104‘--205‘ ’ 201 g
). &
’ J}“

¢ BV

\IN YIELD STABILITY IN CHICKPEA (CICER
GRAL s

ARIETINUM L.
ACROSS ENVI RONMENTS

\HMAD BAKHSH"*, LAL HUSSAIN AKHTAR?

{\\ : . b I

AND RAMATULLAH QURESHT®

'Crop Sciences Institute, NARC, Islamabad, Pakistan
‘Regional A gricultural Research Institute, Buhuwalpm‘, Pakistan.

* Department of Botany, Pir Mehr Ali Shal; Arid Agriculture University, Rawalpindi.
- x -
Corresponding authoy- maharbr97@yahoo.co. uk

..}.._:.‘,""‘ NS
<.4-.4$ - oy X
ol X

Abstract

- ol
S 2aEred
o

L8 o N R
. —
PrYEY _'./ ."'.b:\ n
L Brn Pt ety

enotype x environment interaction (G x E) is
('Cn? Gnmnncnls. In order to quantify G x E inter
variablC -Ur] rain yield at 6 locations for two years usin
studictij“:igin'ncant clfects of locations,

0 '
Sho:\ributcd 45()00/0 and G X E Inter
COI]

were divided into four groups on the b
caclf: (ently across the environmental groups,
OPC-1), G8 (BRC220) and G9 (BRC.224
BR - o+ indicated that BRC-4, BRC-62 and BRC-231 were
hs:'\i;““mcms as compared to other genotypes.,

¢

genotypes, years

The parametric

ntroduction

11
1 chickpea (Cicer arietinum L) iS4 an Important
ponent of rain-fed agriculture system in Pakistan, though
' ?m:}vated as irrigated crop as well. Annual production of this
me is low and unstable despite stability in the area under

livation  (Anon., 2009). The fluctuation in chickpea

a major constraint o Identify sin
action effect on grain yield in chick
g randomized complete block desi

and their interactions on g

action contributed 34.40% to the total sum of

asis of similarity in their response
approach and st

) were relatively stable in different ¢nvironments.

morc stable for grain y

gle superior genotype for a number of
pca, 16 chickpea genotypes were
gn. Combined analysis of variance
rain yield. The genotypic effects
squares. The genotypes and environments.
. None of the genotypic group performed
ability parameters indicated that genotypes; Gl
The results of bi-plot analysis.
ield as they had lesser interaction with

1982, Ali er al., 2005 and Chauhan ef al.. 1998) using
different approaches for the identification of stable
cultivars. Bakhsh er al., (1995) and Arshad et al., (2003)
Identified relatively  stable genotypes  of  chickpea
following Eberhart and Russell’s  (1966) model of
stability.

It 1s difficult to determine the
IESponse across environment
model. The bi-plot techn;

pattern of genotypic
by Eberhart and Russel’s

que provides powerful solution
to this problem. The graphical display of two way data

allows  visualization of inter-relationship among
environments, genotypes  and interaction between
genotypes and environments (Gauch, 1988: Zobel ef al.,
1988: Yan et al., 2000; Farshadfar & Sutka, 2006 and
Dehghania ef a/.. 2006). Present study was undertaken for
estimation of the Impact of genotypes environment
Interaction on grain yield of chickpea and to identify

relatively stable SCNOlypes  across environments by
conducting multi-environment

relationship between genotypes o
reSponse to environments and bet

the basis of similarity for effect on
objective of this study.

Ween environments on
genotypes was another

Materials and Methods

d, however, it is G x E interaction |
ltivar evaluation (Yan, 2002). Th

lal of this study consisted 16

© progress of a  advanced lines (Genotypes) of chickpea developed at

reeding program is therefore, limited due to G x E Regional Agricultural Research  Institute (RARI)
"f‘raction speclally where eenotypes are selected in one

fiauffret et al. 2000
3 Consequently the stability in
s been an important research study in all the crops for

5

o vietal development, The effect of G x E inter

- yield has been reported in Wheat, Chickpea, Maize,

- Sorghum and other crops by different workers (Arshad ef
_‘ bdl, 2003; Masood ef al., 2006: Deho

action on

YP€ was planted in four row plot
ghania er al, 2006:  of 4 meter length. Row to row and plant to plant distance
§ fshadfar & Sytke 2006, Dehghania er af 2010, Wasrespectively maintained at 30¢m and 10cm.,
% Mohammaq_ 2009, Zalih er al., 2011:

Heinrich er af.
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. , sed out 10 Analvsis of variance
germination thinning Wé | the rials were conduclul | ..\‘nal_\ | ‘0| \t\‘n(mu presenteqd -
;-cquil‘\‘d plant popuhlltﬂ / Lere WO  rigations (pre significan effect of locations. eno N Tak .
nder jrrigated — ‘\: \‘)L \L\'crc ahphu:d The trials location (environment) imcr;\;lim 7PeS ang l "y,
sowing and 2! p.Od 101111\;:; l\Lcdil\L and one application teraction between locations _,\ - illmn“Q““t\g”
were kep! weed free D) ‘1. it Heliothis qrmigera At ocation also had significant eff varieyje Yielg'
f ncccliCidC was given ageir yws of each . nificant interacti : lect on ang 19
o1 | . Y n]alunt\ centrd W .r( ‘ Sl:.:nl 1can eraction ol 2ENOtVne grﬂln " Yea
Sfﬂm iing ;::’:L"Sl(?d {0 l'CLOl'd orain V\Eld qt eacll warrants further Complllatinn (')[“k\ \\ilh .\lQM t
| ‘ ¢ L 4 - . ' \ . . |
cn:jl‘_'\ d::;lS site. Th1s grain yield data ey conven;ld Stl(; Genotypic means across locations |‘\“"‘\nli1\ nwnh‘l :
Ln\:vlra'“ per hectare and statistically analyzed DY ?’:}ecty of genotypes along with Cocl‘nciml" ;\cati(m '\\x.‘\mh‘a\}f
o‘t Lvarizmce to determine the significan ‘ 0‘“(;30“0“5 coefficient 0( regression (b Valu: \“"iahili:\%‘ Q(r\?
environment genotypes and all possible 1! regression d(S"d) are presented in qu)b?nd d\\’i}t((\' %
° 4 ( ) ( |Q ‘ '
Steel & TorTIC, 1960). ; Sllowed by mean yiel varied from 1038 o ® 2. The 1M fro
. stability sarameters W ere comlpgllgg;i fFranciS Maximum mean grain yield wag 060}7 " l:ok\(a“'\nj‘
the work of Eberhart & Russ;:l (1 B4} ' 2elationship and minimum from Bhakkar. Gey, ta!l\ed r’omr hgmqr.
KanncriDert (178) W Lin 88 82 O ypes  and locations indicated that maximy Otypic Meay Khap,
! “vironments,  betweer genotyp T A IM mean gr. .S Arg. !
bCl\\ecn C : nts was a“ the SIX ocations 1n tw &raln . 08y
- teractions between genotypes and environme Byt BRC-61 and minimum f O years were - 7¢I, th
worked out according 10 neath & Sokal (1973) and Byth rom genotype BRC();lai"Qd cfm;\,
et al (l976) 3¢ "op
Table 1. Genotypic means, location means and stability parameters in 16 genotypes of chick
Ic
Genotypes El g2 EJ ES E6 Means ECO. SD Cv% vea,
2
G1 (BRC-1) 7118 1996 1873 1898 1571 1160 1769 61222 319 = :18:30 085 Nl N
G2 (BRC-4) 5170 1888 1598 2006 1482 1023 1694 114978 380 2243 |, 1316) 0
G3 (BRC-61) 2938 2150 1543 2361 2423 62 2263 628221 547 24106 |3 a8sss 04
G4 (BRC62) 1922 188 03 2173 1582 699 1660 158094 469 2827 |3, 138375 0
G5 (BRC-64) 2068 2244 1890 2136 1736 1006 1847 36378 -411...222.94 e 2095 09,
G6(BRC-69) 2055 2266 1885 o0 1906 968 1850 58624 413 2235 g B0
G7(BRC213) 2038 2367 2271 oy 1964 1509 2074 133307 290 1399 76 S8
G8 (BRC-220) 1846 2368 1996 2198 1938 1522 1978 216215 267 1349 (45 23486 0,
Go (BRC-224) 1979 2181 1786 030 1869 1584 1903 213152 189 99| 0'50 LU
Gl0(BRC-225) 1690 2213 1909 210 770 1201 1815 167016 328 1809 ot 9255 gy
Gl (BRC:231) 1823 2132 1598 150 1590 765 1610 77130 419 2602 ]'19 ns6 .,
G12(BRC:233) 2153 1957 1410 749 1501 907 1613 151248 404 2507 1'09 2982
G13 (BRC-234) 1459 1702 1515 1737. 1576591 1481 595606 /405" 2733 ‘°1 36441 083
Gl4 (BRC-235) 1927 1817 1377 1830 1354 627 1492 107114 448 30,01 1. > 10671
G15 (BRC-236) 1904 1898 1456 1500 1347 604 1485'5:95560 =372 :25.05 ]-28 13218 g
Gl6 (Bitle-98) 1534 1689 1594 1674 1555 1084 1522 160044 204 1339 0-02 2813
[ ocation. Mean 1995 7047 1775 1967 1698 1038 1753 i : 0 099
| ocations: E1=Bahawalpur, E2= Khanpur, E3 = D.G.Khan, E4=Khaniwal, E5 =Vehari, E6= Bhakkar . .
. Table 2. Analysis of variance for grain yield across the locations
U, d i
. f Sum of squares Mean squar
Locations 5 67694122 14 e es F-value
Relicat o 3 43
eplications (L) 12 1491470.10 124289.18 i
Years 1 979935.00 979935 i
Location x year 5 0140201.12 > 14.3
i Ceriost 43.14 1866376.21 )
iNee 73 14630788.6 i
Year x genotypes 15 ]1316916- 9 195077.18 219 3
- 83 |
Genotype x year x location 75 157309 194401, 12 08 3
Bronr o 17.05 209745.56 0l
Total 259370359.23 69723 .28
CV% 573 175917553 .31 '

Results
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ranking of genotypes at all the sjx of relatedness. The Bi-plot
e "‘I‘m;:‘n‘crcm and CV % age of varieties ranged

] ¢ 1S A |

analysis revealed minimum
angle betwee
N 20.01%. Similarly, regression co-efficient

y VU170

N three environn

ents vectors E3, E4 and F5
and relali\'ely small angle between E2 vector and that of
¥ 901 1 rom regression of various SCNotypes were  E6 wac also observed The largest angle was recorded
ol c\“l“on 050 to 1.33 \and. 2(»00' u.) 138325 between Vector of E1 and th
‘.J; L,n:i‘.‘ ]t‘\\o way analysis of variance Indicated that
g qjvel)"

at of F6 environments. The

stnotype G| wag at the origin of biplot whereas G4.
“square was due to genotypes and 04.40%
¢ um ol SG

Just
G2 and G} wer
ted by G x E. The dandrogy

.ibu C ’

© not very far from the origin. Rests of
an presented in~ the ECNOlypes were at considerably large distance from
J“Conl: <|ustered all 2Cnotypes into 4 groups: similarly — the origin. G3 and G7 W
" I&’:nt* were also divided into 4 8roups on the basis
I onmert™

“re very close to El and E7
vectors respectively (T

able 3),
Dendrogram Dendrogram
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g
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I o O a5 & o oa § Y DGK= District 0. . Khanur; Ven= o.i‘é‘f&’é';i';i al; EngKﬁarﬁun Sist:étR-Y Khan
fig. l.lDC:lldrOgram Showing clustcring of genotypes based on Flg 2 Dandrogram shO\\mg clustcrmg of different locations
fsion 1EVEL.
Table 3, Two-wganalxsm of variance for grain L yield in chickpea,
S.0.V df Sum of squares Mean squares Yo Age
Genotypes (G) LS 41.044 2.736 45.60
Environments (E) S 0.000 0.000 0.00
G x E Interaction 7S 48.956 0.653 54.40
Total sum of squares 95 90.00 0.947 -
DiSCUSSion

stability Parameters,

M€an  grain yjelq, regression
: coefficients (bj lati
The efficiency of breeding Program aimeq gt yield

mprovement is impaired dye to

Viation form regression as
Suggested by Eberhart & Russe] (1966) indicated three
genotype x Chvironment sthotypes (BRC-213 BRC-
neraction Which complicates the process of Crop variety
jevelopment especially when variet:

, 220 and BRC-224 ) t0 be
relatively stable as they ha '

varieties are selected in one |

avironment and used in other (Kearsey & Pooni, 1998:

Glauffret et al., 2000 and Farshadfar & Sutka, 2003),

N from regression. Bakhsh er a.
(2006), Arshad et al.,

When relative performance of varieties differs over g

eries of environments it becomes

difficult to decide about
he superior variety. High yleld

less with environments are

MOst suitable under such
stuation. The identification

the same three genotypes to
of such genotypes requires |

be stable. However, the CV
determines stability by measurino variation in genotypic
multi-environment testing. In the present study, the multi- performance at different “hvironments. This does not
ocation testing of 16 chickpea senotypes for two years at compare the other competing genotypes. The
blocations showed that relative ranking of seholypes and - multivariate method of cluster analysis (Sneath & Sokal
beir grain yield was highly influenced by change in  1973) ¢ |
evironment Indicating  the

vulnerability of these Similar

changes. The location and
ant etfect on grain yield.

response  pattern

environments (Fig. 1).
S also had signific

Three



major contributors accounte

genol)pc-cn\'ironmcm
4 for 45.60% and genotypes X © |
s 54.40% (Table 2).. 1he

various

Genotypes
nvironment

enotypic ~ £roups In |
od that none of the genotypic

The individual genotype BRC-01

which was not placed in any group pcrformed well only at

two environment group positions. The genotype gr.oup.l
consisting of 8 genotypes showed high instability 1N
performance across the environment groups. The
individual genotyp¢ Bittle-98 (a check line) and genotypes
group 2 chowed stability 1n performance, though their
performance was not outstanding. Genotypes from group-

2 may be recommended for wider culti

results were compared wit
approach the three genotypes that Were relati
per criteria given by Eberha
included in group-2 of genotypes

relatively more stable.
The co-efficient of variability also revealed genotypes

of group-2 to be relatively stable. Therefore, simultanecous

consideration of all stability parameters discussed so far

dicated BRC-61 to be the best genotype for better

environments and three other genotypes BRC-13, BRC-

720 and BRC-224 to be relatively more stable, hence
these are recommended for wider cultivation. The earlier

studies reported by Mishra and Khan (2001), Masood ef
al., (2003), Ali ef al., (2005), Dehghania ef al., (2000),
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Farshadfar & Sutka (2006) and M.

revealed that none of the crop oo
stable across the locations. Howe
with relatively better stability were ;
al.. (2003) and Bakhsh e al. (|Q()§'d0!\tiﬁ
genotypes for high yielding envira, ) They . ° ’\r\h;‘
high regression co-efficient and hi(:"l‘lhcnls y

Thc advantage of biplot an-el\ Meang,

relationship ~ of  various “en(: YSIS s thay -
environments — and relalion;\i Otypes .. I

' \

tl.wunsclvcs and  betweep : bctween Vag, \
simultaneously. The bi-plot (Fje a‘II()lls . gcnm\pus

. " 5 ¢ Vire, P&
component-1 and principal ) baseq . Oy, ‘\

CoOm |
(BRC-I) d genotype with gOOdp()nem_z oh Drmcip.
average 0“' A

environments and no interacti |
dCl10 - _
other genotypes G2 (BRC-4) “G\Zﬂh en\,irgleld
(BR.C-231) also  expressed leSS(BRC-Q)
environment as compared 1o rest of y, '“‘efacuond G
genotypes also relatively more stab|e a: genotypQS Twilh
o o< O g .
: |
environment E6 and E(? RC-64) were bc‘;im anaIYSi(;lh‘Qr
of biplot analysis di FESPECtively, oy, - Sl ]
the l?el of gtsl‘:s . n(.)t. >Upport the resu:vever’ Out ¢ N
|- Ip : er stability parameters Sts obtainedom
iave also been reported by Farshady, Uch g, With
(Tables 4-5). L
. , a
The bi plot (Fig. 4) also reyeg) Q004
groups on the basis of similarity, T}, v
were very similar to each otherOOW.e
between. their vectors. Similarly Elng to Narroy,
much different from each other ’0 2 ;‘nd E6 \, 8l
. Un t

)

4 env;
NVirg
|
three gy,
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itable f ' hang
whereas G =iy 101 3| ,
s G8, GY and G7 were suitape fOrEl efl\nronmml
nVlronmem : S
BIP |
08 LOT
G2
= 0.35
X
> &
- E4
0.1 ol
Py G
= .,
© E2 G951
G8
-0.55 E6
-1
1 :
0.55 -0.1 035 (4§
Comp. 1 (68.6%)
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ig. 4. Biplot analysis of Genotype x Environment interaction
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able 4. The group members at the specif;
/N()k Group members . wdﬂoulle‘ﬂ forﬂnot)_’ncs
: BRCI BR
g C4 -
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o 22
e 6 S BRC69 BECBS
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