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Abstract:

The genetic system controlling variability in stem diameter and number of
vascular bundles in wheat was investigated in an 8 parent diallel cross grown in
favorable environment (normal sowing date) and heat stress environment (late
sowing date). For the two stem attributes genes with additive effects were operat-
ing with non-allelic gene interaction being involved for number of vascular bun-
dles under normal sowing date, heat stress reduced stem diameter by 14.1% on
average while the average reduction in vascular bundles amounted to 10.65%.
The narrow-sense heritability estimates were reasonably. high and comparable in
the two environments being 0.78and 0.62 for stem diameter, 0.78 and 0.73 for
number of vascular bundles under favorable and heat stress conditions, respec-
tively. The two stem attributes were positively and significantly correlated in
both favorable (r = 0.77, p < 0.01) and heat stress environment (r = 0.69, p <
0.01), indicating the considerable proportion of the variation in stem diameter is
accounted for by variation number of bundles in the stem. The impact of heat
stress was grater on grain yield per spike (38.5% reduction) than on 1000 kernel
weight (22.1% reduction). For the two yield components analyzed, the narrow-
sense heritability was rather low being 0.47 and 0.40 for grain yield per spike in
normal and stress environments. Stem diameter was significantly correlated with
both; 1000 kernel weight under favorable (r = 0.59, p <0.01) and heat stress con-
dition (r = 0.59, p < 0.01). Stem diameter was also correlated with grain yield per
spike in the two environments (r = 0.47, and 0.42, p < 0.01). Meanwhile, number
of vascular bundles was significantly correlated with 1000 kernel weight under
favorable conditions only (r = 0.53, p < 0.01) and with grain yield per spike on
the two environments (r = 0.47 and r = 42, p < 0.01). Moreover, the positive sig-
nificant association between stem diameter and 1000 kernel weight was consis-
tently displayed in the 9 F, segregating populations analyzed. Meanwhile the as-
sociation of stem diameter with grain yield per spike was significantly positive in
only six of the 9 F, populations. The results of the present study clearly demon-
strate the utility of selecting for stem diameter for improving heat stress tolerance
as an easy storable character with reasonable high narrow-sense heritability
which will increase storage ability of assimilates in the stem via affecting number
of vascular bundles.
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Introduction:

In wheat growing areas with a
Mediterranean climate such as that of
Egypt, temperature starts to rise
while, plants reach the flowering
stage and anthesis. The ensuing heat
stress that develops later coincides
with grain filling causing 10-15%
loss in grain yield due primarily to
reduced single kernel mass (Wardlaw
and Wrigley, 1994). Evidently, with
the current global warming phe-
nomenon, that affects the whole
world, the impact of heat stress is be-
coming a serious constrain to wheat
productivity. Under elevated tem-
perature during grain filling, photo-
synthesis rapidly declines which re-
duces the supply current assimilates
to the grains leading to reduction in
kernel weight (Wardlaw and Willen-
brink, 2000). At the same time, high
temperature at grain filling acceler-
ates plant respiration (Gent and Ki-
yomoto, 1985 and McCoullogh and
hunt , 1989). With the older leaves of
the plant reaching natural senesces,
the flag leaf alone can not supply the
assimilates needed for both respira-
tion and grain filling under terminal
heat stress (Rawson and Evans,
1983). The wheat plant relies on the
remobilization of the stem reserves of
water-solube carbohydrates into the
developing grains (Blum et al., 1994
and Gent, 1994). Stem attributes, ei-
ther morphological or anatomical will
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impact the storage capacity for the
assimilates and consequently, the
grain filling through remobilization
of assimilates. Recent studies re-
vealed that stem diameter and stem
density as well as stem specific
weight were associated with grain
yield per spike and single kernel mass
(Ehdaie et al., 2006a), through allow-
ing greater provision for grain tilling
under heat stress. Evidently, the vas-
cular system of the stem Particularly
the phloem of the vascular bundles is
the storage facility of the plant for the
assimilate formed before anthesis.
Variation in stem diameter might
therefore be a reflection of variation
in number of vascular bundles in the
stem selection for stem diameter for
enhancing heat stress tolerance might
therefore produce its effect though
changing number of vascular bundles
and consequently the storage capacity
of the stem. The present study exam-
ines the genetic system controlling
stem diameter, number of vascular
bundles and their correlation with
grain yield per spike and single ker-
nel mass under heat stress.

Materials and Methods:

Eight local genotypes of bread
wheat (Triticum aestivum L.) which
are quite variable in stem diameter,
spike length, plant height and yield
were chosen for this study. The name
and description of each genotype are
presented in Tablel.



Assiut J. Agric. Sci., (46) No. (3) 2015 (44-61)

Website: http://www.aun.edu.eg/faculty agriculture/arabic

ISSN: 1110-0486
E-mail : ajas@aun.edu.eg

Table (1): Designation number and name of each of the eight genotypes with

plant description.

Code Name Description

number
1 Giza-168 Medium stem diameter and spike length — short stature
2 Sids-1 Medium stem diameter and spike length — tall stature
3 Gimmeiza-7 | Large stem diameter- medium spike length — medium stature
4 Line - 11 Medium stem diameter- long spike length — tall stature
5 Line - 14 Small stem diameter- long spike — tall stature
6 WA-25-35 | Small stem diameter-medium spike —tall stature
7 WA_96-93 1I;/rlzdium stem diameter-medium spike length — medium stat-
8 Sids-12 Large stem diameter- medium spike — medium stature

This study was carried out in a
private farm near Sohag Faculty of
Agriculture Farm during 2010/2011,
2011//2012, 2012/2013 seasons.

In 2010/2011 sowing season, the
eight genotypes were crossed as par-
ents in all possible combinations in
order to establish a half-diallel set of

CTrOSSES.
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Fig. (1): Maximum daily temperatures during March, April 2012 (a) and 2013 at the

experimental Site.

In 2011 / 2012 season, the eight
parents and their 28 F; hybrids were
sown in two sowing dates, namely the
normal (favorable) date of 30™of No-
vember and a late sowing date (30 of
December) so as to subject the plants
to heat stress after flowering time
when temperature rises during March
and April. The maximum daily tem-
perature recorded at the experimental
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site in the two seasons reveal a grad-
ual rise in temperature by the end of
the growing season to fluctuate
around 35° in April which coincided
with the post-anthesis and grain fill-
ing stage, (Fig. 1). For each sowing
date randomized complete block de-
sign with three replications was used.
In each block, the 36 entries of the
dialel table were represented by a plot
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of 6 plants spaced 30 cm apart within
rows set 50 cm from each other. At
anthesis, the diameter of the six
plants of each entry was measured in
the middle of the second basal inter-
node using a venire caliper. Mean-
while, a five centimeter long piece of
the main stem were cut from the mid-
dle of the second internode of a ran-
domly chosen plant of each entry in
each block which was killed and
fixed in a 3:lsolution of absolute
ethanol to glacial acetic acid which
was removed after 24 hours into vials
containing 70% ethanol and stored in
a refrigerator. The total number of
vascular bundles in the main stem
was determined in very thin (15 to 25
i thickness) cross sections of the
specimens taken from the main stem
which were stained with sefranin
.Vascular bundles were counted in
the cross section under the low power
(4X) of a light microscope. For moni-
toring the segregation for stem di-
ameter and other yield attributes, nine
F, populations out of the 28 popula-
tions of the diallel table were chosen
and sown in the field along with the
eight parents in 2012 / 2013 season.
The nine F,’s were sown in three rep-
licated blocks with each cross repre-
sented in each block by 10 rows of
20 plants, with plants spaced 20 cm
within rows while rows were set 30
cm from each other. Stem diameter
was measured and recorded for 200
F, plants of each cross at anthesis.
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For both the F, and F, plants, the fol-
lowing characters were recorded:

1. Main stem diameter (mm)

2. Number of vascular bundles

3. 1000 kernel weight (g)

4. Grain yield per spike (g)

Total number of vascular bun-
dles in the stem was scored for the F,
diallel cross in the two sowing dates
Biometrical analysis:

Data were subjected first to a
two-away analysis of variance. After
establishing the significances of the
differences between genotypes (par-
ents and F,’s), the diallel analysis
(Haymen 1954 a & b) was employed.
Results:
1-Main stem diameter:

The means of main stem diame-
ter of the eight parents and their 28
hybrids are presented in Table 2. The
parental means ranged from4.57 to
6.63 mm with an average 5.68 mm
for Favorable environment (the 1
sowing date). For the2™ sowing date,
the parental mean ranged from 3.87
to 5.53mm with an average of 4.88
mm, indicating a 14.1% reduction
due to heat stress. As for F, crosses,
main stem diameter ranged from 4.97
to 6.27 mm with an average of 5.66
for 1** Sowing date and from 4.37 to
5.33 mm with an average of 4.86 mm
for the late sowing date, indicating a
14.2 % reduction due to heat stress.
The average reduction in main stem
diameter over parents and F,’s due to
heat stress was 14.2%.
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Table (2): The means of main stem diameter (mm) of the 8 parents and their
28 F; hybrids in favorable environment, F (upper values) and heat
stress environments, H (lower values).

Array
Parents P1 P2 P3 P4 P5 Pé6 P7 P8
mean

- F 5.33 5.30 5.73 5.53 5.10 5.13 5.27 6.27 5.46

H 4.40 4.40 4.93 4.67 4.57 4.47 5.00 4.90 4.67
- F 5.87 6.27 5.97 5.63 5.17 5.90 6.07 5.77

F 5.17 5.00 5.23 5.10 4.63 4.93 5.33 4.97
- F 6.63 6.20 5.67 5.47 6.27 6.17 6.05

H 5.53 5.10 5.03 4.53 4.87 4.97 5.00
- F 5.93 5.90 5.00 5.57 6.07 5.69

H 5.27 5.27 4.67 4.70 5.23 5.02
ps F 5.03 5.13 5.63 5.73 5.48

H 4.47 4.37 5.07 4.80 4.84
P6 F 4.57 4.97 5.43 5.11

H 3.87 4.50 4.63 4.46

F 5.9 6.13 5.71
P7

H 4.80 5.07 4.87

F 6.20 6.01
P8

H 5.53 5.06

The analysis of variance re-
vealed highly significant entries mean
square indicating the existence of
considerable differences among geno-
types. The diallel of analysis of main
stem diameter revealed the presence
of significant additive and non-
additive mean squares in normal en-
vironment and heat stress. The Wr/Vr
graphical analysis is presented in Fig.
2. The slope of the regression line
was significantly deviating from zero
but not from unity (b=1.01+0.218and
b=1.440+0.279) for 1* and 2™ sow-
ing date, respectively). Over-
dominance was operating under fa-
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vorable condition (NH;/D >1) while
dominance was partial under heat
stress (VH,/D < 1), indicating an ad-
ditive-dominance model of gene ef-
fects. The genetic components of
variation in main stem diameter are
presented in Table 3. The additive
genetic component (D) was smaller
than the dominance parameter (H )
for 1% sowing date, but the reverse
was true under heat stress of 2" sow-
ing date. The narrow-sense heritabil-
ity of main stem diameter was high
being 0.78 and 0.62 for the 1* and 2™
sowing dates, respectively.




Farrage, 2015

b=1.01+0.218

0 0.05 01 Vr 015

(a)

300

200
150
100

e b=0.335+0.206

-50

-100

100 Vris0 200 250

(b)

Fig.(2): The Wr/Vr graph for stem diameter in favorable (a) and under heat stress envi-

ronment (b)

Table (3): Components of the genetic variation for main stem diameter in
favorable environment (F) and under heat stress (H).

Component Environments
(F) (H)
D 0.041 £0.019 0.332+£0.010
H, 0.062 +0.044 0.126 +£0.024
VH/D 1.230 0.616
N. heritability 0.776 0.618

2- Number of Vascular Bundles:
The FEight parental genotypes
and the 28 F,’s exhibited variable ex-
pression of number of bundles in the
wheat stem (Fig. 3 and Table 4). The
mean of number of vascular bundles
for parents ranged from 48.00 to
110.33 for the 1st sowing date with
an average for 80.38 bundles, and
from 47.67 to 91.00with an average
of 75.58 for the 2" sowing , indicat-
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ing 6.0 % reduction due to heat stress.
The mean of F, crosses, ranged from
64.33 to 111.0 mm with an average of
82.84 bundles for 1* Sowing date and
from to 53.67 to 96.33 with average
of 70.42 bundles for the late sowing
date, indicating a 15.0% reduction
due to heat stress. The average reduc-
tion in number of vascular bundles
over parents and F;’s due to heat
stress was10.5 %.
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Table (4): The means of number of vascular bundles in wheat plant stem of
the 8 parents and their 28 F; hybrids in favorable environment, F (up-
per values) and under heat stress environments (lower values).

Parents | Pl P2 P3 P4 P5 P6 P7 pg | Array
mean

1 F| 81.67 | 85.67 | 103.33 | 80.33 | 76.00 | 64.33 | 83.33 82.00 | 82.08
H| 78.00 | 77.00 | 76.00 | 66.00 | 62.67 | 58.00 | 69.67 | 80.67 | 71.00

Pl F 84.00 | 92.67 | 78.00 | 85.33 | 64.00 | 84.67 | 101.33 | 84.42
F 83.00 | 8133 | 76.67 | 78.00 | 63.67 | 71.0 76.00 | 75.92
p3l_F 11033 | 91.00 | 87.67 | 88.00 | 95.00 | 98.67 | 95.58
H 91.00 | 78.00 | 7533 | 54.00 | 6933 | 96.33 | 77.67
pal_F 80.33 | 77.67 | 65.00 | 66.33 | 111.00 | 81.21
H 7533 | 7033 | 61.67 | 66.00 | 79.67 | 71.71
ps|__F 77.00 | 63.67 | 79.00 | 86.67 | 79.13
H 7233 | 6733 | 64.00 | 63.00 | 69.12
poF 48.00 | 65.00 | 73.67 | 66.46
H 47.00 | 53.67 | 6233 | 58.54
prl__F 74.00 | 9133 | 79.83
H 70.00 | 74.00 | 67.21
ps| F 88.00 | 91.58
H 86.67 | 77.33

* calculated from interaction for Table.
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Fig.(3): Photo micrograph of vascular bundles of the stem in some parental genotypes
(a) and (b) Fy,s crosses.
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The analysis of variance re-
vealed highly significant difference
between genotypes as well as be-
tween environments. The diallel
analysis revealed highly significant
additive and non-additive mean
squares. Non—allelic gene interaction
was operating in the favorable envi-
ronment. The slope of Wr/Vr regres-
sion line of 1% sowing date was not
significantly deviating from zero (b =
0.335 £ 0.206) indicating the failure
of the assumption of additive-
dominance model, while the slope of
Wr/Vr regression (Fig.4) under heat

b=0.335+0.206

0 50 100 Vriso 200

(2)
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stress of 2™ sowing date was signifi-
cantly deviating from zero but not
from unity, indicating the adequacy
of additive-dominance model. The
genetic components of variation in
number of vascular bundles are pre-
sented in Table 5. The additive (D)
genetic component was greater in
magnitude than dominance (H;)
components in the two sowing dates.
The narrow-sense heritability esti-
mate was high being 0.781 and 0.731
in the 1¥snd 2™ sowing dates, respec-
tively.

200

150 ——

100 _—1 —

50 6

5 b=0.820+0.145

0 50 100 Vr 150

(b)

Fig.(4): The Wr/Vr graph for number of vascular bundles in favorable (a) and heat

stress environment (b)

Table (5): Components of the genetic variation for number of vascular bun-
dles in favorable environment (F) and under heat stress (H).

Component Environments*
(F) (H)
D 290.884 +4.292 173.275 £ 5.175
H, 175.281 £ 9.667 105.251 £+ 11.900
m 0.776 0.779
N. heritability 0.781 0.732

3- 1000 Kernel Weight:

The mean of 1000 kernel weight
of the eight parents and their 28
crosses are presented in Table 6. The
parental means ranged from 35.2 to
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55.5 g with an average of 46.1 g for
1* sowing date and from 27.7 to 47.9
g with an average 35.6 g for the 2™
sowing date. The reduction in the pa-
rental average due to heat stress was

200



Assiut J. Agric. Sci., (46) No. (3) 2015 (44-61)

Website: http://www.aun.edu.eg/faculty agriculture/arabic

ISSN: 1110-0486
E-mail : ajas@aun.edu.eg

22.8 %.The mean of F,; crosses
ranged from 45.2 to 56.5 g for 1%
sowing date with average of 50.6 g
and from 34.4 to 50.2 with average of
39.7 g for 2™ sowing date, indicating

21.5 % reduction in 1000 kernel
weight. The range reduction over

parents over plants and F,’s due to
hear stress 22.2%.

Table (6): The means of 1000 kernel weight (g) of the 8 parents and their F,
hybrids in favorable environment, F (upper values) and under Heat
stress environment (lower values).

Parents | Pl P2 P3 P4 P5 P6 P7 pg | Array
mean

py |_F | 3880 [ 4888 | 4555 | 5111 | 51.19 | 49.93 | 4885 | 48.88 | 47.77
H | 2882 | 36.68 | 39.98 | 40.03 | 40.08 | 40.00 | 37.78 [ 39.93 [ 37.79
py LF 49.92 | 5557 | 50.08 | 49.94 | 47.50 | 50.00 | 4640 [ 49.97
F 37.40 | 4222 | 40.06 | 40.09 | 36.64 | 3338 | 39.96 | 38.84

p3 LF 48.60 | 55.54 | 5331 | 4991 [ 5554 [ 50.07 | 52.27
H 40.02 | 4779 | 4447 | 39.96 | 3775 | 40.07 | 41.15
py LF 46.68 | 49.95 | 4779 | 5228 | 56.65 | 50.07
H 36.68 | 39.95 | 3444 | 4332 [ 50.02 | 41.16
ps | F 4770 | 46.60 | 51.19 | 5227 | 51.14
H 33.35 | 34.47 | 4331 | 46.68 | 40.05
pe LF 3552 | 4552 | 4554 | 4557
H 27.77 | 36.67 | 40.09 | 36.62
p7 LE 4883 | 5.04 | 50.03
H 36.63 | 37.77 | 35.86
ps LF 5555 | 5221
H 4448 | 42.24
An analysis of variance revealed date, indicating almost complete

highly significant differences be-
tween the entries of the diallel cable
as well as between environments in-
dicating the existence of considerable
variation among genotypes.

Graphical analysis of Wr/Vr re-
lationship (Fig. 5) for both sowing
dates, slowed that slope of the regres-
sion line was significantly deviating
from zero but not from unity (b
=0.774 +0.299 and b = 1.010 + 0.203
for 1 and 2™ sowing date respec-
tively), indicating the adequacy of an
additive-dominance = model.  The
Wr/Vr regression line cut the Wr axis
near the point of origin for 1* sowing
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dominance, while the intercept was
negative under heat stress of the 2™

sowing date, indicating over-
dominance.
The genetic components of

variation in 1000 kernel weigh are
presented in Table 7. The additive
(D) genetic component was smaller
than the dominance parameter_(H,)
for the two sowing date. The VH,/D
value was 1.063 and 1.346 for 1** and
2"sowing dates, respectively, indicat-
ing complete to over-dominance. The
narrow-sense heritability  estimate
was 0.478 and 0.422 for 1% and
2"sowing dates, respectively.
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Fig.(5): The Wr/Vr graph for 1000kernel weight in favorable (a) and under heat stress
environment (b)

Table (7): Components of genetic variation for 1000 kernel weight in favor-
able environment (F) and under heat Stress (H).

0.3

Component Environments
(F) (H)

D 0.414 £0.012 0.323 = 0.029
H, 0.468 +0.028 0.585 + 0.052
VHy/D 1.063 1.346
N. heritability 0.478 0.402
4 — Grain yield per spike: due to heat stress was 40.54%. The

The yield of Grain yield per mean of F; crosses ranged from 3.93

spike of eight parents and their 28 to 2.45 g with an average of 3.26 g
hybrids are presented in Table 8. The and from 3.36 to 1.23 g with an aver-
parental average of 5.51 to 2.50 g age of 2.07 g for 2™ sowing date, in-

with an average of 3.33g for 1% sow- dicating 36.50% reduction due to heat
ing and from 2.35 to 1.12 g with an stress. The average reduction in Grain
average of 1.98 g for 2™ sowing date. yield per spike due to heat stress was
The reduction in the parental average 38.5%.
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Table (8): The means of grain yield per spike (g) of the 8 parents and their
F1 hybrids in favorable environment, F (upper values) and under Heat
stress environments (lower values).

Parents P1 P2 P3 P4 P5 P6 P7 P8 Array
mean
. F | 284 | 330 | 249 | 3.63 | 227 | 330 | 264 | 3.73 3.03
H | 178 | 293 179 | 208 | 175 | 232 | 230 | 246 2.10
by F 331 380 | 392 | 384 | 275 | 3.19 | 3.54 3.46
F 1.81 193 | 341 | 249 | 1.83 | 230 | 2.04 2.21
pa F 302 | 392 | 3.17 | 280 | 3.18 | 2.67 3.14
H 155 | 265 | 1.23 152 | 158 | 1.86 1.76
bs F 551 | 421 | 3.02 | 352 | 3.93 3.96
H 235 | 1.66 | 1.83 129 | 3.36 2.33
ps F 275 | 3.67 | 288 | 3.05 3.23
H 112 | 178 | 197 | 1.93 1.74
pe F 253 | 245 | 3.40 2.99
H 1.86 | 147 | 1.96 1.82
F 2.50 | 3.58 2.99
P7
H 187 | 2.77 1.94
F 431 3.53
P8
H 3.50 2.52

*calculated from interaction — free diallel Table.

An analysis of Variances re-
vealed highly significant differences
between genotypes and between envi-
ronments. The Wr/Vr graphical
analysis (Fig. 6) revealed that the
slope of the regression line was sig-
nificantly deviating from zero but not
from unity for 1% sowing date (b =
0.502 +0.190), indicating partial
dominance but in the 2™ sowing date
was not significant deviating from
zero (b = 0.230 + 0.502) indicating
the failure of the assumption of an
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additive-dominance model and the
possible non allelic interaction in-
volvement.

The components of the genetic
variation in grain yield per spike are
presented in Table 9. The additive
(D) genetic component was smaller in
magnitude than (H;) component in
both sowing dates, the narrow —sense
heritability estimate was 0.445 and
0.328 in the 1* and 2" sowing dates,
respectively.
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Table (9): Components of genetic variation in grain yield per spike in favor-
able environment (F) and under heat stress (H).

C ¢ Environments
omponen

(F) (H)*
D 0.466 £ 0.042 47.758 +£9.546
H; 0.797 +0.090 178.512 +21.945
VH/D 1.308 1.9.33
N. heritability 0.478 0.4328

Phenotypic correlation among par-
ents and F, hybrids.

For parents and F,'s stem di-
ameter was positively correlated with
number of vascular bundles in the
two environments (Table 10). Stem
diameter was positively correlated

with 1000 kernel weight in the two
environments while number of vascu-
lar bundles showed significant asso-
ciation with 1000 kernel weight only
under favorable conditions. The two
Stem attributes were significantly
correlated with grain yield per spike.

Table (10): phenotypic correlation between stem diameter attributes and
yield components in favorable (upper values) and heat stress (lower

vales) environments.

Character No. Vascular bundles | 1000 kernel weight Granslgillid per
Main stem diameter F 0.770** 0.592%** 0.472%**
H 0.687** 0.593** 0.419%%*
No. Vascular bundles F 0.534** 0.472%*
H 0.290 0.419%+*
1000 kernel weight F 0.279
H 0.356
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Phenotypic correlation among F, 1000 kernel weight under heat stress

segregates under heat stress. in the 9 F, (Table 11) and with grain
Stem diameter displayed sig- yield per spike in six populations.

nificant positive correlation with

Table (11): Phenotypic correlation between main stem diameter and yield
component (1000 kernel weight, grain yield per spike) in F, segregation
under heat stress.

No Cross Plant number 1000 kernel weight Grain yield per spike

1 1x2 200 0.322%* 0.240%

2 2x%3 200 0.295%* 0.287*

3 3x4 200 0.427+* 0.191

4 1x6 200 0.428%* 0.346%*

5 3x6 131 0.447+* 0.431%*

6 4%6 200 0.304** 0.272%*

7 1x8 200 0.505%* 0.495%*

8 3x8 167 0.340%* 0.127

9 4%8 146 0.218* 0.107
Distribution of stem diameter un- that character revealing the polygenic
der heat stress nature of the genes controlling it.

The distribution of segregates of Transgressive segregation was evi-

the 9 F, populations for stem diame- dent in the 9 F,’s indicating that the
ter under heat stress indicated their genes controlling this character were
the almost normal shape of the histo- highly dispersed among the parents
grams and the continuous nature of involved.
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Fig.(7): Distribution of F, segregates for diameter of main stem under heat stress condition

Discussion:

Highly significant positive corre-

lation was established between stem
diameter (a morphological trait) and

number of vascular bundles (ana-
tomical trait) in favorable environ-
ment (r=0.69, p<0.01) and under heat
stress (r=0.77, p<0.01). Evidently, a
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considerable proportioned of varia-
tion observed at the external phono-
typic level (ear diameter) is ascribed
to that displayed at the internal pho-
notypic level (number of wvascular
bundles in the stem). Apparently, the
two stem attributes were similarly
almost equal average reductions (14.1
% in stem diameter and 10.7 in num-
ber of vascular bundles). The obser-
vation put together would indicate
that the two traits are developmen-
tally related and are less affected by
heat stress than grain yield per spike
38.5% average reduction) or 1000
kernel weight (22.2% average reduc-
tion).The reductions observed in this
study in stem diameter due to heat
stress was greater than the 6 % aver-
age reduction reported by (Wardlaw,
2002 and Sallam ef al., 2014). Simi-
larly, the reductions in grain yield per
spike and 1000 kernel weight were
greater in the present study (38.5%
and 22.2%, respectively) than those
respected by (Sallam ef al., 2014)
which amounted to 17% and 8.8%,
respectively. Such reductions in stem
attributes as well as in yield compo-
nents under heat stress might have
resulted from accelerated phasic de-
velopment (Warrington et al., 1977
and Frank and Boner, 1987), increase
in respiration ( Berry and Bjorkman,
1980) reduction in photosynthesis
(Blum, 1986 and Conroy et al, 1994)
and inhibition of starch synthesis in
developing kernels (Gent, 1994). As
the results of this study have indi-
cated the two attributes were quanti-
tatively inherited traits which were
controlled by genes with additive-
dominance effects under heat stress.
The additive genetic variance was re-
ported to be predominating over/non-
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additive for stem diameter in wheat
(Yao et al., 2012 and Sallam ef al.,
2014). The narrow-since heritability
estimates were reasonably high for
the two stem traits under heat stress
(h* =0.76 for ear diameter and 0.68
for number of vascular bundles). Evi-
dently, the two traits could be geneti-
cally manipulated through selection.
Directional phonotypic relation 1is
feasible and practical since this char-
acter is easily scorable in earl segre-
gating generations at preanthasis
stage. In creasing stem diameter
would increase the storage capacity
of the stem for assimilates that are
formed before anthesis and are to be
trans located to the developing ker-
nels after anthesis under heat stress
(Gent, 1994 ; Blum ef al, 1994). Ac-
cording to (Ehdaie er al. 2006b) it-
renode length, iternode weight and
internode specific weight of the stem
of the wheat plant affect the accumu-
lation and mobilization of stem re-
served with maximum specific
weight being correlated with stem
mobilized dry mater. The significant
positive associations observed in this
study under heat stress between stem
diameter and grain yield per spike (1=
0.42, p<0.01) as well as with 1000
kernel weight (r= 0.59, p<0.01) lend a
further support to that relationship
which was also reported by (Sallam
et al., 2014) in wheat under drought
and heat stresses as well as by (Salih
et al., 2014) in maize under drought
stress. Since the actual site for soluble
carbohydrates storage in the stem is
the phloem of the vascular bundles,
the significant positive associations
between its number and grain yield
per spike under heat stress (r= 0.42,
p<0.01) was expected. Since a stem
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diameter and number of v ascular
bundles were both correlated and as-
sociated with yielding ability under
heat stress, selection for ear diameter
would produce positive correlated re-
sponse in number of bundles in the
stem and consequently greater stor-
age capacity for assimilates which
contribute to greater grain yield under
stress.
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