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ABSTRACT: Field trial was conducted at Sakha Agricultural Research Station, Field Crop
Institute, ARC in 2008-2009 and 2009-2010. The objective was to study the effect of two water
treatments, i e, normal and stress irrigation on wheat grain yield and its components and some
agronomic ftraits of sixteen bread wheat genotypes. The trail was in two separate irrigation
treatments. Randomized complete block designs in three replications was used for this
investigation. The first experiment was given only one surface-irrigation after 25 days from
planting irrigation (S) while, the second treatment was irrigated four times after planting
irrigation (N). Measurements were taken on days to heading, days to maturity, plant height,
number of spikes m'2, number of kernels per spike, 1000-kernel weight (gm)and grain yield. The
drought susceptibility index was calculated. The results revealed that one irrigation (stress)
reduced significantly plant height in both seasons, number of spikes m'2, kernels per spike and
grain yield in the first season. Normal irrigation caused positive increases of yield and its
components. Highly significant genotype differences occurred for all characters under studies in
both seasons except grain yield in the first season. Line(7) recorded the earliest genotype in
heading and maturity days in both seasons. Line (12) and (9) recorded the tallest plants in the
first and second seasons respectively. Line (1) was recorded the highest number of spikes m-?
in the first season. Line (10) and Sids 12 recorded the highest number of kernels/spike in the
first and second seasons, respectively. while Line (9) recorded the heaviest 1000 kernel weight
in both seasons. Line (9) recorded the highest grain yield in the second season followed by
Sids 12. The results indicated that Sakha 93,Sids 12 and Line 1 are more folerant than the other
genotypes under stress conditions.
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INTRODUCTION

Bread wheat Triticum aestivum L. is the
most important cereal crop in Egypt as well
as in the world. The annual consumption of
wheat grains in Egypt is about 12 to14
million tons, while the annual local
production is about 8 million tons in 2012/
2013 . Efforts of scientists to minimize the
gap between local consumption and local
production are directed towards two
approaches, i.e.; expanding the cultivated
wheat area and increasing wheat
productivity. The major limitation for
agriculture nowadays is the shortage of
freshwater resources. Therefore, the main
challenge is to maintain crop production
without impairing the balance of good quality

water. Water stress is the most significant
environmental stress in agriculture
worldwide. Improving yield under drought is
a major goal of plant breeders. Irrigation
water could be considered a limiting factor
for potential wheat production. So, reducing
amount of utilized water might maximize the
effecincy available irrigation water. Abiotic
stress defined as any change in
environmental conditions that might reduce
or adversely affect plant growth or
development. Among the abiotic
environmental stresses, drought remains
one of the most important factors
threatening the food security of people
throughout the world (Farshedfar ef al.,

" Central Administration of Economics, Ministry of Agriculture and Land Recrimination, Egypt, 2012/2013.
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1995). Drought tolerance refers to ability of
genotype to remain relatively more
productive than others under limited water
condition. Many researchers have proven
the importance of irrigation treatmenc to
maximize wheat productivity, Menshawy et
al. (2006) studied the effect of reduced
number of irrigations on four bread wheat
genotypes. The results indicated that,
decreasing the number of irrigation
decreased the means of days to heading,
days to maturity, plant height, kernels/spike,
1000-kernel weight, grain and straw yields
for all genotypes. Abdel-Moneam and Sultan
(2009) evaluated 15 genotypes of bread
wheat for drought tolerance. The results
indicated that, all studied traits had
significantly decreased by drought
treatment. Sharshar (2010) reported that
stress and normal irrigation treatments were
highly significantly effected number of days
to heading, maturity, plant height, number
of spikes m'2, 100 kernel weigh, number of
kernels/spike and grain yield/plant.

The main objectives of this study were to;
(1) compare the response of agronomic
traits of 16 spring wheat genotypes under
normal and reduced irrigation and (2)
identify genotypes with high yield potential
under reduced irrigation.

MATERIALS AND METHODS

1- Field experiments:

The field experiments were carried out
during 2008/09 and 2009/10 wheat growing
seasons at the experimental farm of Sakha
Agricultural Research Station (clay soil),
Kafer EI-Sheikh, Egypt. The plant materials
for the study comprised 16 bread wheat
genotypes (thirteen promising lines and
three commercial cultivars). Names and
pedigrees of these genotypes are shown in
Table 1.

The experiment was carried out in a
randomized complete block design with
three replications two irrigation regime were
applied. (1) Normal irrigation (five irrigations)

as recommended for wheat crop in the
region and (2) Water stress: One irrigation
was given at tillering stage (25 days after
planting irrigation).

Seeds were drilled at a density of 350
seeds m™ based on 1000-kernel weight.
Each genotype was planted in six rows of
3.5 meters length spaced 20 cm apart.
Thus, the area of each plot was 4.2 m-.
Recommended dose of fertilizers was
applied at the time of sowing in 25",
November in both seasons. A wide border
(7m) was used to minimize the infiltration of
water permeability surrounded  each
experiment.

In both seasons, measurements were
taken on days to heading, days to maturity,
plant height, number of spikes m~, number
of kernels spike'1, 1000-kernel weight and
grain yield. Grain yield was estimated from
the four central rows to eliminate the border
effect of each plot values converted to Ardab
/ Faddan (Ardab = 150Kg) before analysis.
The drought susceptibility index (DSI) was
used as a measure of drought tolerance in
terms of minimization of the reduction in
yield caused by unfavorable versus
favorable environments.

The amount of applied irrigation water,
rainfall and seasonal water applied in each
of the two irrigation treatments in the two
seasons were measured and is shown in
Table 2

The meteorological data for 2008/2009
and 2009/2010 winter seasons were given in
Table 3.

DSI was calculated for each genotype
according to the formulae of Fisher and
Maurer (1978):

DSI = (1 - yafyp)/D. Where; yd = mean
yield in drought environment, Y,= mean
yield in normal condition = potential yield, D
= drought stress intensity = 1 - (mean yq4 of
all genotypes / mean y , of all genotypes).
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Table 1 Name , Cross and pedigree of sixteen wheat genotypes

Genotypes

Cross Name & Pedigree

Line 1

SAKHA 93 / SAKHA 94
S. 15632-228-3S-1S -0S

Line 2

SAKHA 94 / GIZA 168
S. 15636-45-25-18 -0S

Line 3

GEMMIZA 10/SAKHA 94
S. 15651-18S8-18-2S -0S

Line 4

GEMMIZA 10/SAKHA 94
S. 15651-20S-1S-1S -0S

Line 5

SHI # 4414 / CROW "S" // GIZA 163 /3/ SAKHA 94
S. 15660-65-15-28 -0S

Line 6

ATTILA /SAKHA 94
8. 15673-10S-1S-2S -0S

Line 7

SAKHA 3 /7/ CNO"s"/ GLL/3/ SON 64/ KLRE // BB/4/ UP 301/5/
TL//FN.TH/2*NAR 59 /6/ (BB*CNO**CNO* TOTA/JAR) 2F5 / 2F2**
(IN*TGLR**CNO"s"™PJ 62* JAR"S")2F1 /8/ SAKHA 12 /5/ KVZ //
CNO 67 /PJ 62 /3/ YD "S"/BLO "S" /4/ K 134 (60) / VEE
8. 15713-58-25-18 -0S

Line 8

D 6301/ HEINEVII // ERA /3/ BUC/4/ LIRA /5/ SPB /6/ GIZA 144// PIN"s"/
BOW"s" /8/ BL1133/3/ CMH 79A.955*2/ CNO 79// CMH 79A.955
/ BOW"s" /7/ CNO "s" / GLL /3/ SON 64 / KLRE // BB /4/ UP 301
/5/ TL // FN. TH /2* NAR 59 /6/ (B6 * CON ** CON * TOTA /
JAR)
S. 15734-35-45-2S -0S

Line 9

WBLL1*2/BRAMBLING
CGSS01B00062T-099Y-099M-099M-099Y-099M-62Y-0B

Line 10

WBLL1*2/BRAMBLING
CGSS01B00062T-099Y-099M-099M-099Y-099M-87Y-0B

Line 11

WBLL1*2/KKTSCGSS01Y00050T-099M-099Y-099M-099M-37Y-0B

Line 12

WBLL1*2/TUKURU
CGSS00B00161T-099TOPY-099M-099Y-099M-099M-16Y-0B

Line 13

KAUZ//ALTAR84/A0S/3/PASTOR/4/TILHI
CMS8S97M03915T-040Y-020Y-030M-020Y-040M-12Y-1M-0Y

Sakha 93

Sakha 92/ TR 810328
S 8871-1S-28-1S-0S

Giza 168

Mrl / Buc // Seri
CM 93046-8M-0Y-0M-2Y-0B

Sids 12

BUC//7C/ALD/5/MAYAT74/ON//1160.147/3/BB/GLL/4/CHAT"S"/6/

MAYA/NVUL//CMH74A.630/4*SX
SD7096-4SD-1SD-1SD-0SD
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Table 2. Amount of applied irrigation water, total rainfall and seasonal water applied
delivered to each irrigation treatment during the two growing seasons, 2008/09

and 2009/10.

Treatment Season
2008/09 2009/10
normal stress normal stress
Irrigation water (m° fed.™) 2015.5 845.5 2050.1 848.6
Total rainfall (m°fed.™) 142.8 142.8 117.6 117.6
Seasonal Water applied (m3 fed.'1) 2158.3 1088.3 2167.7 966.2

Table (3): Monthly mean of maximum (max) and minimum (min) air temperature (AT °C),
mean relative humidity (RH%) and rainfall (mm/month) in 2008/2009 and

2009/2010 seasons.*

Season
2008/2009 2009/2010

Al oC RA% Rainfall AT oC RH% Rainfall
Month Max Min (mm) Max Min (mm)
Nov. 26.00 8.30 67.58 0.5 25.11 10.32 64.72 0.0
Dec. 22.35 7.08 6765 175 22.72 8.92 66.44 538
Jan. 20.57 7.07 67.05 3.5 21.77 7.77 71.48 0.0
Feb. 21.14 7.28 64.88 12.5 23.38 9.19 65.11 22.2
Mar. 22.34 713 65.54 0.0 23.92 9.18 62.09 0.0
Apr. 2715 11.00 62.65 0.0 28.77 11.76 68.62 0.0

May 29.63 13.12 60.69 0.0

30.26 15.43 57.88 0.0

Max = maximum and Min = minimum

Based on Sakha meteorological station data

*Mgro meteorological data climatic factor from Sakha Station, (A.R.C).

2-Statistical analysis:

The collected data for all variables in the
two seasons were statistically analyzed by
"MSTATC" microcomputer program
(MSTATC, 1990) via analysis of variance
using randomized complete block, one
factor model, combined over year and
irrigation treatments according to Gomez
and Gomez (1984). All factors except
replication and years were considered fixed.
The means of irrigation regime and
genotypes were obtained and differences
were assessed with LSD at test 5% level of
probability.

RESULTS AND DISCUSSIONS

Analysis of variance showed significant
or highly significant variations due to years

for all characters, therefore, the results are
discussed in each year.

Earliness characters and plant
height

The data in Table ( 4 ) indicated that the
effect of irrigation treatments on days to
heading and days to maturity were
insignificant in both seasons. On the other
hand, irrigation effects were highly
significant for plant height in both season.
Insignificant differences in days to heading
and maturity might be due to the effect of
low temperatures during the period of
vegetative stage, which minimize the effect
of reduced irrigation. Ghodsi (2004) have
reported that one of the major effects of
water stress is to decrease plant height,
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which also caused a reduction in dry matter
accumulation and subsequently plant height
reduction These results are in harmony with
those reported by Abd El-Hamid (2013).

General
irrigation

results
resulted

indicated

that reduced

in early to heading,
maturity and short plants in both growing
seasons.

Table (4). Effect of irrigation treatments (Normal and stress), genotypes and their
interaction on days to heading, days to maturity and plant height in two

seasons(2008/2009-2009/2010).

Treatment Days to heading Days to maturity Plant height
2008/09  2009/10  2008/09  2009/10  2008/09  2009/10
irrigation (1)
Normal 94.00 90.6 143.9 141.5 114.9 104.2
stress 92.70 88.6 142.6 139.0 107.7 98.2
F test NS NS NS NS ** **
Genotypes(G)
Line 1 93.2 91.5 146.2 141.3 102.4 93.3
Line 2 83.0 83.3 140.7 139.7 103.4 90.7
Line 3 99.2 94.8 144.0 139.0 111.9 101.7
Line 4 93.2 89.2 142.2 140.0 102.5 95.8
Line 5 100.7 97.0 145.7 140.5 115.0 106.7
Line 6 97.0 92.7 144.7 140.3 106.7 101.7
Line 7 80.7 80.2 137.5 133.7 100.8 95.8
Line 8 88.8 83.8 141.5 141.0 106.6 104.7
Line 9 95.5 89.9 144.2 142.2 124.2 113.3
Line 10 97.0 90.0 145.8 142.7 122.5 109.2
Line 11 95.5 93.7 142.8 143.7 119.2 114.2
Line 12 99.7 90.2 147.2 137.8 125.9 105.0
Line 13 92.5 86.9 141.3 141.5 117.5 90.8
Sakha 93 97.7 92.9 143.7 139.2 104.0 98.0
Giza 168 91.7 90.3 144.5 142.8 111.5 98.4
Sids 12 88.2 87.0 140.3 138.7 107.5 99.2
F test * % * % * % * % * % * %
LSD 0.05 1.3 2.0 1.8 3.0 4.6 4.0
Interaction IxG
F test * % * % * % * * % NS
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Significant differences among genotypes
were observed for the three characters .
Line (7) was the earliest genotype in days to
heading and days to maturity in both
seasons. These variations among
genotypes might reflect, partially, their
different genetic backgrounds. Similar
results were observed by Gab-Alla (2007).

As for plant height, line (1) and line (2)
were the shortest genotypes in the first and

second seasons respectively, while,
Line(12) and Line(11) were the tallest
genotypes in the first and second seasons,
respectively.

Data in Table (5) illustrated highly
significant differenees due to the interaction
between irrigation treatments and genotypes
for days to heading and maturity in the two
seasons while it was highly significant for

plant height in the first season.

Table (5). Effect of interaction between irrigation treatments and genotypes on days to
heading and maturity and plant height.

Plant height
Treatment Days to heading Days to maturity
2008/09 2009/10 2008/09 2009/10 2008/09

genotypes N S N S N S N S N S
Line 1 937 927 92.3 90.7 1478 | 1445 | 1417 | 1410 103.0( 101.7
Line 2 84.7 81.3 84.0 826 1413 | 140.0 | 140.7 | 138.7 | 1057 | 101.0
Line 3 101.7 97.7 96.6 93.0( 1450 143.0| 1420 136.0| 1150 108.7
Line 4 937 927 89.7 88.7 | 143.0| 1413 | 140.7 | 139.3| 105.0( 100.0
Line 5 101.0 | 100.3 97.3 96.7 | 1470 1443 | 1413 | 139.7 | 1183 111.7
Line 8 97.7 96.3 93.0 924 1450 | 1443 | 1410 139.7 | 108.3 | 105.0
Line 7 83.0 78.3 82.0 783 | 137.8| 137.2| 1357 | 131.7 | 1033 98.3
Line 8 85.7 82.0 85.5 820 1420 141.0| 1417 | 1403 | 108.3 | 105.0
Line 9 95.7 95.3 91.0 88.7 | 1440 | 1443 | 1445 1399 130.7 | 117.7
Line 10 97.7 96.3 90.7 89.3 | 146.5| 1450 | 143.3| 1420 1283 116.7
Line 11 95.7 95.3 94.3 93.0( 1405 | 1450 | 1447 | 1427 | 126.7 | 111.7
Line 12 100.3 99.0 90.7 89.7 | 148.0| 146.3 | 138.0| 1375 130.0 | 121.7
Line 13 937 91.3 87.7 86.0 143.0| 139.6 | 1420 1410 1250 110.0
Sakha 93 99.3 96.0 94.7 910 1443 | 143.0| 1417 | 136.7| 108.0 | 100.0
Giza 168 92.0 91.3 91.3 89.3 | 1452 | 143.8 | 1445 | 1412 1150 108.0
Sids 12 89.0 87.3 88.0 86.0 1418 | 138.7 | 140.7 | 136.7 | 108.3 | 108.7
LSD 0.05 1.8 2.9 2.5 3.7 57
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Based on results in Table 5, the
genotypes responded differently to irrigation
treatments. Line 7 was the earliest
genotype for days to heading under normal
and stress irrigation treatments in the two
seasons while, line 5 was the latest under
normal and stress irrigation treatments in
both seasons. Therefore, the significant
interaction between genotype and irrigation
treatments in days to heading might due to
the different responses of these genotypes
(Table 5). Line (7) was among the earliest
genotype in maturity under normal and
stress irrigation treatment. While Line (12)
and Line (11) were among the Iatest
genotypes under normal and stress irrigation
treatment in the first and second seasons,
respectively. These results indicated that,
the earliest heading genotype might not be
always the earliest in maturity. Therefore,
evaluation of maturity earliness based on
heading date may be misleading.

The effects of irrigation treatment and
genotype x irrigation interaction on plant
height in the first season present in Table 5.
Decreased in plant height was observed in
most studied genotypes due to reducing the
amount of irrigation water. The decrease in
plant height was more pronounced in Lines
9), (10), (11), and (13). The decrease in
plant height in response to water may be
due to the decrease in relative turgidity and
dehydration of protoplasm, which is
associated with a loss of turgor and reduced
expansion of cell and cell division. EL-Hag
(2011) reported the decrease in plant height
due to water stress. Line one and seven
were the shortest genotype under normal
and stress irrigation.

Grain yield and its components

Grain yield and its components were
affected highly significantly affected by
irrigation treatments in the first season.
Meanwhile, the number of spikes m? in both
seasons (Table 6).

Number of spikes / m2, kernels/spike,
grain yield and 1000-kernel weight in the
first season were of higher values under
normal compared to stress irrigation
treatment. Farahat (2005) reported that,

mean of 1000-kernel weight for all
genotypes under water stress condition
were insignificantly higher than normal
condition.

On contrary, some workers explained the
decrease in grain weight under drought
condition by a reduced grain fertility period
and /or reduction in photosynthesis and
translocation of reserves to grains
(Menshawy and Hagras, 2008).

The results in Table (6) show that, grain
yield under normal irrigation treatment was
significantly higher than under stress
irrigation in the first season.

The differences among genotypes in
grain yield were significant only in the
second season. Lines 2, 3, 4, 6, 8, 9, Sakha
93 and Sids12 were among the highest
grain yield (24.1 ard./fed.). Grain yield of
these Lines had attributed to the increase in
yield components values such as number of
spikes/mz, number of grains/spike and 1000-
kernel weight. These results are in
agreement with those obtained by
Tahmasebi ef al. (2007), EL-Samahy (2009).

The interaction effects between
genotypes and irrigation treatments were
highly significant for number of spikes m?
and number of kernels per spike, only in
the first season (Table 7). Line 1 recorded
the highest number of spikes m? under
normal irrigation. While, Giza 168 and Line1
recorded the highest number of spikes m?
under stress irrigation. On the other hand,
Line 11 was among the lowest genotypes
number of spikes m? under normal and
stress irrigation. Sids 12 recorded the
highest number of kernels/spike under
normal and stress irrigation (72.5 and 68.5).
However, kernels per spike of the genotypes
responded differently for these traits (Table
7).

The drought susceptibility index (DSI)
was calculated on the basis of the average
two season. The results indicated that
Sakha 93,Sids 12 and Line 1 were more
tolerant under stress conditions and might
be involved in breeding programs to develop
water stress tolerant wheat genotypes.
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Table (6): Effect of irrigation treatments, genotypes and their interaction on grain yield
and its components in 2008/09 and 2009/10 seasons.

Gain yield Ardab /
Treatment Spikes m? No Kernels/ spike’1 1000-Kernel weight Faddan
2008/09 | 2009/10 | 2008/09 | 2009/10 | 2008/09 | 2009/10 | 2008/09 | 2009/10
irrigation(l)
Normal 323.0 320.2 59.5 722 47.0 454 258 22.0
stress 292.7 276.0 57.6 62.3 49.3 47.8 23.4 21.2
F test ** ** ** NS o NS o NS
Genotypes(G)
Line 1 371.5 289.3 58.8 732 44 4 41.7 254 21.3
Line 2 273.7 323.3 58.2 64.0 52.5 457 24.3 22.3
Line 3 313.4 312.0 54.9 64.2 458 47.7 24.4 22.3
Line 4 273.9 255.7 58.0 725 43.5 42.4 254 22.4
Line 5 299.0 302.0 52.9 62.0 43.8 41.8 24.3 18.8
Line 8 292.5 320.0 51.8 59.2 445 453 24.8 22.3
Line 7 278.0 316.0 56.1 55.7 56.6 52.0 23.6 19.2
Line 8 286.7 256.7 63.3 726 54.0 541 24.9 22.3
Line 9 345.4 315.3 60.4 63.9 56.9 55.1 25.2 241
Line 10 356.1 259.0 63.4 75.0 50.8 51.3 23.8 20.6
Line 11 256.0 273.3 57.4 66.2 48.6 50.1 241 21.3
Line 12 266.0 321.7 59.5 67.0 51.9 48.4 25.8 20.8
Line 13 298.7 314.7 54.4 62.7 46.1 43.4 25.2 21.2
Sakha 93 336.0 319.7 54.4 65.4 44 4 43.4 23.6 22.4
Giza 168 365.4 295.7 57.0 73.0 411 40.9 23.7 21.5
Sids 12 313.4 295.0 62.5 79.4 457 421 24.8 23.3
F test ** ** ** ** ** ** NS *
LSD 0.05 13.1 29.5 2.8 7.5 1.0 3.8 - 2.7
Interaction IXG
F test ** NS ** NS NS NS NS NS
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Table (7): Effect of interaction between irrigation treatments and genotypes on Spikes
m'z, Kernels spike'1 in the first season and drought susceptibility index (DSI) in

average two season.

Treatment Spikes/ m? Kernels spike™
2008/09 2008/09
genotypes N S N S DSlI
Line 1 399.7 343.3 55.7 46.7 0.36
Line 2 284.7 262.7 53.0 459 0.48
Line 3 315.0 3117 68.5 53.3 0.69
Line 4 286.3 261.5 71.3 64.6 0.66
Line 5 357.2 240.7 57.2 60.5 0.39
Line 6 305.7 279.3 46.2 447 0.64
Line 7 300.2 255.7 48.0 461 0.65
Line 8 304.0 269.3 47.2 53.6 0.52
Line 9 351.7 339.0 53.7 58.3 1.00
Line 10 371.0 341.2 56.9 59.6 0.49
Line 11 276.0 236.0 62.5 65.9 0.62
Line 12 281.0 251.0 63.2 62.0 0.53
Line 13 298.7 298.7 65.2 61.4 0.43
Sakha 93 346.7 3253 66.0 67.0 0.33
Giza 168 3711.7 359.0 65.3 63.3 0.60
Sids 12 317.7 309.0 72.5 68.5 0.34
LSD 0.05 18.5 3.9
In conclusion, Line 7 was the earliest REFERENCES
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