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Abstract

The inheritance of some root characters as indicators for drought
tolerance was studied in three rice crosses. These characters were, root
length, root thickness, root dry weight and root-to-shoot ratio. Dominant
alleles were found to be responsible for the inheritance of all root char-
acters, with additive effects. High estimates of heritability in broad
sense were observed for all traits, while, intermediate to low values of
heritability in narrow sense were estimated. Root length was positively
correlated with root thickness, root dry weight and root-to-shoot ratio.
Root thickness was found to be closely related to both root weight and
root-to-shoot ratio.

INTRODUCTION

Drought has been plaguing the agricultural world overcenturies and contin-
ues to be an important limiting factor to yields of crops. Drought or moisture
stress is one of the factors that limit rice growth and yield and could range from
milde to severe. Most cereals developed mechanisms for survival and adaptation
to enable the crop to cope up with water deficits. Among the components of the
avoidance mechanism of drought resistance, the root system is of major impor-
tance as it is associated with water and nutrient uptake. Therefore, it is general-
ly agreed that the development of and maintencance of a large root system is
among the essential factors for the increase in grain yield. The root systems of
high yielding rice plants are characterized by large number, length and diameter
of primary root axes with weil developed lateral roots (Harada, 1995). Moreo-
ver, drought tolerance is associated with deep and thick roots, a dense root sys-
tem and high root-to-shoot ratio (Chang et al., 1974; Parao et al., 1976; Yoshida
and Hasegawa, 1982; Loresto et al, 1983; Haque et al., 1989 and Bashar et al.,
1992). Threfore, plant selection with desirable root characteristics have been a
major objective in breeding drought resistant varieties of rice.

Several workers studied the genetic control of root characters and its im-
portance to drought tolerance. Rooting depth, root thickness, root number, root
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dry weight and root-to-shoot ratio were found to be under polygenic control and all
except thick roots and high root-to-shoot ratio were controlled by dominant alleles
with additive effects (Armento-Sato et al., 1983; Mao, 1984 and Bashar et al.
1992). On the other hand, moderately high to high heritability estimates in broad
sense were reported by Mao, {1984); Bashar et al. (1992) and El-Hissewy et al.
(1994).

Keeping in view the importance of breeding for drought tolerance in rice, the
present investigation aimed to study the genetic control of some root characters in
three rice crosses including one of the well known drought tolerant variety, IET
1444 and two newly developed Egyptian rice varieties namely; Giza 175 and Giza
176.

MATERIALS AND METHODS

This investigation was carried out at the Rice Research and Training Center
(RRTC), Sakha, Kafr El-Sheikh, Egypt to study the genetic control of root length,
root thickness, root dry weight and root-to-shoot ratio in an effort to improve
drought tolerance in rice varieties cultivated in Egypt.

The six populations (P1, P2, F1, F2, Bc1 and Bc2) of three rice crosses,
namely (IET 1444 X Giza 176; IET 1444 x Giza 175 and Giza 176 x Giza 175) were
planted in a randomized complete block design experiment with three replications in
1994 rice growing season. The replicate consisted of one row (2m long) of each par-
ent, F1, Bc1 and Bc2 and two rows for the F2 of each cross. Thirty days old seedl-
ings age were individually transplanted in 20 x 20 cm centers. Irrigation water was

. applied every 14 days. All agricultural practices such as weed control and fertiliza-
tion were applied as recommended.

Data were collected at the maximum tillering stage (about 65 days from sow-
ing). Levels of gene interaction were estimated by the scaling test following Mather
(1949). Gene effects were determined determined according to Mather and Jinks
(1971). Heritability in broad sense was computed following Allard (1960) and in
narrow sense was estimated following the formula of Warner (1962). Correlation
coefficients were worked out following Al-Jabouri et al. (1958).
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RESULTS AND DISCUSSION
1- Comparison of means and scaling test

Means of parents of the crosses and the F1 generation means of the studied
root characters are presented in Table 1. It is clear that, mean root length and root
dry weight tended towards the long root and the heavy dry weight. Moreover, F1
means exceeded the high parents for cross 2 and cross 3 in case of root length and
root dry weight of all crosses. On the other hand, F1 means were closer to the low-
er parent in case of root thickness and root-to-shoot. These findings indicate that
dominant alleles are responsible for the inheritance of the root characters studied in
the present investigation. Armento sato et al. (1983). Mao (1984), Bashar et al.
(1992) and Loresto and Chang (1994) reported similar results.

Table 1 illustrates the scaling test parameters (A, B, C and D) estimated for
the studied characters in the three crosses. Most of the computed parameters of
scaling test were statistically insignificant. This in turn indicated the absence of
non-allelic interaction and that the genetic control of these characters depends on
simple gene action. However, the C parameter was significant for root length in
cross 1 and cross 2, and the D parameter was significant for root thickness in cross
1 only. These results suggest that some allelic interactions such as additive X addi-
tive and/or additive X dominance may play a role in the inheritance of these charac-
ters in certain crosses which is contrary to the reports of Bashar et al. (1992) and
Loresto and Chang (1993).

2. Genetic components and heritability estimates:

Estimates of dominance genetic variance "H" and the additive genetic variance
"D" are illustrated in Table 2. These estiates indicate that the additive genetic vari-
ance is more important than the dominance genetic variance in all crosses for the
studied characters. Moreover, the additive genetic variance was more than double
the dominance genetic variance in cross 3 for root length, cross 1 and 2 for root
thickness and cross 1 for root-to-shoot ratio characters. These findings support the
conclusion that the additive type of gene action plays an important role in the genetic
control of the studied root characters in the present investigation.

The estimates of heritability provide a measure of the effectiveness with
which selection can be expected to exploit the genetic variability (Allard, 1960).
Table 2 shows that relatively high estimates for heritability in broad sense were
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obtained for the four root characters in this study. These estimates ranged between
81.7% (in cross 1 for root dry weight) and 96.5% (in cross 2 for root thickness).
On the other hand, moderate to low values of narrow sense heritability varying
from 41.5% for root dry weight (in cross 20) to 69.6% for root length (in cross 3).
These estimates are in line with those for different types of genetic variances which
suggest that selection for such characters could be successfully practiced in later
generations. Different results were obtained by several investigators, moderately
high to high heritability estimates in broad sense and moderately low to high nar-
row-sense estimates for root dry weight and root-to-shoot ratio were found for
root length and root thickness by Armento Sato et al. (1983), Mao (1984), Ekanaya-
ka et al. (1985), Bashar et al. (1993) and El-Hissewy et al. (1994).

3. Association between root characteristics

The correlation coefficients in table 3 show that root length was positively
correlated with all studied root characters. Root thickness was closely related to
root dry weight and root-to-shoot ratio. Positive and highly significant correlation
coefficients were also found between root dry weight and root-to-shoot ratio. Lo-
resto et al. (1983) reported that among the root characters, root thickness is the
most reliable and stable trait. Thick roots have a large and direct effect on drought
resistance. Crop physiologists have also shown that traits associated with root
thickness such as root dry weight and root-to-shoot ratio may be more important
for drought avoidance than root thickness itself (Yambao et al,, 1992). Our results
indicate characters studied, selection for any one of these character will success-
fully improve the other. Similar results were reported earlier by Ekanayake et al.
(1985), Haque et al. (1989), Loresto and Chang (1993) and El-Hissewy et al.
(1994).
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