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Abstract: A doubled haploid (DH) population consisting of 157 lines derived from a cross between Fukuho-ku-
mogi and Oligoculm was evaluated for agronomic characters in this study. Highly significant differences were
detected among DH lines for all of the characters investigated, including grain yield and its components. Estima-
tion of phenotypic and genetic coefficients of variation indicated that peduncle length, spikes/m?, plant height,
grains/spike and grain weight/spike had higher variation than the other characters. The narrow sense heritability
ranged from 63% for grain yield to 99% for plant height. Grain yield correlated positively with each of biological
yield, spikes/m? harvest index and grain weight/spike. There was no correlation between grain yield and heading
date or maturity. Based on regression analysis, the most important components for grain yield were recognized
as grain weight/spike, spikes/m? and spikletes/spike, which contributed to 64.2%, 28.4% and 0.5% of its variation,
respectively. Path analysis revealed that grains/spike had the largest direct and positive effect on grain yield. The
lowest direct and positive effect on grain yield was found for 1000-grain weight. The largest indirect and nega-
tive effect on grain yield was related to spikes/m? via grains/spike. These results implies that grain yield of this

population can be improved by improvement of the spikes/m? and grains/spike.
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Bread wheat (Triticum aestivum L.) is the most
widely cultivated and important food crop in the
world. The development of high yielding wheat
cultivars is the major objective of breeding pro-
grams. The genetic variation for the trait under
selection and a higher heritability are necessary
to have response to selection (FALCONER & Mackay
1996).

Knowledge of the genetic association between
grain yield and its components can help the breeders
to improve the efficiency of selection. Therefore, it
is important to study the relationships among the
characters and to find their direct and/or indirect
effects on grain yield. Although the relationship
between yield and other agronomic characters in
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wheat has been studied by a number of workers
(SingH & Stoskror 1971; Enpare & Waines 1989;
MocuADDAM et al. 1997), it is not fully understood
(CampseLL ef al. 2003). In the studies conducted by
BHATT (1973), JaMINI ef al. (1974), and SinHA and
Suarma (1979), grain yield was positively correlated
with number of heads per plant, number of grains
per head and grain weight. The positive direct
effects of number of heads per plant, number of
grains per head, grain weight and harvest index
on grain yield has been reported in wheat (EupaIe
& WaInNEes 1989).

The objective of this work was to investigate
the genetic variation, estimate the heritabilities,
and study the relationships among the characters,
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including grain yield and its components, in a
wheat DH population.

MATERIALS AND METHODS

A DH population of bread wheat (157 lines),
which was developed from a cross between a
Japanese wheat cultivar Fukuho-komugi and a
breeding line Oligoculm (Arsmon & Jacoss 1977)
with their parents were evaluated in this study.
The DH lines were produced by wheat x maize
crosses (SUENAGA 1991). The Fukuho-komugi had
a normal spike size and spike number, while the
Oligoculm showed extremely large spikes with re-
stricted spike number (ATsmoN & Jacoss 1977). The
experiment was carried out in 2003, at the Isfahan
University of Technology Research Farm, using
a randomized complete block design with three
replications. Each experimental unit consisted of
four rows, each 2m long and with 20 cm between
rows. The data for heading date (HD), spike length
(SL), spikelets/spike (S/S), spikelet compactness
(SC), plant height (PH), peduncle length (PL),
maturity (M), spikes/m?(S/m?), biological yield/m?
(BY), grain yield/m? (GY), grain weight/spike (GW/S),
grains/spike (G/S), 1000-grain weight (TGW) and

harvest index (HI) were recorded for each experi-
mental unit.

The variance components, phenotypic and ge-
netic coefficient of variation (PCV and GCV) were
computed as suggested by Burton and DEVANE
(1953). Genetic correlation coefficients were esti-
mated based on the formula of MiLLER ef al. (1958),
using the genetic variance and covariance compo-
nents. Since, the genetic variances among DH lines
consists of 207 (additive variance), the estimated
heritabilities were considered as narrow-sense
(HaLLUER & MIRANDA 1998). Stepwise regression
analysis (MoNTGOMERY & PEck 1992) was used to
find the important characters contributing to grain
yield variation. Path coefficients analysis (DEwEy &
Lu 1959) using genetic correlation coefficient was
performed to determine the direct and indirect ef-
fects of grain yield components on grain yield.

RESULTS

Highly significant differences were observed
among the genotypes for all the characters, indi-
cating that there was genetic variation for these
characters (Table 1). The genetic coefficient of vari-
ation (GCV) was high for peduncle length, plant

Table 1. Phenotypic (PCV) and genetic coefficient of variation (GCV), components of variance, coefficient of
variation (CV) and narrow-sense heritability (H, %) of the characters

Estimates of variance

Character I\;Ife arelns(?uareess components® Mean (CO/V) Izg\)] (is ;/ (};”)

genotypes L T oo 6 6 6 :
Heading date (days) 80.1** 26.6 25.4 12 148.9 3.47 3.4 3.3 95
Maturity (days) 22.49** 7.4 5.7 1.7 198.1 1.38 1.3 1.2 77
Plant height (cm) 977.1** 324.9 322.0 2.9 86.54 20.85 20.8 20.7 99
Peduncle length (cm) 201.3** 67.0 65.6 1.4 35.93 22.80 22.8 22.5 97
Spike length (cm) 13.9** 4.56 4.1 0.46 17.67 12.19 12.2 11.5 89
Spikletes/spike 6.6** 2.28 1.9 0.29 19.30 7.70 7.7 7.1 83
Spiklete compactness 0.06™* 0.011 0.01 0.001 1.11 13.9 9.4 9.0 90
Spikes/m? 52 210** 19735 13541 6194  702.8 19.99 20.3 19.9 68
Grains/spike 499** 149.5 138.7 10.8 61.7 19.82 19.8 19.1 92
Grain weight/spike (g) 0.66** 0.22 0.19 0.02 2.40 19.59 19.6 18.4 86
Biological yield/m? (g) 36 855** 122842 81572 41277 21147 16.57 16.5 13.5 66
Grain yield/m? (g) 72 427** 24142 15449 8693  907.2 17.13 17.1 13.7 63
Harvest index (%) 0.007* 0.0023  0.002  0.0003 043 17.13 11.8 10.4 86

a 2 2 2 . . . . . .
O o 07 and o,.” indicate the phenotypic, genetic and error variance, respectively
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Table 2. Genetic correlation coefficients among the characters of heading date (HD), maturity (M), plant height
(PH), peduncle length (PL), spike length (SL), spikletes/spike (S/S) , spikelet compactness (SC), spikes/m?(S/m?),
grains/spike (G/S), 1000-grain weight (TGW), grain weight/spike(GW/S), biological yield/m? (BY), grain yield/m?

(GY) and harvest index (HI)

Character HD M PH PL SL S/S SC S/m?> G/S TGW GW/S BY GY HI
HD 1.00 0.79 008 003 063 044 -031 -037 049 -056 023 013 -012 -0.37
M 1.00 -022 -026 046 042 -017 -034 061 -058 030 0.05 -0.04 -0.15
PH 1.00 09 033 -035 -052 021 -035 029 -015 053 0.08 -0.65
PL 1.00 028 -035 -047 020 -036 029 -0.16 046 0.04 -0.63
SL 1.00 021 -085 -023 035 -032 026 042 0.06 -0.53
S/S 1.00 039 -035 065 -056 033 -0.06 0.05 0.14
SC 1.00 002 0.04 -0.03 -0.05 -044 -0.02 0.61
S/m? 1.00 -065 007 -071 041 040 0.01
G/S 1.00 -051 077 0.01 020 0.27
TGW 1.00 012 018 018 0.18
GW/S 1.00 014 033 027
BY 1.00 075 -0.29
GY 1.00 0.39
HI 1.00

height, spike/m?, grains/spike, grain weight/spike
and grain yield and it was moderate for spike
length, biological yield, grain yield, grain weight
and harvest index (Table 1). However, the heading
date and maturity had the lowest GCV among the
genotypes. The narrow-sense heritability ranged
from 63% for grain yield to 99% for plant height
(Table 1). High heritabilities were estimated for all
the characters, except for maturity, spikes/m? and
both biological and grain yield which had relatively
moderate heritabilities (Table 1).

The heading date and maturity were positively
and highly correlated. Maturity had relatively
high and positive correlation with grains/spike
and moderately correlated with spikelets/spike
and spike length (Table 2). No considerable genetic
correlation was observed between maturity and
each of grain yield, harvest index and biological
yield. However, the genetic correlation between

maturity and 1000-grain weight was moderate and
negative. Plant height showed positive correlation
with biological yield, but it was negatively corre-
lated with harvest index and spiklete compactness.
Grain yield was positively correlated with biological
yield, spikes/m?, harvest index and grain weight/
spike. Grains/spike had positive correlation with
grain weight/spike, spikletes/spike, spike length,
heading date and maturity. The results of regres-
sion analysis for grain yield as dependent variable
and other characters as independent variables were
presented in Table 3. Based on the partial coeffi-
cients of determination (R?), spikes/m? and grain
weight/spike contributed approximately 28.4% and
64.2% in grain yield variation, respectively. How-
ever, spikletes/spike had the lowest, but significant
contribution in grain yield variation.

The path analysis showed that grains/spike,
spikes/m? and 1000-grain weight had positive

Table 3. Results of regression analysis for grain yield as dependent variable

Independent variable Coefficient Partial R? Model R? Prob.>F
Spikes/m2 1.344 0.2840 0.2841 0.0001
Grain weight/spike 339.056 0.6420 0.9260 0.0001
Spikletes/spike 8.484 0.0058 0.9318 0.0004
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Table 4. Direct and indirect effects of yield components on grain yield via grain/spike, spike/m? and 1000-grain

weight

Indirect effect i
Character Direct effect grains/spike sipkes/m? 1000-grain weight COCI‘;I?SEES)H
Grains/spike 1.333 - -0.727 -0.397 0.20
Sipkes/m? 1.172 -0.827 - 0.054 0.40
1000 grain weight 0.778 -0.681 0.082 - 0.18

direct effects on grain yield (Table 4). Large direct
effects on grain yield were observed for grains/spike
(1.333) and spikes/m?(1.172). However, 1000-grain
weight had the lowest direct effect on grain yield.
Although grains/spike had the largest and positive
direct effect on grain yield, but it showed large
and negative indirect effects via spikes/m? and
1000-grain weight resulted in a low genetic correla-
tion between this charter and grain yield. Spikes/m?
had negative indirect effect on grain yield only
via the grains/spike and it showed higher genetic
correlation with grain yield than the spikes/m?
and 1000-grain weight. Positive direct effect of
1000-grain weight on grain yield was cancelled
by its negative indirect effects via grains/spike,
resulted in having a very low genetic correlation
with grain yield.

DISCUSSION

Phenotypic and genetic coefficients of variation
showed that there was high genetic variation among
the DH lines for all of the characters, except for
maturity and heading date. The existing genetic
variation indicates that the population has high
genetic potential for improvement of the characters
by selection programs. Selection efficiency for a
character is dependent on the magnitude of its herit-
ability and genetic variation (FALCONER & Mackay
1996). High heritabilities for most of the characters
in this study indicate that they can be successfully
improved by selection. The lowest heritability for
grain yield in this study was in agreement with the
results of the others (SipwgLL ef al. 1976; EHDAIE &
WaINEs 1989; BELAY ef al. 1993; MoGHADDAM et al.
1997). The lower heritability for grain yield than
the yield components and also the existing positive
genetic correlation between this character and its
components suggest that selection based upon the
yield components may be more effective to improve
grain yield. The results of this study showed that
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grains/spike and spikes/m? had more contribution
in grain yield variation and they can be considered
as selection indices for grain yield improvement.
No considerable association between grain yield
and each of plant height, maturity and heading
date indicate that simultaneous improvement of
earliness, dwarfness and grain yield in this popula-
tion is possible.
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