Agriculture Update

AL;‘JI

RESEARCH ARTICLE :

ARTICLE CHRONICLE :
Received :
20.07.2017;
Accepted :
16.08.2017

Key WoRDs :
Genotypes, Sorghum,
Combining ability,
Drought situations

Author for correspondence :

M. SWAPNA

National Bureau of Plant
Genetic Resources,
Rajendranagar,
HYDERABAD
(TELANGANA) INDIA
Email : smmswapna2
@gmail.com

Volume 12 | TECHSEAR-8 | 2017 | 2164-2170 Visit us - www researchjournal.co.in

Biplot analysis of combining ability in elite Rabi
sorghum genotypes under irrigated and drought
situations

B M. SWAPNA, SUJAY RAKSHIT, K.N. GANAPATHY AND H.S. TALWAR

SUMMARY : Sorghum is a fifth most important cereal grown extensively in the arid and semi arid
tropics. Among sorghum growing countries, India ranks first in acreage and second to the USA in total
production. In India sorghum is cultivated as Kharif and Rabi season crop. Rabi sorghum is
predominantly consumed for food purposes but its productivity is much lower (784kg/ha) as compared
to Kharif sorghum (1023kg/ha). The main reason for lower productivity of Rabi sorghum is post-
flowering drought stress as the crop is predominantly cultivated in receding soil moisture. Understanding
the genetics of drought tolerance is a prerequisite of their deployment in breeding programme. With
this goal complexity of eight traits of eight sorghum lines were studied. A set of 8 * 8 diallel cross was
evaluated in well watered and water stressed conditions and analyzed using GGE biplot. The biplot
depiction of the interaction among the parents helped easy and fast interpretation of the combining
abilities. Under well watered condition, the best general combiner for Plant yield, Plant height, SPAD,
leaf number, panicle weight, seed weight, days to flowering, dry weight were CSV22, CSV22, P. Anuradha,
1S40772, CSV22, 1S40752, 1S40772 and 1540752 respectively. Under water stressed condition IS 23514
found to be best combiner for plant yield while CSV22,M35-1, 1S40772, P. Chitra, 1S40752, 1S4578,
1523514 were best combiners under this situation for plant height, SPAD, leaf number, panicle weight,
seed weight, days to flowering and dry weight respectively. The GGE biplot aided to identify genotypes
with highest specific combining abilities. For example, 1S23514 found to be the best specific combiner
in well watered condition while 1S40752 found to be the best specific combiner in water stressed
condition for the trait plant height. The biplot also helped in identifying promising specific combiners,
like P. Anuradha x 1S40752 for the trait Days to flowering. Identified parents and crosses with better
specific combining abilities can be successfully be deployed in drought resistance breeding programme.
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BACKGROUND AND OBJECTIVES Moench] is the fifth most important cereal
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worldwide after maize, wheat, rice and barley

Sorghum  [Sorghum bicolor (L.) (Kholova et al., 2013). Due to its remarkable
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ability to produce a crop under adverse conditions, it can
be cultivated extensively in marginal rainfall areas of the
tropics and semi-arid tropics for its better adaptation to
various stresses, including drought, heat, salinity and
flooding (Harris et al., 2006; Ejeta and Knoll 2007)
throughout the world as a source of food, feed, fodder
and biofuel (Duncan 1996). Under changing climatic
conditions with less availability of water and elevated
level of CO, being a C, drought species it assumes more
importance. Sorghum is cultivated in nearly 42.3 mha
with an annual production of 61.5million tons in the world
(FAO 2014). Among sorghum growing countries, India
ranks first in acreage and second to USA in production
(Rakshit et al., 2014a). In India sorghum grown in an
area of 6.32 million hectare with total production of about
6.01 million tons (FAO 2014). This is much below as
compared to USA (4.51kg/h), Mexico (3.92kg/h), Ethiopia
(1.85kg/h) and other. The main reason for low
productivity of sorghum in India is susceptibility of
sorghum to different biotic and abiotic stresses. In India
sorghum is cultivated as Kharif and Rabi season crop.
Rabi sorghum is predominantly consumed as food grain
(Rakshit et al., 2012, Ganapathy et al., 2012) but its
productivity is much lower (784kg/ha) as compared to
Kharif sorghum (1023kg/ha) (Patil et al., 2013) The main
reason for lower productivity of Rabi sorghum is post-
flowering drought stress as the crop is predominantly
cultivated in receding soil moisture. Water deficit is one
of the major abiotic stresses limiting crop productivity in
the semi arid tropics and this is the serious agronomic
problem, which limits agricultural production by preventing
the crop plants from expressing their full genetic potential.
Drought tolerance is a stage specific trait and changes
during life cycle. The effect of drought stress depend
not only on the duration and intensity of deficiency, but
also on developmental phase in which it began (Szira et
al., 2008). The influence of drought may relatively be
addressed through genetic improvement for drought
response (Mutuva et al., 2011). Thus, identification of
drought tolerant lines among Rabi adapted genotypes is
prerequisite to deploy them in breeding programme.
Any breeding technique aiming to develop improved
varieties and nutrition security needs to be incorporated
to target those major constraints. The success of sorghum
breeding programme is related to the appropriate choice
of divergent parents which, when crossed, must provide
wide genetic variability to be used for selection. Diallel

analysis provides a systematic approach for detection of
appropriate parents and crosses as it allows estimation
of different genetic parameters including the expression
of heterosis in early generations. Higher yield values can
be obtained by hybridizing superior cultivars.
Understanding the genetics of drought tolerance is a
prerequisite of their deployment in breeding programme.
With this goal complexity of eight traits of eight sorghum
lines were studied. A set of 8 ~ 8 diallel cross was
evaluated in well watered and water stressed conditions
and analyzed using GGE biplot. A biplotis a scatter plot
that graphically represents the relationship among the
factors and underlying interactions between them and
can be visualised simultaneously (Rakshit et al. 2012).
Two types of biplots viz., the AMMI biplot (Crossa 1990;
Gauch 1992) and the GGE biplot (Yan et al., 2000; Yan
and Kang 2003) are the most commonly used biplots to
understand GEI. Genotype (G) main effect plus genotype
and environment (GE) interaction (GGE) biplot analysis
(Yan W & Keny 2003) is a robust method to visualize
and interpret data graphically. With the help of GGE
biplotanalaysis, Genotype environment interaction has
been demonstrated in many of the crops including
sorghum. (Rakshit et al., 2012, Rao, 2011).The biplot
depiction of the interaction among the parents helped
easy and fast interpretation of the combining abilities.
Recently, GGE biplot has been applied in genetic analysis
of diallel crosses to estimate the combining abilities of
parents. (Akinwale et al., 2014). Yan and Holland (2010)
demonstrated the use of heritability-adjusted-GGE biplot
for evaluation of test locations and genotypes.

RESOURCES AND METHODS

Material used in the present study were eight parents
and their 28F1 crosses. The experiment was conducted
during Rabi season at Indian institute of Millets Research
(IIMR), Hyderabad, India. Based on the performance
of the genotypes in multi location environments and their
genetic diversity, 8 sorghum genotypes exhibiting high
levels of resistance (IS 40772, IS 40752, IS 4578, 1S
23514, M35-1, P. Chitra, P. Anuradha, CSV22) were
selected for diallel programme. The crop was sown on
Oct 23, 2013. Two sets of diallel crosses each involving
36 genotypes (8 parents+28F s) were sown in one row
plot of 6m length with 60cm row to row spacing and
15cm plant-to-plant spacing in randomized complete block
design. This wider row spacing was used to facilitate
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supplemental irrigation when needed. 4-5 seeds were
sown per hill and thinned to 1 plant per hill 15 days after
emergence to maintain optimum plants per plot. Irrigation
was applied immediately after sowing and at 15, 30 and
45 days after sowing (DAS) in both experimental plots
for proper germination and establishment. Water was
withdrawn immediately after booting stage in one of the
experimental plot and another set was irrigated
continuously when required. Data was recorded on five
randomly selected plants in each row. SPAD data was
recorded after 50% flowering from first three leaves
including flag leaf. SPAD values was measured at three
different points on each leaf. Average of three values was
recorded as SPAD data for one plant. Days to flowering
was recorded after 50% flowering. Plant height was
evaluated visually on a 50-250m scale. Number of leaves
was recorded by counting all the leaves. After grain
maturity, weight of the panicles was taken from the five
selected plants. Single plant yield was calculated by taking
seed weight of single panicle after threshing. Seed weight
was recorded by taking the weight of 100 seeds. Single
plant yield and Dry weight were recorded for each plant,
whereas data on phenological traits such as days to 50%
flowering and seed weight were recorded on plot basis.

Data analysis :

Among various statistical methods, biplot analysis is
an important multivariant tool that graphically displays
results and therefore, facilitates easy interpretation of the
data. In biplot analysis of diallel data, scaling to use was
*Scale=0" which enables to estimate the discriminating
ability of the parents. In the average tester co-ordination
view of the GGE biplot, the longer the projections on the
one headed arrow, the higher the SCA effects. ‘Mean vs.
stability’ option of GGE biplot software was used to
evaluate genotype using genotype focused singular value
partitioning (SVP=1) (Rakshit et al., 2014b).

OBSERVATIONS AND ANALYSIS

Combined analysis of variance for grain yield of the
36 (eight parents, 28F s) sorghum cultivars tested in two
different environmental conditions explained highest
proportion of variation for grain yield.

Identification of stable genotypes with highest
mean performance :
In GGE biplot the complex GEls are partitioned in
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different principal components(PCs) and the data are
presented graphically against various PCs (Yan and
Tinker 2006). Fig. 1 depicts the GGE biplot summarizing
mean performance and stability of genotypes using
average environment coordination (AEC) method.
Projection of a genotype over AEC abscissa ( line with
single arrow head) indicates its average yield, while
dispersion of the genotype along the AEC ordinate
(double arrowed line is indicative of its stability. The
greater the absolute length of the projection of a cultivar,
the less stable it is (Yan et al., 2000).

Trait wise stability and mean performance of the
genotypes are discussed below :

Under well watered condition, the best general
combiner for plant yield was CSV22 and gcaeffects
ranged from -5.71(M35-1) to 6.16(CSV22). Under water
stressed condition, the best general combiner was 1523514
and gca effects ranged from -3.04(1S40772) to 4.43
(1S23514) in water stressed conditions. The genotypes
1S40772 (-1.24,-3.04), 1S40752 (-0.47, -2.09), M35-1(-
5.71,-2.39), P. Anuradha (-1, -0.62) exhibited negative
and significant gca effects in both the environmental
conditions. The GGE biplot aided to identify genotypes
with highest specific combining abilities. Under well
watered condition and in water stressed condition,
1IS40772 and P.Anuradha found to be the best specific
combiner for the trait Plant yield respectively.

For the trait, plant height CSV22 found to be the
best general combiner in both the environmental
conditions. gca effects ranged from from -9.62* (IS
23514) to 17.7*%(CSV22) in well watered condition. and
in water stressed condition gca effects varied from -
11.43* (IS 23514) t0 8.5 *(CSV22). From the GGE biplot
analysis, 1523514 found to be the best specific combiner
under well watered condition and 1S40752 found to be
the best combiner under water stressed condition.

For SPAD, gca effects ranged from -2.93*(P.Chitra)
to 2.84*(P.Anuradha) in well watered conditions and
P.Anuradha found to be the best general combiner. Under
water stressed conditions, M35-1 found to be the best
general combiner and gca effects varied from -4.53*
(1S40752) to 2.48*(M 35-1). From GGE biplot analysis
CSV22 found to be the best specific combiner under
well watered condition and in water stressed condition
1S40752 found to be the best specific combiner.

The gca effects for Leaf number varied from
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Table 1 : Mean for Morphological Traits

Genotype PY PH SPAD LfNo Panwt SW DTF DryWt
WW WS WW WS WW WS WW WS WW WS WW WS WW WS Ww WS
Gl 40.05 2505 189.65 15835 55.35 3560 1240 1060 7210 4190 405 3.70 8050 7250 26592 195.00
G2 4120 2587 19945 18210 5520 3550 11.65 10.00 69.00 3990 560 445 7850 76.00 280.00 11250
G3 3885 2549 17350 15115 5520 4370 1175 1090 7050 4190 525 435 8150 7400 26855 21595
G4 37.05 2320 14460 12375 4940 4580 960 875 6250 3350 390 300 7450 6850 20442 19434
G5 39.35 2435 169.15 15280 5440 5120 960 850 6210 3510 490 400 7450 7050 9250 7171
G6 4120 2635 19550 16905 50.70 3950 11.35 1095 7090 3930 470 430 8050 7500 180.00 15750
G7 39.30 2475 17550 15085 63.15 4885 1160 895 6370 3820 410 395 7300 70.00 17949 12750
G8 4385 2697 21500 17600 5850 41.00 11.60 1060 80.70 4860 545 390 8250 7650 183.80 170.23
G1*G2 3455 1800 18850 17150 53.00 37.80 14.65 11.15 4895 4290 565 450 7850 7450 22250 11250
G1*G3 36.55 1892 189.30 177.70 56.00 51.15 11.66 1041 49.80 3850 615 450 8250 76.00 265.00 104.96
Gl*G4 3870 37.05 206.80 19020 61.00 51.60 11.95 985 5480 6350 560 4.75 7450 69.00 39250 347.26
G1*G5 3520 2120 189.95 18175 63.55 46.80 1270 900 5040 3190 520 435 7450 7100 200.00 170.00
G1*G6 4825 3282 19460 18075 53.65 5245 1280 1035 6245 6530 500 475 7650 7050 248.01 17461
G1*G7 3305 17.20 18850 14925 60.20 4250 1260 11.20 4560 3610 500 3.80 7400 67.00 17551 140.00
G1*G8 5225 2160 20725 18725 5640 4380 1340 1095 6800 5480 540 475 77.00 7100 290.00 179.88
G2*G3 3850 2238 183.70 16780 5260 47.30 1150 970 5070 3730 680 400 7750 7500 31744 95.00
G2*G4 39.90 3495 20190 18860 57.30 4595 10.00 860 5425 5690 490 495 7400 70.00 24750 19250
G2*G5 3550 2395 20050 19495 56.00 4130 1070 930 5105 3730 575 495 7150 67.00 225.00 140.00
G2*G6 46.19 3120 189.00 13805 49.95 4800 990 920 5860 5450 600 525 7850 7300 26750 227.05
G2*G7 3800 2115 192,00 17595 63.35 3670 10.00 9.5 4885 3870 540 460 7000 67.00 24450 16561
G2*G8 51.30 2302 20750 18200 54.85 4030 1230 990 6695 5090 540 440 76.00 6950 280.17 105.00
G3*G4 4120 3380 17770 15070 54.45 4830 1090 9.8 5370 5580 555 425 7450 7050 200.00 155.00
G3*G5 3220 2490 19750 18030 55.75 4825 1120 1010 5015 3140 525 475 7200 6850 15750 12750
G3*G6 48.15 3334 18515 16535 53.20 4920 1030 900 6175 6030 515 425 7650 7200 300.00 16250
G3*G7 4020 3658 179.00 15910 56.00 4825 1135 990 5035 6010 560 480 7400 7400 25750 17750
G3*G8 51.15 2870 21350 17090 51.40 47.45 11.00 1040 66.80 5280 540 505 7800 7350 250.00 175.00
G4*G5 3510 3558 15450 14135 5280 5045 1090 9.0 4910 1760 400 280 7450 7050 19750 155.00
G4*G6 47.30 3255 19400 16055 51.65 4810 880 870 6150 56.80 435 350 7450 6950 230.00 176.27
G4*G7 37.30 3325 19050 14080 5450 4440 1170 990 69.10 4780 500 410 7250 70.00 28250 121.30
G4*G8 5310 3805 212.00 16800 52.85 49.00 11.75 1050 90.80 6240 390 325 7400 6950 25029 22091
G5*G6 3229 2315 19500 17095 5445 5405 108 9.15 6710 3610 575 450 7200 7050 20500 15657
G5*G7 3230 2298 18150 16225 5475 4955 1110 1005 67.00 2960 505 395 7450 7200 19512 175.00
G5*G8 3270 2295 20850 16960 66.65 4570 1055 800 6810 3190 475 400 7000 66.00 23250 15750
G6*G7 4800 34.15 17950 16115 53.80 50.00 1085 920 7110 5580 535 500 7450 7050 205.00 14250
G6*G8 50.85 37.45 21250 17830 54.65 5110 1385 1150 8230 6510 555 410 76.00 7350 280.00 230.00
G7*G8 5365 26.35 20855 17895 6150 44.10 1340 1090 10740 5380 655 520 79.50 7350 14500 3250
LSD (0.05) 1350 1231 3241 3332 825 997 256 182 2654 2435 140 119 663 560 11262 108.65
Table 2 : Estimatesof general combining ability
Genotypes PY PH SPAD LfNo Panwt SwW DTF DryWt
WW WS WW WS WW WS WW WS WW WS Ww WS WW WS WwWw WS
Gl -124* -304* 214* 531* 125 -164* 1.15* 057* -453* 057 -0.08 0.01 166* 021 22.08* 17.82*
G2 -047* -209* 392 81* -046 -453* -007 -014 -522* -128* 043 029 011 061* 26.01* -17.84*
G3 -054* 023* -5 -279* -122* 136* -0.16 021* -453* 089 036 016* 161* 156* 18* -1.17
4 -044* 443* -962* -1143* -187* 157* -0.79* -051* -1.13* 167 -058* -051* -144* -159* 10.46* 3159*
G5 -5.71* -239* -571* 047* 107* 248* -059* -067* -424* -1251* -013* -0.14* -239* -154* -50.69* -216*
G6 324 3* 179 -0.88* -293* 182* -03* 006 371* 6.14* -003 013 0.76* 076 -090 14.35*
G7 -1*  -062* -523* -7.29* 284* -005* 011 -002 173 -128* -0.07 0.07 -169* -0.79* -2404* -23.16*
G8 6.16* 047* 17.7* 85* 133* -102* 0.64* 05* 1422 578* 0.10 -001 136 0.76* -0.90 0.02
LSD (005 0.28* 0.98* 4.13* 302* 138 13* 045* 037 105~ 385 022 021* 097 115~ 822 779
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0.79*(1S23514) to 1.15* (1S40772) and -0.67*(M35-1)
to 0.57*(1S40772) in well watered condition and water
stressed conditionsrespectively. 1IS40772 found to be the
best general combiner in both the environmental
conditions. CSV22 found to be the best specific combiner
in both the environmental conditions by using GGE biplot
analysis.

For Panicle weight, in well watered condition,
CSV22 found to be the best general combiner and gca
effects varied from -5.22*(1S40752%) to 14.22* (CSV22)
while in water stressed conditions gca effects varied from
-12.51*(M35-1) to 6.14* (P.Chitra) and P.Chitra found
to be the best general combiner. P.Anuradha and 1523514

found to be the best specific combiners in well watered
condition and water stressed condition respectively.

The gca effects for seed weight varied from -
0.58*(1S23514) to 0.43*(1S40752) in well watered
conditions and from -0.51*(1S23514) to 0.29* (1S40752)
in water stressed conditions. 1S40752 found to be the
best general combiner in both the environmental
conditions. From the GGE biplot analysis 1S4578 found
to be the best specific combiner in well watered condition
while in water stressed condition 1S23514 found to be
the best specific combiner.

The gca effects of Days to flowering varied from -
2.39*%(M35-1) to 1.66*(1S40772) in well watered

Table 3 : Estimates of specific combining ability

$AD Plant height LTNo PanWi Plant yield SW DTF Drywt

WW_ WS _WW WS _WW WS _ WW WS _ WW WS WW WS WW WS _WW WS
1*2 -357% -199% -898* -88% 212* 09* -458% -207 -497* -434* 009 -010 096 236* -5043* -4759*
1*3 020 546 073 829% -078% -019 -4.42% -864* -29% -575% 066* 003 346% 291* -892 -718*
1*4 584* 57% 22.86* 29.43* 013 -004 -282* 1558% -085* 8.18% 104* 095* -149* -094 12612* 137.74*
1*5 545 -001 209 908 068 -072* -41* -184 092* -085* 020 018 -054 101 -523 1367*
1*6 -045 63* -076 943* 050 -010 000 1291* 503* 538 -010 031* -169* -179* -701 -1767*
1*7 034 -178* 016 -1566* -012 083* -1487* -887* -594* -662* -006 -058* -174* -374* -5637* -14.77*
1*8 -195% 050 -401 655 016 006 -497* 277 61* -331* 017 045% -179* -129* 34.98% 193
2*3 -150 451* -665* -441* 028 -019 -283* -7.99% -172*% -324* 081* -075* 001 151* 39.6* -46.11*
2*4 385% 295% 16.18* 25.04* -059 -058* -2.68* 10.83* -042* 513* -016 087* -044 -034 -228* 18.63*
2*5 039 -261* 10.86* 19.48% -009 029 -277* 541* 045 095 025 05* -199* -339* 15.85% 19.33*
2*6 -244% A475% -814* -3606* -1.18* -054* -317* 396 22%* 281* 04* 054* 186* 031 856  70.43*
2*7 519% -468* 188 824* -149* -051* -1094* -442 -176* -362* -016 -005 -419% -414* 870 465
2*8 -18* -011 -554* -149 028 -028 -533* 072 438 -284* -033* -017 -124 -319* 21.22% -373*
3*4 176 -060 089 -197 040 -034 -392* 756 095% 166* 056% 03* -144* -079 -623* -3554*
3*5 012 -156 16.78% 1572% 050 074* -436* -266 -278% -042 -018 043* -299* -284* -4364* -9.84
3*6 157 005 -307 213 -069* -1.09% 071 759* 423* 263* -0.38* -034* -164* -164* 49.07% -10.79*
3*7 -139 097 -220 228 -005 -011 -1013* 14.81* 051* 949% 011 027 -169* 191* 29.71* 41.72*
3*8 -448% 115 937%* -170 -093 -013 -617* 045 43* 052 -026 06* -074 -014 -094 16.03*
4*5 -218% 043 -216* -1458* 082 045 -881* -1724* 002 606* -05¢ -085* 256* 231* 390 -151*
4%6 067 -126 104* 597% -156* -068* -436* 331 327* -237* -025 -042* -059 -099 -1339% -2978*
47 -225% -300% 13.92% -737* 092 06* 522 173 -25% 195 044* 024 -014 106 62.25% -47.24*
4%8 -230% 249% 125% 404* 045 069* 1443* 927* 614* 566* -0.83* -053* -169* -099 689  29.19*
5%6 053 378% 749% 447 029 -006 436% -321 -647* -494* 07* 021 -214* -004 2276 371
5%7 -494% 1155 101 217 012 092 624* -229 -223* -149* 004 -028 281* 301* 36.02* 59.65
5%8 847% -172* 508 -626% -095* -165% -516* -7.05% -899% -261* -043* -015 -4.74* -454* 50.25% 18.97%
6*7 -189% 226% -849* 243 -041 -066* 239% 526% 453* 428 024 051* -034 -079 -389 -880
6*8 047 434 158 379 206 112* 109 75% 022 649% 027 -031 -189* 066 47.96% 55.52*
7*8 156 -079 465 10.85% 12* 06* 2817 362 725 -099 131* 085% 406 221* -639* -104.47*
LSD 0.05 366 345 1098 803 120 098 279 1023 076 260 059 056 258 305 2182 2068
LSD0.05Sij-Sk 537 506 1610 1178 176 143 409 1501 111 381 087 083 379 448 3200 30.33
LSD0.05Sij-SkI 506 477 1518 1110 166 135 386 1415 105 359 082 078 357 422 3017 2860
Sij 179 169 536 392 059 048 136 5 037 127 029 028 126 149 1065 101
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conditions, while in water stressed conditions gca effects
varied from -1.59*(1S23514) to 1.56*(1S4578). T he best
general combiners were found to be 1S40772 and 1S4578
in well watered and water stressed conditions
respectively. P. Anuradha found to be the best specific
combiner in well watered and water stressed conditions.

The gca effects of Dry weight varied from -50.69
*(M35-1) to 26.01*(1S40752) and 1S40752 found to be
the best general combiner in well watered condition, while
in water stressed condition gca effects varied from -
23.16*(P.Anuradha) to 31.59*(1S23514) and 1523514
found to be the best general combiner. From the GGE
biplot analysis, 1S23514 and 1S40772 were found to be
the best specific combiners in well watered and water
stressed conditions respectively.

PC1 = 76.5%. PCZ » 21 4%, Sum = 87 .9%
Tranaform = 0, Scaling = 0, Centering = 2, 5\ = 1

NOTD

Codes and details of the genotypes usedin the study:

Genotype code Genotype name
Gl 1S 40772
G2 1S 40752
G3 1S4578
G4 1S23514
G5 M35-1

G6 P. Chitra
G7 P. Anuradha
G8 CSV22

combining abilities can be successfully be deployed in
drought resistance breeding programme.
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The Study demonstrated the utility of GGE biplot
analysis in identifying stable and superior genotypes.
Identified parents and crosses with better specific
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