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vkaf'kd çfr—fr vfHkdYiukvksa dh lajpuk fof/k

,y-,u- fou;dqekj1] fluh oxhZl1] lhek tXxh2] ,Y/kks oxhZl3] eksgEen gk#u1]
lk;aruh dekZdj1] nsosUæ dqekj1

lkjka'k
i"̀BHkwfe% ikS/kksa ds çtuu dk;ZØeksa esa çkjafHkd ih<+h ds çtuu ijh{k.k ¼EGBTs½ cgqr egRoiw.kZ gSaA vf/kdrj ekeyksa esa]
cgqr de miyC/k lalk/kuksa ds lkFk cM+h la[;k esa çtuu ykbuksa dk ijh{k.k djuk gksrk gS] vkSj bu ijh{k.kksa dks dbZ
okrkoj.kksa esa nksgjkus dh Hkh vko';drk gksrh gSA ,sls ijh{k.kksa ds fy,] vkaf'kd :i ls çfr—fr vfHkdYiuk ,d fodYi
ds :i esa gS] tgka çR;sd i;kZoj.k esa ijh{k.k ykbZuksa ds vuqikr dks nksgjk;k tkrk gSA
fof/k;k¡% ;gka] çkjafHkd [k.Mksa ds ek/;e ls leku [k.M vkdkjksa esa EGBTs ds fy, n{k vkaf'kd :i ls çfr—fr
vfHkdYiukvksa dh ,d Jà[kyk dh lajpuk gsrq ,d lkekU; fof/k fodflr dh xbZ gSA
ifj.kke% lHkh okrkoj.kksa dks ,d lkFk ysrs gq,] çkIr vfHkdYiuk,a leku&çfr—fr gSa rFkk vkaf'kd :i ls larqfyr gSaA
os lalk/kuksa ds ekeys esa ykxr çHkkoh gSa D;ksafd mUgsa de çfr—fr dh vko';drk gksrh gSA

“kCn dqath% çkjafHkd ih<+h ds çtuu ijh{k.k] cgq&i;kZoj.k ijh{k.k] vkaf'kd :i ls çfr—fr vfHkdYiuk,] vkaf'kd :i ls larqfyrA
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ABSTRACT
Background: Early generation breeding trials (EGBTs) are very important in plant breeding programmes. In most cases, a large
number of breeding lines are to be tested, often with very few available resources and it is also required to repeat these trials in a
number of environments. For such trials, an alternative is to use partially replicated designs, where a proportion of the test lines are
replicated at each environment.
Methods: Here, a general method of constructing a series of efficient partially replicated designs for EGBTs in equal block sizes,
through initial blocks is developed.
Result: Taking all environments together, the designs obtained are equi-replicate and are partially balanced. They are cost effective
in terms of resources as they require lesser replications.
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ifjp;
cgq i;kZoj.k ijh{k.k dk mi;ksx vDlj ikni çtuu esa
fofo/k y{; {ks= esa vyx&vyx i;kZoj.kh; ifjfLFkfr;ksa esa
ykbZuksa dk ewY;kadu djus ds fy, fd;k tkrk gSA çtud
,d ,slh vfHkdYiuk pquuk pkgsxk tks vkuqoaf'kd ykHk dks
vf/kdre djs rkfd miyC/k lalk/kuksa dk mi;ksx ikni
çtuu ijh{k.kksa ds vk;kstu ds nkSjku ;FkklaHko n{krk ls
fd;k tk ldsA ;g çkjafHkd ih<+h ds çtuu ijh{k.kksa ds
ekeys esa] tgka lalk/ku nqyZHk gSa] fo'ks"k :i ls lgh gSA ubZ
ykbZuksa ;k ijh{k.k ykbZuksa dh la[;k vis{kk—r cM+h gksrh gS]
ç;ksx ds fy, çnku dh xbZ vkuqoaf'kd lkexzh iwjh ijh{k.k
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ykbZuksa dks ,d lkFk nksgjkus ds fy, vi;kZIr gks ldrh gS
vkSj blls {ks= dh deh gks ldrh gSA dbZ 'kks/kdrkZvksa us
ikni&çtuu dk;ZØeksa esa fxzM&Iy‚V vfHkdYiukvksa ds
mi;ksx ij tksj fn;k gSA os iafä&LraHk vfHkdYiuk,a gSa tks
Kkr O;kolkf;d fdLeksa dh çfr—fr dk mi;ksx djrh gSa]
fdLeksa ,oa fcuk çfr—fr okys ijh{k.k dh ykbZuksa dh tk¡p
djrs gSa ¼dsEiVu] 1982½A fxzM&Iy‚V vfHkdYiukvksa ds
fodYi ds :i esa] dfyl bR;kfn ¼2006½ us gy fd, x,
iafä&LraHk vfHkdYiukvksa dks çLrkfor fd;k] ftUgsa mUgksaus
vkaf'kd :i ls çfr—fr vfHkdYiuk,a dgk] tgka ijh{k.k
ykbZuksa dh p% dks tk¡p fdLeksa dks çfrLFkkfir djus ds fy,
çfr—r fd;k tkrk gSA

vkaf'kd :i ls çfr—fr vfHkdYiuk,a fxzM&Iy‚V
vfHkdYiukvksa dh rqyuk esa çtuu ykbZuksa ds p;u gsrq
lVhdrk esa lq/kkj djrs gSaA gky ds o"kksaZ esa] 'kks/kdrkZvksa us
ikni çtuu dk;ZØeksa esa vkaf'kd :i ls çfr—fr
vfHkdYiukvksa ds mi;ksx ij tksj fn;k gSA vukt dh
xq.koÙkk ijh{k.k ds fy,] fLeFk bR;kfn ¼2009½ us vkaf'kd
:i ls çfr—fr vfHkdYiuk dk çLrko fn;kA ;g vukt
dh mit vkSj vukt dh xq.koÙkk ds y{k.kksa] nksuksa ds fy,
n{k fefJr e‚My fo'ys"k.k ds mi;ksx dks l{ke cukrk gSA
DykdZ vkSj LVsQkuksok ¼2011½ }kjk çkjafHkd ih<+h ds çtuu
ijh{k.k ds fy, b"Vre vfHkdYiuk ftlesa fcuk çfr—fr ;k
dsoy vkaf'kd :i ls çfr—fr ijh{k.k js[kk,¡ lfEefyr gSa]
fodflr fd, x, FksA fofy;El bR;kfn ¼2011½ }kjk n{k
vkaf'kd :i ls çfr—fr vfHkdYiuk ds fy, ,d lajpuk
çfØ;k çkjEHk dh xbZ gS tks - lj.kh ls vo;oksa dks gVkus
ij vk/kkfjr gSA fofy;El bR;kfn ¼2014½ us vkaf'kd :i ls
çfr—fr vfHkdYiukvksa ds pquko esa vf/kd yphysiu dh
vuqefr nsus okys vkaf'kd :i ls çfr—fr vfHkdYiukvksa ds
vf/kd O;kid oxZ dh lajpuk djus ds fy, bl –f"Vdks.k
dks vkSj vkxs c<+k;kA blds vfrfjä] eksgfjax bR;kfn
¼2014½ us VªkbfVdy vkSj eDdk ds çkjafHkd ih<+h ds çtuu
ijh{k.k vkaf'kd :i ls çfr—fr vfHkdYiuk ds çn'kZu dk
v/;;uA fi,Qks bR;kfn ¼2016½ us n'kkZ;k gS fd dSls
LFkkfud fopj.k&lgçlj.k lajpukvksa dk mi;ksx vkaf'kd
:i ls çfr—fr vfHkdYiukvksa lfgr leku vkSj vleku
:i ls çfr—r vfHkdYiukvksa ds fy, iwjs {ks= esa mipkj
çfr—fr ds vf/kd leku forj.k dks çkIr djus ds fy,
fd;k tk ldrk gSA gk:u bR;kfn ¼2016a]b½ us ijh{k.k

cuke uo&fufeZr ykbZuksa ,oa ijh{k.k ykbZuksa ds chp ewY;kadu
gsrq iw.kZ ,oa vkaf'kd f=&iFk Ø‚l vfHkdYiukvksa dh fuekZ.k
fof/k fodflr dh gSA gky gh esa] dqfyl bR;kfn ¼2020½ us
34 'kh?kz pj.k ds ijh{k.kksa dk ,d dsl LVMh çLrqr fd;kA
blds ckn] lseZfjuh bR;kfn ¼2020½ us çkjafHkd ih<+h ds çtuu
ijh{k.k ds fy, vkaf'kd :i ls çfr—fr vfHkdYiuk rS;kj dj
ijh{k.kkRed fLFkfr;ksa dh ,d foLrr̀ J`a[kyk ds fy, etcwr
vfHkdYiukvksa dh igpku djus ds fy, vuq:irk ijh{k.k fd;kA

bl ys[k esa ge çkjafHkd ih<+h ds çtuu ijh{k.k ds fy,
n{k vkaf'kd :i ls çfr—fr vfHkdYiukvksa dh ,d J`a[kyk
cukus ds fy, ,d i)fr çLrqr djrs gSaA bu vfHkdYiukvksa
ds ekinaMksa dk Hkh v/;;u fd;k x;k gSA

çkjafHkd
bl [k.M esa lajpuk fof/k ds ckjs esa ppkZ djus ls igys dqN
egRoiw.kZ ifjHkk"kk,¡ ,oa çkjafHkd tkudkjh nh xbZ gSaA

fpà i)fr

eku yhft, fd ,d ijh{k.k dbZ okrkoj.kksa esa çfr—r fd;k
x;k gSA ;gk¡ ç;qä ladsru fuEufyf[kr gSa% v¾ykbZuksa dh la[;k]
e¾i;kZoj.k dh la[;k] b¾[k.Mksa dh la[;k] r¾çfr—fr dh
la[;k vkSj k¾viw.kZ [k.Mksa dk vafre vkdkjA

vkaf'kd :i ls çfr—fr vfHkdYiuk,a

vkaf'kd :i ls çfr—fr vFkok p–rep vfHkdYiuk,a ,slh
vfHkdYiuk,a gksrh gSa ftuesa çtuu ijh{k.k lfEefyr gksrh
gSa vkSj ftUgsa iwjs i;kZoj.k esa çfr—r fd, tkus dh vko';drk
gksrh gS vkSj çR;sd i;kZoj.k esa ykbZuksa ds p çfr'kr dks
çfr—r fd;k tkrk gSA tc e ifjos'k gksrs gSa] rks dksbZ ,d
ifjos'k esa çfof"V;ksa ds    osa Hkkx dks bl çdkj çfr—r
fd;k tk ldrk gS fd çR;sd çfof"V dk ijh{k.k e ifjos'kksa
esa ls ,d esa nks çfr—fr ds lkFk fd;k tkrk gSA bu
vfHkdYiukvksa ls vU; vfHkdYiukvksa dh rqyuk esa çtuu
ykbZuksa ds p;u dh lVhdrk esa lq/kkj gksus dh laHkkouk gSA

e‚My ,oa ijh{k.kkRed foU;kl

vkaf'kd :i ls çfr—fr vfHkdYiukvksa dh fLFkfr dks /;ku
esa j[krs gq,] ,sls vfHkdYiukvksa ds fy, ijh{k.kkRed e‚My
dks bl çdkj fn;k tk ldrk gS% tgka mipkj ds vuq:i
voyksdu gS%

yij = µ + i +  j + ij

¼ ½1e
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tgka]
yij = jos ¼j¾1] 2] ....] b½ [k.M esa i os ¼i¾1] 2] .....] v½ mipkj

ds vuq:i voyksdu gS]
µ= lkekU; ek/; çHkko gS]
i = i ok mipkj çHkko gS]
 j= j ok [k.M çHkko gS]
ij= ;k–fPNd =qfV ?kVd gS tks iidN ¼0]2½ dk vuqlj.k
djrk gSA bl vkys[k ds ckn ds [kaM esa] 'kCn ÞykbZuß ,oa
mipkj leku :i ls mi;ksx fd, x, gSaA

lajpuk fof/k
bl vuqla/kku i)fr dk fodkl o"kZ 2021&2022 esa HkkŒ—Œ
vŒi & Hkkjrh; —f"k lkaf[;dh vuqla/kku laLFkku] ubZ fnYyh
ds ijh{k.k vfHkdYiuk foHkkx esa fd;k x;k FkkA

mipkj lajpuk v¾s ¼s&1½ ds lkFk çkjafHkd ih<+h ds
çtuu ijh{k.k ds fy, vkaf'kd :i ls çfr—fr ¼p–rep½
vfHkdYiuk dh ,d Jà[kyk uhps fn, x, pj.kksa dk mi;ksx
djds çkIr dh tk ldrh gS%
çFke pj.k% v¾s2 mipkjksa ij fopkj djsa] tgka s5 vo;oksa
ds lkFk ,d fo"ke vHkkT; ;k ¼1]2]....] s½ vo;oksa dh
vHkkT; ?kkr gksA rc] çkjafHkd iafä;ksa dk mi;ksx djrs gq,]
ss vkdkj ds ¼s&1½ oxZ lkjf.k;ksa dh lajpuk çkjafHkd
iafä;ksa dk mi;ksx djds fuEukuqlkj djsa%
i. çk—frd Øe esas s vo;oksa dh igyh çkjafHkd iafä ysaA
ii. igyh çfof"V dks vifjofrZr j[krs gq,] fiNyh çkjafHkd

iafä;ksa ds ckn dh çR;sd vkus okyh çfof"V;ksa esa Øe'k%
mod s ds lkFk 1]2]...] s&1 dh of̀) tksM+saA

iii. bu çkjafHkd iafä;ksa dks pØh; :i ls ¼mod s½ ds lkFk
fodflr djsa rkfd çR;sd ds fy, ss vkdkj dh ¼s-1½
oxZ lkjf.k;k¡ çkIr dh tk ldsaA

f}rh; pj.k% s2 mipkjksa dks ss lkj.kh esa O;ofLFkr djsa
vkSj bls pj.k 1 esa fodflr (s-1) lkjf.k;ksa ij vf/kjksfir djsaA
rr̀h; pj.k% lacaf/kr s os LrEHk esa çfof"V;ksa ds :i esa fdlh
fo'ks"k s os çrhd ds fy, lkekU; mipkj la[;kvksa ij
fopkj djds pj.k 2 esa vkjksfir lkj.kh ls ss Øe dh ,d
vkSj ¼s&1½ ubZ lkj.kh fodflr djsaA
prqFkZ pj.k% pj.k 3 esa çkIr lkjf.k;ksa ls s2 mipkjksa ds
vafre s vo;oksa okyh iafä dks gVk nsaA
iape pj.k% var esa] pj.k 4 esa ¼s&1½ lkjf.k;ksa ls Øe'k%
igyh] nwljh] ---]¼s&1½oha iafä dks gVkdj vkSj igys        dks
i;kZoj.k 1 ls] vkSj 'ks"k i;kZoj.k 2 ls tksM+dj ifj.kkeh

vkaf'kd :i ls çfr—fr vfHkdYiuk,a çkIr djsaA lacaf/kr
ljf.k;ksa dh iafä;k¡ ekinaMksa v¾s ¼s-1½ mipkjksa dh la[;k]
çR;sd mipkj dks 3 ckj çfr—r fd;k tkrk gS vFkkZr] r¾3]
e  2 i;kZoj.k dh la[;k] [k.M vkdkj k¾s&2 okys b¾s

¼s&1½ [k.Mksa dh la[;k ds lkFk ifj.kkeh vfHkdYiukvksa ds
[k.M cukrh gSaA
fp=.k% eku yhft, s¾5] v¾25 mipkjksa dks tUe nsrk gSA
s x s Øe dh pkj lkjf.k;ksa dh lajpuk pØh; :i ls 4
çkjafHkd iafä;ksa ¼1]2]3]4]5½] ¼1]3]5]2]4½] ¼1]4]2]5]3½ vkSj ¼1]5]4]3]2½
dks fodflr djds bl çdkj dh xbZ gS%
1 2 3 4 5 1 3 5 2 4 1 4 2 5 3 1 5 4 3 2
2 3 4 5 1 2 4 1 3 5 2 5 3 1 4 2 1 5 4 3
3 4 5 1 2 3 5 2 4 1 3 1 4 2 5 3 2 1 5 4
4 5 1 2 3 4 1 3 5 2 4 2 5 3 1 4 3 2 1 5

5 1 2 3 4 5 2 4 1 3 5 3 1 4 2 5 4 3 2 1

pkj lkjf.k;ksa dks fodflr djus ds mijkar] 5x5 lkjf.k;ksa
esa v¾25 mipkj dh O;oLFkk uhps fn, x, vuqlkj djsa%

1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20

21 22 23 24 25

vc] fiNyh pkj lkjf.k;ksa ij 25 mipkjksa dh 5x5 lkj.kh
dks lqijbEikst djds tSlk fd pj.k 3 esa crk;k x;k gS
vU; pkj ubZ ljf.k;k¡ fodflr djsa] bls uhps fn;k x;k gS%
1 2 3 4 5 1 4 2 5 3 1 3 5 2 4 1 5 4 3 2
10 6 7 8 9 8 6 9 7 10 9 6 8 10 7 7 6 10 9 8
14 15 11 12 13 15 13 11 14 12 12 14 1113 15 1312 1115 14
18 19 20 16 17 17 20 18 16 19 20 17 1916 18 1918 1716 20

22 23 24 25 21 24 22 25 23 21 23 25 2224 21 2524 2322 21

çR;sd lkj.kh ls vafre iafä gVk,a vkSj iqu%] lacaf/kr pkj
lkj.kh ls igyh] nwljh] rhljh vkSj pkSFkh iafä;ksa dks gVk,aA
iafä;ksa dks [k.M ds :i esa ns[krs gq,] igyh nks lkjf.k;ksa
dks i;kZoj.k 1 vkSj vU; nks ljf.k;ksa dks i;kZoj.k 2 ls
lac) djsa rkfd çkpy v¾20] e¾2] b¾20] r¾3 vkSj k¾3 ds
lkFk vkaf'kd :i ls çfr—fr ¼p–rep½ vfHkdYiuk uhps
fn[kk;s vuqlkj çkIr dh tk lds%

i;kZoj.k&1 i;kZoj.k&2
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B1 B2 B3 B4 B5 B6 B7 B8 B9 B10
1 2 3 4 5 1 4 2 5 3 1 3 5 2 4 7 6 10 9 8
10 6 7 8 9 8 6 9 7 10 12 14 11 13 15 13 12 11 15 14

14 15 11 12 13 17 20 18 16 19 20 17 19 16 18 19 18 17 16 20

mijksä vfHkdYiukvksa dk vkSlr fopj.k vkSj dSuksfudy
n{krk dkjd Øe'k% 1-2923 vkSj 0-5158 gSaA tSls&tSls
la[;k js[kk,a c<+rh gSa] vfHkdYiukvksa dh dSuksfudy n{krk

s - 1
2¼    ½
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dkjd Hkh c<+rha gSaA mnkgj.k ds fy,] dSuksfudy n{krk
dkjd v¾20 ykbuksa ds fy, 0-5152 vkSj v¾42 ykbuksa ds
fy, 0-7943 gSA

ifjppkZ
çkjafHkd ih<+h ds çtuu ijh{k.k esa] fofHkUu okrkoj.kksa esa
cM+h la[;k esa ¼> 1000½ çtuu ykbZuksa ;k çfof"V;ksa dk
ewY;kadu lekU;r% 4 vkSj çR;sd i;kZoj.k esa çfr—fr ds
lkFk 2 ls de djus dh vko';drk gksrh gSA lalk/kuksa vkSj
cht dh deh tSlh lhek i;kZoj.k vkSj çR;sd çtuu js[kk
ds fy, Hkw[kaMksa dh la[;k de dj nsrh gSA ,slh fLFkfr;ksa esa]
vkaf'kd :i ls çfr—fr vfHkdYiukvksa esa vPNh vuqç;ksx
{kerk gksrh gS vkSj bldk ykHkçn mi;ksx fd;k tk ldrk
gSA bl çdkj dh vfHkdYiukvksa gsrq ,d lajpuk çfØ;k
fofy;El bR;kfn ¼2011] 2014½ }kjk nh xbZ] tks tfVy
vkSj le; ysus okyh FkhA ;gka] vkaf'kd :i ls çfr—fr
vfHkdYiuk dh lajpuk gsrq ,d ubZ i)fr çLrkfor dh xbZ
gS] tks mudh vuqç;ksx {kerk esa of̀) djrs gq,] fofy;El
bR;kfn ¼2011] 2014½ }kjk nh xbZ i)fr dh rqyuk esa
vklku gSA

lUnHkZ
Clarke, G.P.Y. and Stefanova, K.T. (2011). Optimal design for

early generation plant breeding trials with unreplicated
or partially replicated test lines. Australian and New
Zealand Journal of Statistics. 53(4): 461-480.

Cullis, B.R., Smith, A.B. and Coombes, N.E. (2006). On the
design of early generation variety trials with correlated
data. Journal of Agricultural, Biological and Environmental
Statistics. 11(4):  381-393.

Cullis, B.R., Smith, A.B., Cocks, N.A. and Butler, D.G. (2020).
The design of early-stage plant breeding trials using
genetic relatedness. Journal of Agricultural, Biological
and Environmental Statistics. 25(4): 553-578.

Harun, M., Varghese, C., Varghese, E. and Jaggi, S. (2016a).
Three-way cross designs for test lines vs. control
line comparisons. Electronic Journal of Plant Breeding.
7(1): 42-47.

Harun, M., Varghese, C., Jaggi, S., Varghese, E., Bhowmik,
A., Datta, A. and Kumar, N. (2016b). Designs for
breeding trials involving triallel crosses. Bhartiya
Krishi Anushandhan Patrika. 31(2): 158-160.

Kempton, R.A. (1982). The design and analysis of unreplicated
feld trials. Vortrage fur Panzenzuchtung. 7: 219-242.

Moehring, J., Williams, E.R. and Piepho, H.P. (2014). Efficiency
of augmented p-rep designs in multi-environmental
trials. Theoretical  and Applied Genetics. 127(5):
1049-1060.

Piepho, H.P., Williams, E.R. and Michel, V. (2016). Nonresolvable
row-column designs with an even distribution of
treatment replications. Journal of Agricultural, Biological
and Environmental Statistics. 21(2): 227-242.

Smith, A.B., Thompson, R. and Cullis, B.R. (2009). Embedded
partially replicated designs for grain quality testing.
[Conference paper - https://ro.uow.edu.au/infopapers/
2073].

Sermarini, R.A., Brien, C., Demétrio, C.G.B. and dos Santos, A.
(2020). Impact on genetic gain from using misspecified
statistical models in generating p rep designs for
early generation plant breeding experiments. Crop
Science. 60(6): 3083-3095.

Williams, E., Piepho, H.P. and Whitaker, D. (2011). Augmented
p rep designs. Biometrical Journal. 53(1): 19-27.

Williams, E.R., John, J.A. and Whitaker, D. (2014). Construction
of more flexible and efficient p-rep designs. Australian
and New Zealand Journal of Statistics. 56(1): 89-96.


