this 
study. Two CCTV video cameras were installed 4.5 feet 
above the ground both inside and outside the pig pen 
for each pig breed (local, crossbred, and Hampshire) 
were used to record the thermoregulatory behaviors 
patterns of pigs for 24 hours of observations. The 
data from the camera was transferred to the pen 
drive on a computer for further analysis in terms of 
quantification. Local pigs have better homeostasis 
and adaptability than crossbred and Hampshire. 

Table 12. Comparison of carcass quality traits in control and fortified fermented feed on fattening pigs.

Parameter Traits
Control (n=4) T-20% (n=4) T-40% (n=4)

Mean ± SD Mean ± SD Mean ± SD

1. Slaughter weight (kg) 85.76±3.78a 97.25±3.48 b 89.65±2.79c

2. Carcass weight (kg) 62.13±0.17a 73.06±1.62 b 66.06±2.21c

3. Dressing percentage (%) 72.45±2.97a 75.13±2.14 b 73.09±1.66c

4. Carcass length (cm) 70.13±1.47a 72.81±1.83 b 70.25±2.27c

5. Back fat thickness (cm) 2.73±0.32a 3.53±0.01 b 3.35±1.02c

6. Loin eye area (cm2) 26.41±4.32a 29.63±3.28 b 28.25±4.78c
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Table 13 and figure 26 revealed that local pigs have 
better postural behaviours (Lying: lateral, sterna, half-
lateral), huddling, and shivering under cold stress in 
terms of size, surface area to volume ratio. Indigenous 

pigs can alter/modify their posture behaviours to 
either increase/decrease heat loss/gain (dissipation). 
Indigenous pigs have well acclimatized to heat/cold 
stress than crossbred and exotic pigs.

Table 13. Time (min)* and behavioral frequency (%) of grower pigs in response to cold stress under 
CCTV video camera

Criteria of behavior
Local pigs (n=6) Crossbred pigs (n=6) Hampshire pigs (n=6) Significance

min % min % min %
1.Lateral lying ( LL) 298 20.69 350 24.31 401 27.85 **

2.Sternal lying (SL) 161 11.18 140 9.72 90 6.25 **

3.Half lateral lying (HLL) 90 6.25 105 7.3 128 8.89 NS

4.Huddling  (H) 443 30.77 415 28.82 410 28.47 **

5.Shivering (S) 88 6.11 130 9.02 150 10.42 **

6.Physical activity (PA) 360 25 300 20.83 261 18.12 **

Overall total 1440 100 1440 100 1440 100

*Time in minutes spent in each behavior for 24 hours daily (1440 min per day)
** Significant at 5% probability level; NS = non-significant.

Sternal lying posture Lateral lying posture Half-lateral lying posture Huddling posture

Fig. 26. Different types of behavioral posture response to cold stress

Table 14 showed that local pig has better 
the thermoregulatory mechanism in terms of body 
fluids (Alkaline phosphatase, T4, Insulin, C-peptide, 
SOD, Acid phosphatase, and Alanine transaminase) 
as compared to crossbred and Hampshire pigs. 

Therefore, Niang Megha of hilly origin has better 
thermoregulatory mechanisms in terms of 
behavioural, body fluid, and metabolism as compared 
to crossbred and exotic pigs under cold stress.

Table 14. Metabolism  and body fluid Mechanism in response to Cold stress

Parameters
Breed/Genetic group

Niang Megha (6) Crossbred (6) Hampshire (6)

Alkaline phosphatase (ng/ml) 6.46±0.19a 3.48±0.48b 1.66±0.01c

Insulin (µLU/ml) 5.48±0.07a 7.42±1.01b 12.48±1.76c

C-peptide(ng/ml) 0.25±1.06a 0.06±1.77b 5.22±1.59c

T4(ng/ml) 38.64±0.029a 18.08±0.058b 5.52±0.008c

SOD (U/l) 1.83±0.25a 1.79±0.33b 1.54±.74c

Acid phosphatase (µmol/min/ml) 0.022±0.01a 0.026±0.02b 0.09±0.02c

Alanine transaminase (U/L) 13.72±0.23a 19.47±0.45b 17.88±0.68c
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P.  Demonstration on climate smart technologies 
in farmers’ field:

Demonstration on resource conservation and crop 
diversification (conservation agriculture, zero tillage, 
raised and sunken bed, mulching) for enhancing 
climate resilience were conducted in the newly 
adopted NICRA villages at different districts of 
Meghalaya, Arunachal Pradesh, Mizoram, and Sikkim. 
Demonstration on paddock, cowshed, animal health 
camp, SHGs, deep litter housing model, pig rearing, 
mushroom cultivation, was also conducted (Figs.27-
32). Altogether 200 farmers were directly benefited 
through demonstration programmes.

1.  Resource conservation and crop 
diversification by demonstrating rice/maize 
based cropping system for enhancing climate 
resilience in East Sikkim: 30 farmers as 
beneficiary 

The rice equivalent yield (REY: 7.01 to 9.96 t/ha) and 
system productivity (SP: 10.4 to 14.0 t/ha) of rice-
vegetable pea cropping system at 30 farmers field in 
Thanka-Martam and Timpyem villages of East Sikkim 
was recorded. The net return varied from Rs. 55634/- 
to a maximum of Rs. 93634/- per ha. The overall B: 
C ratio was higher under rice-vegetable pea system 
(2.19±0.43) compared to rice-fallow (1.43±0.17). The 
maize equivalent yield (MEY) and system productivity 
(SP) of maize-vegetable pea cropping system 
varied from 6.09 to 9.39 t/ha and 9.53 to 13.4 t/ha, 
respectively. The net return varied from Rs. 44556/- 
to a maximum of Rs. 57480/- per ha. The overall B: C 
ratio was higher under maize- vegetable pea cropping 
system (1.86±0.42) compared to maize-fallow 
(1.47±0.19). Demonstrated resource conservation 
technology using mulching and zero tillage on tomato 
(arka rakshak) and pea (arkel) in farmers field at 
different locations of Mizoram.

2.  Raised and sunken Beds for Vegetables 
cultivation in Paddy field: 20 farmers

Fallow land after paddy cultivation is commonly 
practiced by farmers during Rabi season due to water 
stress during winter months, resulting in low cropping 
intensity and sub-optimal vegetable production, and 
low income generation. Introduction in cultivation of 
vegetables in raised and sunken beds in paddy field 
has motivated the farmers to successfully cultivate 
vegetables even in the dry season utilizing the water in 
the paddy field. Awareness programme on vegetable 
cultivation was conducted during pre Rabi season 

followed by seed distributions (63 q cabbage, 38.7 q of 
broccoli, 60.5 q of cauliflower, 55 q lettuce, and others 
(carrot, radish, coriander, and mustard). A net return 
of Rs.380250/- per hectare with a B: C ratio of 4.79: 1 
was obtained over fallow (farmers practice). 

3.  Low cost cowshed (20 farmer were trained)

Traditional and Improper housing reduces body 
weight, causes high mortality, improper hygiene, 
and disease incidence in cattle. Annual repairing 
of rooftop not only affect the farmer income but 
also causes wastage of Paddy straw which was used 
roofing material and could be diverted for other 
purposes such as oyster mushroom cultivation. 
Through Construction of low cost cowshed using tin 
roof farmers, have found beneficial and accepted the 
technology and are willing to rear more cattle with 
this type of cowshed. It has imparted several benefits 
to the farmers namely 

-Cattle have become healthier. Besides gain in body 
weight, the practice is more hygienic and easy to clean 
the shed; Paddy straw which was initially used as a 
roofing material is being utilized for oyster mushroom 
cultivation, feed for cattle and compost making; 

4.  Pig Farming: (30 farmers were trained)

Training and demonstration on pig farming was 
conducted at the two villages where knowledge and 
technical know-how on pig farming were conveyed. 
Thirty farmers were imparted with knowledge on 
feed management, low cost feeding, Gestation period, 
litter management and proper vaccination. After 
training, 30 such units of pig (1:1 male and female) 
were constructed, periodic medicines and pig feeds 
were supplied. Monitoring of performance of oigs are 
under observation. 

5.  Animal health camp: deworming and mineral 
mixture to 42 farmers were trained. 

Training programme on Animal health camp was 
conducted to address the problems of health risks 
and mortality of livestock’s faced by farmers. The 
programme was conducted where awareness was 
created on management and care of livestock with 
dissemination of medicines. Farmers have gained 
knowledge on improving the health and productivity 
of the livestock. Mineral mixture (Agrimin), Calfos Vet 
and de-worming bolus (Noworm) were distributed to 
the 20 farmers. Twenty such camps were organized. 
Farmers have found it profitable since it improved the 
health of their cattle and have successfully adopted 
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this method. It has reduced the parasitic infestation 
and increased milk production in lactating cows due 
to addition of mineral mixtures.

6.  Scientific Fish farming Practices under 
climate change scenario

Four numbers of capacity building and awareness 
programme on scientific fish farming practices were 
conducted for farmers to help them understand 
climate change and the means they can adapt to 
climate change in the states of Tripura. The farmers 

were made aware on the importance of stocking 
fingerlings as their ponds were mainly seasonal 
ponds. Fish stocking ratio was also explained to them 
so that the available niches in the pond ecosystem 
could be utilized to the fullest. The farmers were made 
aware of utilizing the pond dykes and boundaries to 
support them with additional income and also give 
shade to the fishes during extreme heat. Fingerling, 
feed and planting materials were distributed among 
the farmers.

Fig. 27. Disease free vegetables (Tomato-Cucumber-Chilli) production under protected structures.

Fig. 28. Training and Demonstration on Pig Farming.
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Fig. 29. Training on formation of Self Help 
Group

Fig. 30. Input Distribution Cum Animal Health 
camp

Fig. 31. Mineral Mixture and Deworming  

Cage culture of Mono-sex Tilapia 

Fig. 32. Mushroom Training and 
Demonstration

Cage culture of Common carp 

Fig. 33. Training and demonstration on Self Help Group, Animal Health camp, mushroom, and cage 
culture of fish rearing.
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SCHEDULED TRIBE COMPONENT (STC; Erstwhile Tribal Sub Plan)

More than 6503 tribal farmers from seven North 
Eastern states i.e. Manipur (544), Megahalaya (708 
Nos), Mizoram (502 Nos), Nagaland (232 Nos), Sikkim 
(2300 Nos.) and Tripura (2217 Nos) were benefitted 
during 2020 by various livelihood programmes 
conducted under Tribal Sub Plan (TSP).  A total of 121 
numbers of different physical assets viz.,  small scale 
poultry unit (10 Nos), Small scale piggery unit (20 
Nos), Poultry house construction under IFS (4 Nos), 
Cattle shed Construction under development of IFS (4 
Nos), Farm machineries (24 Nos), Bee box ( 80 Nos), 
Orchard (Mango, Litchi and Assam Lemon) of 3 Nos, 
Jalkund (4 Nos), Hatchery unit with accessories (2 
Nos), Low cost poly house (4 Nos), Vermi bed (4 Nos), 
pig breeding unit (2 Nos) were created/distributed 
in different tribal villages of north east India. 29,600 
mandays (267 no. of households) of employment 
generated for livelihood security of tribal farmers 
during the reported period.

Distribution of seeds/ planting materials

Agricultural inputs of 10885 Kgs like seeds, planting 
materials, fertilizer, bio-fertilizer, manure, nutrient 
solutions, herbicides, pesticides, bio-pesticides etc. 
were distributed among tribal farmers during 2020. 
Planting materials of Sweet potato & Cassava (1000 
Kg), Vegetable seeds (2235 kg) viz., okra, cowpea, 
dolichos bean, cucumber, bitter gourd, pea, french 
bean,  cauliflower, brinjal, rajmesh, radish, knol-
khol, cabbage, carrot, etc., seed of cereal crops viz. 
rice, maize, oat, buckwheat etc. were distributed. 
Besides these 550 numbers of planting materials 
(dragon, areca nut, papaya, cabbage etc.) were also 
distributed among the tribal farmers of north east for 
their livelihood improvement. Mushroom spawn 500 
packets were distributed for popularizing mushroom 
cultivation as a source of livelihood.

Fertilizer/ bio-fertilizer/ manure/ soil 
amendment/ nutrient solution/ pesticides

Fertilizers (8100 Kgs), Vermi bed (28 Nos.) were 
distributed among the tribal farmers of North East.

Livestock, fish fingerlings and medicines

A total of 250 Ducklings, 17300 nos. of poultry chicks, 
2,21,000 nos. of fish fingerlings/ Spawn, 550 kg of 

feed supplements (livestock/ poultry feed, mineral 
mixture, vitamin etc.), veterinary Medicines (17 kgs) 
were distributed for livelihood improvement. 

Minor agricultural tools and implements

Small agricultural implements and tools viz., spade 
with handle, sprayer (11 nos.), honey bee box and its 
accessories (80 nos.), Petrol Water pump (1 no.) were 
distributed among the tribal farmers. 

Training and capacity building

Training/ skill development/ capacity building (125 
Nos), 433 Nos. of demonstration (FLDs/OFTs) and 
awareness programme (63 nos.) were organized for 
capacity building of tribal farmers in various field of 
agriculture (crop production, animal production and 
management, mushroom cultivation, production and 
management of horticultural crops, etc.).
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AGRI-BUSINESS INCUBATION CENTER

The Agri-Business Incubation (ABI) program is 
an initiative of ICAR Research Complex for NEH 
Region, Umiam, Meghalaya under XIIth Plan Scheme 
of National Agricultural Innovation Fund (NAIF) 
Component II in January 2016. The objective of Agri-
Business Incubation (ABI) centre is to create jobs, 
increase competitiveness and promote sustainable 
and inclusive growth through the acceleration of 
innovative viable agri-enterprises. Mission of ABI 
is to promotes successful agribusiness ventures 
in order to benefit the entrepreneurs and farmers 
through new products services and markets through 
technology commercialization and entrepreneurship 
development by incubation. ABI activities include 
recognizing promising technology/potential venture, 
creating awareness of technologies/ventures, 
and ideation, training and skill development for 
appraising entrepreneurs. The business incubation 
support includes technical Support, testing and 
validation, facilitation for legal licensing and financial 
support and business networking, convergences and 
market linkage. The ultimate goal is to stimulate the 
spirit of entrepreneurship and innovation in field 
of agri-business providing the different support 
for creating appropriate agri-business ecosystem. 
A total of 27 entrepreneurs/enterprises were 
registered as member of the ABI Centre in different 
ventures like meat processing, fruit processing, spices 
processing, fruit cultivation, vegetable cultivation, 
honey production, mushroom production, poultry, 
piggery, dairy, medicinal and aromatic plants 

cultivation and processing etc. Currently out of 61 
registered members, 17 were graduated, 33 were 
in acceleration stage and others were in initial stage 
of business. Three entrepreneurship development 
program (EDP) conducted with 27 entrepreneurs, 
besides two workshops on covid-19 lockdown issues 
and packaging solutions for agri-produces and two 
virtual online meeting in the year. New products lotus 
fabric mask lunched in the year made by Entrepreneur, 
Bijayshanti  Devi from Manipur which is appreciated by 
Hon’ble Prime Minister of India,  Shri Narendra Modi 
has mentioned one of our incubates (Ms. T. Bijiyashanti 
Devi) in Mann ki Baat on 27 September, 2020.

 

Fig. Major problem faced by the all enterprises during lockdown period 

The impact of COVID-19 lockdown on agricultural 
businesses was assessed by interviewing 
entrepreneurs selected from amongst the members 
of the Agri-Business Incubation Centre using a 
formulated structured interview schedule. 

Majority of the respondents were facing negative 
economic impacts on their businesses due to various 
problems that reduced operational/production 
capacity and sale. Enterprises with monthly income 
in excess of INR 3.00 lakhs were experiencing 
maximum loss (36.36 %) and were functioning at 
lowest operational capacity (14.28%). Four major 
problems prioritized are in the order of logistic 
problem > lack of market access > low production 
volume > limited manpower. Interestingly, some 
entrepreneurs involved in food business have adopted 
innovative mitigation strategies to maintain a steady 
production and minimize losses. These strategies 
with locale specific changes can be adopted by other 
MSMEs in order to mitigate and overcome some of the 
negative economic impact faced by their businesses to 
contribute to local and national economy during and 
post lockdown period.

Fig. 1. Major problem faced by the all enterprises 
during lockdown period
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Fig.  Venture wise incubates admitted in ABI  

Identifying potential areas for business is one of the 
key points for the success of the ventures. Therefore, 
we identified the thrust areas and trained them 
successfully. 36 percent of the incubate trained in food 
processing, 18 percent in meat processing, 15 percent 
in agro and livestock producer, 13 percent in spices 
processing,  5 percent in medicinal crop processing, 
4 percent in milk processing, and 9 percent in other 
related industries respectively. Food processing stands 
at 36 percent which is the highest so far followed 
by meat processing. Most of the entrepreneurs are 
small and marginal in the North Eastern States, due 
to the various factors, the entrepreneur’s products 
are mostly confined to this region and doing lucrative 
business. As per the turnover wise start-up trained 
and facilitated by the Agri-Business Incubation 
Centre, ICAR RC for NEH are 36 %are range between 
Rs. 5 lakh to 10 lakh, 26 % in up to Rs. 5 lakh, 24 % in 
Rs. 10 lakh to 30 lakh.   

Fig. 2. Venture wise incubates admitted in ABI
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HUMAN RESOURCES DEVELOPMENT

Employees trained 

During the reporting period (April 2020-March 2021), 
a total of 201 employees underwent various types of 
training and capacity building programs on physical and 
online medium, of which scientists, technical officers 
(including Subject Matter Specialists from KVKs), and 
administrative including finance were 69, 105, and 27, 
respectively (Fig. 1).  The employees attended training 
(physically and online modes) imparted by Food and 
Agricultural Organization (FAO), Institutes of Indian 
Council of Agricultural Research (NAHEP and IP 
&TMAEDS, NAHEP, Division of Agricultural Education 
and IPTM Unit, NAARM-Hyderabad, ICAR- IISWC- 
Dehradun, CIAE-Bhopal, NBSS & LUP- Nagpur, IISS-
Bhopal, VPKAS-Almora, NRCPB-New Delhi, ICAR-RC 
for Eastern Region-Patna, IASRI-New Delhi, NBFGR-
Lucknow, NIPHM-Hyderabad, ICAR-ATARI-Zone-VII, 
et.), Indian Ecological Society, DST, New Delhi, NAHEP-
CAAST, (DFSRDA, VNMKV, Parbhani), Indian Institute 
of public administration-New Delhi, CSRTI-Karnataka, 
Centre for Disaster Management, Lal Bahadur Shastri 
National Academy of Administration (LBSNAA)- 
Mussoorie, Central Agricultural University (Imphal, 
Manipur), Assam Agricultural University (Jorhat, 
Assam), Guru Angad Dev Veterinary and Animal 
Sciences University (Ludhiana, Punjab), National 
Institute of Agricultural Extension Management 
(MANAGE-Hyderabad), etc. 

Fig.1. Different categories of employees trained 
at National Institutes/Universities during 

2020-2021.

Scientists: The scientists were trained in various fields 
like Orientation-cum- Awareness and implementation 
of ABS guidelines, Technology Interventions towards 

Transformation of  Agriculture, Sericulture, Animal 
Husbandry and Allied Sectors, bioinformatics tools, 
and proteome analysis, next-generation sequencing 
and its application, African swine fever” preparedness 
course, IPR Regulations in Agricultural Research 
and Education in India, Achieving Land Degradation 
Neutrality, Integrated Scientific project management 
for women Scientists/ Technologists, Horticultural 
diversity in the NE Region, Recent physio-molecular 
digital in abiotic stress management for crops 
modeling, Soil Spectroscopy: An Emerging Technique 
for Rapid Soil Health Assessment, Business plan 
development, and acceleration FPOS/FPCS, 
Harnessing The Potential of Indigenous Ornamentals: 
Post Covid 19 Pandemic, genome editing, genome-
wide QTL detection, and prediction of breeding 
value for precision crop breeding, IPM in important 
Agriculture and Horticulture Crops, Family Stress 
Management: Issue and Coping Strategies, Pesticide 
application techniques, Scientific management of 
Fall worm, Science and technology for rural societies 
(woman Component), Biological control, and 
compatible pest management modules, Exploitation 
of beneficial microbes in organic agriculture, 
Conservation agriculture for climate-resilient farming, 
Climate change: Challenges and Response for woman 
Scientists, Precision farming to enhance quality fruit 
production and doubling farmers income, Advanced 
molecular epidemiology in veterinary research, 
Molecular epidemiology in veterinary research, 
Reproductive diagnostic techniques for bovine 
infertility, Entrepreneurship Development through 
Duck farming, Recent advances in livestock fish 
integrated farming system, antimicrobial resistance 
special reference to Aquaculture,  Econometric 
modelling, and forecasting in agriculture, Intellectual 
property valuation and technology management, 
MDP on leadership development, Data analysis  in 
agriculture using statistical software package etc.   

Technical Officers: Similarly, technical officers 
(including SMS from KVKs) were trained in 
Automobile Maintenance, Road Safety, and 
Behavioural Skill, Certificate farm/livestock 
Advisor program, Agriprenuarship on piggery and 
Goatery, Agribusiness venture on poultry farming, 
Sensitization on effective Implementation of FPOs 
in NEH region, Gender In agriculture Development, 
Promotion of  production and value addition of high 
value crops, agricultural education entrepreneurship 
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and skill development, National agribusiness 
entrepreneurship, Mushroom Spawn Production 
technology, INM in Tamenglong orange, INM in Ginger 
and Potato, Integrated Pest Management for Maize 
crop with special reference to Fall Armyworm, Climate 
Resilient Development in Agriculture, Effective health 
management for enhancing work efficiency of ICAR 
employee, Poshan Abhiyan and Krishak Gosthee, 
oil Analytical Methods for determination of Macro 
and micronutrients, Remote Sensing and GIS, Best 
Practices in Agri Logistic, Resource use efficiency and 
doubling farmers income, Contemplative perspective 
on seed: conservation, quality assurance and supply 
system, Agricultural Skill Development program, etc. 
Similarly, regular drivers of the Institute were sent 
to ICAR-CIAE, Bhopal for specialized and updated 
training program on ‘Automobile Maintenance, Road 
Safety, and Behavioural Skills’.        

Administrative staff: The administrative including 
finance staffs were trained in Enhancing efficiency 
and behavioural skills, Administrative, and finance 
management for assistant, Implementation of 
Management Information System (MIS) including 
Financial Management System (FMS), MDP on a 
public procurement training program with a special 
focus on Government e-Marketplace (GeM), advance 
Public Procurement program, Public Procurement 
and E-Procurement, Disciplinary Rules: Principal of 
Natural Justice Drafting of Charge Sheets and Role 
& Functions of I.O and P.O, Establishment Rules, 
Administrative Vigilance Disciplinary Procedure, 
Training program for Administrative and Finance 
Officers, Noting and Drafting, Reservation in Services 
for SC/ST/OBC/EWS, Public Finance Management 
System (PFMS), Process from policy formulation to 
legislation, Right to Information Act, etc.

Based on the feedback of trainees received from 
different categories of employees, the impact of 
training was considered satisfactory for scientific 
staff (3.93/5.0 scale). Similarly, the Technical staff 
(including SMS, Administrative and finance) also gave 
a feedback of 3.80 out of 5.0 scales in improving their 
Job performances. 

Training programmes organized during the 
reporting period (April 2020-March 2021)

During the period of April 2020- March 2021, the 
Institute conducted a total of 20 numbers of trainings 
for various stakeholders including state govt. officers, 
extension functionaries, students from professional 
courses and rural unemployed educated youth (Fig.2). 
In addition, another 185 numbers of trainings for 

farmers across the NE region were undertaken (Fig.3). 
Thus, a total of 205 numbers of training programmes 
were organized for various stakeholders during the 
periods April 2020 to March 2021 (Fig.3).   

Fig.2. Total numbers of training programmes 
(excluding farmers) conducted for various 

stakeholders (2020-2021)

Fig.3. Total numbers of farmers and altogether 
training programmes conducted for various 

stakeholders (2020-2021)

Beneficiaries covered in the training programmes- 

From the 20 training programmes, 266 numbers of 
rural youths were trained on self-sustaining agri-
entrepreneurships, agri-business skills on value 
addition of agricultural and allied sectors (poultry/
piggery framings, meat processing, milk products, 
etc.) (Fig.4). 

Fig.4: Number of beneficiaries (Excluding 
farmers) trained during FY 2020-2021 under 

different sections.
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Fig. 6. Number of farmers as beneficiaries 
trained during FY 2020-2021 under different 

sections.

Similarly, 20 state government officials were trained 
on advanced agricultural tools (Remote sensing/
GIS, sensor-based micro-irrigations, greenhouse 
gas emission measurements, statistical computing 
tools, etc.) for duration of seven days (Fig.5). Other 
beneficiaries includes extension functionaries, 
anganwadi workers, and vocational students (Fig.4). 

Fig. 5. State Government officials from 
Meghalaya attended 7-days training programme 

at ICAR RC for NEH, Umiam.

Farmers: A total of 185 numbers of training varying 
from one-day to 7-days training programmes covering 
6836 number of farmers (Fig.6)  across eight states of 
Northeast India were imparted training on production 
and management of winter vegetables, soil health 
management and crop productivity enhancement, 
value addition in agriculture commodities, rural 
poultry and pig farming for livelihood improvement, 
animal health management, self help group 
formations, meat processing and value addition for 
entrepreneurship development etc. (Fig. 7) 

Fig, 7. Farmers were trained in resource conservation, pig rearing, disease f
ree vegetable cultivations etc.
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KRISHI VIGYAN KENDRA

ICAR Research Complex being one of the premier 
Institutes in the region is relentlessly involved in 
developing location specific technologies through its 
various divisions in the headquarters and regional 
centres which are disseminating to farmers field 
through KVKs. The twenty (20) KVKs (Hailakandi 
in Assam; Anjaw, Longding, Namsai, West Siang in 
Arunachal Pradesh; Chandel, Churachandpur, Imphal 
West, Tamenglong and Ukhrul in Manipur; Ri-Bhoi 
and West Garo Hills in Meghalaya; Peren, Longleng, 
Kiphere, Wokha and Dimapur in Nagaland; East Sikkim 
in Sikkim; South Tripura and West Tripura in Tripura) 
are under the administrative control of the Institute.
These KVKs are working tirelessly at the grass root 
level for the upliftment of the farming community and 
the society in general through  these technology testing 
by assessment and refinement, demonstrations, 
capacity building/trainings etc.. During the reporting 
period 841 nos. training programmes were conducted 
in different areas of agriculture and allied activities 
covering 20,814 nos. of beneficiaries across the 
region which includes farmers/farm women, rural 
youth, extension personnel and other agri-preneurs. 
The major areas of training were on Crop production, 
Soil Health and Fertility Management, Integrated 
Nutrient Management, Integrated Pest Management, 
Integrated Farming System, Disease Management, 
Crop Diversification, Processing and value addition, 
Small tools and implements, Management in farm 
animals, Mushroom cultivation as income generator, 
Vermicomposting technique, Bee Keeping, Organic 
farming, Scientific Honey bee rearing, Protected 
cultivation of Vegetable crops, Nutrient Use Efficiency, 
Poultry Management, Fodder production and quality 
enhancement, empowerment of rural women, 
plant protection, etc. In order to assess the location 
specificity of agricultural technologies under various 
farming systems, 133 nos of On Farm Trials were 
conducted on the farmers’ field under the thematic 
areas of varietal evaluation, integrated farming 
systems, integrated disease management, integrated 
nutrient management, value addition, storage 
techniques, farm machineries, etc. To demonstrate the 
production potential of newly released technologies 
on the farmers’ fields at various locations, more 
than 175 nos. of technologies were demonstrated 
on cereals, pulses, oilseeds, vegetable crops, fruit 

crops, flower crops, plantation crops, fodder crops, 
livestock, fisheries, feeding management, vaccination, 
breed performance, etc. During the reporting period, 
the KVKs organized 6,856 nos of other extension 
programmes / activities reaching over 79,362 
farmers and other targeted beneficiaries including 
farm women, rural youth, school children, etc. The 
major extension activities include Diagnostic visits, 
Exposure visits, Scientists visit to farmers’ field, Kisan 
Mela, Animal Health Camps, Field Days, Exhibitions, 
Advisory services, Soil Health Testing Campaigns, 
TV/ Radio Talks, Celebration of important days, Film 
Show, Self Help Group Convenors Meeting, Method 
demonstrations, Kisan Goshthis, Mahila Mandal 
Convenors Meetings, distribution of extension 
literature like technical bulletins, leaflets, pamphlets, 
folders, etc. More than 79.31 tons of quality seeds and 
4,89,894 nos of planting materials of vegetables, fruits, 
flowers, etc were distributed for benefitting 5814 
beneficiaries. Other inputs distributed to farmers 
were vermicompost (147.76 qts), pig feeds(3950 
kg), Bottle fruit fly trap (125 nos), livestock (poultry, 
piglets, goats) fish fingerlings(526335 nos), etc.

Apart from the mandated activities, KVKs were also 
involved in many other projects and programmes 
like National Innovations in Climate Resilient 
Agriculture(NICRA), Cluster Frontline Demonstrations 
of Pulses and Oilseeds under National Food Security 
Mission(NFSM), Attracting and Retaining of Rural 
Youth (ARYA), Skill Training of Rural Youth (STRY), 
Agriculture Skill Development programme, Swachhta 
Action Plan, Tribal Sub-Plan programme, Boitech-
KISAN programme, Krishi Kalyan Abhiyan-III, 
Knowledge System and Homestead Agriculture 
Management in Tribal Area (KSHAMTA), Nutri-
Sensitive Agriculture Research Innovation (NARI), 
Paramparagata Krishi Vikash Yojna (PKVY), AICRP 
Cashew etc.

The KVKs also established linkages with other line 
departments/agencies also like CIRG, Makhdoom, 
CTRI, Andhra Pradesh, NABARD, SAMETI, ATMA,  
Central Institute of Horticulture, (CIH), Nagaland, 
DCFRI, Bhimtal and other State Agricultural 
Departments benefitting 4,391 farmers.

KVKs were also engaged in conducting special 
programmes viz., Constitution Day, World Soil 
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Day, World Fisheries Day, World Honey Bee Day, 
International Women’s Day, Poshan Maah, World 
Environment Day, Swachhta Pakhwada, World Milk 

Day,  Awareness on Tuber crops and Fertilizer use 
benefitting 8,304 farmers/ farm women rural youth 
etc.

Table: Summary of the mandated activities undertaken by the Institute KVKs :

Sl.
No.

Name of KVKs Training Programmes 
conducted

On Farm 
Trials
(Nos.)

Frontline 
Demonstrations

(Nos)

Other Extension 
activities

No. of 
courses

Beneficiaries Activity 
(Nos.)

Beneficiaries 
(Nos)

 Arunachal Pradesh
1. Anjaw 34 973 7 7 729 3498
2. Longding 23 575 4 4 275 1850
3. West Siang 36 620 5 10 370 814
4. Namsai 38 1163 3 9 678 28441

Total 131 3331 19 30 2052 34603
Assam
5. Hailakandi 32 1077 3 6 214 3935

Total 32 1077 3 6 214 3935
Manipur
6. Chandel 37 783 9 19 143 1090
7. Churachandpur 51 1251 13 12 242 1873
8. Tamenglong 50 1136 12 11 370 1970
9. Ukhrul 42 1090 8 10 584 1354
10. Imphal West 64 1365 9 13 105 1464

Total 244 5625 51 65 1444 7751
Meghalaya
11. Ri-Bhoi 61 1441 7 11 257 2247
12. West Garo Hills 24 511 6 5 257 3536

Total 85 1952 13 16 514 5783
Nagaland
13. Dimapur 53 1197 6 9 156 2782
14. Longleng 14 265 2 2 267 2727
15. Peren 32 848 6 6 634 2876
16. Kiphere 56 1695 2 4 407 5646
17. Wokha 48 1106 7 7 211 1634

Total 203 5111 23 28 1675 15,665
Sikkim
18. East Sikkim 36 970 9 9 206 3099

Total 36 970 9 9 206 3099
Tripura
19. South Tripura 80 2008 11 12 600 6196
20. West Tripura 30 740 4 9 151 2330

Total 110 2748 15 21 751 8526
Grand Total 841 20,814 133 175 6,856 79,362
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Angami T, Assumi SR, Kalita H, Bhagawati K, Chandra 
A and Alone RA. 2020. Spring time foliar application 
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Dr Raghavendra Singh, Senior Scientist (Agronomy) 
Mr Chandan Kapoor, Scientist (Plant Breeding) 
Dr Sudip Kumar Dutta, Scientist (Horticulture) 
Dr Shaon K. Das, Scientist (Soil Science) 
Dr Chandramani Raj, Scientist (Plant Pathology) 
Dr Shweta Singh, Scientist (Plant Pathology) 
Dr Amit Kumar, Scientist (Agronomy) 
Dr Mukesh Bhatt, Scientist (Vety. Microbiology)

TRIPURA
Dr Basant Kandpal, Joint Director
Dr Biswajit Das, Principal Scientist (Horticulture)
Dr Sankar Prasad Das, Principal Scientist (Plant Breeding)
Dr Anup Das, Principal Scientist (Agronomy)
Dr Lopamudra Sahoo, Sr. Scientist (Fisheries)
Dr Chandan Debnath, Scientist (Fisheries)
Dr H Lembisena Devi, Scientist (Horticulture)
Dr A Gangarani Devi, Scientist (Plant Physiology)
Dr Vinay Singh, Scientist (Poultry Science)
Dr (Mrs) Rekha Das, Scientist (Fish Genetics & Bredding)
Dr Huirem Bharati, Scientist (Fisheries)
Dr Ranjeet Singh Godara, Scientist (LPM)
Mr Satyapriya Singh, Scientist (Entomology)
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