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mipkjksa ds izHkko ds lgh vkadyu gsrq
mPp Øe uscj lUrqfyr pØh; CykWd vfHkdYiuk,sa

viZ.k HkkSfed] ,Ynks oxhZl] lhek tXxh] fluh oxhZl] ch-ts- xgykSr ,oa fot; fcUny
Hkk-d̀-v-i-& Hkkjrh; d̀f"k lkaf[;dh vuqla/kku laLFkku  Ykkbczsjh ,osU;w] ubZ fnYyh&110012

Lkkjka'k
— d̀f"k] uSnkfud] ckxokuh ,oa —d̀f"k okfudh ds ijh{k.kksa esa fudVorhZ bdkb;ksa ds uscj izHkkoksa dk ik;k tkuk cM+h
lk/kkj.k ckr gS A fudVorhZ ijh{k.kkRed bdkb;ksa esa uscj izHkkoksa ds vuqfpr izca/ku ds dkj.k ijh{k.k ds fu"d"kZ dkQh gn
rd izHkkoh gksrs gSaa A vr% tgka fudVorhZ bdkb;ks ds uscj izHkko ekStwn gksa] ogka ijh{k.k dh ifj'kq¼rk c<+kus ds fy,]  ekWMy
esa uscj izHkkoksa dks lek;ksftr djus dh lykg nh tkrh gS A ;gka lehiorhZ bdkb;ksa ds lHkh fn'kkvksa esa ik;s tkus okys lfn'k
uscj izHkkoksa okys ,d ekWMy ij fopkj fd;k x;k gS A blds vfrfjDr] k-1 (tgka k CykWd vkdkj gS) nwjh rd lHkh
fn'kkvksa esa fLFkr lehiorhZ bdkb;ksa ds lfn'k uscj izHkkoksa ds fy, lUrqfyr iw.kZr;k pØh; CykWd vfHkdYiuk dh ,d
Js.kh izkIr dh x;h gSA bl izdkj ls izkIr vfHkdYiuk,¡ mipkj ds izR;{k ,oa uscj izHkkoksa ds vkadyu izkIr djus ds fy,
iw.kZr;k lUrqfyr gksrh gSa A

HIGHER ORDER NEIGHBOUR BALANCED CIRCULAR BLOCK DESIGNS
FOR PROPER ESTIMATION OF TREATMENT EFFECTS

Arpan Bhowmik, Eldho Varghese, Seema Jaggi, Cini Varghese, B.J. Gahlot and Vijay Bindal
ICAR-Indian Agricultural Statistics Research Institute, Library Avenue, New Delhi – 110 012. India

ABSTRACT
Neighbour effects from adjacent units are very common in agricultural, clinical,

horticultural and agro-forestry experiments. Inference from an experiment may be
substantially affected by improper handling of neighbour effects from adjacent
experimental units. Hence, for increasing the precision of an experiment where evidence
of neighbour effects from adjacent units can be witnessed, it is advisable to incorporate
neighbour effects into the model.  Here, a block model with directional neighbour
effects arising from the adjacent units on either sides has been considered. Further, a
class of complete circular block design balanced for directional neighbour effects from
the adjacent units up to distance k-1(where k is the block size) on either side has been
obtained. The designs so obtained are totally balanced for estimating direct and
neighbour effects of treatments.

Bhartiya Krishi Anushandhan Patrika, 30(3),  155-158, 2015
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izkIr %  tqykbZ] 2015 Lohd̀r %  flrEcj] 2015

izLrkouk

fdlh Hkh oSKkfud vuqla/kku esa] ijh{k.k ,oa ijh{k.k ij
vk/kkfjr oS/k fu"d"kZ izkIr djuk  nksuksa gh vko';d y{k.k gSaA
fdlh ijh{k.k dh vfHkdYiuk] ijh{k.k ij vkus okys [kpZ]
ijh{k.kkRed lkexzh dh miyC/krk rFkk mlds mn~ns'; ds
vk/kkj ij gh fuHkZj djrh gS A ifj'kq¼rk dh Lohdk;Z dksfV

ij ifjdYiuk ijh{k.k gsrq ijh{k.kksa dh lko/kkuhiwoZd
vfHkdYiuk djuk vR;ko';d gksrk gS A vr% ijh{k.k
vfHkdYiuk fdlh Hkh oSKkfud vuqla/kku dk vko';d vax
gksrk gS A oSKkfud ijh{k.kksa dh vfHkdYiukvksa ds fuekZ.k esa
ijh{k.kkRed lkexzh esa fo"kekaxrk gksuk ,d vfr egRoiw.kZ
leL;k gS A ijh{k.kkRed lkexzh esa LFkkuh; fopj.k dh fu;fU=r
djus gsrq CyWkd vfHkdYiukvksa dk iz;ksx] lEiw.kZ ijh{k.kkRed
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lkexzh dks lewgksa@CykWd esa bl izdkj foHkkftr djds fd;k
tkrk gS fd ijh{k.kkred bdkb;k¡ lEiw.kZ lkexzh dh rqyuk esa
,d CykWd esa lekax gksaA ,d ikjEifjd CykWd ekWMy esa ;g
ekuk tkrk gS fd vuqfØ;k ml IykWV ij iz;qDr laxr CykWd
izHkko ds vfrfjDr] fdlh bdkbZ@IykWV dh mipkj ls gh izHkkfor
gksrh gS A rFkkfi] fcuk Qklys okyh] NksVh bdkb;ksa esa pyk;s
x;s —d̀f"k [ksr ijh{k.kksa esa mipkj varjksa ds vkdyuksa esa lehiorhZ
bdkb;ksa esa iz;qDr mipkjksa ds dkj.k fopyu vk ldrk gSA
mnkgj.k ds fy,] Qlyksa dh fofHkUu fdLeksa ds ijh{k.kksa esa
de yEckbZ okyh fdLeksa ij lehiorhZ yEch fdLeksa dh Nk;k
ds dkj.k udkjkRed izHkko iM+ ldrk gSA ;gka lehiorhZ IykWV
,d nwljs ij izHkko Mkyrs gSa rFkk mipkjksa ds ewY;kadu esa
vfHkufr dk xEHkhj lzksr gSaA lehiorhZ bdkb;ksa dk izHkko
ijh{k.k ds ifj.kkeksa esa ifjorZu yk ldrk gS rFkk n{krk dks
udkjkRed #i ls izHkkfor dj ldrk gSA ,slh fLFkfr esa]
mipkj izHkkoksa dk rqyukRed v/;;u djrs gq, vfHkufr ls
cpus ds fy, ;g vko';d gks tkrk gS fd fdlh Hkh mipkj
ij blds fudVorhZ dk udkjkRed izHkko uk iM+sA blds fy,
Øep;kRed #i ls lUrqfyr vfHkdYiukvksa dk iz;ksx fd;k
tkrk gS ftlesa mipkjksa dk forj.k bl izdkj fd;k tkrk gS fd
dksbZ Hkh mipkj] izR;sd vU; mipkj ds lkFk fudVorhZ ds #i
esa leku ckjEckjrk ds lkFk vkrh gS A vr% ;g vko';d gS
mfpr fof'f"Vdj.k ds fy,] fn;s tkus okys ekWMy es fudVorhZ
izHkko lekfgr gksaA uscj izHkkoksa dks lUrqfyr djus okyh
vfHkdYiukvksa ds fuekZ.k ij ,tSt+ ,oa lg;ksxh (1993)]
cSys (2003)] rksej ,oa lg;ksxh (2005)] tXxh ,oa lg;ksxh
(2006)] oxhZl ,oa lg;ksxh (2011)] HkkSfed ,oa lg;ksxh
(2012)] HkkSfed ,oa lg;ksxh (2014)  }kjk Ik;kZIr dk;Z
fd;k x;k gSA

fudVorhZ izHkko dsoy fudVre fLFkr bdkb;ksa dks fn;s
x;s mipkjksa ds dkj.k gh ugha gksrs] cfYd rqyukRed #i ls
vf/kd nwjh ij fLFkr bdkb;ksa dks fn;s x;s mipkjksa ds dkj.k
Hkh mRiUu gksrs gSa A vr% fudVorhZ izHkko fudVre bdkb;ksa
rd gh lhfer ugha jgrs cfYd vkxs dh bdkb;ksa rd Hkh tk
ldrs gSa tSls chekfj;ksa dh Nkuchu okys ijh{k.kksa esa
buksdqye&izlkj ds dsl esa ns[kus esa vkrk gSA blds vfrfjDr]
;g ckr CykWd Lrj ij Hkh ns[kus esa vkrh gS tSlk fd Qy ò{kksa
ds lkFk fd;s tkus okys ijh{k.kksa ds fy, fdlh Qy ò{k dh

'kk[kk (bdkbZ) fo'ks"k dks fn;s x;s  mipkj dk izHkko mlh ò{k
dh nwljh 'kk[kkvksa (CykWd) ds ifj.kkeksa ij ik;k tkrk gSaA
vr% vf/kd nwjh rd izHkko Mkyus okys fudVorhZ izHkkoksa ds
fy, lUrqfyr CykWd vfHkdYiuk dh vko';drk gSA

d̀f"k ,oa uSnkfud ijh{k.kksa esa ,slk gks ldrk gS fd dqN
fo'k s"k ijh{k.kkRed bdkb;k a (mnkgj.kkFk Z dqN
ok;jy@cSDVsfj;y@Qaxy dYpj) ,slh pØh; O;oLFkk esa
LFkkfir dh tkrh gSa tgka IysV dh fdlh Hkh fn'kk esa dYpj ds
QSyko ds dkj.k bdkb;ka dqN vizR;{k izHkko NksM+rh gSa A ;g
QsSyko dsoy fudVre IysV rd gh ugha gksrk vfirq dqN
vf/kd nwjh ij fLFkr IysV rd tkrk gS A ,slh ifjfLFkfr;ksa esa
;g egRoiw.kZ gks tkrk gS fd mu bdkb;ksa ds dYpj ds izHkko
ij fopkj fd;k tk;s tks fdlh Hkh fn'kk esa vf/kd nwjh ij
vofLFkr gSa A bl ys[k esa fdlh Hkh fn'kk esa i nwjh ij fLFkr
(1ik tgka k CykWd dk vkdkj gS)  fudVLFk bdkb;ksa
ds fn'kkRed uscj izHkkoksa okys CykWd ekWMy ij fopkj fd;k
gSA  ijh{k.kkREkd O;oLFkk dks ifjHkkf"kr fd;k x;k gS rFkk
dqN lkekU; ifjHkk"kk,sa Hkh nh xbZ gSaA k-1 (vf/kdre) rd dh
nwjh ds fudVorhZ bdkb;ksa ls fn'kkRed uscj izHkkoksa ds fy,
larqfyr vfHkdYiukvksa dh Ja[kyk fufeZr djus dh fof/k;ksa
ij fopkj foe'kZ Hkh fd;k x;k gSA

ijh{k.kkREkd O;oLFkk rFkk ekWMy

ge ;gka n ijh{k.kkRed bdkbZ;ksa] v VªhVesaV rFkk b CyWkd
okyh CyWkd vfHkdYiukvkssa dh ,d Js.kh ij fopkj djsaxs A
ekuk  yij, j

th CykWd esa ith IykWV (i=1,2,..k; j = 1,2…b) dk
ifj.kke gSA ekuk fd ijh{k.k Hkyh izdkj vyx cuk, x;s
Cykdksa esa fLFkr NksVs IykWVksa esa lapkfyr fd;k tkrk gS tcfd
CykWdksa esa fLFkr IykWVksa ds chp dksbZ xkMZ {ks= ugha gS A CykWdksa
òRrkdkj gSa vFkkZr  mipkj ,d òÙk esa bl izdkj O;ofLFkr fd;s
tkrs gSa fd izR;sd  mipkj fdlh Hkh vU; mipkj ds nksuksa vksj
fLFkr gksrk gS vFkkZr u (1 < u < k-1) nwjh ij ,d fLFkj ckjEckjrk
okys uscj ds #i es DykWd okbt+ rFkk ,fUVDykWdokbt+ gksrk gS A

fdlh Hkh fn'kk ls fn'kkRed uscj izHkko okyh ,d CykWd
vfHkdYiuk ds fo'ys"k.k gsrq fuEufyf[kr fu;r izHkko ;ksxkRed
ekWMy ij fopkj fd;k x;k A

          ij j iji, j 1 i-1, j 1 i+1, j k-1 i- k-1 , j k-1 i+ k-1 , jy = μ + τ + δ + γ +...+ δ + γ + β +e      

    ij j ijk-1 i- k-1 , j k-1 i+ k-1 , j
μ + τ + δ + γ +...+ δ + γ + β +e

      

156 o"kZ 30 vad (3)] 2015
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Tkgka yij , j
th CykWd esa ith IykV ls izkIr ifj.kke gS] 

lkekU; ek/; gS] t(i,,j)  j osa CykWd ds i osa IykWV esa yxk, x,

mipkj dk izR;{k izHkko gS] u[i-u], j]] (u = 1,2,…,k-1) u nwjh

ij fLFkr fudVorhZ bdkb;ksa ls ck;sa uscj izHkko gS]

u[i-u], j]  u nwjh ij fLFkr fudVorhZ  bdkb;ksa ls nka;sa uscj

izHkko gsSA  j,  j
th CykWd izHkko gS rFkk eij 'kwU; ek/; o fLFkj

fopj.k ds lkFk =qfV in gSa A uscj izHkko okyh CykWd

vfHkdYiukvksa ls lEcfU/kr dqN lkekU; ifjHkk"kk,¡ nh xbZ gSaA

ifjHkk"kk 1% oR̀rkdkj CykWd vfHkdYiuk dks k-1 nwjh rd
fn'kkRed uscj izHkkoksa ds fy, lUrqfyr dgk tkrk gS ;fn ;g

u nwjh ij (1< u < k-1) fn'kkRed uscj izHkkoksa ds fy,

lUrqfyr gksa A vFkkZr] dksbZ CykWd vfHkdYiuk u nwjh ij fLFkr
fudVorhZ bdkbZ ds] fn'kkRed uscj izHkkoksa ds fy, lUrqfyr
dgh tkrh gS ;fn leku ckjEckjrk ds lkFk (tSls ) fdlh
Hkh ,d mipkj ds fy, blls nwjh ij fLFkr fdlh Hkh fn'kk esa
uscj ds #i esa izR;sd vU; mipkj mifLFkr gksrk gS A

ifjHkk"kk 2% i nwjh rd fLFkr fudVorhZ bdkb;ksa ds uscj
izHkkoksa okyh dksbZ CykWd vfHkdYiuk izlj.k lUrqfyr
vfHkdYiuk dgykrh gS ;fn izR;{k izHkkoksa esa fdlh vkdfyr
ekSfyd O;frjsd dk izlj.k fLFkj gks (ekuk Vd) cka;h rjQ u
nwjh rd fLFkr bdkb;ksa ds uscj izHkkoksa esa fdlh vkdfyr
ekSfyd O;frjsd dk izlj.k fLFkj gks (tSls VLu)] nka;h rjQ
u nwjh rd fLFkr bdkb;ksa ds uscj izHkkoksa esa fdlh vkdfyr
ekSfyd O;frjsd dk izlj.k fLFkj gks (tSls VRu)A

,d CykWd vfHkdYiuk iw.kZr% lUrqfyr gksrh gS ;fn
Vd = VLu = VRu (1< u < k-1)

fuekZ.k fof/k
bl [k.M esa] k-1 nwjh rd fLFkr lHkh fudVorhZ bdkbZ;ksa

ds uscj izHkkoksa ds fy, lUrqfyr iw.kZr% oR̀rkdkj CykWd
vfHkdYiuk ds fuekZ.k dh fof/k dk fooj.k fn;k x;k gSA

fof/k% ,tk;l lg;ksxh (1993)  }kjk v-1 CyWkd] ftuesa
lHkh dk vkdkj v (> 5) gS] okyh vfHkdYiukvksa dks u nwjh
(1< u < k-1) ij fn'kkRed uscj izHkkoksa ds fy, lUrqfyr
fn[kk;k x;k gS A v (fo"ke la[;k) mipkj ds fy, vfHkdYiuk

ds v-1 iw.kZ CykWd dh lkexzh vkxs&ihNs fudVorhZ mipkjksa ds
chp 1,2,..v-1 vUrj okys CykWd esa i¼frc¼ Øe esa VªhVesaVksa
dks fy[krs gq, izkIr fd;s tk ldrs gSa A izFke CykWd mipkj esa
1 dk vUrj j[krs gq, izkIr fd;k tk ldrk gS] nwljk CyWkd
mipkj es 2 dk vUrj rFkk blh izdkj vkxs ds CykWd (v-1)th

CykWd ds fy, (v-1) dk vUrj j[krs gq, izkIr fd;s tk ldrs
gSa A vfHkdYiuk ds iw.kZr;k fy[k ysus ij lHkh CykWd u nwjh
(1< u < k-1) rd oR̀rkdkj #i ls O;ofLFkr fd;s tkrs gSa]
ifj.kkeLo#i v = k, b = (v-1) = r, m1=1 ds lkFk u nwjh rd
fLFkr Bhd fudVre bdkb;ksa ds uscj izHkkoksa ds fy, lUrqfyr
CykWd vfHkdYiukvksa dh ,d Jà[kyk izkIr gksrh gS] tgka r
vfHkdYiuk esa fdlh mipkj fo'ks"k ds vkus dh ckjEckjrk gSA

vfHkdYiukvksa dh bl Js.kh gsrq u (1< u < k-1) nwjh rd
fLFkr uscj izHkkoksa dh x.kuk djds i nwjh rd uscj izHkko o
izR;{k izHkkoksa ds vkdyu ds fy, lwpuk&vkO;wg fuEu izdkj
izkIr fd;s tkrs gSa %

vr% mipkjksa ds izR;{k izHkkoksa ls lEcfU/kr O;frjsd rFkk
fdlh Hkh fn'kk esa i nwjh rd fudVorhZ bdkb;ksa ds fn'kkRed
uscj izHkkoksa ds vkadyu gsrq ;g vfHkdYiuk iw.kZr;k lUrqfyr
gS A

mnkgj.k % v =7 = k, b = 6 = r, 1 =1 izkpyksa ds fy,
fdlh Hkh fn'kk esa 6 dh nwjh rd fLFkr fudVorhZ bdkb;ksa ds
fn'kkRed uscj izHkkoksa ds fy, iw.kZr% òRrkdkj CykWd vfHkdYiuk
uhps nh xbZ gS A

fVIi.kh
;|fi mnkgj.k esa of.kZr vfHkdYiuk 6 rd dh nwjh ds

uscj izHkko ds fy, lUrqfyr gS rFkkfi bl vfHkdYiuk fo'ks"k
gsrq ek= 2 rd dh nwjh ds fy, gh uscj izHkko ,oa izR;{k
izHkko ds fy, lwpuk vkO;wg dh x.kuk dj ldrs gSa A 6 rd
dh nwjh ds uscj izHkko ds fy, lwpuk vkO;wg dh x.kuk djus
ds fy, 13 ls vf/kd mipkj okyh vfHkdYiuk dh vko';drk
gksrh gS A

C =
v [v - (2u + 1)]

(v - 2u)
Iv - 11'

v( , v > (2u + 1)

157Hkkjrh; d̀f"k vuqla/kku if=dk
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mPp dze uscj larqfyr pdzh; CykWd vfHkdYiuk,sa

fp=&1 % v = 7 = k, b = 6 = r,  = 1 izkpyksa ds fy, iw.kZr% oR̀rkdkj CykWd
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vkHkkj
;g vuqla/kku dk;Z lapkfyr djus ds fy, vko';d

vkfFkZd lgk;rk miyC/k djkus ds fy, ge foKku ,oa izkS|ksfxdh
foHkkx] Hkkjr ljdkj] ubZ fnYyh (okbM lsaD'ku ua- SR/S4/
MS:650/09)] dk /kU;okn djrs gSa A
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