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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 × 

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 cov-

er reratis. Overrates Four charac-

teristic traits of stay-green were 

estimated leaf area green, relative 

green leaf area duration, Abso-

lute green leaf area and leaf area 

rettention . All the studied traits 

exhibited harmful depression 

resulting from post flowering 

water stress. The Assiut location 

described as unfavorable because 

of poor sandy  soil of newly  re-

claimed land slightly saline soil . 

The GLA depression began early 

even before flowering and this 

depression amplified by water 

stress.  The A-line, R-line and 

crosses displayed significant var-

iances for all studied traits. The 

stay-green and its components 

mostly showed significant aver-

age heterosis toward better per-

formance. Partitioning the genet-

ic variance to additive and non-

additive components pointed out 

that the non-additive gene effects 

were predominant and more 

common under unfavorable con-

ditions. The estimates of  narrow 

and broad sense-heritability sug-

gested 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 
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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 (Walu-

lu, et al, 1994). And it is a par-

ticularly valuable trait in dual-

purpose (grain plus fodder) sor-

ghum (van Oosterom 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 

trait maintain more active photo-

synthetic leaves (Rosenow et al., 

1983; Mcbee, 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 independent-

ly inherices (van Oosterrom et 

al, 1996). These traits are useful 

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 clear-

ly described. Walulu et al (1994) 

suggested that the stay green trait 

is influenced by a major gene 

that exhibits various levels of 

dominant gene action depending 

on the environment in which 

evaluations are made.Two visual 

scaling methods are used to esti-

mate stay-green trait. Estimation 

of Non-senescence or stay green 

by Visual stay green score 

(VSGS): was scored visually 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= 0 to 10%, 

2= 10 to 20%, etc., and 10= 90 to 

100% leaf death. VSGS were 

estimated as average of five rep-

resentative guarded plants tagged 

at flowering time for each plot to 

rate VSGS weekly. VSGS was 

estimated five times after flower-

ing and the average of the five 

plants for each genotype was 

recorded. Wanous et al (1991) 

recorded that visual green leaf 

area rating correlated well 

 (r = 0.93, P<0.01) with the per-

centage of green leaf area ob-

tained by actual measurements of 

green leaf 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-G113, 

Dorado-G114, ICSR92003 and 

ICSR93001 and six cytoplasmic 

male sterile lines (CMS-lines) 

i.e., ATX631, Apop32, Apop38, 

ICSA88005, ICSA88010 and 

SPGMA94021 were used to pro-

duce thirty six hybrids by the line 

× tester mating design 

(Kempthorne 1957). The primary 

seed propagation and manual 

crosses procedures were carried 

out Shandaweel Agricultural Re-

search Station (SARS), Sohag in  

2008 and 2009 growing seasons  

In 2010 season, the resultant 48 

gentypes (36crosses+6restorer 

+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 al., 2012 

 09 

 

Table 1: Physical and chemical characteristic of representative     

              soil samples from field experiment sites. 
Soil properties Assiut Sohag 

Particle distribution 

 Sand (%) 

 Silt (%) 

 Clay (%) 

 Soil texture 

 

96.72 

2.12 

1.16 

Sandy 

 

49.3 

16.3 

34.4 

Clay 

Field capacity (%) 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 

 Mg 

 Na 

 K 

 

1.73 

1.00 

0.56 

0.17 

 

3.6 

2.9 

2.2 

0.36 

Soluble anions (meq/1) 

 CO3 + HCO3 

 Cl 

 

1.70 

1.34 

 

9.5 

2 

Total nitrogen (%) 0.003 96.1 

Available Phosphorus (ppm) 8.30 12.1 

Avalable micro-nutrients, ppm 

 F 

 Mn 

 Zn 

 Cu 

 

1.85 

1.59 

0.33 

0.38 

 

7.7 

3.9 

0.27 

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. 

Studied traits  
The stay-green trait was es-

timated according to van Ooster-

om et al (1996) for the upper ten 

leaves of five representative 

plants per plot. So, a logistic 

function to describe the patterns 

of leaf senescence, was as fol-

lows, 

Y= UL/(1+Ae
Bt

),where 

Y= is the green area percent-

age (GAP). 

T= the number of days after 

flowering. 

A = is constant. 

E= is an irrational and tran-

scendental constant approximate-

ly equal to 2.718 (the base of 

natural logarithm)  

 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 

equation. From the fitted function 

and the measured GAP the relat-

ed variables were derived for 

each plot. In the current paper the 

following traits related to stay 

green are=1- Green leaf ar-

ea/plant at flowering (GLA) 
(cm

2
):  the maximum length by 

maximum width of the fifth leaf 

below the flag leaf times sue 

number of green leaves by 0.75, 

according to Kirby and Atkins 

(1968) . 

2- Relative green leaf area 

duration (GLAD%) after flow-

ering was defined for each plot as 

the area under the logistic curve 

(the upper equation), estimated 

by  

    linear interpolation for 

0.2/day intervals from flowering 

until 28 days after flowering (two 

days before harvesting) as a per-

centage of maximum green leaf 

area (100%) see figure 1. 

3- Absolute green leaf area 

duration (GLAD m
2
); the total 

active leaf area during seed fill-

ing from flowering until harvest-

ing. 

4- Leaf area retention 

(LAR cm
2
); the leaf area 28 days 

after flowering or total green area 

at the last measurement before 

harvest.  

 
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). 

 

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 

ơ²m = ơ²f = COV HS= ½ ơ²A and 

ơ²fm = COV FS - COV HSm - COV 

HSf= (¼ơ² D), where ƒ=1 (ƒ is the 

inbreeding coefficient) for inbred  

 

lines. The additive variances for 

males and females were calculat-

ed according to Singh and 

Shaudary (1985) as follows:  

 Phenotypic variance (ơ²p) 

 = ơ²e + ơ²A + ơ²D  

Genotypic variance (ơ²G)  

= ơ²A + ơ²D 

Broad sense heritability (h
2
b) 

 = ơ²G/ ơ²p  
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Narrow sense heritability (h
2
) 

 = ơ²A/ ơ²p  

Average degree of dominance 

= (2ơ²D /ơ²A)
 ½

  

Table2: Analysis of variance for 48 genotypes evaluated under each  

            irrigation     treatment at each location. 

Source of variance d.f   EMS                         

Replicate ( Rep) r-1                  = 2   

Genotypes (G) G-1                 = 47   

Parents (P ) P-1                  = 11   

Crosses C-1                  = 35   

Males m-1                = 5 ơ²e +  rơ²f m +rmfơ²f 

Females f-1                   = 5 ơ²e +  rơ²f m +rmơ²m 

Males x females (m-1)(f-1)        = 25 ơ²e  +  rơ²f m                

Error (r-1 ) (g-1)      = 94 ơ²e                                  

                r= no. of replications                    ơ²e  =Variance due to error.     

ơ²m = Variance due to male lines (tester)      ơ²f = Variance due to 

female lines 

Results and discussion 

1-Performance: 

      Analysis of variance for 

GLA,  relative green leaf ar-

ea(GLAD%), absolute green leaf 

area (GLAD) and  LAR under 

normal and water stress condi-

tions in each location revealed 

highly significant differences 

among all genotypes, i.e. Parents, 

F1 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. × Gen. inter-

action for all studied traits

. 
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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, cm²):- 

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
2
, 

respectively. These results re-

vealed the great difference be-

tween locations in their influence 

on green leaf area with the supe-

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  

under drought stress at 

100 days from emergence to be 

about 87% of normal irrigation 

(393.1 cm²). 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
2
 which 

encourage the investigators to 

complete their objectives. The 

composite crosses of those lines 

displayed GLA ranging from 

4416 to 7337 cm
2
. 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 

Rao et al (1999) who found that 

hybrids produced more leaf area 

than their parents. van Oosterom 

et al (1996) reported that F1 

crosses produced higher leaf area 

at flowering than their parents. 

Moreover Okiy et al (2004) re-

ported that leaf width of F1 

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, 51.98 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, 45.58 and 

24.46% GLA under water stress 

in Sohag, and normal and water 

stress conditions in Assiut, re-

spectively. The different percent-

ages decrement under Sohag and 

Assiut suggested different mech-

anisms rolling leaves senescence 

under causing factors. In Sohag  

19  and 21 F1 crosses significant-

ly surpassed the check hybrid in 

GLA under normal and water 

stress conditions, respectively. In 

Assiut 3 and 16 F1 crosses signif-

icantly surpassed the check hy-

brid in GLA under normal and 

water stress conditions, respec-

tively  

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.Obriously , 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 0.2/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 Sohag 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 (Sohag) 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 

GLAD% 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-

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 normal and 

water stress  in Sohag and Assiut, 

respectively. On the other hand, 

the hybrid (ICSA 88005x Dora-

do-ICSP12) showed an estimated 

GLAD% of about 1573, 1645, 

1792 and 1312  under normal and 

water stress in Sohag and Assiut 

conditions, respectively. which 

was the worst estimate under 

normal irrigation in Assiut. Two 

F1 crosses significantly surpassed 

the check hybrid in GLAD% un-

der normal condition in Assuit . 

All F1 crosses were not signifi-

cantly different from compared 

with the check hybrid for 

GLAD% under both treatments 

under Sohag conditions. 
3-Absolute green leaf area duration 

The estimation of absolute 

green leaf area duration (GLAD 

m
2
) for all evaluated genotypes 

under the two water regimes in 

Sohag and Assiut locations are 

presented in Table 6. According 

to van Oosterom 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 

the seed filling period. The gen-
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eral means of GLAD of the stud-

ied genotypes in Sohag and As-

siut locations under normal and 

water stress conditions were 

12.42, 7.31, 5.52 and 3.38m
2
, 

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 abi-

otic stresses on growing plants. 

Water stress decreased GLAD by 

about 41.17% and 38.70% in So-

hag and Assiut locations, respec-

tively.Soil characteristics enhanc-

ing water conservation amplified  

the GLAD depression to about 

27.23% of normal conditions in 

Sohag location. These results are 

in harmony with those obtained 

by Borrell et al (2000 b) who 

found that water stress at post 

flowering reduced green leaf area 

at maturity by 67% compared 

with full irrigation. Munamava 

and Riddock (2001) stated that 

the effective green leaf area at 

grain filling decreased with water 

stress at the vegetative, booting 

and flowering stages.       Gener-

ally, the random sample of lines 

used showed that GLAD esti-

mates were about 10.19, 6.83, 

5.55 and 3.55 m
2
 in Sohag and 

Assiut locations under normal 

and water stress conditions, re-

spectively. The crosses involving 

of these lines gave estimates of 

about 13.13, 7.34, 5.47 and 3.32 

m
2
. These estimates resulted in 

average heterosis expressed in 

Sohag only, while in Assiut there 

was no average heterosis. 
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These results are in har-

mony with those of van Ooserom 

et al 1996 who reported that F1 

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
2
) but 

this GLAD value declined to 

5.98 m
2 

due to water stress, out-

spending estimates at Assiut 

were 4.78 and 1.50 m
2
 under 

normal and water stress condi-

tions, respectively. This line was 

stay-green under favorable condi-

tions and harsh conditions weak-

en and fasten senescence process. 

On the contrary, the SPGMA 

94021 A-line showed the lowest 

GLAD under the favorable con-

ditions and slightly conserved its 

active green area estimates were 

6.48, 6.40, 5.18 and 4.51 m
2
, so it 

had the worst GLA but it had the 

weakest senescence mechanism. 

Regarding the restorer lines, the 

highest estimates of GLAD at 

Sohag were obtained by Dorado-

ICSP12 (16.48 and 10.43 m
2
 

)under normal and water stress; 

however, this line moderately 

conserved its GLAD at Assiut 

(5.94 and 5.64 m
2
). Fortunately, 

the large GLA can exist with 

weakened  senescence mecha-

nism.van Oosterom et al (1996) 

stated that the stability of geno-

typic expression of stay green 

expressed as GLAD would de-

pend on the stability of the con-

tribution of stay-green compo-

nents that delayed senescence 

and/or reduced senescence rate. 

The highest GLAD estimate un-

der normal irrigation at Sohag of 

18.05 m
2
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
2
 under normal 

and water stress in Sohag and 

Assiut location, respective-

ly.These results are in harmony 

with those of van Oosterom et al 

(1996) who reported that the F1 

exceeded the best parent for ab-

solute GLAD. Ten F1 crosses 

showed significantly higher 

GLAD than check hybrid under 

normal irrigation at Sohag. Five 

and 10 F1 crosses significantly 

surpassed the check hybrid in 

GLAD under normal and water 

stress, respectively, in Assuit . 

4-Leaf area retention (LAR) 

           The dual-purpose sor-

ghum cultivars essentially de-

pend on the stay-green trait. The 

fodder yield and leaf stem ratio 

require high green leaves weight 

at harvest, which is realized 

through great leaf area retention. 

In the current investigation, the 

average LAR estimates were 
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3165, 1661, 1509 and 761 

cm
2
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 trait 

under different abiotic stresses. 

These results agree with &van 

Oosterom et al(1996).  

Regarding the A-lines, the 

highest LAR estimate was ob-

tained for ICSA88005 (2045 

cm
2
), 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
2
) with depres-

sion ratios which were -4.36, -

39.1 and 75.7% under water 

stress at Sohag and normal and 

water stress at Assiut, respective-

ly. 

R-lines with the highest LAR 

was Dorado-ICSP12 (4472 cm
2
) 

with depression ratios of 50.7, 

60.2 and 72.9% under water 

stress at Sohag, normal and water 

stress conditions in Assiut, re-

spectively, while the lowest line 

was ICSR92003 (1377 cm
2
) with 

34.4, 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
2
 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 F1 crosses signif-

icantly exceeded the check hy-

brid under normal irrigation at 

Sohag. Six and two F1 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
2
 with an average of 2154 cm

2
, 

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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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 im-

portant 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 Oo-

terom et al (1996) who reported 

that green leaf area at flowering 

showed complete dominance.The 

broad and narrow-sense heritabil-

ity 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 condi-

tions at Sohag and Assiut loca-

tions, respectively. These results 

indicate that selection for GLA 

under Assiut conditions would be 

more rewarding than under So-

hag conditions. These results are 

in harmony with those 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 leaf area at flowering 

was surprisingly high (0.70) un-

der post rainy season. 

2- Relative green leaf area du-

ration (GLAD%) 

The variance due to addi-

tive gene effects controlling rela-

tive green leaf area 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 Sohag and 

Assiut location, respectively. 

These results revealed the im-

portant role of dominant gene 

effects in the genetic system con-

trolling relative GLAD% inher-

itance. This ioncluoion is also 

supported by over dominance of 

genes controlling relative 

GLAD% reflected 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, re-

spectively. The above results are 

in harmony with those obtained 

by van Oosterom et al (1996) 

who reported that relative 

GLAD% was completely domi-

nant under post-rainy season and 

partially dominant under simulat-

ed rainy season. Nevertheless, 

the very high average of domi-

nance ratios suggest the possibil-

ity of epistatic effects.The broad 

and narrow-sense heritability for 
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relative GLAD% were (87.05, 

38.79), (81.18, 25.32), (89.79, 

57.42) and (81.46, 22.30) under 

normal and water stress condi-

tions in Sohag and Assiut loca-

tions, respectively. These esti-

mates suggest that future selec-

tion programs must be carried out 

under normal irrigation, since the 

narrow sense heritability esti-

mates were high under this con-

dition. 

3- Absolute green leaf area 

(GLAD) 

The additive / dominance 

ratio for this trait was 0.13, 0.09, 

0.26 and 0.11 under normal and 

water stress condition at Sohag 

and Assiut locations, respective-

ly. The average degree of domi-

nance was 3.94, 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 van Oosterom et al 

(1996) who reported that abso-

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 evaluat-

ed. However, the very high aver-

age degree of dominance impos-

es the question about the role of 

epistasis effects 
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4- Green leaf area retention 

(LAR) 

The additive /dominance 

ratio was0.18, 0.03, 0.23 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, 8.42, 2.93 and 

5.87 under normal and water 

stress atSohag and Assiut loca-

tions, respectively. These results 

show the important role of domi-

nance effects in the genetic sys-

tem controlling LAR. Tenkoua-

no et al, (1993) also reported that 

LAR was regulated by both dom-

inant and recessive epistatic ef-

fects.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 

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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 بقاء النبات اخضر فً ذرة الحبوب الرفٌعة سلوك ووراثة صفة
 )سورجم ببٌكلر ل.( تحت الري العادى والإجهاد المائً

 محمد عبد المنعم المرشدى,**إٌمان محمد حسان* , مٌشٌل فخري سابا*, 
 مسعد زكى الحفنى **

 جامعة أسيوط-كلية الزراعة-قسم المحاصيل** 
 القاهرة-مركز البحوث الزراعية-قسم بحوث الذرة الرفيعة *

 

يهدد ا البحددث لمعرفددة معرفددة مدد   وجددو  صدد ة بقددا  ال بددا  أ  ددر فدد  
التراكيب الوراثية المصرية ف  ذرة الحبوب الرفيعدة و راسدة وراثدة هدذص الصد ة تدم 

سدلات  معيد ة لل صدوبة تدم ا تيارهدا  6سدلات  عقيمدة سدتيوبلازميا مد   6ا تيار 
م مددت التراكيددب الوراثيددة المتددوفرة وذلدد    تددا   هجدديت قمدد  باسددت  ام  66عشددواايا

ابدا  6هجديت   66تدم تقيديم جميد  التراكيدب الوراثيدة   0الكشداا × طريقة السلالة 
امها   ص ا القياس  (تح  الري العا ي وا جها  المداا  بعد  اهزهدار وذلد  6 

( حتد  (booting stageورا  عدت طريدم م د  الدري فد  مرحلدة مدا قبدل طدر  ال د
صدد ا  أساسددية لبقددا  ال بددا   4تددم قيددا   0الحصددا  فدد  مددوقعيت أسدديوط و سددوها  

( ، المسداحة الورقيدة (GLAأ  ر وهد  المسداحة الورقيدة ال  درا  ع د  اهزهدار
 GLAD andال  ددرا  الكليددة ال عالدددة مددت مرحلدددة اهزهددار وحتدد  الحصدددا  

GLAD% )  )ع   الحصا  ، المساحة الورقية ال  را  LAR))0   أظهر  جمي
الصد ا  الم روسدة  قددن وا   داج  تيجددة للجهدا  المداا  وكا دد  ظدروا أسدديوط 
أكثر إجها ام  ظرام للأرا   الرملية المستصلحة ال قيرة ف  الع اصر الغذااية إ دافة  

وك تيجة لم   الري قبل طر  ال ورا  فق  أ ي ذل  ل قن  0إل  زيا ة  سبة الملوحة 
وقد  أظهدر  اابدا  واهمهدا  والهجدت  0ساحة الورقيدة ال  درا  ع د  اهزهدار الم

وقد  أظهدر تقسديم التبدايت الدوراث  إلد    0فروق مع ويدة لجميد  الصد ا  الم روسدة 
مكو يه الم يا والغير م يا أت ص ة بقا  ال با  أ  ر يدتحكم فيهدا فعدل ألجديت 

 رجدة  0اتجها  أو دح   الغير م يا وكا    رجة السيا ة أعل  تح  الظروا
التوريث ف  مع اهدا الواسد  وال ديم أت ات ت داب لصد ة بقدا  ال بدا  أ  در يكدوت 

 .أف ل تح  الظروا المثالية


