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ABSTRACT

Three cytoplasmic male sterile (A-lines) i.e. ICSA37 (f1), ICSA88015 (f2)
and ATX631 (f3) and four restorer lines (R- lines) ie. ICSR89016 (ml),
ICSR89025 (m2), ICSR89038 (m3) and ICSR 90015 (m4) and their twelve
hybrids of grain sorghum [Sorghum bicolor(L.)Moenchjwere evaluated under
normal and saline soil conditions for days to 50% heading, plant height, leaf
area, 1000 kernel weight and grain yield per plant at Nubaria Agric. Res. Stat.,
in 2004 growing season. The genetic analysis was conducted using line x tester
analysis. The obtained data revealed highly significant differences between
environments for all studied traits. Mean squares due to genotypes, crosses and
parents were significant for all studied traits under normal and saline conditions
except 1000 kernel weight for crosses and parents under normal conditions.
Mean squares due to interaction of genotypes with environments were highly
significant for all studied traits except for 1000 kermel weight, indicating
inconsistent response of these genotypes from normal 10 saline conditions.
Variances due to the interaction among each of male general combining ability
(GCA), female GCA and specific combining ability (SCA) with environments (E)
were significant for all studied traits except male GCA x E for leaf area, female
GCA x E for leaf area and 1000 kernel weight and SCA x E for 1000 kernel
weight and grain yield per plant, which were insignificant. This indicates that,
both additive and non-additive gene effects were influenced by environments.

Salinity susceptibility index (SI} indicated that, the best salt tolerant
hybrids were f2 x m2, f2 x m3, f2 x m4, fI x m2, fI x m3 and 3 x m3 and the best
salt tolerant parcntal lines were f3, ;1 and m2. Heferosis over better parents
showed that, the best hybrids under normal and saline conditions were f2 x m2,
2 x m3 and f1 x m3 for grain yield per plant and some of the other studied traits.
The best general combiner for grain yield per plant and some of the other studied
traits was the female line f2 under saline conditions. The best SCA hybrid was f2
x m2 under both normal and saline conditions for grain yield per plant and some
of the other studicd traits. SDS protein banding pattern under saline conditions
showed that, the tolerant grain sorghum genotypes are distinguished with nine
common bands which were not found at the sensitive genotypes at MW of 245.31,
219.35, 140.66, 100.57, 67.22, 62.47, 58.13, 36.19 and 33.57 KDa. In general, the
electrophoretic patterns of leaf total proteins could be a useful tool for the
identification and characterization of the tolerant grain sorghum genotypes.

Key words: Grain sorghum, Heterosis, Combining ability, Salinity tolerance,
Susceptibility index, SDS-PAGE.



INTRODUCTION

Salinity is a major abiotic stress that pose a threat to agricultural
production in many parts of the world. Salinity can affect any process in the
plant life cycle, so that tolerance will involve a complex interplay of
characters. Salt stress is a major constraint that affects sorghum production
almost everywhere the crop is grown. Salinity occurs mainly as a result of
either an accelerated redistribution of salts in the soil profile due to high
water table in most areas or due to the use of insufficient irrigation water to
leach salts out of the soil. Grain sorghum is categorized as a moderately
tolerant crop and its threshold salinity level ranges from 4.9 to 6.8 EC.
{Maas and Hoffman1977).

Additional basic informaticn is needed o the magnitude of hetercsis
in grain sorghum under saline soil conditions. The grain sorghum hybrid
program starts with testing various parental lines for their combining ability
and heterosis effects under saline soil conditions. Heterosis and combining
ability in grain sorghum under normal and saline soil conditions were
studied by several investigators using line x tester analysis (Reddy and Joshi
1993, Mahmoud 1997, EL-Menshawi and EL-Bakry 2004 and EL-
Menshawi et al 2003 and 2005). SDS protein electrophoretic technique
provides distinct unvarying genetic markers and has been successfully
applied for the identification of grain sorghum genotypes and different field
crops (Shadi er al 1999, Afiah et a/ 1999, Rashed er al 2004 and EL-
Menshawi ef al 2003 and 2005). Therefore, the objectives of this study
were, 1- to select the best grain sorghum hybrids that could be cultivated
under saline conditions. 2- to determine general and specific combining
ability effects under normal and saline conditions. and 3- to identify the
biochemical genetic markers for salt tolerant genotypes using SDS protein
electrophoretic patterns.

MATERIALS AND METHODS

The present investigation was divided into two parts: the first part
(Field Experiments) was conducted in the Experimental Farm at Nubaria
Station of the Agric. Res. Cent. (ARC) and the second part (Protein
Electrophoresis) was carrted out at the laboratory of Agronomy Dept., Fac.
of Agric., Ain Shams University.

Field Experiments

1hree cytoplasmic male sterile lines (A-lines) of grain sorghum
[Sorghum bicolor (L.)Moench] i. e. ICSA-37 (f1), ICSA88015 (2} and
ATX631 (f3) and four restorer lines (R- lines) ie. ICSR89016 (ml).
ICSR89025 (m2), ICSR89038 (m3) and ICSR 90613 (m4) were obtained 15
pure lines from Sorghum Res. Section, Field Crop Res. Institute, A%,
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Cieem, Baypl o progiuce twelve single crosses {using line ¥ tester scheme) in
2073 seasor. The paiental lines and their respective twelve hybrids were
evaivated in ae Teld weder two sites (normal anc suline areas) in 2004
STOWINE Seasomn.

Fach experiment was conducted in a randomized complewz block
design with three replications to study the effect of soil saiinity on growth,
yield and yield components. The experimental plot included three rows of
four meters long and 70 cm wide. Planting was done in hills spaced at 20
cm apart and hills were thinned at two plants/hill. Three soil samples were
obtained at different depths from the soil surface in Nubaria Station. The
mechanical and chemical analyses of the soil and water properties are
presented in Table (1).

Tahle 1. Mechanica! and chemical analy=cs of the scil at the experimental sites.

Properties and components Type of soil
Normal area Saline area
Sand % 69.50 i 69.50
Silt % 18.00 18.50
Clay % 12.30 12.60
Texture Sandy loam Sandy loam
Organic matter % 0.360 0.21
CaCO3 % 23.60 23.05
Soil:
EC(Mmhos/cm) 1.56 6.33
pH 831 7.87
Water: T
EC(Mmhos/cm) 0.80 0.80
pH 7.10 T7.10
Soluble cations(-equiv./L):
Ca™ 2.16 19.30
Mg 1.40 11.35
Na® 7.18 35.03
K 0.81 4.20
Soluble anions(-equiv./L):
HCOy 2.90 8.30
- CF 6.00 28.70
s0,? 3.00 33.00

The common agricultural practices of growing grain sorghum were
applied properly as recommended in the district. Days to 30% heading, plant
height (cm). leaf area (cmz), 1000 kernel weight (g.) and grain yield per
plant (g.) were recorded on a sample of 10 guarded plants in the middle row
of each plot. The genetic analysis was conducted by using line x tester
analysis according to Kempthorne (1957). General and specific combining
abilities were estimated according to Singh and Chaudhury (1977)
Heterosis relative to better parent was estimated according to Bhatt (1971).
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The salinity susceptibility index (SI) was used to characterize the
relative stress resistance of all genotypes. The susceptimiity indices were
calculated independently using original data for grain yield per plant using a
generalized formula (Fischer and Maurer1978) as follows:

SI=(1 ~Yd/Yp)/ S, Where
SI'= An index of salinity susceptibility
Yd = Performance of a genotype under salinity soil stress.
Yp = Performance of the same genotype under normal soil.
S= Salinity intensity = 1 — (mean Yd of all genotypes/mean Yp of all genotypes).

Protein Electrophoresis

Two leaves of each of the; sensitive grain sorghum genotype (m3,
m4, 2, f1 x m4, f3 x m2 and 3 x m4) and tolerant ones (f3, f1, m2, 2 x m2,
2% m3 and 22 x m4) groups were used for SDS-protein analysis. Sodiuni
dodecylsulphate polyacrylamide gel electrophoresis (SDS-PAGE) was
performed on total proteins according to the method of Laemmli (1970) as
modified by Studier (1973). The SDS-protein gel was scanned and analyzed
using Gel Doc 2000 BioRad System.

RESULTS AND DISCUSSION
Analysis of variance

Mean squares for all studied traits under normal and saline
conditions are presented in Table (2). Highly significant differences
between environments were found for all studied traits. Mean squares due to
genotypes, crosses and parents were significant for ail recorded traits under
normal and saline conditions exceptl000 kermel weight for crosses and
parents under normal conditions. This indicates that, variability existed
among these parental lines which increases the chance of good new
recombinations. Parents versus crosses mean squares were significant for all
studied traits under both environments except for leaf area under saline
conditions, indicating the presence of heterotic effect.

Mean squares due to the interaction of genotypes with environments
were highly significant for all studied traits except for 1000 kernel weight,
indicating inconsistent responses of these genotypes from normal to saline
conditions. Similar results were reported by Mourad et af (1999) and EL-
Menshawi et al (2003 and 2005). The partitioning of genetic variations
among males, females and male x female revealed that variance due to male
general combining ability (GCA) effect, female GCA effect and specific
combining ability (SCA) effect were significant for all studied traits under
both environments, except male GCA effect for plant height, leaf area and
1000 kernel weight under normal environment, female GCA effect for plant
height, 1000 kernel weight and grain yield per plant under normal
environment and 1000 kernel weight under saline environment and SCA
effect for 1000 kernel weight under both normal and saline environments.
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Table 2. Mean .squares for all studied traits of twelve hybrids and seven parents of
grain sorghum under normal and saline cnvironments (Env.)

Source of Env Df Days to 50% Plant Leafl 1000 Kernel Grain yietd
variance : heading height area weight per_plant
Env.(Salinity) (S) | Combined | 1 2145+ 12007%* 331374%= 720.48%* 18i10**
Replicates normal 2 1.33 36.84 941 6.70 85.75
salinity 2 39 167.11 627 7.29 38.46
Genotypes(G) normal | 18 TL.59%¥ 2133 167.36** 21.82* 745.90%*
salinity 18 S0.17** 1778** 15128%* 31.43** 744,124
Crosses (C) normal il 69,42+ 473** 14004** 16.94 558.56**
salinity | 11 57720 933+ 18752+ 18.67* 556.75**
Cvs.p normal 1 201.8 1** 25896** 43792%* 74.89* 5026
salinity 1 123%# 13941** 229 109.02** 5175.75%*
Parents(P) normal 6 56.86** 1216%* 17236** 2192 375.98**
salinity 6 24,19+ 1299** 10966** 41.90** 349.02**
GCA males ( m) normal 3 13.88** 140 2868 11.97 693.69**
salinity 3 3 Reled 692** 12912** 39.84%* 1127%*
GCA femalesif normal 2 MY 53 8 2032%* 18.72 161.90
salinity 2 113%* R *> 42607 .02 202.58*
SCA(mxD) normal 6 52,16** TO9** 4733%* 18.83 622.22**
salinity 6 24.40%* 1031%* 13721%* 13.63 54375
GxS combined | 18 34.64%* 337%* 5348** 13.11 224.39%*
CxS combined | 11 46,11** 453 %% S768** 16.85 140.71**
CvsPx5S combined | 1 5.03 920** 5174 1.87 041
Px§ combined | 6 18.54%* 27 1274 8.13 415.28%*
GCA(m)x§ combined | 3 24.91%* 315%* 1886 39,45+~ 153.96*
GCA(DNxS combined | 2 138,22 310% 1643 7.62 27617+
SCAXS combined | 6 26.02** 470+ 9085*+* 8.64 88.93
Error normal 36 252 74 1196 10,29 52.93
salinity 36 3.34 66 737 7.51 46.52
combined ¢ 72 | 2.93 70 967 8.90 49.73

*** indicate significant at 0.05 and 0.01 probability levels, respectively,

Mean squares due to the interaction among each of male GCA,
female GCA and SCA with enviromnent (S) were significant for all studied
traits except male GCA X S for leaf area, female GCA X S for leaf area and
1000 kernel weight and SCA X § for 1000 kernel weight and grain yield per
plant which were insignificant, indicating that both additive and non-
additive gene effects were influenced by environments.

Mean performance and salinity susceptibility index (SI)

Means for all studied traits as affected by both environments are
presented in Table (3). Values showed the parental diversity and the
genotypic differential response from normal to saline conditions. Regarding
no. of days to 50% heading, the twelve hybrids under normal conditions
ranged from 65 (f1 x m4) to 84 (f3 x m4) days. In the same time, heading
date delayed under saline conditions which ranged from 74.33 (f2 x m2) to
86.67 (fl x ml) days. No. of days to 50% heading for the parental lines
under normal conditions ranged from 70 (2 and f3) to 81 (m4) davs, while
under saline conditions it ranged from 80.33 (m3) to 87.67 (m4) days.
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Galit 30 Mean pecformance ef Grab. sorghul, po.oenond oo omd crosses wndey
resrraal and saline 2avi-onmeris.

T Days to 50% Plaut  Leaf W0 Werndt | Graia yield  Salinits |
; heading it em areg o) weight g pernlant € suscepti-
[ Genotypes bitity

| mormal salinitv normai salinity zormal salinity nermal salinily normal salinity g4

. Parental lines e

ICSA-37(f1) | 7433  81.33 13000 11500 562.83 448.73 23.33 15453 5893 4703 .65
CSA-88615(f2) | 70.00  80.67 126.67 111.67 51133 441.00 21.20 1687 5547 3233 1.35
ATX-631(13) 76.00 84.67 12333 11833 452.83 4500 2747 2147 6050 5867 10
ICSR-8%016(mI} | 76.33 8433 17335 13667 37383 325.00 2587 2147 8200 4867 1.31
[CSR-89025¢(m2){ 80.00 86.00 156.67 146.67 364.33 32267 27.73 23.07 7167 5270 0.85
ICSR-89038(m3) | 76.33 80.33 11500 9667 452.00 40733 2867 26.80 7100 3383 1.69
ICSR-90015(m4} | 81.00 87.67 13333 126,67 531.00 457.58 27.20 1790 83.67 3227 1.98
Hybrids
f1xml 67.67 86.67 206.67 16333 631.67 487.17 31.33 2633 86.67 57.80 1.08
flx m2 69.00 84.67 198.33 156.67 602.25 496.30 30.33 22.30 67.00 35267 0.69
1rm3 ! 6337 7500 17000 160.00 521.67 45250 2840 27.07 8033 61.37 0.76
fl x m4 63.00 81.67 16333 15333 56450 27277 28,53 18.53 108.33 T71.67 1.09
2xml 7500 79.00 17500 161.67 528.08 44267 3107 24.13 8017 5467 1.03
2 x m2 70.00 7433 181.67 171.67 556.75 454.00 2627 24.67 10333 88.67 0.46
f2xm3 70.00 75.67 18823 16500 568.83 390.67 25.33 24.67 9733 S8L00 0.54
2xm4 70.33  79.00 181.67 160.00 510.08 382.50 2893 21.73 B89.67 T2.07 0.63
3xml 73.00 83.00 17333 156.67 441.50 331.800 2547 20.73 93.67 6500 0.99
f3xm2 73.33 8400 170.00 103.33 433.67 268.83 2453 2393 78.67 39.67 L.60
3xm3 7267 7133 17667 16333 49092 331.17 28.80 25460 T0.67 51.00 0,90
3xmd 84.00 86,00 191.67 16833 411.33 346.83 3040 21.73 10617 65.20 125
Grand mean 72.96 8L65 16553 14500 500.60 389.5¢ 27.42 2240 8133 5612
LSD 0.05 2.63 363 1423 1370 3173 4497 531 454 12,18 1128

With respect to plant height the twelve hybrids under normal
conditions ranged from 163.33 cm (fl x m4) to 206.67 cm (fl x m1), vhile
under saline conditions the height of plants were reduced. The short hybrid
was 103.33 cm (f3 x m2) and the tallest hybrid was 171.67cm (f2 x m2).
Fiant height for the parental lines under normal conditions ranged from
115cm (m3) to 173.33c¢m (mt!), while under saline conditions it varied from
96.67c¢m (m3) to 156.67cm (m1).

For leaf area, the hybrids under normal conditions ranged from
411.33 (f3 x m4) to 631.67 (fl x ml) cm’. Under saline conditions the
hybrids varied from 268.83 (3 x m2) to 496.30 (f1 x m2) cm”. The parental
lines varied under normal conditions from 364.33 (m2) to 5€2.83 (f1) cm?,
while under saline conditions it ranged from 322.67 (m2) to 457.58 (m4)
cm®. Wery et al (1994) indicated that the reduction in leaf area is an
important adaptive mechanism for salinity stress. Regarding 1000 kernel
weight the hybrids under normal conditions varied from 24.53 (f3 x m2) to
31.33 (fI x ml) g and varied from 18.53 (f1 x m4) to 27.07 (fl x m3) g
under saline conditions. The parental lines varied under normal conditions
from 21.20 (f2) to 28.67 (m3) g and ranged frem 16.53 (f1) to 26.80 (m3) g
under saline conditions. With respect to grain vield per plant, the twelve
hybrids under normal conditions ranged from 67 (fl x m2) to 108.33 (fl x
m4) ¢. On the other hand, under salinity stress the range of hybrids was
from39.67 (f3 x m2) to 88.67 (f2 x m2) g. The parental lines ranged under
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normal conditions from 35.47(f2) to 83.67(m4)g and ranged from 32.27
(m4) to 58.67(f3) g under saline conditions. Grain yield was more affected
by salinity stress through deleterious effect on seed number rather than seed
weight. The top three yielding hybrids under normal conditions were f1 x m
4, f3 x m4 and f2 x m2 producing 108.33, 106.17 and 103.33g seeds per
plant, respectively. While, the top three yielding hybrids under salinity
stress were f2 x m2, 2 x m3 and 2 x m4 producing 88.67, 81.00 and 72.07¢
seeds per plant, respectively. These results are in agreement with Igartua ef
al 1995, Mourad ef al 1999 and EL-Menshawi ez af (2003 and 2005).

Salinity susceptibility index "SI", is a value that measures salt
sensitivity, can be used to differentiate the overall genotypes tolerance (EL-
Menshawi et al 2003 and 2005). SI values (Table 3) varied between parental
lines and thewr respecuve hybrids for grain yield per plant. The twelve
hybrids ranged from 0.46 (f2 x m2) to 1.60 (f3 x m2) while, the parental
lines varied from0.10 (f3) to 1,98 (m4). The best salt tolerant hybrids were
2 xm2, 2 x m3, 2 x m4, fl x m2, fl x m3 and f3 x m3 and the other
hybrids were salt sensitive. The best salt tolerant parental lines were f3, fl
and m2 and the other parental lines were salt sensitive.

Heterosis

Table (4) represents percentage of heterosis relative to the better
parents under normal and saline conditions. For days to 50% heading, the
negative value of heterosis for this trait is desireable. Four and eight out of
the twelve hybrids showed significant desirable heterobeltiosis under
normal and saline conditions, respectively for this trait.

Table 4. Percentage of heterosis over better parent for all studied traits under normal
and saline conditions.

Days to 50% Plant height Leafarea 1000 Kernel weigh: Grain yield per

Hybrids| heading plant

normal _ salinity normal  salinity normal salinity normal salinity normal salinity |
f1 x m1l -8.97** 656 19.23**  4.26** 1223** 8.56*%  2LI3%*  22.67*%  5.69% 18.77**
f1 x m2| -7.17**  4.10**  26.60** 6.82*  .00**  10.60** 10.10** 332 651 -0.06
f1 x m3] B.07**  -6.64**  30.77%* 3913+ 731** 084 0.93 100 [3.15%% 3047
1 x md]-12.56* 041 2250%% 2105 030  -40.39% 490 354 29.48%+ 5L3T**
2 x m}| 7.4 207+ 0.96 3.19* 328 .38 20.10%*  12.42%% 224 12.33**
f2xm2{ 000 SL85%%  15.96%* 17.05%% 358+ 295 -5.29 6.94*  44.19%*% 68,25**
2 x m3{ o00 -5.81%*  48.68%*  47.76**  11.25%*% -BL4I%* J11.63*%%  S7.96%*  37.09%% 3%.41**
2 x md| 048 2207 36.25% 26,32 394 1641t 637 21.42%+% 71T 122,89*
3 x ml| 4.29** -1.58* 2.88* 0.00 By -4.06 -7.28* -3.42  14.23%% 10.80**
3xm2| 4.76** -0.79 .51 2055%%  423%  J22,08%* -11.84%% 376 977+ 3239
f3xm3| 381  373** 37.66** 38,03** B4l .1870*r 047 -4.48 047 1307
3 x m4/ 20.00%*  1.57% . 43.75%%  31R9%% 22.84%% 20 20%%  10.68%* 124 26.89%* 11.14**

***indicate significant at 0.67 znd 0.21 grohability levels, respectively,
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The best hetercsis esiimates under sonnal condtitions were exhibited
by f1 x m4, f1 x m! and £ x m3 wiile, the best hvbrids under saline
conditions were 12 » m2, f1 < m3 and £2 x m3 for this trait. Xegarding plant
height . eleven and ten <ui of the 2lve hybrids showed significant
heterobeltiosis under normr:. and sahine conditions, respectively. With
respect (o leaf area, five anc two out of the twelve hybrids showed positive
and significant heterosis under normal and saline conditions, respectively.
For 1000 kernel weight, four and four out of the twelve hybrids exhibited
positive and significant heterosis under normal and saline conditions,
respectively. The best hybrids for heterosis of this trait under normal conditions
were f1 x m] and f2 x m] and under saline condition were f1 x mli and 2 x
m4. For grain yield per plant, nine and nine out of the twelve hybrids
showed positive and significant (desirable) heterosis under normal and
szline conditions, respectively. The best hyCrids o heierobelticsis in grain
yield under normal conditions were f2 x m2, f2 x m3, f1 x m4 and {3 x m4
and under saline conditions were £2 x m3, 2 x m4, f2 x m2 and f] x m4.

From the previous results, it indicated that two hybrids under saline
conditions (f2 x m3 and {2 x m4) showed considerable heterobeltiosis for
grain yield per plant and some of the other studied traits. Therefore, these
two hybrids would be efficient and prospective in grain sorghum breeding
programs. The existence of heterosis for different characters in grain
sorghum crosses using cytoplasmic male sterile and restorer lines had been
demonstrated by several investigators (Reddy and Joshe 1993, EL-
Menshawi ef a/ 2003 and EL-Menshawi and El-Bakry 2004).

Combining ability effects

Estimates of GCA effects for each inbred line in each studied trait
under normal and saline conditions are presented in Table (5). For days to
50% heading, negative (favorable) significant GCA effects were observed
for the parental lines fl1 and m3 under normal conditions and {2 and m3
under saline conditions. The parental lines f3 and m4 under normal
conditions and f1, £3, m1 and m4 under saline conditions showed positive
and significant GCA effects for this trait. Regarding plant height,the parental
lines f2 and m3 exhibited positive and significant GCA effects under saline
conditions while, the parental lines f3 and m2 under the same conditions
<howed negative and significant GCA effects. For leaf area, the female line
{1 under normal conditions and the parental lines f1, f2 and m1 under saline
conditions exhibited positive and significant GCA effects. The parental lines
f3 and m4 showed negative and significant GCA effects under both
environments. For 1000 kerncl weight, the male lines m3 and md under
saline conditions showed positive and negative GCA effects, respectively.
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Table 5. Estimates of general combining ability effects for the parcntal lines evaluated
under normal and saline environments forr all studied traits.

o, PR

Parental I)aﬁas t0.50 Yo Plant height Leaf area 1000 !{ernel Grain yield

lines eading weight per plant
normal salinity normal salinity normal salinity_normal salinity normal sajinity|

Females

ICSA-37( 1) -4.03%*  L4T** L78 1.39  58.25** 39.15** 1.40 0.1  -29% 2582
ICSA-88015(12) 019 353 14 764 1907 2943% 040 035 413 10.70**
ATX-631 (f3) 422%%  2.06** 264 -9.03%* -77.42%* -68.58** -1.00 045 1,21 -8.48**

SEgi 0.46 0.53 248 234 9.98 784 093 079 210 197

SE( gi-gj) 0.65 075 351 33 14.12 11.09 131 1.12 297 179

Males

ICSR-89016(m1) 0.36 2.36** 4386  3.61 1198 3224+ 099 028 -L67 -424

ICSR-89025(m2) -0.75 0.47 L33 -13.06* 912 1834 -L19 018 550 -3.06

1CSR-894038(m3) -119*  -4.53** -3.47 583 537 3.41 0,79 2.33* 572 106
ICSR-90015(md) | 1.58*%  1.69** -292  3.61 -26.47* -5400** 0.99 -2.79** 12.89** 6.25**

SEgi 0.53 0.61 287 270 11.53 9.05 t07 091 243 217
SE{ gi- = . 075 0.86 w5 382 1630 (286 .S 29 343 izl

* ** indicate significant at 0.05 and 0.01 probability levels, respectively.

For grain yield per plant, the female lines £2 and f3 under saline
conditions showed positive and negative GCA effects. respectively. The
male lines m2 and m3 under normal conditions showed negative and
significant GCA effects while the female line m4 exhibited positive and
significant GCA effects under both conditions for grain yield.In general, the
parental lines {2 and m4 showed the highest significant GCA effects under
saline condition for grain vield indicated that these parental lines are good
combiners for increasing grain yield under salin condition.

Specific combining ability effects for all studied traits under normal
and saline conditions are presented in Table (6). For days to 30% heading,
four and three out of the twelve hybrids showed positive and significant
SCA effects under normal and saline cenditions, respectively. On the other
hand four and two out of the twelve hybrids showed negative and significant
SCA effects under normal and saline conditions, respectively.

Table 6. Specific combining ability effects for twelve grain sorghum crosses under
normal and saline environments for all studied traits.

: Days to 50% Plant Leaf 1000 Kerne§ Grain yield
heading height area weight per plant
Hybrids
normal salinity normal  salinity  normai  salinity  normal! salinity normal  salinity
flxml | -0.19 231%  1722%* 1.3¢9 39.67 27714 064 249 278 117
flam2 | 225%  219% 12.12**  {139* £301 50577 202 144 -13.08* 514
flxmd | 203* .247* AL1i* 47 6372 91 05T I8 047 05T
flxmd {-4.08** -2.05 -1833* 861 1094 -100.42%* 206 234 9.86% 454
Zxml |331% 036 -11.583* 653 SRR 204 218 005 -10.79% (15190
Rxmz | -058 3. _1L53 0 2004 Ga 1820 044 0.69 1620%% 763+
Rxmd | 01 319%  10.14* -5.42 1253 3020 -158 -bd46 1043% 584
famd (2580 .31 292 -3.19 -1.39 19,04 004 072 -i5BS%C 828
Bxml |23 1% 569 514 S483 0 2070 282 J1A5 0 RO4 0 [iader
Bam? | -L67 035 -10.69%  BLSIM 49X LGR0TF L188 QTR W30 -12480
Bywl |18 72 0.87 X L i3 119 QIR 000 528
Bimd |66T* 172 1242%  (i8ps 836 K136 2.1 S A AN
SESit 092 Los a0 68 987 i3.8% L85 AR 4D 5 |
PSE(GRSEDL 130t T £6% 3R VAT 26 s wrd 587 |
*, % indicain signiftvaat at 085 2a¢ .00 prebability fevels, respeeiivcly,
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For plant height, four and four out of the tweive hybrids exhibited
i Jsitive and significant SCA effocts vuder nosmsl and saline conditions,
respectivety, Four and one ont of the welve hnhrids showed nepative and
significant 8CA effects for plar hergh. under normal and saline conditions,
respectively. Regarding leaf area, one and two out of the tweive hybrids
under normal and saline conditions, respectively showed positive and
negative SCA effects, respectively. For grain yield per plant, three and two
out of the twelve hybrids exhibited positive and significant SCA effects
under normal and saline condiiions, respectively. Four and three out of the
twelve hybrids under normal and saline conditions, respectively showed
negative and significant SCA effccts. The best SCA effect under normal and
saline conditions for grain yield was shown by the hybrid f2 x m2.
Combining ability in grain sorghum was investigated by several
investigators using line x tester analysis (Jagadeshawar and Shinde 1992,
Mostafa ef al 1992, Reddy and Joshe 1993 and EL-Menshawi ef a/ 2003 ~nd 2005).

SDS-Protein electrophoresis

Total proteins were fractionated by using one dimensional SDS-
PAGE. Protein electrophoresis analysis was successfully used for the
identification and characterization of grain sorghum genotypes and different
field crops (Abdel-Sattar and Ahmed 2004 and EL-Menshawi et a/ 2003 and
2005). Analysis of total proteins of two groups (sensitive and tolerant to
salinity stress conditions) of twelve grain sorghum genotypes are illustrated
in Table (7) and Figure (1). The first group contains three sensitive parental
lines (m3, m4 and £2) and three sensitive hybrids (fl x m4, f3 x m2 and f3 x
m4) depending on salinity sensitivity index Table (3).The second group
contains three tolerant parental lines (f3, fl and m2) and three tolerant
hybrids (f2 x m2, 2 x m3 and 2 x m4).

Substantial differences between the two studied groups in their
molecular weights (MW), relative mobilities (Rm) and intensity of bands
were recorded. Thirty five bands were detected with different molecular
weights ranging from 248.60 to 21.17 KDa. Two universal bands were
commonly present in all twelve sorghum genotypes at MW 201.13 and
38.23 KDa. The six sensitive grain sorghum genotypes at the first group
were distinguished with three common bands, which were not found at the
tolerant group, of MW 71.18, 65.18 and 61.50 KDa. The six tolerant grain
sorghum genotypes at the second group showed nine common bands, which
were not found at the sensitive group, of MW 24531,219.35, 140.66,
100.57,67.22,62.47, 58.13, 36.19 and 33.57 KDa.
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Figure (1):53D5 Electrophoretic patterns of leal total protein for the most sensitive and
tolerant grain sorghum genotvpes under saline conditions.

Table 7. Densitometer analysis of water soluble proteins (SDS-PAGE) showing bana numper
{B.no.), relative mobility {(Rm), molecular weight (Mw) and intensity as a percentage of
total concentration for some gnm snrghum genotypes.

Sensitive (5.) Parents S.H}hrids Tolerant (T.) Hvbrids | T. Parents
B. |[Rom [ MW. | 1 2 3 4 5 3 7 ] 9 w1 12
no. KDa m3 mé 2|nx ©Bx ©Bx| Rx 01 2x[m N0 O
md m md md m3 mZ

1 (001 [248.60 |08 0.23 027 028
1 (003 |24531 067 065 063|028 029 028
3 (004 |23017 |0.19 038 025 027
4 [0.07 21935 040 042 041 (030 027 021
£ (0.09 |210.18 |0.18 027 0.8 023 025| 040 043 043 031 028 028
6 (001 |20416 078 077
7 (002 |20L13 [049 052 048 (053 063 057 | 083 084 088 (058 066 0.43
8 (014 |190.15 |0.29 035 037
9 (015 |170.53 [0.28 026 029 050 ©OE8 079 [033 047 030
10 |0.22 |140.66 091 092 083 |0.35 044 033
11 |0.23 |132.55 028 029
12 |0.25 (11793 {021 017 QI8 |[012
13 |0.27 [110.65 033 035 | 037 033 038 (022 033 034
14 |0.29 (10477 0.63  0.65
15 | 0.31 [100.57 099 099 099 |0.54 0.62 0.65
16 |0.33 | 9633 1038 042 041 |0.44
17 |037 | 8325 0.53 0.55
18 |0.39 | TR 033 031 0.30
19 |0.44 | 7531 (029 038 037 (038
20 |0.45 | 7322 05 049 053 ‘031 033 035
;Jl- gﬁ 2#..*[3 063 062 063 [055 057 055
23 |0.65 | 6518
14 j067 | 6422 021 021 028
E :,% gﬂ 019 021 0.15 {023 048 022 gwo 0.41 0.38

T 66  0.63 061 (020 023 025
27 1675 | 61.50 m
2% |0.78 | 3813 028 025 022 {017 Q18 Ad9
29 {079 | 44.21 0.17 0.31 035 .35 0,37
30 |08s | 2923 (027 029 028 (628 029 030 | 029 027 038 (005 023 029
3 (8% | 325 I -

6 |G1E 021 «

33 loo | 57 i 026 024 0.1% 020 028
34 (093 | 1589 o e m
iz poz | 3147 pae logs

Mumbers inside the table represent proper iatensity percentages of each band.
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It is evident from thesz results that ihe cloctrophoretic patterns of total
proteins could be a useful toc! for the idertificarion and characterization of the
tolerani grain sorghum genotypes for salt stress conditions. This result is in
agreement with the results of EL-Menshawi ef a/ (2003 and 2003) who indicated
that SDS-PAGE protein banding patterns was successful in the identification
and characterization of the tolerant grain sorghum genotypes and locating
biochemical genetic markers related to salt tolerance in grain sorghum.
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