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SELECTION FOR GRAIN YIELD PER PLANT
UNDER HEAT STRESS IN BREAD WHEAT (Triticum
aestivum L.}
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Abstract: Drivergent  phenotypic
selection for grain yield per plant under
heat siress in wheat {Triticum aestivum
L.) was performed in five F; populations
derived from crosses  established
between eight local landraces quite
variable in heat susceptibility index
under the heat stressed condition of a
late sowing date. Selection was imposed
on 200 F2 spaced plants for each of the
five populations where the highest and
the lowest five plants in grain vield
were selected. Responses in grain yield
per plant and the correlated response in
a number of agronomic iraits were
measured in the F; descending families
of the selected F; plants against the Fy
bulics.

Selection for higher grain yield per
piant under heat stress produced
significant positive responses in three
populations derived from heat tolerant x
heat susceptible crosses, with the
responses ranging from 3.87 to 23.71%
of population mean with an average of
11.59%. However, seleciion for lower
grain yield per plant was ineffective in
four of the five populations which
substantiate the conclusion of other
factors, possibly earliness supporting
yield under heat stress. The heritability
estimates of grain yield per plant under

heat stress were rather low ranging from
0.03 ta 0.19.

Selection for nigher grain yield per
plant resulted in positive correlated
rosponses in grain weight per spike
which  was  significant in  three
populations and ranged from ©.93 to
8.56% with an average of 6.67% of
nopulasion mean. In the low grain yield
per plant direction. the grain weight per
spike was significantly reduced in two
populations only with an average
reduction of 9.04% of the population
mean. The heritability estimates were
low ranging from .05 1o 0.51.

Positive and significant concurrent
responses 1o seiection for high grain
yield were also obtained in 1000 grain
weight in four of the five populations
which ranged from 0.13 to 7.54% with
an average of 4.47% of population
mean. Meanwhile, significant
reductions were obtained in 1000 grain
weight in the five populations with
selection for lower grain yield per plant
which ranged from 3.74 to 18.31% with
an average of 9.79% of population
mean. The beritability estimates ranged
from low (0.14) in one population to
moderate to high in the other four (0.4
to 0.84).
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Introduction

The high tempersture prevailing
during maturation hinders the
productivity of wheat (Stone and
Nicolas,1995):  Various physico-
chemical processes are responstbie
for heat tolerance in  wheat
genotypes. The genetic variation
with regards to such processes
among wheat genotypes would be of
great value in developing heat
tolerance cuitivars. It has already
bean established that many wheat
genotypes can be considered high
temperature  tolerant  {Lawson
1986}.In wheat improvement
programmes, breeding for heat stress
tolerance in has bean approached
through the utilization of limited
number of progenitor germplasms in
crosses and the subsequent selection
for high yield under favorable
environmental conditions.  Such
course of action resulted in
narrowing down of genetic diversity
of the tolerance traits including heat
stress tolerance (Holden et al.,
1993). As sugpested by Hede et al,,
(1999) wild species and landraces
may harbour genes for tolerance
fraits which are extinct in modem
cultivais. Therefore, 2 number of
landraces collected from stressful
isolated fiekds in Upper Egypt, with
variable heat susceptibility index for
grain yield were used in this study
for nitiating the F2 populations on
which selection for heat stress
tolerance was imposed. The
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objective of this study was: to asses
response to divergent selection for
heat stress grain yield per plant in
wheat.

Materizls and methods

Eight local iandraces of bread
wheat (Triticun aestivum L.) quite
variable in heat tolerance were used
as parents for the crosses from
which the five F, populations of this
study were derived.

The parental landraces were
chosen from the germplasm
accessions collected from farmers'
fields in stressful areas in Upper
Egypt in 1993 (Omara, 1994). The
whole array of landraces which
included 130 accessions was
evaluated for drought and heat
tolerance under field conditions in a
projeqt at the Dept. of Genetics,
Assiu}  University where ecach
landrdce was characterized by a heat
susceptibility index (HSI). The
acces§ion numbers and relative HSI
of the eight parental landraces are
given in Table 1.

In  2001-2002 season, five
crosses were established among the
eight parental landraces; the details
of which are given in Table 2. Four
of the five crosses were made
between parents contrasting in their
relative heat tolerance so as to
ensure cnough variability to be
generated in the segregaling
generation.
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Tabie 1): Designation numbers and relative heat susceptibility index of the

eight parental Jandraces.

T

{ Designation numbers HIS characterization
WA 50 1.38 HEESLisceplible
45-3-4 0.36 Heat tolerant
WK 37 0.48 Heat tolerant
WK 4 1.24 Heat susceptible
WA 50 0.92 Heat tolerant
WA90 0.87 Heat tolerant
WA 81 1.14 Heat susceptible
WS 126 i15 Heat susceptibie

Table (2): Crosses established between the eight parental tandraces,

Cross No, Cross Description
i 45-3-4xWAS50 Tolerant x susceptible
2 WEK37xWAS0 Tolerant x susceptible
3 WASBOxWK4 Tolerant x susceptible
4 WAIOxWAS! Tolerant x susceptible
5 WABIxWS126 Susceptible x susceptible

The F,’s were grown in the 2002
-2003 season in order to produce F
seeds. Tn 2003 -2004 season, seeds
of the five F; populations were sown
into the clay-loam fertile soil of
Assiut  University Experimental
Farm in normal ([7 November) and
late (23 December} sowing dates so
as to allow the late sown plants to be
subjected to the heat stress which
usually develep later in the season.
The recorded temperatures during

February and March 2004 (Assiut
Agriculture Meteorological Station)
indicated that heat waves have
occurred with temperature rised
above 34 °C for several days which
coincided with the post flowering
stages of plant development.

A total of 200 spaced plants were
raised for each of the five F»
populations at each sowing date.
Plants were arranged in rows of 10
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planis spaced 50 cmi apart with p
within rows set 30 cm from each
other. Each individual plant was
tagged with a serial number referring

to the population and the sowing date.

At maturity, plants  were
individually harvested and grain
yield per plant was determined.

I- Selection procedure:

Divergent selection for heat
stress tolerance was applied to the
late sown 200 F, plants of each of
the five popuiations. The selection
criteria used was stress grain
yield/plant (g).

The highest five piants in stress
grain yield /plant were selected in
the high direction. Meanwhile, the
five plants with the lowest stress
grain yield were selected in the low
direction {an intensity of 2.5% in
each direction). For each population,
equal numbers of seeds were pooled
from the 200 F, plants so as to form
the F; bulks.

In 2004-2005 secasons, an
experiment was conducted at the
Exp. Farm of Assiut University for
assessing the response to selection
for stress grain yield /plant. The
experiment was planted in the field
in a late sowing date {22 December)
which was so chosen as to expose
the selected plants to heai stress
resulting when temperature rises late
in the growing season. The recorded
temperaiure during February and
March 2005 indicated  the
occurrence of waves of high
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temperature {above 30°C) which
coincided with post flowering stages
of plant development.

The selected F; families of the
five crosses were raised along the Fs
bulks in a randomijzed complete
block design with three replicaticns.
Each family was represenied in each
block by a 10 -- plant row with rows
spaced 50 com apart and plants
within rows set 30 cm from each
other,

At maturity, grain yield per plant,
number of spikes per plant, 1000
grain weight and harvest index were
determined for each individual plant.

H1- Heritability estimation

Heritability of each character was
estimated by Parent -—offspring
regression (by,); determined for each
character by regressing the means of
the F; selected families on the
values of their corresponding
progenitor F, plants.

Results
Base populations

I- Distribution of F; segregates
under normal and late sowing
date conditions

The distributions of F, segregates
of the five crosses for grain yield per
plant under normal and late sowing
date conditions are illustrated in Fig.
(1) The  distributions  were
continuous and normal for the five
populations.
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Under the heat stress of the late
sowing date, the distributions
became narrower than those of the
normal sowing date with the CV.
values being uniformly reduced.
Similarly, the mzan grain yield per
plant was consistently reduced under

the heat siress of the late sowing
date. Grain vield reductions due to
heat stress ranged from 23.05% for
pop.3 to 39.2% for pop.2 with an
overall average reduction of 33.53%
(Table 3).

Tabie(3): Means of grain yield per plant (g) of the five F, populations under
normal and late sowing date couditions with the means of the
plants selected in the higher and lower directinns under heat stress
together with the selection differential.

. . Mean of e Selection
Popi‘lgtlon Population Mean selected F, plants differential

Normal @ Stress | High Low High Low
1 40.89 26.79 60.12 7.12 33.33 19.67
2 44.34 26.94 54.66 4.24 27.72 22.70
3 44.50 29.30 65.04 6.70 35.74 22.60
4 46.87 29.57 57.46 9.30 27.89 20.27
5 39.53 36.42 75.86 5.74 45.44 24.68

The selection differentials in the
high direction ranged from 27.72 g
(pop.2) to 45.44 g (pop.5) with an
overall average of 34.02 g. In the
low  direction, the selection
differentials  were  consistently
smaller than those of the high
direction ranging from 1967 g
{(pop.1) to 24.68 (pop.5) with an
average of 21,98 g (Table 4}.

I1- Phenotypic correlations in the
F, populations

Grain
positively

plant was
significantly

vield per
and
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correlated with both grain weight
per spike and 1000 kernel weight
under both normal and late sowing
date conditions (Table 4) in the five
populations analyzed. The
associations between grain yield per
plant of the F, segregates with
harvest index was weaker under
normal sowing date conditions than
under late sowing date conditions
where it was uniformly significant in
the five populations. The association
between grain vield per plant and
flowering time was uniformly
negative under the late sowing date
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Table(4): Phenotypic correlations between grain yield per plant and other agronomic traits in the F, plants under
normal and late sowing date conditions.

*P<0.05 **P<00l

Normal sowing date ]
Traits __WiGraiu ;/i_eld perplant ]
Pop. ! Pop.2 { Pop.3 | Pop.4 Pop 5
Grain weight/spike 0.440% | 0.637** | 0716%% | 0.597** 0.663**
i ganweign | o2 | ossse | oaes | oz | 0w
Harvest index (%) | 0.156 0074 | 0021 0.264%* 0.253*
| Flowering time | 0044 0013 | -0.056 0124 | 0081 |
Late sow;ng date
Traits “_W B Grain yield per plant o
B 1 Popl R Pop.2 2 TI Pop.3 ~_ Pop4 Pop.5
| Grain weight/spike 0.331%* 0.516%* L 0.485% 0.439** 0.489%*
1000 grain weight O 0248% | 02567 T o300 | oae o242+
| Harvestindex (%) 0233% | 0.500%* “J[_w_o._if??_ﬂ_ Toaase | 0220t |
Flowering time 0128 03854 | 0.306%* 02624 | 0203* |
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conditions indicating the role of
earliness in escaping the heat stress
that developed later in the season.

ITI - Response to selection for
Grain yvield per plani:

Positive responses to selection
for grain yield per plant were
obtained in both the high and low
directions in the five populations
{Table 5). Significant responses to
selection for high grain yield per
plant were obtained in three
populations, namely pop.l, pop.2
and pop.3 but was non-significant in
the other two popuilations. The
%aresponse ranged from 3.87 (pop.4)
to 25.71% (pop. 1) with an average
of 11.59% of the population mean.
Meanwhile, % response to selection
in the iow direction for decreased
grain yield per plant was significant
in one population only, namely
pop.2. The %response ranged from
0.037 (pop.5) to 18.40% (pop.2)
with an average of 6.48% of the
population mean.

The heritability  estimates
obtained by the parent-offspring
regression (by,) were quite similarly
low and ranged from 0.03 to 0.19 for
the five populations.

The analysis of vartance revealed
significant differences between the
Fy families selected for high (H) and
those selected for low (L) grain
vield per plant in four of the five
populations. The  differences
between the average of the F,
families selected for high and those

53

selected for low grain yield per plant
were 6.95. 8.15, 3.24, 2.99, and
2.32g for pop. 1, pop.2, 1pop.3, pop.4,
and pop.5, respectively with an
overall average difference of 4.73g.
The %response was greater in the
high direction in three populaiions
namely, pop. 1, pop.3 and pop.5. but
greater in the low directton for pop.2
and pop.4.

The correlated responses to
selection for grain yield per plant.

3.1- Grain weight per spike:

The correlated responses to
selection for grain vield per plant in
grain  weight per spike when

selection was practiced for higher
grain yield per plant were positive
and significant in three populations
(Table 6) and ranged from 0.93%
(pop.4) to 8.56% (pop.2) with an
average of 6.67% of the population
mean,

Meanwhile, the correlated
responses to selection in the grain
yield per spike, when selection was
practiced for lower grain yield per
plant were positive in four of the
five populations and reached
significance in two populations
(pop.2 and pop.4). The correlated
response obtained with selection for
lower grain yield per plant in grain
weight per spike ranged from a
reduction of 1.52% (pop.3) to
25.59% {pop.2) with an average of
9.04% of the population mearn.

The heritability estimates
obtained by the parent-offspring



Table(5): Response to selection for grain yield per plant in the high and low directions as well as parent-offspring

regressions (byo)
Pop No. Pop 1 Pop 2 Pop 3 Pop4 Pop 5
% . % % % %

Mean Response Mean Response Mean Response Mean Response Mean Response |
F; Bulk 24.54 27.33 25.62 27.1 27.2 ]
High 30.85 1 25.713** | 30.45 | 11.416% | 27.79 | 8.469* | 28.15 | 3.874 29.51 18492 |

Low 23.9 | 2.607 223 [ 18.404** | 24.55 | 4.176 25.16 | 7.158 27.19 | 0.0367

WHG’('L"‘E’)"'“’ 0.12240.053* | 0.186:0.121 | 0060+06087 | 0056+007 | 0.0290.048

jri)
*P<0.05 **P<(.01

Table(6): Correlated responses to sclection in grain weight per spike as well as realized heritability estimates and

parent-offspring regression (by,).

Pop No. Pop | Pop 2 Pop 3 Pop4 Pop 3
% % % % %
Mian Response Mean Response Mean Response Mean Response Mean Response
Fy Bulk  2.043 2.02 11706 2.15 1.973 B
High 2213 | 8321* (2,193 | 8.564* | 1.83 7268 | 2.13 0.93 2.136 | 8.261*
Low 2.003 1.957 1.503 | 25.594** | 1.68 1.524 1.86 | 13.488** | 2.026 | 2.6806 |
*—*-M"(t;b;l' 0.27+0.094%* | 0.51£0.151%% | 0.16+0.108 0.15+ 0.091 0.05 = 0.103
(L)
*P<0.05 **P <001
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regression {by,) were low and ranged
from 0.05 10 6.51.

The analyses of vanance revealed
significant differences between the
averages of the F, families seiccted for
higher and those sefected for lower
grain yield per plant in grain weight
per spike in three populations, namely
pep. 1, pop.2 and pop.4.

3.2- 10060 grain weight:

The correlated  responses  to
selection for grain yield in 1000 grain
weight were positive and significant
in four of the five populations (Table
73 and ranged from 0.13% (pop.4) to
7.54% (pop.2) with an average of
4.471% of the populaticn mean.

Meanwhile, the correlated responses
in 1000 grain weight, when selection
was practiced for lower grain yield per
plant were positive and significant in
the five populations and ranged from
3.74% (pop.1) to 18.31% (pop.2) with
an average of 8.79% of the population
mean.

Meanwhile, heritability estimates
obtained by the parent-offspring
regression (b)) were high in pop.2
(0.84) but of moderate magnitude for
pop.l (0.32), pop3 (0.45), popd
(0.60) and pop.5 (0.45).

The differences in average 1000
grain weight between the families
selected for high and those selected
for low grain yield per plant were
consistent in four of the five

populations namely, pop.l, pop.3,
pop4 and pop.5 and amounted t03.37,
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507, 607 and 701 g in the four
populations, respectively.
Discussion

The impact of heat stress of the
late sowing date on grain yield per
plant was rather strong since the
reductions ranged from 23.05 to
39.2% with an average of 33.5%.
Similar reductions of 40 to 50% were
reported by Blum et al. (2001) in
recombinant inbred lines of wheat
grown under heat stress.

The significant positive responses
obtained in this study to selection for
higher grain yield per plant under heat

stress  was confined to there
populations derived from crossing
heat tolerant x heat susceptible

parental landraces. Progress has also
been reported with selection for grain
yield under stress using barley dry
land landraces (Ceccarelli et al,
1998). Such responses were attributed
to in harbor physiological factors for
stress adaptation present in the dry
land landraces (Blum e af., 2001 and
Ceccarelli ef al, 1991). The Jack of
response in pop. 5 which was derived
from cross between heat susceptible
parents lends further support to the
conclusion.

The apparent low realized
heritability estimates obtained for
grain yicid under heat stress (ranged
from 0.03 to 0.13) and the reductions
of genetic variation have been
reported by Ceccarelli (1989) and
Blum et af. (2001).
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well as parent-offspring regression (by,).

Table(7): Correlated responses to selection for grain yield per plant in 1000 Grain weight in the high and low directions as

Pop No. Pop 1 Pop 2 Pop 3 ! Pop4 Pop 5 B
¢/ 0, 0 0 0,
Mean o Mean & Mean o Mean Vo Mean 7o

Response Response Response Response Response 1

F;Bulk | 49.45 42.7 42.95 46.15 50.97 i
High 50.97 ! 3.07* 45.92 | 7.54%* 44.99 | 4.749** | 4621 | 0.13 "54.47 | 6.866""
Low 476 | 3.74* 34.88 | 18.313** | 39.92 | 7.054** | 40.14 | 13.022** | 47.46 | 6.886**
———he"zgab;ﬁg 0.32+0.121% | 084+0.133%% | 0450082 | 0.6040213* | 045%0.168*

PO,
*P<0.05 **P<0.01
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Such reductions would  hinder
progress from selection unless some
specific factors for stress resistance
is expressed in tae populations
which sustained yield (3lum et al,
2001). Evidently the dry land
landraces used in this study, being
the product of natural and artificial
selectton must harbor certain genes
for stress tolerance which might
account for the responses obtained.

The absence of significant
responses 1o selection for lower
grain yield per plant under heat
stress in four of the tive populations
used in this study could be attributed
to other factors, probably eariiness,
supporting yield under heat stress
through escaping. The fact that grain
yield per plant was significantly
correlated with earliness only under
heat  stress  substantiate  that
conclusion. Similar correlation was
found between grain yield and
eartiness in bartey under drough
stress {Ceccarelli es al., 1991). t‘

The concurient positive
responses in both grain weight per
spike (averaged 6.67%) and in 1000-
grain weight {averaged 4.47%) were
smailer than the response in the
selection character {11.6%) as
expected apparently, the significant
posttive associations per plant under
heat stress may account for such
correlated responses.
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