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Abstract:

The objective of this research
was to study the stay-green trait
and its components in the Egyp-
tian grain sorghum populations
and investigate their inheritance.
A random sample of six A-lines
and six R-lines were used to pro-
duce thirty six hybrids by line x
tester mating design. Six A-lines
,six R-lines , 36 hybrid and the
check hybrid were evaluated
both under normal irrigation and
post flowering. Water stress via
preventing the irrigation from
booting stage until harvest at two
locations, Sohag and Assiut
cover reratis, Overrates Four
characteristic traits of stay-green
were estimated leaf area green,
relative green leaf area duration,
Absolute green leaf area and leaf
area rettention . All the studied
traits exhibited harmful depres-
sion resulting from post flower-
ing water stress. The Assiut loca-
tion described as unfavorable
because of poor sandy soil of
newly reclaimed land slightly
saline soil . The GLA depression
began early even before flower-
ing and this depression amplified
by water stress. The A-line, R-
line and crosses displayed sig-
nificant variances for all studied
traits, The stay-green and its

components mostly showed sig-
nificant average heterosis toward
better performance. Peartitioning
the genetic variance to additive
and non-additive components
pointed out that the non-additive
gene effects were predominant
and more common under unfa-
vorable conditions. The estimates
of narrow and broad sense-
heritability suggested the success
of selection for the stay green
trait under the most favorable
conditions

Key Words: Stay-green, green
leaf area (GLA), relative green
leaf area duration, absolute green
leaf area duration, leaf area reten-
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Introduction:

Sorghum is an important ce-
real crop in semiarid regions of
the world. One of the major chal-
lenges for sorghum improvement
programs is to develop genotypes
that have an advantage in water
limited environments. Sorghum
exhibits two distinct responses to
drought stress (Rosenow and
Clark, 1981; Rosenow et al,
1983). One response sesnonse

occurs when plants are stressed

during the panicle development
stage prior to flowering, called
pre-flowering, and the second
occurs when plants are stressed
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after anthesis during grain devel-
opment and is called post-
flowering stress (Walulu et al,
1994). Several genotypes with a
high level of resistance at one
stage may be susceptible at the
other stage (Rosenow et al,
1983). Stay green is an important
trait associated with drought re-
sistance at post flowering
Walulu, et al, 1994). And it is a
particularly valuable trait in dual-
purpose (grain plus fodder) sor-
ghum (van OQosterom et al,
1996). Stay green also increases
sorghum resistance to stalk rot
and charcoal rot (Mughogho and
Pande, 1984). Stay-green or non-
senescence is the delayed or re-
duced rate of normal plant senes-
cence as it approaches maturity,
resulting in greater functional
leaf area during grain filling and
extension of the photosynthetic
capability of the upper canopy
leaves (McBee, 1984). Geno-
types possessing the stay green
frait maintain more active photo-
synthetic leaves (Rosenow et al.,
1983; Mchee, 1984) and continue
to fill their grains normally under
drought occurring after flower-
ing (Rosenow and Clark, 1981)
than genotypes which lack this
trait.Greater green leaf area dura-
tion during grain filling appears
to be a product of different com-
binations of three distinct factors;
green leaf area at flowering, time
of onset of senescence and rate of
leaf senescence. Further, all three
factors appear to be independ-
ently inherices (van Qosterrom
et al, 1996). These iraits are use-
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ful for improving sorghum geno-
types for drought tolerance since
they have been found to improve
the efficiency of selection for
drought tolerance. Inheritance of
the stay green has not been
clearly described. Walnlu et al
(1994) suggested that the stay
green trait is influenced by a ma-
jor gene that exhibits various lev-
els of dominant gene action de-
pending on the environment in
which evaluations are made.Two
visual scaling methods are used
to estimate stay-green trait. Esti-
mation of Non-senescence ot
stay-green by Visual stay green
score (VSGS): was scored visu-
ally on a scale of 1 to 10 on an
individual plant basis according
to Walulu et al (1994). The 1 to
10 rating scale was based on the
estimated portion of leaf death of
normal size leaves; where 1= 0to
10%, 2= 10 to 20%, etc., and 10=
90 to 100% leaf death. VSGS
were estimated as average of five
representative guarded plants
tagged at flowering time for each
plot to rate VSGS weekly. VSGS
was estimated five times after
flowering and the average of the
five plants for each genotype was
recorded. Wanous et al (1991)
recorded that visual green leaf
area rating cormrelated well

(r = 0.93, P<0.01) with the per-
centage of green leaf area ob-
tained by actual measurements of
green leafl area, The second
method, van Oosterom et al
(1996} visually estimated the
green leaf area percentage (GAP)
of the upper six leaves of six rep-
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resentative plants per plot.The
objectives of the present investi-
gation were to study (i) the mode
of gene action and heritability for
the stay green, and (ii) the effect
of environment on genetic pa-
rameters controlling this trait .
Materials and methods

Six sorghum restorer lines
vis., randomly chosen Dorado-
ICSP12, Dorado, Dorado-Gil3,
Dorado-G114, ICSR920603 and
ICSR93001 and six cytoplasmic
male sterile lines (CMS-lines)
i.e., ATX631, Apop32, Apop38,
ICSAB8005, ICSAS88010 and
SPGMA94021 were used to pro-
duce thirty six hybrids by the line
x tester mating design (Kemp-
thorne 1957). The primary seed
propagation and manual crosses
procedures were carried out
Shandaweel Agricultural Re-
search Station (SARS), Sohag in
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2008 and 2009 growing seasons
In 2010 season, the resultant 43
gentypes (36crosses+érestorer
+6CMS) and Shandaweell-6 hy-
brid (check) were evaluated in
two field experiments in
both{Arab El wamer), Assiut
and(SARS) Sohag locations. The
first experiment in each location
was normally irrigated(normal
irrigation) while the second ex-
periment was normally irrigated
until the booting stage then irri-
gation was stopped until harvest
which leads to water stress dur-
ing post flowering and seed fill-
ing(water stress).The soil was
extremely different in both loca-
tions (Table 1), The soil at SARS
was loamy clay soil, while the
soil of the Assiut location was
sandy calcareous(newly re-
claimed sandy soil).



Iman .M. Hassan et gl., 2012

Table 1: Physical and chemical characteristic of representative
soil samples from field experiment sites.

Soil properties Assiut Sohag
Particle distribution
Sand (%) 96.72 49.3
Siit (%) 2.12 16.3
Clay (%) 1.16 ‘ 344
Soil texture Sandy Clay
Field capacity (%0) 9.92 39.60
Water saturation 20.58 68.40
EC mmhose/cm (1:1) 0.35 0.84
pH (1:1 water suspension) 8.65 7.6
Organic mater % 0.24 1.3
Soluble cations {meq/1)
Ca 1.73 36
Mg 1.00 2.9
Na 0.56 22
X 0.17 0.36
Soluble anions (meq/1)

CO; + HCO, 1.70 9.5
Ci 1.34 2
Total nitrogen (%) 0.003 96.1
Available Phosphorus (ppm) 8.30 12.1

Avalable micro-nutrients, ppm

F 1.85 7.7
Mn 1.59 39

Zn 0.33 0.27
Cu 0.38 0.27
Soil type Sandy caleareous clay loam

Each experiment was con-
ducted in a randomized complete
block design with three replica-
tions. The experimental plot was
one row of four meters long and
60 cm wide. Planting was done in
hills spaced 20 cm apart and hills
were thinned to two plants/hill.
The common agricultural prac-
tices of growing grain sorghum
were properly applied as recom-
mended in the district.

Stadied traits

The stay-green trait was es-
timated according to van
Oosterom et al (1996) for the
upper ten leaves of five represen-

tative plants per plot. So, a logis-
tic function to describe the pat-
terns of leaf senescence, was as
follows,
Y= UL/(1+Ae™),where
Y= is the green area percentage
(GAT).
T= the number of days after
flowering.
A = is constant.
E=is an irrational and transcen-
dental constant approximately
equal to 2.718 (the base of natu-
ral loganithm)

B= is the senescence rate.

The weekly collected data of GAP
for each genotype and each
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plot were fitted to the above equa- area under the logistic curve (the
tion. From the fitted function and upper equation), estimated by
the measured GAP the related vari- linear interpolation for 0.2/day
ables were derived for each plot. In intervals from flowering until 28
the current paper the following days after flowering (two days be-
traits related to stay green are=1- fore harvesting) as a percentage of
Green leaf area/plant at flower- maximum green leaf area (100%)
ing (GLA) (cm®): the maximum see figure 1.
length by maximum width of the 3- Absolute green leaf area dura-
fifth leaf below the flag leaf times tion (GLAD m?); the total active
sue number of green leaves by leaf area during seed filling from
0.75, according to Kirby and At- flowering until harvesting.
kins (1968} . 4- Leaf area retention (LAR
2- Relative green leaf area dura- cm?); the leaf area 28 days after
tion (GLAD%) after flowering flowering or total green area at the
was defined for each plot as the last measurement before harvest.
ATX-631 x DORADO-ICSP12
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Figure 1: Green leaf area percentage GAP of the hybrid ATX631 x
Dorado-ICSP112 under normal and stressed irrigation at Shan-
dawell Agricultural Research Station (SARS).
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According to Hallauer and
Miranda (1982), the analysis of
variance of North Caroline design
II the total variation due to males
(m), females (f) and the interaction
of males with females. The expec-
tation of mean squares (Table 2)
expressed in terms of covariances
between full-sibs and half-sibs
families is presented in Table2. So
o%n = 0% = COV HS= % o0°A and
*m = COV FS - COV HS,, - COV
HS#~ (Y40 D), where f=1 (f is the
inbreeding coefficient) for inbred
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lines. The additive variances for

males and females were calcu-

lated according to Singh and

Shauadary (1985) as follows:
Phenotypic variance (0°;)

=%+ ol t+ 0%

Genotypic variance (o%g)

=¢* A + g? D

Broad sense heritability (h%)

= 02@" 0'2p

Narrow sense heritability (h?)

= OQAII 0'29

Average degree of dominance

= gD Ay
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Table2: Analysis of variance for 48 genotypes evaluated under each

irrigation  treatment at each location.
Source of variance df EMS
Replicate ( Rep) | r-1 = 2
Genotypes (G) G-1 = 47
Parents (P ) P-1 11
Crosses C-1 = 35
Males m-1 = 5 0% + ro%y, amfo’
Females f-1 = 5 (o BRI (YO 1 1o S
Males x females | (m-1)(f-1) = 23 o + 10%n
Error -1y = 9% o2

r= no. of replications

oy, = Variance due to male lines (tester)

female lines
Results and discussion
1-Performance:

Analysis of wvariance for
GLA, relative pgreen leaf
area(GLAD%Y), absolute green
leaf area (GLAD) and LAR un-
der normal and water stress con-
ditions in each location revealed
highly significant differences

23

o?. =Variance due to error.

o% = Variance due to

among all genotypes, i.e. Parents,
F; crosses and the check hybrid.
Combined analysis of variance,
Table 3, over the two irrigation
treatments showed highly signifi-
cant mean squares for irrigation,
genotypes and Irr. x Gen. inter-
action for all studied traits
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Table 3: Combined analysis of variance over two water regimes at two locations of stay
green traits for parents , their crosses grain sorghum (line x tester) and a check hybrid,

Mean Squres
S.0.V GLA GLAD% GLAD M2 LAR
d.f{ Sohag Assiut Sohag Assiut Sohag | Assiut{ Sohag Assiut
Irrigation (Irr)| 1 M7012082%425896707**31852702**]15161435%%| 642%* | 338** |166396612**41130000+*
Errora | 4| 34027 | 173297 | 1.82275 | 126292 | 7.90 | 3.20 | 165571 | 10358050
Genotypes (G)[48 [3752216%* | 1028583** | 291207+* | 335138** |2534%* | 7.80%*| 3097210** | 513750**
Gvs.Check.| 1| 21630 | 190359 |[2114483**| 97887 | 49** | 2.67* | 5428668** | 80000**
G‘zl‘:)‘;_“g 47|3831591%* | 1046417+* | 252414** | 340186%* {24.83%%|7.90%*| 3047604** | 522079%+
Parents (P ) | 11 |4325008+* | 789236™* | 544104%* | 510517** |32.58%* |8.46** | 3123382+* | 852189%*
Crosses ( C ) |35[2376598%* [1080313** | 167660** | 229867** [18.53**[7.92**| 2403212** | 416686**
Pvs.C | 1 49328749%% 2689032%*| 10196 |2327682** [160.37*% 1.29 |24767776**| 621925%* |
Females (F )| 5 |4884964** | [881020%* | 429951** | 372481%* |39.89** [14.25%* 4956018* | 827600**
Males (M) | 5 | 1848977** | 242652/** | 237969%* | 560095** |26.22%* P0.69** 3740784* | 867800%*
F x M |25]1980449*%| 650029%* | 101140%* | 135299** |12.71%* |4.10%*| 1625137** | 244280**
Ir. x G |47] 432251** | 685510%* | 218620** | 68131** | 9.1** |330**| 1691084 | 218723**
Errorb  |192] 64793 75708 27623 21870 104 | 044 | 217015 42714

*, ** are significant at P<0.05 and p< 0.001 respectively

(0F-8D 2unr (£)&p “198 28y Jo *f missy
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Table ( 4 ):Mean square for the stay green trait under normal and water stress conditions in Sohag and Assuit locations.

Mean Squares

Source of GLA GLADY%
Yariance éf Sohag Assuit Sohag Assuit
Normal Stress Normal Stress Normal Stress Normal Stress
Replication 2 30226.75 34858.32 331942.46* 313135 68223.22 55678.18 229197.1%* 56024.72
230590.43*
Genotypes(G) 47 2153686.94** 2110155.22** T83260.50** 948665.95*%* 237945 .86** * 174390.56%* 233926.26**
510293.57+
Parents 11 2637527.81* 2151292.22%* 212348.96** 1010277.71%* || 170197.79** * 125372.01** 510001.08**
1348288.84
Pvs. C. 1 22372302.30%* | 27068205.66%* 1064137 14** 1657642 84** 1056152.67** bl 940121 31** 1411417.03%*
110749 .49*
Crosses 35 1423947.94** 1384139.30** 954664.79** 909045.78** 235860.77** * 167918.37** 113517.30*%
212637.59*
Females (F} 5 1282495 58** 782836.01** 2063401.77** 2552045.07+* 407192 39** * 467118.90** 202411.62**
116803.13*

Males (M) 5 3206755.924* 2369088.09+* 155550718+ 791980.91* 431993 48+ * 2680611.64** 121170.83**
FXM 25 § 109567682+ | 1307410.20** | 612748.80* | 603858.89** | 162367.80** | $9161.14** | 8$5539.60** 94207.73%*
Error 94 58459.17 73107.75 70412.44 83954 34343.75 22466.1593 20621.57 2248031

GLAD leaf retention
22974004.5
Replication 2 2.39 0.94 63539+ 0.4209 240901.90 8 311050.15%* 2493.56

22686626.6

Genotypes(G) 47 25.14%* 8.69** 6.3438%* 4.86** 3989900.10** 5* 454843.25% 284993.31**

Parents i 23.39% 14.70%* 291%* 8.01%* 2873289.06** | 986433.03% | 495713.12*% | 502575.38%*

4769634%.30*

Pvs. C 1 233.66** 7.26%* 0.19 1.36 * $042127.09 390742.81* 313039.66™*
299251017

Crosses 35 19.74** 6.84%* 7.5985%* 3,97+ 3092065.02** 8* 443829.88** 215809.05**
32759581.1

Females (F ) 5 34.91%* 9.90** 20.23** 10.14** 5528269.46** g* 1031238.27%* 327193.64**
308332595

Males (M) 5 37.14** 12.04** 13.75%* 342+ 653587455+ 6* 814181.11** 295081.62**
29176574.3

FXM 25 13,22+ 5.19** 3.84** 2.85% 1916062.23** 4 252277.95%* 177677.74%*
22984002.6

Error 94 1.42 3.7199 0.5093 0.3706 364735.11 5 60406.91 24590.8286

ZI0Z ‘10 12 UDSSUEL'IY" uvwiy
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Similar results have been repre-
sented by ( van Oosterom et al,,
1996;Borrell et al., a&b2000);
Munamava and Riddoch., 2001;
Viswanathan and Francis.,
2002; Okiyo et al., 2004 and
Maseresha, 2010 ).
Studied traits:
1-Green leaf area at flowering
(GLA, cm?):-~
The average green leaf area
(GLA) at flowering for evaluated
genotypes under the two water
regimes at Sohag and Assiut lo-
cations are presented in Table 5.
The general mean of GLA of the
studied genotypes in Sohag and
Assiut locations under normal
and water stress conditions were
5765, 4965, 2850 and 2257cm’,
respectively. These results re-
vealed the great difference be-
tween locations in their influence
on green leaf area with the supe-
under drought stress at
100 days from cmergence to be
about 87% of normal irrigation
(393.1 cm?). Okiyo et al (2004)
reported that leaf length was re-
duced from 38.9 to 35.3 cm un-
der water stress.The line sample
showed significantly great vari-
ances of GLA, which ranged
from 3360 to 6640 cm’ which
encourage the investigators to
complete their objectives, The
composite crosses of those lines
displayed GLA ranging from
4416 to 7337 cm’. These three
measurements displayed the av-
erage heterosis effects toward
increasing GLA; the analysis of
variance for this trait ensured this
deduction. These results are in
harmony with those obtained by
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riority of Sohag location where
GLA was double its value at the
Assiut location. This difference
may be due to soil characteristics
such as field capacity, salinity
level and soil alkalinity that im-
pose abiotic stresses on plant
growth. Water stress led to about
14% and 21%descant in GLA at
Sohag and Assiut locations, re-
spectively. The soil nature sup-
ported water preventing to ampli-
fying the GLA depression to be
about 39% of normal conditions
in Sohag location. However, this
depression was observed on
green leaves number as well as
the leaf area of the fifth leaf
(non- published data). These re-
sults were compatible with simi-
lar results obtained by El-Bakry
et al (2002) who reported that
GLA was depressed

Rac et al (1999) who found that
hybrids produced more leaf area
than their parents. van Oosterom
et al (1996} reported that F,
crosses produced higher leaf area
at flowering than their parents.
Moreover Okiy et al (2004) re-
ported that leaf width of F,
crosses was 82.02% higher than
their parents.However, the analy-
sis of variance suggested that
genotypes responded differently
to water stress, since the mean
squares of the interactions of
lines, hybrids and lines vs. hy-
brids were highly significant. The
best stay-green genotypes con-
serve most GLA until harvest and
the early senescent genotypes age
faster, enabling us to identify
stay-green and senescent geno-
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types. Several investigators dis-
cussed GLA behavior
(Mughogho and

Pande,1984; Tenkouano et al,
1993; Walulu et al, 1994 and
van Oosterom et al 1996).The
best stay-green A-line was
APOP-32, converted 93.15% of
its GLA under water stress at
Sohag location; other gantries
had had GLA were 46.0 and
23.12% under normal and water
stress conditions in Assiut loca-
tion. It was apparent that the
harsh condition on the latter loca-
tion was more detrimental to this
line. On the contrary, ICSR
88010 was the worst A-line that
conserved about 72.78, 62.67 and
58.19 under water stress in Sohag
and under normal and water
stress in Assiut, respectively.
This A-line also was adapted to
Assiut conditions. Regarding the
restorer lines, the line Dorado-
G114 conserved 98.44, 63,47 and
56.60% under water stress in So-
hag , normal and water stress in
Assiut, respectively, while the R-
line ICSR 93001 displayed poor
response to the latter conditions
conserving 67.8, 5198 and
26.63% with the same above ar-
rangement.The best stay-green
hybrid was ( ICSA99005 x
ICSR93001), which kept 97.47,
49.99 and 29.12% active green
leaf area under water stress in
Sohag and under water normal
and water stress conditions in
Assiut, respectively. Oppositely ,
the worst senescent hybrid was
(APOP32 x Dorado-G113) which
conserved 66.56, 4558 and
24.46% GLA under water stress
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in Sohag, and normal and water
stress conditions in Assiut, re-
spectively. The different percent-
ages decrement under Sohag and
Assiut  suggested  different
mechanisms rolling leaves senes-
cence under causing factors. In
Sohag 19 and 21 F, crosses sig-
nificantly surpassed the check
hybrid in GLA under normal and
water stress conditions, respec-
tively, In Assiut 3 and 16 F,
crosses significantly surpassed
the check hybrid in GLA under
normal and water stress condi-
tions, respectively

2- Relative green leaf area du-
ration (GLAD%)

The estimated relative green
leaf area duration (GLAD%) for
each evaluated genotype under
the two treatments in Sohag and
Assiut locations are presented in
Table 5.0briously , this estimate
was of the area bordered by the
logistic curve, the two axes and
leaf area retention (see Figure 1);
and it was calculated by linear
interpolation for (.2/days inter-
vals from flowering until 28 days
after flowering therefore, divid-
ing this estimate by 28 the result
is the average relative GLA and
is a good estimate of stay-green
regardless the actual GLA. This
estimation of stay-green has two
leaf area components, viz., the
onset and senescence rate which
are not presented in the current
paper. The general mean of
GLAD% of the studied geno-
types under normal and water
stress in Sohag and Assiut loca-
tion were 2135, 1476 and 1913,
1217.81, respectively. These re-
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sults indicate that the onset of
senescence and/or its rate led to
more decrease of GLAD% in
Assiut than Sohag location, while
the decrement due to water stress
in Sohag was severe.The average
GLAD% of the randomly used
lines were 1982, 1626, 2050 and
1455 under normal and water
stress condition in Sochag and
Assiut, respectively. On the other
side, the average GLAD% of the
derived crosses of these lines
were 2179, 1401, 1863 and 1114
under normal and water stress in
Sohag and Assiut, respectively.
These senates apneas contradic-
tory. There were highly signifi-
cant average heterosis toward
higher GLAD% under normal
irrigation in the more productive
location (Schag) accompanied
with non-significant interaction
of the average heterosis with irri-
gation treatment. However, the
contrary was observed in Assiut
location where non-significant
average heterosis under normal
irrigation and highly significant
interaction with irrigation treat-
ment were found. Nevertheless,
the previous suggestion that dif-
ferent mechanisms of rolling leaf
senescence under Sohag and As-
siut conditions would illustrate
these confused results. But van
Oosterom et al (1996) found that
crosses produced relative GLAD
greater than their parents.The
best A-lines showing the highest
GLADY% were APOP-38 (1968)
and SPGMA 94021 (2129),
while the worst lines were ICSA-
88010 (1733) and ATX-631
(1744) in Sohag and Assiut, re-

28

spectively. Regarding the restorer
lines, the best lines were Dorado
(2287) and Dorado-ICSP12
(2483) in Sohag, Dorado-G114
(2412)in Assiut, while the worst
R-lines were ICSR92003 (1652)
and the same R-line (1809) in
Sohag and Assiut respectively.
The best hybrid was (APOP-38 x
Dorado-G114) which showed
GLAD% of about 2586, 1697,
2095 and 1364 under norma! and
water stress in Sohag and Assiut,
respectively. On the other hand,
the hybrid (ICSA 88005x Do-
rado-ICSP12) showed an esti-
mated GLAD% of about 1573,
1645, 1792 and 1312  under
normal and water stress in Sohag
and Assiut conditions, respec-
tively. which was the worst esti-
mate under normal irrigation in
Assiut. Two F; crosses signifi-
cantly surpassed the check hybrid
in GLAD% under normal condi-
tion in Assuit . All F, crosses
were not significantly different
from compared with the check
hybrid for GLAD% under both
treatments under Sohag condi-
tions.
3-Absolute green leaf area duration
The estimation of absolute
green leaf area duration (GLAD
m’) for all evaluated genotypes
under the two water regimes in
Sohag and Assiut locations are
presented in Table 6. According
to van Qosterom et al (1996),
absolute GLAD result values
from multiplying the relative
GLAD% by the actual GLA at
flowering, so it is a good indica-
tion of the effective stay-green
trait that influences grain yield
via active photosynthetsis during
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the seed filling period. The gen-
eral means of GLAD of the stud-
ied genotypes in Sohag and As-
siut locations under normal and
water stress conditions were
12.42, 731, 5.52 and 3.38m’,
respectively. These results reveal
the great difference in GLAD
estimates among locations with
great active leaf area after flow-
ering so that it was double of
GLAD in Sohag location under
normal irrigation. This depres-
sion could be due to variation in
soil characteristics such as field
capacity, soil salinity intensity
and soil alkality that impose
abiotic stresses on growing
plants. Water stress decreased
GLAD by about 41.17% and
38.70% in Sohag and Assiut lo-
cations, respectively,Soil charac-
teristics enhancing water conser-
vation amplified the GLAD de-
pression to about 27.23% of
normal conditions in Sohag loca-

%

tion. These results are in har-
mony with those obtained by
Borrell et al (2000 b) who found
that water stress at post flowering
reduced green leaf area at matur-
ity by 67% compared with full
irrigation. Munamava and Rid-
dock (2001) stated that the effec-
tive green leaf area at grain fili-
ing decreased with water stress at
the vegetative, booting and flow-
ering stages. Generally, the
random sample of lines used
showed that GLAD estimates
were about 10,19, 6.83, 5.55 and
3.55 m? in Sohag and Assiut lo-
cations under normal and water
stress conditions, respectively,
The crosses involving of these
lines gave estimates of about
13.13, 7.34, 547 and 3.32 m’.
These estimates resulted in aver-
age heterosis expressed in Sohag
only, while in Assiut there was
no average heterosis,
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Table5: Green leaf area and the relative green leaf area duration of 6 A-lines, 6 R-lines, their line x tester

crosses and check hybrid tested under two water regimes at two locations

GLA cm® GLAD%
Genotypes Soha; Assint Sohag Assiut
Normal | Stress | Normal | Stress | Normal | Stress | Normal | Stress
APOP-32xDorado-G114 6830 6629 2793 2381 1936 1352 1788 1031
APOP-38xDorade-G114 5957 5567 | 2727 2601 2586 1697 | 2095 1253
ATX-631xDorado-G114 5703 4974 | 249 2597 2067 1511 1900 1178
ICS A B8005xDorado-(3114 6600 4974 2553 2509 2206 1199 1657 1000
ICSA 88010xDorado-G114 5333 4495 3211 2776 2027 1444 | 1858 [070
SPGMA 94021xDorado-G114 5693 5209 3270 2328 2187 E344 1830 1092
APOP-32xDorado 6878 5750 | 3859 2898 2485 1493 | 1938 1378
APOP-338xDorado 6066 571 4181 3537 2451 1741 [ 2193 1160
ATX-631xDorado 6146 4363 3376 2973 2248 1586 2013 1019
ICSA 88005xDorado 5482 5058 | 2365 1380 2369 1123 | 1684 1033
ICSA 88010xDorado 6604 5961 2673 3635 2264 1682 | 239] 1016
SPGMA 9402 1xDorado 6553 5336 | 3403 2679 1941 1531 | 2238 1164
APOP-32xDorado-GE13 6244 4156 2846 1527 2208 1133 1895 1137
APOQP-38xDorado-G1 13 6376 5944 4182 1184 2526 1126 | 2158 1408
ATX-631xDorado-G113 5407 4304 [ 2226 1567 2467 1073 | 1515 1364
1CSA B800SxDorado-G1l13 7051 6509 2246 1452 2352 1288 1707 1025
ICSA 88010xDorado-G113 6766 5646 3554 2706} 2465 1724 | 2286 1305
SPGMA 9402 [xDorado-(3113 4416 3634 3335 2177 1916 1132 1425 1085
APOP-32xDorado-ICSP12 6698 5104 | 3371 2699 2206 1711 | 2157 1060
APOP-38xDorado-ICSPi2 6170 5765 | 3034 i854 | 2574 1470 | 1992 1349
ATX-631xDorado-ICSP12 6315 5808 [ 3256 1858 2250 1364 [ 1970 1111
ICSA 88005xPorado-ICSP12 6603 5689 2292 2371 1573 1645 1792 1350
ICSA 88010xDorado-ICSP12 5762 5384 | 3320 1923 2154 1393 | 2034 1148
SPGMA 9402 [xDorado-ICSP12 | 5262 4644 | 2995 2082 2232 1318 | 2107 1044
APOP-32xICSR92003 5601 5271 2002 2384 2336 1116 1632 1312
APCP-318xICSR92003 5648 5398 2303 2310 2188 1638 1842 1021
ATX-63IxICSR92003 4450 4216 | 2255 2496 1625 1403 | 1830 1099
ICSA 88005xICSR52003 6295 4441 2067 2543 1795 1509 1712 1188
ICSA 88010xICSR92003 5599 5283 2322 2727 1873 1481 1765 1177
SPGMA 9402 IXICSR92003 5398 4710 2972 2202 1592 1361 1719 1116
APOP-32xICSR93001 7337 5540 2429 2232 2461 1264 1550 1168
APOP-38xICSR93001 5400 4890 [ 2667 2030 | 2324 1418 [ 1777 1198
ATX-631xICSR93001 5021 4512 2852 2574 1974 1314 1557 1011
ICSA 88005xICSR23001 5573 5432 {2786 1623 1844 1266 | 1685 1032
ICSA 88010xICSRI3001 6443 6050 3268 2131 2222 1244 1778 1028
SPGMA 9402 1xICSR93001 6012 5417 | 2589 2481 2534 1333 1552 1033
mean of cross 5993 5218 | 2891 2320 | 2179 1401 1863 1144
Male parents
Dorado-G114 4838 3961 2826 2449 2189 2174 | 2412 1974
Dorado 5127 5047 3254 2902 2287 2114 2297 1914
Dorado-G113 6366 5677 2591 2386 2022 1457 | 1867 1257
Dorado-ICSP12 6640 4885 | 2663 2666 2483 2125 | 2223 1925
ICSR%2003 45691 3477 2664 2299 1652 1642 1809 1442
ICSR93001 5004 4003 3068 1572 1923 1236 2079 1046
mean of male lines 5554 4508 2844 2379 2092 1791 2114 1591
Female parents
APOP-32 5622 52317 2586 1300 1883 1144 | 1849 1005
APOP-33§ 5226 4355 | 2801 1899 1968 1473 | 2119 1044
ATX-631 4556 1992 2451 925 1765 | 1095 1744 1285
1CSA8R005 4444 3865 2295 1896 1952 1672 | 2033 1087
ICSABRO1Q 4217 3069 [ 2643 2454 1733 1269 | 2035 1497
SPGMA 94021 3360 3029 | 2467 2125 1925 2112 | 2129 2000
mean of female lines 4570833 | 3924.5 | 2540.5 1766.5 | 1871 1461 1985 1319
General mean 5765 4965 | 2850 2257 2135 1476 1 1213 1224
check(Shandaweel ) 5752 4859 3284 2175 2416 2370 | 2095 1300
R.L.8.D0.05 246 273 277 303 202 154 160 158




Iman .M. Hassan et al,, 2012

These results are in har-
mony with those of var Qoserom
el al 1996 who reported that F,
exceeded the best parent for ab-
solute GLAD. However, the
analysis of variance suggested
that genotypes responded differ-
ently to water stress, since the
mean squares of the interactions
of lines, hybrids and lines vs.
hybrids were highly significant.

The best stay-green geno-
types retain most GLAD until
harvest while the worst senescent
genotypes reach aging too fast,
consent making its possible to
identify stay-green and senescent
genotypes.

The best A-line that dis-
played the highest GLAD at So-
hag was APOP-32 (10.63 m®) but
this GLAD wvalue declined to
5.98 m® due to water stress, out-
spending estimates at Assiut
were 4.78 and 1.50 m’® under
normal and water stress condi-
tions, respectively. This line was
stay-green under favorable condi-
tions and harsh conditions
weaken and fasten senescence
process. On the contrary, the
SPGMA 94021 A-line showed
the lowest GLAD under the fa-
varable conditions and slightly
conserved its active green area
estimates were 6.48, 6.40, 5.18
and 4.51 m’, so it had the worst
GLA but it had the weakest se-
nescence mechanism. Regarding
the restorer lines, the highest es-
timates of GLAD at Sohag were
obtained by Dorado-ICSP12
(16.48 and 10.43 m’ )under nor-
mal and water stress; however,
this line moderately conserved its
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GLAD at Assiut (5.94 and 5.64
m?), Fortunately, the large GLA
can exist with weakened senes-
cence mechanism.van Qosterom
et al (1996) stated that the stabil-
ity of genotypic expression of
stay green expressed as GLAD
would depend on the stability of
the contribution of stay-green
components that delayed senes-
cence and/or reduced senescence
rate. The highest GLAD estimate
under normal irrigation at Sohag
of 18.05 m*was obtained for the
cross (APOP-32 x ICSR93001).
The lowest GLAD estimates un-
der normal irrigation at Sohag
were obtained for the cross
(ATX-631 x ICSR92003) which
displayed estimates of 7.23, 5.9,
4.11 and 3.51 m® under normal
and water stress in Sohag and
Assiut location, respec-
tively. These results are in har-
mony with those of vanm
Oosterom et al (1996) who re-
ported that the F; exceeded the
best parent for absolute GLAD.
Ten F; crosses showed signifi-
cantly higher GLAD than check
hybrid under normal irrigation at
Sohag. Five and 10 F; crosses
significantly surpassed the check
hybrid in GILLAD under normal
and water stress, respectively, in
Assuit .
4-Leaf area retention (LAR)
The dual-purpose
sorghum cultivars  essentially
depend on the stay-green trait.
The fodder yield and leaf stem
ratio require high green leaves
weight at harvest, which is real-
ized through great leaf area reten-
tion. In the current investigation,
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the average LAR estimates were
3165, 1661, 1509 and 761
cm’under normal and water
stress at Sohag and Assiut, re-
spectively(Table 6}. LAR was a
very sensitive trait under harsh
conditions, and is more important
to detect the stay-green - geno-
types. Therefore, genotypes
maintaining a high LAR are con-
sidered stay-green, while the ra-
tio of the lost portion of the ac-
tive green leaf (depression ratio)
expresses the sensitivity of the
system rolling stay green frait
under differeni abiotic stresses.
These results agree with &van
Qosterom et al(1996).

Regarding the A-lines, the
highest LAR estimate was ob-
tained for ICSAS88005 (2045
cm’), while the LAR depression
ratios were 45.6, 40.6 and 72.2%
under water stress at Sohag,
normal and water stress condi-
tions at Assiut, respectively, in-
dicating that system rolling stay
green was sensitive. The lowest
LAR estimate was obtained for
ATX-631 (872 cm?) with depres-
sion ratios which were -4.36, -
39.1 and 75.7% under water
stress at Schag and normal and
water stress at Assiut, respec-
tively.

R-lines with the highest LAR
was Dorado-ICSP12 (4472 c¢cm?)
with depression ratios of 50.7,
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60.2 and 729% under water
stress at Schag, normal and water
stress conditions in Assiut, re-
spectively, while the lowest line
was ICSR92003 (1377 cm®) with
344, 5.1 and 74.2% depression
ratios under water stress in So-
hag, normal and water stress in
Assiut, respectively. The best
hybrid in LAR was (ICSA-88010
x Dorado-G113) which displayed
5663 cm’® with depression ratios
of 46, 61.4 and 74.1% under wa-~
ter stress at Sohag and normal
and water stress conditions in
Assiut, respectively. On the other
side, the worst LAR shown by
(ATX-631 x ICSR92003) 1867
with depression ratios of 27.8,
43,7 and 57% under water stress
at Sohag and normal and water
stress condition in Assiut, re-
spectively. Ten F; crosses sig-
nificantly exceeded the check
hybrid under normal irrigation at
Sohag. Six and two F, crosses
significantly surpassed the check
hybrid in LAR under normal and
water stress respectively at As-
siut. Finally the LAR of sampled
lines ranged from 872 to 4472
cm’ with an average of 2154 cm?,
compared with the range of their
derived crosses (from 1867 to
5663 with average 3485), indicat-
ing the existence of significant
average heterosis toward in-
creased LAR.(Table 6).
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Table 6: Absolute green leaf area duration (GLAD) and green leaf area retention of 6 Alines, 6 R-lines
and line x tester their crosses under two water regimes and two locations.

GLAD m? Leaf area retention cm*
Genotypes Soha Assiut Sohag Assiut

Normal | Stress | Normal | Stress | Normal | Stress | Normal | Stress
APOP-32xDorado-G114 1332 | 896 501 3.23 2974 | 1836 1315 658
APOP-38xDorado-G114 1542 | 9.5% 5.73 444 | 4919 | 1563 1452 733
ATX-631xDorado-G114 11.77 | 7.52 474 397 t 2155 1453 1199 771
ICSA 88005xDorado-G114 1455 | 597 4.25 3.14 | 2659 837 1086 437
ICSA 88010xDorado-G114 10.82 | 649 5.97 4.01 2167 | 1154 1697 719
SPGMA 5402 1xDorado-G114 1246 | 7.00 5.98 3.13 2780 | 1309 1496 580
APOP-32xDorado 1710 | 8.58 7.6%9 430 | 4735 | 1754 | 2053 884
APQOP-38xDorado 1480 | 1006 | 9.20 6.21 3926 | 1650 | 2018 | 1001
ATX-631xDogado 13.82 | 6.94 6.80 4.73 2684 | 1496 1490 | 1026
ICSA 88005xPorade 13.00 | 568 4.04 1.56 3818 | 1326 | 1234 365
1CSA 88010xDomdo 14,95 | 5.9¢% 6.41 6.09 | 3448 | 2399 [ 1735 | 1465
SPGMA 9402 1xDorado 12.75 | B.15 7.65 411 3497 | 1598 | 2156 810
APOP-32xDorado-G113 13.80 | 4.71 541 1.73 3686 | 1044 | 1674 385
APOP-38xDorado-Gi13 16.11 | 6.6% 9.03 1.33 511K 1473 | 2329 202
ATX-631xDorado-G113 13.37 | 462 3.38 167 | 4502 | 1020 877 365
ICSA 88005xDorado-G113 16,58 | 839 3.85 187 1 4904 | 1987 [ 1124 444
ICSA 88010xPDorado-G1i13 1669 | 9.73 8.13 4.67 5663 | 3058 | 2183 1465
SPGMA 94021 xDorado-G113 8.48 4.10 4.75 2.47 2494 831 1419 502
APOP-32xDorado-1CSP12 1477 | 874 729 462 ] 4426 | 1632 | 2063 364
APOP-38xDorado-ICSP12 1588 | 848 6.08 27 5079 | 2483 1724 789
ATX-63 1xDorade-ICSP12 1422 | 7.92 6.41 254 1 2773 | 2099 | 1708 672

ICS A 88005xDorado-ICSP12 10.38 | 9.31 411 386 | 2476 | 2554 1271 1058
ICSA 88010xDorado-ICSP12 1239 | 7.50 6.77 2.68 3629 | 1942 | 1651 696
SPGMA 9402 1xDorado-ICSPE2 | 1173 | 6.13 632 275 3186 | 1418 [ 1616 636

APOP-32xICSR92003 1308 | 5.89 3.26 2.68 3865 1230 965 558
APOP-3BxICSR92003 1238 | 8.88 425 373 3471 2206 1217 924
ATX-631xICSR92003 723 5.90 4.11 3.51 1867 1348 1050 803
ICSA 88005xICSR%2003 1130 | 6.70 3.54 3.85 3013 1642 1042 944
ICSA 88010xICSR92003 10.46 | 7.83 4.10 4.04 3014 £845 1200 954
SPGMA 94021xICSR92003 8.59 642 5.11 3.00 2084 1570 1611 T34
APOP-32xICSR93001 18.05 | 6.98 3.75 279 4824 1405 947 565
APOP-38XICSR9300] 12,55 | 693 472 2.93 3144 1628 1391 686
ATX-631xICSR3001 9.89 5.91 445 3.40 2285 1176 1267 674
ICSA 88005xICSRI3001 102 | 6.88 4.66 2.05 2677 1596 1395 474
ICSA 88010x1CSR93001 1432 | 751 3.83 264 3191 1691 1586 593
SPGMA 9402 [ xICSR93001 1523 | 7.21 4.03 3.30 4346 1775 1025 B11
Mean of crosses 1313 ¢ 7.34 547 3.33 3485 | 1640 1480 732
Male nts
Dorado-G114 10.64 | 862 6.82 5.34 2686 | 2364 | 2175 1457
Dorado 11.74 | 1066 | 7.50 6.14 2851 2601 2459 1475
Dorado-G113 12.88 8.27 4.84 347 3103 | 2028 1458 855
Dorado-ICSP12 1648 | 10.43 5.94 564 4472 | 2205 1781 1213
ICSR52003 7.73 5.70 4.81 3.87 1377 1451 1406 945
ICSR93001 1134 | 493 5.44 1.54 1816 | 1192 1724 468
Mean of male lines 11.80 | B.10 6.06 4.40 2718 | 1974 1834 1069
Female parents :
APOP-32 1063 | 5.98 4.78 1.50 1546 | 1457 1360 368
APOP-18 1022 | 642 5.94 2,80 i714 1707 1810 742
ATX-631 8.05 4.36 4.29 101 872 910 1213 212
ICSARRQ0S 8.74 6.38 4.67 320 2045 1113 1215 569
ICSARS010 7.30 3186 5.3 3.19 1924 886 1319 738
SPGMA 94021 6.48 640 5.18 451 1446 1482 1118 1041
Mean of female lines 8.57 5.57 5.04 2.70 1591 1259 1339 612
General mean 12.42 | 7.31 5.52 3.38 3165 1661 1509 76k
Check(Shandaweel 6) 1364 | 11.74 | 6.88 3.34 3766 | 2542 1635 858
R.LS5D 124 0.86 0.75 0.64 235.6 222 531 520
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2-Genetic parameters

Table (7) shows the genetic
parameters of the reference popu-
lation, which was the Egyptian
sorghum line population, under
two irrigation regimes and two
conditions.
1-Green leaf area at flowering
(GLA)

The additive gene effects
contributed to GLA variance at
flowering, which was apparently
less than dominance gene effects,
resulting in an additive / domi-
nance ratio of 0.07, 0.01, 0.15
and 0.14 under normal and water
stress conditions at Sohag and
Assiut locations, respectively.
These results suggest the impor-
tant role of non-additive gene
effects in the genetic system con-
trolling GLA inheritance. As-
suming, the absence of epistasis
effects, the average degree of
dominance was 5.20, 11,74, 3.69
and 3.82 under normal and water
stress conditions at Sohag and
Assiut  location, respectively.
These results are in harmony
with those obtained by van
Ooterom et al (1996) who re-
ported that green leaf area at
flowering showed complete
dominance.The broad and nar-
row-sense heritability estimates
for GLA were (96.2,29.5), (94.8,
7.5), (93.5,43.8) and (91.8, 41.4)
under normal and water stress
conditions at Sohag and Assiut
locations, respectively. These
results indicate that selection for
GLA under Assiut conditions
would be more rewarding than
under Sohag conditions. These
results are in harmony with those
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obtained by Sankarapandian et
al (1993) who recorded high
heritability for green leaf area
under normal and water stress at
the vegetative, flowering and
maturity phases. Viswanathan
and Francis. (2002) reported that
heritability for green ieaf area at
flowering was surprisingly high
{0.70) under post rainy season,

2- Relative green leaf area du-
ration (GLADY)

The variance due to addi-
tive gene effects controlling rela-
tive green leaf arca duration was
less than that due to dominance
gene effects. The additive domi-
nance / ratio was 0.13, 0.08, 0.30
and 0,06 under normal and water
stress conditions at Schag and
Assiut  location, respectively.
These results revealed the impor-
tant role of dominant gene effects
in the genetic system controlling
relative GLAD% inheritance.
This ioncluoion is also supported
by over dominance of genes con-
trolling relative GLAD% re-
flected in the average degree of
dominance of 3.86, 5.15, 2.60
and 5.64 under normal and water
stress conditions in Sohag and
Assiut location, respectively. The
above results are in harmony
with those obtained by van
Qosterom et al (1996) who re-
ported that relative GLAD% was
completely dominant under post-
rainy season and partially domi-
nant under simulated rainy sea-
son. Nevertheless, the very high
average of dominance ratios sug-
gest the possibility of epistatic
effects. The broad and narrow-
sense heritability for relative
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GLAD% were (87.05, 38.79),
(81.18, 25.32), (89.79, 57.42) and
{81.46, 22.30) under normal and
water stress conditions in Sohag
and Assiut locations, respec-
tively. These estimates suggest
that future selection programs
must be carried out under normal
irrigation, since the narrow sense
heritability estimates were high
under this condition,
3- Absolute green leaf area
(GLAD)
The addlitive / dominance
ratio for this trait was 0,13, 0.09,
0.26 and 0.1]1 under normal and
water stress condition at Sohag
and Assiut locations, respec-
tively. The average degree of
dominance was 394, 4.82, 2.76
and 4.35 under normal and water
stress at Sohag and Assiut loca-
tions, respectively. These results
indicate that the variance due to
additive gene effects controlling
absolute GLAD was less than
that due to dominance gene ef-
fects under all studied environ-
ments as well as the increased
role of non-additive gene effects
under water stress. These results
are in harmony with those ob-
tained by vamn Oosterom et al
(1996) who reported that abso-
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lute GLAD showed over domi-
nance under post rainy season
and over dominant under simu-
lated rainy season.The broad and
narrow sense heritability esti-
mates for absolute GLAD were
(93.61, 40.81), (90.41, 30.77),
(94.40, 57.81) and (91.63,35.53)
under normal and water stress
condition at Sohag and Assiut
locations, respectively. It is clear
that the average degree of domi-
nance increases under water
stress conditions for all studied
traits, which means that the level
of dominant gene action depends
on the environment. These results
are in harmony with those ob-
tained by Walulu et al (1994)
who reported that environment
has a strong influence on the
mode of expression of gene(s)
controlling the stay-green trait in
sorghum.Finally, the results indi-
cate that the stay-green trait in
sorghum is controlled by domi-
nance gene which exhibit various
levels of dominant gene action
depending on the environment in
which the materials are evaly-
ated. However, the very high av-
erage degree of dominance im-
poses the question about the role
of epistasis effects
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Table7: Genetic components and the broado and narrow sense-hertibability of
sorghum population in Egypt

GLA at flowering

Relative green leaf area duration

. (GLADYa)
Genelic Parameters Schag Assiut Sohag Assiut
Normal | Stress | Normal | Stress | Normal | Stress |Normal| Stress
Additive Variance 25532 5968 26593 {23737] 5716 1679 | 6407 1502
[Dominance Variance| 345739 | 411434 | 180779 |173302| 42675 | 22232 [21639] 23909
Add /Domn. Ratio 0.07 0.01 0.15 0.14 0.13 0.08 | 0.30 0.06
(Av. degree of dom. 5.20 11.74 3.69 3.82 3.86 515 | 2.60 5.64
Broad h™% 96.24 94.83 93.55 {9218 ] 87.05 81.18 | 89.73 81.46
Narrow h'% 29.55 7.59 4386 | 4144 ] 38.79 | 2532 {5742 2230
Absolut green leaf area duration(GLAD) Leaf area retention
Schag Assiut Sohag Assiut
Normal Stress Normal | Stress | Normal | Stress [Normal| Stress
Additive Variance 0.51 0.13 0.29 0.09 { 91467 | 58219 | 14898 2966
Dominance Variance] 3.93 1.49 1.11 0.83 1 517109 J2064191] 63957 51029
Add./Dom. Ratio 0.13 0.09 0.26 0.11 0.18 0.03 | 0.23 0.06
Av.degree of dom. 3.94 4.82 2.76 4.35 336 842 | 2.93 587
Broad h™% 93.61 9041 9440 91634 8976 | 2396 (8839 8936
Narrow h“% 40.81 30.77 57.81 3553 46.22 347 | 51.53 23,10

0p-81) 2unr (£)sp 128 U8y Jo f missy
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4- Green leaf area retention
(LAR)

The additive /dominance
ratio was(0.18, 0.03, 023 and
0.06 under normal and water
stress at Sohag and Assiut loca-
tions, respectively. It was obvi-
ous that the contribution of addi-
tive variance decreased under
water-stress conditions while the
dominance variance increased.
The average degree of domi-
nance was3.36, 842, 293 and
5.87 under normal and water
stress atSohag and Assiut loca-
tions, respectively. These results
show the important rote of domi-
nance effects in the genetic sys-
tem controlling LAR. Tenk-
ouano et al, (1993) also reported
that LAR was regulated by both
dominant and recessive epistatic
effects. The broad and narrow-
sense heritability estimates for
LAR were (89.76, 46.22), (23.96,
3.47), (88.39, 51.5) and (89.36,
23.10) under normal and water-
stress at Sohag and Assiut loca-
tions, respectively. Apparently,
the narrow sense-heritability es-
timates were higher under normal
irrigation suggesting that selec-
tion for improving the stay-green
trait in Sorghum is advisable un-
der this condition.

Finally, it is important to
note that our material was a ran-
dom sample of grain sorghum
lines so all their hybrids also rep-
resent a random sample of the
hybrids population that can be
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arise from this line population
which contain different gene
combinations. The stay-green
under favorable condition ex-
press the natural genetic system
controlling stay-green. The esti-
mates of stay-green and stay
green components under unfa-
vorable conditions result in con-
founding the effects beside the
actual effects like abiotic stresses
that motivate and accelerate se-
nescence procedures and may be
an evaluation of stay green stabil-
ity. The previous results indicate
that some genes controlling the
stay green displayed opposite
dominant effects {of positive and
negative direction), and their ex-
pression interact significantly
with environmental factors. Nev-
ertheless, the comprehensive un-
derstanding of the stay-green trait
needs more investigation on spe-
cific crosses to illuminate the
additive gene effects and the in-
teractions between alternative
alleles at one locus and different
genes allocated different sites as
well as the interaction with envi-
ronment factors. The ratios of
additive/dominance variances of
different stay green components
indicate the predominana of
dominance variance which is
amplified under harsh conditions.
The narrow-sense heritability of
the stay-green trait and its com-
ponents suggest that successful
selection for this trait must be
done under favorable conditions.
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