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ABSTRACT 
 

Drought is a major constraint to the productivity of rice in the worldwide. The 
rice root system plays an important role in the regulation of water uptake and 
extraction from the deep soil layers. The objectives of this investigation were to study 
the variation in root morphology, some physiological traits, yield and its components 
and genetic diversity among some Egyptian rice varieties and some upland rice 
accessions under normal and drought conditions. Four upland rice accessions 
originated from Cote de Ivoire (IRAT112, IRAT170, WAB450-I-B-P-105-HB and Yun 
Len62) compared with three Egyptian rice varieties (Giza177, Sakha101 and GZ7456-
13-6-5-3) were used in this investigation. Significant variation was observed in most of 
the investigated root traits such as root length, root volume, root thickness and root 
dry weight among the upland rice accessions and Egyptian rice varieties. Also there 
are a significant variation in some physiological traits which were related to fitness and 
productivity, including yield and its components under normal and drought conditions. 
This indicated that the upland rice accessions are tolerant to drought via its have good 
root system compared with the Egyptian rice varieties which were sensitive to 
drought. Most of the traits showed significant and highly significant correlation. 
Genetic diversity among the Egyptian rice varieties and upland rice accessions was 
studied with microsatellite markers. One hundred and forty alleles were detected with 
80 SSR markers among all the rice accessions.  The highest genetic relationship as 
revealed by SSR markers was detected among Giza 177, Sakha 101 and GZ7456-13-
6-5-3 as japonica type, on the other hand there were some similarity between 
Egyptian rice varieties and each of WAB450-I-B-P-105-HB and Yun Len62. While, the 
lowest similarity was found among the Egyptian rice varieties and upland rice 
accessions IRAT 112 and IRAT 170 as indica type. Two dendrograms have been 
created based on 80 DNA markers (SSR primers) and 17physiologcal traits data for 
seven accessions and compared. Cluster analysis grouped the rice genotypes into 
three classes in which japonica type, Giza177, Sakha101 and GZ7456-13-6-5-3 in 
group1, meanwhile, WAB450-I-B-P-105-HB and Ynlen62 clustered in group 2. On the 
other hand IRAT112 and IRAT170 were clustered together as indica type in group 3. 
Based on this investigation the larger range of similarity values among varieties using 
microsatellites provides greater confidence for the assessment of genetic diversity 
and relationships. 
Keywords: Rice, Drought, Physiological Traits, DNA Micorstallite. 

 

INTRODUCTION 
 

Water deficit (commonly known as drought) could be defined as the 
absence of adequate moisture necessary for a plant to grow normally and 
complete its life cycle. Rice (Oryza sativa L.) is one of the most important 
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food crops in the world, since it is considered as the common food for more 
than 50% of the world population (Khush, 2005). Drought is one of the major 
constrains that affect on rice production worldwide. Development of rice 
varieties tolerant to drought is the most straightforward way to overcome 
water scarce problem. Although the conventional breeding programs has 
some success, still their is a big gap in understanding and manipulating such 
quantitative traits because this traits are a complex phenomena comprising a 
number of physio-biochemical processes at both cellular and organism levels 
at different stages of plant development (Tripathy et al. 2001). Drought 
resistance includes drought escape via short life cycle, drought avoidance via 
enhanced water uptake and reduced water loss and drought tolerance via 
osmotic adjustment and cell membrane stability. Breeding programs on rice 
drought resistance have relied on the plants ability to avoid water stress 
through vigorous water uptake from the soil, (Nemoto et al. 1998).This ability, 
referred to as drought avoidance, depends primarily on a rich underground 
root system with deep-elongated crown roots(Lilley and Fukai 1994,Kato et 
al. 2007 and Siopongco et al. 2005). Today, the genetics of root characters 
such as the depth of root system, ability of root penetration into hard pan, etc, 
involved in drought avoidance have been investigated extensively (Zhang et 
al. 2001, Kamoshita et al. 2002 and Zheng et al. 2003).Plant physiologists 
have long been aware that certain plants could maintain high biomass 
production even when they suffer internal water stress in the absence of 
drought avoidance (Ludlow and Muchow, 1990). This ability called drought 
tolerance (Fukai and Cooper, 1995) includes many underlying physiological 
processes (Zhang et al., 1999), such as osmotic adjustment that have been 
analyzed genetically (Lilley et al. 1996 and Robin et al., 2003). Nevertheless, 
the knowledge about the genetic control of drought tolerance, particularly at 
the whole plants level is still limited compared with that of drought avoidance. 
In fact, no previous breeding program has successfully utilized drought 
tolerance to improve rice dry matter production under drought (Fukai and 
Cooper, 1995 and Nguyen et al. 1997). However use of molecular markers 
provides a potentially effective selection technique for crop improvement and 
has advantages over selection based on phenotype (Tanksley et al. 1989 and 
Paterson et al. 1991). Simple Sequence Repeat (i.e. SSR or microsatellites) 
markers are very good genetic markers for genetic diversity studies in a wide 
range of plants, because of their high polymorphism, abundance and co-
dominant inheritance, they are well suited for the assessment of genetic 
diversity within crop species and study the genetic relationships among 
species (Gupta et al.,1996, Wunsch and Hormaza, 2002).Understanding the 
physiological bases for drought to some of the Egyptian rice varieties will help 
the Egyptian rice program to start a more accurate research for developing 
new rice lines for the future over coming the problem of water shortage in 
Egypt.  

Thus the main objectives of this work were to evaluate some 
Egyptian rice varieties and exotic under drought stress, study the 
physiological traits that known to be correlated with drought tolerance and 
evaluated genetic variation for root morphology, physiological traits and yield 
and its components in some Egyptian rice varieties and upland rice 
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accessions and finally the examination of the genetic relations among these 
genotypes, in particular comparison of results from SSR markers with their 
known pedigrees. 
 

MATERIALS AND METHODS 
 

Plant materials and drought stress treatment 
Seven rice varieties including three Egyptian rice varieties namely: 

Giza 177, Sakha 101 and GZ7456-13-6-5-3 japonica type (lowland rice) and 
four varieties namely IRAT 112, IRAT170, WAB450-I-B-P-105-HB and Yun 
Len62 (upland rice) developed in Cote de Ivoire. The experiment was laid out 
with six replications in a randomized complete blocks design for each of the 
control and drought stress. Rice plants were grown in PVC pipes, one plant 
per pipe. The pipe was 20cm in diameter and 50 cm in length with holes on 
two sides at 25 and 50 cm from the top. Each pipe was filled with organic soil; 
the fertilizers were applied as 4 g from N, P2O5 and K2o per pipe in 
greenhouse of Plant Genetics and Breeding Science, Graduate School of Life 
and Environmental Sciences, University of Tsukuba, Japan .All rice varieties 
were sown on 7th May,2008, two germinated seeds were directly sown in 
each pipe and only one healthy plant was kept at 30 days after sowing. At the 
beginning of the tillering stage, 1 g of urea (dissolved in water) was applied to 
each pipe. The plants were fully irrigated by watering every day until the 
drought treatment. Drought stress was applied to six of blocks (flash irrigation 
every twenty days without any standing water) three of them for 
measurement the root traits after 45 days from sowing and the other three for 
measurement the physiological traits and yield and its components at 
heading and harvesting. While, the other six blocks were used as control 
(continuous flooding), three of them for measurement the root traits after 45 
days from sowing and the other three for measurement of physiological traits 
and yield and its components at heading and harvesting. 
Traits and measurements: A total of 17 traits were recorded in this study, 
12 of them were collected from the above ground parts of the plants and the 
other five were root traits. 

The traits which collected from above ground parts were related to 
fitness and productivity, including yield and its components traits which were 
examined for all varieties under control and stress conditions, including grain 
yield plant-1 (g), panicles plant-1, 1000-grain weight (g), filled grains panicle-1, 
and panicle length. In addition, two traits related to the water status of the 
plants, leaf drying score and number of days to leaf rolling, were also 
recorded. Leaf drying score was recorded on the basis of the degrees of leaf 
drying immediately after re-watering as 0 (no leaf drying) to 4 (20% of leaf 
area was drying), number of days to leaf rolling of each plants was recorded 
as the number of days from application of drought stress to the day when all 
leaves become rolled at noon. 

The root traits were scored after 45 days from sowing, maximum root 
length (cm) was measured from shoot base to the tip of the longest roots, 
root volume (in milliters) was measured in a cylinder using the water 
replacing method (Price and Tomos 1997), root thickness (in millimeter),of 
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five random roots was measured at 2 cm from the shoot base using 
micrometer, root dry weight (grams),shoot dry weight (grams) and root/shoot 
ratio were recorded after dried the samples in oven. Also, the other 
physiological traits such as plant height (cm) was measured from the soil 
surface to the tip of longest panicle, days to heading (days) and flag leaf area 
(cm) were measured. 
Statistical analysis: 

The mean data of seven varieties for all the characters under both 
each of water stress and fully irrigation condition were subjected to analysis 
of variance according to the differences between means were tested using 
the LSD method.  
DNA isolation: 

Genomic DNA was isolated from the leaves of the rice genotypes 
using CTAB method described by Murray and Thompson 1980, with minor 
modification. DNA was extracted by 1% Cetyltrimethylammonium bromide 
(CTAB) solution in 200 mM Tris, 250 mM Nacl, 25 mM EDTA and 0.5% SDS. 
The crude DNA obtained was dissolved in 100 ml of TE buffer after 
purification. 
SSR analysis 

A total of 154 SSR primers were screened and 80 primers were 
selected on the basis of clear and polymorphic banding pattern among the 
genotypes. The PCR reaction mix includes the following DNA, 0.5 ml, 2ml 10 
x buffers, 1 ml dNTPs, Mgcl2, 0.25 ml each of forward and reverse primers. 
The PCR profile start with 94 c° for 5 min followed by 35 cycles of 
denaturation at 94 c° for 30 sec, annealing at 55 c° for 30 sec, extension at 
72 c° for 30 sec. A final extension was kept 7 min at 72 c° then on 4 c° .The 
PCR products were subjected to a electrophoresis using 10% of 
polyacrylamide gel. After electrophoresis gels were stained with Eithdium 
bromide. 
Data analysis:   

All genotypes were scored for the presence and absent of the SSR 
bands and the data were entered into a binary matrix as discrete variables, 1 
for presence and 0 for absence of the character and this data matrix was 
subjected to further analysis. The Excel file containing the binary data was 
imported into NT Edit of NTSYS-PC 2.02j.The 1/0 matrix was used to 
calculate similarity as DICE coefficient using SIMQUAL subroutine in 
similarity routine. The results similarity matrix was employed to construct 
dendrogrons using Sequential Agglomerative Hierachical Nesting (SAHN) 
based UN weighted pair Group Method with Arithmetic means (UPGMA, 
according to Rohlf, 2000). to infer genetic relationships and phylogeny in 
addition to principal components analysis based clustering was also done 
using the subroutine ELGEN. Genetic similarities among the genotypes 
were determined on the basis of Dice coefficient (Dice, 1945, Nei and Li, 
1979). The different variance components of the varieties traits under study 
were calculated and used to estimate the genetic portions of variation. 
Heritability percentage was computed on a plot basis as the ratio of genotypic 
variance and phenotypic, genotypic coefficients of variability and phenotypic 
coefficients of variability were estimated according to the method suggested 
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by Burton (1952) and Allard (1960), the expected genetic advance from 
selection for all traits was estimated according to Gamble (1962). 

 

RESULTS AND DISCUSSION 
 

Variation in root morphology: 
It has been suggested that root traits, particularly maximum root 

length (MRL), root volume (RV), root thickness (RT), root dry weight (RW), 
shoot dry weight (SW) and root shoot ratio are more important for drought 
resistance in rice. In this study, some physiological traits such as days to leaf 
rolling, leaf drying score, flag leaf area, days to heading and plant height were 
also recorded under folding irrigation and drought treatment, in addition to 
yield and its components. 

Regarding to root morphology, significant variation in all the 
investigated traits were found indicating the presence of high genetic diversity 
among the upland rice accessions ( IRAT 112, IRAT 170, WAB450-I-B-P-
105-HB and Yun Len62) and the Egyptian rice verities (Giza 177, Sakha 101 
and GZ7456-13-6-5-3) under normal and drought conditions. The four upland 
rice accessions recorded the highest values of root traits compared with the 
Egyptian varieties, for example, WAB450-I-B-P-105-HB gave the highest 
maximum root length and root volume (36 cm and 56 milliliter) while, 
GZ7456-13-6-5-3 gave the lowest values (17.6cm and 24 milliliter) under 
drought treatment. WAB450-I-B-P-105-HB and IRAT 112 upland rice 
accessions have thicker roots with a diameter 1.2 and 1.1 mm, while, Giza 
177, Sakha 101 and GZ7456-13-6-5-3 gave the lowest values of 0.5, 0.7 and 
0.6 mm, respectively. WAB450-I-B-P-105-HB and IRAT 112 recorded the 
highest values of root dry weight 5.2 and 5.1 gram respectively while, the 
lowland rice varieties Giza 177; Sakha 101 and GZ7456-13-6-5-3 recorded 
the lowest values 2.9, 3.0 and 2.7 gram respectively under drought treatment, 
also under normal condition. Concerning to root/shoot ratio WAB450-I-B-P-
105-HB gave the highest ratio 0.623 compared with the other genotypes. 
 

Table 1. Means for root morphology and shoot dry weight traits of some 
Egyptian and upland rice accessions at 45 days. 

Entry 
Root Length (RL) 

(cm) 
Root Volume (RV) 

mll 
Root Thickness 

(RT)(mm) 
Control Drought Control Drought Control Drought 

Giza177 
Sakha101 
GZ7456 
IRAT112 
IRAT170 
WAB450 
Yun Len62 
LS.D.0.05 

28.3 
31.0 
25.0 
44.6 
41.0 
47.0 
42.0 
1.83 

21.0 
21.7 
17.6 
34.0 
31.0 
36.0 
28.7 
1.75 

43.0 
44.0 
39.0 
55.3 
51.6 
66.6 
56.6 
3.52 

25.6 
27.0 
24.0 
46.7 
42.3 
56.0 
38.7 
3.64 

0.5 
0.6 
0.5 
1.1 
1.0 
1.2 
0.9 

0.13 

0.5 
0.7 
0.6 
1.1 
1.0 
1.2 
0.9 

0.14 

Entry 
Root Dry weight 

(RDW)(g) Root/Shoot Ratio Shoot Dry Weight 
(gm) 

Control Drought Control Drought Control Drought 
Giza177 
Sakha101 
GZ7456 
IRAT112 
IRAT170 
WAB450 
Yun Len62 
LS.D.0.05 

5.0 
5.4 
4.3 
6.2 
5.7 
6.7 
6.5 

0.56 

2.9 
3.0 
2.7 
5.1 
4.5 
5.2 
4.5 

1.13 

0.226 
0.200 
0.166 
0.123 
0.117 
0.116 
0.110 
0.023 

0.533 
0.397 
0.467 
0.553 
0.337 
0.623 
0.493 
0.153 

21.83 
26.27 
25.13 
50.93 
47.77 
58.43 
61.37 
4.63 

5.43 
7.67 
6.00 
9.27 
13.33 
8.33 
9.00 
1.60 
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The results revealed that there are many upland rice accessions 
originated from Cote Ivoire (IRAT 112, IRAT 170, WAB450-I-B-P-105-HB and 
Yun Len62) with favorable root characteristics such as high maximum root 
length, root volume, root thickness, root dry weight and root/shoot ratio which 
positively contribute to drought avoidance in rice through increase water 
uptake from soil, therefore could use these genotypes as a donor in breeding 
program to improve drought traits in Egyptian rice varieties. 

 
Fig.1: Root morphology for the seven rice genotypes. 
 
Physiological traits: 

Significant variations were found among the genotypes under study 
for all physiological traits under normal and drought treatments. Regarding to 
shoot dry weight the upland rice genotypes gave the highest values such as 
IRAT 170, IRAT 112, Yun Len62 and WAB450-I-B-P-105-HB ( 13.33, 9.27, 
9.0 and 8.33 gram, respectively) compared with Giza 177, Sakha 101 and 
GZ7456-13-6-5-3 which gave the lowest values of 5.43, 7.67 and 6.0 gram, 
respectively under drought treatment. For days to leaf rolling, it was earlier in 
Egyptian rice varieties after 11 to 14 days from drought treatment, indicating 
that these varieties are sensitive to drought condition compared with the 
upland accessions which were tolerance to drought as it keep water in the 
leaves under water stress. Also, more than 20% of leaf area became drying 
under drought treatment in Egyptian varieties, therefore days to leaf rolling 
and leaf drying could be used as a score for indicator for sensitive to drought. 
Mean plant height was reduced under water stress in all genotypes, but the 
reduction in Egyptian rice varieties more than the reduction in upland rice, for 
example, Giza 177, Sakha 101 and GZ7456-13-6-5-3 were reduced by 21, 
27.7 and 31 cm, respectively, while, the Upland rice IRAT 112, IRAT170, 
WAB450-I-B-P-105-HB and Yun Len62 recorded the lowest reduction 8, 7, 
4.4 and 5.4 cm. For tillers plant-1 after 45 days there are significant difference 
among all genotypes under control and water stress, Yulen62 gave the 
highest value 8.3 while, Giza 177 gave the lowest one 5. Concerning to flag 
leaf area, it was reduced in all genotypes under water stress. The reduction in 
flag leaf area was higher in Egyptian rice varieties, and the reduction was 
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more than 50% of flag leaf area in Egyptian rice varieties compared with 
upland rice accessions. However, mean heading date was delayed by more 
than 8 days for all genotypes under water stress. 

From the above results, the use of days to leaf rolling, leaf drying 
score (related to fitness and water status in leaf), reduction in plant height 
and flag leaf area as indicator for sensitivity to drought, therefore the upland 
rice accession which have good physiological traits related to fitness could be 
used in breeding program as donors to improve these traits in Egyptian rice 
varieties to produce the new lines resistance to drought in Egypt. 
 
Table 2. Means for physiological traits of some Egyptian and upland 

rice accessions. 
 

Entry  
Tillers plant -1 at 45 

days 
Days to leaf 

rolling Leaf drying score 

Control Drought Control Drought Control Drought 
Giza177 
Sakha101 
GZ7456 
IRAT112 
IRAT170 
WAB450 
Yun Len62 
LS.D.0.05 

8.0 
11.0 
13.0 
11.0 
11.0 
8.3 
9.0 
1.67 

5.0 
7.0 
8.0 
6.3 
7.3 
6.0 
8.3 

1.48 

0 
0 
0 
0 
0 
0 
0 
- 

13.0 
14.3 
11.0 
18.3 
17.6 
19.6 
14.3 
1.26 

0 
0 
0 
0 
0 
0 
0 
- 

4.00 
3.33 
4.67 
0.13 
0.13 
0.13 
1.33 
0.94 

Entry 
Flag leaf area 

(cm) Days to heading Plant height 
(cm) 

Control Drought Control Drought Control Drought 
Giza177 
Sakha101 
GZ7456 
IRAT112 
IRAT170 
WAB450 
Yun Len62 
LS.D.0.05 

34.5 
39.7 
36.7 
67.5 
64.6 
65.5 
48.7 
2.279 

18.0 
19.0 
16.2 
58.5 
56.8 
58.5 
42.3 
1.799 

95.0 
107.0 
99.0 
109.0 
106.0 
115.0 
110.6 
2.325 

104.0 
118.3 
109.3 
120.0 
114.0 
124.0 
119.0 
2.058 

98.0 
90.0 
96.0 
103.3 
104.0 
110.6 
105.0 
2.05 

77.0 
62.3 
65.0 
95.0 
97.0 
105.0 
99.6 
2.26 

 
Yield and its components: 

Significant variation among all genotypes in yield and its components 
characters were observed. For panicles plant-1 WAB450-I-B-P-105-HB gave 
the highest value of 12 panicles plant-1, while, Giza 177 and GZ7456-13-6-5-
3 gave the lowest values of 9 panicles plant-1 under water stress. Water 
stress caused significant reduction in panicle length and filled grains panicle-1 
for Egyptian rice varieties more than the reduction in upland rice accessions 
which were less affected by water stress, On the other hand, 1000-grain 
weight was less affected by drought treatment in all genotypes. Concerning to 
grain yield-1 plant, the water stress caused an average reduction about 50% 
of in Egyptian rice varieties (Giza 177, Sakha 101 and GZ7456-13-6-5-3) 
compared with upland rice accessions, indicating that the Egyptian rice 
varieties are sensitive to drought, while the upland rice accessions are 
tolerant to drought, thus could use the upland rice in breeding program to 
improve these traits in Egyptian rice varieties. 
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Table3. Means  for yield and its components of some Egyptian and 
upland rice accessions. 

Entry Panicles plant-1 
1000-grain 

weight 
(gm) 

Filled grains 
panicle-1 

Panicle length 
(cm) 

Grain yield plant-1 
(gm) 

Control Drought Control Drought Control Drought Control Drought Control Drought 
Giza177 

Sakha101 
GZ7456 
IRAT112 
IRAT170 
WAB450 

Yun Len62 
LS.D.0.05 

15.0 
18.0 
16.0 
14.0 
14.0 
15.0 
17.0 
1.75 

9.0 
11.0 
9.0 
11.0 
11.6 
12.0 
11.6 
1.58 

27.7 
27.6 
28.3 
30.2 
30.3 
28.1 
23.3 
0.94 

24.8 
25.5 
25.6 
29.2 
28.8 
27.5 
22.5 
0.58 

134.3 
163.0 
154.3 
163.6 
177.0 
177.6 
145.0 
6.89 

78.6 
126.3 
106.0 
146.6 
154.3 
160.3 
131.3 
5.96 

23.8 
25.0 
25.0 
27.4 
27.0 
27.6 
23.5 
0.88 

15.5 
20.2 
18.9 
24.4 
24.3 
25.9 
22.6 
0.90 

39.0 
44.0 
40.6 
44.6 
46.0 
49.0 
40.3 
2.20 

21.6 
28.6 
24.6 
41.0 
42.0 
44.0 
35.0 
1.99 

 
Genetic relationships and clustering of genotypes: 

Genetic relationships among the rice genotypes are shown in Fig 2. 
Rice genotypes clustered into three principal groups based on SSR markars 
data. Group 1 contained the Egyptian rice varieties, Giza 177, Sakha 101 and 
GZ7456-13-6-5-3, indicating that the highest similarity among them. These 
results are in agreement with the genetic background of Giza 177, Sakha 101 
and GZ7456-13-6-5-3. Group 2 included WAB450-I-B-P-105-HB and Yun 
Len62 there are similarity among Egyptian rice varieties and WAB450-I-B-P-
105-HB and Yun Len62 (0.545). While, the group3 contained the upland rice 
varieties from Cote de Ivoire  IRAT 112and IRAT170 recorded the lowest 
similarity with Egyptian rice varieties (0.117). The grouping of rice varieties 
through molecular markers was performed according to their geographic 
origins and pedigree of the genotypes. 

 
Fig.2: Clustering of seven rice genotypes based on pooled SSR 

markers. 
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From the above results, the molecular characterization using SSR 
markers show the genetic relationship among the genotypes under this study, 
indicating that there are genetic diversity among the genotypes used. 
                      RM283                                                     RM495 

                              
                           RM3335                                                 RM3311 

                                       
Fig 3: Four examples of SSR markers detected by primers RM 283, 495, 

3335 and 7575 among 7 rice genotypes from 1 to 7: Giza 177, 
Sakha 101, GZ7456-13-6-5-3, IRAT 112, IRAT 170, WAB450-I-B-P-
105-HB and Yun Len62.M: DNA ladder marker (50bp). 
 
Relationships depending on 17 morphological traits illustrated in Fig 

4. Rice genotypes clustered into three principal groups based on 
morphological data. Group1 contained the Egyptian varieties, Giza 177, 
Sakha 101 and GZ7456-13-6-5-3, indicating that the highest similarity in 
morphological traits among them, While,  group 2 included IRAT 112 and 
IRAT 170 upland rice accessions and there are similarity among these 
accession and WAB450-I-B-P-105-HB in morphological traits while, Yun 
Len62 located alone in the third group.  
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Fig.4: Clustering of seven rice genotypes based on 17 morphological 

traits. 
 
Genetic parameters: 

Phenotypic and genotypic coefficients of variability, heritability and 
genetic advance from selection for each trait are presented in Table 4. The 
rice varieties showed a wide range of variation for all studied traits, where 
mean squares for all traits were highly significant. Thus, selection for these 
traits among these varieties would be effective in all cases. Similar results 
were obtained by Aly and Shaalan (1984). The genetic coefficient of 
variability (G.C.V) for some of root traits, physiological and yield and its 
components characters and ranged between 28.22 and 325.54 % 
respectively.  The relatively high genetic coefficient of variability for root, 
physiological traits and yield and its components indicated that these traits 
might be more genotypically predominant and it would be possible to achieve 
further improvement in them. However, the phenotypic coefficient of 
variability was higher than the genotypic one in all studied characters, but the 
most portion of P.C.V was contributed by the genotypic component, less by 
environmental component. 

Estimates of heritability in broad sense were high for all studied traits 
and ranged between 61 and 99% (Table 4). High heritability estimates are 
useful while, making selection based on phenotype.  High heritability values 
coupled with high genetic advance percentage (Table, 4) were observed for 
root morphology traits, shoot dry weight, leaf drying score, flag leaf area and 
grain yield plant-1. This indicate that selection process for these traits would 
certainly bring improvement in the genotypes. Burton (1952) reported that 
genotypic coefficient of variability, together with heritability estimates would 
give a clear picture about the extent of advance to be expected from 
selection, therefore the expected gain from selection (∆g%) would be a better 
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indicator for selection response. With regard to Burton (1952), all the studied 
traits showed relatively high G.C.V with high heritability estimates in broad 
sense. Accordingly, the expected genetic advance (∆g %) from selection 
appeared to be effective for these traits. In conclusion, genetic improvement 
would be feasible among the tested genetic background for further 
enhancement of such root, physiological traits which decimally results in a 
higher yield potential.  
 
Table 4. Estimates of phenotypic and genotypic coefficients of 

variability, heritability and expected genetic advance for17 
traits in seven genotypes of rice (Oryza Sativa L.) under 
drought condition. 

 
Characters 

Parameters 

Means Ms 
genotype Error ph g G.C.V P.C.V Herita- 

bility ∆G ∆G% 

Root length 27.14 150.59 0.5667 50.56 50.0 135.73 136.48 0.98 14.35 52.87 
Root volume 37.18 442.39 0.491 147.78 147.29 199.0 199.36 0.99 24.77 66.62 
Root thickness 0.866 0.2160 0.0061 0.0751 0.069 28.22 29.44 0.92 0.511 59.0 
Root dry weight 3.98 3.524 0.0057 1.177 1.172 54.26 54.38 0.99 2.20 55.27 
Root/shoot ratio 0.4846 0.02922 0.000033 0.00977 0.00973 14.16 14.19 0.99 0.199 41.1 
Shoot dry weight 8.43 20.266 0.0034 6.757 6.754 89.5 89.52 0.99 5.28 62.63 
Tillers plant-1 6.84 4.048 0.671 1.79 1.12 40.46 51.15 0.62 1.69 24.70 
Days to leaf rolling 15.44 29.208 0.236 9.88 9.65 79.10 79.99 0.97 6.27 40.60 
Leaf drying score 1.96 11.91 0.0015 3.962 3.96 142.14 142.17 0.99 4.05 206.6 
Flag leaf area 38.45 1223.505 1.056 408.53 407.48 325.54 325.95 0.99 41.21 107.17 
Days to heading 115.5 142.65 1.381 48.47 47.09 63.85 64.78 0.97 13.90 12.03 
Plant height 85.84 915.73 0.812 305.78 304.97 188.48 188.73 0.99 35.64 41.52 
Panicles plant-1 10.74 4.628 0.812 2.084 1.272 34.41 44.10 0.61 1.81 16.85 
1000-grain weight 26.28 16.85 0.333 5.83 5.50 45.74 47.10 0.94 4.66 17.73 
Filled grains 
panicle-1 

129.10 2505.3 11.57 842.81 831.24 253.74 255.50 0.98 58.6 45.39 

Panicle length 21.69 40.62 0.266 13.72 13.45 78.74 79.53 0.98 7.46 34.39 
Grain yield plant-1 33.85 240.76 1.28 81.10 79.82 153.55 154.78 0.98 18.16 53.64 
 
Correlation coefficient: 

The relationships among the studied traits represented as correlation 
coefficient are presented in Table 5. The correlation coefficient was 
statistically estimated as reported by Gomez and Gomez (1983). Significant 
and highly significant positive correlations were observed between root length 
and each of root volume, root dry weight and root thickness (0.989, 0.99 and 
0.748, respectively). 

Correlation coefficient between root traits and some physiological 
traits is concern significant and highly significant positive correlations were 
found among root traits (root length, root volume, root dry weight and root 
thickness) and flag leaf area, days to leaf rolling and plant height. Also, there 
are significant and highly significant positive correlations among days to leaf 
rolling and each of flag leaf area and plant height. On the other hand, 
significant and highly significant negative correlations values were found 
among root traits and leaf drying score. 

Concerning to correlation coefficient between root traits and yield and 
its components, significant and highly significant positive correlations were 
found among root traits (root length, root volume, root thickness and root dry 
weight) and yield and its components traits. 
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             The significant correlations among most of the root traits which 
observed in this investigation indicated that these traits are interrelated 
together. Similar results were also reported by Champoux et al., 1995, Thanh 
et al., 1999. Maximum root length, root volume, root thickness and root dry 
weight are believed to play a significant role in drought resistance mechanism 
(avoidance method) by absorbing greater amount of water from lower soil 
layers. Since the root traits were found to be positively correlated. Moreover, 
the selection based on any of the root traits especially the easily measurable 
one, as for  example, root thickness may provide breeders an opportunity to 
develop drought resistant in Egyptian rice varieties. Further studies using 
molecular mapping tools would be needed to determine the genetic basis of 
these associations. 
 

CONCLUSION 
 

The data showed significant variation in root morpho-physiological 
traits and microsatellite DNA polymorphisms among Egyptian rice varieties 
and upland rice accessions under normal and drought condition. The upland 
rice accession resistant to drought because they have good root system 
(drought avoidance), while, the Egyptian rice varieties are sensitive to 
drought, so could use the upland rice accessions in breeding program to 
transfer the genes which responsible to drought tolerance into Egyptian rice 
varieties. Molecular markers especially SSR markers are the most efficient 
source of diversity studies in crop species. 
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التباين الوراثي لبعض أصناف الأرز المصرية والأبلاند في الصفات 
المورفوفسيولوجية والمعلمات الجزيئية تحت ظروف الجفاف. 

 و )2( اوكونو  كازتوشي ،   )1(  متولي  فاروق  تامر ، )1( صديق محمد    السيد   صابر
) 1(عمرو فاروق عبدالخالق

مصر  - مركز البحوث والتدريب في الارز- معهد بحوث المحاصيل الحقلية – مركز البحوث الزراعية -۱
قسم الوراثة وتربية النبات - جامعة تسكوبا - اليابان -۲

 

يعد الجفاف من المحددات الهامة لإنتاجية الأرز في العالم. ويلعب النظام الجذري دورا هاما في 
امتصاص واستخلاص الماء من طبقات التربة. ولقد تمت هذه التجربة في الصوبة الزجاجية لقسم الوراثة 

وتربية النبات بجامعة تسكوبا باليابان لدراسة الاختلاف في مورفولوجيا الجذور وبعض الصفات الفسيولوجية 
وكذلك صفات المحصول ومكوناته لدراسة التنوع الوراثي بين الأصناف المصرية والابلاند تحت ظروف 

الري العادية والجفاف. وفي هذا الصدد تم استخدام أربعة أصناف أبلاند مستوردة من كوت ديفوار هي 
، 101، سخا177 اختبرت مع ثلاثة أصناف مصرية هي جيزة62، يان لن450، واب170، ارات112ارات

. 7456جي زد
أظهرت النتائج اختلافات معنوية في صفات الجذور المدروسة ( طول الجذور ، حجم الجذور ، سمك         

الجذور ، الوزن الجاف للجذور) بين الأصناف المصرية والأبلاند وكذلك لوحظ اختلافات معنوية بين التراكيب 
الوراثية المستخدمة في الدراسة في الصفات الفسيولوجية والمحصول ومكوناته تحت ظروف الجفاف مما يدل 

على أن الأصناف الابلاند أكثر تحملا للجفاف عن طريق أنها تمتلك نظام جذري قوي مقارنة بالأصناف 
المصرية ذات النظام الجذري الضعيف والتي أظهرت حساسية لظروف الجفاف. 

كما أظهرت معظم صفات الجذور والمرتبطة بمقاومة الجفاف ارتباط عالي المعنوية فيما بينها . كما لوحظ 
وجود  تنوع وراثي عالي بين الأصناف المصرية وأصناف الأبلاند باستخدام المعلمات الجزيئية. تم عمل 
الشجرة الوراثية معتمدا على الصفات المورفولوجية والمعلمات الجزيئية . وقد لوحظ وجود اختلافات بين 

الأصناف المصرية والأبلاند بينما كان هناك تشابه كبير بين الأصناف المصرية وبعضها البعض وهذا يؤكد 
 مدى التقارب الوراثي فيما بينها.

 قام بتحكيم البحث

 جامعة المنصورة –كلية الزراعة / على ماهر العدل أ. د
مركز البحوث الزراعية /  حمدى فتوح الموافى أ. د
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Table 5. Correlation coefficient among some of root traits, physiological traits and yield and its components. 
 RV RT RDW RSR SDW Tillers DTLR LDS FLA HD PH P/P 1000 FG/P PL GY 
RL 
RV 
RT 
RDW 
RSR 
SDW 
Tillers 
DTLR 
LDS 
FLA 
HD 
PH 
P/P 
1000 
FG/P 
PL 
GY 

.98** 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.75 

.66 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.99** 

.97** 
.82* 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

.36 

.44 

.04 

.37 
 
 
 
 
 
 
 
 
 
 

.64 

.57 

.68 

.64 
-.47 

 
 
 
 
 
 
 
 
 
 
 
 

-.16 
-.14 
.35 
-.04 
-.49 
.29 

 
 
 
 
 
 
 
 
 
 
 

.95** 

.94** 
.59 

.90** 
.28 
.64 
-.30 

 
 
 
 
 
 
 
 
 
 

-.98 
-.93** 
-.82* 
-.97** 
-.16 
-.79* 
.03 

-.93** 
 
 
 
 
 
 
 
 

.97** 

.95** 
.79* 
.98** 
.22 
.75 
-.04 
.92** 
-.99** 

 
 
 
 
 
 
 
 

.75 
.77* 
.67 
.76* 
.26 
.42 
.19 
.72 
-.72 
.68 

 
 
 
 
 
 

.91** 

.90** 
.73 

.93** 
.37 
.60 
-.06 
.78* 

-.90** 
.91** 
.55 

 
 
 
 
 
 

.82* 

.80* 
.74 
.81* 
-.01 
.73 
.19 
.80* 
-.86* 
.79* 
.88** 
.72 

 
 
 
 
 

.54 

.53 

.22 

.48 
-.02 
.52 
-.31 
.69 
-.55 
.61 
.26 
.29 
.27 

 
 
 
 

.85* 

.86* 
.71 
.85* 
.01 
.77* 
.22 
.85* 

-.89** 
.87* 
.86* 
.68 

.90** 
.58 

 
 
 

.90** 

.91** 
.77* 
.91** 
.13 
.73 
.21 
.86* 

-.92** 
.92** 
.87* 
.77* 
.89** 
.54 

.99** 
 
 

.95** 

.95** 
.76* 
.95** 
.14 
.78* 
.06 

.93** 
-.97** 
.97** 
.79* 
.84* 
.88** 
.61 

.96** 

.98** 
 

*correlation is significant at the 0.05 level (2- tailed). 
** Correlation is significant at the 0.01 level (2- tailed). 

RL: root length  RV:  root volume RT: root thickness RDW: root dry weight 
RSR:  root/shoot ratio SDW: shoot dry weight Tillers: tillers plant-1 DTLR: days to leaf rolling 
LDS: leaf drying score FLA: flag leaf area HD: days to heading PH: plant height 
P/P: panicles plant-1 1000: 1000-grain weight FG/P: filled grains panicle-1 PL: panicle length 
GY: grain yieldplant-1    

 


