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ABSTRACT

In order to determined of 6 bread wheat varieties representing different traits were crossed in a half-diallel in 2013/2014
season. The 6 parents and its15 F; crosses were evaluated under normal watering and water stress conditions in 2014/2015 season
the objective of this investigation was aimed to study the combining ability and mode of gene action for some wheat traits under
normal and stress conditions. Mean squares of genotypes were highly significant for all the studied traits. Both GCA and SCA
variances were found to be highly significant for most traits under investigation at both conditions, indicating the importance of
additive and non-additive effect in determining the performance of these characters. The ratio of GCA/SCA at the two conditions
were more than unity for all studied traits, except heading date and flag leaf area under normal condition, and biomass yield per plant
at water stress condition. This indicates that these traits are predominantly controlled by additive gene action, and it could be
concluded that selection based on the accumulation of additive effects would be more effective in the early generations. P5 (Sids 14)
at normal, P6 (Misr 2) under stress and combined data showed the highest biomass yield /plant. Among crosses, cross No. 12 (P3 x
P6) under normal and combined dataand cross No. 14 (P4 x P6) under stress showed the highest biomass yield /plant. P1 (Giza 168)
and P2 (Sakha 93), at both normal and stress conditions were the best combiners for days to heading (earliness). P6 (Misr 2) was the
best combiners for biomass yield per plant under both conditions. The best cross combinations for heading date (earliness) were
crosses No. 1 (P1xP2), No. 6 (P2xP3) No. 10 (P3xP4) and No. 15 (P5xP6) at normal condition, crosses No. 5 (P1xP6) and No. 9
(P2XP6) under stress condition, and cross No. 2 (P1xP3) under both conditions. Also, the best cross combinations for biomass yield
per plant were crosses No. 3 (P1xP4), No.8 (P2xP5) and No.15 (P5xP6) at both conditions, No. 10 (P3xP4) at normal watering

condition, and No. 4 (P1xP5) and No. 14 (P4xP6) at water stress condition.
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INTRODUCTION

Wheat is one of the most essential nutritional crops
of grain in Egypt and around the world. Wheat plants
rarely attain their full genetic potential for yield because
of the limitation imposed by biotic and abiotic
environmental stresses. A biotic stress is defined as any
change in environmental conditions that might reduce or
adversely affect plant growth or development. This
abiotic or environmental stress occurs in many forms,
such as drought, salt, cold or low and high temperatures.
Among the abiotic environmental stresses, drought
remains one of the mostimportant factors threatening the
food security of people throughout the world (Farshedfar
et .al., 1995). Information on the relative importance of
GCA and SCA are important in the development of
efficient wheat breeding programs. It is very important
that the breederevaluated the available germplasmand in
crosses. In this regard, several studies have been reported
in wheat, Mohamed (2004) reported that mean squares
due to general and specific combining abilities were
highly significant for plant height and grain yield/plant at
normal and drought stress conditions. El-Danasory
(2005) reported that GCA/SCA ratio was more than unity
for days to heading at normal and water stress conditions,
number of kernels/spike and days to maturity at normal
and water stress conditions, respectively. Salem, Nagwa
and Abdel-Dayem (2006) showed that the parents Sahel
1, Gemmeiza-9 and Sakha-61 expressed the highest GCA
for kernels spike-1, as Sahel 1 and Gemmeiza-9 for
spikes plant-1 , while Giza 164 was the highest for 100-
kernel weight and grain yield plant-1, also, Sahel 1 had
good potential for grain yield plant-1. And, they added
that the highest SCA values, under drought conditions,
were detected for the cross Sahel 1 x Sakha 94 for kernels
number spike-1 and 100-kernel weight, Giza 164 X
Sakha-61 for spikes number plant-1 and kernels number

spike-1 , and Sahel 1 x Gemmeiza 9 for spikes plant-1
and grain yield plant-1. Also, Sultan et al. (2006) found
that GCA and SCA variance were significant for most
studied characters at both normal and drought
environments. In addition, Salama (2007) showed that the
mean squares of GCA and SCA were significant for all
characters (days to heading, flag leaf area, spikes/plant,
grains/spike, 1000-grain weight and grain yield/plant)
under various number of irrigations, and added that, the
some wheat cultivars, proved to be good general
combiners, and some of wheat crosses; could be
considered promising crosses and the best crosses
combinations displayed for amount of heterotic effects
for grain yield/plant.

Drought is recurring condition of abnormally dry
weather leading to moisture stress for plants. Severity
depends on a number of factors including degree of
moisture deficiency, its duration and spatial spread
droughttolerance refers to the ability of variety to remain
relatively more productive than the others under limited
condition. Plants usually adapted to drought stress
through three major mechanisms, namely, escape,
avoidance and resistance. Although the genetic and
physiological bases of these mechanisms have not been
established precisely, they have been indirectly exploited
by plant breeders in developing drought tolerance
cultivars. One of the mechanisms that helps drought
resistance in wheat is early maturity i.e., ability of crop to
ripe before the period of drought (Poehlman, 1987).
Many studies on different wheat genotypes underdrought
conditions were conducted by several investigators such
as, Abdel- Moneam (2008), Abdel- Moneam and Sultan
(2009), and Sultan et al ., (2010 & 2011).

Therefore, the present investigation was designed
to estimate the combining ability effects and the mode
of gene action in the inheritance of some traits of wheat,
under normal watering and water stress conditions.
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MATERIALS AND METHODS

The genetic materials were used in this
investigation as parents included 6 bread wheat varieties
(Triticum aestivum L), instead of a wide range of
diversity forseveral characters. The names and pedigree
of these parental varieties are presented in Table 1.

Table 1. Parents names and pedigree of the studied
wheat \varieties.

No Variety Pedigree

P1 Giza-168 MRL/BUE/SERI CM 93046-8M-0Y-0M-2Y-0B

P2 Sakha 93 Sakha 92/TR 810328 S.8871-1S-2S-1S-0S

P3 Shandweell SITEMMOANAC/THAC/H3IPVN/3MIRLOBUC.

P4 Gemmeiza OTUS/3/SARA/THB//VEECM SS97Y00227S-
12 5Y-010M-010Y- 010M -2Y - 1IM-0Y- OGM

P5 Sids  Sw8488*2/ KUKUNA CGSS01YO00081T-
14 099M-099Y-099M -099B-9Y-0B-0SD.
P6 Misr SKAUZ / BAV92 CMSS96M03611S-1M -

2 010SY-010M -010SY-8M-0Y-0S

In 2013/2014 season, the parental varieties were
sown at three various dates in order to overcome the
differences in flowering time. All possible parental
combinations, excluding reciprocals, were made among
the six genotypes, giving 15 F; crosses.

In 2014/2015 season, the 21 entries (6 parents and
15 F1 ) were evaluated in 2 separated irrigation regimes
experiments. The first experiment (normal watering) was
irrigated four times after planting irrigation i.e. five
irrigations were given through the whole season. The
second experiment (water stress) was given one surface-
irrigation 41 days after the sowing date i.e. 2 irrigations
were given through the whole season.

Each of the two experiments was fertilized with
15 kg P,0Os/fad, in one dose during soil preparing and
nitrogen fertilizer at rate of 75kg N/fad was added in
two doses. The first dose was 30% with sowing and the
second dose was 70% with the first irrigation after. The
two experiments were designed in a randomized
complete block design with three replications in the
BExperimental Farm of Agron. Dept, Fac. of Agric.,
Mansoura Univ., Dakahlia Governorate, Egypt.

Each replicate consisted of 21 genotypes; each
genotype was planted in one row as well as two borders,
rows 4 m long and 25 cm apart with 20 cm between
plants. Twenty grains were manually drilled in the rows
on 18 th November 2014, in each year. All the other
cultural practices, except irrigation, were applied as
recommended for wheat cultivation. The two outside
plants from each row and the two external rows of each
plot were excluded to avoid the border effect.

Studied characters;

The studied characters were days to heading(day),
number of tillers/plant, plant height(cm), total chlorophy!ll
content (usinga portable chlorophyll meter (SPAD)
according to Castelli et al. (1996)., flag leaf area (cm2)
(length (cm) x maximum width (cm) x 0.75 (Gardner et.
al. 1985), and biological yield/plant (g)

The data obtained for each trait were analyzed on
plot mean basis in both parents and F, generation. A
normal analysis using Griffing (1956) method-2 model-
1 (fixed model) was applied to determine both general
(GCA) and specific (SCA) combining abilities effects,
as shown in Table 2.

Table 2. Mean squares from method-2 model-1 and

expected mean squares for combining
ability analysis.
S.0.V df M.S. E.M.S.
Genotypes
GCA P-1 M, cs;5 + (P+2)(1/P-1)Y
SCA PP-D2 M, e APED 2L
i
Error (r-1)(c-1) M. e

Where: Me=Error mean squares of the randomized complete
block design divided by replicates numbers (Me = Me/r), P=
parents numbers.

The relative magnitude of GCA: SCA was expressed

as follows:

K? GCA/ K? SCA = [(MS gca — MS )I(P + 2)J/(MS sca —

MSe),

where: MS= mean squares, P= No. of parents and
K®= is the average squares of the effects.

RESULTS AND DISCUSSION

1- Analysis of variance:

The results indicated clearly that mean squares of
genotypes were highly significant for all the studied
traits. Under both normal and stress conditions Mean
squares of GCA and SCA were significant or highly
significant for all studied traits at both normal and stress
conditions, except GCA for chlorophyll content under
stress, flag leaf area under normal condition and SCA
for chlorophyll content under normal condition. The
significance of GCA and SCA indicate the presence of
both additive and non-additive types of genes in the
genetic systemcontrolling these traits.

The obtained results in Table (3) revealed that the
ratio of GCA/SCA under the two conditions were more
than unity for all the studied traits, except heading date
and flag leaf area under normal condition, and biomass
yield per plant at water stress condition . This means
that these traits are predominantly controlled by additive
gene action. It therefore could be concluded that
selection procedures based on the accumulation of
additive effect would be more effective in the early
segregating generation. These results are in general
agreement with those reported by Mohamed, (2004);
Abdel- Moneam (2008), Sultan et al . (2010 & 2011),
Anwar, et al.(2011); Khodadadi, et al. (2012); El-Seidy,
et al. (2013); Desale and Mehta (2013); Adel and Ali
(2013); Naziret al. (2014) and Shahid, et al.(2015).
Table 3. Mean squares of wheat genotypes, general

(GCA) and specific (SCA) combining
abilities, and GCA/SCA ratio for all
studied traits under normal watering and
water stress conditions.

Heading date Tillers number Plant height
(day) plant™ (cm)

Normal Stress Normal Stress Normal Stress

Genotypes20 77.74**66.68**6.75** 4.00** 80.13** 103.32**

SV DF

GCA 5 12.09**32.53**3.67** 2.02** 56.59** 95.69**

SCA 1530.52**18.79**1.78** 1.11* 16.75** 14.03**

Error 40 0.042 0.24 0.69 0.45 3.34 3.52

GCA/SCA 0.40 175 329 2098 4.19 9.06
Total chlorophyll Flag leaf area Biomass yield

SV . content (cm?) plant® (g)

) Normal Stress Normal Stress Normal Stress

Genotypes20 11.18* 9.18* 99.95**85.19**3321.82**1391.42**
GCA 5 8.66* 2.98 14.98 29.24*1113.32**322.69**
SCA 15 2.08 3.09* 39.43**28.11*1105.26**510.85**
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Error 40 1.98 1.49 7k2.83 11.55 124.08 62.27
GCA/SCA - 84.13 175 0.44 1.68 1.12 0.70
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2-Mean performance of wheat genotypes:

The water stress treatment decreased the mean of
days to heading for parents and their hybrids (Table 4).
The parents P5 under normal, P1 (Giza 168) and P2
(Sakha 93) under stress and P4 (Gemmiza 12) under
combined data, and crosses; No.7 (P2xP4) under normal
and cross No. 1 (P1xP2) under stress were the earliest
parents and crosses for days to heading.

The water stress decreased the means of tillers No.
plant'1 for parents and its crosses (Table 4). The parental
P5 (Sids 14) and P6 (Misr 2), and crosses No. 4 (P1 xP5)
and 11 (P3 x P5) under both conditions and their
combined data were the best genotypes for tillers number
per plant, were they recorded the highest values of tillers
per plant under both conditions and combined data.

Table 4. Means of heading date (day) , tillers no/p and Plant height (cm) for wheat genotypes under normal
and stress irrigation conditions and their combined data.

Genotypes Heading date (day) Tellers No./P Plant height (cm)
Normal Stress Comb. Normal Stress Comb. Normal Stress Comb
P1-Giza168 AT At AY T Yy Y Ty AT RS Yo
P2-Sakha 93 A1 A1 AY 11 .11y vy ARy Yy 4711 Yio
P3-Shandweel 1 AV YY AY oo AT RS ARY Yo Yy VOAY VA
P4-Gemmiza 12 AY¥ 11 AY Y'Y AY 0. ARE .1y Yoy Yeo. Yoy Yav
P5-Sids 14 AYYY AT o AY A VEYY AR YY1 14 YIY . BRI
P6-Misr 2 AV ¥Y AY o Ao A Yo vy AR AR VYA VY. V¢
1. P1XP2 AT T AY o+ AV YT RS AKX Yy R Yio.. Iy yy AT
2. P1XP3 AV ¥Y Ao SRR YY1 VoYY Yy.0. ARy Vet YA
3. P1XP4 AV os Agvs Ao o, A .1y Yy Yy Yovy VALY
4. P1XP5 ¥ s AT os Ado. Yo\ VY as \¥ o, L e YVEA
5. P1XP6 LERT AS o A4 AY A VoYY VY o A Y VYA
6. P2XP3 ANYY ISR AT Yo 3V Yo AT YVo 1 Yoy Y\Y.o
7. P2XP4 Moo AS o AT yYYY .1y Yy.on 1Y VoY Yoy
8. P2XP5 LR M 3y AY YY1 a1y (R YY1 YY1 (RN
9. P2XP6 v . AS o Ao ARE VoYY YT Iy A YVY. 0
10. P3XP4 AY Y'Y M Ao A a1y Y1 Yyay Yedy VEY
11. P3XP5 3511 INAX LA RS AR AR Yo, IREA VAT
12. P3XP6 A a8 v LRI AT a1y Yo AY VALY Y YVe.o
13. P4XP5 LRI A4 v av.o. YEYY VY YY VY AY VALY Ye41 R
14. PAXP6 4011 Ay .. ag ¥y AR AY (R VYo Ve VYo .
15. P5XP6 At A, 4y ¥y ARE VoYY YT 1141 R AR
M eans A4YA Ao o0 87.47 1Y.9A 4.4y 11.48 115.7 107.5 1115
LSD 1% 211 1.77 3.00 2.52 471 3.97
LSD 5% 1.71 1.44 244 2.05 3.83 3.22
The water stress treatment decreased the means of  different between genotypes. Among parents, P3

plant height for parents and their hybrids (Table 4). It is
clear from the results that genotypes under stress were
shorter than those at normal irrigation condition with
highly significant. The reducing in plant height of stressed
plants may be due to the reduction in internodes length
and/ordue to the reduction in water absorption, nutrients
uptake and photosynthesis process under drought stress
conditions Mahgoub (1996). These results are in
agreement with those obtained by Mohamed (2004) and
Farhat (2005) who indicated that, moisture stress
throughout vegetative growth and heading stages
decreased plant height significantly. The results indicated
highly significant different between genotypes. Among
parents, the tallest parents were P5 (Sids 14) and P6 (Misr
2) under both conditions, while the shortest were P4
(Gemmiza 12) under normal and combined, and P2
(Sakha 93) under stress condition. Among crosses, the
tallest were cross No. 5 (P1XP6) under normal and
combined, and cross No. 11 (P3XP5) underneath stress
condition. While,the shortest was cross No. 1 (P1XP2)
underboth conditions and their combined data. The results
revealed that P5 (Sids 14) and P6 (Misr 2) possessed
genes controlling tallness, while Sakha 93 and Gemmiza
12 carry genes for shortness.

Results presented in Table (5) indicate clearly
that total chlorophyll content is highly significantly
affected by irrigation treatment. The total chlorophyll
content means were decreased significantly as affected
by water stress .The results indicated highly significant

(Shandweel 1) under both conditions and combined
data, and crosses No 4 (P1XP5) under both conditions
and combined data and No. 10 (P3XP4) under moisture
stress were the best parents and crosses for this
character. On the other side, P6 (Misr 2) under normal
watering and combined data, P4 (Gemmiza 12) under
stress condition, and cross No. 15 (P5XP6) under both
conditions and their combined were the lowest parents
and crosses for total chlorophyll content. Similar
conclusion was reported by El-Danasory (2005), Farhat
(2005), Abdel- Moneam (2008), Abdel- Moneam and
Sultan (2009), and Sultan et al ., (2010 & 2011) in their
wheat genotypes.

The means of flag leaf area were decrease
significantly by moisture stress (Table 5). For parents,
P1 (Giza 168) and cross No.1l (P3x P5) under both
conditions in addition to their combined were the
highest parents and crosses for flag leaf area. On the
other hand, the parent P2 (Sakha 93) under normal and
combined; P4 (Gemmiza 12) under stress and cross No.
15 (P5xP6) under both conditions and their combined
were the lowly parents and crosses for flag leaf area.

Results presented in Table (5) showed that, water
stress condition decreased the means of biomass
yield/plant for the parents and its hybrids. With regard
to parents, the highest biomass yield/plant belonged P5
(Sids 14) under normal, P6 (Misr 2) under stress and
combined while, P4 (Gemmiza 12), under both
conditions and its combined data produced the lowest
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biomass yield /plant. These results showed the different
of genetic background of these parents. Among crosses,
cross No. 12 (P3xP6) under normal and combined data,
and cross No. 14 (P4xP6) under stress showed the

highest biomass vyield /plant. However, the lowest
biomass yield plant‘l belong to cross No. 1 (P1xP2) at
both conditions and their; combined data.

Table 5. Means of chlorophyll content, flag leaf area (cm?) and Biomass yield/plant (g) for wheat genotypes
under normal and stress irrigation conditions and their combined.

Total chlorophyll content

Flag leaf area (cm?)

Biomass yield plant™ (g)

Genotypes Normal Stress Comb. Normal Stress Comb. Normal Stress Comb.
P1-Giza 168 YTV Yevy Yo vV VA Y A RK YA A YWE Va7 ¢
P2-Sakha 93 YY.yvv AR AARAL OA <A oy ) oo V¢ Yoo vy YAY
P3-Shandweel 1 Y1 ¢ Yo . Yo A 1Y€ 04 VA ¥ YY.o YVYAA Yaen
P4-Gemmiza 12 \FAD Yo éo YY Yo 1Y 7 oy YY o1 A1 BN Yoy VY
P5-Sids 14 Yo ry Y4 AY YY oA 1) ve oV YY 04 0¢ YYA S yoq Y YAAA
P6-Misr2 YY.ov Y)Y YA, 1Y Yo o 04 Y. TV YAy y YAV )
1. P1XP2 YVAY Yy.av Y¢ov 73,31 5V .0) Y V) YAA YTAY YAY o
2. P1XP3 Y10, AR YY) Yoooe ).4A 10,44 Y Y49 YYV.4
3. P1XP4 Yo vv YY Y. YY VA Ve g Y AS Y YV VY. Yeg o
4. P1XP5 Ya. vy YY.V. Yo A YAV 1471 YEAA Yoy ¢ YVE YYYY
5. P1XP6 Yy.ay Yo AY YY £Y V. ve 1o YY 1v.44 YAy YaY¥ YYY .
6. P2XP3 YY AY VY YYo. YY.aA Tv.ayY Y. t0 Yy . Yoo Yy4.0
7. P2XP4 Yo . YyvY YYay 1A €0 Y g T0.Y¢ Yvyay YAV YY)
8. P2XP5 Yi g YV AY YYOY ve 1) 1.6 A3 YVY Y YYY Y YEV.A
9. P2XP6 YY YY Yy.o. YV AY Tv.a 04 4 7.4 Yyo ¢ VALY Y.y Y
10. P3XP4 YA+ YY.V. Yo Yo 2R3 TV.YY 14,41 Y14Y YoV A Yyo.o
11. P3XP5 Yo .. YY .V YY oF YA AV VY V¢ Vo 34 YYY Y Y4V A YV, ¢
12. P3XP6 Yy oy 14 AY YA YY.a4 ) TA 0 Yo ¢ Y9y YV ¢
13. P4XP5 YY 4. Yy gV YY A YY Yo Y V.Y AR ERY 1403 Ye£4
14. PAXP6 YY V. YV ¢ YY .o viye 049} ALY YVY 4 YYE YEA S
15. P5XP6 Yo vy IR YAAY 1YY o1 1) 14 YAY o YY) ¥ Yoy 4
M eans YEAY Y).of 23.18 14,00 1. 65.58 244.3 194.1 219.2
LSD 1% 3.98 3.34 6.11 5.14 10.75 9.04
LSD 5% 3.23 2.71 4.96 4.17 8.73 7.34

General combining ability (GCA) effects:

Estimates of general combining ability effects of all
the parental varieties for all traits under study at normal
watering and moisture stress conditions are shown in
Tables (6 and 7).

Table 6. General combining ability effects of the six
parental wheat varieties for heading date (day),
tillers No./ plant and plant height (cm)traits
under normal and water stress conditions.

Heading date Tillers No./ Plant height
Prarents (day) plant (cm)

Normal Stress Normal Stress Normal Stress
P1(Gizal68) -108™ 275~ 0014 018 -269~ -260
P2 (Sakha 93) -083** 094 -111 -056™* -174** -439*
P3(Shandweell) 021 011 019 018 043 177
P4 (Gemmeiza 12) -1.04** 022 0028 018 -228** -201**
P5 (Sids 14) 075 189 093 090> 322%* 411>
P6 (Misr2) 200 251 039 019 306 311+~
LSD 5% Gi 014 032 05 04 119 123
LSD 1% Gi 015 033 05 046 128 127
LSD 5% Gi-GJ 090 140 18 167 273 277
LSD 1% Gi-GJ 093 145 189 172 282 287

Significant negative GCA values would be the best
combiners for heading date (earliness). Based on general
combining ability estimates, it could be concluded that the
best general combiners for days to heading (earliness)
were P1 (Giza 168) and P2 (Sakha 93) at both normal and
stress conditions, and P4 (Gemmeiza 12) at normal
condition, where they recorded highly significant and
negative GCA effects for this trait, as shown in Table (6).

Significant positive GCA values would be the best
combiners for tillers No.plant. The best general
combiners for increasing tillers No. plant™ was P5 (Sids
14), where it exhibited positive and significant GCA

effects for this character at both normal and water stress

conditions, as shown in Table (6).

Table 7. General combining ability effects of the six
parental wheat varieties for chlorophyll
content, flag leaf area (cm?) and biomass
yield per plant (g) traits under normal
and water stress conditions.

Chlorophyll FLA Biomass
content (cm?) yield/plant (g)
Normal Stress Normal Stress Normal Stress

Prarents

P1(Giza168) 131** 074 109 136 -185 056
P2 (Sakha 93) 044 0028 -207** -1.44 -1785** -822**
P3(Shandweel 1) 068 061 094 244> 024> 219
P4(Gemmeiza12) 018 0056 027 -178 676 485
P5 (Sids 14) 0014 047 136 130 174 124
P6 (Misr 2) -1L74*085** -105 -188 1549 1019
LSD 5% Gi 091 079 182 22 727 515
LSD 1% Gi 094 081 18 230 752 533
LSD 5% Gi-GJ 239 223 338 372 674 568
LSD 1% Gi-GJ 247 231 350 38 698 587

Significant negative GCA values would be the best
general combiners for plant height (shortness). Based on
generalcombining ability estimates, it could be concluded
that the best general combiners for plant height were P1
(Giza 168), P2 (Sakha 93) and P4 (Gemmeiza 12) at both
conditions, where they exhibited highly significant and
negative GCA effects for this trait (Table 6).

It could be concluded general that the best
combiner for increasing total chlorophyll content was P1
(Giza 168) under normal condition, where it recorded
highly significant and positive GCA effects for
chlorophyll content.

P3 (Shandweel 1) showed positive and significant
GCA effects for flag leaf area under stress condition,
therefore it could be considered as the best general
combiners for increasing flag leaf area.
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Significant positive GCA values would be the best
combiners for biomass yield per plant. The best general
combiner for biomass yield plant™ was P6 (Misr 2), as it
exhibited positive and significant GCA effects for this
character at both conditions.

4- Specific combining ability (SCA):

The estimates of SCA effects of F; hybrids were
determined for all the studied characters at normal and
moisture stress conditionsare illustrated in Tables (8and 9)

Significant negative SCA values would be the
best cross combinations for heading date, and would be
useful from the breeder point of view. It could be
concluded that the best cross combinations for heading
date (earliness) were (P1Xp2), (P2XP3), (P3Xp4) and
(P5XP6) at normal condition, ( P1XP6) and ( P2XP6)
under stress condition, and (P1xP3) under both
conditions, where they showed highly significant and
negative SCA effects, (Table 8).

Table 8. Estimates of specific combining ability
(SCA) effects for F1 crosses for heading
date (day), tillers No./ plant and plant
height (cm) traits under normal irrigation
and water stress conditions.

Heading date Tillers no/p Plant height (cm)

Crosses

Normal Stress NormalStress Normal Stress
1-P1xp2 -2.80*%*0.96** 0.78 1.44** -6.27** -8.17**
2-P1xP3 -1.17**1.88** -0.14 0.73 -0.10 -2.67
3-P1xP4 -0.26 0.79 070 006 261 045
4-P1xP5 3.95** 1,13** 1.07 1.31** 2.77 1.66
5-P1xP6 5.37**-150** 0.28 0.35 6.94** 533**
6-P2xP3 -0.42** 050 0.32 0.44 1.27 4.45**
7-P2xP4 0.49** 0.17 149 044 -102 091
8-P2xP5 6.37** 2.50** -0.14 -0.65 3.48** 5.45**
9-P2xP6 2.45**-2.13** -0.26 0.73 0.32 1.45
10-P3xP4 -5.21**2.33** 0.91 0.06 5.48** 2.08
11-P3xP5 5.33** -0.33 1.95** 0.98 0.65 1.29
12-P3xP6 6.41** 6.04** -1.18 -0.32 -0.85 0.29
13-P4xP5 6.91**1.33** 045 064 1.69 0.08
14-P4xP6 5.33** 4,71** 0.32 -1.32** 3.52** 141
15-P5xP6 -7.46**8.04** -2.30** -0.73 -2.31 -3.05
LSD5% (SJ) 0.36 0.87 147 121 3.27 3.35
LSD 1% (SIJ) 038 090 153 125 339 347
5% (S1J-SIK) 148 229 298 270 444 450
1% (SU-SIK) 154 236 3.09 279 460 465
5% (SIJ- SKI) 143 219 287 259 428 433
1% (SN -SKI) 148 227 297 268 442 448

Significant positive SCA values would be the
best crosses for ./plant and would be useful from the
breeder point of view. The best cross combinations for
tillers No./plant were P3XP5 at normal condition and
P1XP2 and PLXP5 at stress condition, where they
showed significant or highly significant positive SCA
effects for this trait, (Table 8).

Significant negative SCA values would be the
best crosses for plant height (shortness) and would be
useful from the breeder point of view. The best cross for
plant height was (P1Xp2) at both normal and stress
condition, where it recorded highly significant and
negative SCA effects for this trait, (Table 8).

Significant positive SCA values would be the best
crosses fortotal chlorophyll content and would be useful
from the breeder point of view. The best cross
combinations for chlorophyll content was (P1XP5) at

normal condition, where it recorded highly significant and
positive SCA effects for this trait. On the other hand, there
were notany crosses showed significantand positive SCA
effects at stress condition, as shown in Table (9).

Table 9. Estimates of specific combining ability
(SCA) effects for F; crosses for chlorophyll
content, flag leaf area (cm?) and biomass
yield per plant (g) traits under normal and
water stress conditions.

Chlorophyll FLA Biomass yield
Crosses content (cm)? per plant (g)

Normal Stress NormalStressNormal Stress
1-P1xp2 125 -0.30 1.32 -4.03-25.99**-17.10**
2-P1xP3 -0.54 -3.22** -1.58 -3.44 1426 14.15
3-P1xP4 -1.04 -0.22 0.03 1.65 40.26** 23.20**
4-P1xP5 3.13** 0.86 6.73** 540 9.10 19.45**
5-P1xP6 -046 -043 117 414 568 -151
6-P2xP3 -1.13 -1.18 458 532 326 11.82
7-P2xP4 1.04 016 125 3.68 19.60 5.86
8-P2xP5 -0.13 0.90 6.79** 4.94 45.10** 35.11**
9-P2xP6 -0.38 095 0.76 0.74 -26.65** -6.85
10-P3xP4 225 024 138 5.06 22.51** 10.45
11-P3xP5 -0.58 0.66 7.99**6.79**-32.32** (.03
12-P3xP6 -0.17 -1.64 3,56 0.93 -56.60** 2.74
13-P4AxP5 -1.08 0.32 2.63 1.04 -24.65** 4.40
14-PAxP6 0.67 1.70 7.94** 199 19.93 24.45**
15-P5xP6 -2.17 -3.55** -3.06 -4.43 21.10** 15.70**
LSD5% (SIJ) 253 218 5.01 6.08 19.94 14.12
LSD1%(SH) 261 226 518 6.29 20.63 14.61
5% (S1J-SIK) 3.90 363 549 6.06 1097 9.23
1% (SI-SIK) 4.03 3.76 5.69 6.27 1135 955
5% (SIJ-SKI) 375 350 529 583 1055 8.88
1% (SIU-SKI) 3.88 3.62 547 6.03 1092 9.19

Significant positive SCA values would be the best
crossesforflag leafarea would be useful fromthe breeder
point of view. The best crosses for flag leaf area were three
crosses namely; (P1XP5), (P2XP5) and (P4XP6) at normal
condition, and only one cross namely; (P3XP5) at both
normal conditions, as they exhibited highly significantand
positive SCA effects for this trait.

The best cross combinations for biomass yield
per plant were crosses No. 3 (P1xP4), No. 8 (P2XP5)
and No. 15 (P5XP6) at both conditions, No. 10 (P3Xp4)
at normal watering condition, and No.4 (P1XP5) and
No. 14 (P4XP6) at water stress, as they recorded highly
significant and positive SCA effects for this character.
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