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Abstract

Four rice genotypes with different drought tolerance were
crossed to produce three main crosses [ IET 1444 X GZ 5688-10-
3-4-1 {cross 1), IET 1444 X Cica 4 (cross II), Cica4 X SakhalQ2
(cross III} ] grown at the farm of Rice Research and Training
Center (RRTC) during 2000,2001 and 2003 seasons. Six
populations P1, P2, F1, F2, BCland BC2, for each cross were
benefit in the genetic study.

The most desirable mean values were detected from the
parents “IET 1444 and Cica4” and their crosses for all studied
characters. On the other hand, the most pronounced useful
heterotic effects relative to the mid-parent and befter — parent
were also detected in the cross “IET 1444 X Cica4” for all
studied characters. The results obtained from the mean of
parents, F1 and F2 generations showed the presence of partial
and over-dominance for the studied root characters .

Most of the computed parameters of scaling test were
significant for all root characters, indicating the effect of non-
allelic and the genotypes X environment interaction .

Additive types of gene action were of greater importance in
the inheritance of most of root characters studied [ especially in
crosses [ { TET 1444 X GZ 5688-10-3-4-1 } and IT ( IET 1444 X
Cica4)]. On the other hand, dominance genetic variance was
more important than additive one in the inheritance of most
studied characters. The root length, root number and root/shoot
ratio could be used as a selection criteria for selecting drought
tolerance cultivars under drought conditions.

Heritabillity estimates in broad and narrow senses were
moderate to high and moderate to low indicating the high to low
estimates of expected genetic advance, respectively. Significant
and highly significant phenotypic correlation coefficient of
variation were found between all root characters and grain yield
/plant especially in crosses IET 1444 x GZ5688-10-3-4-1 and IET
1444 x Cica4.

From the foregoing results, it ¢could be concluded that there is
a good chance to breed for improving drought tolerance in high
yielding genotypes.

INTRODUCTION

Rice is the preferred food by most Egyptians because it contributes about 20
% to the per capita cereal consumption, it consumes about 18% of the total water

resources. Moreover, rice is also grown in very limited areas in the Southern Delta and
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middle Egypt. The rice area is annually subposed to be one millien feddans, but it
highly increased during the last five years due to better net return of rice comparing
to other summer crops.

The importance of root system morphology especially reoot length, root
number / plant, root fresh weight, root dry weight and root/ shoot ratio, in ensuring
water capture under drought, is established for rice in drought tolerance ( Price er al.
1997). To improve the efficiency of the root system, the inheritance of these
characters that affect plasticity of the root system must be emphasized, as well as
genetic factors  (Mishra et a/ 1998). We need to understand further genetic and
environmental effects on morphological characteristics of roots in rice in relation to
their function in water uptake. From the previous results, root length and root
numbers are important in determining the water extraction rate across layers in the
soil profile. The limited water capacity of rice under severe stress can be attributed to
limited water absorption rate per length in the deep soil layer ( reddy ef af 1995 ).

The present study aimed to determine the inheritance of some root characters

which can be used as a selection criterion in selecting drought tolerance varieties.
MATERIALS AND METHODS

The present investigation was carried out at the farm of the rice Research and
Training Center (RRTC), Sakha, kaft El-sheikh, Egypt, during three successive rice
growing seasons,. i.e 2000, 2001and 2002. to study the inheritance behavicr of some
rice root characters related to drought tolerance and its relation with yield and yield
components. Four rice genotypes with different drought tolerance namely, IET 1444
(Indicia type), Cicad (Indicia type), Sakhal02 (Japonica type), and GZ 5688-10-3-4-1
{Japonica type), were used in this study. These rice genotypes were taken from the
pure genetic stock of the rice Research and Training Center, Field Crops Research
Institute, Agricultural Research Center, Egypt. In 2000, the four genotypes were grown
at RRTC farm in three dates of planting with ten- day intervals in order to overcome the
differences in flowering time between the parents. Thirty days cld seedlings of each
parent were individually transplanted in the permanent field in ten rows. Each row was 5
m long and contained 25 hills. At flowering time, hybridization between each two
parents was made following the technique proposed by Jodon (1938} and modified by
Butany (1961). , ,

In 2001, parents and F; hybrid seed of the three crosses were planted in the
nursery for F; seed production and simultaneously crossing between parents were made
to reproduce F: hybrid seed and at the same time, crossing to produce BC; and BC,
hybrid seed were also made during the same season. Subsequently, in the summer
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season of 2002,' seeds of the parents and of Fy, F,, BC, and BC, were sown in dry
seedbed. Thirty- day old seedlings were transplanted in field plots. Sexteen entries
belong to different generations (4 parents, 3 Fys,3F»5,3 BC; and 3 BC; ) were included
in a randomized complete block design experiment with three replications. Each
replicate contained 10 rows of each p;,p, and 5 rows of each F;, BC; and BC; as well as
20 rows of each F;. Row was 5 long and 20x20 cm apart were maintained between rows
and seedlings .

In all growing seasons of study, all cultural practices such as field preparation,
sowing, transplanting and fertilizers were applied as recommended. Concerning
irrigation water, the six populations were sown in 2002 season under drought condition
after transplanting (irrigated every 10 days only). The amount of water irrigated was to
5 ¢cm above the soil sdrface approximately). Weeds were chemically controlied by adding
dose of 2 liters Saturn '/feddan four days after transplanting. Samples for root
charactqrs study were taken at maximum tillering stage for all populations ( Py, P,
F1,BC,,BC;, F2 ).

Sixty plants from each Py, P, and F,'s, 90 plants from each of BC;and BC, as well
as 200 plants from each F, populations were taken at random.

These plants were individually harvested and threshed separately to determine
the grain yield/plant and its components.

The following data for the root characters were taken:
1. Root length (cm): It was determined as the length of the root from the base of
the plant to the tip of the main axis of primary root.
2. Root volume (cm3): volume of all the root system per plants was determined in
cubic centimeters.
3. Root number: number of all developed secondary and tertiary root per plant
was counted.

4. Raoot fresh weight (g) : weight (g) of the fresh root/plant.

W

Root dry weight (g) : weight (g)of the dried root/plant.

o

Root /shoot ratio (%) : Ratio of the root dry weight (g) to the shoot dry weight.
Statistical and Genetic Analysis ;

The data under field condition of the present study were subjected to the proper
Statistical analysis of Randomized Complete Block Design as described by Snedecor and
Cochran (1967).

Significance of the genetic effects is tested in a similar manner as done in
case of scaling tests.
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The relative of potence ratio (p) was used to determine the nature of
dominance and its directions according to the formula given bf Wigan (1944) and
Mather and Jinks (1971).

The amount of heterosis expressed in individual cross was determined by
comparing the F, mean performance to the mid-parent or better- parent average
values and it was estimated according to the formula by Mather (1949) and Mather
and Jinks (1971).

Expected genetic variance of VBC,, VBC; and VF, in terms of additive by
Mather (1949).

Phenotypic correlation between root characters and grain yield were

determined by Burton (1995).

RESULTS AND DISCUSSION

I. Mean values:

The mean values of rice root charactérs in the six populations for the three
crosses are shown in Table (1). The date revealed that there are high differences
among the four parents for all root characters . IET 1444 gave the highest mean
values for all root characters, while the lowest values were recorded for Sakha 102.
The F; means were higher than the means of the two parents in cross I and II while
the lowest F, means were obtained in cross III. Furthermore, the F, mean estimates
were lower than those of F; means in all studied crosses for ail root characters except
for root number / piant in cross I . In addition, BC; and BC, mean values tended
towards the mean values of the recurrent parents with some exceptions . It is well
known that higher root characters enable plant to grow safely under water shortage.
So , IET 1444 rice cultivar and crosses I and III could be recommended under drought
stress, However, Sakha 102 and its cross fail to grow well under water stress .

From the results presented in Table (1), the F, mean was higher than both
mid- parent and high parent in the crosses I and II for roct length, root
number/plant, root volume, roct fresh weight and root / shoot ratio, indicating the
presence of partial and over-dominance for these traits which were verified by the
computed values of potence ratio, heterosis and heterobeltiosis. On the other hand,
the F; population mean was lower than the F; mean for all studied characters,
indicating the existence of significant inbreeding depression in F, generation for
these characters. Meanwhile, transgressive segregation was observed in the F,
population for crosses I and III in number of roots / plant.

From the previous results, it could be indicated that, for most traits, the

expression of heterosis in the F; might be followed by considerable inbreeding
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depression in F, performance, indicating that the non-additive gene effects governed
the inheritance of such traits. This is legic and expected since there is a tendency
towards homozygosity which is accelerated by 50% for each selfed generation.

The most desirable genotypes for root characters studied were the parents IET
1444 and Cica4 and their cross , proving to be useful genotypes in breeding drought
tolerance program.

The results are in agreement with those reported by Sasmal (1987),
EL-Hity (1993), Loresto and Chang (1994), Suframanan et af. (1997) and Abdallh
(2000).
2. Genetic Parameters :-
2.1, Estimates of heterosis and nature of dominance

It is evident from Table {2) that highly significant and positive estimates of
heterosis as a deviation from mid-parent and better-parent were exhibited in all
studied crosses for all root characters. Root dry weight and root shoot ratio in cross
III exhibited highly negative significant heterosis comparing to parent, while the
better crosses 1 and III as a mid and better parents for root length, root number and
root fresh weight gave insignificant heterosis. In the attendant representation, as
shown in Table (2), degrees of dominance values in crosses 1 and II were greater than
+ 1.0, offering over —dominance for all studied characters. Meanwhile, the degree of
dominance in cross III ranged between zero and unity, for root length and root dry
weight indicating the rate of partial dominance.

From the foregoing results in Table (2), the most desirable cross for root length,
number of roots/plant, root dry weight and root /shoot ratio was that of cross 1I (IET
1444 x Cica4). For root volume and root fresh weight, all studied crosses showed highly
significant positive heterotic effects , proving that these could be useful hybrids for
improving these characters in the drought tolerance breeding program. These findings
also indicated the existence of over-dominance and was ascertained again by the
respective value of potence ratio which exceeding unity.

These results are similar to those reported by Bashar (1987), El-Hity (1993),
El-Hissewy et a/. (1994), Price et a/. (1997) and Abd EL-Aty ef a/. (2002).

2.2. Estimates of gene action and genetic effects of genes

Table (3) presents the scaling test parameters (A, B and C) estimated for root
characters in the three crosses. Most of the computed parameters of scaling test were
statistically significant. This in turn indicates the presence of non-allelic interaction.
These results showed that genotype x environment interactions were important in the
inheritance of root characters.
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Additive gene effects were significant in 6,3 and 1 of the 6 root characters for
crosses LII and III, respectively. This suggests that additive gene effects had a
significant contribution to the inheritance of the root characters in these crosses
especially in crosses I and II. (Table 4) .

In this study, the dominance gene effects appeared to be the most important
one in the inheritance of most root characters with few exceptions. The magnitude of
the dominance gene effects relative to the magnitude of additive gene effects were
farge for most root characters in the studied crosses. With regard to the individual
types of digenic epistatic gene effects, the three types of gene interaction were very
important in the inheritance of root characters specially root length and number of
root /pilant under drought stress.

These results are in agreement with those of Hong and Ichii ( 1996 ), Acharya
et al (1999), Abdailah (2000) and Abd EL-Aty et &/, (2002).

2.3. Estimates of genetic variance , heritability and predicted genetic
advance

Additive genetic variance, dominance genetic variance, broad and narrow-
sense heritabilities and genetic advance estimates of some root characters studied for
alt studied crosses were shown In Table (5). The additive genetic variance estimates
were higher than the dominance genetic variance in crosses I and II for root length
and root /shoot ratio, while equal values of both additive and dominance genetic
variance were estimated for cross III. This results indicate that additive genetic
variance played an important role in the inheritance of these characters in most of the
studied crosses.

Heritability estimates in broad sense were moderate to high for all studied
characters. On the other hand, narrow-sense heritability were moderate to low in the
three studied crosses, indicating that the selection for these characters will be more
effective In late generations. Moderate to high values of predicted genetic advance
were estimated for all studied crosses, These values ranged between 29.6 for root dry
weight to 3.8 for number of roots /plant in cross I.

Finally, dominance genetic variance was more important than the additive
genetic one , especially in crosses I and II for the studied root characters. Moreover,
the dominance genetic variance was more important than the additive genetic
variance in crosses III for root volume and root/shoot ratio, all three crosses for root
fresh weight, crosses II and III for root dry weight . These findings proved that the
dominance type of gene effects appeared to be the most effective in the genetic

control of the studied root characters in the present investigation.
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The role of additive genetic variance was more  pronounced than the
dominance one in crosses I and II for root length and for root/shoot ratio, cross I for
number of roots / plant, and root dry weight. Thus, the additive type of gene action
played a significant role in the genetic control of the studied root character especially
in crosses I and I1.

Both additive and dominance genetic variances played an important role in the
inheritance of studied root characters and role of each variance type differs according
to the characters in one hand and the involved cross in the other hand. Furthermore,
it could be recognized that heritability estimates in broad sense were moderate to high
for all studied characters, while in narrow sense, such estimates were moderate to
low. These estimates are in line with those for different types of genetic variance. This
in turn leads to the conclusion that these characters could be improved by the
traditional breeding methods and selection could be effective mostly in late
generation. This was proved by the entire values of the predicted genetic advance
which were low to moderate in most cases. Different results were obtained by several
investigators, moderately high to high heritability estimates in broad sense and
moderately low to low narrow—sensé estimates for root dry weight and root /shoot
ratio were found for root length by Ekanayake et a/ (1985), Bashar ef af {1993), EL-
Hity (1993), EL-Hissewy et a/. (1994), and Abd El-Aty et af. (2002).

Table (6). shows that significant phenotypic correlations were recorded among all
yield and passable bares of rice root characters especially root length, root number, root
velume and root /shoot ratio with grain yield/plant.

From the foregoing results, it could be concluded that the most desirable crosses for
most of root studied characters were IET 1444 x GZ5688-10-3-4-1 and IET 1444 x Cicad4 and

it can be useful in breeding program for drought tolerance.



Table 1. Means and standard error of the six populations for rice root characters in the three studied crosses

Mean Performance and standard error

Crosses I : IET 1444 x GZ 5688-10-3-4-1

II : IET 1444 x Cica4
Il : Cicad4 x Sakha 102

Character Crosses
P, P, F BC, BC, K

oot length I 29,16+ 0.38 21,70+ 0.41 26.53: 0,29 28,63+ 0.47 25.33+ 0.48 26.21+0.39
I 29,16+ 0.38 22.20+ 0.4 30.30+ 0.42 27.90+ 0.57 25,612 0.57 22.72 £ 0.49

(cm) 11 22.20+ 0.44 19.07+ 0.41 20.91+ 0.43 22.80+ 0.74 21.544 0.73 20.40+ 0.58
I 185.16+ 1.32 120.36+ 1.35 199.30+ 1.34 168.86+ 2.28 205.16+ 2.18 204.0041.73
No. of Ir 185.16+ 1.32 151.13+ 1.59 274.93+ 1.53 162.96+ 2.18 153.23+ 2,20 142.26+1.68
roots/plant 1 15113+ 1.58 | 139.54+ 1.48 153.61+ 1.39 |  173.26%2.24 185.48+ 2.11 118.19+1.69

I 67.26+ 1.29 21.55¢ 1.25 81.16: 1.27 89.03+ 1.74 50.9641.72 52.51+1.36

Roo(tc‘r'::;‘me 11 67.26+1.29 59,62+ 1.39 96.92: 1.38 72.13+ 2.19 68.71+ 2.10 64.91+1.61
11 59,62+1.39 31,56+ 0.70 76.51= 1,21 48.96+ 1.79 52,78+ 1.73 43.60+1.39

oot frech I 78.63+ 0.67 29,60+ 0.84 80.46: 0.91 61.46+ 1.25 36.50+ 1.28 35.55+1.08

_ I 78.63+ 0.67 45.53+ 1.01 8793+ 0.63 55.93+ 2.03 49,29 0.84 48.25+1 .51
weight (9) 1 45.53+ 1.01 22,99+ 0,77 49.90+ 0.88 23.01+ 1.25 23.48+ 1.29 34.98:1.05

, I 8.85: 0.12 3.03+ 0.13 8.91 0,12 5.86+ 0.29 3.50+ 0.28 4.08:0.23

Root dry weight I 8.85+ 0.12 3.62+ 0.11 9.71+ 0.07 6.60+ 0.07 6.34+ 0.59 5.51+0.67

9) 1 3.62: 0.11 2.91+ 0,11 3,33+ 0.09 3.64+ .26 3.07: 028 2.6020.41

root-Shoot ratc I 0.47+ 0.01 0.27+ 0.02 0.41+ 0.01 0.38 0.02 0.23 0.02 0.3720.02
o It 0.47+ 0.01 0.29+ 0.04 0.49: 0.03 40.2+ 0.08 0.46+ 0.60 0.38:0.07

I 0.29+ 0.04 0.312 0,02 0.28+ 0.01 0.29+ 0.04 0.26+ 0.02 0.2620.04
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Table 2. Estimates of heterosis as a deviation from mid-parent (MP)and better-parent
(BP) and degree of dominance of rice root characters, for the three studied

Crosses
Character Crosses Heterosis % Degree of
MP BP dominance

I 16.13%* 1.28 1.10

II 17.91** 3.91** 1.47

Root length {cm) III 1,42 5.72%* 0.16
L5D 5% 2.06 2.38
ISD1% 2.81 3.24

1 30.46%* 7.67%* 1.43

II 66.53%* 48,46%* 3.12

No. of roocts/plant I 5.36%** 1.32 1.34
LSD 5 % 3.34 3.85
LSD 1% 4.54 4.77

I 84.66%* 21.87%* 1.64

1I 52.68%* 44 11%* 8.78

Root volume (cm®) 111 67.72%% 28.18%* 2.19
LSD5% 3.30 3.82
LSD1% 4.50 5.19

1 48.61** 2.32 1.23

II 41.65%* 11.83** 1.56

Root fresh weight (g) 111 45.71%* 9.49%* 1.38
L5D5% 2.77 3.20
1SD 1% 3.78 4.36

I 50.84** 1,13%* 1.03

II 56.41** 10.22** 1.39

Root dry weight (g) I1I 2.02%* -8.01** 0.18
LSD5 % 0.69 0.79
LSD 1% 0.94 1.09

| 10.86** 12.76** 0.14

I B1.57%* 46.81** 344

Root-Shoot ratio (%) 111 6.64** -9.62%* -1.40
LSD 5 % 0.09 0.10
LS 1% 0.12 0.14

Crosses I : IET 1444 x GZ 5688-10-3-4-1
I : IET 1444 x Cicad
11 : Cica4 x Sakha 102

Table 3. Scaling test for adequacy of additive and dominance model of rice root
characters for the three studied crosses

Character Crosses A 8 C
I 2.4310.61 1.36:1.07 50821777
Root length (cm) 1 -3.6642.87 3.03+1.30% 21.1642.27%*
101 -1.53+0.61 0.9240.15+* -1.40+2.54
o.of I 46.74230.91 90.60+24.70 T17.10+17.63%
oot il 333642911 | -110.60420.90%F | -317.20427.81%*
101 42.20+28.77 78.16114.61%* 53.60+16.71%*
I 78.9613 93%% -1.48:3.87 24.46+3.93%F
Roczt C\g;!,};me I -19.7040.04%* -19.03412.61 -60.76+7.52%
1 38,2044, 04** -2.50+1.73 -69.1546.28%*
oot froah I -36.20£32.80 371122984 T127.10174.85%%
ol 1 54.70414.27%* -35.89+31.89 107.10£16.47%*
11 24743420 64 -21.89421.98 -28.38:21.17
, i -59810,58%* 23934058+ ~13.2819.96
Root d{g)we'ght 11 -5.3110,05%* 0.71+1.41 -9.8042.78**
11 0.33£0.29 -0.1140.03 2 7741.67%
- : I 20.12+0.06* 202230 15 70.08-0.15
R°°t-5('12‘)’t ratio 11 -0.3240.15* -0.0640.13 -0.6610.27*
11 0.02+0.01 0.2210.08%* -0.14+0.13

Crosses 1 : IET 1444 x GZ 5688-10-3-4-1
II ; IET 1444 x Cicad
I ; Cicad x Sakha 102




Table 4. Genetic components of generation mean for rice root characters for the three studied crosses

Character Crosses Genetic components of generation mean
M d h i ] L
I 0.77% 3.30%* 7.17%* 3.08* -0.43 1.07
Roct length {cm) 11 -2.96%* 2.29** 20.18* 16.14%% -1.19% -11.30%*
: 111 -0.23%* 1.26 7.83% 7.08* -0.30 -12.53
) I 51.42%% -36.30%* -22.07 -67.96** -68.73%* 24.14
No. of roots/plant II -25.88** 9,73%* BO.14%* 63.34%* -7.28* 190.73%*
111 12.85%* -12.21%* 92.61%* 84.72%* -18.01** -205.20%*
Root volume | 8.11* 38.07** 107.31*%# -69,94** 15.21** -96.90**
(cm?) II 1.47%%* 341 56.20%* -22.04** -0.40 -17.50
111 -2.01%* -3.81 59.65%* -29.08** -14.36** 11.70*
Root fresh weight I -18.56* 24.97* 7Gx 53.72** 0.45 19,50%*
11 -18,83** 6.64** 43.25% 17.44%* -9,91** 72.14
(9 111 0.72%* -0.49 -31.30%* -46.94** -11,.77%* 122.28**
Root dry weight I -1.86** 2.37*x 2.24%* 2.41* -0.54 36.18%*
II -0.72%* 0.36 7.13 4.02% -2.25 52.60%*
(@) - III -0.66** 0.57 3.07* 3.02 0.21 -3.26
Root-Shoot ratio I 0.01%* 0.14* -0.22 -0.26 0.04 0.61*
(%) II 0.11%* 0.04 0.59** -0.21 -0.13 0.11
111 0.04** 0.04 0.07* 0.06 0.05 -0.04

1: IET 1444 x GZ 5688-10-3-4-1
II : IET 1444 x Cicad
IIT : Cica4 x Sakha 102 -
*and **: Significant at 5% and 1% levels of probability, respectively .
where: mid-parent value (m), additive (d) and dominance (h} gene action, additive x additive (i), additive x dominance {J) and dominance x dominance (L) type of gene interaction.

86¢
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Table 5. 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 characters, for the three studied crosses

Character Crosses (Genetic variance Heritahility G5 G5 %
2D Ya H Broad- Narrow-
sense sense
1 3.60 1.81 54.54 63.36 2.48 8.90
n 6.51 1.39 59.50 49.59 3.67 16.21
Root length (cm)

I1I 7.69 7.99 52.51 25.15 2.39 11.21

I 51.54 70.22 64.32 29.64 7.14 3.80

11 48.65 53.82 60.76 28.85 71.72 5.42

No. of roots/plant

1 45.74 58.70 61.09 26.76 7.21 4.56

I 34.83 27.60 56.28 31.40 6.81 12.08

II 52.81 55.65 65.41 31.52 8.39 12.92

. Root volume  (cm?)

111 23.61 32.53 53.42 2241 4.74 10.86

I 15.32 16.61 57.17 2744 7.22 11.88

Root fresh weight 1I 30.22 78.90 79.85 2211 5.33 11.04
(9) 11 £ 1498 17.67 58.46 26.79 4,12 11.81

I 043 1.71 84.62 26.54 5.23 13.13

1I 1.34 1.01 85.34 48.68 1.64 29.60

Root dry weight {(g)

m 0.82 5.31 94.61 21.39 6.31 24.48

I 0.51 0.24 87.54 62.21 0.36 9.84

Root-Shoot ratio It 0.13 0.09 88.86 52.54 0.54 11.12
(%) II1 0.06 0.08 91.66 24.19 0.17 6.63

Crosses I : IET 1444 x GZ 5688-10-3-4-1
11 : IET 1444 x Cica4
III : Cicad x Sakha 102



Table 6. Phenctypic correlation ceefficient (rph) among all possible pairs of rice root characters and grain yield in the F, generation of three studied

crosses
Character Crosses 1 2 3 4 5 6
I -
Root length (cm) II
111
I 0.425*
No. of roots/plant II 0.227 -
11l 0.558**
I 0.496%* 0.665%*
Root volume  ( cm?) II 0.279 0.652%**
Il 0.399* 0.792**
I -0.225 -0.212 0.355
Root fresh weight (g) I -0.561%* -0.457* -0.216 -
111 -0.377 0.277 0.217
I -0.552%* 0.318 0.267 0.632**
Root dry weight {(g) I -0.801%* 0.301 0.462%* 0.121 -
111 -0.581** 0.241 0.319 0.261
I 0.186 0.352 0.305 0.215 0.472%*
Root-Shoot ratio (%) II 0.271 0.266 0.329 0.399* -0.107 -
111 0.316 0.279 0.224 0.125 0.466**
I 0.651** 0.594#* 0.311 0.416* 0.399* 0.425*
Grain yield I 0.721** 0.622%* 0.415% 0.420* 0.411* 0.412%
II 0.413* 0.341 0.216 0.317 0.296 0.315

Crosses I : IET 1444 x GZ 5688-10-3-4-1

11 : IET 1444 x Cica4
III : Cica4 x Sakha 102
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