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ABSTRACT

This investigation was caried out during three successive seasons 2006,
2007 and 2008 at Rice Research and Training Center, (RRTC) Sakha, Kafr El-sheikh,
Egypt. Six rice genotypes with different drought tolerance were crossed to produce
three crosses namely, RD23 (tolerant) X Sakha 102 (sensitive) cross |, BG35
(tolerant) X Giza 177 (moderate) cross Il and Cica 4 (moderate) X Sakha 103
(sensitive) cross lll. Six populations P1, P2, F1, BC1, BC2, and F2 for each cross
were utilized in this investigation. The results indicated that high differences between
the six parents for most of studied characters were determined. The rice variety RD
23 owned the highest mean values for most of all studied traits, while the lowest mean
values were recorded for rice variety Sakha 103. Highly significant positive heterosis
and heterobeltiosis were estimated for root characters. The best useful heterosis was
recorded in crosses | and Il for most studied characters. Over-dominance played an
important role in the inheritance of root length, root number, root volume and root
fresh weight in cross I. On the other hand, the negative over dominance values were
recorded for root fresh weight in cross Il and root / shoot ratio in cross Il. Low and
positive inbreeding depression values were estimated in the last two crosses, while
moderate estimates were found in the first cross. Epistatic gene effect had a
significant contribution of inheritance in most studied characters. The additive X
additive gene interaction appears to contribute more than any other sources of
epitasis. Additive genetic variance was greater than the dominance genetic variance
for root fresh weight and no. of days to 50% heading, in cross Ill, root / shoot ratio in
crosses | and Il. Heritability in broad sense was ranged from low to high in the three
studied crosses. While narrow sense heritability was moderate to low. The highest
value of heritability estimates (58.54) was recorded for root length in cross II,
Moderate to high values of predicted genetic advance were estimated for all studied
crosses, these values 30.21 for root dry weight in cross Il. Significant or highly
significant positive phenotypic correlation were found between most of all studied
characters in the three studied crosses specially between root characters and grain
yield / plant under drought condition. The most desirable genotypes for root, yield and
its related of studied characters were the parents, RD 23 and BG 35 and their
crosses, proving to be useful genotypes in breeding program for drought tolerance.
Concerning water saving, The results showed that the highest crop water use
efficiency were 0.66 and 0.62 kg / m® recorded from 1 m3flashing water irrigation in
cross | (RD23 x Sakha 102) and cross Il (BG35 X Giza 177). Therefore these crosses
could be recommended to be grown under drought condition to obtain the highest rice
grain yield Kg/m? and highest value of save water in the same time.
Keywords: Rice, root characters, grain yield, heterosis, heritability, inbreeding

depression, genetic advance.
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INTRODUCTION

Drought is the major problem for rice growing under rainfed lowland
and upland condition, there for the rice is also grown in very limited areas in
the Southern Delta and Middle Egypt. The rice area is annually supposed to
be million faddans, but it highly increased during the last five years to better
net return of rice comparing to other summer crops, despite of water of the
Nile River is not sufficient for irrigation of both old and new reclaiming new
lands (El-Hity et al 2005). To provide a basis for integrating physiological
research with plant breeding objectives we define drought resistance in terms
of relative yield of genotypes. Therefore, a drought tolerance genotype will be
one which has a higher grain yield than others when all genotypes are
exposed to the same level of water stress.

A major reason for the slow progress in breeding for drought tolerance
in rice is the complexity of the drought environment, which often results in the
lack of clear identification of the target environments (Mishra et al 2000),. The
improvement strategy being used in Egypt considers three mechanisms that
influence yield in the drought prone targets: yield potential as an important
mechanism for wild drought (where yield loss is less than 50 %), drought
escape (appropriate penology) and drought tolerance traits of sterility, days to
heading. The plant breeding program uses rapid generation advance
techniques that enable early yield testing in the target population of
environments through inter-station and on farm trials. Although progress can
be made by selection for yield in the target environments using root traits that
are associated with drought tolerance can hasten that progress. Root
characters that responsible for the adaptability to drought stress are root
length and root / shoot ratio. The deep roots of rice plant help to explore
different levels of soil moisture. The selection for desirable root characters
through yield and its components has been a major objective in breeding for
drought tolerance of rice plant. Therefore the present study aimed to
determine the genetic variability and inheritance of some rice root and theire
relation to yield and some other characters witch can be used as selection
criterion for selecting drought tolerance genotypes

MATERIALS AND METHODS

A field experiment was carried out at the Farm of Rice Research and
Training Center (RRTC), Sakha, Kafr EI-Sheikh, Egypt during three
successive summer seasons of 2006, 2007 and 2008 to achieve the other
maintained objectives. Six rice varieties with different drought tolerance level
namely, RD23, Sakha 102, BG35, Giza 177, Cica 4 and Sakha 103 were
used.
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Table (1): Mean values of eight rice characters under flushing water
irrigation every seven days used as control.

haracters | Root Root Root Root |Rootdry| Root/ | Daysto | Grain

length [number /| volume | fresh weight | shoot 50% yield /

(cm) plant (mm) | weight 9) ratio | heading | plant

genotypes (@) (gm)
RD23 26.23 | 148.32 | 52.34 32.64 8.45 25.88 99 38
Sakha 102 12.52 | 110.36 | 29.62 19.75 3.74 18.96 92 28
BG35 24.61 | 13541 | 48.72 30.25 7.63 25.22 101 35
Giza 177 19.82 | 122.09 | 3581 24.63 4.29 17.41 85 27
Cica 4 17.54 | 129.46 | 35.24 29.42 6.34 21.54 95 30
Sakha 103 13.65 | 118.71 | 22.54 20.78 3.97 19.10 92 25

According to the felowing data the six varieties were crossed to produce F; hybrid seeds
of three crosses namely

I. RD23 (tolerant) X  Sakha 102 (sensitive)

I.BG35 (tolerant) X Gizal77 (moderate)

lll. Cica 4 (moderate) X Sakha 103 (sensitive)

Six populations Py, P,, F1, Bcy, Bey and F; for each cross were utilized to determine the six
genetic parameters, heterosis, heritability and genetic advance from selection of the
studied characters.

A - Field experiment procedures:

In 2006 season the rice genotypes seeds were taken from the pure
stock of the Rice Research and Training Center (RRTC), the parental
genotypes were grown at RRTC Farm in three planting dates with ten days
interval in order to over come the differences in flowering time between the
parents. Thirty days old seedlings of each parent were individually
transplanted in field in seven rows. Each row was 5 m long and included 25
hills. At flowering time, hybridization between parents was carried out
following the technique proposed by Jodon (1938) and modified by Butany
(1961). In 2007 season, parents and Fi hybrid seeds of three crosses were
planted under normal conditions. At heading, parents were crossed again to
produce F1 hybrid seeds of three crosses. Moreover, some of F1 plants were
left to be self pollinated to produce F2 seeds, while some of other plants were
crossed with their own parents to produce Bci and Bc2 seeds. At harvest,
seeds of different generation were individually harvested to be grown in the
next season (2008). Eighteen genotypes from different generation (6 parents,
3Fus, 3 Bers, 3 Bezs and 3Fz2s,) were included in a randomized complete
block design with three replications. Each replicate contained 10 rows of each
P1, P2 and 4 rows of each Fi1, Bci, Bcz and 20 rows of F2. Rows were 5 m long
and 20 x 20 cm apart and the all cultural practices were applied as
recommended. Flushing water irrigation every 14 days was used. Nour
(1989) reported that prolonging irrigation intervals more than 10 days resulted
in yield reduction of 47 % and the reduction was significantly varied among
the tested rice cultivars. At maximum tillering stage, a metal cylindrical
sampler, 20 cm in diameter and 50 cm height, was forced into the soil,
including one hill, to obtain its root system up to 50 cm depth and root
characters were measured for all the six populations. At harvesting stage 30
plants from P1, P2 and F1,s, 60 plants from Bcyrs and Bcz2s and 200 plants
from each F2 population were taken individually at random and threshed
separately to determine the grain yield / plant. The studied characters were
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root length, root number, root volume, root fresh weight, root dry weight, root /
shoot ratio, no. of days to 50 % heading, sterility % and grain yield / plant.
B. water intervals

Physical Properties of the experimental
according to FAO (1976) in table (2)

field were determined

Table (2): Soil physical properties of the experimental site

Soil depth Particle size distribution Bulk density | Soil texture
(cm) Sand % Silt % Clay % (g/cm?®)

0-20 18.24 21.19 65.12 1.32 Clay
20-40 19.34 26.34 52.41 1.42 Clay
40-60 23.14 25.65 50.24 1.23 Clay

Monitoring soil moisture

Soil samples were collected before and two days after each irrigation
from 3 successive layers (20 cm each) to determine soil moisture content
(table 3).

Table (3): soil moisture contents of the experimental site

Soil depth, cm Field capacity (F.C)%| Permanent wilting |Available water (AW)
point (PWP) % cm

0-20 43.12 26.81 19.71

20-40 34.52 24.21 15.13

40-60 34.49 22.13 14.97

Climatologically elements:

Values of the climatologic elements were obtained from the
meteorological station at El karakat, Kafer El-sheikh, governorate (table 4),
situated at 30 to 47 N latitude and 31 longitude and 15 m altitude. It
represents the circumstances and conditions of the North Delta. Average
values of temperature, air relative humidity (RH %) and wind speed were
recorded daily during the two years.

Table (4): Average meteorological data for two seasons (2007 and 2008).

Month °C RH, % wind velocity, Km/day
June 23.22 68.14 117.10
July 24.16 70.16 100.96
IAugust 25.18 70.95 76.42
Sept. 25.22 94.32 90.41

Estimation of the potential evapotranspiration (ETp):

ETp was estimated for 4 months from June until September in both seasons.
Modified penman:

where

ETo =c {(W. Ry + (1- w). f (u) (ea-ed )} (FAO, 1990)

ET, = potential crop evapotranspiration in mm/day.

C = adjustment factor to compensate for the effect of day and night weather
condition

W = temperature — related weighting factor.

Rn = netradiation in equivalent evaporation in mm/day.

f (u) = wind — related function.
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(ea — ed ) = difference between the saturation vapor pressure at mean air
temperature and the mean actual vapor pressure of the air, both in mbar.
Blaney and Criddle

where

ETo = C{P(0.64T+8.13)} mm/day

Where:

ETo = potential evapotranspiration

T = mean daily temperature in C°.

P = mean daily percentage of total annual day time hours for given

C = adjustment factor which depends on minimum relative humidity, sunshine
hours and daytime wind estimate.

Radiation method:

ETo =C X (W.Rs\)

Where

ETo = potential crop evapotranspiration in mm/day

C = adjustment factor which depends on mean humidity and daytime wind
condition

W = weighting factors which depends on temperature and altitude

Rs = the solar radiation expressed in equivalent evaporation in m/day.
Estimation of crop coefficient (KC):

Crop coefficient was estimated according to FAO, (1990) as follows:
ETc = actual evapotranspiration, mm/day
ETp = potential evapotranspiration calculated by the modified penman
equation, mm/day, and Kc = crop coefficient, dimensionless.

The amount of water needed for land preparation for nursery or
permanent field was recorded, besides the amount of water needed for
raising the nursery or through the first nine days after transplanting (seedling
establishment period) as well as the amount of water used for replenish the
plots. Water depth at every irrigation was kept at 5 cm height.

Water relations:

Total water applied, i.e. the amount of water delivered each plot plus
amount of water applied in both nursery and permanent field for applying
three water treatments was measured for each variety.

Water consumptive use:

Soil moisture content was determined before and after each irrigation to

calculate water consumptive use according to Iseraelson and Hansen (1962).
02-0;
Cu = Yty -oeme x Bd x D x 4200m?

Where:

Cu = water consumptive use in each irrigation (cm3)
2 = soil moisture percent after irrigation (%, d.b)

o1 = soil moisture percent before irrigation (%, d.b)
Bd = soil bulk density in g/cm?

n =number of irrigation

I = number of soil layer

D = depth of soil layer of the soil (cm).

4200m? = area of fed.
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Crop water use efficiency, (CWUE)
It was calculated according to Hansen et al. (1980) by the following
equation:

Yield (kg/fed)

CWUE. (Kg/m?) =
Water consumptive use (m3/fed)

Field water use efficiency, (FWUE):
It was calculated according to Michael (1978) by the following equation:

Yield (kg/fed)

FWUE, (kg/m?3) =
Water applied (m3/fed)

Statistical and genetical analysis:

The data collected under field conditions of the present study were
subjected to the proper statistical analysis of Randomized Complete Block
Design experiment as described by Sanedecor and Cochran (1961).
Significant of the genetic effects is tested in a similar manner as done in case
of scaling tests. The amount of heterosis expressed in individual cross was
determined by comparing the F1 mean performance to the mid-parent and
better-parent average values and it was estimated to the formula by Mather
(1949) and Mather and Jinks (1971). The relative potence ratio (P) was used
to determine the nature of dominance and its directions according to the
formula given by Wigan (1944) and Mather and Jinks (1971). Inbreeding
depression (I.d.) was estimated according to Mather and Jinks (1971).
Expected and predicted values of genetic advance (GS and GS %) were
calculated by Johnson et al. (1955). Phenotypic correlation coefficient
between all studied characters was determined by Burton (1995).

RESULTS AND DISCUSSION

A - Mean values

The mean values of the studied characters in the six populations of the
three studied crosses are presented in Table (5). The results showed that
there are high differences between the six parents for all root characters. The
RD23 variety gave the highest mean values for all studied characters, while
the lowest mean values were recorded for Sakha 103. The F1 mean values
were higher than the highest parent in cross | for root length, root number,
root volume and root fresh weight, while the lowest F1 means were recorded
for root fresh weight and root dry weight in cross Il and for root / shoot ratio
and days to 50 % heading in cross Il. Also the F1 mean values were higher
than the means of two parents in all studied crosses for the remaining studied
characters.
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These results indicated that presence of partial and over-dominance for
these traits which were verified by the computed values of potence ratio,
heterosis and heterobeltosis. It is well known that the higher root characters
enable plant to grow safety under drought stress condition so RD23, BG35
and their crosses could be recommended under water stress. On the other
hand the F2 mean values were lower than the F1 in all studied crosses for
most studied characters. These results indicated that the existence of
significant inbreeding depression in F2 generation. Moreover, the F2 mean
values were higher than the F1 for root fresh weight and root dry weight in
cross Il and for root / shoot ratio, days to 50 % heading, and sterility % in
cross Il. These results showed that the transgressive segregation was
observed. While BC1 and BC2 mean values tended towards the mean values
of the recurrent parents with some exceptions.

Finally, from the foregoing results, it could be concluded that, the
expression of heterosis in the F1 might be followed by considerable
inbreeding depression in F2 performance, indicating that the non additive
gene effects governed the inheritance of such characters. This is logic and
expected since there is a tendency towards homozygosity witch is
accelerated by 40 % for each salved generation. The most desirable
genotypes for root, characters were presents for parents, RD 23 and BG 35
and their crosses, proving that these genotypes should be useful in breeding
program for drought tolerance. These results are in agreement with those
reported by El-hity (1993), Abdallah (2000), Mishra et al (2000), Bansal et al.
(2000) and Abd El-lattef (2005)

1- Genetic parameters:-
1-1. Estimates of heterosis, nature of dominance and inbreeding
depression.

It's clear from Table (6), that highly significant and positive estimate of
heterosis as a deviation from mid and better-parent were exhibited in all
studied crosses for most studied characters. Highly significant positive
heterotic effects as a devotion from mid- parent was recorded for root length
and root number in crosses | and Ill. While significant negative heterosis was
recorded for root fresh weight, root dry weight, , sterility % and grain yield /
plant in cross lll. Highly significant and positive heterosis as deviation from
better parent was recorded for no. of days to 50 % heading in crosses Il and
Ill. On the other hand significant negative heterosis was recorded for the
remaining studied characters in the three studied crosses.

Degree of dominance were greater than one unity for root length, root
number, root volume and root fresh weight (table 6). in cross I. While
negative over dominance were recorded for root / shoot ratio and no. of dyes
to 50% heading in cross Il. Meanwhile, partial dominance was recorded for all
the remaining studied characters in the three studied crosses.

Concerning to inbreeding depression, high significant and positive
inbreeding depression was recorded for grain yield / plant (30.52) and root
volume (27.36) in cross |, while the insignificant low inbreeding depression
was recorded for sterility % (0.15) in cross I.
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Table (6): Estimates of heterosis as a deviation from mid and better
parents and degree of dominance of rice root and some
other characters in the three studied crosses.

characters Cross heterosis Degree of Inbreeding
M.P. B.P. dominance desperation
Root length | -14.28** -15.34** 1.46 13.12**
Il -1.03 -14.81** -0.06 18.17**
1l 11.76** -9.52** 0.57 10.19**
Root number | 11.97* 1.92 1.25 6.36**
/ plant Il 0.69 -3.97 0.16 2.06
1l 8.39** 0.71 0.15 2.11
Root volume | 22.21* -8.33** 1.16 27.36**
Il 4.08 -12.06** 0.22 11.76**
1l 1.93 -10.12** 0.18 -8.33*
Root  fresh | 11.11% -16.66** 1.03 12.52**
weight Il 2.63 -13.33** 0.15 7.69*
1l -14.28** -25.11** -1.14 -25.11**
Root dry | -3.34 -22.14* -0.10 14.28**
weight Il 271 -25.12** -0.19 -11.76**
1l -14.84** -28.71** -0.89 -2.93
Root /shoot | 1.37 -15.31** 0.81 343
ratio % 1l 11.76** -16.66** -4.12 -6.66
1l 1.46 -4.76 0.66 20.12**
Days to 50 % | 2.94 9.37 -0.51 5.71
heading Il 9.81** 18.88** -1.12 12.14**
1l 1.02 42.11** -0.33 3.03
Sterility % | 3.68 38.46** -0.14 0.15
1l 3.72 14.28** -0.31 -25.32
1l -6.51* 5.26 0.49 10.15
Grain vyield / | 18.51* -8.57** 0.66 30.52**
plant 1l -3.44 -15.15** -0.28 25.11*
1l -9.52* -31.57** -0.57 10.26

Where * significant at 0.05 % and ** highly significant at 0.01 %.

Finally, from the foregoing results it could be indicated that the
average percentages of heterosis as a deviation from mid- and better- parent
were highly significant and positive in most studied characters in the three
studied crosses. The cross |, (RD23 X Sakha 102) showed higher estimates
of heterosis followed by cross Il, (BG35 X Giza 177), for root length, root
number, root volume, no. of days to 50 % heading, and grain yield / plant.
They showed highly significant positive heterotic effects proving that they
useful hybrid combination for improving these characters in breeding drought
tolerance program.

In addition the significant heterosis as a deviation from mid-and
better parent always accompanied by low and insignificant inbreeding
depression in most of the studied characters in the three studied crosses
indicated the importance of additive gene action which could profitably be
utilized in improving these characters. These results were agreement with
those obtained by. El-hity (1993), El-Hissewy et al. (1994), Price et al. (1997),
El- Hissewy and El- Kady (1999), Abd EI-Aty et al. (2002), Abd El-lattef
(2004) and EI-Wahsh and Hammoud (2007).
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1-2. Estimates of gene action and genetic effects of genes:-

Results in Table (7) show the scaling test for adequacy of additive and
dominance model and genetic components of generation mean of studied
characters in the three studied crosses. Most of the computed parameters of
scaling test were statistically significant. indicated the presence of non- allelic
interaction. These results revealed that genotype x environment interaction
was important in the inheritance of all studied characters. As shown in Table
(8), additive, dominance and all types of gene interaction were positive or
negative significant and highly significant in the three studied crosses for root
number, root volume, root fresh weight, days to 50 heading, and grain yield /
plant. The role of additive and dominance genetic variance was more
pronounced than the other three types of gene interaction in cross | for root
length. While the additive was more important than dominance for root / shoot
ratio, in cross Ill. On the contrary, the dominance genetic variance was more
important than additive for root length, root dry weight in crosses Il and Il and
sterility % in cross Ill. On the other hand, the dominance by dominance
genetic type of interaction played an important role for sterility % in cross |
and Il. In addition, the individual types of digenic epistatic gene effects, the
significant additive x dominance gene effects were exhibited more frequently
than the other two types of digenic epistatic, but the estimates of the
dominance x dominance gene effects have relatively greater magnitude for all
the studied characters. Two of these epistatic gene effects apparently
counteract each other.

Table (7): Scaling test for adequacy of additive and dominance model of rice

root and some other characters in the three studied crosses

Characters crosses A B C
Root length | -4.63+0.92** 1.32+0.31 -7.32+1.74*
1l -7.28+1.24* -3.41+0.21 -11.81+1.92*
Il -8.72+2.63** -5.63+1.31 5.71+1.43
Root number / | -31.84+1.84* -26.41+4.63** 49.63+3.27*
plant 1l 2.74+0.92 -4.62+1.94 -3.47+1.36
1] -7.68+1.73* -6.41+2.63** 35.9445.27*
Root volume | -13.42+2.46** -19.63+3.61** -4.51+0.31
1l -11.38+5.41** -7.2142.42% -2.47+0.41
1} -6.72+2.31* 2.41+1.79 14.81+3.27*
Root fresh weight | -10.92+3.81** -4.79+1.82 -24.63+4.21**
1] -14.62+5.41** -74142.63** 3.21+1.31
1] -4.38+2.44 7.89+1.94* 7.47+2.41%
Root dry weight | -4.75+1.79** -1.32+0.81 1.32+0.21
1l -2.81+1.31* 1.43+0.72 -2.74+0.31*
1] -1.84+0.41 1.32+0.61 -2.63+0.94*
Root /shoot ratio | -2.93+1.21 -5.81+2.11** 1.86+0.21
% 1] 1.32+0.84 3.72+1.91 -7.26+2.31**
1l -3.84+0.93 -6.81+2.01** -10.41+0.92**
Days to 50 % | -3.41+1.71 -5.32+1.46 -18.42+2.11*
heading 1] -7.62+2.41 -13.8442.28** -34.81+4.83**
1] 0.94+0.31 -2.63+1.41 -10.724+2.62**
Sterility % | -1.32+0.46 -2.74+0.81** 1.73+0.41
1l 2.84+0.97** 0.38+0.07 16.87+2.63**
1l -1.44+0.84 -1.72+0.81* -12.32+3.82**
Grain yield / plant | -14.62+2.41** -10.84+2.61 -39.77+4.61**
1] -7.26+1.63 -8.53+2.47* -31.2443.21**
1] 4.88+1.82 -3.72+1.62 -13.52+2.61**

Where * significant at 0.05 % and ** highly significant at 0.01 %.
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Table (8): Genetic components of generation mean for rice root and
some other characters in the three studied crosses.

Characters crosse Genetic component of means
S d h i j L
Root length | 4.62** 37.54** 4.81 -2.51 -1.31
Il 1.37 72.51* 6.32** -2.49 5.81
I 2.86 -6.53** -8.27** -1.52 21.63*
Root number / plant | 11.63** | -33.64* | -50.94** -2.64 107.63**
Il 9.84** 10.32** 10.32** 3.25%* -8.82
I 9.64* | -11.54** | -22.59** -0.57 35.74**
Root volume | 16.42** -2.34 12.63** 3.29** 20.82**
Il 7.84** -4.28** 2.84 -2.34* 16.73**
I 341 -10.39** | -10.72** -1.79 8.92
Root fresh weight | 9.91** 2.68 -2.94 -3.66** 16.73**
Il 4.26** -7.54** -8.41** -2.54* 27.24*
I 3.74* -18.63* | -22.73** -0.59 29.81**
Root dry weight | 0.42 2.34** -2.31 -1.32 8.17*
Il 0.13 1.83* 0.87 -1.08 231
Il 0.34 -1.32 0.39 -0.56 2.84
Root /shoot ratio % | 1.84 -8.46** -6.93** 0.31 16.21
Il -2.44 1.59 4.53 -1.53 -7.41
Il 2.63* 1.53 8.27* 1.59 1.84
Days to 50 % heading | 7.48** 13.84** 10.63** 1.63* -2.87
Il 11.62* | 23.11* 14.82** 3.71* 6.54**
Il 4.84 9.42* 8.68* 1.82* -6.84**
Sterility % | -4.63 -3.54 -4.63 0.58 7.29%*
1l -1.82 -1.42 -14.87** 1.31 12.37**
Il -3.62 8.21** 10.63** 0.46 -8.72**
Grain yield / plant | 7.29%* 22.51** 18.21** -0.51 3.87
1l 4.35* 14.59** 16.53** 0.49 -1.63
I 7.84** 11.42** 14.81** 3.51 -15.33**

(d = additive, h =dominance gene effect) and (i = additive x additive, j = additive x
dominance, | =dominance x dominance gene interaction

The additive x additive gene effects which were mostly significant
and positive indicating enhancing effect in the inheritance. The additive x
dominance gene effects exhibited less frequently than the other two types. In
contract, most of the dominance x dominance gene effects was negative
significant suggesting a diminishing effect due to this type of gene effect and
undesirable epistasis.

It could be concluded that epistatic gene effect had a significant
contribution in the inheritance of most studied characters. At least one
epistatic gene effect was significant for all studied characters in the three
crosses. The additive x additive gene interactions appears to contribute more
to epistatic effect than any other source of epistasis. Also, these findings
suggest that epistatic effect could be an important major contributor to gene
actions in the present genetic materials and characters under present study.
These findings agreed with those at. Hong and Ichii (1996), Acharya et al.
(1999), Abdallah (2000), Mishra et al (2000), Abd El-Aty et al. (2002) and Abd
El-lattef (2006).
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1-3. Estimates of genetic variance, heritability and genetic advance:-

Additive genetic variance, dominance genetic variance, broad and
narrow- sense heritability and genetic advance estimates of all studied
characters for the three studied crosses were shown in table (9).

Table (9): Estimates of additive genetic variance (1/2 D), dominance
genetic variance (1/4 H), broad and narrow-sense heritability
and genetic advance (G.S %) for rice root and some other
characters in the three studied crosses.

Genetic variance Heritability
Characters crosses| 1/2D 1/4H Broad Narrow GS GS %
sense sense
Root length | 4.26 4.92 63.51 46.73 4.63 19.41

Il 3.24 8.27 60.62 58.42 5.42 29.21
1l 9.31 10.26 54.41 35.31 5.31 26.63

Root number | 62.42 78.21 60.84 19.62 9.41 6.04
Il 55.62 62.42 53.39 38.41 8.27 5.63
1 58.42 70.81 67.65 26.52 6.31 4.31

Root volume | 40.53 42.31 54.41 41.84 8.41 20.11
1 59.81 61.42 75.82 32.63 9.52 20.74
1 23.73 48.54 49.54 27.54 4.14 10.82

Root fresh weight | 20.32 24.27 62.33 38.82 8.73 22.85
11 36.45 69.31 96.42 3171 6.41 16.63
1 19.62 15.84 48.14 38.63 3.62 10.41

Root dry weight | 2.63 3.54 72.36 15.51 1.41 16.66
Il 4.41 5.32 79.54 56.62 2.62 20.41
1 3.52 6.81 81.71 30.73 1.71 16.26

Root/ shoot ratio % | 0.97 0.72 77.62 54.14 1.62 5.88
1l 1.32 0.14 75.81 49.25 0.97 16.67
11 0.46 0.76 86.55 31.41 0.84 16.42

Dyes to 50 % heading | 20.63 28.63 74.21 49.63 6.26 6.16
11 29.42 3541 81.27 50.11 8.41 8.51
1l 33.51 32.36 55.63 32.52 5.28 5.21

Sterility % | 11.41 13.63 62.73 29.41 3.41 16.66
11 18.52 20.53 74.26 41.62 3.62 15.41
1l 8.61 10.41 58.41 35.87 2.71 11.13

Grain yield / plant | 18.63 20.74 81.52 2541 5.62 13.31
11 2541 20.63 69.44 36.63 4.11 19.57
11 23.62 30.71 78.81 22.52 4.13 23.52

Additive genetic variance was higher than the dominance genetic
variance for root fresh weight and no. of days to 50% heading in cross lll, root
/ shoot ratio in crosses | and Il. The relative magnitude of the additive genetic
variance was approximately one times or more than that of the dominance
genetic variance in each cross. These results indicated that the additive
genetic variance played an important role in the inheritance of root fresh
weight, no. of days to heading and root / shoot ratio, than of the dominance
genetic variance. On the contrary dominance genetic variance estimates
were higher than the additive genetic variance for root length, root number,
root volume, root dry weight, sterility % and grain yield / plant in the three
studied crosses, root fresh weight in cross | and root / shoot ratio in cross lll.
These results indicated that, dominance genetic variance was more important
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than the additive genetic variance regarding these aforementioned characters
in the three studied crosses.

Broad- sense heritability estimates were ranged from moderate (48.14)
for root fresh weight to high (86.55) for root / shoot ratio in cross Ill. Estimates
of heritability in narrow sense were moderate (58.42) for root length in cross Il
to low (15.51) for root dry weight in cross | indicates that the selection for this
character will be more effective in late generations. Moreover, moderate to
low values of predicted genetic advance were estimated for all studied
crosses. Moderate values of predicted genetic advance (29.21) were
recorded for root length in cross Il. Low genetic advance with low heritability
for these traits could be expected because this trait is under polygenic
control, additive and dominance components of variation were significant in
the inheritance of these traits, but dominance component was higher than the
additive one. It suggested that early generation selection may not be effective
in improving these characters. The previous results of genetic variances and
heritability estimates for root, yield and its related traits revealed that the
dominance genetic variance had more important role in the inheritance of
most of these characters than the additive genetic one, and this finding differs
from character to another and also between crosses. Heritability estimates in
broad sense were moderate to high in most of cases indicating the effect of
the environmental condition on these characters. Moreover, heritability
estimates in narrow sense were mostly moderate to low. This was expected
due to the high estimates of dominance genetic variance resulted for most
characters. This in turn suggested that these treats behaved in a quantitative
manner on improving of grain yield and its component could be achieved in
late generation. This conclusion may be useful to the breeder for rice in
planning a selection program for improvement the yield in such crosses, also,
the use of hybridization of their improvement under drought condition. Similar
results were obtained by. El-Hity (1993), El-Hissewy et al. (1994) EIl- Hissewy
and El- Kady (1999), Mishra et al (2000), Bansal et al. (2000), Abd EI-Aty et
al. (2002) and EI-Wahsh and Hammoud (2007).
2-phenotypic correlation coefficients among all possible pairs of the

studied traits:-

The phenotypic correlation coefficient was estimated among all possible
combinations of studied characters in the F2 generation of the three studied
crosses. The results presented in table (10). It is clear that, the phenotypic
correlation coefficient was positively significant or highly significant between
root length and root volume, root / shoot ratio, and grain yield / plant in the
three studied crosses. Also root number was highly significant and positive
correlation coefficient with root volume, root dry weight, root to shoot ratio,
and grain yield / plant in the three studied crosses. Concerning root volume
the positive significant or highly significant phenotypic correlation coefficient
were recorded between root volume and root / shoot ratio and grain yield /
plant in all studied crosses. On the other hand positive significant or highly
significant coefficients were recorded between root fresh weight in crosses |
and Il and root dry weight and root / shoot ratio in the three crosses.
Significant and highly significant and positive phenotypic correlation
coefficient ware recoded between root dry weight and root / shoot ratio and
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grain yield / plant in the first two crosses. While positive highly significant
correlation were recorded between root / shoot ratio and no. of days to 50%
heading and grain yield / plant in the three studied crosses. and between no.
of days to 50% heading with sterility % and grain yield / plant in the first two
crosses. On the contrary, negatively significant and highly significant
phenotypic correlation coefficient was recorded between sterility % and root
length, root number, root volume, root fresh weight and root dry weight in all
studied crosses. Grain yield / plant were highly significant and positive
strongly correlated with root length, root number, root volume, root dray
weight, root / shoot ratio, and no. of days to 50% heading in the three studied
crosses. On the contrary, the grain yield / plant were highly significant and
negative strongly correlated with sterility % in the three studied crosses.
Similar results were obtained by. Hanamaratti et al. (1997), El-Hissewy and
Bastawisi (1998), Mishra (1998), Abdallah (2000) and Abd El-Aty et al.
(2002)

Table (10): phenotypic correlation coefficients among all possible pairs

of the studied characters

Root to | Days to T
Rootengin| 00 | Moot oot rest| Rootory | shoot | S | S
ratio % |headingt 0
Root number| -0.23
-024 | -
-0.29
Root volume| 0.45* 0.36**
0.38** 0.38** | -
0.42** 0.41**
Root fresh 0.34* 0.26 0.29
We|ght 0.36** 0.24 024 | -
0.24 0.12 0.19
Root dry 0.33 0.36** 0.29 0.39**
weight 0.34 0.31* 0.21 (o T IS —
0.31 0.35* 0.26 0.27
Root to 0.34* 0.41** 0.36** 0.35* 0.36**
shoot ratio 0.39* 0.35* 0.38* | 037 | 038 | -
% 0.22 0.34* 034* 0.31* 0.22
Days to 50 0.26 0.28 0.29 0.21 0.26 0.38**
% heading t 0.21 0.29 0.27 0.14 0.22 0.49%* | coeeee-
0.29 0.26 0.12 0.19 0.21 0.34*
Sterility % -0.35* -0.39** 0.34*- -0.36** -0.35* 0.28 0.38*
-0.39** -0.31* 0.31* -0.35* -0.31* 0.18 0.34* | -
-0.29 -0.35* -0.25 -0.31* -0.24 0.20 0.28
Grain yield / 0.49** 0.51* 0.35* 0.22 0.34*- 0.45* 0.55* 0.64**-
plant 0.56** 0.34* 0.45** 0.24 0.46** 0.55** 0.59** 60-5‘?:*
0.39** 0.35* 0.31* 0.12 0.25 0.36** 0.37* T

Where * significant at 0.05 % and ** highly significant at 0.01 %.

B- water intervals

Estimates of amount of water applied, water consumptive use m?/ fed:
and actual evapotranspiration in (ETC mm / day) are presented in Table
(11).

Results in table (11) reported that total water applied and water
consumptive use were 4786.61and 3586.36 m?/ fed respectively. While the
highest water applied and water consumptive use values were 1361.31 and
998.31 m® / fed. recorded in August. On the other hand, the lowest values
were 942.26 and 684.26 m3 /fed. recorded in September.
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Data in table (11).showed that values of ETc increased in July and
August followed by June (7.82, 7.93 and 7.31 mm / day) respectively. While
in September was 6.11 mm / day. Potential evapotranspiration ( ETp mm /
day ): in table (11), showed that five methods were used for estimation ( ETp
mm / day ) these data showed insignificant deference among these methods
in pre-harvest period, e.g. months June, July and August value for ( ETp mm
/ day ). The evapotranspiration ( ETp mm / day ) was decreased in
emergence stage, while, it increased gradually with increase age of plant and
decreased with pre-harvest period in September, after that ETp mm / day
increased in June and July. The highest value was recorded by radiation
followed by Blany-Criddle methods were 6.37 and 4.91 mm / day, resp.
While, Pan Evapotrances and modifid penman were 4.84 and 4.73 mm / day,
resp. in the opposite direction.

Table (11): water applied m3/fed., water consumptive use, actual
evapotranspiration mm / day, modified penman (M.P.),
penman monteith (P.M), Blanny and Criddle, radiation and
pan evaporation methods.

Water Water Evapotr- Etp Blanny Pan
Months |applied| consumptive [anspiration| mm/day penman | 4" |radiation [Evapora-

m3/fed | Use m¥fed. | mm/day M.p, | monteith | iqdie tion | Mean
June |1131.62| 916.63 7.31 7.01 5.61 5.91 5.78 5.21 | 6.13
July 1351.42| 987.12 7.82 7.29 5.01 5.72 6.47 5.01 | 6.22
August |1361.31| 998.31 7.93 7.84 4.32 491 7.12 493 | 6.07
20 sep. |942.26 | 684.26 6.11 5.21 4.01 3.11 6.11 4.01 | 4.79
total 4786.61| 3586.36 29.17 27.35 18.95 [ 19.65| 25.48 | 19.36 |21.47
mean [1196.65| 896.59 7.29 6.83 4.73 4.91 6.37 4.84 | 5.81

Concerning crop coefficient values ( Kc, % ) in table (12), indicated that
the effect of crop characteristics on crop water requirements are showed by
crop coefficient which represents the relationship between reference potential
( ETp ) and actual crop evapotranspiration ( Etc ). The values of crop
coefficient for irrigation pattern ( kc ) showed slight increase after planting and
decreased again at the end of growth season. It could be noticed that the
nearest values to average ( kc ) this of radiation equation. These results lead
to recommend to use radiation followed by penman monteith and modified-
penman methods for estimating water consumptive use in rice. These results
are in agreement with those obtained by Nasir et al (2002), Hussain et al
(2003), and Azam et al, (2005),

Table (12): Values of crop coefficient (KC) in 2008 season.

Modified Penman [Blanny and| rediation Pan

Month penman monteith criddle Evaporation mean
June 1.15 1.11 1.12 1.01 1.41 1.16
July 1.39 1.35 1.39 112 1.63 1.38
August 1.42 1.39 1.49 1.22 1.74 1.46
20 sep. 1.17 1.19 1.33 0.98 1.51 1.24
mean 1.28 1.26 1.33 1.08 1.57 131
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Estimates of grain yield ( Kg / fed )., crop water use efficiency ( CWUE
%) and field water use efficiency ( FWUE % ).

Data presented in table (13) indicated that the average of grain yield
was significantly affected by breeding. The maximum values 3150.41 Kg /
fed. was found for the first parent (RD 23) followed by Fi generation
(3045.21 Kg / fed) in cross I. While the minimum value was recorded by F2
(1365.22 Kg / fed) in the third cross. From the foregoing results, the highest
average yield 2345.33 Kg / fed. was recorded for the first cross (RD23 x
Sakha 102) followed by cross Il (BG35 x Giza 177) was 2251.13 Kg / fed.
resp. While, lowest value1610.25 Kg / fed. was recorded for the third cross
(Cica 4 x Sakha 103). These results were agree with those obtained by Yasin
et al. (2003) who showed that yield potential in the upland rice is estimated to
be between 2.5 t/ha and 4.2 t/ha, farmers yield often do not realize more than
1 t/ha. due to a range of a biotic production constraints.

Table (13): Crop and field water use efficiency under drought condition
in 2008 season

Character Cross P1 P2 F1 BC1 BC2 F2 Average
| 3150.11 | 1575.13 | 3045.21 | 3045.11 | 1680.36 | 1575.31 | 2345.23
Grain yield 1l 3006.15 | 2205.42 | 2415.26 | 2310.31 | 1890.81 | 1681.92 | 2251.13
Kg/fed. 1 2100.36 | 1365.84 | 1471.63 | 1995.84 | 1365.41 | 1365.22 | 1610.25
Average 2752.64 | 1715.94 | 2310.33 | 2450.81 | 1645.71 | 1540.37 | 2068.87
| 0.88 0.61 0.84 0.84 0.52 0.46 0.66
CWUE % 1l 0.83 0.44 0.67 0.64 0.46 0.43 0.62
1 0.58 0.38 0.41 0.55 0.38 0.36 0.44
Average 0.76 0.47 0.64 0.67 0.45 0.42 0.57
| 0.66 0.46 0.63 0.63 0.39 0.37 0.48
FWUE % 1l 0.62 0.32 0.51 0.48 0.35 0.33 0.46
1 0.43 0.28 0.31 0.41 0.28 0.27 0.33
Average 0.56 0.34 0.48 0.51 0.34 0.31 0.42

Crop and field water use efficiency (CWUE, %)

Data in table (13) reported that crop water use efficiency was
significantly affected by flashing water irrigation methods. The maximum
CWUE, % values were found for the first parent followed by Fi1 generation
(0.88 and 0.84 kg / m® in cross | resp. While the minimum value was
recorded by F2 generation (0.36 and kg / m3) in cross lll. On the other hand,
cross one gave the highest mean value (0.66 kg / m®) of crop water use
efficiency followed by cross 1l (0.62 kg / m3) These data showed that the
highest crop water use efficiency 0.66 and 0.62 kg / m3 was recorded from 1
m3flashing water irrigation in cross | ( RD23 x Sakha 102 ) and cross Il (BG35
X Giza 177) resp. Also data indicated that the significant effect of flashing
water irrigation method on FWUE, %. The maximum FWUE, % value was
recorded for the first parent followed by Fi1 generation in cross |. While the
minimum value was recorded in F2 generation in the third cross. On the other
hand the highest value of FWUE, % was found in cross |  followed by
crosses Il and lll. These results are agreement with those obtained by Khan
et al (1999), Akbar et al (2002), Yasin et al (2003), and Ahmed and Karube
(2005).
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From the fore going results the cross | (RD23 x Sakha 102) and cross
Il (BG35 X Giza 177) could be recommended to growing under drought
condition to obtain the highest rice grain yield kg / m3 and highest value of
save water in the same time.
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Table (5): Means and standard error of the six populations for rice root and some other characters in the three
studied crosses.

character Cross P1 P2 F1l BC1 BC2 F2
Root length | 28.26+1.26 15.25+2.61 29.31+£3.21 24.71+£2.11 17.13+1.73 21.63+2.41
Il 27.31+2.81 20.54+2.41 23.27+2.41 21.84+1.71 19.27+2.14 19.32+1.42
1] 21.74+1.32 14.63+2.13 19.73+1.37 16.42+1.21 14.92+2.19 17.63+2.31
Root number / plant | 156.21+6.62 129.3248.41 159.62+7.32 149.66+9.41 131.27+3.41 149.87+7.81
1] 151.7445.41 139.41+4.26 143.23+4.36 142.84+5.41 140.26+3.72 142.12+8.47
1] 141.54+3.26 122.44+3.13 140.36+3.97 138.72+4.63 129.41+4.68 139.37+6.41
Root volume | 60.74+3.72 34.62+4.21 61.43+4.62 51.36+3.72 35.31+4.17 40.63+5.22
Il 58.32+2.41 40.74+3.14 51.42+3.27 49.21+4.24 42.62+3.72 45.14+4.16
1] 40.6314.22 32.62+3.72 36.81+5.18 38.31+5.23 35.83+4.16 36.26+2.12
Root fresh weight | 48.31+2.41 24.34+1.47 49.63+1.47 39.54+3.71 30.41+3.21 35.26+4.21
Il 45.62+3.26 32.27+£3.42 39.54+3.42 35.41+1.42 32.52+2.73 36.81+3.74
1] 42.43+1.54 25.51+2.41 24.21+2.32 26.32+2.63 23.47+1.45 25.23+2.53
Root dry weight | 9.54+4.26 5.42+0.93 7.23+1.97 6.94+0.97 5.52+0.42 6.21+1.76
Il 8.63%£3.72 6.63+£1.79 6.81+1.11 6.82+1.23 6.94+1.34 6.13+0.93
1] 7.2715.14 5.27+2.41 5.11+1.32 5.97+1.14 5.63+0.78 5.84+1.21
Root /shoot ratio % | 20.75+2.41 18.38+2.41 17.75+2.73 15.38+1.54 16.66+1.33 17.14+1.43
Il 18.77+1.73 17.73+£1.77 15.38+1.21 16.66+2.12 18.75+2.36 16.66+2.31
1] 20.87+3.21 18.01+3.63 19.83+2.71 19.23+3.26 17.85+1.73 19.16+1.94
Days to 50 % | 108.62+4.51 96.31+3.21 105.66+8.31 105.41+5.41 98.72+2.71 99.63+4.31
heading Il 106.41+£3.21 92.72+1.72 107.5416.24 103.21+6.32 92.63+£3.12 106.51+2.72
1] 101.53+6.23 95.61+6.54 99.31+3.41 100.36+8.71 96.27+2.18 96.13+3.31
Sterility % | 13.62+1.73 22.73+£1.84 34.46£2.11 15.56+20.1 19.54+1.93 18.19+1.42
Il 14.71+1.84 18.54+1.73 28.31+£3.24 16.34+1.99 17.62+2.61 20.62+2.31
1] 19.51+1.62 25.63+1.54 19.62+1.67 19.92+1.84 22.27+1.74 18.72+2.12
Grain yield / plant | 30.42+2.71 15.47+1.77 29.64+2.61 29.41+2.63 16.63+2.61 15.54+1.97
Il 28.63+3.25 21.73+£1.89 23.31+£3.24 22.63+£1.97 18.54+3.51 16.34+2.14
1] 20.92+1.97 13.51+2.74 14.61+1.67 19.52+2.51 13.21+1.98 13.63+1.66

. RD23 (tolerant) X
1. BG35 (tolerant) X
Ill. Cica 4 (moderate) X

Sakha 102 (sensitive)
Giza 177 (moderate)
Sakha 103 (sensitive)




