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ESTIMATES OF GENETIC COMPONENTS, PREDICTION AND
GENETIC CORRELATION IN WHEAT (TRITICUM
AESTIVUM,L.) USING NORTH CAROLINA DESIGN III

[17]

Salama', S.M.; S.A. Awaad' and Manal M, Salem'
ABSTRACT

North Carolina Design III was used to estimate gene effects in bread wheat
crosses, Twelve Egyptian bread wheat genotypes i.e. Sakha 69, Sakha 8, Gemmeiza
1, Gemmeiza 3, Gemmeiza 7, Giza 160, , Giza 162, Giza 164, Giza 165, Sids 1, Sids
3 and Sids 4, each was crossed back to testers, high performing (Gemmeiza 9} and
low performing parent (Sakha 92) during three winter successive seasons i.e.
2002/2003, 2003/2004 and 2004/2005, to study; heading date (days) plant height
(cm), flag leaf length (cm) flag leaf width (cm), flag leaf area (cm)z. extrusion length
(cm), number of spikelets/spike, spike grain weight {g.), number of spikes/plant,
number of grains/spike, 1000-grain weight {g.) and grain yield/plant (g.) characters.
Results indicated that epistasis played great role in the inheritance of all studied
characters except number of spikes/plant. Additive(D)and dominance(H) genetic
variances were significant in ali studied characters except number of spikes/plant
and number of grains/spike. The additive genetic variance was more than dominance
for heading date, plant height, flag leaf length, fag leaf width, extrusion length,
spike length and 1000- grain weight. The ratio of (H./D) 03 was less than one for
these characters but for the remaining characters the dominance genetic variance
was more than additive, The values of(F) indicated that dominance was unidirec-
tional for flag leaf length and flag leaf arca, whereas it was ambidirectional for the
remaining characters Prediction results revealed that it could be possible to derive
reasonable proportion of new recombinants which are falling out side parental range
for heading date, flag leaf length, flag leaf width, spike length, number of
spikelets/spike, number of spikes/plant, 1000- grain weight and grain yield/plant.
Genetic correlation indicated that additive, dominance and epistasis gene effects
controiling grain yield/plant and spike grain weight, number of spikes/plant, number
of grains/spike, 1000- grain weight, were signifant, suggesting common genetic pooi
or pleiotropy. Thus, selection based on additive genetic correlation indicated that in-
direct selection via, spike grain weight, number of spikes/plant, number of
grains/spike and 1000- grain weight would be effective and enhance its importance
as selection criteria .
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{g) and grain yield/plant (g) characters

INTRODUCTION

In any breeding programme the
standpoint is to determine mode of gene
action controlling types of gene effects to
help the breeder for rightful decision
making about breeding methodology to
be adopted. The North Carolina Design
Il (N. C. D.) is considered the one which
have been developed to provide informa-
tion on specific genotypes, Such informa-
tion could be helpful for better choice
promising genotypes which should be
included in breeding programme of all
the genetic procedures based on second
degree statistics which are used to esti-
mate the components of continuous varia-
tions, North Carolina Design III {Com-
stock and Robinson 1952) and its modi-
fied version triple test cross (Kearsey
and Jinks, 1968} had the least assump-
tions (retracted), and therefore is more
widely applicable for investigating mate-
rials of varlous kinds. In addition allow-
ing detection of epistasis and unambigu-
ous estimation of additive as well as
dominance components if epistasis is
absent.

Many researchers used triple test
cross and North Carolina Design in wheat
i.e. Singh ef a! 1988; Singh (1989);
Nanda et al (1990} and Eissa (1994 a) to
esttmate the dominance, additive and
epistasis components of genetic variation
for morphological characters and indi-
cated the importance of these components
in the genetic variance of wheat yield and

yield characters while, Eissa {1994b) and
{1994c) indicate that the epistatic gene
effects played an important role in ge-
netic system for yield characters of
wheat. North Carolina  Design Il
(N.C.D.III) was studied by Al-Kaddoussi
(1997) for several characters in Egyptian
bread wheat genotypes. and found that
epistasis played a great role in the inheri-
tance of all characters, except extrusion
length, spike length, spike grain weight
and number of spikes/plant. Many re-
searches on genetic variance of wheat
were applied by Pawar ef al (1994),
Katiyar and Ziauddin (1996), Salama
(1998}, Salama (2000 a), Salama (2000
b} and Salama (2002) to study the ge-
netic component and inheritance of yield
in wheat.

MATERIAL AND METHODS

The present study was carried out at
Tag El-Ezz Research Station Dakahlia
Governorate during three winter succes-
sive growing seasons i.e. 2002/ 2003,
2003/2004 and 2004/ 2005 using fourteen
wheat genotypes, namly; Sakha69, Sakha
92, Sakha 8, Gemmeiza 1, Gemmeiza 3,
Gemimeiza 7, Gemmiza 9, Giza 160, Giza
162, Giza 164, Giza 165, Sids 1, Sids 3
and sids4 The genotypes names and pedi-
gree are shown in Table (1). The fourteen
wheat genotypes were evaluated for the
studied characters during 2002/2003 to
obtain information about the highest and
the lowest performing wheat genotypes (o
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Table 1. Pedigree of the studied parental wheat genotypes .

Serial Genotype Pedigree
number
t Sakha 69 Inia/RL 4220//72/Kr " 5"
2 Sakha 8§ Indus/Nortenc "s"//PK 3418
3 Gimmeiza l  Maga 74 "s"/foN /#/ 1160. 147 /3 / B6/ Gallo//4/Chat "s"
4 Gimmeiza3  B6/7c*2//yS0E/Kal/f*3 x Sakha 8/4 RR Viww 15/3/Bj
"s" // on * 3/BON.
5 Gimmeiza7  CMM 74A.630/Sx//seri 82/3/Agent
6 Giza 160 Chenab70/Giza 155.
7 Giza 162 Vem /Cn0 67 "s"f7c/3/KalBb,
8 Giza 164 Kvz/Buha "s" // Kal / Bb
9 Giza 165 Cmo / Mfd // Man "s".
10 Sids 1 HD 2171/ pavan "s" // 1158.57 / rlaya 74 "s"
4 Sids 3 Sakha / Giza 155
12 Sids 4 Maya "s" f Mon "s" /f CMH 74 A. 59/5/Giza 157.z
13 Gimmeiza9  ALD "s"/ Huac "s" // CM T4A/ 6301
14 Sakha 92 Napo 63 / Inia 66 /f wern "s".

be used as testers to construct N. C. D. Il
population. A randomized complete block
design with three replications was used.
The genotypes were sown on 15" of No-
vember 2002.

In 2003/2004 winter growing season,
each of the twelve wheat genotypes were
crossed to high performing parent {(H. P)
Gemmeiza 9 and low performing one
{Lp)Sakha 92 to produce the F, seeds for
L; (Hp = Gi) and 12 Ly (Lp x Gi)
respectively, where Gi = [ to 12 the F,
grains of 24 families(F1'S)with  the
parental genotypes were sown on 15t
November 2004. A randomized complete
block design with three replications was
used of row was 2m, row to row 20
cm.and plant to plant spacing was 10
cm,Number of rows for each Fyand pa-
rental was 3 rows.Length Data recorded
on 10 competitive plants for each geno-

petitive plants for each genotype in each
replication. The studied characters were;
heading date (days), plant height {(cm),
flag leaf length (cm), ﬂa% leaf width
{cm), flag leaf area (cm”), exlrusion
length (cm), spike length {cm), number of
spikelets/spike, spike grain weight (g.},
number of spikes/plant, number of
grains/spike, {000-grain weight and grain
yield/plant {(g.). The normal agriculturai
practices in wheat production were ap-
plied at the proper time during the above-
mentioned seasons

Biometrical analysis

Two-way analysis of variance of (Ly;
+ Ly = p) and {L,; + Ly;) sets of families
have been carried out for every character
separately. The significancy L, + Ly - p
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MST to test epistasis, significancy L;; +
L,i used to test of additive and L); + Ly
used to test of dominance gene effects.

For test of epistasis twelve values of
Lii+ La pi Gy = 1 to 12 with degree of
freedom was used 1o test of overall epis-
tasis (Jinks and Virk 1977).

Detection and estimation of additive
(D) and dominance (H} and direction of
dominance

Mean squares of Ly + Ly (additive
gene effects, Lj; + Ly (dominance gene
effects) for 11 degrees of freedom were
used. The estimation of D and H, were
obtained according to Cemstock and
Robinson (1952). The direction nf domi-
nance (F) was computed from covariance
of sums (Ly; + L,/ differences (L; + Ly)
which equal 1/8.

The  correlation  coefficient  of
sums/differences was used to estimate the
significancy of F.value (Jinks ef al
1969).

Genetic correlation

The additive, dominance and epistasis
genetic correlation were used to obtain 12
values for each of the studied character
(Kearsey and Jinks, 1968; Jinks & Per-
kins, 1970 and Kearsey ef al 1987).

Predicting the properties of recombi-
nant lines

The proportion of inbred superior or
out perform parental range is equal to the
probability integral corresponding to the
value of d AD while the range of inbred
is given by m + 24D where L; - L, = (d]
and m = Py. The proportion of recombi-
nant lines corresponding to the probabil-
ity level were obtained using Fisher and
Yates Tables (1963).

RESULTS AND DISCUSSION

Mean squares of analysis of variance
{Table 2) provide evidence for significant
between families terms in all studied
characters. These results might suggest
that Lyi , Ly and P; families were signifi-
cantly different from each other, reveal-
ing presence of fair amount of genetic
variability which could be considered
adequate for proceeding to further bio-
metrical analysis by means of N.C.D. III.

1- Test for epistasis

Mean square for epistasis (Table 3)
indicate significant overall epistasis in all
studied characters except for number of
spikes/plant In this respect Eissa (1994 a
and b} and Al-Kaddoussi (1997) re-
ported significant epistasis,but absence of
epistasis was reported by Singh et al
(1984) and Igbal Singh ef al (1989).
Since epistasis played an important role
in the inheritance of these characters,thus
ignoring such effect one would not only
lose information about epistasis, but also
the estimates of additive and dominance
components would be biased. For this
reason the breeder should take epistasis
into account in producing genetic models
for studying quantitatively inherited char-
acters.

Detection and estimation of additive,
dominance and direction of dominance

Analysis of variance for sums (L;; +
Ly} and differences (L; - L,,) indicated
significant mean squares in ail studied
characters except for plant height and
number of spikes/plant of sums (L,; + Ly)
and for plant height of differences (L, -
L2). Significant mean squares for sums
providing evidence for the presence of
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Table 2. Mean squares for analysis of variance (Ly; + Ly - P;) and (L; — L) families.

. Flag Flag Flag  Extru- . No. ol  Spike Grain
Heading  Plant . spike . . No.of No.of 1 )
leaf leaf leaf sion spike-  grain/ ‘ ) . yield/
S.0v D.F date heighi length spikes/  gran/ grain
length width area length lets/  weight . plant
(days) (cm) N {cm) ) plant plant  weight
{em) {cm) (cm)y {cm) spike {g) g}
Between
families
(Li+La-P) 35 2315177 177.417 63787 6137 68327 10007 1041 25317 039 1257 35757 9238 90587
Within families
within +
replicates 972 496 895 402 1.83 1141 353 2.87 3147 0.08 9.31 721 B.53 17.77
Between
{Li+ia)
familics 29 10178 152817 37.8177 5367 15537 942" 2387 18617 0257 1197 1298 58477 70.647
‘Within families
within
replicates %} 182 11.74 198 1.09 7.85 1.85 1.09 5.99 0.09 8.51 8.45 11.76 15.33

1e3yMm Ul $129113 2UdD)
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Table 3. Mcun squares for test of cpistasis (L +Ly-Py, additive  (L,~Ly) dominance (L,-Ly). lor the
studied characters.
Heading  Plant Flag Flag Flag E’.ﬂm- spike NQ' of - Spike No.of  No.of 1000 G.h'lll'l
. teaf leal leaf sioh spike-  grai/ . ‘ yield/
liems date height length . spikes/  gra/  grain
(days) (cm) length  width area  length (em) lets weight jant lani  weight plant
Ay (€m) {cin) (cmy’ {cm) fspike (z) P P &)

Epislasis i62.11 380,24 4255 8.93 98.53 7561 161 32.24 .88 13.12 34.55 91.76 54.13
(LiitLa—Py)
over all
epistasis
Within families
within
replicates 4.96 8.YS5 4.42 1.83 11.41 353 2.87 347 [VEYL 9.31 7.2 B.53 £7.77
Additive 2247 61.55 18.17 7.15 13.71 35.61 14.55 2326 1.06 i5.11 13.14 55.12 41.19
(LI|+L2|)
Between
(Ly+la)
families 7.82 1.74 3.98 1.09 7.85 1.85 1.0% 5.99 0.09 8.51 8.45 £1.78 15.33
Dominance 9211 5542 19.36 6.17 15.36 21.27 8.58 25.66 1.16 26.34 27.51 42.14 61.55
(Lyi-La)
Within families
within
replicates 7.82 I.74 1,98 1.09 7.85 1.85 1.09 599 0.09 8.51 8.45 11.76 15.33
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additive gene effects in the genetic con-
wrol for these characters. Similar results
were obtained by Singh & Singh (1976);
Eissa (1994 a and b} and Al-Kaddoussi
(1997). Significant of differences (L, -
L») indicated that the dominance played
the major role in the genetic control for
these characters In this respect, Nanda et
al (1983) and Al-Kaddoussi (1997).

Estimates of the genelic components
of variations (Table 4) generally, indi-
cated that the additive genetic compo-
nents were larger in magnitude than the
dominance ones for heading date, plant
height, flag leaf length, flag leaf width,
extrusion length, spike length and 1000-
grain weight. But for the remaining char-
acters the dominance genetic variance (H)
was larger than the additive (D) resulting
in (H / D)** more than one confirming the
role of over dominance gene effects in the
genetic control for these characters, The
(F) value was not significant for studied
characters, revealing that dominance was
ambidirectional. The estimation of addi-
tive and dominance genctic components
were biased by epistasis to unknown ex-
tent as a result of which to no precise
conclusion can be drawn about the rela-
tive importance of these components. The
absence of epistasis for number of
spikes/plant may suggest that additive
and dominance genetic components was
unambiguous. The value (H/D)*® >1ifor
these character suggest that, untit hybrid
vigor in wheat becomes more feasible the
population improvement through pedi-
gree method or triple test cross would be
of great response (Jensen, 1970).

Predicting the properties of recombi-
nant lines

The information obtained from the
{N.C.D.) families was used to predict the

likely proportion of recombinant lines
that could be derived from selfing the F,
progeny of cross between parents. N. C.
D III may be considered as useful source
for such information to make prediction
(Jinks & Pooni 1976 and Pooni & Jinks
1978). Prediction resuits given. in Table
(5) revealed that best predictable inbred
line (P max) and having alleles for the
desired traits and exceeding of F; hybrid
were obtained for heading date, flag leaf
length, flag leaf widih, spike length,
number of spikelets/spike, number of
grains/spike, 1000- grain weight and
grain yield/plant. Similar results were
reported by Eissa (1994¢) and Al-
Kaddoussi (1997).

The conventional breeding methods
are of labour and time consuming to
overcome to predict the potential of re-
combinant lines that could be derived by
number of selfing generations of a cross
between (wo inbred lines. They used the
normal probability integral equation {[d]
D) to predict the proportion of inbred
falling out side parental range of a cross.
The results of prediction provide evi-
dence that the highest proportion of re-
combinant lines were obtained for head-
ing date (38.97), flag leaf length {37.82),
flag leaf width (44.43), number of
spikelets/spike  (43.64), number of
grains/spike (39.74), 1000- grain weight
{(41.29) and grain yield/piant (47.21) indi-
cating that these characters are promising
ones and give the breeder courage to con-
sider these parents and crosses in a breed-
ing programme aiming to improve these
characters. In this respect, high propor-
tion of recombinant inbreds likely to fail
out side parent range were obtained for
spike length (Al-Kaddoussi and Eissa
1990) and grain weight/spike (Eissa
1994¢ and Al-Kaddoussi 1997).

Arab Univ. J. Agric. Sci., 14(1), 2006
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Tabie 4. Estimales of genetic components additive (D) and dominance {H} using North Carolina Design IH for the studied

characters.
Characters Flag  Flag Exuu- ) No.of  Spike ~ No. Grain
Heading  Plant  Flag leaf ] spike . ) No. of 1000.
leat leaf  sion spike-  grainf . of - yield/
date  height  length ) length ) spikes/ _ grain
Genetic width  area  length lets weight grain/ plant
(days) {cm) {cm) s (cm) plant weight
COMPORERtS {cm) {cm) (cm) fspike (g.) plant (g}
D 56.76 1992 5.67 242 234 1356  5.38 6.91 0.39 264 587 1734 1034
H 3379 1747 455 203 300 777 3.39 7.87 044 713 762 1215 2409
(HDY"™ 0.62 094 089 091 113 076 079 107 106 164 113 083 .53
F -841  71.52 -2.36 091 .04 258 -1.49 6.66 -0.04 237 481 -1294 811
Sumdifferences 0110 0941 0232 0921 0061 -0.531 -0232 0414 0061 033
0.410 0071 0.180

WHES pur Premy ‘ewries
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Table 5. Predicting the range of new recombinants 10 fall ouiside their parental range for the swudied characters, using

eAYM U S]naj‘ja auany

N.C.D. I

Parameiers Proportion

L, - L, of inbreds

Characlers Py [m] (dl (D] m+72 J—]S m-2 \/—]5 4] I-\/ﬁ falling ouwt

side parental

range
Heading date (days) £9.21 -2.62 86.76 107.83 70.59 -0.28 3897
Plant height (cm) 91.62 -3.31 19.92 100.55 82.7 -0.49 31.21
Flag leaf length (cm) 23.40 0.73 5.67 28.16 18.64 0.31 37.82
Flag leaf width {cm) 293 0.21 242 544 0.78 0.14 44.43
Flag leaf area {cm)? 39.26 0.93 2.43 42.31 36.20 0.61 27.09
Exirusion length (cm) 16,77 -1.62 13.50 24.12 9.42 0.44 3299
Spike length (cm) 13.50 0.63 5.38 18.14 8.86 -0.27 39.35
No. of spikelets/ spike 24.14 0.41 691 29.40 19.5 0.61 43.64
Spike grain weight(g.) 2.94 0.46 0.39 4.19 1.69 0.74 20.04
No. of spikes / plant 5.830 0.42 2.64 9.05 2.56 0.26 39.74
No. of grains/spike 68.20 -1.21 5.87 73.04 63.35 -0.50 30.85
1000. grain weight (g.) 44.71 -0.93 17.34 53.04 36.38 -0.22 41.29
Grainyield/plant (g.})  16.64 0.24 10.34 23.04 10.21 0.07 47.21

LT
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Tabie 6. Epistasis (r;) genetic correlation(l., + L, - P} between the studied characiers.

Characters 2 3 4 5 6 7 ¥ 9 10 11 12 13
I-Heading dale (days) 0.248 0.79-I‘ 0.65 l“ -0.023 -0.34; 0171 -0.85 i. 0.141 -0.67 I" 0.242  -0.85 l‘. -0.683“
2-Plant heigii (cm) 0.236 -047I1 ‘ -0.71 l“ 0.523 . 0.1 G.87 I" 0‘842” 0.653" 0.621" -0.484. ~0.85&E.
3-Flag leaf length (cm) -0.132 -0.61 l” -0.142  -0.85 l” -0.71 l" -0.481. -0.532. 0.368 -0.482. 0.443 .
4-Flag leaf width (cin} 0.596. . -0.98; -0.64 ;. 0311 0.362. . -0.024 0312 0453 . -0.263
5-Flag leaf area (cm?) Q.75 I. -0.83 ; ' -0.61 (’; —0.79:1‘ -0.98 ;‘ -0.98;. -0.85; -0.95;
6-Extrusion length (¢m} -0.65; 0.42) 0.842“ 0.162  0.147 0.632“ 0.5!3‘
7-Spike length (cm) 0.862" -0.69; 0158 Q.163 0182 0181
8-No. of spikelels/spike -0.65(;. -0.88;. 0.913" 0.132 0.858“
9-Spike grain weight {(g.) —0.858“ 0263 0285 0.127
10-No. of spikes/plant —0.98';‘ 0.113 0.943“
! 1-No. of grains /spike -0.031 0.875“

0.88 I"

12-1000-grain weight{g.)
13.Grain yield/plant {g.)

tLL
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Table 7. Additive (r,} genetic correlation(L; — L) between the studied characters .

Characters 2 3 4 5 6 7 8 9 10 1 12 13
I-Heading date (days) -0.212 0.362 -0.942“ 0.62-l. 0.142 -0.452' -0.361 -0.958" »0.85?;‘ -0.625;. 0.541 ' 0.36}
2-Plant height (cm) -0.65 lu 0.236 0052 0321 0053 0141 -0.021 0142 -0031 0342 0222
3-Flag leaf length (¢cm) -0.121 0.243 0321 06085 0223 -0.101 0031 0146 0351 0.162
4-Flag leaf width (em) 0.222 -0.231 0143 0361 0333 0158 0048 0241 0270
5-Flag leaf area (cm”) -0.642" 0177 0253 0.054 0.43 0.062 0210 0321
6-Extrusion length 0312 03] 4 ' 0.231  -0.221 -047 I -0.951;. 0.031
{cm)
7-Spike length {cm} 0.942” 0.081 0058 0332 0254 0251
8-No. of spikelers/spike 0.167 -0.481] | -0.862;' -0.363  0.109
9-Spike  grain  weight -0.64I" 0.007 -0.81 é- 0.936"
)]
10-No. of spikes/plant -0.211 -0.06] 0.698"
11-No. of grains /spike -0.88 I 0923 .
12-1000-grain weightig. 0.862“
13-Grain  yield/plant

L)
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Table 8. Dominance (rp) genetic correlation(l, - L;) between the studied characters .

Characters

1-Heading dale (days)

2-Plant height (cm)

3-Flag leaf length
{tm)
4-Flag leat wadth
{cm)

S-Flag leaf arca (cm’)

6-Extrusion
{cm)

length

7-Spike length {cm)

8-No. of
spikelets/spike

9-Spike grain weight
(g

10-No. of spikes/plant

H-No. of
fspike

grains

12-1000-grain weighi(g

13.Crin  yield/plunt

)

0.037 113

0943

-0.010

-0.685

-0.194

6 7 3 9 10 i 12 i3
0423 0014 0023 0051 0228 0446 0636 0.454
0893 -0.240 0624 007 085 0063 0278 093
0012 0785 0538 0856 0841 0642  0.007  0.624
0567 0178 0699 0071 0852 0013 0943 0342
0893 076 0.8 0162 -0.636 .0.853 0465  0.289
0402 0652 -0.314 0498 0854 0064 0.117

0347 0014 0261 0137 0192 0988

0797 0458 0499 064 0.793

0651 0915 0488 0854

0942 -0623 0367

0314 0941

0.753

0Lt

BUIT(ES

1
+

Waeg pue peemy



Gene effects in wheat 277

Genetic correlation

The kind of relationship which accur
between characlers is important for better
planning of a selection programme. The
knowledge of phenotypic and genetic
cosrefation help the breeder to improve
the efficiency of selection by using favor-
able combination of characters and to
minimize the retarding effect of those
characters It is possible to increase the
efficiency of selection for one character
by indirect selection via another charac-
ter.

Separation out the genetic correlation
10 its components of epistasis, additive
and dominance genetic correlations com-
puted the epistasis genetic correlation.
Table (6) provides evidence for positive
and significant genetic correlation be-
tween epistatic gene etfects controlling
heading date and each of plant height,
flag leaf length and flag leaf width; be-
tween plant height and each of extrusion
length, number of spikelets/spike, spike
grain weight, number of spikes/plant and
number of grains/spike, between flag leaf
width and each of, flag leaf area, spike
grain weight and [000- grain weight, be-
tween spike length and number of
spikelets/spike, between number of
spikelets/spike, and each of number of
srains/spike and grain yield/plant, be-
tween grain yield/plant and each of, num-
ber of spikes/plant, number of graing/
spike and 1000- grain weight.

The additive genetic correlation re-
sults (Table 7) indicate positive and sig-
nificant correlation between heading date
and each of, flag leaf area and 1000-
grain weight; between spike length and
number of spikelets/spike and between
grain yield/plant and each of; spike grain

weight, number spikes/plant, number of
grains/spike and 1000- grain weight,

The dominance genetic correlation
shown in Table (8) indicate that, positive
and significant correlation between head-
ing date and grain yield/plant, between
each of tlag leaf length, spike length and
grain  yield/plant,  between  grain
yield/plant and each of: spike length,
number of spikelets/spike, spike grain
weight, number of spikes/plant, number
of grains/spike and 1000- grain weight
generally the resulis revealed that both
additive and dominance gene effects con-
trolling yield and its contributing charac-
ters {number of spikes/plant, number of
grainsfspike, 1000-grain weight) were
significantly correlated with each other,
suggesting a common genetic pool, or
pleiotropy. Since additive effect of genes
is a fixable type, therefore, cormelation
between additive genes is [avorable.
Thus, selection based on such type may
indicate that the indirect selection via
number of  grains/spike or  grain
weight/spike would be effective in im-
proving grain yield and reinforcing its
importance as a selection criteria.
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