CHAPTER ONE

INTRODUCTION

Sorghum (Sorghum bicolour L. Monech) belongs to family Poaceae, It is a self
pollinated crop cultivated for its edible grains, commonly called sorghum and
also known as durra in Sudan. Sorghum genetically is considered as a drought
tolerant crop and has evolved various eco types that withstand an array of biotic
factor. It is considered more tolerant to many stresses, including heat, drought,
salinity and flooding as compared to other cereal crops (Ejeta and Knoll, 2007;
Ali et al. 2011). However, the crop grown in rain-fed areas is highly effected by
drought stress ( Kebede ef al. 2001). Sorghum grain is the stable food of poor
and the most food-insecure people, living mainly in the semiarid tropics (Ali et
al.,2011). Sorghum is originated in eastern Africa, (Sudan along with Ethiopia-
Eretria areas) and now is cultivated widely in tropical and subtropical regions. It
is the most important staple cereal crop for more than 500 million people in
more than 30 countries worldwide (ICRISAT, 2011). Major world’s producers
include Sudan, Nigeria, India, Americas, Mexico, China and Argentina (FAO,
2011). Sorghum is influenced by water stress at terminal growth stage like
anthesis and post-anthesis which renders the most adverse effect on yield in
sorghum (Tuinstra et al., 1997). Sorghum is used for food, forage, building
material and in industry for biosynthesis of starch and alcohol (ICRISAT,
2011). In Africa and Asia small-scale subsistence farmers who have minimal
access to production inputs such as fertilizer(s), pesticides, improved seeds
(hybrids or varieties), good soil and water and improved credit facilities for
their purchase are the main sorghum producers (Ceske, 2010). Sorghum grains,
typically, have protein levels of around 9 percent, enabling needy human
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populations to survive on it in times of famine (FAO, 2011). The crop is
crucially important to food security in Africa as it is exclusively drought
resistant and can withstand periods of high temperature (Taylor, 2006).
landraces from Sudan has been extensively used in sorghum breeding programs
worldwide (Bantilan et al . , 2004). However, average yield per unit area in the
Sudan is very low (540 kg/ha) compared to the world average (1300 kg/ha)
(Elagib et al., 2004). In Sudan the amount and rainfall patterns of and length of
rainy seasons as in Sub-Sahara Africa is fluctuating. These climatic changes
adversely affect traditionally sorghum growing areas of North Gdaref, Gezira,
Sennar, White Nile State and North Kordofan. These fragile drought prone
areas now constitute more than 50% of the total sorghum production area. This
area is going to increase with climatic changes. In these fragile drought areas
(200 — 450mm) farmers are still using landraces that are low yield and suffer
severe drought at all stages of growth, resulting in low yield and occasional
complete crop failures. In the last few years several improved sorghum cultivars
imergance, including varieties such as Ingaz, Feterita, Wad Ahmed, Tabat and
hybrids, Hageen Dura-1 (HD-1) and Sheican (ICRISAT, 1983) have been
released by the Agricultural Research Corporation (ARC) of the Soudan for
commercial use in irrigated and high rain fall (>500mm) areas. These improved

varieties and hybrids wouldn’t suit these drought prone areas.

Water stress affects almost every developmental stage of the plant. However,
damaging effects of this stress was more noted when it coincided with various
growth stages such as germination, seedling, shoot length, root length, and
flowering (Rauf, 2008; Khayatanezhad, et a/.2010). Therefore, the main

objectives of this study were:



. To assess the genetic variability among grain sorghum genotypes under
drought stress conditions.

. To estimates the phenotypic correlation between different characters.

. To 1identify the most drought tolerance genotypes under drought stress

conditions.



CHATER TWO

LITERATURE REVIEW

2 -1 General background

Sorghum (2n = 2x = 20) is a C4 crop that displays excellent tolerance to high
moisture stress (Doggett, 1998). It has the highest water use efficiency among
major crop plants and is unusually tolerant to low soil fertility. It also has traits
essential for survival and productivity in arid and semi-arid areas with limited
irrigation capability (Zhanguo et. a/.2008). Global cultivation of sorghum covers
an area of 43.73ha with annual production of 64mt (Sasaki and Antonio, 2009). It
is the fifth most important cereal crop grown globally after wheat, maize, rice and
barley production (Sato ef al., 2004 and Khalil, 2008), providing food and fodder
for the inhabitants of drought-prone regions. Recently, sorghum has been
demonstrated as a viable bio-energy feedstock (Wang,et.a/.2008). Its remarkable
ability to reliably produce grains under adverse conditions makes sorghum

important “fail-safe” sources of food, feed and fuel (Addissu, 2011).
2-1-1 Uses of sorghum in Sudan

In Sudan, grain sorghum is the most important cereal crop and is considered the
main food for more than 70% of the population. The stalks are used as building
material and the straw is used as animal feed or as a source of fuel. Sorghum is
undoubtedly the nutritional backbone of the country. The areas under crop is
estimated to be (6-7 million ha), constitutes 74% of the area under cereal and 45%
of the total cultivated area in Sudan (Hamdoun and Babiker, 1989). Sorghum grain

has limited use for livestock. Its use is limited, however, because the starch and



protein in sorghum is more difficult for animals to digest than the starches and

protein in corn.

2-2 Drought as production limiting factors:

Drought response in sorghum has been classified into two distinct stages pre-
flowering and post-flowering. Resistance to water deficit stress at both of these
stages has been reported to occur in the existing germplasm. However, many
genotypes with a high level of resistance at one stage are susceptible at the other
stage. The effect of drought on crop production and over economy is well known
(Singh, 1990). In sorghum, water stress occurring decreases seed filling duration,
seed size and number, thus leading to strong yield reduction or even total crop loss
(Tuinstra et al., 1997). Sorghum avoids dehydration by enhanced water uptake
through its deep and extensive root system, and tolerates dehydration by osmotic
regulation (Singh, 1990). Soil moisture deficiency may also affect the growth of
the root apparatus, which is responsible for establishing the soil-plant-atmosphere
continuum in the flow of water (Kuchenbuch et al., 2006). Previous studies in
sorghum have shown that total leaf area and specific leaf area decrease under water

stress (Munamava et al., 2001).

2-3 Mechanisms of drought resistance:

The crop grown under unfavorable environments withstands the stress through
different modifications. Drought stress 1is a serious agronomic problem
contributing to severe yield losses worldwide. This agricultural constraint may
nevertheless be addressed by developing crops that are well adapted to drought
prone environments. Drought tolerance depends on the plant developmental stage
at the onset of the stress syndrome, which in sorghum may happen during the early

vegetative seedling stage, during panicle development and in post-flowering, in the



period between grain filling and physiological maturity (Rosenow and Clark 1995;
Rosenow et al. 1996).

2-3-1 Drought escape:

Drought escape is particularly an important strategy phenological developmental
with the period of soil moisture availability to minimize the impact of drought
stress on crop production in environments where the growing season is short and
terminal drought stress predominates (Truner, 1986). Also later flowering can be

beneficial in escaping early season drought that is followed by rains (Ludlow and

Muchow, 1990).

2-3-2 Drought avoidance:

Drought avoidance is defined as the ability of plants to retain a relatively high
level of hydration under conditions of soil and atmospheric water stress. Plant can
exhibited dehydration avoidance through increasing water uptake and reducing
water loss of means of morphological or physiological modifications (Blum,
1998).

2.3.3. Drought tolerance:

Drought is the major important constraint on crop production in the world today.
Drought tolerance is one of sorghum’s most important traits, allowing it to be
grown in harsh environments. Complexity of inheritance pattern of drought
resistance encouraged breeders to adopt alternative strategies to improve stress
resistance (Borrell, ef al 2006). Plant tolerates drought by ability of their tissue to
withstand water stress. The mechanism of drought tolerance is maintenance of
turgor through osmotic adjustment (a process which induces solute and decreased
accumulation in cell), increase in elasticity in cell and decreased in cell size and

desiccation tolerance by protoplasmic resistance (Ugherughe, ef al 1996).



2.4: Effect of drought on yield and yield components:

The effect of water deficit on yield and yield components have been the subject of
many investigations. Moisture deficit was found to account for 65% of variation in
grain yield of sorghum and pearl millet (Mahalkshmi and Rao, 1990). Timing of
water supply generally has a larger effect on grain yield than total water for many
crops (Show, 1998). Both pearl millet and grain sorghum productivity are most
sensitive to water stress during flowering and grain filling (Garrity ef al., 1993 and
Hattendorf ef al., 1998). Unger (1991) indicated that, in sorghum grain mass was
the most affected grain yield component by water stress, followed by seed per unit
area. Harvest index of sorghum was also reported to be significantly affected by
water stress. Field trials with sorghum, irrigated and rainfed showed significant
differences between those two moisture regimes in grain yield, time to 50%

flowering, time to maturity, number of heads per unit’s area, (Osmanzai, 1992).

2-5 Methods of determining of drought tolerance:

Identification and understanding the mechanisms of drought tolerance in sorghum
have been major goals of plant physiologists and breeders including prolific root
system, ability to mention stomata opening at low levels of water potential and
high osmotic adjustment and various seedling parameters (Rajendran et al. 2011).
Only a few of the many techniques reported for measuring drought stress have
been motioned, but it is believed that selection and use of combinations of method

will give necessary information and three types of measurements are suggested .

1- Desiccations tolerance tests or related heat tolerance tests give information on

how much tissue drying can be tolerated before severe injury occurs.



2- Field measurements of water potential (or relative water content) show how far
the internal water status is kept above the critical point during the drought period.
3- Diffusive observation indicated if the internal water potential is kept up by
related transpiration or water an efficient root and conducting systems is keeping
the plant shoot supplied with water.

Accordingly, many yield — based parameters were suggested to evaluate drought
tolerance. Many of them were contracted informs of indices, e.g., stress
susceptibility index (SSI) suggested by Fisher and Maurer (1978). The stress
susceptibility index is ratio of relative reduction in yield of genotypes due to
drought compared to the mean relative reduction in yield of all tested genotypes.
This (SSI) is found to be equivalent to the ratio of yield under stress to yield under
non — stress yd/yw (Heringa et al., 1984). Considered the ratio of absolute
reduction in yield due to stress (AR) to yield under non - stress (yw), AR/Yw what
is again equivalent to a ranking of genotypes according to their ratios Yd / Yw. A
further yield — based parameter of drought tolerance is geometric mean (GMP).
(Fernandez, 1993) which is the square root of the product of yield under stress
times under non stress. The geometric mean is often used by breeders, who are
interested in performance under favorable and stress condition, since drought stress

can vary in severity in field environments over years.

2-6 Variability in Grain Sorghum
2-6-1 Genetic Variability

Genetic variability is essential to secure the success of any breeding program.
Selection is not effective unless considerable genetic variation is present in the
population. Evidence for the existence of considerable amount of variability in
sorghum has been reported by many investigators, and the germplasm resources
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are still largely unexploited. Abuelgasim, (1989) reported that variation between
sorghum genotypes were found in all studied characters (Tag El-Din and Hessen
2012).  Berwal and khairwal (1997) in their study of genetic divergence in
sorghum, where forty two accessions were evaluated, found highly significant
differences in plant height, number of tillers, stem diameter and leaf area. They
predicated successful crosses between these accessions to improve each of these
traits. Eight indigenous grain sorghum genotypes representing the types widely
grown in Kordofan and West White Nile districts of Sudan were studied by
(Ahmed, 2010). The result indicated a wide genetic diversity for all characters,
some genotypes from different clusters were superior in grain yield and some yield
components. These genotypes could be recommended for further breeding
programs. Highly significant (P<0.01) genotypic differences among the varieties
for all the root and shoot morphological traits reported. Traits such as plant height,
total root number, root volume, root dry weight, shoot dry weight and root to shoot
weight ratio showed significant reduction. Shoot dry weight, root dry weight, root
number and root volume are biomass-related traits and indicated that plant
produces lesser biomass to conserve water and to increase water use efficiency
(Blum, 1988).
2-6-2 Phenotypic and Genotypic Variability

The variations occurring in segregating populations of cereal crops are attributable
to three main sources: namely additive genetic effects, non additive effects due to
dominance and interaction of non allelic genes, and environmental effects. The
term genotypic variation is used throughout the study with reference only to the
additive genetic or heritable variation responsible for progress resulting from
selection. Phenotypic fluctuations may results from combinations of all types of

variations, since the breeder is concerned with selecting superior genotypes.



2-6-3 Phenotypic (PCV) and Genotypic (GCV) coefficient of Variation

Genetic coefficient of variation (GCV), heritability and genetic advance expected
from selection. Highly significant differences were obtained among the RILs for
all traits studied. Grain yield, stay green traits, panicle exertion and number of
spikelets per head showed a relatively high GCV and PCV (21-34%). The GCV
was near to PCV for most of the characters, indicating a highly significant effect of
genotype on phenotypic expression with very little effect of environment
heritability estimates observed for most of the characters ranged from 47(stem
thickness) to 95 percent (head length). Similar findings were also reported in
sorghum by (Haussmann et al. 2002) for stay-green and yield per plant and (Rao
and Patil, 1996) for head length panicle exertion and plant height characters.

2-7 Heritability and Genetic Advance

. In sorghum heritability (4#*) and Genetic Advance (GA) were high for all the traits
under well watering condition. Hence, for these characters, scope for selection is
amenable, as the influence of environment on these traits was at very low extent;
more uniform condition is expected to show higher heritability for the traits
(Falconer, 1996).

Heritability of all traits decreased from well watering to drought stress conditions
as a result of increased environmental variance. (Blum, 1988) has revealed similar
pattern of heritability decrease. Johnson et al, (1955) indicated that estimates of
heritability along with genetic coefficient of variation are useful in predicing the
resulting effects of sample size, environment, the character and population on
heritability estimates. Moreover, heritability value indicates the confidence with
which selection of genotypes can be based on phenotypic performance. However,
estimation of heritability in broad sense has limitation because it includes both
additive and epistasis gene effects (Abraham et al, 1998). Comparatively high
heritability(63-99%) were obtained from all traits except for green leaf area at 15
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days after flowering(GLA15),days to 50% flowering and yield, which showed
moderate heritability value (52-57%) (Wilolud Journals, 2011). Therefore,
estimates of heritability in broad sense would be more meaning if accompanied by
estimates of genetic coefficient of variation. High GCV along with high heritability
and genetic advance provide better information than other parameters alone. On
the basis of the present study, stay-green parameters (%GLA1S5, %GLA30, and %
GLAA45), yield per plant, panicle exertion, head length and 1000 seed weight are
the most important quantitative characters to be taken into consideration for
effective selection in sorghum. Opportunities to improve these traits appear to be

likely though the degree varies depending on h* and GCV values (Addissu, 2011).
2-8. Phenotypic correlation

The variations occurring in segregating populations of cereal crops are attributable
to three main sources: namely additive genetic effects, non additive effects due to
dominance and interaction of non allelic genes, and environmental effects. The
term genotypic variation is used throughout with reference only to the additive
genetic or heritable variation responsible for progress resulting from selection.
Phenotypic fluctuations may results from combinations of all types of variations.
Since the breeder is concerned with selecting superior genotypes. Furthermore,
variation in the morphological characters of pearl millet was reported by many
workers (Yadav et al., 1997) and others.

Abraham et al (1998) found that genotypes correlation coefficient were slightly
higher than the association with days to 50% flowering, productive tillers / plant,
days to maturity and 1000 — grain weight. The positive genetic association of grain
yield with flowering and maturity dates indicates limitation in development of

early maturity types and high grain yield.

11



CHAPTER THREE

MATERIALS AND METHODS

3.1 Genetic materials used in the study

The genetic material used in this study was consisted of twenty two lines Sorghum
(Sorghum bicolour L. Moench) genotypes, Seventeen genotypes were obtained
from Agricultural Research Corporation (ARC ),Wad Madni , Sudan and the other
five were obtained from Agronomy Laboratory, College of Agricultural Studies
Sudan University of Science and Technology.

3.2 Field experiments
3.2.1 Field experiments Location and years:

The experiments were carried out at Sudan University of Science and Technology
the Demonstration Farm, College of Agricultural Studies, Shambat (15° 40N, 32°
32E and altitude 386m above sea level) over two consecutive summer seasons of

2012 and 2013 under irrigation system.

3.2.2 Design and Description of the experiments.

The experiments were laid out in a randomized complete block design (RCBD)
with three replications at both years. The treatments were arranged in a split plot
arrangement. The water intervals (7days and 21days) were considered as main
plots and the twenty two sorghum genotypes as sub plots. The experiment field
was disc ploughed, disc harrowed leveled and ridged up north - south, 70cm apart.
The land was divided into 2 x 3.5m’ plots, each composed of 4 ridges two meters
long, seeds were sown on the 7™ of July 2012 and 7™ of July 2013. Seeds rate
applied were (2.5 kg /fed). The seeds were sown in low than the top of the ridge.
Nitrogen fertilizer (urea 46% N) 40Kg/F was applied in one dose two weeks after
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planting, 2.5cm spacing between holes. Hand weeding was done when needed,
irrigation was conducted every one week intervals for wet and three week intervals

for drought stress.

3.3 Data collection

At each of the two seasons, when the plants reached physiological maturity, five
plants from the two inner ridges at each plot separately were randomly selected and
tagged and from them data for the following growth and yield characters except

days to 50%flowering and days to maturity were collected as following:
3.3.1 Growth characters

3.3.1.1 Plant height (cm)

The plant height was measured from the base of the main stem to the tip of panicle

using meter tape.

3.3.1.2 Stem diameter (cm)

It was determined at maturity on the stalk at 10cm above the ground level.

3.3.1.3 Number of leaves/plant
It was counted for the five tagged plants and the average was determined.
3.3.1.4 Leaf area (cm?)

It was calculated according to the following formula as described by sticker
method
Leaf area (LA) =Maximum Length xMaximum Width x 0.75
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Table (1) List of sorghum genotypes used in the study:

Entry No. Varity Origin
1 HSD 7507 Plant Genetic Resource Unit (ARC).
2 HSD 7567 Plant Genetic Resource Unit (ARC).
3 HSD 7584 Plant Genetic Resource Unit (ARC).
4 HSD 7591 Plant Genetic Resource Unit (ARC).
5 HSD 7601 Plant Genetic Resource Unit (ARC).
6 HSD 7602 Plant Genetic Resource Unit (ARC).
7 HSD 7606 Plant Genetic Resource Unit (ARC).
8 HSD 7610 Plant Genetic Resource Unit (ARC).
9 HSD 7616 Plant Genetic Resource Unit (ARC).
10 HSD 8150 Plant Genetic Resource Unit (ARC).
11 HSD 8176 Plant Genetic Resource Unit (ARC).
12 HSD 8228 Plant Genetic Resource Unit (ARC).
13 HSD 8234 Plant Genetic Resource Unit (ARC).
14 HSD 7511 Plant Genetic Resource Unit (ARC).
15 HSD 8653 Plant Genetic Resource Unit (ARC).
16 HSD 8849 Plant Genetic Resource Unit (ARC).
17 HSD 9566 Plant Genetic Resource Unit (ARC).
18 Wed Ahmed CAS. SUSTECH, Released by (ARC).
19 Tetron CAS. SUSTECH, Released by (ARC).
20 Hagega CAS. SUSTECH, Released by (ARC).
21 Arfa gadamk CAS.SUSTECH, Released by (ARC).
22 Botana CAS.SUSTECH, Released by (ARC).

ARC: Agricultural Research Corporation, Sudan.
CAS. SUSTECH College of Agriculture Study Sudan University of Science and Technology.
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3.3.1.5 Plant dry weight (g)
It was calculated as average for the dry weight to the five tagged plans.

3.3.1.6 Days to 50% flowering:-

The days of 50% flowering were recorded from sowing date up to the day when

50%of the plants at each plot had fully exerted heads.

3.3.1.7 Days to maturity

They were taken as the number of days from sowing date to the day when all the

heads at each plot had reached physiological maturity.
3.3.2 Yield Characters

3.3.2.1 Panicle length (cm)

It was measured from the base of the panicle to its tip using the meter tape.

3.3.2.2 Grain yield/plant (g)

After harvesting the panicles of the five selected tagged plants stored at room
temperature for four weeks to minimize change in weight due to moisture
content, then they were threshed manually and the  grain yield/plant was

determined using sensitive balance.

3.3.2.3 1000 grain weight (g)

The weight of 1000 grains was determined by weighting 1000 grain obtained

randomly from the five selected panicles using sensitive balance.

3.3.2.4 Grain yield (Ton /ha)

After harvesting all the covered heads from an area of 0.7 m® in the middle
ridges of each plot were cut and stored for four weeks to minimize change in

weight due to moisture content manually threshed ,cleaned weighted by using the
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sensitive balance and the grain yield Ton/ /ha was determined as the following
formula :

Grain yield Ton/ha. = (grain weight/plot) x 10000

Plot area

3.4 Data Statistical Analysis

The collected data for growth and yield characters was subjected to analysis of
variance used for a randomized complete block design (RCBD) arranged in split
plot arrangement by using M.STAT computer packages.

3.4.1Coefficient of variation (C. V)

Coefficient of variation (C. V) for each character was determined according to the

following formula.

C.V =" (E\ZI;E) X 100 Where

MSE = mean square of Error, G= Grand mean

3.4.2 Comparison between seasons:

The means were separated using the least significant difference (LSD) at 5% level

of significance according to the formula:

Xt

2 X Error Mean square
L.S.D = .

Where:
r= number of replications

t =level of significance for t-value at 0.05
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Table (2) the form of analysis of randomized complete block design used in

the study
Source of variation d.f MS EMS
Replications (r-1)=2 Mg
Stress (a) (s-)=1 M;
Error a (r-1)(a-1)=2 M,y
Genotype (g) (g-1)=21 M; 0’e '0°g
axg (a-1)(g-1)=21 M, g
Error g (r-1)(g- 1)=84 M,
Total rag-1=131
Where:

r=replication

g= genotypes

MS= Mean square

EMS= Expected mean square

M; , M, and M ¢= Mean square for error, (A x B), Varieties, error (A), stress, and
replication, respectively.

&%e =error variance

&g =genotypic variance
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Table (3). Combined analysis of variance for characters of 22 varieties of

sorghum evaluated under two water treatments with three replications

During season (2012-2013).

Source of variation Degree freedom Mean Expected mean squares
squares
Season(S) (5-D=1 MQl
Reps within seasons R(S-1)=3 MQ2
Stress (D) (D-D=1 MQ3
Stress x Season D(S-1)=2 MQ4
Pooled Error (a) R(D-1)(S-1)=3 MQ5
Genotypes(G) (G-1)=21 MQ6 o’e-ro’gtl-rto’gl-rl o’gt- rtlo’g
genotypes x Season (G-1)(S-1) =21 MQ7 c’e-ro’gtl-rle’gt
Genotype x Stress (D-1)(S-1)=21 MQ8 o’e-ro’gtl-rle’gl
Season x Genotype | (S-1)(D-1)(G-1)=21 MQ9 o’e-ro’gtl
x Stress
Pooled Error (b) 169 MQI0 c'e
Total 263
S= season R=replication D = stress G= genotypes,
d*e=pooled error variance
&’ g= genotypic variance,
&*Gl=variance due to genotypes, season interaction.
MQI1, MQ2, MQ3,... = mean squares for pooled error. Genotypes, Season,

interaction, Genotypes x replication with in season interaction and season

respectively.
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3.5 Phenotypic (o*ph) and genotypic (c%g) variances.
a) For the separate analysis of variance. They were estimated as follows:
ng:( Mz - M]) /r

o’ph= o’g + 6%

Where:
r= number of replications
o%e= error or environments
M, M2_error and genotype mean squares
b) For combined analysis of variance, they were estimated as follows
Genotypic variance (c%g) = (M,-M;)/rL
Phenotypic variance (6*ph) = 6°g + o?glL+ c%
Where:
G=number of genotypes
L and R number of seasons and replications, respectively.
6°g = error or environmental variance .
M,=expected mean squares of pooled error
M,=expected mean squares of genotypes X seasons interaction.
Phenotypic variance (6? ph) = 6°g + 6%

Genotypic variance (c%g) = (MQ4-MQ6)/r

3.6 Heritability (4°):
Broad sense heritability was estimated in each season separately, using the formula

suggested by Johnson et al, (1955) as the follows:
a/ From the separated ANOVA:

h* = 6%g/ 6*ph

o’g = genotype variance, o’ph = phenotypic variance
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b/ Form the combined ANOVA: It was calculated as a ratio of the genotypic
variance to the phenotypic variance according to the formula :
W= o%g/ [o?g+ " +o% ]
r rL
Where:
o’g = the estimated genetic variance
o’gL =the variance due to genotypes X seasons interaction .
o%¢ = the pooled error variance

L and r=are a number of seasons and replication respectively.

3.7 Phenotypic and genotypic coefficient of variation:

They were according to formula suggested by Burton and Dewane (1952) as the
following
Phenotypic coefficient of variation (PCV) = vV o?Ph_x 100
Grand mean
Genotypic coefficient of variation (GCV)= ¥ o?g x 100%

Grand mean
3.8 Genetic advance (GA):

It was estimated by the formula of Robinson ef al, (1949) as follows

GA=K o%g/ o> Ph

Where: K=selection differential and it was 2.06 at selection of 5%
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3.9 Phenotypic correlation:

It was used to estimate phenotypic covariance between two seasons .They were
used further for computation of phenotypic correlation between different
characters, using the formula suggested by Miller ez al. (1958).

Phenotypic corrélation coefficient (r ph) = o?phxy./ V (6ph x)(c?phy)

Where:

o’ ph x y = phenotypic covariance between two traits (X ,y )

o’phx = phenotypic variance for trait x, 6*>phy = phenotypic variance for trait y.

3.10 Drought tolerance measurements

Yield (ton/ha) was used as parameter to evaluate drought tolerance. This parameter

was based on collected data of grain yield (ton /ha).

The parameters which developed in this study were:

y w = grain yield (Ton /ha) under non — drought condition (W)

yd= grain yield (Ton /ha) under dry condition for ( W;) treatments

ydly

W % = ratio grain yield (Ton /ha) (dry) to grain yield (Ton /ha) (non —drought) as
percent

SSI = stress susceptibility index of Fisher and Maurer (1978). It was determined

using the formula:

SSI = (yw- yd) / (yw {1- yd /yw})
yd and yw = mean yields of genotype that evaluated under dry and well watered
conditions, respectively.
(yw- yd) = drought intensity index (relative yield reduction over all variety in

the environment). Values of SSI > 1 denote. Below average reaction

21



is defined by SSI = 1. And values of SSI >1 describe above drought
susceptibility (= below average drought tolerance).
GMP = Geometric mean of productivity in g, it is measured as (Yd xYw) 0.5
as described by Fernandez (1993).
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CHAPTER FOUR

RESULTS
4.1 Growth characters

4.1.1 Plant height (cm)

The analysis of variance revealed that there were significant differences among the
genotypes as well as water treatments (P <0.05) at both seasons (appendices 1, 2).
The variation due to the interaction between water treatments x genotypes was
significant deferent in the second season only (appendix 2). The combined analysis
(appendix 3). revealed highly significant (P <0.01) among genotypes, under the
two level of water stress (7days 21days) for this treatments, genotypes, seasons,
and interactions (season X water; season X genotypes; water X genotypes and
season x genotype x water), (appendix 3). The highest values of plant height
(179.00cm) and (142.72cm) were recorded by genotype HSD7506 in (7days and
21days) respectively and the lowest values (76.06cm) and (61.49cm) were
regarded by the genotype HSD6702 under drought stress condition 7days and
21days, respectively (Table, 1).

4.1.2 Stem diameter (cm)

The analysis of variance indicated that the mean of stem diameter was highly
significant (P <0.01) affected by genotypes in the two seasons whereas only
significant (P <0.01) by stress in the second season (appendix 1, 2). The
combined analysis revealed that there were highly significant difference (P
<0.01) between genotypes, seasons, and the interaction between all treatments
except stress x seasons which was significant (P <0.05), (appendix 3). The mean
for stem diameter showed that highest values of the stem diameter (21.03cm)
and (20.39cm) were obtained by the genotype HSD7511for (7days and 21days)

consecutively whereas lowest value (15.81cm) and (14.90cm) were recorded by
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the genotype Arfagadamek for (7days), and the genotype HSD7507 for
(21days), (Table, 2).

4.1.3 Number of leaves /plant

Highly significant differences (P <0.01) were shown for the 22 sorghum genotypes
for number of leaves at both seasons 2012 and 2013 (appendices 1 and 2). This
character was significant (P <0.05) for stress in season (2013), (appendix 2). The
results of combined analysis showed highly significant differences (P <0.01),
(appendix 3).The means of number of leaves due to combined results showed that
the highest values (16.21) and (14.60) for the genotype HSD8653and HSD7584 in
(7days and 21 days) respectively and the lowest values (10.38) and (10.67) were
obtained by the genotypes HSD7616 and Arfa gdamek in (7 days and 21days),
respectively (Table,3).

4.1.4 Leaf area (cm?)

The result showed that, highly significant differences (P <0.01) were detected
among genotypes and between water stress for this character in the two seasons
(2012) and (2013) (appendices 1 and 2). The combined analysis also showed
highly significant difference (P <0.01) among season and interaction (genotype

x season and genotypes x season x stress) due to combined analysis (appendix
3).For the means of leaf area , the highest values due to combined analysis were
(525.31 cm®) and (503.32cm’) obtained by the genotypes Botana and Wed
Ahmed under water regimes (7days and 21days) successively and the lowest
values were reveled by the genotypes HSD7610 and HSD7601was (364.08 cm?)
and (290.22 cmz), respectively (Table,4).
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Table (1): Means of plant height (cm) for (22) sorghum genotypes evaluated
under two water treatments during two season 2012and 2013as well as the
means of combined analyses.

Season 2012 2013 Combined(2012-2013)

Treatments 7days 2ldays Mean  7days 21days Mean (7 days) (21 days)

HSD7507 187.16 158.65 17290 12522 114.89 120.06 156.19 136.77
HSD7506 170.79 156.78 163.78 187.22 128.67 157.94 179.00 142.72
HSD7584 137.53 133.00 13527 167.67 122.11 14489 152.60 127.56
HSD7591 152.77 13451 143.64 13222 132.67 13245 142.50 133.59
HSD7601 126.00 115.66 120.83 105.78 92.89 9934  115.89 104.27

HSD7602 8445 6198 7321 67.67 61.00  64.33 76.06 61.49
HSD7606 109.13 111.14 110.14 11744 9333 10539 113.29 102.24
HSD7610 89.54 6996 7975 6822  54.11 61.17 78.88 62.03
HSD7616 138.60 11747 128.03 11444 93.67 104.06 126.52 105.57
HSD8&150 137.88 104.88 12138 99.33 74.00  86.67 118.61 89.44

HSD8176 160.60 137.61 149.11 12733 110.00 118.67 143.97 123.81
HSD8228 177.83 159.80 168.82 13578 109.33 12256 156.81 134.57
HSD8231 14220 11746 129.83 10622 91.67  98.95 124.21 104.56
HSD7511 128.70 114.89 121.80 117.78 91.11 104.45 123.24 103.00
HSD8653 119.88 97.00 108.44 101.44 75.67 88.56  110.66 86.33
HSD8849 14325 111.22 12724 14256 9956  121.06 142.90 105.39

HSD9566 89.78 9536 9257  99.00  82.33 90.67 94.39 88.85
Wad Ahmed 136.79 120.99 12889 98.89  91.00  94.95 117.84 106.00
Tetron 152.13 128.78 140.46 155.00 12356 139.28 153.57 126.17
Hagega 11633 10593 111.13  94.78 81.11 87.95 105.56 93.52
Arfa gadamek 10639 9398 100.19 9856  82.11 90.34  102.47 88.05
Botana 169.16 111.77 14046 92.78  77.11 84.94  130.97 94 .44
Mean 13531 11631 12581 116.15 94.63 10539 125.73 105.47
LSD S 27.08 5.95
LSDG 16.62 12.75
LSDSxG - 18.04
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Table (2): Means of stem diameter (cm) for (22) sorghum genotypes evaluated
under two water treatments during two season 2012and 2013as well as the
means of combined analyses.

Season 2012 2013 Combined(2012-2013)
Treatments 7 days 21 days Mean 7days 21days Mean (7 days) (21 days)
HSD7507 16.44 15.86 16.15 15.63 13.93 14.78 16.03 14.90
HSD7506 18.26 16.42 17.34 17.08 1582 1645 17.67 16.12
HSD7584 16.73 2343 20.08 16.11 1517 15.64 16.42 19.30
HSD7591 17.14 19.50 18.32 17.21 1546 1633 17.17 17 .48
HSD7601 18.38 21.49 19.94 17.37 1529 16.33 17.88 18.39
HSD7602 20.51 23.65 22.08 17.83 17.04 1743 19.17 20.35
HSD7606 18.77 24 .44 21.61 18.29 1549 16.89 18.53 19.97
HSD7610 18.69 26.77 22.73 15.28 11.92 13.60 16.98 19.35
HSD7616 18.60 20.14 19.37 17.53 1529 1641 18.06 17.71
HSD8150 20.57 18.52 19.55 16.85 1512 1598 18.71 16.82
HSDS8176 20.62 17.28 18.95 15.88 13.59 14.73 18.25 1543
HSD8228 22.00 19.76 20.88 18.78 1648 17.63 20.39 18.12
HSD8231 18.98 21.84 20.41 16.16 15.00 15.58 17.57 18.42
HSD7511 23.51 24.05 23.78 18.54 16.74 17.64 21.03 20.39
HSD8653 17.44 20.00 18.72 20.53 18.91 19.72 18.99 1945
HSD8849 20.75 21.28 21.01 16.71 16.95 16.83 18.73 19.11
HSD9566 15.30 22.39 18.85 1991 17.43 18.67 17.61 1991
Wad Ahmed  17.04 21.41 19.22 18.94 17.37 18.16 17.99 19.39
Tetron 16.54 17.16 16.85 16.35 13.75 15.05 1645 1545
Hagega 17.66 16.34 17.00 18.62 16.73 17.68 18.14 16.54
Arfa
gadamek 13.97 21.09 17.53 17.64 1620 1692 15.81 18.65
Botana 16.77 21.84 19.30 17.64 17.56  17.60 17.20 19.70
Mean 18.39 20.67 19.53 17.49 1578 16.64 17.94 18.23
LSD S 4.16 0.17
LSD G 2.58 1.92
LSDSxG 5.02 -
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Table (3): Means of number of leaves for (22) sorghum genotypes evaluated
under two water treatments during two season 2012and 2013as well as the
means of combined analyses.

Season 2012 2013 Combined(2012-2013)
Treatments 7 days 21 days Mean  7days 21days Mean (7 days) (21 days)
HSD7507 11.23 10.66 10.95 10.89 12.17 1153 11.06 11.47
HSD7506 11.13 11.00 11.07 12.44 13.17  12.81 11.78 12.08
HSD7584 13.53 15.00 14.27 12.00 14.00 13.00 12.76 14.60
HSD7591 15.77 12.67 14.22 11.66 1294 12.13 13.71 12.80
HSD7601 12.67 13.33 13.00 13.33 13.17  13.25 13.00 13.20
HSD7602 9.57 8.90 9.23 12.33 12.83  12.58 10.95 10.87
HSD7606 12.80 14.00 13.40 12.44 13.67 13.06 12.62 13.88
HSD7610 10.10 9.67 9.88 11.33 12.89  12.11 10.72 11.32
HSD7616 943 9.87 9.60 11.33 13.00 12.17 10.38 11.62
HSD8150 10.10 10.33 10.22 12.44 1233 12.39 11.27 11.33
HSD8176 11.57 10.33 10.95 11.56 13.44 1250 11.56 11.88
HSD8228 11.23 12.66 11.95 12.78 12.78  12.78 12.01 12.72
HSD8231 16.00 12.90 14.45 12.67 1256  12.61 14.33 12.78
HSD7511 12.80 13.66 13.23 12.33 13.22  12.78 12.57 13.44
HSD8653 17.20 14.00 15.60 15.22 13.00 14.11 16.21 13.50
HSD8849 13.43 12.33 12.88 13.56 12.11  12.83 13.49 12.22
HSD9566 11.53 14.67 13.10 14.33 1244  13.39 12.93 13.55
Wad Ahmed  14.53 16.67 15.60 15.44 10.67 13.06 14.99 13.67
Tetron 14.80 14.67 14.73 13.44 11.67 12.56 14.12 13.17
Hagega 14.37 14.67 14.51 12.22 1233 12.28 13.29 13.50
Arfa
gadamek 10.80 9.57 10.18 13.00 11.78  12.39 11.90 10.67
Botana 14.10 11.33 12.72 11.00 11.00 11.00 12.55 11.16
Mean 12.67 12.40 12.53 12.62 1258  12.60 12.64 12.89
LSDS 2.58 0.71
LSD G 1.89 1.31
LSDSxG - -
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Table (4): Means of leaf area (cmz) for (22) sorghum genotypes evaluated
under two water treatments during two season 2012and 2013as well as the
means of combined analyses.

Season 2012 2013 Combined(2012-2013)

Treatments 7days 21 days Mean  7days 21days Mean (7 days) (21 days)

HSD7507 41533 43533 42533 33827 31032 32430 376.80 372.83
HSD7506 459.00 48333 471.17 363.48 26445 31397 411.24 373.89
HSD7584 483.57 44033 46195 340.12 32844 33428 428.85 384.39
HSD7591 58127 508.67 54497 30097 258.67 279.82 441.12 383.67
HSD7601 435.67 34833 392.00 330.14 232.11 281.13 382091 290.22
HSD7602 383.33  337.00 360.17 41023 36546 387.84 396.78 351.23
HSD7606 467.10 360.67 413.88 411.21 328.88 370.04 439.16 344.77
HSD7610 388.67 35033 369.50 33949 27345 30647 364.08 311.89
HSD7616 422.60 33467 378.63 36825 291.04 329.65 39542 312.86
HSD8&150 467.17 391.67 42942 34841 316.67 332.54 407.79 354.17
HSD8176 437.17 34633 391.75 373.69 33574 354.72 40543 341.04
HSD8&228 39443 38233 388.38 40148 30621 353.85 397.96 344.27
HSD8231 51933 44533 48233 44787 34138 404.63 483.60 393.36
HSD7511 54890 505.67 52728 390.11 35137 370.74 469.51 428.52
HSD8653 42933 44900 439.17 37489 27281 32385 402.11 360.91
HSD&849 47373 45500 46437 362.68 33294 34781 418.20 393.97
HSD9566 466.40 47633 47137 376.49 27427 32538 42145 375.30
Wad Ahmed 603.33 550.00 576.67 41520 456.64 48592 509.27 503.32
Tetron 466.33 518.33 49233 318.05 27837 29821 392.19 398.35

Hagega 67923 577.67 62845 37127 34808 359.68 525.25 482.88
Arfa
gadamek 405.77 340.67 373.22 35327 25080 302.04 379.52 295.74

Botana 63843 562.67 600.55 412.18 328.74 37046 525.31 445.71

Mean 480.28 436.35 45831 37126 306.68 33897 42531 373.78

LSD S 58.65 65.94
LSD G 108.29 66.02
LSDSxG - -

28



4.1.5 Plant dry weight (g)

The analysis of variance (appendices 1 and 2) reveled highly significant
differences (P <0.01) among sorghum genotype, water stress for both seasons
(2012 and 2013) as well as interaction (genotypes X stress) in both season (2012
and 2013) (appendices 1 and 2). The stress only showed significant (P <0.05) in
season (2012, 2013). Whereas, the combined reveled highly significant
differences (P <0.01) only for genotypes, and the interactions genotypes x
season, genotype x stress and genotypes x season x stress (appendix 3). Due to
combined means showed highest values (104.09g) and (73.89g) were regarded
by the genotypes HSD7616 and HSD7606 under watering 7days, 21days
respectively, and lowest values (50.14g) and (37.48g) were reveled by the
genotype Botana for the tow water regime in succession (Table5).

4.1.6 Days to 50% flowering (days)

The means for days to 50% flowering was highly significant (p <0.01) affected
by genotypes, in seasons (2012) (appendix 1). Whereas significant differences
among genotype and water stress in the second season (appendix 2), the
combined showed significant (p <0.05) in stress, and highly significant (P <0.01)
in season, and the interaction between all treatments (appendix 3). The means
separation due to combined analysis reveled that the highest values (100.00days)
and (108.50days) were shown by the genotype Tetron in 7day, 21days water
regime respectively, (Table, 6) whereas, lowest value (58.67days) and
(60.83days) in two water regime (7days 21days), consecutively, were obtained
by the genotype HSD7616 (Table, 6).

4.1.7 Days to maturity (days)

The individual analysis showed that this character was highly significant (P
<0.01) affected by genotypes in the two seasons 2012 and 2013 (appendices 1
and 2), and also by stress in season (2013) (appendix 2).
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Table (5): Means of plant dry weight (g) for (22) sorghum genotypes evaluated
under two water treatments during two season 2012and 2013as well as the
means of combined analyses

Season 2012 2013 Combined(2012-2013)
(7
Treatments 7days 21 days Mean 7days 21days Mean days) (21 days)
HSD7507 8047  60.00  70.23 4469 4899 46.84 6258 54.49
HSD7506 5570 6020 5795 122.16 69.16 9566 8893 64.68
HSD7584 74.77 6637 7057 116.17 45.18 80.67  95.47 55.77
HSD7591 79.87 7820  79.03 88.03 63.67 75.85 8395 70.93
HSD7601 57.57 7047  64.02  79.13  49.17 64.15 68.35 59.82
HSD7602 10543 5843 81.93 51.19  54.04 5262 783l 56.24
HSD7606 113.80 9997 106.88  70.21 4781  59.01 92.01 73.89
HSD7610 80.17  55.67 6792 2617 2696 2656 53.17 41.31
HSD7616 150.83  59.67 10525 5736  40.58 4897 104.09 50.12
HSD8150 6947 7243 70.95 54.19 47.06 50.62 61.83 59.74
HSD8176 56.67 5043 53.55 65.78 5883 6231 61.22 54.63
HSD8228 5090  61.33 56.12  134.08 82.79 10843 9249 72.06
HSD8231 79.13 81.77 80.45 66.51 5732 6192 7282 69.54
HSD7511 58.43 69.67  64.05 82.03 77.14 7959  70.23 73.41
HSD8653 56.33 76.57 6645 11549 6839 9194 8591 72.48
HSD8849 41.67  29.63 35.65 95.12 7212 83.62  68.39 50.88
HSD9566 5590  44.00 49095 8946 6038 7492  72.68 52.19
Wad Ahmed  50.10 42.87 4648 12582 62.03 9393 8796 52.45
Tetron 76.50  67.77  72.13 74.59  63.11 68.85 7554 65.44
Hagega 48.63  46.00 4732  57.71 4297 5034  53.17 44.48
Arfa
gadamek 50.23 50.57 5040 8526 61.59 7342 67.74 56.08
Botana 41.33 3200 36.67 5894 4297 5096 50.14 37.48
Mean 69.72  60.64  65.18 80.00 5647 6823 7486 58.55
LSDS 11.87 14.36
LSD G 20.07 16.41
LSDSx G 28.88 23.22
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Table (6) : Means of days to 50% flowering for (22) sorghum genotypes
evaluated under two water treatments during two season 2012and 2013as well
as the means of combined analyses

Season 2012 2013 Combined(2012-2013)
Treatments 7days 21 days Mean  7days 21days Mean (7 days) (21 days)
HSD7507 68.33 70.33 69.33 57.00 64.67  60.83 62.67 67.50
HSD7506 73.00  73.67 7333 65.67  72.33 69.00 69.33 73.00
HSD7584 88.33 92.00 90.17 7200  82.67  77.33 80.17 87.33
HSD7591 87.67  87.67 87.67  75.00 7033 72.67 81.33 79.00
HSD7601 73.67  77.00 7533 59.67 66.00  62.83 66.67 71.50
HSD7602 65.00  68.33 66.67  58.67 62.00 60.33 61.83 65.17
HSD7606 84.00 85.00 8450 6733 70.67  69.00 75.67 77.83
HSD7610 67.33 70.67  69.00 53.00 5333 53.17 60.17 62.00
HSD7616 63.33 67.33 65.33 54.00 5433 54.17 58.67 60.83
HSD8150 65.67 67.00  66.33 76.00  80.00  78.00 70.83 73.50
HSD8176 69.67  70.67  70.17  58.67 62.00 60.33 64.17 66.33
HSD8228 72.67  77.67  75.17 82.67  91.67 87.17 77.67 84.67
HSD8231 94.67  79.67 87.17  64.33 69.67  67.00 79.50 74.67
HSD7511 79.00 84.00 81.50  66.67  69.33 68.00 72.83 76.67
HSD8653 93.00 93.00 93.00 79.67 85.00  82.33 86.33 89.00
HSD8849 87.00  92.67 89.83 61.33 68.67  65.00 74.17 80.67
HSD9566 92.00 93.67 92.83 68.33 79.00  73.67 80.17 86.33
Wad Ahmed  87.67 95.00 91.33 98.00 9433 96.17 92.83 94.67
Tetron 10333  111.67 107.50 96.67 10533 101.00 100.00 108.50
Hagega 86.00 88.00 87.00 85.00  90.67 87.83 85.50 89.33
Arfa
gadamek 65.67 66.00  65.83 67.33 86.67  77.00 66.50 76.33
Botana 83.00 77.00 80.00 8233 87.00  84.67 82.67 82.00
Mean 79.55 81.27 80.41 7042  75.71 73.07 74.98 78.49
LSD S 6.58 3.03
LSD G 6.32 6.10
LSDSxG - -
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Table (7): Means of days to maturity for (22) sorghum genotypes evaluated
under two water treatments during two season 2012and 2013as well as the
means of combined analyses

Season 2012 2013 Combined(2012-2013)
Treatments 7days 21 days Mean  7days 21days Mean (7 days) (21 days)
HSD7507 89.33  90.33 89.83 83.67  89.33 86.50 86.50 89.83

HSD7506 12733 12367 125.50 100.00 107.00 103.50 113.67 115.33
HSD7584 130.67 12467 127.67 10033 11133 10583 115.50 118.00
HSD7591 12133  117.67 119.50 96.00  98.00  97.00 108.67 107.83
HSD7601 121.00 124,00 122.50 82.67  92.33 87.50 101.83 108.17

HSD7602 9233 92,67 9250 81.67 85.67  83.67 87.00 89.17
HSD7606 107.33 117.00 112.17 85.67  91.67  88.67 96.50 104.33
HSD7610 10033 108.00 104.17 80.67  84.67  82.67 90.50 96.33
HSD7616 102.67 106.00 10433 83.33 88.33 85.83 93.00 97.17
HSD8&150 114.00 10633 110.17 85.00  98.00  91.50 99.50 102.17
HSD8176 99.67 108.67 104.17 83.67  87.67  85.67 91.67 98.17

HSD8228 110.00 106.33 108.17 112.00 119.00 115.50 111.00 112.67
HSD8231 12133 12633 12383 86.67 100.67 93.67 104.00 113.50
HSD7511 114.00 12133 117.67 97.67 10500 101.33 105.83 113.17
HSD8653 126.00 12467 12533 10333 11333 108.33  114.67 119.00
HSD8849 121.67 10033 111.00 94.00 102.00 98.00 107.83 101.17
HSD9566 12533 120.00 122.67 95.67 10333  99.50 110.50 111.67
Wad Ahmed 118.33 11133 114.83 10233 10633 10433 11033 108.83
Tetron 133.67 13400 133.83 95.67 104.67 100.17 114.67 119.33

Hagega 121.33 11533 11833 86.33 88.33 87.33 103.83 101.83
Arfa

gadamek 100.00 102.67 101.33  92.67 88.33 90.50 96.33 95.50
Botana 107.67 108.67 108.17 80.67 86.00 83.33 94.17 97.33
Mean 113.88 113.18 113.53 91.35 97.77 94.56 102.61 105.48
LSD S 10.48 1.75
LSD G 10.90 4.79
LSDSxG - -
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Combined analysis showed highly significant (P <0.01) with season, and the
interaction (genotypes x season); (genotypes x stress) and (genotypes x season x
stress), (appendix 3). Mean separation due to combined showed highest values
(115.50) and (119.33) reveled by the genotypes HSD7584 and Tetron for the
two watering (7days and 21days) successively and lowest values (86.50) and
(89.17) registered by the genotypes HSD7507 and HSD7602 for (7days and
21days) respectively (Table, 7).

4.2 Grain yield characters

4.2 .1 Panicle length (cm)

Analysis of variance showed highly significant differences (P <0.01) due to
genotypes and significant due to stress in the two seasons 2012 and 2013
respectively, (appendices 1 and 2). Whereas, the combined analyses revealed
highly significant differences (P <0.01) due to stress, genotypes, and interactions
between (genotype x stress) and (season x genotype x stress), (appendix 3). The
mean separation due to combined analyses regarded highest values (27.83cm
and 25.19cm) were shown by the genotypes HSD8849 and Hagega in the two
water regimes (7days, 21days) in succession (table,8), whereas, lowest values
(16.19cm) and (15.78cm) showed by the genotypes HSD9566 and HSD7602 for
watering (7days and 21days) respectively, (Table,8).

4.2 .2 Grain yield / plant (g)

The study showed that grain yield/plant was highly significant differences (P
<0.01) in stress, genotype, and interaction (stress x genotype), in first season
(appendix 1). Whereas, the individual analyses in season (2013), revealed that
grain yield/ plant significant in stress and interaction between (stress x genotype)
and highly significant due to genotype (appendix 2). On the other hand
combined analysis showed, highly significant (P <0.01) only in interaction

between (season x stress), and highly significant in interaction between (season
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X stress x genotype), (appendix 3). For this character the highest values (56.08g)
(25.32g) were shown by the genotype Botana for two watering (7days and
21days) consecutively, and lowest values (17.54g) and (11.30g) were showed by
the genotypes HSD7602 and HSD7506 for the two watering (7days and 21days)
respectively (Table, 9).

4.2 .3 Thousand seed weight (g)

Analysis of variance indicated that thousand seed weight was highly significant
(P <0.01) affected by stress, genotype in season (2012) (appendix 1). Whereas in
season (2013) significant by stress, and highly significant differences (P <0.01)
were shown by genotype (appendix 2), but the interaction not significant in the
two seasons. Combined analysis was only significant (P <0.05) due to
interaction between (stress x season), but highly significant (P <0.01) by
interaction between (season x stress x genotype), (appendix 3).The mean
separation due to combined analysis, the highest values (31.09g) and (29.18g)
showed by the genotypes HSD8849 and HSD8231 in the two water regimes
(7days and 21days) in succession and the lowest values (19.82g) and (16.46g)
were reveled by the genotype HSD8150 in the two watering (7days and 21days),
respectively (Table, 10).

4.2 .4 Grain yield (Ton/ha)

The means yield ton/ha was significantly affected by all treatments in both seasons,

in season (2012) the analysis of variance showed, highly significant differences (P

<0.01) were shown by the stress, genotype, and interaction (stress x genotype),

(appendix 1). Whereas, in season (2013) significant differences (P <0.05) showed

by stress, interaction (stress x genotype), and high significant differences (P <0.01)

only showed by the genotypes (appendix 2). The results showed that no significant

due to combined (appendix 3). Separation of means due to combined analysis

revealed highest values (3.84ton/ha) and (2.14ton/ha) revealed by the
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Table (8): Means of panicle length for (22) sorghum genotypes evaluated
under two water treatments during two season 2012and 2013as well as the
means of combined analyses.

Season 2012 2013 Combined(2012-2013)
Treatments 7days 2l1days Mean 7days 21days Mean (7 days) (21 days)
HSD7507 27.59  23.11 2535 28.02 2256 2529 27.81 22.83
HSD7506 21.22 17.11 19.17  23.00 17.67 2033 22.11 17.39
HSD7584 17.10 10.00 13.55 15.77 1039  13.08 16.43 10.19
HSD7591 2623 2294 2459 2383 1772 20.78 25.03 20.33
HSD7601 19.00 18.99 18.99 18.48 18.10  18.29 18.74 18.54
HSD7602 18.78 15.44 17.11 19.58 16.11 17.84 19.18 15.78
HSD7606 19.37 15.81 17.59  20.16 18.14  19.15 19.76 16.98
HSD7610 18.31 16.06 17.18 18.24 1739 17.82 18.28 16.72
HSD7616 18.50 19.33 1892  20.11 18.11  19.11 19.31 18.72
HSD8150 21.11 1988 2049 2273  20.04 21.39 21.92 19.96
HSD8176 2783 2728 2756 2648 2772 27.10 @ 27.16 27.50
HSD8228 17.17 13.80 15.48 17.78 13.47 15.62 17.47 13.63
HSDS8231 19.10 18.22 18.66 18.56 17.67 18.11 18.83 17.94
HSD7511 2517 2246  23.81 2624 2246 2435 25.71 22.46
HSD8653 23.11 19.00 21.06  22.89 17.67  20.28 23.00 18.33
HSD8849 29.36 1922 2429 2630 20.89 23.59 27.83 20.06
HSD9566 16.11 13.92 15.02 16.28 13.56 14.92 16.19 13.74
Wad Ahmed  22.89 1822 2056  20.53 15.00 17.77 21.71 16.61
Tetron 22.00 19.78  20.89  22.67 18.83  20.75 22.33 19.31
Hagega 2633 2513 25.73 27.69 2524 2647 27.01 25.19
Arfa gadamek  17.69 19.54 18.62 1820 2126 19.73 17.94 20.40
Botana 28.59 22,67  25.63 26.52 2433 2543 27.56 23.50
Mean 21.93 19.00 2047  21.82 18.83  20.33 21.88 18.91
LSDS 227 3.61
LSD G 3.12 2.89
LSDSx G - -
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Table (9): Means of grain yield/ plant (g) for (22) sorghum genotypes
evaluated under two water treatments during two season 2012and 2013as well
as the means of combined analyses.

Season 2012 2013 Combined(2012-2013)
Treatments 7days 21 days Mean  7days 21days Mean (7 days) (21 days)
HSD7507 2632 2737  26.84 2828 1125 19.77 27.30 1931
HSD7506 18.79 8.11 13.45 18.57 1449 16.53 18.68 11.30
HSD7584 25.44 16.69  21.07 14.93 8.60 11.77 20.19 12.65
HSD7591 15.90 12.65 1428 3094  20.12 2553 2342 16.39
HSD7601 28.47 1827 2337 3473 2554 30.14 31.60 2191
HSD7602 13.99 15.06 14.53 21.08 17.05  19.07 17.54 16.06
HSD7606 23.46 9.62 16.54 2698 16.47 21.73 25.22 13.05
HSD7610 22.94 1728  20.11 3410 2896 31.53 28.52 23.12
HSD7616 2391 9.33 16.62  28.69  21.02 24385 26.30 15.18
HSD8150 17.82 9.36 13.59 19.57 13.49 16.53 18.69 1143
HSD8176 23.17 14.22 1870 3926 2897 34.12 31.22 21.60
HSD8228 19.70 12.97 16.33 19.88 9.89 14.88 19.79 1143
HSD8231 26.54 15.65 21.09 22.16 1193  17.05 24.35 13.79
HSD7511 35.57 1877  27.17  47.80 2946  38.63 41.68 24.12
HSD8653 3470  21.87 2829  26.15 1335 19.75 3043 17.61
HSD8849 46.67 1472 30.70 6194 4030 51.12 5431 27.51
HSD9566 28.54 11.68  20.11 24.50 15.59  20.04 26.52 13.63
Wad Ahmed  28.45 15.65  22.05 37.13 2472 3093 32.79 20.19

Tetron 32.77 19.93 26.35 33.79 1737  25.58 33.28 18.65
Hagega 17.85 11.72 1479 3974 3149 35.61 28.79 21.61
Arfa
gadamek 15.99 13.88 1494 3725 2671 3198 26.62 20.30
Botana 50.54  21.83 36.18  61.63  28.80 45.21 56.08 25.32
Mean 26.25 1530  20.78 3223  20.71 2647 28.56 17.82
LSDS 234 17.01
LSD G 6.40 22.68
LSDSx G 9.06 9.86

36



Table (10): Means of thousand seed weight (g) for (22) sorghum genotypes
evaluated under two water treatments during two season 2012and 2013as well
as the means of combined analyses.

Season 2012 2013 Combined(2012-2013)
Treatments 7days 21 days|Mean 7days 21days Mean (7 days) (21 days)
HSD7507 21.70 1945 2057  26.82  20.60 23.71 24.26 20.03
HSD7506 2613 2420 25.17  21.73  20.02 20.87 23.93 22.11
HSD7584 2578 2535 2557 2532 2097 23.15 25.55 23.16
HSD7591 2543 2272 2407 31.60 2569 28.64 28.51 24.20
HSD7601 22.50 1935 2093 2403 2159 2281 23.27 2047
HSD7602 2463 2292 2378  21.84 2222 2203 23.24 22.57
HSD7606 19.82 16.99 18.40 2419 2209 23.14 22.00 19.54
HSD7610 2627  23.02 24.64 2353 2356 2354 24.90 23.29
HSD7616 21.80  23.71 2275 2386 2197 2291 22.83 22.84
HSD8150 18.90 17.13 18.02  20.73 1579  18.26 19.82 16.46
HSD8176 2497 2247 2372 2645 23775 25.10 25.71 23.11
HSD8228 22.81 22.04 2242  20.03 1692 18.47 21.42 19.48
HSD&8231 3468 3982 3725 19.15 18.54  18.85 26.92 29.18
HSD7511 25.05 2453 2479 2533 2097 23.15 25.19 22.75
HSD8653 32.71 3232 3252 2529 2276  24.03 29.00 27.54
HSD8849 32.82 2393 2837 2937  26.03 27.70 31.09 2498
HSD9566 20.65 16.62 18.64 2374 2246 23.10 22.19 19.54

Wad Ahmed 2341 2416  23.79 2755 2211 2483 25.48 23.14

Tetron 25.01 2266  23.84  30.11 2531 27.71 27.56 23.99

Hagega 2592  23.09 2451 23.01 23.17  23.09 24 .46 23.13

Arfa gadamek 2699 2195 2447  23.16 2838 25.77 25.07 25.16

Botana 2683 2157 2420 2273 2070 21.72 24.78 21.14

Mean 2522  23.18 2420 2453  22.07 2330 24.87 22.63

LSDS 0.04 1.73

LSD G 5.02 3.36
LSDSx G - -
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Table (11): Means of grain yield (Ton/ha) for (22) sorghum genotypes
evaluated under two water treatments during two season 2012and 2013as well
as the means of combined analyses.

Season 2012 2013 Combined(2012-2013)
Treatments 7 days 21 days Mean  7days 21days Mean (7 days) (21 days)
HSD7507 1.88 1.95 1.92 2.02 0.87 1.45 1.95 1.41
HSD7506 1.34 0.58 0.96 133 1.03 1.18 1.33 0.80
HSD7584 1.82 1.19 1.51 0.80 0.71 0.76 1.31 0.95
HSD7591 1.14 0.90 1.02 221 1.44 1.82 1.67 1.17
HSD7601 2.03 1.31 1.67 248 1.82 2.15 2.25 1.56
HSD7602 1.00 1.08 1.04 1.51 1.22 1.36 1.25 1.15
HSD7606 1.68 0.69 1.18 1.93 1.18 1.55 1.80 0.93
HSD7610 1.64 1.23 1.44 244 2.07 2.25 2.04 1.65
HSD7616 1.71 0.69 1.20 2.05 1.50 1.78 1.88 1.09
HSD8150 1.27 0.67 0.97 1.40 0.96 1.18 1.33 0.82
HSD8176 1.66 1.02 1.34 2.80 2.07 2.44 223 1.54
HSD8228 141 0.93 1.17 142 0.71 1.06 1.41 0.82
HSDS8231 1.90 1.12 1.51 1.58 0.85 1.22 1.74 0.98
HSD7511 2.54 1.34 1.94 3.08 2.10 2.59 2.81 1.72
HSD8653 248 1.56 2.02 1.87 0.95 1.41 2.17 1.25
HSD8849 333 1.05 2.19 3.65 2.88 3.22 3.49 1.96
HSD9566 2.04 0.83 1.44 1.52 1.11 1.32 1.78 0.97
Wad Ahmed 2.03 1.12 1.58 2.65 1.77 2.21 2.34 1.44
Tetron 2.34 1.42 1.88 241 1.24 1.83 237 1.33
Hagega 1.28 0.84 1.06 2.84 2.58 2.71 2.06 1.71
Arfa gadamek  1.14 0.99 1.07 2.66 1.91 2.28 1.90 1.45
Botana 3.61 1.56 2.58 4.07 2.72 3.40 3.84 2.14
Mean 1.88 1.09 1.49 221 1.53 1.87 2.04 1.31
LSDS 0.16 5.49
LSD G 0.45 6.97
LSDSx G - 0.65
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genotype Botana in the two watering (7days and 21days) consecutively and the
lowest values (1.31ton/ha) and (0.80ton/ha) showed by the genotypes HSD7584
and HSD7506 respectively, (Table, 11).

4.3 Genotypic (¢’g) Phenotypic (&° ph), variances and heritability (/7).
yp y

The results of this study for the two seasons (2012 and 2013) estimates of the
genotypic variances (¢’g) 1298.76 and 1174.60 were scored by leaf area. Whereas,
the lowest estimates of genotypic for the two seasons 0.09 and 0.18 were attended
by grain yield (Ton/ha) (Table, 12). On the other hand, highest estimates of
phenotypic variance (0> ph) (8846.17, 5555.30), (1888.07, 1298.10) regarded by
leaf area and plant height for the two seasons (2012 and 2013), respectively
whereas, the lowest values 0.22 and 0.32 obtained by yield (Ton/ha) for the two
seasons. Regarding heritability estimates, the values characters were greater at
second season than first season for all characters except number of leaves. The
high value of heritability (4*) were revealed for plant dry weight for the two
seasons, in both second season, the highest heritability estimated (4> = 0.92) were

recorded for plant dry weight (Table, 12).

4.4 Genotypic (GCV) Phenotypic (PCV), coefficients of variation and genetic
advance (GA) in the two seasons (2012 - 2013).

Estimates of genotypic coefficient of variation (GCV) in season 2012 regarded
highest value 2149.74 was by leaf area, and also in season 2013 leaf area showed
highest1599.89. On the other hand the lowest value 24.31 in season (2012),
regarded by yield (Ton/ha), whereas, 32.34 in season (2013), 29.32 showed with
number of leaves (Table, 13). On the other hand, (PCV) regarding high values
1051.97, 1114.53 by plant height in the two seasons, respectively. Whereas, low
value 9.30, 18.39 revealed by yield (ton/ha), for the two seasons consecutively

(table 13). Genetic advance (GA) was recorded high value for all characters in the
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first season (2012), compared with second season(2013).The highest value of
genetic advance (GA) was 6157, 67.16 recorded by plant height in the two seasons,
respectively and the lowest value was 0.3, 0.67 showed by yield ton/ha in two
season (table, 13).

4.5 Phenotypic correlation:

Phenotypic correlation coefficient between pair wise combination for the different
characters in each seasons is presented in (Table, 17, 18,) .The results showed that
grain yield t /ha exhibited highly significant ( p <0.01) positive correlation with all
yield component in both season (table 14, 15) on the other hand significant (p
<0.01) and positive phenotypic correlation with all other vegetative characters
except maturity and number of leaves per plant are negative in season (2013), table
(15). In this study the estimated similar results grain yield is a complex character
and is the final product of actions and interactions of various characters; hence
understanding relationship between yield and its components. They suggest that
selection for these characters components would be effective in the improvement
of grain yield and agree in this study grain yield showed height significant
phenotypic correlation with 1000seed weight based on result obtained. Yield
selection for late flowering and genotypes and should be given to the characters
which exhibited negative association between them.

4.6 Drought tolerance parameters:

A wide range for values of drought tolerance parameters were exhibited by
genotype (table 17). The analysis for drought tolerance recorded that the ratio grain
yield ton/ha under dry condition (21days) to non — drought (7days) (Wi/Wy)
estimated highest value 0.92 by HSD7602, and low value 0.52 showed by
HSD7606 (table 17).
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Table (12 ): Phenotypic Ca ph) and Genotypic (0 2g) variances and Heritability h? for different characters in
season (2012-2013)

(0g (0°ph h*

Season (2012) (2013) (2012) (2013) (2012) (2013)
Plant height (cm) 1298.76 1174.60 1888.07 1298.10 0.69 0.90
Stem diameter (cm) 10.88 3.10 19.80 5.92 0.55 0.52
Number of leaves 7.08 2.38 9.80 3.63 0.72 0.66
Leaf Area (cm?) 4015.07 1688.20 8846.17 5555.30 0.45 0.30
Plant dry weight (g) 251.73 324.11 282.09 352.40 0.89 0.92
Daysto50%flowering 230.11 167.53 320.31 184.96 0.72 0.91
Days to maturity 27.761 26.24 35.19 32.62 0.79 0.80
Panicle length (cm) 31.04 12.32 50.21 20.91 0.62 0.59
1000seed weight (g) 491.37 652.43 1494.47 1042.93 0.33 0.63
Grain yield / plant (g) 4472 57.61 113.74 112.47 0.39 0.51
Grain yield (ton/ha) 0.085 0.18 0.22 0.32 0.38 0.56




The stress susceptibility index (SSI) were recorded highest value 1.88 showed by
Botana, and lowest value 0.65 obtained by HSD7506 and HSD8150 (table 17).
Whereas, geometric mean of productivity (GMP) estimated the highest value 2.87
of (GMP) by obtained Botana and lowest value 1.03 recorded by HSD7506 table

(17).
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Table (13) Phenotypic (PCV), Genetic (GCYV), coefficient of variation and genetic advance (GA) for season
(2012 - 2013).

Characters GCV PCV AG%
Season (2012) (2013) (2012) (2013) (2012) (2013)
Plant height (cm) 1529.29 1231.71 1051.97 1114.53 61.57 67.16
Stem diameter (cm) 101.37 35.58 55.70 18.65 5.04 2.63
Number of leaves 78.10 29.32 56.42 19.24 4.66 2.58
Leaf Area (cm?) 2149.74 1599.89 975.71 486.19 87.94 46.66
Plant dry weight (g) 350.46 482.30 312.74 443.58 30.87 35.57
Daysto50%flowering 282.13 195.60 202.69 177.16 26.49 25.38
Days to maturity 171.93 160.46 135.64 129.08 9.64 9.46
Panicle length (cm) 207.47 89.77 128.25 52.87 9.02 5.55
1000seed weight (g) 1892.52 1477.60 622.24 924.35 26.18 41.62
Grain yield / plant (g)  567.95 566.75 223.32 290.30 8.64 11.19
Grain yield (ton/ha) 2431 32.34 9.30 18.39 0.37 0.67
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Table (14) Phenotypic Correlation Season 2012

Plant Stem  Number Leaf Plant Flowe panicle 1000 S Yield/
H D of L Aria D.W ring Maturity L \\% plant

Stem D (cm) -0.18

Number of leaves 023 -0.60"

Leaf Area (cm’) 026 0.34 050

Plant dry W (g) 0.004 -0.09 -0.14  -021°

Daysto50%flower ~ -0.05 0.397 0.67 037  -0.09

Days to maturity 0.10 020 045 026  -0.01 057

Panicle L (cm) 039" -0.04 0.09 027 -0.14" -0.02 -.07

1000seed W (g) 008 0.13 020 0.1 0.05 0.14 031" 0.07

Grain yield /plant(g) 030" 0.15 0217 0297 0.12 0.17 0.05 0407 023"

Grain yield Ton/ha ~ 0.30° 0.15° 021" 0297 0.12 0.17  0.05 040" 0237 1.00"

**correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level
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Table (15) Phenotypic Correlation Season 201"

Stem Number Leaf  PlantD. Floweri Maturit 1000 S Yield/
PlantH D of L Aria \\Y% ng y panicle L. W plant
Stem D (cm) -0.04
Number of leaves 023" 043"
Leaf Area (cm?) 005 0.397  0.08
Plant dry W (g) 052" 043" 0507 0237
Daysto50%flower 003  0.16 038  -006 022
Days to maturity 022" 007 0407 -0.12 038" 048"
Panicle L (cm) 0.14 0.11 0.09 016  0.01 -0.08  -0.42"
1000seed W (g) 026 0.04 -0.01  -0.07 0.19 -0.01  -0.19° 036"
Grain yield /plant(g) 0.447  0.45  0.537 025 089 0247 0327 0.02 0.17°
Grainyield Ton/ha  0.01 025"  -0.05 0247  0.11 0.12  -036 055 0.43" 0.09

**correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level
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Table (16) Phenotypic Correlation combining analysis for Season (2012 and 201Y)

Stem Plant
Plant diamete Number  Leaf dry Flowerin Yield /
height r ofleaves Aria weight g Maturity panicle L 1000 S W plant
Stem D (cm) 047
Number of leaves 0.15 0.20
Leaf Area (cm®) 015 0.12  0.60"
Plant dry W (g) 0.14  0.15 0627 1.00"
Daysto50%flower 021  -0.02 0.797 065  0.66
Days to maturity 040 0.12 0797 041" 042" 0717
Panicle L (cm) 0.18 -028 -009 034 033  -0.03 -0.33
1000seed W (g) 005 -005 044 017 0.18 027 0.27 0.21

Grain yield /plant(g)  -0.09 0.2 010 039" 0.89°  0.18 -0.16  0.57 0.35
Grain yield Ton/ha 008 015  0.11 037 037 0.5 -0.13 057 0.38 1.00"

**correlation is significant at the 0.01 level

* Correlation is significant at the 0.05 level
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Table (17): Means of drought tolerance parameters of 22 sorghum genotypes
evaluated at two water treatments across two seasons.

Yield ton/ha
Varities 7 Days(WO0) 21 Days(W1) WI1/W0 SSI GMP
HSD7507 1.95 1.41 0.72 0.95 1.66
HSD7506 1.33 0.8 0.60 0.65 1.03
HSD7584 1.31 0.95 0.73 0.64 1.12
HSD7591 1.67 1.17 0.70 0.82 1.40
HSD7601 2.25 1.56 0.69 1.10 1.87
HSD7602 1.25 1.15 0.92 1.00 1.20
HSD7606 1.8 0.93 0.52 0.88 1.29
HSD7610 2.04 1.65 0.81 1.00 1.83
HSD7616 1.88 1.09 0.58 0.92 1.43
HSDS8150 1.33 0.82 0.62 0.65 1.04
HSD8176 2.23 1.54 0.69 1.09 1.85
HSD8228 1.41 0.82 0.58 0.69 1.08
HSD®&231 1.74 0.98 0.56 0.85 1.31
HSD7511 2.81 1.72 0.61 1.38 2.20
HSD8653 2.17 1.25 0.58 1.06 1.65
HSD8849 3.49 1.96 0.56 1.71 2.62
HSD9566 1.78 0.97 0.54 0.87 1.31
Wad Ahmed 2.34 1.44 0.62 1.15 1.84
Tetron 2.37 1.33 0.56 1.16 1.78
Hagega 2.06 1.71 0.83 1.01 1.88
Arfa gadamek 1.9 1.45 0.76 0.93 1.66
Botana 3.84 2.14 0.56 1.88 2.87
Mean 2.04 1.31 1.56 1.018 1.632
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CHAPTER FIVE
DISCUSSION

5.1 Drought effect on growth characters

Most of the growth characters were sensitive to water stress, plant height, leaf area,
stem diameter, number of leaves, 50% days to flowering, 50% to maturity.
Moreover, water stress was highly significant reduced plant height in the two
seasons among all genotypes. Similar finding were shown by (Rauf, 2008;
Khayatnezhad, ef al. 2010) who found that effect of stress coincided with various
growth stages such as germination; seedling; shoot length; and flowering. On the
other hand stem diameter, leaf area and number of leaves also were highly
significant and decrease due to stress, generally all of this characters were highest
in (7days) watering and lowest in (21days) watering.

5.2 Drought effect on yield and yield components

Drought had highly significant effect on yield and yield component of all the
twenty two genotypes of sorghum used in this study. Yield/plant showed high
value in (7days) 56.08g in both season among all genotypes. Whereas, (21days)
regime reveled small value 25.32g among all genotypes. Similar results showed by
(Al-karaki, and Clark, 1998), who found that sorghum differed in their responses
to deficit irrigation. Under full irrigation sorghum yields was good. However,
irrigation deficit reduced growth character and yield in sorghum, giving higher
yields for sorghum under moderate or severe water deficit treatments. Under water
limited conditions; soil water extraction was more important component in
sorghum yield. Panicle length had significant affect due to water stress the means
value reveled high value 27.83cm in (7days) watering and 25.19cm (21days)

watering this result are agreement with (Yadav, ef, al. 1997 and Berwal and
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Khairwal 1997 findings. Thousand seed weight as one of the yield component was
affected by drought stress (7days) watering register 31.09g which was high than
(21days) value 29.18g. The reduction of thousand seed weight due to drought
stress was reported by ELDikhary, 1992 and Osmanzai, 1992. Grain yield ton/ha
was highly significantly affected by drought stress and high values were reported
by Botana in (7days) was 3.84 ton/ha compered with (21days) reported by Botana
2.14 ton/ha. This result matched the one reported by (Vanderlip 1991). In this
study Botana, HSD8849 and Hgega scored high yield under stress condition and
could be used in stress breeding program.

5.3 Phenotypic and genotypic Variability

Phenotypic variability estimated for twenty two sorghum genotypes under normal
and water stress condition variation can be attributed to phenotypic as well as
genotypic variability. Similar conclusion were detected by others in different cereal
crops under different environments ( Khalafalla, 1993 and Abuelgusim, 1989).
Most of the characters, estimates for phenotypic variance were greater than their
respective genotypic ones. This result indicates that large proportion of phenotypic
variance was due to environmental effects. In general, the morphological
characters had low genotypic variance than their respective phenotypic ones
indicating that most differences among genotypes were mainly environmental
factors.

5.4 Phenotypic coefficients of variation (PCV), genotypic coefficients of
variation (GCV), Genetic advance (GA) and Heritability (HZ)

All characters showed wide range for individual character. Genotypic coefficient
of variation (GCV) was maximum in leaf area (2149.74, 1599.89) for the two
seasons and plant height (1529.29, 1231.71) and it was not different with
phenotypic coefficient of variation (PCV). It was also showed maximum value in

leaf area (975.71, 486.19) for the two seasons and plant height (1051.97, 1114.53).
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This result indicates that these traits were affected by environmental fluctuations.
The high value of (GCV) and (PCV) suggested that there is possibility to use
environmental effects in direct selection for these traits.

High heritability in this study was showed among vegetative characters, plant
height, plant dry weight, 50% flowering and maturity whereas it was less in
thousand seed weight, yield/plant and yield (ton/ha). High heritability indicates
that these characters are controlled by additive gene action and selection for these
characters will be effective. High heritability and high genetic advance for plant
height have been shown by Rao and Patil (1996) and similar results were observed
by Bello et al. (2001). Bello et al. (2007) reveled that the low heritability estimates
of grain yield is due to the direct and indirect multiplicative effects of yield
components on grain yield.

5.5. Drought tolerance and yield relationship

From the stress susceptibility index (SSI) value the lowest values were recorded
for genotypes HSD7506, HSD7584 (SSI = 0.65, 0.64 respectively) table (16). This
index only pointed out the genotypes with the lowest yield in normal conditions.
Based on high value for (SSI) recorded by Botana, HSD8849, HSD7511 (SSI =
1.88, 1.71, 1.38 respectively) table (16) these genotypes could be considered as
sensitive to drought. Geometric mean productivity (GMP) recorded lowest values
with genotypes HSD7506, HSD7584 (GMP = 1.03, 1.12 respectively) and highest
values with Botana, HSD8849, HSD7511 (GMP = 2.87, 2.62, 2.20 respectively). A
larger value of (SSI) and (GMP) show relatively more sensitivity to stress
(Gobaladi et al. 2006). Most sorghum cultivars used for grain production have pre-
flowering drought resistance but do not have any significant post-flowering

drought resistance (Subudhi et al. 1999).

50



5.6. Phenotypic correlation

Phenotypic correlations were presented in table (16). However, the results showed
significant (p <0.05) and negative association of stem diameter with plant height (-
0.47). Whereas highly significant (p <0.01) and positive was detected between leaf
area with number of leaves (0.60). Plant dry weight was highly significant (p
<0.01) correlation with number of leaves and leaf area (060), (1.00). Yield ton/ha
significant (p <0.05) affected positively with leaf area, plant dry weight and
thousand seed weight (0.37), (0.37), (38) respectively. Whereas, highly significant
(p <0.01) positive effect panicle length (57), with yield/plant (1.00). These results
is a good indicator for high yield. This result was agreed with Amal and Eatemad
(2012) who find highly significant and positive correlation between panicle length
and grain yield.
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CHAPTER SIX

SUMMARY AND CONCLUSIONS

The results obtained in this study, can be summaries as follows:

1. A wide range of genetic variability was detected by genotypes for drought
tolerance. This variability can be exploited in the improvement for drought
tolerance in this crop.

2. All genotypes under the study were significantly different in growth
characters and yield components.

3. Plant height, leaf area, plant dry weight and thousand seed = weight, these
characters recorded highest GCV and GA, Therefore it can be used as
selection program.

4. Plant dry weight, days to 50% flowering, days to maturity, and plant height,
these characters attained high (4) and can be used in selection programs.

5. Grain yield ton/h and its components were more sensitive to water stress
than other morphological characters.

6. Reduction yield ton/ha was mainly due to the reduction in yield/plant and
thousand seed weight.

7. . Botana, HSD8849 and HSD7511 showed high geometric mean
productivity (GMP). This result can be used in the improvement for drought
tolerance in this crop.

8. Grain yield ton/ha had strong positive phenotypic and correlation with some

of its components and some of morphological characters.

52



REFERENCES

Abraham, M.J.,A.S.Gupta and B.K. Sharma. 1998. Genetic variability and character
association of yield and its components in finger millet (Eleasine coracana ) in
acidic soil of meghalay. India J. of Agric. —sci., 59(9): 579-581.) 59(9): 579-581.)
437

Abu ELGasim, E.H.1989 .Pearl millet breeding in Sudan ,past ,present and future
.ARC/intsor mil Sorghum work shop.WadMedani,Sudan.

Addissu, G.A., 2011, QTL mapping of stay-green and other related traits in sorghum.
VDM. Verlag Dr. Muller p. 1-2

Ahmed 2010

Ali, M. A., A. Abbas, S. I. Awan, K. Jaban and S.D. A. Gardezi 2011. Correlated
response of  various morpho-physiological characters with grin yield in sorghum
landraces at different growth phases. The J. Anim. Plant Sci.21(4): 671- 679.

Al-karaki, G.N. and R.B. Clark, 1998. Water stress and Mycorrhizal isolate effect on
growth and nutrient acquisition of wheat.j plant nutr., 21: 891-902.

Tag EI-Din A. A. and Hessen M. E. 2012 Path analysis and Correlation Assessment of
yield and yield Associatted Traits in Sorghum J.Agric. & Environ. Sci., 12(6): 815-
819.

Bantilan MCS, UK. Deb, CLL. Gowda BVS. Reddy AB. Obilana and RE.Evenson
(eds.) 2004.Sorghum genetic enhancement: research process, dissemination and
impacts. Patancheru 502 324, Andhra Pradesh, India: International Crops Research
Institute for the Semi-Arid Tropics. 320 pp. ISBN 92-9066-470-3. Order code
BOE 033.

53



Bello, D., A.M. Kadams, S.Y. Simon, and DS.Mash, Studies on Genetic Variability in
Cultivated Sorghum (Sorghum bicolour L. Moench) Cultivars of Adamawa State
Nigeria. American-Eurasian J. Agric. & Environ. Sci. 2007; 2 (3): 297-302

Bello, D., A M. Kadams, and S.Y. Simon, Correlation and path coefficient analysis of
grain yield and its components in sorghum. Nig J.Trop. Agric., A Publication of
SAAT, FUT, Yola, 2001 Nigeria 3: 4-9

Berwal , K. K . and I . S . Khairwal 1997. Genetic diversity in pearl millet , .
International Sorghum and millet Newsletter 38 , 103 — 06 .

Blum , A . 1998 . plant breeding for stress environments CRC press INC .,Boca Raton
Florida , USA .

Blum, A., 1988. Plant breeding for stress environments, CRC Press, Florida.

Borrell, A., D. Jordan, J. Mullet, B. Henzell and G. Hammer 2006. Drought adaptation in
sorghum. In: Drought adaptation in cereals ( J.M. Ribaut ed.). The Haworth Press,
Inc., Binghamton, NY, USA, pp: 335-400.

Burton, G.M. and E.M. Dewane, 1952. Estimating heritability in tall Fescue (Festuca
arandanaceae) from replicated clonal material. Agron. J., 45: 478-481.

Ceske Budejowice (2010). Sorghum bicolor — an integrate alternative for agriculture,
food industry and bio-energy. TEACHING COURSE BY CEEPUS PROGRAM

University of South Bohemia.

Darrell. 2000. In Sorghum: Origin, History, Technology, and Production book Edited by
C.Wayne Smith and Richard A. Frederiksen; Wiley Series In Crop Science

Doggitt 1988 Sorghum Second edition UK: Tropical Agricultural Series Longman
Scientific and Technical Publishers, and Ottawa, Canada international

development Research Center 512pp.

54



Ejeta, G. and J. E. Knoll 2007. Marker-assisted selection in sorghum in: Varshney, R.
K. and R. Tuberosa (ed.) Genomic-assisted crop improvement: Vol.2: Genomics

applications in crops pp. 187-205.

Elagib,T.; H.K. Parzies, and H.H.Geiger, 2004.Heterotic Grouping of Sudanese
Sorghum Landraces .Proceeding of Deutscher Tropentag conference (2004)
International Research on Food Security, Natural Resource Management and

Rural Development in Humboldt-Universitit zu Berlin October 5-7, 2004

ElDikhery , S . A.1992. Growth and productivity of pearl millet (Pennisetum glaucum)
as affected by watering frequencies .M.SC (Agric ) Thesis Khartoum university.

Falconer, D.S. and T.F.C. Mackayay, 1996. Introduction to quantitative genetics. 4th
Edition. Pearson Education Ltd., Essex, England.

FAOQO. 2011. FAOSTAT online database, available at link http://faostat.fao.org/. Accessed
on December 2011.

Fernandez , G . C . J . 1993 . Effective selection Criteria for assessing plant stress
tolerance : p . 257 — 270 . In : C . G . Kwo ( eds ) : Adaptation of food crops

temperature and water stress . Twain : AVRDC

Fisher, R. A. and Maurer. 1978 . drought resistance in spring Wheat Cultivars. I. Grain
yield responses in spring wheat. Australia J. Agri. Sci. 29: 892-912.

Garrity, P.D ., C.Y . Sullivan, and D. G . Watts . 1993 . Moisture deficits and grain
sorghum performances : Drought stress conditioning . Agron . J .75 : 997 — 1004

Golabadi M, Arzani A, Maibody SAM 2006. Assessment of drought tolerance in
segregating population in durum wheat. Afr. J. Agric. Res. 5: 162-171.

55



Gomez, K .A . and A.A. Gomez .1984 . Statistical procedures for Agricultural Research
2 nd . Ed. Johon Wiley and Sons , Inc . New york.
grain yield response Aust . J . Agric . Res .29 : 897 -912.

Hamdoun, A. M. and A. G. T. Babiker, 1989 Striga in Sudan Striga improved
management in Africa. Proceedings of the FAO/ O. A. U. all-Africa Government

Consultation on striga Control Maroua, October 20-24, 1989 Cameroon.

Hattendorf , M . J . Dedelfs , B. Amoss ,L . R . Stone, and R. E . Given, Jr. 1998 .

Comparative water use characteristics of six row crops . Agron . J . 80 : 80 — 85 .

Haussmann, B. I. G., Hess, D. E., Seetharama, N., Welz, H. G. and Geiger, H. H.,
2002, construct-ion of a combined sorghum linkage map from two recombinant inbred
populations using AFLP,SSR, RFLP and RAPD markers and comparison with other
sorghum maps. Theoretical and Applied Genetics, 105: 629-637.

ICRISAT 2011 International Crop Research Institute for the Semi-Arid Tropics

<http://www.icrisat.org/crop-sorghum.htm>

ICRISAT 2011 International Crop Research Institute for the Semi-Arid Tropics

<http://www.icrisat.org/crop-sorghum.htm>

Johnson, H.W;H.F.Robinson and R.E .Comstock 1955 estimates of genetic and

environmental variability in soybean .Agron.J.47-314-318.

Kebede, H., P. K. Subudhi, D. T. Rosenow and H. T. Nguyen 2001. Quantitative trait
loci influencing drought tolerance in grain sorghum (Sorghum bicolor L. moench).

Theor. Appl.Genet. 103: 266-276

Khalafalla . M .M. 1993 . Evaluation of general and specific combining Ability . Msc .
Thesis , facutly of Agriculture , university of Khartoum .

56



Khalil 2008

Khayatenezhad, M. Gholamin R, Jamaatie-Somarin SH, Zabihi-Mahmoodabad R
2010. Effects of PEG stress on corn cultivars (Zea mays L) at germination stage

World Appl. Sci J. 11(5): 504-506

Ludlow , M . M ., and R . C > Muchow . 1990 . A critical evaluation of traits for
improving crop yields in water — limited environments . Adv . Agron . 43 : 107 —
152

Mahalakshmi, V . ,and Rao, K. p. 1990 simple estimates of soil water availability
for analysis of multi locational yield traits . ICRISAT cereal program Ann . Rep .
P.57-58.

Miller,P.A.;J.C.Wiliams ;H.P. Robinson and R.E.Comstock 1958 Estimation of
genotypic and environmental variance and covariances in upland cotton and their

implication .Agron. J.50; 126-131.

Osmanzai , 1992 . Sorghum response to water deficit . SADC / ICRISAT . Souther
Africa Program Ann . Rep . P . 7. 26.

Rajendran, R. A., A. R. Muthiah, A. Manickam, P. Shanmugaasundaram and A. John
Joel 2011. Indices of drought tolerance in sorghum (sorghum bicolor L. Monech)

genotypes at early stage of plant growth. Res. J. Agric. & Biol. Sci. 7: 42-46.

Rao, M. R. G. and Patil, S. J., 1996, Variability and correlation studies in F2 population
of Kharif and rabi sorghum. Karnataka Journal of Agricultural Sciences, 9: 78 74

Rauf, S, 2008. Breeding sunflower (Helianthus annuus L.) for drought tolerance

commuication in Biometry and Crop Science 3(1): 29-44.

57



Robinsom, H.F.,Cmastock,R.Eand Harvey ,P.H.1949 Estimation of heritability and

degree Of dominance in corn .Agron.J41:353-359.

Rosenow DT, Ejeta G, Clark LE, Gilbert ML, Henzell RG, Borrell AK, Muchow RC
1996 Breeding for pre- and post-flowering drought stress resistance in sorghum.
In: Rosenow DT, Yohe JM (eds) Proceedings of the international conference on
genetic improvement of sorghum and pearl millet (Lubbock, TX, 22-27
September 1996). ICRISAT, Lubbock, India pp 400-411

Rosenow DT.,Clark LE 1995 Drought and lodging resistance for a quality sorghum
crop. In Proceedings of the 5™ annual corn and sorghum industry research
conference (Chicago, IL,6-7 December 1995). American Seed Trade Association,

Chicago, IL, pp 82-97

Sato 2004
Sasaki Takuji., Baltazar, A.Antonio. Sorghum in sequence. 2009. Nature. 457: 547-

548.doi: 10.1038/457547a.

Show , R. H . 1998 . Climatic requirements . P . 609 — 638 . In. G . F . sprague and J .
W . Dudley ( ed ) . corn and corn improvement . 3 rd ed . Agron . Monogr . 18 .
ASA , CSSA , and SSSA., Madsion , WI .

Singh , R. P ., Curr. Pract . Dry land Resour . Technol , 1990, 5, 117 — 136.

Subudhi P K, Magpantay GB, Rosenow DT, Nguyen HT 1999. In Ito O, Toole, J and
Hardy B. ed. Genetic Improvement of rice for water limited environments.
Proceedings of the Workshop on Gene.

Taylor, JRN 2006. Overview: Importance of Sorghum in Africa . In(ed) Brink, M ;
Belay G. Cereals and pulses ,CTA, Wageningen , Netherlands.

Truner ,N. C . Aust.J . plant physiology , 1986 ,13,175—-190 .

58



Tuinstra MR,Grote EM, Goldsbrough PB, Ejeta G 1997. Genetic analysis of post-
flowering drought tolerance and components of grain development in sorghum

bicolor (L.) Moench. Mol Breed 3: 439- 448.

Ugherughe , P .0 ., Z . Acker . P . Fanzenbau (J. Agron . Crop Sci.,), 1996, 157, 13
—23.

Unger , P . W . 1991 . Ontogeny and water use of no tillage sorghum cultivars on dry

land . Agron.J.83(6):961-968 .

Vanderlip. R. L. 1991 . Modelling millet and sorghum establish and growth and sustain
table crop production. INTSORMIL. Ann. Rep. P. 38-43.

Wang, F.U. and Z.Y. Shi, 2008. Biodiversity of Arbuscular Mycorrhizal Fungi in China:
a Review, Adv. Environ. Biol., 2(1): 31-39.

Wilolud, Journals, 2011 Agricultural Science 5 (1): 1 -9,2011 ISSN: 2141 -42030© .

Yadav, O. P. and E. weltzein, 1997. Performance of two itrogressed populations of
pearl millet in contrasting environments international sorghum and millet New

letter 38, 110 — 112.

Yadov,0.;K .Mange;S.Faroda; N.L.Joshi ; S.Kathju and Amal.Kar .1999.Divrsity in
pearl millet Iandraces of Arions of Rajasltham .CAB.Abstracts ,1998-2002 ,PC-
SPIRS ;3.30,No. 2000 1605222.

Zhanguo X., Ming L.W., Noelle. A. B., Gloria B., Cleve F., Gary P. and John B., 2008,
Applying genotyping (TILLING) and phenotyping analyses to elucidate gene
function in a chemically induced sorghum mutant population. BMC Plant Biology,

8:103

59



Appendices

Appendix (1): Mean squares from the analysis of variance for different characters in (22) Sorghum

genotypes evaluated in season 2012

Sources Stress(S) Error genotype(g) Sxg CVs CVg

D.F 1 2 21 21
Plant .H (cm) 11917.8" 1308.0 4112.5™ 2529™ 28.75 11.51
Stem D (cm) 170.57™ 4.89 23227 17.40™ 28.44 15.29
Number of Leaves 237™ 11.29 23.98" 445™ 2745 13.07
Leaf A (cm?) 63721.1° 6122.15 36195.05" 3147.58 17.09 20.58
Plant dry weight (g) 272455 264.55 2077.78" 813.05" 24.46 27.8
Days t050% flowering 118.37™ 77.37 78555 34.90™ 10.93 6.85
Days to maturity 16.03™ 195.78 780.53" 74.01™ 12.32 8.37
Panicle Length (cm) 284.68° 9.19 90.71" 10.73™ 14.81 23.32
Grain yield/plant (g) 3945.62" 9.78 23570 97.57" 15.05 26.84
1000 Seed weight (g) 136.74" 0.00 11228 11.38™ 027 18.09
Grain yield (Ton/ha) 20.18" 0.05 127 0.50" 15.12 26.81

**: significant at the 0.01 level of probability
* :significant at the 0.05 level of probability
ns : none significant at the 0.05 level of probability
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Appendix (2): Mean squares from the analysis of variance for different characters in (22) Sorghum
genotypes evaluated in season 2013

Sources Stress Error genotype(g) Sxg C.Vs CVg
D.F 1 2 21 21

Plant .H (cm) 15283.3" 63.1 3647.3" 28257 7.54 10.54
Stem D (cm) 96.43" 0.05 12.12" 1.07™ 1.4 10.09
Number of Leaves 8.4° 0.89 11.15™ 0.62"™ 7.62 9.23
Leaf A (cm?) 143526° 7752 7240 1505 ™ 25.92 16.93
Plant dry weigh (g)t 18284.5" 367.7 2330.2" 687" 28.10 20.95
Days t050% flowering ~ 922.73" 16.37 1000.63" 38.72"™ 5.54 7.28
Days to maturity 1361.94™ 5.46 520.01°° 24.24™ 247 4.42
Panicle Length (cm) 294.78" 23.26 85.09" 8.65"™ 23.73 12.42
Gain yield/plant (g) 16673.9" 516.1 2347.7" 107827 32.18 28.00
1000 Seed weight (g) 199.78° 537 4555 10.09 ™ 9.94 12.59
Grain yield (Ton/ha) 15.17° 027 63.25" 0.16" 27.72 19.39

**: significant at the 0.01 level of probability
* :significant at the 0.05 level of probability
ns : none significant at the 0.05 level of probability
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Appendix (3): Mean squares from the analysis of variance for different characters in 22 Sorghum genotypes
(Sorghum bicolour) evaluated in season 2012/2013 Combined

s€ason X
stress X genotype X  genotype  genotype X

Season Stress season genotype season X stress stress Total
D.F 1 1 2 21 21 21 21 263
Plant height (cm) 21552.93™ 13959.27" 1606.40™  5371.197 265193 79823 4759297  1183.83
Stem diameter (cm) 551.89™ 524" 130.92° 18.19" 17.16™ 9.01" 48.10" 12.36
Number of leaves 0.26™ 1.15™ 0.36™ 16.42" 9.97" 3.67 18.137 4.89
Leaf area (cm?) 195502.99" 11256.97° 24801.08™ 15052.77  7447.85 668139 24234977 8072.45
Plant dry weight (g) 4639.62™ 2092.22"™ 9366.07™ 218541 2982417  799.147 6923237  1247.86
Days to50Flowering 3556.67 812.00" 104.59™ 1459507 340507  34.84° 42337 186.63
Days to 50%maturity 23750.06" 541.23™ 41837™  1003.997  296.55 4250 43465 24331
Panicle Length (cm) 1.27™ 579.39™ 0.02™ 17123 456" 16.61°° 23937 23.06
1000 Seed weight (g) 53.53" 332,517 1.44™ 79.87"" 77817 9.18" 99.41" 2477
Grain yield/plant 0.96™ 6354.927 32.95™ 429.53" 44267 104297 174757 11437
Grain yield (Ton/ha) 0.53" 11.89” 0.16™ 1.04™ 0.11° 030" 0.48™ 0.26

**: significant at the 0.01 level of probability

* :significant at the 0.05 level of probability

ns : none significant at the 0.05 level of probability
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