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ABSTRACT

This investigation aimed to study the stability and performance
across 8 environments of twenty-cight genotypes of grain sorghum and
two commercial hybrids as checks (Sh.1 and Sh.2). A model for
partitioning genotype X environment effect of the hybrids was
suggested. Combined analysis of variance across environments
indicated that the mean squares due to environments (E), (Gyand G x E
were highly significant for all the studied traits. The estimates of
coetticient of variation (C.V) suggested that the stability of grain vield
must be considered in studying G X E effects. Yield performance of
each hybrid showed different ranking across the studied environments,
three hybrids surpassed the check (Sh.1). Mean squares due to parental
lines, crosses and lines versus crosses were highly significant, The data
indicated that the non-additive genetic effects were twice bigger than
the additive effects. Also, the variances due to the interaction between
environment and genetic effects of males, females and males versus
females, were highly significant indicating the additive and non-additive
effect respond differently to environmental factors. The combining
ability over several environments was also studied to obtain unbiased
estimates of genetic parameters. The female parent ICSA- 88004 wasa
good general combiner for yield and nine hybrids were the best with
regard to specific combining ability. The results showed that the
participation of deviations from the linear responses (S°;) in the
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variance duc to GE is more important than that due to linear regression

(b)). W, values revealed that crossing between two stable lines may not
produce the most stable hybrid, in other words, the heterosis and other
effects may have a role in the final stability of any hybrid. The hybrid
ICSABBOO4XICSRI2003 was the rmost stable, ICSAT4XICSR93004
was moderately stablc and ICSA14XICSR89037 was the most unstable.
Variances and covariances of these hybrids revealed that the difference
in direction (sign) of the interaction between GCAX.E(l) and
GCAXEM) led to diminish the GE effect of the hybrids and
consequently decreased W, values or increased stability. These results
aid the breeder to predict the most stable hybrid that couid be
recommended for growing across difterent environments.

Key words: combining abilitv . grain sorghum , hybrids , stability
paramelers.

1. INTRODUCTION

New hybrids to be released must show high performance for vield
over a wide range of environmental conditions. In other words, the
superior hybrids have to be highly stable and possess a great yvield
potential. The instability of genotypeX productivity under different
environments is duc to high genotype environmental interactions (GE-
(Interaction}. This phenomenon atiracts the attention of several workers
and breeders hence. numerous investigations were conducted to
elucidate it. The mos! common definition of stability in crop plants is
the repeatability or consistency of performance in different
environments.

To pave the way for a greater understanding of this phenomenon,
several parameters and methods were postalated to define and estimate
stability. The vartance of a genotype across environments was used by
Roemer (1917), this variance considers all deviations from the genotype
mean and is kmown as environmental variance. Wricke (1962)
developed this statistic of stability, which squa.ed and summed GE-
interaction effects across all environments and :ermed it as ecovalence
(W1). Shukla (1972) discussed this paramcter and developed an
unbiased estimate of this variance.
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A linear relationship between GL-interaction and environmentai
effects was observed so that several researchers suggested models to
calculate a linear regression coefficient in order to characterize the
specific response of genotypes to varving environmental conditions
(Finlay and Wilkinson, 1963, Eberhart and Russell, 1966, Perkins and
Jinks, 1968 and Tai, 1971). The GE-interaction splits into two parts, i.e.
the first part due to the linear relationship between GE-interaction
effects and environment effects, (bi) estimated as a linear regression
coefliciemt while the second part is a deviation from the regression line
(di). In these methods, the physical environmenial factors are not
regarded but a biological value for each environment is used that called
environmental index.

According to genotype ranks in different environments, Haldane
(1946) suggested other methoeds to study stability. Other methods
depending on multivariate analysis were used (Calinski et af., 1987 a
and b).

On the other hand, the effects of genetic components received
limited attention. Patanothai and Atkins (1974 a and b) compared the
response of 16 F; hybrids and 48 related three-way crosses along with
their parental lines to arange of environmental conditions. Three-way
crosses as a group were slightly more stable for grain vield than F,
hybrids. Moreover, Becker and Leon (1988) stated that the homozygous
genotvpes show larger GE-interactions than the heterozygous ones and
they summanzed many investigations on the effect of genetic
heterogeneity compared with homogencity that revealed that
he cerogencous populations show small GE-iateract?.ins.

Bains (1976) crossed wheat lines, which were known to ditfer
widely in their values of bi and $°d;, and developed unselected Fy-lines.
Yield and siability of parents and F, lines were estimated in independent
trials. The bi values clearly reflecled the parental values.

In the present study, the role of GE-inmieraction effects on
differcnt agronomic characters will be compared. At the same time, the
genetic variability and yield productivity of 28 grain sorghum hybrids
and their parental lines grown across diverse environments will be
cvaluated with the genetic system controlling grain yield. Finally, the
possibility of selecting certain parents for hybrid constitution to be
stable over different environments will be investigated.
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2. MATERIALS AND METHODS

Twenty-eight grain sorghum crosses were made at Giza
Agricultural Research Station, ARC during 2000 growing season.
Theses crosses were produced by crossing four male sterile (A) lines,
viz., ICSA-1, ICSA-14, ICSA-88004 and ICSA-88006 and seven
restorer (R} lines, viz., ICSR 89016, ICSR-89022, ICSR-89037, ICSR-
89053, ICSR-91022, ICSR-92003 and ICSR-93004. The crosses and
their parental lines as well as the two commercial hybrids (checks) viz.,
Shandaweel-1 and Shandaweel-2 were evaluated in four yield trials at
Giza, Nubaria, Sids and Shandaweel Agricultural Rescarch Stations and
repeated during two seasons (2001 and 2002). A randomized complete
block design with three replications was used in each trial.

Each experimental plot was four rows, 4 meters long, 60 cm
apart. Planting was carried in hills spaced 20 cm apart within rows and
seedlings were thinned to two plants per hill. All the agronomic
practices were followed whenever needed as recommended for grain
sorghum, Data were recorded for days to 50% flowering, plant height,
leaf area, panicle length, panicle width, 1000 kernel weight and grain
yicld/plant. Data collected from each trial were subjected to the standard
analysis of variance and the combined analysis was also performed.

2.1, Statistical analysis
The model used
X =p+Gi+ B+ (GE)p + () (1)

Where Xy, is the observed phenotypic mean value of genotype |
(I=1, 2 ... G} in the environment k (k=1, 2 ... E), p is the overali mean,
Gy is the effect of the I" genotype, Ey is the effect of kth environment,
the (GE) is the interaction cffect of the I® genotype and the k™
environment and (e is the error attached to the I genotype in the k"
cnvironment.

The stability parameter postulated by Wricke (1962) depends on
the (GE)y, effects squared and summed across all environments that was
denoted as ecovalence (W,). It may be cstimated as follows:

Ecovalence: W, =¥ (Xj, — Xi. — X + X,V A(E-1) (2)

Where X is the general overall mean, X; is the genotype mean
for 1 genotype across used environments and X is the environmental
mean for k environment or genotypes mean in this environment.
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Concerning the genetic effects of a genotype and using general
and specific combining ability terms to partition the genetic effect to its
components, the following formula was used

Gyi=g tg+s 3)

Where G,j iS the genetic effect of the cross between the i and j
parents, g is the gencral combining ability (denoted gea) of 1" parent.
and S; is the sgeaﬁc combining ability (denoted sca) for the cross
between i and j" parents.

In the same way the Gekl can be partitioned to their components,
50 that

GEy =gk + gky + sEy (B

Where the Gey is the interaction effect of the cross | between i
and j parents with the environment k, gEj is the interaction between gea
of the i" parent and sEy is the intcraction eff“ct due to the k”
environment and sca of the cross between the i” and j” parents. When
the gca and sca cffects estimates in ditferent environments separately.
cach component will be attached with its counterpart interaction effect
with an environment. Thercfore, the latter interaction effect can be
calculated using the following formuia:

gEﬁc Bi-Lic (5)

Where g is thc general combining ability effect of i* parent in
the k™ environment and g is the general combining ability effect
overall environments used in the study. Similarly, the interaction
between SpCClTlC combining ability with an environmciit can be
calculated using the following formula:

SEqk = Siw - Sije (0)

Where s is the specific combining ability effect of the i parent
and the jm parent when their cross-grown in ervironment k" and Sijc 18
the specific combining ability effect overall environments used in the
study.

Considering the variance of GEy across environments termed as
ccovalence (Wricke, 1962), it can be divided also as follows
V(GE=V(gEx) + V(gEu) + V(sEy) + 2COVIgE, sky) +
2COV(gEju.sEp) + 2COV(gEi.gEwy (7}

In contrast with diallel designs, independent female and male sets
of parents are usually used in North Carolina Design Il (Comstock and
Robinson, 1948) and Line x Tester so that the latter term COV{gE;.gE ;)
might be minute and insignificant so that it will be neglected.
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The variance of gEy V(GEy) is the sum of squared gE; divided
by (E-1) and the variance of sEjy V(sEj) is the sum squared sEj
divided by (E-1) while the covariance COV (gEysEy) is sum of
products of gk, times sk divided by (E-1).

Aiming to compare between variances of different studied
characters that can be due to the genotypeX environment interaction
(GE), the variances due to GE interactions were calculated from the
expectations of the mean squares presented in Table (1). To compare
variances of different trait variances were divided by their
corresponding means to calculate the coefficient of variations (C.V.)

Combining ability analysis estimates were calculated according
to Hallauer and Miranda (1981). Other parameters were calculated
according to the above model.

Table (1): A portion of the combined ANOVA showing the partitioning of
sum squares for F; hybrids and expectations of mean squares,

T

i Source of variation df Mean Expectation of mean ]
L square squares
| Genotypes (G) G-1 M3 o’ + rofg t rhe?y
Genotypes X locations (GxL) | (G-1)(L-1} | M2 al+roly
Error Lir-1){g-1) | M1 o’

3. RESULTS AND DISCUSSION

Combined analysis of variance for all studied traits across
environments revealed highly significant mean squares due to
environments (E), genotypes (G) and genotypes X environments for ali
studied characters (Table 2). These results clarify the great variation
among the tested genotypes and environments. The highly significant
GE interactions indicate that different genotypes respond differently to
effective environmental factors for all studied characters. Eskridge
(1990) and Kang (1993) attracted attention to the GE interaction in
selecting the high yielding and stable cultivars.

The esthmates of coefficient of variations (C.V.)} shown in Tabie
(2) revealed that the GE-interactions affecting 1000 kernel weight and
leaf area are considerable. On the other hand, the days to 50%
flowering, plant height and panicle length were more stable and had
lower C.V. estimates due to GE-interaction. Nevertheless, grain yield
per plant, which is the final expression of plant performance displayed
medium effect of GE-interaction.



Table (2) Combined analysis of variance for evaluating 41 genotypes for characters
studied across diverse environments .
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Mean squares

df SUJ‘_’_ Plant Leaf Panicle | Panicle lﬂ@ Grain Kernel
“.o“u- heigir area length width lm."d yield/plant number
_-ing weight
Environments (£) 7 627.9 12088917 10559338 | 569.14° 7025 2522.24" 7637.86" 5831456.69
Error a 16 5.00 145.15 3869.29 19.64 10.42 10,087 34,95 8728246
Genotypes () 40 S0 1045183 | 15936745 | 16817 | 1740 12547 252583+ 1816443.89"
G.E. 280 32597 59751 59559.93" 2136 10.16° 3265 366,61 52071579
Error b 6d0 | 508 94,59 38593.57 4.79 7.04 5.09 25.10 62254,70 7]
| GV 4.23 7.9 15.52 8.07 14.26 1612 12.23 9.02

+ C. V due to GE-interaction

* and ** indicate significance at 0.05 and 0.01 level of probability, respectively.
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3.1. Average performance

Average productivity of the tested genotypes including checks in
the eight environments is presented in Table (3). All the evaluated
hybrids produced grain yield significantly less than the check hybrid
Sh-2 (100.86 g/plant),. However, the three hybrids ICSA 14 x ICSR
92003, ICSA 88006 x ICSR 92003 and ICSA 88004 x ICSR 89053
produced grain yield statistically equal to the other check Sh-1; their
average vields were 93.36, 92.12, 90.50 and 90.42 g/plant, respectively.
The least yielding hybrids were ICSA 1 x ICSR 89022, ICSA 14 x
ICSR 89037 and ICSA 88006 x ICSR 93004 that produced 74.12, 73.90
and 70.11 g/plant, respectively.

Comparing  hybrids with their parental lines over all
environments, showed that the hybrids produced 82.85 g/plant that
exceeded the parental lines by (67.79 g/plant) by 22.22% so that the
advaniage of hybrids over inbred lines is proved. The cytoplasmic male
sterile lines were the least vielding genotypes, their grain yield were
50.20, 53.75, 63.85 and 58.24 g/plant for ICSA-1, ICSA-14, ICSA-
88004 and ICSA-88006, respectively. Nevertheless, there were
significant differences between these lines.

The best environment was Nubaria in 2001 season in which each
plant produced 94.22 g of grain on the average, while the productivity
was 68.54 g/plant at Shandaweel, in 2001 season. So the latter
environment was considered the least productive one in the present
investigation.

The genotypes showed different performance in different
enviroiments so that the grain yield differed significantly from one
environment to another when tested by the least significant difference
due to GE (6.33). As an example, the hybrid ICSA-1 x ICSR-89022
produced 65.70, 119.67, 5553, 74.50, 69.17, 73.27,59.33 and 75.80
g/plant in the cnvironments EL,E2, E3, E4, E5, E6, E7 and ES,
respectively. The averages significantly differed from one environment
to another. This result may be attributed to GE interactions.
Consequently, ranks of this genotype differed in environments that were
36, 5,38, 15, 32, 34, 38, 16, and 32 in the same order of the E1 to E8
environments, In contrast, the hybrid ICSA-1 x ICSR-89016 produced
74.23, 89.57, 85.6, 62.67, 75.57, 84.6 and 83.33 and 68.33 g/plant in
environments E1,E2, E3, E4, E5, E6, E7 and E8, respectively. The
averages showed less significant differences from one environment to
another than the above case. This result may be due to less GE
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Table (3): Average grain yield/piant, g of 28 sorghum hybrids and their parental lines {four A lines and seven R lines) and two checks evaluated in eight environments.

[ Giza 2001 Nubaria 2001 Sids 2001 Shandaweel 2001 | Giza 2002 Nubaria 2002 Sids 2002 . Shandaweel 2002 Combined |

'1__GENOTYPE Yield . Rank | Yield | Ran Yield ’ Rank Yield Rank | YVield | Rank | VYield . Rank | Yield | Rapk | Yield | Rank Yield | Rank

, 1CSA t x ICSR 89016 74.23 27 1 8957 28 85.60 19 62.67 30 [ 75.37 [ 2% 84.60 25 8333 ¢ 21 | 6833 Iz 77.99 27

| tCSA 1 x ICSR 89022 65.70 16 I19.6 5 3533 38 7450 i5 ‘ 69,17 ‘ 32 73.27 34 39.33 38 75.80 16 74.12 32

t HCSA 1 x 1ICSR 89037 88.03 i2 9787 | 17 85.50 20 79.07 1 80,50 | 22 9110 ' U6 97.00 1 74.47 20 86.82 9

1 HCSA 1 x TCSR 89053 69.03 32 95.23 ‘ 24 9433 - 10 8343 5 66.20 35 ; 959G 3 91,13 4 81.83 10 84.94 13

I 1CSA t x FCSR %1022 78.30 23 1 19 L 9 I08.30 1 64.33 | 28 82.73 16 85.80 22 93.33 5 ! 58.8¢ 34 8520 Lt

S ICSA L x HCSR 92003 83.40 ] 1034 i3 105.77 3 70.37 1 20 l 81,47 19 23.00 | 26 85.17 18 6273 31 84,42 16

i 1CSA § x ICSR 93004 92,23 1 10 96.57 19 33440 40 68.03 23 1 L43 g w87 18 733 32 66,53 28 78.67 26

I 1CSA 14 x ICSR 89016 080 20 9897 16 100.57 7 63.73 29 1 31.33 20 ¢ 8497 0 24 94.37 2 69.93 26 84.33 7
1CSA 14 s ICSR 89022 88.77 HoD 4 12 93,43 1 7647 12 85.50 | 12 76.77 K} 92.67 8 79.07 12 847.0% 8

I 1C5A 14 x ICSR 89037 606.13 15 635.00 37 | 9827 ¢ 8 | 4787 18 | 6457 36 66.30 g 92.00 9 G1.07 4 ] 73.90 34

¢ ICSA 14 x ICSR 89053 84.37 12 97.77 . 18 166.67 2 7093 18 v 89.67 Q 9R.23 t 89.67 A3 757 18 ; 89.06 6

CICS A 14 x ICSR 91022 7633 | 25 65.40 36 88.97 15 1 6820 22 74.83 27 63.67 4 87.67 16 9447 2 77.44 28

! ICSA 14 x FCSR 92003 9687 i 4 11072 10 104, 76G 5 l 70.50 14 1 94 .57 : & ;. 8803 . 19 93.47 3 9433 3 93 34 2

S 1CSA 14 x HCSR 93004 ! 60.80 ‘ 39 [ M50 27 187 | 6 [ 44,70 40 P THOD ‘ 29 ‘ 79.90 29 74,80 30 | 7870 13 75.33 | 0

i 1CSA 88004 x ICSR 895016 ; 81.73 | 18 92.50 26 0 B34D 25 1 3530 15 K663 B 5407 9 89.33 14 1 4087 £ 4423 . 18 i

I LCSA 88004 x JCSR 89022 ;| 78.67 2 I0LL 14 9G.37 ¢ 13 8457 2 78,13 23 9417 | & R6.33 i7 7287 24 1 8384 | 10

i HCSA 88004 x ICSR 89037 1 75.27 26 99,50 i5 86.33 | 18 7077 17 8327 14 04.57 [ 82.00 24 86,77 & | 8519 ° 12

| 1CSA 88004 x ICSR 89053 | 93.03 g ‘ 1274 2 01,53 I 32 58.23 3 03.23 3 94,27 | 7 91.00 10 7330 22 L 9050 4 |

i [CSA 88004 x ICSR 91022 . 9570 6 ! 130 1 8 so.on P27 659.33 21 89.17 ] 7373 33 82.00 25 23.00 23 ] 84,53 15 l

| JCSA BBOD4 x ICSR 52003 | 8423 4 1 9580, 21 | 8730 . 6 7593 13 82.23 L 17 20.00 I 17 83.83 i3 73.80 21 1 8479 14

i 1CSA B8004 x ICSR 93004 | 96.03 ! 51 9460 25 | 8147 l 26 66.50 ‘ 28 9620 1 2 36.80 21 R4.00 19 63.40 3004 &8s 19

1 1CSA 88006 x [CSR 89016 | 70.10 30 115.3 7 | 85.30 22 66,17 2 6860 1 34 96 .67 | 2 8233 1 23 62.20 32 | 80.86 i

| FCSA 88006 x ICSR 85022 | 81.27 19 80.10 | 31 79.00 ‘ 28 ‘ 8497 3 8533 13 80.13 28 72.00 33 7740 4 L 80.03 25

| [CSA 88606 x ICSR 89037 | 87.30 34 96,47 20 | 8%.63 14 67.00 24 76.33 24 94.03 & 10 79.33 26 80.93 il . §I J8 22

. 1CSA 88006 x ICSR 89083 | 7237 28 7837 ;13 75.83 30 7977 | 13 68.70 33 L7827 0 30 76,97 28 7437 19 \ 75.64 29

‘ ICSA 88006 x ICSR 91022 | 69.97 k| 82.00 30 71.27 12 3533 \ 34 7127 ' 3t 8163 1 27 76,57 29 52.87 37 1A . 37
1CSA 88006 x ICSRI2003 | 97.27 2 | 105.2 T Y467 9 73.07 16 97.40 ‘ i 93,40 it 92.87 7 83.07 9 9212 . 3

’ LCSA 88006 x ICSR 93004 | 79.03 21 95.30 23 85,49 21 96.03 | | 17500 26 96.03 4 93.10 5 1 8527 7 [ 88.15 7
ICSR 89016 6320 | 37 1162 & 7747 29 8313 [} Add3 7 i 85.60 ] 7327 31 8527 8 | 81.32 23

| ICSR §9022 97.10 | 3 58.03 +l 66.60 35 51.87 36 93.63 7 69.2G 6 | 7200 34 54.23 6 L7040 36

+ ICSR 89037 8213 17 79.00 a2 56.27 37 8103 8 84.63 15 7493 | 32 9007 12 43,70 4y ‘ 13.97 33

" 1ICSR 89053 ¢ T3 29 121.5 4 Rd 10 24 64.37 27 . B85 - 21 93.33 12 .23 35 66.27 29 I 81 .?5 i

i ICSR 9022 1 9310 7 63.09 kL) 6l).47 16 80.37 i 3 7440 l 28 87.83 20 o483 | 37 _576..’:7 35 I 7253 35

IC_bR 92003 : f”ﬁ.}l] . 24 9543 22 %4‘40 : 33 82,§7 | ? 7243 i i ! 93._I3 14 82.70 . %2 _.;S.b"n' _1’7 | 82.82 20

- ICSR 93004 i 8240 6 . 32.00 29 54.37 19 46.77 39 82.17 ¢ 18 9327 i3 83.80 20 71.93 25 745 3

CICSA L 49,40 o p333 1 38 1723 41 IRE0 | B3 ] 4470 ] 46,90 38 5387 40 47.33 38 é()ZU 4]

 JCSA 14 30.20 40 62.70 | 40, 764 31 61.00 J 32 ¢ 3860 E 40 65.13 40 3547 41 4?.27 4 33,75 40

I ICSA 88004 I 7,40 33 6770 | 33 | 68,30 34 61.67 3 6220 1 38 1 A9.60 | 35 54.63 39 59.33 33 6].§5 3?

C ICSA 88006 1 6143 38 6937 34 70.63 13 4943 t 7 35.33 l 41 68.07 37 537.63 36 44.2() 39 38.24 3_?

. Sh-{ | 9247 9 127.0 \ 301 8710 17 1 7513 ‘ 4 L9567 3 $2.50 15 7717 b7 %27 15 90,42 300

| sh-2 | 23 ] Pazog b 10337 4 | 813D Tes3i 4 | 9es7 0 3 19053 | 11« 987 l T lese s

L Meqn | 7896 loazs | {8258 | 68.54 | | 7784 | 1 8d32 0.35 JINE] 17986 ! i

L.5. D005 between environments is 3.22, L.S.D. .45 between genotypes is 3.43 and L.S. 1, g5 due to interaction is 6.33
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mteractions. Thus the different ranks of this genotype in the E1-E8
environments  were 27.28,19,30,25,25,21and27 respectively, that
showed confined range from the 19” to the 30”. Similar results were
reporied by Eweis 1998 and Mostafa 2001.

3.1.1. Genetic analysis

Data in Table (4) preseni the combined analysis of variance for
grain yield of four male sterile lines (females), seven restorer lines
(males) and their 28 hybrids evaluated over eight environments. The
mean squares due to environmental effects was highly significant
reflecting the varied edaphic and climatic factors influencing sorghum
plants. Highly significant mean squares due to the tested genotypes
suggested the presence of important genctic variation among these
genotypes. However, partitioning the latter mean squares to parental
lines, crosses, and lines versus crosses resulted in three highly
significant components ol mea n squares. The lines were too diverse to
produce significantly different crosses. The highly significant mean
squares due to lines vs. hybrids is a confirmation of the presence of
heterosis. The mean squares attributed to crosses were subjected o
more partitioning aiming at studving the genetic variance affecting the
crosses. Both effects of male and female parents were highly significant
indicating the important roie of additive genetic vartance controlling
grain yield of sorghum. On the other hand, the highly significant effect
of interaction between genetic systems of male and femcle lines in the
crosses | ndicated the major role of non-additive genetic effects
controlling grain yiela. The proportional participation of males, females
and the interaction effects in thc crosses variance were 235, 8.7 and
66.3%, respectively. These results clanfy that the participation of the
non-additive genetic effect is twice that of the additive effects.

Mean squares due io genotype x environment interactions were
highly significant (Table, 4). This result suggests that the genotypes
used responded differently to effective environmental factors. However,
the partitioning of mean squares due to the interaction between crosses
and environments resulted in threc highly significant components that
were mean squarcs accounted to interactions betw cen environments and
genetic efflects of males, females and males X females. So, genetic
systems  controlling additive and non-additive effects responded
differently to environmental factors. Patil and Ghopde (1981) stated the
necessity 1o conduct studies on combining ability over as many
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environments as possible for obtaining unbiased estimates of genetic
parameters.

Table (4) Analysis of variance for grain yicld of four male sterile
lines (females), seven restorer lines (males) and their 28
hybrids across environments.

Source of Variance df MS.
Environment (E) 7 6700.39"
Error 16 4231
Genotypes (G) 38 2293.81"
Crosses Vs parents 1 34346.51
Parents (P) 10 3] 18.4%"
Crosses C 27 801.27
Female effects (F) 3 627.12"
Male effects (M) 6 89984"
Female x Male effects 18 797.43:*
GXE 266 366.13"
GxPxE 7 767.02:
PxE 70 483.49"
CXE 189 307.81°
FxE 21 571.76
MxE 42 240.94”
F.MxE 126 289.117
Pooled error 608 24.83
3.2. Combining ability

3.2.1. General combining ability (GCA)

Estimates of general combining ability (GCA) effects for grain
vield at each environment and combined over all environments are
presented in Table (3).

Combined over all environments, the female parent ICSA 83004
proved to be the best general combiner as its significant GCA effect
(2.68) surpassed those of the other female parents. On the other hand,
the A lines ICSA 88006 and ICSA-1 displayed lower GCA eftects that
were -1.67 and -1.11, respectively. Unfortunately, the estimates of
(GCA) effect were greatly changed from one environment to another.
The GCA effects for ICSA 88004 were (36,13%% +6.35%%, .2.07%%,
-0.73%, +6.59** 43.62**¥ +1.02 and +0.51) and for [CSA 88006 were
(-3.49**, -3.80%*, -4.86%%, +5.00%*, -3.45%% +0.55%* -331** and -
1.98%) in environments E1, E2, E3, E4, E5, E6, E7 and ES§, respectively.
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Table {5) Estimates of general combining abifity effects for yield at eight environments.

Entries | ® __i_ 2 T a [ EF ] E8 ] Combl

i 1- Females (A-lines) e . R _

[ICsA ST e TATRS T s TR 4 S0IR [T [ aees I NRTRON

L ICEA 24 e | 723 J 10765 | ha2rr 1 4033 1 65 ] 407 | aTdTr | S0

! ICSA 85004 SH.UIH | 1635 | 20T | BTBF | 465 | £3A20 | 4102 H05L | 42680
FCSARRONG R I T R T B e T Y R T & A T S I
S.E. of zi .62 9| 204 (%3 058 l 167 0.97 .0 099

| SEefgigi a.87 11z 288 1.87 W37 g VAR 1 037 | 168 LM
2- Restorer lines

| ICSRR90EE 383 205 085 | 765 | 1.93* ] 03 ] s (28 | 1000 |
ICSR8%22 5 | g [ 83w | ooeoer | oap 1 aeer | e 0.50 -1.09*
LCSREY037 S0 | 138 L 2060 | 32 | 4300 | opTiee ) 239s | 7age L3
HCSKE0S3 055 L 262t | 42T [ 347 192 | 542t | 2S5 0.5 2194
ICSRH22 007 | 48 | w7s | s27 | 147 | 9m3e | 630 | 600t | 3530+
1CSRIHON3 1009+ | &Ra*e | omgen | 288~ | 7980 | 25m | ogogex | 270 | 45824+
ICSRE3004 LT8* | 284 | 359% | R0 | 319 186 | 403 | 23800 | 136
SE ofgi [¥]] 103 270 100 072 | 136 1.28 i58 130
(S-Eofgigi | 11§ | 14 S I L1 102 [ 192 | 182 1M 186

Crosses 1 EX: | _EJ E4 | :f
(SA-T x [CSR890L6 L2 14.27 .64 -tA5 B35
HCSA-E x JICSREY22 -1t 36 13.73 S20LE7 -1.88 -1.55
1CSA-1 x HUSR8Y037 15,39 348 .65 .4 608
{CSA-E x ICSR8MSS 912 -9.14 6.17 3.19 -4
1CSA 1 1 IUSR91022 423 5 1268 24.95 -247 645
§OSA-F x ICSR22003 -0.2, -4.17 1214 -4.18 -3.64
SA-1x FUSRIN4 11,75 -2.53 -2310 -2.93 1Y
SA-H x ICSREM16 5.18 706 [BE} 8.19 326
A-14 x ICSREY022 1.2 1002 2.34 2.66 6.29
“SA-14 x ICSRE9037 -6.95 -17.48 -13% -1204 | -10L77
A-14 x ICSREBY053 &7 £.29 382 4.26 .04
TSA-14 CICSR91022 -2.65 19.9% -§.8% 14.27 -4.33
‘SA-U x HOSRI2043 7.52 11,53 -6.4| 4,45 S48
CSA- L4 x ICSR93004 - 348 9.8 <370 -3.83
SO A-8R084 ¥ ICSIRYIG - -1299 |, 338 -8.94 261
£ 5A-88304 x HCSRBY(22 -6.07 -6.45 1295 SA47 -7.9%
1CSA-8B064 ¥ 1(CSR8%037 A5 144 -bL53 6017 2.0
108 A-B8004 x HCSRBIGS3 20 b 1,46 1412 85.70
HCSA-88004 x ICSR?1022 .49 14.10 -5.06 891 3.08
FCSA-B8004 x FOSRG 03 5.7 -5.N1 L28 7= ;o -67
HOSA-8BU04 x 1CSRe30NS 7.8% -6.0 3.25 -1.59 | S48
i1 5A-88006 x ICSREIBIL 33 2007 1.4 080 | 59
BOSA-88006 x 1CSR8901: 6.5 ¢ 1736 437 026 9.1
I $OSA-BROG § TUSRBI0IT -3 1 inse 4.56 ~4.42 3.1
| 1CSA-88006 1 1CSREIDSI -3.84 1753 AN 16K -7.RG
§€S A-88000 x LCSRYL22 -6.61 -6.80 -11.8 -14.0 -4.7%
B S A-RSU66 x HOCSRI20443 103 611 12 4,40 £1.93

| 1G5 85006 « ICSRI3004 05 | 468 | w97 | mm | 87
3 L6I7 | 208 | 539 | 2m 143
230 | 296 | 761 : 284 | 285
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The reason for that might be due 10 GE interaction. This deduction is
assured by highly significant mean squares due to interactions between
environment and genetic effecis, (Table 4). Thesc results arc in the same
line with those obtained by El-Menshawi (1996) and Mostala and El-
Menshawi (2001).

3.2.2. Specific combining ability ((sca)

Estimates of specitic combining ability {SCA) effects for grain
yield at each environment and combined over all environments are
presented in  Table (6). The hybrids ICSA-IXICSR89037,
ICSAI4XICSR 89016, ICSA-1XICSR 91022, ICSA 88004 X ICSR
51022, ICSA-14 XICSR89053, ICSA 14 x ICSR92003, ICSABR006 x
ICSR92003, ICSA88004xICSR89053 and iCSAB8006 x ICSR93004
had significant positive (SCA) effects for grain yield in most
environmenis. But the individual estimates indicated that non-additive
genetic (SCA) effects were greatly changing from one environment to
another. 1t is similar in trend as the additive genetic (GCA) effects.
Hence, the stability parameters have to be calculated.

3.3. Stability parameters

Combined analysis of variance for grain yield/plant according to
Eberhart and Russell (1966) is presented in Table (7). Highly significant
mean squares due 1o genotvpes revealed the presence of varnability
among them. Genotype-environment interacti n and  environment
effects were highly significant which encouraged estimating stabifity
parameters. The mean squares due to different lincar responses of
genotypes to environmenta) changes were highly significant indicating
thzt genotypes may genetically differ in their response to envircimental
fluctuations. The deviations jrom the lines of the response of genotypes
were large enough to cause highly significant mean squares. The
relative participations of lingar response and deviation sum of squares in
the total sums of squares due to genotype X environment interaction
were 21 and 79%, respectively, indicating that the deviation from the
lingar responses is more important. These results are in the same line
with those obtained by Vasil and Milas {1984).

The ideal hybrid as proposed by Eberhart and Russell {1966)
would be the most productive one over a range of environments, that
has a linear regression coefficient (b;) statistically equal to onc and
deviation mean squares from this linear regression (S°d,) that does not
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statistically differ from zero. The data presented in Table (8} indicate
that 12 hybrids have linear regression coefficients across all
environments equal to unity. These hybrids are H2, H4, H7, H10, H12,
HI3, H14, HI5, H21, H23, H25 and H28. Two of them H25 and H28
fulfilled, most of Eberhart and Russell’s (1966) requirements to be
stable hybrids. They are moderately productive hybrids as their grain
yields were 77.64 and 88.15 g/plant, respectively.

Table (7) Analysis of variance according to Eberhart and Russeli

(1966).
Source of variance | DF. ) M.S
Genotypes (G) 40 252587
| (GXE) 280 54397
Environments (E) 7 53465.18"
GXE (linear) 40 559.56
Pooled deviation 246 32631
Error. 640 ] 25.01

The other hybrids H1, H3, H5, H6, Hg, H9, H11, H16, H17, H18,
H19, H20, H22, H24, H26, and H27 had (bi) estimates more than unity.
According to Breese (1969) these hybrids would be adapted to more
fayorable environments and rcspond to ever y environmental
improvement. Among them four hybrids showed insignificant $’di i.e.,
Hi, H20, H22 and H27, they would be more responsive to favorable
environments and gave grain yields of 77.98, 87.79, 80.86 and 92.12
g/plant, respectively. Nevertheless, the most productive hybrid was
1CSA88006 x [CSR91022 that had bi value of 1.24 and S$°d; that
significantly differs from zero.

The last column in Table (8) presents the ecovalence (W)
estimates calculated according to Wricke (1962). As it is the sum of
squares of genotype environment interaction effects of a particular
genotype divided by the degree of freedom (the number of
environments minus 1), it can be considered as a whole estimate for
stability. The correlation coefficicnts between W; with b, and S°d; were
(r=-0.24, P=0.14) and (=091, P<0.01), respectively, indicating high
important role of $%d, in the genotype x environment interaction and
coincides with the previous deduction from the analysis of variance
{Table, 7). Similar results were obtained by Vasil and Milas (1984} who
iltustrated the strong correlation due to the relatively large variability of
S°d; as compared to the variability due to the b; values.
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Table (8): Mean grain yield and estimates of stability parameters of

Hae
Ha,
Hs,
|
1y
Hyo
Hy,

41 genotypes across 8 environments.

Genotypes
TCSA-1 x ICSRE90 16

ICSA-1 x ICSR89022
ICSA-1 x ICSR89037
ICSA-1 x ICSRE9053
1CSA-1 x ICSR91022
ICSA-1 x ICSR92003
1CSA-1 x ICSR930404
1CSA14 x ICSR89016
1CSA14 x ICSR89022
1CSA14 x ICSR89037
1CSA14 x ICSRB9053
ICSA14 x ICSR91022
1CSA14 x ICSR92003
1CSA14 x [CSR93004
ICSA88004 x ICSR89016
1CSA88004 x 1ICSR89022
ICSA8B004 x [CSR89037
1CSA88004 x ICSR89053
1CSA88004 x ICSR91022
ICSA88004 x 1ICSR92003
ICSAB8004 x ICSRY3004
ICSA88006 x 1CSR89%016
ICSA88006 x ICSR89022
ICSARR0G6 x ICSR 89037
1CSA880066 x ICSRE9053
ICSA88006 x ICSR91022
TCSA88006 x ICSR 92003
ICSA88006 x ICSR93004
1CSR&9016

[CSR89022

ICSR8%037

1CSR89053

1CSR91022

ICSR92003

ICSR936d4

1CSA-1

1CSA-14

1CSA 88004

ICSAB8006

Sh-1

Sh-2

|

Mean
77.99
74.12
86.82

84.94
85,20
84.42

78.67
84.33
87.05
73.90
89.06
77.44
9336
75.53
84.23
85.84
85.19
90.50
84.53
8§7.79
83.63
890.86
80.03
81.38
75.64
7011
92,12
88.15
81.32
70.40
73.97
81.55

72.53

82.88

74.59

50.20

53.75

63.85

58.24

90.42

100.86

i

b.
111"
1.36
0.89"
0.73

2.04™
1.5%°
0.95
1437
0.93"
0.22
1.24°
0.52
.02
1.48
1.01
0.94"
0.92"
2.40™
1.36
0.89%"
1.12
215"
0.12
1127
0.07
1.24"
1.09™"
0.24
1.157
0.17
0.41
2217
0.19
0.73
1.06°
0.92
0.6
0.34
1.16"
1.837
1.78"

i

|

33
15.23"
11.70"

9.51"
26347

6.77

542

43.13"
o708

16.75"
7.55
22307
2™
4.41°
4.42"
4.74"
13.257
0.65
12,017
5.69
2407
6.96
1.81
3417
319
8.93
26402
400"
33457
767
25,327
472"
26217
8.74"
23.757
2.84"
13.85"
11.03
11.23°

s, Wi
.58 12.01
38777 284.82

24.44
112.76
151.19
85.61
188.37
60.10
39.05
345.87
53.69
263.29
53.97
173.59
92.26
3175
32.00
155.95
102,54
5.35
86.79
123.40
95,37
50.55
66.94
27.80
23.36
99.66
187.32
328.58
260.75
145.15
268.77
38.23
187.49
62.90
179,80
47.06
100.55
121.09
118.12

* and ** significant at 0.05 probability levels
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The estimates of W, revealed that the most stable hybrid was
ICSA-88004 x ICSR-92003 followed by the hybrids ICSA-1 x ICSR-
89016, ICSA-88006 x ICSR-92003 and 1CSA-1 x [CSR-89037 ina
descending order. Among these four hybrids two lines were common in
two hybrids, viz., the A-line ICSA-1 and the R-line ICSR-92003 that
showed Wi estimates of 62.90 and 38.23, respectively. They were the
most stable lines. Unfortunately. the hybrid between these two lines
ICSA-1  x ICSR-92003 showed W, value of 85.61 that indicates a
moderate stability. This result suggests that crossing two stable lines
may not produce the most stable hybrid, in other words, heterosis or
other effects may interfere in the final stability of any hybrid.

On the other side, the most unstable R-line was ICSR 89022 and
the most unstable B-line was [CSA-14, They gave W, estimates of
328.58 and 179.80, respectively. The hybrid between them, which
showed Wi value of 263.29 was not the worst hybrid concerning
stability. The most unstable hvbrid was ICSA14 x ICSR89037 which
gave Wi vaiue of 345.87. This hybrid was composed by crossing the
mast unstable maternal line ICSA 14 with the unstable paternal R-line
ICSR 89037, that showed Wi values of 179.80 and 260.75, respectively.
The role of hetcrosis and other factors in hybnd stability s manifested.
This means that stability of performance might be a heritable trait and
the stable parents transmitted stability genes to their crosses. Similar
results were obtained by {Jensen 1970 and Redden and Jensen 1974).
Studying vield stability on forage crops, Breese and Hayward (1972)
stated that production stability was highly heritable. Similar conclusion
was also reported by Tan and Tan (1980). Wu (1975) Bucio-Alan ez al.
(1969). In contrast, Fatunia and Frev (1976) and L.agles and Frey (1977}
found that the regression stability index is not a very heritable trait for
cats,

To understand tie role of additive and non-additive genes and
their interaction with different environment, the G.E effects of three
hybrids differing in stability were partitioned into the effect of GCA
interaction with environments and SCA interaction with environment
for the eight environments (Tabie 9) along with variances and co-
variances of these effects. The G.E of the hybrids was recalculated
using hybrid means from a separate analysis. The tested hybrids had
different ccovalence values, The hybrid 1CSA-88004 x ICSR-92003
was the most stable | the hybrid ICSA-14 x TCSR-89037 was the most
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unstable one while the hybrid ICSA-14 x ICSR-93004 intermediate the
ecovalence values. The results obviously reveal that the formulae 5 and
6 (in Materials and Methods) are simple and able to calculate G.E
fractions that coincide with the expected from formula 4.

The hybrid ICSA 88004 x ICSR 92003 has low G.E values
ranging from -3.92 to 4.37 with a variance of about 8.82. These low
values might be due to low G.E effects of GCA values with low
variances of 11.89 and 9.62 of maternal and paternal G.E effects,
respectively. In the same time, the G.E effects due to SCA were also
very low so the variance was 40.28. The co-variances between G.E of
SCA with cither G.E of GCA of maternal or paternal parent were
negative. These results revealed that the different directions (sign) of the
interaction of the additive and non-additive genes with the environments
diminish the G.E effect of the hybrids and consequently decrease W;
values indicating the increased stability obtained.

In contrast, the hybrid ICSA14 x ICSR89037 has high G.E values
that ranged from -23.13 to 24.24 with variance of about 301.12.
Obviously, it was one of the most unstable hybrids in this siudy. The
variances of the interactions between environments with genetic effects
were very high, 46.02 and 25.52 for the GCA.E effects of maternal and
paternal parent, respectively. These valucs reach four and two times of
the countcrpart effects of the most stable hybrid. The role of stable
additive genes constituting the genctic system of stable hybrid is
apparent. The G.E effects due to SCA were quite low so the variance
was 47.08, but the co-variances between G.E of SCA with either G.E of
GCA of' maternal or paternal parent are positive. Therefore, when thesc
variances and co-variances participate in the final performance of the
hybrid display very high W, value and indicate the hybrid instability.
Remarkably, the relationships between G.E effects of SCA of a
particular hybrid with G.E effects of the GCA of its parents control its
stability measured as W;. The negative relationship increases hybrid
stability and positive relationship decreases it.

The hybrid ICSA14 x ICSR93004 displayed moderate stability
with W; value of about 140.88 resulting from less stable additive genes
of the maternal parent and stable additive genes of the parental parent so
that the variances of these effects were 46.02 and 12.32, respectively.
Moreover, these cffects varied in their direction in each environment so
the co-variance between these cffects was negative with a value of
25.83. The participation of the interaction between environments with
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Table (9) Genotype environment effects, their partitions and their variance or covariance over eight environments of three particular hybrids,

T

T Effeet | EIL i £2_ | E3 J E4 l ES E E6 [ E7 ES8 | Variance | hem j
! ICSA 88004 x ICSR 92003 (high stability) !
[ G.E 2.04 I -3.22 T -2.31 4.37 ' -0.67 202 L7 | 2392 | 882 var(G.E) 0
, GCALEof F | 3.45 1 3.67 | -4.7%5 -3.4F1 f 3.0 | 0.94 -1.66 0 217 11.89 Var(GCA.E)
?GCA.EofM | 437 : 0.02 ! 172 2297 ] 213 1 328 088 ! -3.02 9.62 Var(GCA.E)
| SCAE | s | 691 | 128 10.75 ; 67} 433 424 | 137 4028 | Var(SCA.E)
! i , , ‘ 528 . Covar(GCA.EF.GCA.EM)
} e‘ | ! , 2701 | Covar(GCA.EF,SCA.E)
| | ; | L } e -24.61 ! Covar(GCA.EM,SCA.E) _ |
: 1CSA 14 x ICSRB9637 flow stabitity)
G.E N X N I BN TXL 128 | 7as | a0y | 1576 | 2424 301,12 | VarG.E)
GCA.Eof F 1.2 oAz 1 et 652 | 043 | 645 | 397 Ty 46.02 | Var(GCA.E)
| GCA.Eof M | S04 | 608 ‘ 309 217 | 32T 1.74 | 3.42 | 856 1552 | Var(GCA.E)
| SCA.E 1.07 [ 946 @ 564 P2 375 | .08 i o837 | &M 4708 | Var(SCA.E)
i i l ’ 4159 | CovanGCA.EF,GCA.EM)
! i ‘ r 72.52 Covar{GCA.EF,SCA.E)
H ] | | | | 4562 | Covar{GCA.EM,SCA.E)
) 1CSA14 x ICSR93004 (intermediate stability)
G.F Co-ns T 203 -76 0 ¢ 838 1 118 T 307 1 10.24 14088 | Var(G.E)
GCA.Eof F 1.2 [ 10.61 ‘ -6.52 043 | 645 | 397 | 737 46.02 Var(GCA.E)
{ GCA.Eof M 34 | a8 \ 623 | 0.56 4.55 | | 277 | 0.4 1297 | van(GCA.E)
| SCAE 1406 | 9.55 | 1594 . -11.63 -3.76 | 4,42 | 26 383 lﬂsﬁ.gg ga_r(SCAéE) . GCAEM)
! i i ! 1 L 2583 ovar{GCA.EF, .
| | i : ! l ’ 44.06 . Covar(GCA.EF,SCA.E)
| | |

I

-39.69 | Covar(GCA.EM.SCA.E)
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genes  having additive effects was low . However | the effects of the
interaction between environments and genes having non-additive effect
were very high, so that their variance was 106.32. This result clarifies
the important role of the interaction between environments and genes
having non-additive effects on the final stability of some hybrids. The
co-variances between G.E effects of SCA with G.E effects of GCA of
both parents were 44.06 and -39.69 for maternal and paternal parent,
respectively. It is clear that the negative relationship between the
interactions of additive effécts of both parents caused the opposite co-
variances with G.E effects of SCA. In the case of the hybrid ICSA14 x
ICSR93004 its instability is due to the instability of genes having non-
additive effects.
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