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ABSTRACT

Ten sorghum genotypes (Sorghum bicolor L. Moench) were evaluated at three locations namely;
Arab EI-Awamer, Shandweel, and El-Fayoum Agric. Res. Stations in 2018 and 2019 growing seasons.
Planting time at the three locations during the two years were during the 1%t week of July. The objectives of
this study were to determine the performance and stability of ten sorghum across different locations of
Egypt. The study was conducted using a randomized complete block design with four replications. Stability
analysis for grain yield, 1000-grain weigh, plant height and days to 50% flowering were estimated using
Tai’s statistical method. A combined analysis of variance emphasized the significant effect of genotypes
and locations for all studied traits. There was nonsignificant effect of year for all studied traits, except for
1000-grain weight. The effect of location on Sorghum grain yield and the other studied traits was greater
than the effect of year. Hence, testing genotypes under many locations should be done rather than years.
Significant effect of genotype x location interaction, suggesting that each genotype differentially responded
to the change in the investigated locations. Based on Tai’s stability analysis, 3 out of 10 tested sorghum
genotypes i.e., (ASH-8 x ICSR-93002), (ASH-9 x ICSR-93002), and (ASH-12 x ICSR-93002) showed
average stability and gave high yielding compared to the general mean and are thus the most stable grain
sorghum genotypes for grain yield. Generally, Tai’s stability method was facilitated the visual comparison
and identification of superior genotypes, thereby supporting decisions grain sorghum genotypes for different

environments.
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INTRODUCTION

Grain sorghum (Sorghum bicolor L. Moench) is one of
the major cereal crops in Egypt, as the cultivated grain sorghum
areaabout 147.961 hectares produced about 727648 tons (FAO
2017). It has a remarkable ability to produce a crop under a
biotic stress conditions, such as heat, drought and salinity.

Seventy percent of cultivated areas concentrated in
Upper Egypt. Also, the El-Fayoum province has a large
cultivated area due to soil problems such as salt, drought and
low fertility in addition to heat stress which prevent the
cultivation of other crops.

The performance of plants changes in response to the
differences of the environments, so developed cultivars with
stability seems necessary for yield. The difference in genotype
stability may be due to the interaction effect of genotype and
environment, therefore, changes in their rank are different in
various environmental conditions. (Shahryarinasab and
Chogan, 2015)

Stability of yield defined as the ability of genotypes to
avoid substantial fluctuations in yield across a range of
environments. Genotype x environmental interaction (GEI) is
an important consideration in plant breeding programs because
it reduces the progress from the selection at one environment
(Hill,1975). Significant GEI results from the change in the
magnitude difference between genotypes in different
environments or changes in the relative ranking of the
genotypes. Consistent performances across different locations
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and/or years are referred to stability. Partitioning GEI into
stability statistics assignable to each genotype evaluated across
a range of environments is useful in selecting stable genotypes.

Different stability estimates are proposed to measure
the stability of genotypes tested under a wide range of
environments (Fernandez et al., 1989; Hill 1975; Pritts and
Luby 1990). The most popular methods (Eberhart and Russell,
1966; Finlay and Wilkinson, 1963) have used analysis of
variance combined with joint regression analysis to determine
whether GEI is a linear function of the additive environment.

One of the essential features in developing this
regression technigque was the estimation of the environmental
index (Env. Index), as an independent variable, which is
obtained by subtracting the environmental mean from the grand
mean.

Tai (1971) proposed partitioning the GEI effect of the
ith genotype into two stability statistics ai and Ai, based on the
principles of structural relationship analysis. The ai measures
the linear response of the environmental effect, and Ai measures
the deviation from the linear response in terms of the magnitude
of the error variance. A genotype having ai =0 and Ai = 1 is
considered of average stability. Approximate procedures for
testing the hypotheses ai = 0 and Ai = 1 were given, and a
method of obtaining the prediction interval for ai = 0 and a
confidence interval for Ai values so that genotypes can be
distributed in different stability regions were also suggested
(Tai, 1971). The objectives of this study are: (1) to evaluate 10
sorghum genotypes adapted to different environments of Egypt
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for grain yield and some other traits, and (2) to identify stable
high-yielding sorghum genotypes in different environments.

MATERIALS AND METHODS

Ten grain sorghum genotypes were developed by
National Sorghum Research Program at Shandaweel Agric.
Res. Station, Sohag province. Nine crosses were produced from
nine cytoplasmic male sterile lines (CMS-Lines) (A-lines) with
the restorer line (ICSR-93002). In 2017 growing season the
pollen from the restorer line ICSR-93002 (R-line) was collected
to pollinate the nine male sterile lines for producing the nine
Cross seeds. The resultant nine grain sorghum crosses, along
with commercial hybrid i.e., H-305 were planted during the 1%
week of July in 2018 and 2019 growing seasons across three
locations i.e., Shandweel , El-Fayoum Agric. Res. Stations and
other one was in a new reclaimed land namely, Arab El-
Awamer Agric. Res. Station at Assiut Province.

The pedigree of the ten sorghum crosses which
investigated in this study are presented in Table 1. At each
location, a randomized complete block design with four
replications was used. Plot size was 9.6 m2 (4 rows, 4m long
and 60-cm row spacing and 20 cm between hills). Data for
grain yield and the other studied traits were subjected to
analysis of variance using the SAS statistical package. Error
homogeneity was tested and combined analysis of variance
across all environments was performed according to (Gomez
and Gomez, 1984) using the general linear model (Proc GLM)
procedures. All recommended agricultural practices were
applied. Data were recorded on 1000- grain weight (g), days to
50 % flowering, Plant height (cm) and Grain yield which was
measured per plot and converted to ardab faddan-1.
(faddan=4200 m2, ardab= 140 kg).

The linear regression concept of Tai (1971) was used in
this study, a hybrid with average stability will have a.= 0 and A
= 1. Furthermore, a perfectly stable hybrid will have a=-1 and
A = 1. The two stability linear regression parameters can be
represented in two orthogonal axes a (on the y-axis) versus A
(on the x-axis) formatting a hyperbola with the first two vertical
lines delineating the limiting of 95% confidence interval for A
= 1. Also, the two vertical lines and the hyperbola marked two

regions, region A (within the hyperbola) for hybrids that do not
significantly differ from average stability and region B (outside
the hyperbola) for hybrids with stability significantly above
average.

Table 1. Pedigree of the 10 grain sorghum genotypes
evaluated in 6 environments.
Genotype No. Pedigree
1 A SH-8 x ICSR- 93002
A SH-9 x ICSR-93002
A SH-10 x ICSR- 93002
A SH-12 x ICSR- 93002
A SH-14 x ICSR- 93002
A SH-16 x ICSR- 93002
A SH-18 x ICSR-93002
A SH-21 x ICSR-93002
A SH-30- x ICSR-93002
10 H-305 (commercial hybrid)

OCoOoO~NOUOR~WN

Abbreviations: A= cytoplasmic male sterility line (CMS lines)
SH= Shandweel Agri. Res. Station, Egypt.

RESULTS AND DISCUSSION

1. Analysis of Variance

Results of the combined analysis of variance (Table 2)
showing the significant effect of genotypes and locations for all
studied traits. There was nonsignificant effect of year for all
studied traits, except for 1000-grain weight. The effect of
location on Sorghum grain yield and the other studied traits was
greater than the effect of year. Hence, testing at more locations
should be done rather than testing in more years. Matos et al.
(2007) and Torga et al. (2013) found that the line x location
interaction was greater than or equal to the line x year
interaction. Saeed et al. (1984), Ali, (2000) and Ezat et al.
(2010) reported that interaction genotype with locations was
more important than that with years for sorghum grain yield,
plant height, days to 50% blooming and 1000-grain weight.
However, Silvaetal. (2011) and Ricardo et al. (2015) observed
that the line x location interaction contributed less than the line
X year interaction. Laidig et al. (2008) and Meyer et al. (2011)
working with cultivars from 30 different crops reported that the
contribution of Genotype x Year and Genotype X Environment
interaction varies among the crops.

Table 2. Mean squares obtained from combined analysis of variance for grain yield, 1000-Grain weight, days to 50%6
flowering and plant height recorded in three locations and two years.

S.0.V df  Grainyield (ardab fad™) 1000-grain weight (g) Plant height (cm) Days to 50% flowering
Location 2 1309.19** 2427.19** 2274.61** 3161.31**

Year 1 0.040 NS 566.48** 44.78 NS 12.76 NS

Year x location 2 1.17 NS 203.52** 318.38* 20.92 NS

Year x location x rep 18 211 NS 11.71%* 63.05 NS 10.76 NS
Genotype 9 62.15** 76.08** 509.42** 67.10**
Genotype x location 18 22.93** 21.06** 179.72** 95.94**
Genotype X year 9 2.17 NS 21.41%* 72.24 NS 15.58 NS
Genotype x location x year 18 4.18 NS 9.65** 49.36 NS 18.80*

Error 162 2.83 2.73 67.94 10.69

NS**** Nonsignificant, significant and highly significant at 0.05 and 0.01 levels of probability, respectively.

Significant effect of genotype x location interaction,
suggesting that each genotype differentially responded to
the change in the investigated locations. This significant
interaction encourages sorghum breeders to develop high
yielding and more uniform crosses under different
environmental conditions. No significant effect was
detected of genotype x year interaction, indicating that the
trend of genotype changes for studied traits was similar,
except for 1000- grain weight in the two investigated years
(Table 2). In addition, no significant effect of genotype x

location x year for grain yield and plant height. whereas, a
significant effect of genotype x location x year interaction
was observed for 1000-grain weight and days to 50%
flowering, suggesting that sorghum genotypes fluctuated in
the different environments. making focus at the previous
interaction effects, finding adapted sorghum genotypes to
different environments condition strongly recommendation
stability analysis should be done.
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2. Mean Performance and Environmental index (Env.
Index)

Mean performance and environmental index for grain
yield and other studied traits are presented in Tables 3 and 4.
The environmental index is computed as the difference
between each environment mean and the mean of overall
environments. Hence, it is directly reflecting the rich or poor
environment in terms of positive and negative, respectively.

Therefore, the most favorable environments were E2 and E5
(Shandwveel Agric. Res. Station) for grain yield and the other
studied traits. Also, E3 was rich for plant height. On the other
side, the poorest environment was E1 and E4 (Arab El-
Awamer Agric Res. Station) for grain yield and other studied
traits whereas gave negative environmental index. This is may
be due to that a newly reclaimed soil is poor in minerals and
have some abiotic stress.

Table 3. Mean performance of grain yield and 1000-Grain weight for 10 grain sorghum genotypes evaluated in 6
environments (two years and three locations) during 2018 and 2019 growing seasons.

Genotype Grain yield (ardab fad?) 1000-Grain weight (g)

P El E2 E3 E4 E5 E6 Mean El E2 E3 E4 E5 E6 Mean
Gl 1305 2370 1687 1457 2330 1695 1807 1653 2643 1488 1630 3130 2337 2146
G2 1273 2085 1575 1302 2040 1735 1668 1800 2725 2055 1590 3195 2233 2266
G3 1750 2255 1623 1815 2107 1520 1845 2225 2858 2045 2158 3230 2458 24.95
G4 1402 2257 1425 133 2367 1675 1743 2040 3208 2045 1935 3345 2558 2526
G5 1222 2375 1560 1134 2460 1502 1709 1760 3035 1955 1818 3145 2292 2334
G6 1755 2437 1453 1592 2490 1600 1888 2415 3083 1940 2163 3128 2632 2560
G7 1172 1957 1665 1487 1825 1692 1633 1850 2850 2180 2225 3275 2788 2528
G8 1475 1760 1457 121 1820 1520 1540 2553 2865 1965 2643 3385 3330 2790
G9 1090 1828 1413 1115 1700 1257 1401 2193 3243 1798 1938 3373 2287 2471
G10 1096 2060 1305 1137 2020 1225 1474 2053 2960 1850 2430 3135 2765 2532
Mean 1354c 2138a 15.16b 1358c 21.16a 1542b 1671 20.54d 29.47b 19.32d 20.53d 32.34a 25.68c 24.65
Env. Index -3.17 476 -155 -313 445 -129 - 411 482 533 412 769 103 -
CV (%) 1148 637 1063 1046 560 1679 1007 990 801 693 571 566 577 6.70
R. LSD* 214 18 234 195 135 376 0.86 283 342 187 151 - 199 082

E1: Arab El-Awamer (Assiut) 2018; E2: Shandweel 2018; E3: El-Fayoum 2018; E4: Arab El-Awamer (Assiut) 2019; E5: Shandweel 2019; E6: El-

Fayoum 2019
* Revised Least Significant Difference

Table 4. Mean performance of plant height and days to 50% flowering for 10 grain sorghum genotypes evaluated in
6 environments (two years and three locations) during 2018 and 2019 growing seasons.

Genotype Plant height (cm) Days to 50% flowering

p El E2 E3 E4 E5 E6 Mean EI1 E2 E3 E4 E5 E6 Mean
G1 170 182 168 169 186 170 17417 8700 7200 72.00 8458 7025 79.00 7747
G2 163 187 176 163 188 166 17383 8050 6375 78.00 8225 66.75 8000 7521
G3 169 184 179 174 185 182 17883 7925 6875 77.00 7625 6750 7950 7471
G4 188 187 184 179 187 181 18433 77.75 6325 83.00 7700 6725 8400 7538
G5 163 178 183 176 186 186 17876 8350 70.00 85.00 8567 6850 8225 79.15
G6 168 177 18 171 183 178 177.00 7400 6750 83.00 7942 6850 8350 7599
G7 172 176 196 181 188 184 18283 7325 7375 7950 7400 6825 7950 7471
G8 181 183 186 178 185 182 18250 7950 7175 80.75 8575 7250 8125 7858
G9 173 174 174 171 179 175 17433 7350 7250 8100 7225 6850 8150 74.88
G10 161 174 177 165 177 168 17033 79.75 7125 8175 8392 69.75 7800 7740
Mean 171c 180b 181b 173c 184a 177b 17768 78.80b 69.45c 80.10ab 80.11ab 68.78c 80.85a 76.35
Env. Index 668 232 332 -468 632 -0.68 - 245 690 375 376  -7157 45 -
CV (%) 336 494 39% 337 563 565 463 429 383 3.86 5.63 472 281 428
R. LSD* 7.99 - 1052 874 - - 442 478 374 445 6.61 - 353 179

E1: Arab EI-Awamer (Assiut) 2018; E2: Shandweel 2018; E3: El-Fayoum 2018; E4: Arab El-Awamer (Assiut) 2019; E5: Shandweel 2019; E6: El-

Fayoum 2019
* Revised Least Significant Difference

Concerning grain yield, data in Table 3 showed that the
mean grain yield of each environment and the overall grain
yield across environments. Grain yield across all environments
ranged from 14.01 for ASH-30 x ICSR-93002 to 18.88 for
ASH-16 x ICSR-93002. The mean of environments ranged
from 13.54 for E1 to 21.38 for E2. The interaction between
crosses and environments was highly significant and the
crosses ASH-16 x ICSR-93002 (24.90) and ASH-14 x ICSR-
93002 (24.60) under E5 gave the highest values of grain yield,
respectively. On the other hand, the lowest values of grain yield
were detected from H-305 (10.96) and ASH-30 x ICSR-93002
(10.90) under E1. In a closer look at data for E1 finding that
ASH-10 x ICSR-93002 (17.50, 18.15) and ASH-16 x ICSR-
93002 (17.55, 15.92) gave the highest yielding in the two
evaluation years, respectively and may be more adaptable for
new reclaimed soil than the other investigated materials. The
overall grain yield performance across environments indicates
that the highest-yielding crosses were ASH-16 x ICSR-93002

(18.88), ASH-10 x ICSR-93002 (18.45) and ASH-8 x ICSR-
93002 (18.07), respectively. These crosses produced grain yield
more than the commercial hybrid H-305 (14.74) by 4.14, 3.71
and 3.33 ardeb fad and are considering as a promising cross
and may be released as a new sorghum hybrid after further wide
of evaluation.

Regarding 1000-grain weight, data in Table 3 showed
that means overall environments ranged from 21.46 for ASH-
8 x ICSR-93002 to 27.90g for ASH- 21 x ICSR-93002. Also,
means of environments ranged from 19.32 under E3 to 32.34g
under E5. The highest values were detected from ASH-21 x
ICSR-93002 (33.85g), ASH-30 x ICSR-93002 (33.73g) and
ASH-12 x ICSR-93002 (33.45g) under E5. On the other side,
the lowest values of grain weight were shown at E3 for ASH-8
x ICSR-93002 (14.88g) and E4 for ASH-9 x ICSR-93002
(15.9009).

For plant height, the average performance for 10
sorghum genotypes in each environment and overall
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environments are presented in Table 4. The overall plant height
of the 10 investigated sorghum across the 6 environments
ranged from 170.33 for H-305 to 184.33cm for ASH-12 x
ICSR-93002. Also, environments mean overall crosses varied
from 171 for E1 to 184 cm for E5. The interaction between
location and crosses was highly significant and A SH-18 x
ICSR-93002 (196 cm) under E3 had the tallest plants while the
shortest plants detected from H-305 (161), ASH-9 x ICSR-
93002 (163) and ASH-14 x ICSR-93002 (163 c¢m) under E1.
Significant differences were observed between E5 (Shandweel
2019) and other 5 environments for plant height. This may be
due to the environmental conditions at Shandweel were good
for sorghum growth.

Concerning days to 50% flowering, data in Table 4
showed that the overall days to 50% flowering across
environments varied from 74.71 for ASH-10 x ICSR-93002
and ASH-18 x ICSR-93002 to 79.15 days for ASH-14 x ICSR-
93002. Also, we can notice that the environments mean ranged
from 68.78 under E5 to 80.85 days under E6. The earliest
genotype is ASH-9 x ICSR-93002 under E2 with a value of
63.75 days, while ASH-8 x ICSR-93002 under E1 is the latest
one. Generally, we can notice that increasing the days to 50%
Flowering at Arab El-Awamer (E1 and E4) and El-Fayoum
(E3 and E6) Agric. Res.

Stations in the two investigated years compared by
Shandweel Agric Res. Stations (E2 and E5). These results may
be due to a biotic stress in these two locations. The same results
were obtained by Abo-Zaid (2007), Hovny and EI-Dsouky
(2007) and El-Sagheer and Mohamed (2017).

3- Linear Regression for Stability

Tai (1971) stability concept partitions the GEI effect
into two components, o that measures the linear response to
environmental effects and A that measures deviation from the
linear response. The two stability linear regression parameters
can be represented in two orthogonal axes o (on the y-axis)
versus A (on the x-axis) formatting a hyperbola with the first
two vertical lines delineating the limiting of 95% confidence
interval for A = 1. The area within the hyperbola and the two
vertical lines define the region as having average stability,
whereas the area between the two vertical lines but outside the
hyperbola define the area as having “above average stability”.

Also, the two vertical lines and the hyperbola marked
two regions, region A (within the hyperbola) for hybrids that do
not significantly differ from average stability and region B
(outside the hyperbola) for hybrids with stability significantly
above average. Stability parameters for grain yield, 1000-grain
weight, Plant height and days to 50% flowering are presented
in Table 5.

Table 5. Stability parameters of grain yield, 1000-Grain weight, plant height and days to 50% flowering for 10 grain

sorghum genotypes evaluated in 6 environments.

Genotype Grain yield (ardab fad™) 1000-grain weight (g) Plant height (cm) Days to 50% flowering
~  Mean a 2 Mean a py Mean a ) Mean a p

Gl 18.07 0.22 0.66"  21.46 0.23 045% 17417  0.05 219 77.47 -0.19 12.59**
G2 16.68 -0.08 170N 2266 0.04 7.16** 17383  1.08 1.69Ns 7521 0.35 1.84NS
G3 18.45 -0.35  3.92** 2495 -0.16 101N 178.83  0.13 042V 7471 -0.11  0.90Ms
G4 17.43 0.24 1.14NS 2526 0.14 1.80NS  184.33 -0.86 0.84NS 75.38 041 3.11*
G5 17.09 0.57 0.69NS 2334 010 383** 17876 0.36 190N 79.15 0.35 1.05Ns
G6 18.88 017 467 25.60 -0.14 3.00~ 177.00 0.20 053\ 7599 015  3.19**
G7 16.33 -0.37  356**  25.28 -0.08 5.17** 18283  0.07 292 7471 -045  3.44*%
G8 15.40 -044 128N 2790 -021 16.39** 18250 -059 0.12S 7858 011 168"\
G9 14.01 -0.18 094N 2471 020 594 17433 -067 010N 7488 -0.35  5.67**
G10 14.74 0.22 0.34Ns 2532 -0.11  496** 17033  0.23 017N 77.40 -0.06 193\

NS’**** Nonsignificant, significant and highly significant at 0.05 and 0.01 levels of probability, respectively.

Concerning grain yield, when parameters from Tai’s
model are plotted for the 10 sorghum genotypes overall 6
environments, Fig 1 shows 3 sorghum crosses namely, ASH-8
x ICSR-93002, ASH-9 x ICSR-93002 and ASH-12 x ICSR-
93002 as being within the average stability area and shows
high-yielding compared to general mean and are thus the most
stable sorghum genotypes for grain yield, while ASH-21 x
ICSR-93002 and H-305 as being inside the two vertical lines
but outside the average stability zone. On the other hand, the
ASH-10 x ICSR-93002, ASH-16 X ICSR-93002, and ASH-18
x ICSR-93002 are far from the acceptability area and are

P E

considering the most unstable sorghum genotypes for grain
yield.

Regarding 1000-grain weight (Fig 2) 2 out of 10 grain
sorghum genotypes namely, ASH-10 x ICSR-93002 and ASH-
12 x ICSR-93002 fall within the average stability area and are
considering the most stable sorghum genotypes of the
investigated materials. Also, ASH-8 x ICSR-93002 is being
inside the vertical line but outside the average stability zone.
The most unstable grain sorghum genotype is ASH-21 x ICSR-
93002 whereas falls far from the acceptable area.

Grain vield

- | ASH-14 x ICSRISOOZ

H-5 05

- = - ASH-1Z X ICSR9 S003

ASH-Bx ICSROS00E
T o.o0 - -

- ASH-30 X ICSRIS00Z

| P——

- ASH-9 X ECSR9S00Z

- ASH-Z21 x| CSRIOFODOZ

- ASH-16 x HCSRO300 2

- - ASH-10 x ICSRIS00E

548 A i3
A

Fig. 1. Plot of parameters a and X for Tai’s stability method for 10 grain sorghum genotypes.
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Fig. 2. Plot of parameters a and A for Tai’s stability method for 10 grain sorghum genotypes.

Concerning plant height, (Fig 3) five grain sorghum  ASH-10 x ICSR-93002, ASH-14 x ICSR-93002, ASH-21 x
genotypes namely; ASH-8 x ICSR-93002, ASH-9 x ICSR-  ICSR-93002, and H-305 fall within the average stability
93002, ASH-12 x ICSR-93002, ASH-14 x ICSR-93002and  area and are considering the most stable grain sorghum
ASH-16 x ICSR-93002 as being in the average stability and  genotypes. On the other hand, ASH-8 x ICSR-93002 and
are thus the most stable genotypes for plant height. Themost ~ ASH-30 X ICSR-93002 are being the most unstable grain
unstable grain sorghum genotype is ASH-18 x ICSR-93002  sorghum genotypes whereas fall far from the acceptable
whereas falls far from the acceptable area. area.

Regarding days to 50% flowering (Fig 4) 5 out of 10
grain sorghum genotypes namely; ASH-9 x ICSR-93002,

D ays to S0% flow ering
Y
1.50

o500 |ASHS® x ICSKe3poz
-

ASH- 14 «x ICSK93002I &«

" o0.00 o Ao H-305
o -
T ASH 21 x ICSR93002 -
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-0.50 — |
B
—1.00
_1.50
0.0 10 2.0 3.0 4.0 50 5.0 7.0 5.0 2.0 10.0 11.0 12.0 13.0

Fig. 3. Plot of parameters a and X for Tai’s stability method for 10 grain sorghum genotypes.
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" aned = - *_ASH-18 x ICSR93002
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g ASH-8 x ICSRO 3002
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—

-roe (| ASHEO0xICSRII002 \
B
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Fig. 4. Plot of parameters a and A for Tai’s stability method for 10 grain sorghum genotypes.
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