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lkjka'k
ouLifr ck;ksekl 'kq) çkFkfed mRiknu dh x.kuk dk vkèkkj gSA ouLifr QsuksVkbi ds fy, mPp dk;Z{kerk okyh

'kSyh ls rktk ck;ksekl dk vkadyu egRoiw.kZ gSA rktk ck;ksekl ekius ds fy, ikjaifjd QsuksVkbÇix –f"Vdks.k le; u"V
djus okyk] Jelkè; vkSj fouk'kdkjh gSA vktdy çfrPNk;k fo'ys"k.k vkèkkfjr ouLifr QsuksVkbÇix cgqr yksdfç; gSA
rktk ck;ksekl ds vkadyu ds fy, vfèkdrj dyh ¼Vguh½ {ks=Qy dk mi;ksx] –'; çfrPNk;k;ksa ¼ohvkÃ,l½ ls vuqekfur
djrs gSaA geus ifjdYiuk dh gS fd ohvkÃ,l çfrPNk;k ds ,dkdh vkadyu djsus ds rqyuk esa] ohvkÃ,l vkSj ,uvkÃvkj
besÇtx ds la;qä mi;ksx ls rktk ck;ksekl dk vfèkd 'kq) vuqeku yxk;k tk ldrk gS] D;ksfd ikuh dh ek= dk rktk
ck;ksekl ij egRoiw.kZ çHkko gksrk gS vkSj baÝk&jsM ¼,u vkÃ vkj½ {ks= ¼900 nm ls 1700 nm½ ds fudV rd dk fofdj.k
ikuh dks vo'kksf"kr djrk gSA bl vè;;u esa] ukukth ns'keq[k IykaV QsuksfeDl lsaVj] vkÃlh,vkj&vkÃ,vkjvkÃ] uÃ
fnYyh&12 esa LFkkfir yhekVsd lqfoèkk dk mi;ksx djds ohvkÃ,l vkSj ,uvkÃvkj çfrPNk;kvksa dks ,d= fd;k x;k FkkA
bl vè;;u esa] VsLV dsl ds :i esa fofHkUu ueh okys èkku ds iÙkksa ds fy, ohvkÃ,l vkSj ,uvkÃvkj çfrPNk;k; ä dks  vfèk—r
dj fy;k x;k FkkA çfrPNk;k fo'ys"k.k ds fy, eSV ySc l‚¶Vos;j ¼laLdj.k 2015ch½ dk mi;ksx fd;k x;k FkkA nks
çfrPNk;k O;qRiUu çkpy¨a vFkkZr ohvkÃ,l ¼VIS½ çfrPNk;k ls xzhu yhQ çksiks'ku ¼GPR½ vkSj ,uvkÃvkj çfrPNk;k ls
xzs ewY;@rhozrk ¼MGV&NIR½ dk eryc yhQ Ýs'k osV ¼LF½ ds :i esa rktk ck;ksekl dk vuqeku yxkus ds fy,
lkaf[;dh; e‚My dks fodflr djus ds fy, fd;k x;k FkkA çLrkfor –f"Vdks.k ls rktk ck;ksekl vuqeku dh dkQh vPNh
of̀) gqbZA

'kCndqth% gjh iÙkh vuqikr] Nfo fo'ys"k.k] ,y,QMCY;w] xSj&fouk'kdkjh QsuksVkbfiax] pkoyA
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ABSTRACT
Plant biomass is the basis for the calculation of net primary production. Estimation of

fresh biomass in high throughput way is critical for plant phenotyping. Conventional phenotyping
approaches for measuring the fresh biomass is time consuming, laborious and destructive in nature.
Image analysis based plant phenotyping is very popular nowadays. Most of the approaches used
projected shoot area from visual images (VIS) to estimate the fresh biomass. As water content has
a significant effect on fresh biomass and water absorbs radiation at near infra-red (NIR) region
(900nm to 1700nm), we have hypothesized that the combined use of VIS and NIR imaging can
predict the fresh biomass more accurately that the VIS image alone. In this study, VIS and NIR
images were collected using LemaTec facility installed at Nanaji Deshmukh Plant Phenomics
Center, ICAR-IARI, New Delhi-12. In this study, VIS and NIR imaging were captured for rice
leaves with different moisture content as a test case. MATLAB software (version 2015b) was
used for image analysis. The two image derived parameter viz. Green Leaf Proportion (GPR)
from VIS image and mean gray value/intensity (MGV_NIR) from NIR image were used to develop
the statistical model to  estimate the fresh biomass in the form of Leaf Fresh Weight (LFW). The
proposed approach significantly enhanced the fresh biomass estimation.
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izLrkouk
ouLifr ck;ksekl 'kq) çkFkfed mRiknu dh x.kuk

dk vkèkkj gSA ouLifr QsuksVkbi ds fy, mPp dk;Z{kerk
okyh 'kSyh ls rktk ck;ksekl dk vkadyu egRoiw.kZ gSA
rktk ck;ksekl ekius ds fy, ikjaifjd QsuksVkbÇix
–f"Vdks.k le; u"V djus okyk] Jelkè; vkSj fouk’kdkjh
gSA vktdy çfrPNk;k fo'ys"k.k vkèkkfjr ouLifr
QsuksVkbÇix cgqr yksdfç; gSA rktk ck;ksekl ds vkadyu
ds fy, vfèkdrj dyh ¼Vguh½ {ks=Qy dk mi;ksx] –’;
çfrPNk;k;ksa ¼ohvkÃ,l½ ls vuqekfur djrs gSaA geus
ifjdYiuk dh gS fd ohvkÃ,l çfrPNk;k ds ,dkdh vkadyu
djsus ds rqyuk esa] ohvkÃ,l vkSj ,uvkÃvkj besÇtx ds
la;qä mi;ksx ls rktk ck;ksekl dk vfèkd 'kq) vuqeku
yxk;k tk ldrk gS] D;ksfd ikuh dh ek= dk rktk
ck;ksekl ij egRoiw.kZ çHkko gksrk gS vkSj baÝk&jsM ¼,u
vkÃ vkj½ {ks= ¼900 nm ls 1700 nm½ ds fudV rd dk
fofdj.k ikuh dks vo’kksf"kr djrk gSA bl vè;;u esa]
u ku kth n s ’ ke q[k  Iy k aV Q su k s feDl l s aVj ]
vkÃlh,vkj&vkÃ,vkjvkÃ] uÃ fnYyh&12 esa LFkkfir
yhekVsd lqfoèkk dk mi;ksx djds ohvkÃ,l vkSj ,uvkÃvkj
çfrPNk;k;ksa dks ,d= fd;k x;k FkkA bl vè;;u esa] VsLV
dsl ds :i esa fofHkUu ueh okys èkku ds iÙkksa ds fy,
ohvkÃ,l vkSj ,uvkÃvkj çfrPNk;k;¨a dks  vfèk—r dj
fy;k x;k FkkA çfrPNk;k fo’ys"k.k ds fy, eSV ySc  l‚¶Vos;j
¼laLdj.k 2015ch½ dk mi;ksx fd;k x;k FkkA nks çfrPNk;k
O;qRiUu çkpy¨a vFkkZr ohvkÃ,l ¼VIS½ çfrPNk;k ls xzhu
yhQ çksiks’ku ¼GPR½ vkSj ,uvkÃvkj çfrPNk;k ls xzs
ewY;@rhozrk ¼MGV&NIR½ dk eryc yhQ Ýs’k osV
¼LF½ ds :i esa rktk ck;ksekl dk vuqeku yxkus ds fy,
lkaf[;dh; e‚My dks fodflr djus ds fy, fd;k x;k
FkkA çLrkfor –f"Vdks.k ls rktk ck;ksekl vuqeku dh
dkQh vPNh of̀) gq;h A

ifjp;
pqukSrhiw.kZ i;kZoj.kh; ifjfLFkfr;ksa ds rgr] rsth

ls c<+rh ekuo tula[;k ifj–';ksa dk lkeuk djus ds fy,
dkQh csgrj Qly fdLeksa dh vko';drk gksrh gS ¼ÝkcSad
,V vy 2009 ¼fLVdysu ,V vy 2007½A —f"k oSKkfudksa
vkSj uhfr fuekZrkvksa ds fy,] pqukSrhiw.kZ i;kZoj.kh; ifjfLFkfr;ksa
ds rgr Hkfo"; esa —f"k mRiknksa dh ekax dks iwjk djuk lcls
cM+h pqukSrh gS ¼czwlEek] 2003½A bl ç;kstu ds fy,] ç:ih
y{k.kksa ds O;ofLFkr ek=k fu/kkZj.k ;k vkuqokaf'kd ds fo'ks"k
?kVdksa dk fn, x, okrkoj.k esa Bgjko vko';d gSA ikni

QsuksfeDl] ikSèkksa dh òf)] ikSèks dh vk—fr foKku ds çn'kZu
ds vkèkkj ij] 'kjhj foKku vkSj ç:ih y{k.kksa ;k ikSèks dh
fo'ks"krkvksa dk vè;;u gS A ysfdu bu y{k.kksa ds ikjaifjd
eki dks gkFk ls ;k ns[k dj ntZ fd;k tkrk gS tks u dsoy
vfèkd le; ysus okyh vkSj Jeçèkku gS] cfYd cM+h ek=k esa
MsVklsV çkIr djus esa Hkh =qfV gks ldrh gSA blfy,] fiNys
dqN o"kks± ls è;ku] lVhd] ;FkkFkZ vkSj rhoz QsuksVkbÇix ij
dsfUær fd;k x;k gSA bl çlax esa] mPp&çokg {kerk
çfrPNk;k fo'ys"k.k ¼QqjcSad ,V vy 2009 ¼tkulsu ,V
vy 2009½ dk mi;ksx] ouLifr of̀)] fodkl] 'kjhj fØ;k
foKku] mit] ls lacafèkr dÃ QsuksVkbfid ekinaMksa dks
fudkyus ds fy, fd;k tk jgk gS rFkk vfèkd tfVy y{k.kksa
ds vkèkkj ij  O;fäxr ek=kRed ekinaMksa dh ewy eki dh
tk jgh gSaA ouLifr ck;ksekl] dk;kZRed la;a= tho foKku
vkSj fodkl fo’ys"k.k ds vè;;u esa ,d egRoiw.kZ Hkwfedk
fuHkkrk gS A ikSèks dh of̀) nj ds lkFk&lkFk 'kq) çkFkfed
mRiknu la;a= ck;ksekl ds vkèkkj ij fuèkkZfjr fd;k tkrk
gSA dyh ¼Vguh½ ds LoPN otu dk mi;ksx mit ds
lkFk&lkFk ck;ksekl dk vuqeku yxkus ds fy, fd;k tkrk
gS ¼iwjVsj vkSj ukxy 2000½ fudYl vkSj ,ufDoLV 2002½A
ijEijkxr ck;ksekl dks —f"k Qy uewus ds HkkjkRed ewY;kadu
ls ekik tkrk gS A ;g fofèk cgqr le; ysus okyh] Je xgu
vkSj fouk'kdkjh gS A bl çlax esa] fMftVy Nfo fo'ys"k.k
dks ,d oSdfYid –f"Vdks.k ds :i esa fodflr fd;k x;k
gS A ohvkÃ,l Nfo dk O;kid ç;ksx dj] vuqekfur dyh
{ks=Qy ds jSf[kd Qyu ds :i esa dks ck;ksekl dk vuqeku
yxkus ds fy, mi;ksx fd;k tkrk gS ¼i#,yks ,V vy
2000] fet+ksm vkSj elqrkuh 2003] xksyt+sfj;u ,V vy
2011] 'khjeku ,aM vy 2016½A ck;ksekl esa ikuh dh ek=k
egRoiw.kZ gksrh gS blfy, ;g rktk ck;ksekl ds çeq[k
fuèkkZjd ¼lsyhx ,V vy 2008½ gSA ck;ksekl esa ikuh]
,uvkÃvkj {ks= esa fofdj.k dks vo'kksf"kr djrk gS] blfy,]
vkæZrk&ek=k dk vuqeku yxkus ds fy, ,uvkÃvkj ijkorZu
çfrPNk;k dk mi;ksx fd;k tk ldrk gS ¼LVsucxZ ,V vy
2010] Quk±Mht ,V vy 2015½ A vr% dsoy ohvkÃ,l ls
ç{ksfir dyh {ks=Qy dk mi;ksx dj fodflr fd, x,
iwoZ.kqeku e‚My ls ,dne lgh rktk ck;ksekl dk vuqeku
ugÈ yxk ldrk  gSaA lQVsfjl ,V vy ds vuqlkj ¼2016½]
çfrPNk;k vkèkkfjr ouLifr QsuksVkbÇix dh Hkfo"; çòfÙk]
y{k.k fu"d"kZ vkSj MsVk fo'ys"k.k ds mís'; fy,] çfrPNk;k
çlaLdj.k vkSj e'khu vfèkxeu rduhd dk la;qä ç;kl
gksxkA vr% bl vè;;u esa] rktk iÙkk otu ¼LFW½ dk
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vuqeku yxkus ds fy, ohvkÃ,l&,uvkÃvkj ¼VIS&NIR½
çfrPNk;k MsVk ds la;kstu dk mi;ksx djds ck;ksekl dk
vuqeku yxkus ds fy, çfrxeu –f"Vdks.k dks fu;ksftr
fd;k x;k FkkA

lkexzh ,oa ijh{k.k fof/k
èkku dh ifÙk;ksa dks dkVk x;k rFkk vyx&vyx rkts
æO;eku ds lkFk èkku ds iÙkksa ds uewus mRiUu djus ds fy,
dejs ds rkieku ij futZyhdj.k fd;k x;kA ifÙk;ksa dks
,d gSaxj esa O;ofLFkr fd;k x;k FkkA ukukth ns’keq[k IykaV
QsuksfeDl lsaVj] Hkk—vi&Hkk—vl uÃ fnYyh] Hkkjr] esa
ohvkÃ,l  vkSj ,uvkÃvkj laosnd ¼ysEusVsd th,ech,p]
vkpsu] teZuh½ dk mi;ksx djds iÙkh ds uewuksa ds 104 lsV
dh çfrPNk;k;sa ,d= dh xb±A dqy 26 çfrPNk;k yh x;h
vkSj çR;sd çfrPNk;k esa ifÙk;ksa ds 4 lsV ¼;kuh] 104 lsV½
gSa] ftlesa 3 iÙks çfr lsV gSaA vkjthch ¼jsM xzhu Cyw½ dSejs
dh o.kZØeh; çfrfØ;k 400 ls 700 ,u,e ds lkFk laosnd
¼6576 x 4384 fiDly½ dk ç;ksx ohvkÃ,l çfrPNk;k;ksa
dks ,d= djus ds fy, fd;k x;k] tcfd buxSl ¼InGas½
laosnd ¼640 x 480 fiDlsy½ ds lkFk o.kZØeh; çfrfØ;k
900 ls 1700 ,u,e ds xksYMavkÃ ih&032 ,lM~OyqvkÃvkj
dSejs dk mi;ksx ,uvkÃvkj çfrPNk;kvksa ysus ds fy,
fd;k x;k FkkA çfrPNk;k;ksa dks ysrs le; i"̀BHkwfe dks ,d
leku lQsn jax cuk, j[kk x;k rkfd i"̀BHkwfe vkSj iÙkh
{ks=ksa dks vklkuh ls vyx fd;k tk ldsA –f"Vdks.k ds
tehuh lR;rk ewY;ksa dks fofèkekU; djus gsrq] ,y ,Q M~Oyq
dks rkSy e’khu dh lgk;rk ls çR;sd lsV ds fy, ekik x;k
FkkA nks çfrPNk;k O;qRiUu ekin.Mksa ;kuh xzhu yhQ ç‚ijs’ku
¼thihvkj½ dks oh vkÃ ,l çfrPNk;k ls  vkSj ehu xzs
baVsaflVh ¼MGV&NIR) dks ,u vkÃ vkj çfrPNk;k ls
çkIr fd;k vkSj ,y ,Q M~Oyq dk vkdyu djus ds fy,
çfrxeu e‚My esa mRiknd lkexzh ds :i esa mi;ksx fd;k
x;kA thihvkj gjh irh {ks=Qy ¼;k]xzhu fiDly ,fj;k½ esa]
dqy irh {ks=Qy dk vuqikr gSA ,ethoh&,uvkÃ,vkj
(MGV&NIR) dh x.kuk ds fy, ifr;ksa okyh ,uvkÃvkj

çfrPNk;k ij çfrPNk;k fuLianu dyufoèkh yxk dj dh
xÃ FkhA eSVySc l‚¶+Vos;j ¼laLdj.k 2015ch] eSFkodZ] uSfVd]
,e,½ dk mi;ksx çfrPNk;k O;qRiUu ekinaMksa dh x.kuk ds
fy, fd;k x;k FkkA çfrxeu e‚My fodflr djus ds fy,]
MsVklsV dks nks Hkkxksa esa fu#ís’;rk ls foHkkftr fd;k x;k
Fkk% çf’k{k.k ds fy, 85% vkSj çf’k{k.k ds fy, 15%A
e‚My fodflr djus esa nks Lora= pj ¼,ethoh&,uvkÃ,vkj
vkSj thihvkj½ vkSj ,d vkfJr pj ¼,y ,Q M~Oyq½ dk
mi;ksx fd;k x;k FkkA e‚My ds çn’kZu dks ehÇux ,ClksY;wV
ijlsaV ,jj ¼,e,ihÃ½ vkSj ekè; oxZ  ¼vkj,e,lÃ½ dh
x.kuk djds vkadk x;k gSA e‚My ds fu"iknu dk fu.kZ;
ehu ,ClksY;wV ijlsaV ,jj ¼,e,ihÃ½ vkSj :V ehu LDok;j
,jj ¼vkj,e,lÃ½ dh x.kuk }kjk x;k gS A

ifj.kke ,oa foospuk
fo’ys"k.k ds mís’; ls] ç;ksxkRed MsVklsV dks nks Hkkxksa esa
fu#ís’;rk ls foHkkftr fd;k x;k FkkA çf’k{k.k ds fy, 85
¼;kuh] 85%½ vkSj ifj{k.k ds fy, 15 ¼;kuh] 15%½A çLrkfor
–f"Vdks.k ds fu"iknu dh rqyuk ijEijkxr –f"Vdks.k ls dh
xÃ gS] tks ç{ksfir dyh {ks=Qy ds jSf[kd Qyu ij vkèkkfjr
gS ¼i#,yks ,V vy 2000( fet+ksm vkSj eklqrkuh 2003(
xksyt+sfj;u ,V vy 2011( f’kjjeku ,V vy 2016½A
vkj,e,lÃ vkSj ,e,ihÃ dks çf’k{k.k vkSj ijh{k.k MkVklsV
nksuksa –f"Vdks.k ds fu"iknu dh rqyuk djus ds fy, ekik
x;k Fkk vkSj ifj.kke rkfydk 1 esa fn, x, gSaA

fu"d"kZ
bl vè;;u esa] ohvkÃ,l&,uvkÃvkj çfrPNk;k

ds la;kstu ds lkFk çfrxeu e‚My dk mi;ksx djds
,y,QMCY;w dk vuqeku yxkus ds fy, ,d u;k –f"Vdks.k
çLrkfor fd;k x;k gSA ì"BHkwfe ?kVko vkSj vxzHkwfe ds
vkSlr mnkl ewY; ds vkdyu ds fy,] ouLifr lhoh ds
,uvkÃvkj besÇtx ikbiykbu ds dyufoèkh dks eSVySc
l‚¶Vos;j esa lQyrkiwoZd ykxw fd;k x;k gSA çLrkfor
–f"Vdks.k dh eq[; fo’ks"krk ;g gS fd ueh vo;o dh
voèkkj.kk dks lfEefyr fd;k x;k tksfd ,y,QMCY;w dk

rkfydk 1% çf'k{k.k vkSj ijh{k.k MsVklsV esa çLrkfor çfrxeu –f"Vdks.k vkSj ikjaifjd –f"Vdks.k dh rqyukA

                çf'k{k.k                 ijh{k.k
Hkfo";ok.kh ikjaifjd çfrxeu –f"Vdks.k  ikjaifjd çfrxeu –f"Vdks.k
;FkkFkZrk            –f"Vdks.k ij ij vkèkkfjr –f"Vdks.k ij ij vkèkkfjr
lwpdkad vkèkkfjr jSf[kd thihvkj vkSj vkèkkfjr jSf[kd thihvkj vkSj

Qyu dk ç{ksfir ,ethoh&,uvkÃvkj Qyu dk ç{ksfir ,ethoh&,uvkÃvkj
dyh {ks=Qy dyh {ks=Qy

vkj,e,lbZ 0.31 0.30 0.34 0.29
,e,ihbZ 27.64 23.42 32.04 24.95

vkj,e,lb& :V ehu LDok;j ,jj( ,e,ihÃ& ehÇux ,ClksY;wV ijlsaV ,jj
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lcls egRoiw.kZ vkèkkj gSA bl vè;;u esa fuokj.k fd;k
x;k fd ,uvkÃvkj çfrPNk;k ls ohvkÃ,l çfrPNk;k vkSj
,ethoh& ,uvkÃvkj ls thihvkj dk mi;ksx ,y,QMCY;w
ds vkdyu ds fy, çHkkoh :i ls fd;k tk ldrk gSA bl
–f"Vdks.k ls xsgwa] tkS] eôk vkfn vU; vukt Qlyksa ftuds
fd ,d tSls vfHky{k.k gS] ds rktk ck;ksekl ds vkdyu esa
O;kid mi;qärk gks ldrh gSA

fu"d"kZ
çFke ys[kd ftldk ;g ih,p-Mh ds 'kksèk dk;Z

dk fgLlk gS Hkk—lkvl] uÃ fnYyh] Hkkjr ls çkIr Qsyksf’ki
dks vkHkkj O;ä djrk gS A ;g dk;Z] jk"Vªh; —f"k foKku
dks"k ¼,u ,,l ,Q½] Hkk—vi] vuqnku la-,u ,Q
,Q@ih,pb,u&6005@2016&17 }kjk leÆFkr fd;k x;k FkkA
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