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ABSTRACT

Nine parents of rice were crossed to obtain 36 F1 hybrids, through half diallel
cross. These parents included one exotic variety, four commercial varieties and four
promising lines. Hayman's 1954 method was employed for this purpose. The nine
parents and their Fis were grown in randomized complete block design with three
replications at the Rice Research and Training Center Farm, Sakha, Kafr El-Sheikh,
Egypt. Results revealed highly significant mean squares for all characters, suggesting
the presence of genetic differences among genotypes for all studied traits. Significant
or highly significant and positive of additive component (D) for all characters except
for panicle weight and number of panicles plant! were found. The dominance
components Hi and Hz were highly significant for all characters studied. The
environmental component (E) was insignificant for all characters except spikelet
fertility% and grain yield plant. Heritability estimates in broad sense were high for all
studied characters. The nine parents were distinctly classified into five clusters (below
25 Euclidean distance) according to the similarity.

INTRODUCTION

Rice is one of most important grains in the world. It is not only a
stable food, but also contributes major economic activity and a key source of
income and employment for the rural population. Also, rice is considered the
main food for all human ages because its grains are rich in protein, minerals,
vitamins and fiber (Alam et al, 1998). The total rice production in Egypt
reached 6.6 million tons with a national average of 10.00 ton/ha. This
average ranked the first among the rice producing countries in the world. Rice
production should be increased by about 60% by the year 2025 to feed the
additional rice consumers (Duwayri et al, 1999)

MATERIALS AND METHODS

These studies were conducted at Rice research and training center
(RRTC), Sakha, Kafr EI-Sheikh, Egypt during the Tow successive rice
seasons 2010 and 2011 to estimate the genetic components, heritability and
cluster analysis for agronomic characters in rice. The experimental materials
were one exotic variety (HR5824-B-3-2-3), four commercial varieties (Giza
177, Sakha 101, Sakha 104 and Giza 171) and four promising lines (GZ
6910-28-1-3-1, GZ 7685-8-1-3-2, GZ 6522-15-1-1-3 and GZ 6903-1-2-2-1). A
half diallel cross was conducted among the nine parents in 2010 season to
produce 36 crosses in 2011 season. The parental varietes and the resulting
36 crosses were evaluated in a Randomized Complete Block Design (RCBD)
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experiment with three replications. Each replication contained 25 individual
plants with spaced at 20 cm among rows and 20 cm among plants. All
agronomic practices such as land preparation, fertilizer application, weeding
and pest control were done as recommended with rice crop during both
seasons of the study. The nine parents were evaluated for following
agromonic traits; days to maturing, plant height (cm), chlorophyll content,
number of panicles plant?, panicle length (cm), panicle weight (g), 1000-grain
weight (g), spikelet fertility (%) and grain yield plant™.

Statistical analysis:

The genetic components of variation were calculated, by using
Hayman's procedure (1954) and presented by Singh and Chaudhary (1977):
D = Components of variation due to additive gene effects.

F = Mean of covariance of additive and dominance effects over the arrays

H: = Component of variation due to dominant gene effects.

H, = Dominance indicated asymmetry of positive and negative effects;
Where_:

Hy, = Hl{l-(U-V)Z}

U = Proportion of positive genes in the parents.

V = Proportion of negative genes in the parent { or of the genes wirh
positive (negative) effects} and where U+V = 1.

h? = Dominance effects (as the algebraic sum over all loci in
heterozygous phase in all crosses).

E = Component of variation due to environmental effects.

The estimate of three components of genetic variation were determined using
the following equations :

D =Volo-E

F =2Volo — 4Wie — 2(n-2) E/n,

H: =Volo — 4Wyo + 4V — (3]’1-2) E/n,

Hz =4 Vii — 4Von — 2E,

h2 = 4(Mli'MIo) 2_ 4(n-1) E/n2.

Where:
E = Envi al effect = Error SS + Re pSS
= Environmental efiect = Error df + Re pdf NOOf rep“C&UOﬂS
VoLo = Variance among parents.
Vr = The variance of one array ( r" array ).
ViLi = Mean variance of the arrays.
Wr = The covariance between the parents and their off-spring in one
array ( r'h array).
WoLol = Mean covariance between the parents and arrays.
VoL = Variance of the mean of arrays.
(MLi-My,) = difference between mean of the parents and mean of their n?
progeny.

Test of significance among parameter estimates were made using the
standard error estimation technique suggested by Hayman (1954).The above
estimates were then used in computing other parameters following Hayman
(1958):
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(H4/D)¥2 = The mean degree of dominance at each locus.
H2/4H:= The ratio of genes with positive and negative effects in the parents.
Ko/Kr = {(4DH1)1/2 + F}/{(4DH1)1/2- F}
= The ratio of dominance and recessive genes in the parents.
The estimates of heritability:
The heritability estimates were computed following the formula of
Mathers and Jinks (1982).

1- Broad sense heritability (Hbs) :
1/2D+1/2H1-1/4H2-1/2F

T 1/2D+1/2H1-1/4H2-1/2E+E

bs

2- Narrow sense heritability (Hns) :
1/2D+1/2H1-1/2H2-1/2F

T 1/2D+1/2H1-1/4H2-1/2E+E

ns

RESULTS AND DISCCUSION

Mean performance:
Mean performance of the nine parents and their F1 of the diallel cross
for the nine studied characters are presented in Table (1).

As revealed in the Table (1), the mean performance for the a

forenamed characters, varied from cross to cross combination. For No. of
days to maturity, the F1 mean values of most of crosses (27 crosses) were
intermediate between the two parents involving indicating partial or no
dominance effect. It was noticed that four of the F1 mean values were in
direction of earlier parents. This in turn suggested that earliness was
dominant over lateness for these crosses. On the other hand, five crosses
were towards the lateness. Complete to over dominance was observed in
most of the crosses towards taller parents for plant height (21 crosses), put
only two crosses exhibited dominance effect towards the shorter parents.
However, plant height character of the rest 13 crosses was show
intermediate between the two parents involved. Regarding the chlorophyll
content character, different results were obtained. The F1 mean values of 20
crosses were towards higher parents, while three only were tended towards
lower parents. However, 11 crosses were intermediate between the two
parents involved.
Regarding the panicle length results in Table (10), clearly showed that out of
36 crosses, 23 have their mean values intermediate to the their respective
parents. However, the F1 means of nine different crosses tended towards
higher parents, while four crosses tended to the lower parents. For the
spikelet fertility % (Table 10), results indicated that the three parents,
Gz6522-15-1-1-3 (96%), Giza 177 (94%) and Gz6910-28-1-3-1 (92%) and
the crosses, Giza 177 x Gz7685-8-1-3-2 (96%), HR5824-B-3-2-3 x Gz6522-
15-1-1-3 (96%) and Gz7685-8-1-3-2 x Gz6903-1-2-2-1 (96%) showed the
highest mean values in this respect.
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Table 1 : Mean performance of parental varieties and their F; crosses
for all characters under study.

1000-
Genotypes DM PH CC No. PL PW SF GW(g) GYP
(cm) pp (em) (@ (%) @
\ Giza 177 Yo  Yee  £E,¥Y N4 Y. YN¥e o 94 YA,e. £V
Y Sakha 101 V£ Y ¢AAY Yo Y¢ £,9Y 89 YV,¥. VYY1
¥ Sakha 104 V¥ VWA £, Y YY O ¥,AY 91 YV,). i,0v
t Giza 171 YOY YT Fo,vY YA Y £Y 90 Yo, 04V,
o HR 5824-B-3-2-3 ):4 AY YV,EY O YY Y. Y,AY 90 Yooy Y&t
1 GZ 6910-28-1-3- Y1 V.o &4 ¥R Yo Y,4. Y4,V T,
1 92
vV GZ 7685-8-1-3-2 Y. LL I S Yo Y,EY 86 Y.,¥ ov,ar
A GZ 6522-15-1-1- Yo Yed o £0,A Y Y1 Y,V YL,V 16,4
3 96
4 GZ6903-1-2-2-1 ™) 49 £Y, 0¥ YA Y¢ £,00 86 Y1,V g0V
F1 hybrid
1X2 ¥4 VYT E£Y,EY YA Y¢ 0,4, 03 Y4,V VAV
YYE VY)Y EY,Y Ve YY £,Y« 93 YV,YV vo,iv
YFA O AYE EY,YY Ty Yo £,y 91  Yl,E. 11,.¥
VYoo VT gE,YY YA Y Y,er 94 YO,AY  oY,.Y
Y¥o VWY £7,4Y Y YY  o,¥Y 94 Ya,ov o4,.v
Yo o WYY EY,0. YA Y £YY 96 Y4,V. o,
YYY V.o £Y,ov £¢ Y £,6¢ 93 Y,V V.4,
YYY 0 £4,9. YV YE  ,ee 04 Y EY VY,eY

Yo YWY ETLYY YA YY  o,.¥ 88 YAUY AY,AY
VEY ATV f0,YY Y. Yo ) 89  YE,EY ALV
e NN EY, Y Y Y¥ O £,6¥ 87 Y4,4Y v,
YEe o Ya) £T,F 0 FY Y¢ &Y. Q0 Y4,0. 0f,.¥
Ve YeA £V AL YA Yo o,¥F 93  YV,)Y VY4,V

o
—
—

TN EALAL ¥4 Yo £,60 Q93 YA,0F AY,0V
YL NN EYLEY ¥ Y oYY 92 YAY. V), Y.
YEY  YE. £0,0F £ YU T,ee Q4 YV,VY VY, EY

YYe V.Y £6,Y. YV YV OY,AY 90 Y4,AY v,
(AT Y- UL Y S Y ¥ ¥4, 89 YV,¥. TA0F
YYY Y.V EFYY YV Y¢  o,0. 94 YAYY VYo,AV

AYE Y.d EAVY g% YOV 92 YO Y. A)E.
YY) gv,e. ¥4 Y¥ O £YY 87 YLVYY AYAY
(AT R T LUK S 2 Y OOYAY 84 YEA T4
YET O IYA O EY,VY v Y& 0,6V 92 YT,E. VXY
YYE O AYY  £6,V. £Y YV £,4. 95 Y&, YYF g0,
YV TS fo,YY . Yo £,9. 93 Y1,.Y VYY,\V
YEe o ATT O £EV. ¥ Yo o600 92 YU,. TIAYY
\Y. v £.,4v Yy Y¥YOOY,YY 90 YV, £5,YY
Y. v Ey,TY Y. Yy ¥, 90 YV,YY o444,
VA YT EYL A T YV £ 06 YA,.Y 4,8V
AYE V.o ETVY ¥4 YV £V 94 YV,¥. AN

YA Yo £, Y YYO£VY 91 Ye,ie YYE.
VYo Y.a) £4,1Y YA Yo £,60 90 YAYY YY,..
YA V.o £T0F YV Yo £,4F 90  Y4,4. ALV,

NNOOOOUIUICIURADNDRMRARNWWWWWWNNNNNNNRRRRRRER
HKXXXXXXXXXKHKHXHX XXX HKHXHK XXX XXXXX XX XX
OOROONOONDOONNUIOONOUTROONOUTAWOONOUTAW

Voo VY £00Y YT YE £, 87 YA0.  VY,EY
YYY Nt E0,4Y Y YE o £,4Y 0 96 Y4,f. 14,0
8 X YT Y £V, YR YE  £,0F 94 Y4,). v,y

Abbreviations: DM, days to maturing; PH_(cm), plant height; CC, chlorophyll content;_No.
PP, No-of panicles per plant; PL(cm), Panicle length; PW(g), Panicle weight; SF%, spikelet
fertility%; 1000-GW(g), 1000-grain weight and GYP(g) grain yield per plant.

Regarding panicle weight results showed that, the three parents
Sakha 101, Giza 171 and Gz6903-1-2-2-1 gave the highest mean values
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(more than 4 g). The crosses, Giza 177 x Gz6903-1-2-2-1, Sakha 104 x Giza
171, Giza 177 x Sakha 101, Giza 177 x Gz6903-1-2-2-1, and Giza 171 x
Gz6903-1-2-2-1 gave highest mean values of more than (5.50 g).

Concerning 1000-grain weight, the parents Gz7685-8-1-3-2, Gz6910-
28-1-3-1 and Giza 177 showed the results clearly indicated that highest
mean values of 30.07, 29.27 and 28.00 g, respectively, while the crosses,
Sakha 104 x Gz6910-28-1-3-1, Giza 177 x Gz6903-1-2-2-1, Gz6910-28-1-3-1
x Gz7685-8-1-3-2 and Sakha 104 x Gz6522-15-1-1-3 gave heaviest weight of
1000-grain and ranged from 30.20 to 31.30 g and were superior in this
respect.The highest grain yield per plant was obtained from the crosses,
Sakha 101 x Giza 171 (84.70 g), Sakha 104 x Gz6903-1-2-2-1 (83.87 Q),
Sakha 101 x Sakha 104 (82.93g), Sakha 101 x Gz6522-15-1-1-3 (82.57 Qg),
Sakha 104 x Gz6522-15-1-1-3 (81.40 g) and Gz6910-28-1-3-1 x Gz6903-1-2-
2-1 (80.70 g). However, the lowest were estimated for the crosses, HR5824-
B-3-2-3 x Gz6910-28-1-3-1, HR5824-B-3-2-3 x Gz6903-1-2-2-1 and HR5824-
B-3-2-3 x Gz6522-15-1-1-3 with values of 44.33, 48.13 and 49.47 g per plant.
The parental lines Sakha 101 and Sakha 104 manifested highest mean
performance of 72.16 and 66.57 g, respectively, for the grain vyield.
Analysis of variances:

The analysis of variance for the studied characters calculated and the
results presented in Table (2) showed that the genotypes mean square were
found to be larger than their corresponding mean square for the error.
Moreover, the results of F-test values. These findings indicated the presence
of large variations among them. Similarly, the results indicated that the mean
square of parents and crosses showed highly significant for all characters.
These findings indicated overall wide differences among these populations.
Parents Vs crosses mean squares indicated that the average heterosis could
be highly significant in all crosses for all agronomic characters except days to
maturing and panicle length.

Table 2 : The estimates of mean square of ordinary analysis for all
characters under study.

Days_to Plant Chlorophyll No_. of Panicle
S.0.V d.f maturing height content panicles length
(days) (SPAD) /plant
Replication 2 1.49 14.29 4.51 11.65 0.19
Genotypes 44 | 241.77* 504.07** 24.43** 138.85** 14.41*
parents 8 473.73* 626.04** 37.73** 35.01* 48.35**
crosses 35 | 195.65** 441.19** 17.19* 87.02** 6.97**
Pvs F1 1 0.03 1729.35** | 171.25** | 2783.47** 3.42
Error 88 1.40 12.58 1.73 14.68 1.00

* ** significant at 0.05 and 0.01 level of probability, respectively.
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Table 2 : Continued.

S.0.V i Panicle weight Splkelg;);ertlllty 10\2&8[1'?” Grain yield/plant
Replication 2 0.02 821.34 0.52 120.25
Genotypes 44 1.77* 3612.00** 9.42** 400.04**
parents 8 0.31** 3961.68** 7.93** 386.83**
crosses 35 1.69** 2794.21* 9.58** 352.27**

P vs F; 1 16.19** 29437.35** 15.64** 2177.39*
Error 88 0.02 268.54 0.18 51.21

* ** significant at 0.05 and 0.01 level of probability, respectively.

Estimates of genetic components and heritability:

Table (3) and (4) present the genetic components and hereitability of
nine agronomic characters under investigation. Significant or highly
significant and positive values of additive component (D) for all characters
except panicle weight and number of panicles plantl. Moreover, the
dominance component H: and Hz were highly significant for all characters
studied and ranged between (1.70+0.38) for panicle weight and
(2053.43+311.85) for spikelet fertility % of H: and ranged between
(1.47+0.33) and (1858.53+268.08) of H: for the former characters,
respectively. These results indicated that both additive and dominance
components were observed to contribute in the expression of all studied
characters except for number of panicles per plant and panicle weight. The
magnitude of Hi1 was more than H: in all characters indiacting that at most
loci the positive and negative alleles were in equal proportion. However,
these results were in general agreement with those reported by El-Mowafi
(1994), Hammoud (1996), El-Refaee (2002) and Hammoud (2004).

Dominance variance over all heterozygous loci (h2) was highly
significant for all characters except days to maturing and panicle length
indicating that dominance was unidirectional, while was not unidirectional for
days to maturing and panicle length El-Refaee (2002). The estimates of (F)
were insignificant and negative for plant height, panicle weight and grain yield
plant? and not significant and positive for number of panicles plant? spikelet
fertility % and 1000-grain weight suggested that dominant and recessive
genes were in equal proportion. On the contrary, (F) value was significant
and highly significant for days to maturing, chlorophyll content and panicle
length, revealing that there was asymmetric gene distribution with an excess
of dominant alleles as compared with recessive ones in the parents. The
environmental component (E) was insignificant for all characters except
spikelet fertility% and grain yield plant! and differed in its magnitude
indicating that these characters are affected by environmental components
with different degrees.

Estimates of the mean degree of dominance (H1/D)Y2 were over one
for all characters studied except days to maturing, plant height and panicle
length. This finding indicating that over dominance and epistatic gene effects
played a major role in the inheritance of this traits. The estimates of (Hz2/4H1)
ratio did not reach the ratio 0.25 in case of all the characters and ranged
between 0.14 to 0.23 for panicle length and grain yield per plant, respectively,
indicating that genes having positive and negative effects were equally
distributed in the parents.
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The ratio of the total number of dominant to recessive alleles in the
parents (Ko/Kr) was less than unity for plant height (0.868), panicle weight
(0.571) and grain yield plant! (0.658) indicating an excess of dominant alleles
as compared with recessive ones in the parents, while it was more than one
for all other characters indicating that proportion of dominant alleles was
greater.

Heritability estimates (Table 4) in broad sense were high for all
studied characters while, heritability estimates in narrow sense was relatively
high for days to maturing (85.69 %), plant height ((76.74 %) and grain yield
plant® (60.22%). This further suggested that a major part of the total
phenotypic variance for these characters was due to additive genetic
variance. Accordingly, it is expected that an effective phenotypic selection for
these characters can be achieved with satisfactory degree of accuracy. In
case of chlorophyll content and number of panicles plant?, the estimates of
such parameter were low and gave the values of 31.70 and 20.54,
respectively. This further suggested that a major part of the total phenotypic
variance for these characters was due to dominance genetic variance and
environmental effects. These finding led to conclusions the selection for such
characters must be done in the late generations. These results in general
agreement with those reported by El-Mowafi (1988), EI-Mowafi (1994), Kumar
et al. (1994), El-Refaee (2002), Hammoud (2004), Awad Allah (2006) and
Abd Allah (2008).

Table 4: The estimates of heritability in both broad and narrow sense
for all agronomic characters studied.

Broad sense Narrow sense
Agronomic characters heritability heritability

(Hbs) (Hns)
Days to maturing (days) 99.42 85.69
Plant height (cm) 97.62 76.74
Chlorophyll content (SPAD) 92.59 31.70
No. of panicles per plant 89.34 20.54
Panicle length (cm) 92.23 54.63
Panicle weight (g) 99.03 41.93
Spikelet fertility(%) 92.45 54.98
1000-grian weight (g) 98.20 52.82
Grain yield per plant (g) 88.00 60.22

Similarity matrix :

The similarity matrix based on the nine agronomic characters was
used to establish the level of relatedness between the nine varieties. Pair-
wise estimates of similarity ranged from (1.10) to (9.25) table (5). Two
varieties (Sakha 101) and (Giza 171) were the closest genotypes with the
highest similarity index of (9.25). this was followed by (9.10) similarity
between a pair of varieties (HR5824-B-3-2-3) and (GZ6903-1-2-2-1). The
lowest level of similarity (1.10) was obtained between Giza 177 and Giza 171.
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Table 5 : Similarity matrix for nine varieties based on nine agronomic

characters.
Entries \ Y [ ¢ ° R v A q
Giza 177 0.00
Sakha 101 3.92 0.00
Sakha 104 3.70 344 .
Giza 171 1.10 9.25 AAY

HR5824-B-3-2-3 5.55 8.52 AYA ), e

GZ6910-28-1-3-1 3.66 3.21 AT Ao AT

GZ7685-8-1-3-2  1.80 3.80 Y,oA ), 08T Y,V a,en
GZ6522-15-1-1-3 3.92 3.66 Y,4Y ATy ALY 1,41 YA
GZ6903-1-2-2-1 4.44 3.01 Y,&y Y,Ae 4,y 1,99 £, YLAY e

Cluster analysis:

The genetic divergence can provide a visual idea about variabilities
presented in nine genotypes, in addition to assure the continued genetic
improvement. The genetic divergences based on Euclidean distance using
morphological characters (quantitative traits) among nine parents, were
graphically illustrated as a dendrogram in (Figure 1).

The standardized Euclidean distance ranged from 16 to 78.12 in the
nine parents, where the minimum distance was observed between Giza 177
and GZ 7685-8-1-3-2, while the maximum Euclidean distance was observed
between Giza 171 and Sakha 101. The nine parents were distinctly classified
into five clusters (below 25 Euclidean distance).

Dendogram of nine varieties based on 20 quantitative characters

Ghazal77
GZ7E85-8-1-3-2 |

SakhaloL

Sakhalod
GZ6910-28-1-3-1 1 |
GZE903-1-2-2-1

GEES22-15-1-1-3 m—

HR2824 B-3.2.3

Gizal7l

v v T T ]
18.00 38.79 59.58 2038 10117
Fucliden Coefficient

Figure (1): Cluster diagram for nine varieties classified by nine
agronomic characters studied.

The first group included all varieties except Giza 171, which was long
duration. The first group was divided into two sub groups based on maturing,
plant height, spikelet fertility percentage and grain yield per plant. The first
sub group, which was higher in these four characters, included seven
varieties (Giza 177, GZ7685-8-1-3-2, Sakha 101, Sakha 104, GZ6910-28-1-
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3-1, GZ6903-1-2-2-1 and GZ6522-15-1-1-3) except for HR5824-B-3-2-3,
which was lower in these characters. The two varieties Giza 177 and
GZ7685-8-1-3-2 of branch one were similar in all characters except grain
yield per plant. Sakha 101 variety was separated alone into on branch
because it has long maturing and highest grain yield per plant when
compared with the rest five varieties. GZ26522-15-1-1-3 was separated from
four varieties in one branch based on maturing, plant height and number of
panicles per plant. GZ6903-1-2-2-1 genotype was separated from these three
varieties based on maturing, plant height and spikelet fertility percentage. On
the other hand, the remaining two varieties Sakha 104 and GZ6910-28-1-3-
lwere similar in all characters except in grain yield per plant.
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Table 3: The estimates of genetic components for all characters studied.

Genetic

Estimates + S.E.

1000-grian

Days to . Chlorophyll  No. of panicles Panicle length Panicle weight Spikelet fertility . Grian
Parameters
maturing (days) Plar}::fr;(;lght content (SPAD) Iplant (cm) (gm) (%) W(;'r?qr)“ yield/plant (gm)
*% *% *% ns *% ns *% *% *%
D 157.44+6.90 204.47+17.54 11.98+2.17 6.80+9.83 15.79+0.89 0.01+0.17 1226.95+141.29 2.58+0.55 111.36+21.09
*% *% *% *% *% *% *% *% *%
H1 66.37+£15.23 186.72+38.71 28.70+4.78 141.04+21.70 10.99+1.96 1.70+0.38 2053.43+311.85 8.16+1.22 171.00+£46.54
*% *% *% *% *% *% *% *% *%
H2 44.57+13.10 147.56+33.27 19.69+4.11 125.80+18.66 6.31+1.69 1.47+0.33 1858.53+268.08 6.36+1.05 162.85+40.01
ns *% *% *% ns *% *% *% *%
h2 -0.18+8.77 251.38+22.29 24.82+2.75 405.35+12.50 0.37£1.13 2.37+0.22 4270.27+179.59 2.26+0.70 311.65+26.80
* ns *x ns *x ns ns ns ns

F 40.20+16.10 -27.57+40.91 15.87+5.06 3.27+22.94 15.90+2.07 -0.22+0.41 58.15+329.60 0.68+1.29 -56.96+49.19

ns ns ns ns ns ns * ns **

E 0.47+2.18 4.2045.55 0.60+0.69 4.87+3.11 0.33+0.28 0.01+0.06 93.61+44.68 0.06+0.18 17.58+6.67
(H1/D) 2 0.649 401 V,08A 4.555 0.834 4.196 1.294 1.778 1.239
(H2/4 Hy) ARY ARYS AV 0.223 0.143 0.217 0.226 0.195 0.238
(K o/KR) 1, EA HATA Y,64% 1.111 4.040 0.571 1.037 1.160 0.658

(r) AN +, 040 YL 0.449 0.913 0.769 0.847 ,00% 0.351

* ** significant at 0.05 and 0.01 level of probability, respectively. and ns :

Not Significant.
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