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ABSTRACT

Twelve genotypes of greengram [Vigna radiata (L.) Wilczek] were studied under six environments for
nine characters to assess the stability, using Eberhart and Russell (1966) and AMMI methods. Based on pooled
ANOVA genotypes showed significant differences for all characters under study except thousand seed weight
when tested against both pooled error and pooled deviation. The GXE (linear) was significant for characters
viz., plant height, number of pods per plant, seed yield per plant and protein content. While the non-linear
component of interaction was predominant for all characters except for days to maturity and plant height. The
magnitude of non-linear component of interaction was higher than linear component for most of the traits under
study. AMMI model explained 98.43% of the total genotype environment interaction component for number of
clusters per plant, 95.48% of total genotype- environment interaction component for number of pods per plant,
93.73% of the total genotype- environment interaction component for 1000 seed weight, 98.65% of total genotype
environment interaction component for seed yield per plant and 99.04% of the total genotype- environment
interaction component for protein content. Based on both AMMI and Eberhart and Russell (1966) model genotypes
LGG 407 and LGG 450 for seed yield per plant; MGG 295 and MGG 351 for number of clusters per plant and
number of pods per plant; genotype MGG 341 for 1000 seed weight and genotypes MGG 341and ML 267 for

protein content were identified as stable genotypes.
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Mungbean is an important pulse crop
cultivated round the year in diverse climatic
conditions of India. GenotypeX Environment
interaction not only under lies the very success of
stability of genotypes but also the post-breeding
adaptive evaluation of improved strains. However, the
ordinary analysis of variance (ANOVA) is useful for
identifying and testing sources of variability, it
provides no insight into the particular pattern of the
underlying interaction. The ordinary ANOVA model
is additive and effectively describes the main
(additive) effects, while the interaction (residual from
the additive model) is non-additive and requires other
techniques, such as Principal Component Analysis
(PCA) to identify interaction patterns. Thus ANOVA
and PCA models combined to constitute the
Additive Main effects and Multiplicative Interaction
(AMMI) model (Zobel et al., 1988).

MATERIAL AND METHODS

The present experiment was conducted during
rabi, 2006-07 at Agricultural Research Station (ARS)
Madhira, Khammam district in Andhra Pradesh to
assess the stability of twelve genotypes of
greengram over six environments. The six
environments were three dates of sowingi.e., 15-
09-2006, 30-09-2006 and 15-10-2006; two fertility
levels [i.e., 20Kg N: 50Kg P ha' (only basal) and

20Kg N: 50Kg P ha' (basal) + 20Kg N ha™ (top
dressing at 30 DAS)] in each date of sowing. Each
genotype was replicated three times in all the six
environments with spacing of 30°10 cm.
Recommended package of practices were followed
to raise a good crop. Data was recorded on ten
randomly selected plants or plot wise from each
genotype in each replication for nine characters viz.,
days to 50% flowering, days to maturity, plant
height, number of clusters per plant, number of pods
per plant, number of seeds per pod, 1000 seed
weight, seed vyield per plant and protein content.
The data were subjected to stability analysis as per
the procedure outlined by Eberhart and Russell
(1966) and AMMI model (Gauch, 1988). According
to Eberhart and Russell the genotype with high
mean, unit regression coefficient and non-significant
deviation from regression was considered to be
stable over environments. According to AMMI model,
when one interaction PCA axis accounts for most
of G " E, a feature of AMMI model is the biplot
procedure in which genotypes and environments
taking mean values on abscissa and IPCA1 scores
on ordinate are plotted on the same diagram,
facilitating inference about specific interactions as
indicated by the sign and magnitude of IPCA1 values
of individual genotypes and environments (Sharma
et al.,1998).The biplot of the first two IPCA axis



2009

demonstrates the relative magnitude of the GE
interaction for specific genotypes and environments.
Since the GE interaction effect is determined by
the product of the correct PCA scores, cultivars or
environments with a small GE interaction will have
small scores and be close to the center of the axis
i.e., they are stable across environments (Bahman
Shafi et al., 1992).

RESULTS AND DISCUSSION

The pooled analysis of variance (Table 1)
revealed that mean sum of squares due to genotype
was highly significant for all characters except for
1000 seed weight (it showed significance when
tested against pooled error only) when tested against
both pooled error and pooled deviation, indicating
presence of variability among the genotypes. The
genotype X environment interaction component was
non- significant for all the characters except for
number of pods per plant (when tested against both
pooled error and pooled deviation) and 1000 seed
weight showed significance when tested against
pooled error only indicating non-differential response
of the genotypes in different environments. Reddy
and Sriramulu (1984) reported a non-significant first
order interaction of GxE interactions. While
genotype X environment (linear) component of
interaction was significant for all characters except
for days to 50% flowering, days to maturity, number
of clusters per plant, number of seeds per pod and
1000 seed weight when tested against both pooled
error and pooled deviation, indicating linear response
of genotypes to environmental changes. The pooled
deviation was highly significant for all the characters
except for days to maturity and plant height when
tested against both pooled error and pooled
deviation, indicating that non-linear component of
genotype X environment interaction was also
predominant for all the characters studied except
days to maturity and plant height.

The stability parameters, mean (X) regression
coefficient (bi) and deviation from regression (S2 di)
of each genotype were calculated and presented in
Table 2 and 3. The linear regression was regarded
as measure of responsiveness and S?di as measure
of stability. A genotype with non-significant bi and
S?di values will be considered as stable genotype.

As revealed from Table 3, incase of seed yield
per plant nine genotypes (MGG 295, MGG 341, MGG
347, MGG 348, LGG 407, LGG 450, LGG 460 and
TM 96-2) did not interact with environments as
indicated by both bi and S2di, being non-significant.
Therefore, prediction of performance was perfect in
case of these genotypes. Out of these genotypes
LGG 460 had highest mean value. ML 267 genotype
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possessed higher mean value than population mean
and exhibited significant higher ‘bi’ value leading to
the inference that it is suitable for high yielding
environments. This was in accordance with the earlier
reports of Manivannan (2003) and Appalaswamy and
Reddy (2004)

Based on stability parameters MGG 295 and
MGG 353 found to be stable for days to 50%
flowering and days to maturity with lower mean
values. All the twelve genotypes except MGG 351,
MGG 353 and LGG 407 were identified as stable
genotypes for plant height. Among twelve genotypes
studied, MGG 295, MGG 347, MGG 348, MGG 351,
LGG 407, LGG 450, ML 267 and PDM 54 were found
to be stable for seeds per pod. While, MGG 341
and LGG 407 were found to be stable for 1000 seed
weight. Genotypes MGG 341 and ML 267 were
stable for protein content.

LGG 460 had higher number of pods per plant
and clusters per plant along with regression
coefficient (bi) approaching unity and non-significant
deviation from regression (S2 di), thus turned out
stable for these traits. Stable genotypes for number
of clusters per plant and number of pods per plant
was earlier reported by Appalaswamy and Reddy
(2004) and Raje and Rao (2004). This indicated
that the stability of various components traits might
be responsible for observed stability of seed yield
per plant. Patil and Narkhede (1995) also arrived at
similar conclusion regarding stability of seed yield.

Based on ANOVA of AMMI analysis (Table
4) all the five characters showed significant
differences among genotypes as well as
environments (except number of seeds per pod) and
genotype environment interaction (except number
of clusters per plant, seed yield per plant and protein
content). Four Interaction Principal Component Axis
(IPCAs) were explained for all the five characters
studied. Only IPCA1 has explained majority of the
genotype environment interaction component and
were significant. AMMI model explained 98.65% of
total genotype environment interaction component
for seed yield per plant, 98.43% of the total genotype-
environment interaction component for number of
clusters per plant, 95.48% of the total genotype-
environment interaction component for number pods
per plant, 93.73% of the total genotype- environment
interaction component for 1000 seed weight and
99.04% of the total genotype- environment interaction
component for protein content.

According to AMMI1 (biplot) genotypes 1
(MGG 295), 2 (MGG 341), 3 (MGG 347), 4 (MGG
348), 7 (LGG 407), 8 (LGG 450) and 11 (PDM 54)
were identified as stable genotypes for seed yield
per plant. However, genotype 7 (LGG 407) had



AAJ 56

Pratap et al.

290

r8ql 6Ly 980'GE gec’/9 81/'9¢ ueaw uone|ndod

co0¢c g9l 8zo8l 100 6¢'L 826G GSL0O- 8¥0 LLL'vE  Z€0-  $90 /9989 L€0- 0C0 geele Z-96NL Zl

910 oc’'L 8evsl ¢L'o 60 ¥66'vY 6% €2’¢ LlgGe G50~ 880 L9699 990~ O¥'€ <ccTee ¥SINad L
«86'C 90C 6E0°LlL %950 w0  Ll9G P0G 89l 686 020~ /81 €£€99 900 LE€0- whvPE L9211\ 0l

124" €8l egZ6l 900 66'0 908V VE'L Z¢6'l 19B'sy 920 ¥L'C €€€99 «Cl'C €8'L- 9G9'LY 097991 6
«8C'C 660 ZlL0OZL 100- SOL 8.9F% €90 ¥0'0 0909¢ L€0 8L'C- €€889 6L0- 6£C 999°6¢ 057991 8
«CE'C 120 vhl'8l 900~ «¥P0 829 SG9tv €61 <CLL'9E 6590~ 281 8.LC. «06C S6'C Ll96E L0v997 L
GCC  «VL0 C29CL «90') vZ'L  v6Sv €92 .86'0- 8.9/ €20~ GLO0 P¥hPP9  LE0- €SL  vheee €GEOON 9

LL0 88°0 ¢Zl'skl €00 vZlL 6E€Vy 0LV <8l VYIOVE ««1l6'C 0S50 68889 €¥0- «8LC €£€8/¢ LGEODON S

L0 L0 8919l «PP0 08’L LG 08¢ €50 68,8 ¢L0- 6,0 ¢€e€¥9 Leo- 6yl celee SYEOON 14

€L0 09'L LYl 46170 090 8/6'¢ 0Ll 8¢'0 008le ¢v'L 9l'c 00069 0L0- 6LV 2ge9c LVEDON €
=99V 160 000%L SO0 'L Ly 98t Sl 0LLLE  L¥0- 9L0- 9G0G9 Z¥0- «GS¢-  000°GE LPEODON 14

€90 /60 +t6l'el 600- 80L 9Ly 06°L el €89'¢e 100 8¥c 8.L09 v90 €9  L9lee S6C 99N L

1P:S Iq uesiy 1P:S Iq uespy  1p.S Iq uespy  1p.S Iq uespy  1p.S Iq uesiy

wed/ spod jo 'oN ued / s191sno Jo 'ON wbiey ue|d Aunjew o} sheq Buuamoyy 9,0G 03 shkeq sadAjouan ON'S
‘wesbusalb

ur jueld Jad spod jo Jaquinu pue jueld Jad si1aisno Jo Jaquinu ‘ybiay jued ‘Ajunjew oy sAep ‘Buamol} %0G 01 sAep 10} sieloweled Ajljige)s Jo sejewnsy © g a|gel

uonelnsp pajood jsulebe [aAs] Alljigeqoud 9, | JueoiubIs ++
uoneinap pajood jsuiebe [aas| Alljigeqoud 9,6 jueoniubis +

Joula pajood jsuiebe [aas] Ajljigeqoud o, | Juesyiubis .,

Joula pajood jsuiebe [aas] Ajljigeqoud 9,6 Jueolubis ,

06C’c 96,9 €09'L €.¥7°0 8€8LL €80 188'v¢C 129’8 695°8 1L [elol
GGL°0 ¥9c'L 9¢c0 LELo 9¢s’)L 00L0 6EY'S LELTL 990 el 10418 pajood
++.:0G°1 ++.9L1°G  ++.:0L7°0 ++:/6C°0 ++eVlL'E ++.+062°0 298t 6ve’lL ++l¥6°0 o174 uolelAap pajood
++800°€ 289'¢ ++886°0 1620 ++xV1L0EL 6LE0  ++.IGVGL gco'lL 916°0 L (Jesur) uswuosiaug LAjeuep
++2EVLEC  ++9EV 66  ++4.EEV'GG +GlLL 1 ++a9LTLGT  ++. 0P8l  ++.,99L°Glg +.06C°G 9G9°| l (4eaury) uswuosiaug
141°N" ST 9650 x81€°0 +.£/€°G LLEe0 ee'L g6c’l S00°L Ss juswuoliaug , AjaLiep
+6C9' 7  ++4/88'6l ++4./80'L1 £L7C°0 ++.EV2°09  ++..089°¢C ++,EC0'CY 8G0°L LEE0 S JuUswiuoIIAUg
6ELC €LV ++..EEV'L «0CE0 ++xxCLL'6 ++.x/6G°0 ++.x60°€01 GlC'| ++4x876°0 09 (uswiuol
-IAUg AJBLIEA) + JUSWUOIIAUT
++.+x0/G'6 G698 ++.4x1€G°C ++.x/0€"} ++.x012°9¢C ++.x971°C ++4x£9€ V01 2698y ++,.£€€1°09 Ll Sallallep
weid
JUSJU0D wbiom wed pod jue|d jad Jad si191sn|o (wo) Aumew  Buusmoyy
uelold  Peds 00l  JedpRIA  Jadspsaag  spod jo 'ON jo oN wbeyueld oyshkeq o,0G oyskeq p 90I1n0g

"SJUSWIUOJIAUS JUBIBIp XIS Ul sia)oeieyo us) Joj sadAjoush welbusaib Z| 10 (9961 ) [[oSsSNy pue Leylaq] Jed se souelieA Jo sishjeuy | a|qeL



Eberhart and Russell and AMMI Models in Greengram 291

2009

[9A3] 100 Ye ueoniubis

[9A9] GO0 Ye yueoyiubis

1€6°0 017 9GG0 GG cL'9 ov ere's GG 2610 017 |enpisal psjood
96°0 12740, L 6500 L 129 ¥6'¢C L sy 968°L L 1G] 6€00 L [enpisay
vee 06€0 6 LG ¥.1°0 6 VAR 1G¢C 6 v6°L 26S°¢ 6 19'8 910 6 Y vodl
.S°LL 0Ll L 6l 00C0 L 0s€l ¥9'¢ L 14301 60.°¢C L 826 vL0 L €vodl
Y561 18G°L €l 1G'€e Gges o €l G6'Gl vv'e €l ge'le GZ8’v €l 0Lv¢ LEE0 €l Zvodl
B6S79 85V Gl 780G £9€0°L Gl 286G xS0l Gl 909G 6,60l Gl ¥8°GG =879°0 Gl L VOdI
LO'GY el GG G8'9¢ 9GG0 GG /885 «LL'S GG 26'v¢ ££1€°G GG 8€'6¢ L1€°0 GG uonoeiau|
IX9
066 *8C9Y S 0L8Y  «/80°LL S 88'0C 1661 S 10°0€ «EVC08 G 96°0¢ x089°C S juswuodiaug
G0'SYy 0,96 L SPvC  ««l€G'C L 920 «6.°8 L L0'GE «0LL9C LI €.6€ WA 44 L sadAjousn
£06C°€ L. xx£09°L L. cL'9 VL «088°LL L. x,€8°0 L. Sleu L
paule|d paule|d paule|d pauied paure|d
R SSIN P -X8 SSIN P R SSIN P -X8 SSIN P -Xd SSIN P
U89 Jad U89 Jad 1ua9 Jad Juad Jad 1ua9 Jad 92In0g
JUBJU0D UI8)0.d jueld Jad pjaiA pasg 1ybram pasas 0001 jue|d Jad spod Jo "ON we|d Jad s181sn|o JO "ON

‘welbusalb uljuajuod uisloud pue jueld Jad piaif pass ‘Jybiam paas 00| ‘Jueld Jad spod jo Jaquinu ‘Jueld Jad siaisn|o Jo Jaquinu Jo) [NAY 10 VAONY '+ 919eL

JUSIDIIYB09 UoIssalbal wioj uoneina( = 1p,S

JUSI014909 Uolssalbal = Iq

[9A9] Ajjiqeqoud 9, | Juesyubls

[9A9] Ajljiqeqold %G Juedyiubs ,

€e1'se 2s9'v 6¥8°CE Gl6'6 uesw uoljejndod
€e’l GLoL- 9lL¥ec 000 124 0L0'S =90V 790 8L8'LE  «bV'0 L0 6€L°01 ¢-96NL cl
N YA 9L 8€8'GC G670 00’1 980 x8C°¢C 00'L Gco¢ce S0°0- 00’1 612’6 ¥SiNad L
cco 60°L l0c’Gc S00- «0L'L 9.8V 00'L-  «807%¢ 6y ce .00 €80 €996 L9C TN ol
LS 0 AN v.y'ec 100 GqG'1L G609 xx88°G Lo Gl¢¢ce 00 60 0801 097991 6
B 6€°0- 6vcve 100 €0l 6v6'v x=8C L ] 4 €69°¢E 000 8G’L 8¢ ol 0SY9O91 8
100~ SL°o- €lg9c 600 L'l €L1'S 090 ach eevee 60°0- 1G7L L000L L0¥VO9O1 L
«90°L v.'¢ €LL'GC 6670 910 99¢CY V871 6L°0 PLO9E  «lGL 6l¢ Gv6'6 E€GEOON 9
ANy €0'¢ \Wweve  vC0 0S0 VASTA 4 «=0L'Y 160 €0Lee 60°0- Ge'l Y916 LGEOOIN S
xx09°€ 06°¢ /89¢C V¥10 960 9¢6'v xx89'8 960 LLELE oL0- 8Ll A 7A)" SYEOON 14
0c0- G0 vrr9c €00 66°0 G8.'¢ «¥E€¢C 12503 607°¢€€ 0L0- 890 /866 LYEOON €
1S9°0- 69°L ¢ee’'se L00 280 LIEY S¥0 980 PL6'LE  «09°0 €60 1186 LVEOON 14
£9G°L L0°L G88'9¢ 0L0 80 988°¢ «xl€'G 1423 £€68°¢€ 100" sl 90,6 G6¢C OON L
1P:S Iq Uesiy 1P:S q UEsiy 1P:S q UEsiy 1P:S Iq Uesiy
(%) Jusu09 uislold (B) yueid Jad pjaiA pasg (6) ybiam paas 000 L pod Jad spass Jo ‘ON sadAjouan "'ON'S

‘welbusalb ul usjuod uisjoud pue jueld Jad piaif pass ‘ybiam pass Q00| ‘pod Jad spass jo Jaquinu Joj sis}sweled AJljIge]S JO SajWsT ¢ 9|gel



292 Pratap et al.

AAJ 56

Fig 1. AMMI 1 biplot-IPCA1 scores of twelve genotypes and six environments plotted against seed

yield per plant in greengram [Vigna radiata (L.) Wilczek]

15
PR A T Y SR A N 1
| | | |
e el |
" | i 1
2 S| | = |
R R e e SR _
| | | o |

.qg,.___].l‘.l__l___t _______ J

. za
F* | e |
. | | |
4 b4ty 4
I5 4 A5 5 55 E B5
Mean

Fig 2. AMMI2 biplot- IPCA1 and IPCAZ2 scores of twelve genotypes and six environments for seed yield

per plant in greengram [Vigna radiata (L.) Wilczek]
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Fig 3. AMMI 1 biplot-IPCA1 scores for twelve genotypes and six environments plotted against
number of clusters per plant in greengram [Vigna radiata (L.) Wilczek]
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Fig 4. AMMI2 biplot- IPCA1 and IPCA2 scores of twelve genotypes and six environments for number of
clusters per plant in greengram [Vigna radiata (L.) Wilczek]
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Fig 5. AMMI 1 biplot-IPCA1 scores of twelve genotypes and six environments plotted against number
of pods per plant in greengram [Vigna radiata (L.) Wilczek]
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Fig 6. AMMI2 biplot- IPCA1 and IPCAZ2 scores of twelve genotypes and six environments for number of
pods per plant in greengram [Vigna radiata (L.) Wilczek]
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Fig 7. AMMI 1 biplot-IPCA 1 scores of twelve genotypes and six environments plotted against 1000
seed weight in greengram [Vigna radiata (L.) Wilczek]
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Fig 8. AMMI 2 biplot- IPCA 1 and IPCA 2 scores of twelve genotypes and six environments for 1000
seed weight in greengram [Vigna radiata (L.) Wilczek]
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Fig 9. IPCA1 AMMI 1 biplot-IPCA1 scores for twelve genotypes and six environments plotted against

protein content in greengram [Vigna radiata (L.) Wilczek]
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Fig 10. AMMI2 biplot- IPCA1 and IPCAZ2 scores of twelve genotypes and six environments for seed
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highest mean value. Genotypes 9 (LGG 460) was
specifically suited to environment 1, 2 and 3 as
indicated by same signs of IPCA 1 (Fig 1).

According to interaction biplot (AMMI2),
genotypes 1 (MGG 295), 2 (MGG 341), 3 (MGG
347),7 (LGG 407), 8 (LGG 450), 9 (LGG 460) and
12 (TM 96-2) were identified as most stable
genotypes for seed yield per plant, which were close
to origin of polygon. All the environments were most
discriminating ones as indicated by the longest
distance between their marker and the origin. Among
the environments, environment 5 is suitable for seed
yield per plant as indicated by high IPCA1 score
and low IPCAZ2 score. (Fig 2).

According to AMMI1 biplot (Fig. 3),
genotypes 1 (MGG 295), 2 (MGG 341), 5(MGG 351),
8 (LGG 450), 10 (ML 267) and 12 (TM 96-2) and
according to interaction biplot (AMMI2) (Fig 4)
genotypes 1 (MGG 295), 8 (LGG 450), 7 (LGG 407),
12 (TM 96-2) and 5 (MGG 351) were identified as
stable for number of clusters per plant. Based on
AMMI1 biplot (Fig 5), genotypes 4 (MGG 348), 6
(MGG 353), 9 (LGG 460) and 10 (ML 267) and based
on AMMI2 biplot (Fig 6) genotypes 1 (MGG 295), 4
(MGG 348), 5 (MGG 351), 7 (LGG 407), 8 (LGG
450), 9 (LGG 460) and 11 (PDM 54) identified as
stable for number of pods per plant. According to
AMMI1 biplot (Fig 7), genotypes 1 (MGG 295), 10
(ML 267), 2 (MGG 341) and 11 (PDM 54) and
according to AMMI2 biplot (Fig 8) genotypes 2
(MGG 341), 7 (LGG 407), 1 (MGG 295) and 10 (PDM
54) were identified as stable for 1000 seed weight.
According to AMMI1 biplot (Fig 9), genotypes 9 (LGG
460), 10 (ML 267), 7 (LGG 407), 3 (MGG 347) and 2
(MGG 341) and according to AMMI2 biplot (Fig 10)
genotype 9 (LGG 460), 2 (MGG 341) 3 (MGG 347),
5 (MGG 351) and 10 (ML 267) were identified as
stable genotypes for protein content.

In the pooled Analysis of variance the
genotype- environment interaction component was
non-significant for number of clusters per plant, seed
yield per plant and protein content. Where as
genotype-environment interaction (linear) component
as per Eberhart and Russell (1966) was non-
significant for number of clusters per plant and 1000
seed weight. But significant only for number of pods
per plant, seed yield per plant and protein content.

While in AMMI model IPCA1 component
significantly explained the genotype-environment
interactions, incase of number of clusters per plant
(55.84%), number of pods per plant (56.08%), 1000
seed weight (55.82%), seed yield per plant (50.84%)
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and protein content (64.59%) bringing out the specific
use of AMMI in assisting the breeder to pinpoint the
stable genotypes for the above characters, which is
not possible in case of linear regression model.
Based on both AMMI and Eberhart and
Russell models genotypes LGG 407 and LGG 450
for seed yield per plant; MGG 295 and MGG 351 for
number of clusters per plant and number of pods
per plant; genotype MGG 341 for 1000 seed weight
and genotype MGG 341and ML 267 for protein
content were identified as stable genotypes.
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