(JZS)Journal of Zankoy Sulaimani , Dec. 2005,vol 8(1) part A(85-97)
(a V—AD)A u...,«.. ())4 «_{,or 0 ,.du Msww ‘;,a:.f,. wmr

Responses of Various Wheat ( Triticum spp.)
Cultivars to Water Status

Faisal-Abdulkadir Sakri
College of Science, University of Salahaddin, Erbil, Kurdistan Region/Iraq.

Norri —Hassan Ghafour and
College of Science, University of Sulaimani, Sulaimani, Kurdistan Region/Iraq.

Shireen-Abdulkarim Amin
College of Science, University of Salahaddin, Erbil, Kurdistan Region/Iraq.

Abstract
This research was conducted to study the response of various wheat cultivars to water status through
plant length, flag leaf length, number of tillers per plant, number of leaves per plant, number of spike per
plant, number of seed per spike, number of seed per plant, weight of loosed, plant dry weight, protein
coment in kernel%, and total carbohydrates. Results indicate that the drought periods significantly
decreased the plant length for all cultivars. Flag leaf length increased significantly at drought period 7
days for Sham-3-hard(durum)cultivars and significantly decreased for Maxipak and Abu-Greb cultivars at
drought period 21 days and Bakrajow at drought period of 7, 14, and 21 days. The number of leaves per
plant significantly decreased at 7, 21 days period for Abu-Greb and 21 days period for Aras.

Water stress periods significantly decreased number of spike per plant, number of seed per spike,
number of seed per plant for all cultivars except Bakrajow for number of seed per spike, and also it
significantly decreased weight of loosed especially of the two water stress periods 14, and 21 days and
plant dry weight for all cultivars except Sham-3-Soft (aestivum). Drought period significantly decreased
protein content in kernel% of Sham-3-hard in all drought periods and Sham-6-soft at 21 days period.

Keywords:-Various wheat (Triticum aestivum) cultivars[Maxipak, Abu-Greb, and
Sham-3-hard (durum) also Aras,Bakrajow and Sham-6-soft(aestivum), water drought

periods.

Introduction

Water is a major limiting factor in world  physiological, and metabolic
agriculture. In general most plants are modifications occurring in all plant

highly sensitive to even a mild
dehydration stress.[1]

Water is a fundamentally important
component of the metabolism of all living
organisms, facilitating many vital
biological  reactions being solvent,

transport medium, and evaporative

coolant. [2]1t is already being documented
that the greatest fear of the global climate
changes is the drought which influences
crops growth and plays an important role
in maintaining food production in the
world. Wheat plants respond to drought
through

morphological,anatomical,
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organs. Some of these effects are related
to the decrease in turgor and water
potential. Wheat (Triticum aestivum L.) is
an annual grass of the gramineae family
and considered as the world’s largest
cereal grass crop and the most staple crop
in the middle east and north African
regions. It is considered as a major food
source for human kind. Wheat kernel in
general contains  12%  water, 70%
carbohydrates, 12% proteins, 2% fat,
1.8% minerals, and 2.2 crude fibers,
thiamin, riboflavin, niacin, and small
amount of vitamin (A) are also present,
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wheat popularity as high cultivated crops
is due to its content of high amount of
gluten protein.[3]Wheat plants grow well

over a wide range of moderate
temperature is relatively easy to cultivate
and consistently produces high crop yields
41 In fact water stress is reducing
the yield

production of wheat through the reduction
of spike number.[5,6], while others
showed that spike fertility, number of
tillers, and the weight of 1000 kernels
increased under water stress condition in
wheat plants[7]. It is clarified recently that
water stress has reduced number of
kernels per head, kernel weight, and also
affected the floret sterility [8]. Water stress
leads to the development of more heads in
wheat plant than usual but many fail to
produce grain that finally reducing the
yield [9]. Scores of terminal spiklet, style
primordium, green anther, and ear
emergence development were markedly
affected by water stress in all treatments
used in this experiment(6).Water stress
reduced the number of spiklet per plant
during vegetative growth and spiklet
initiation phase and this study was
performed to reveal the effects of water
stress on growth and development of the
inflorescence of two Iranian spring wheat
cultivars (Triticum aestivum L.) during
different stages of development [10].
Further more, drought has reduced and
delayed wheat germination, nitrogen-
uptake, and increased tiller numbers as
grain size and resulted in the death of
young florets [11]. The effect of water
stress could also be extended to the
vegetative and reproductive growth of
wheat plants [12]; Some experiment on
the effect of water stress on four wheat
cultivars during three successive years
showed that both the time of sowing and
weather conditions have a major impact
on the proportion of small grain screening,
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the level of screenings was greater in
2000, which experienced terminal drought
[13,14]. Recently there have been some
intense research on phenotypic responses
of barley to water stress in green house
experiment, water was withheld from
plants for two periods (10d and 14d) after
flag leaf emergence .Ten of the
morphological,  developmental,  and
fertility were significantly affected by
water stress. High degree of phenotypic
variation was found in the population with
significant genotype treatment and soil
type treatment [15]. The lack of rain in
early summer late of autumn and
relatively low annual rainfall frequently
results in drought which is most sever in
soils with low-holding capacity compared
to soil possesses a greater water-holding
capacity . The tolerancy towards water
stress is due to the genetic diversity of
wild barely and wheat as well as this have
been study intensively with and between
population. Water ‘stress studies have
extended to evaluate the content of some
variable compounds in wheat after
drought and watering has compared to
control values the content of G-Tocopherol
in wheat leaves was increase 2.4 — fold
and fB-Carotene content was increased by
2.6 - fold after drought [16]. The
controlled green house experiment
described have were designed to mimic
the insitue drought to measure phenotypic
variation with in the population , to
compare the performance in well-watered
and water —with held conditions , and to
identify individual with contrasting
responses to water stress.

This study has been conducted to
investigate the effect of drought resistance
on the yield of six wheat cultivars as well
as on the protein and carbohydrate
contents. Also, we did not plan in this
study to distinguish between desiccation
postponement and desiccation tolerance
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among these limited number of cultivars
included in this study.

Materials and Methods

The present study was performed
on January, 2003, at the green house
station, college of science-University of
Salahaddin — Erbil — Iraq . Six wheat
cultivars were chosen to be used in this
investigation to evaluate their status and
responses to water stress. The varieties
tested in this study were : Mexipak, Abu-
Greb, Sham-6-hard (durum), Aras, Sham-
3-, and Bakrajow soft (aestivum) with
four drought treatment periods. These
treatment periods included : the control in
which they were irrigated as need, 7-day
periods, 14-day, and 21-day periods
irrigations. To ensure germination, four
seeds were sown in each plastic pot with
22cm in diameter and height. The pots
were filled with sandy loam soil
supplemented with 20 kg / donum area
contain 45% nitrogen and 46%phosphorus
elements as P20s.

After seed germination the number of
seedling were reduced to one per pot. In
order to allow for more distribution of
root mass in to the soil and eliminating the
competition factor. Pots were distributed
in the green house according to the
factorial completely randomized design
with four replications for each treatment .
The means were compared using the Least
Significant test (1..S.D) at the level of 5%
as the degree of freedom [17,
18].Vegetative characteristics for each
treatment were studied such as the plant
length, number of leaves, flag leaf length
and width, number of tillers, number of
seeds per spike, number of spikes
perplant, weight of 100 kernels, and
finally number of seeds per plant. Total
carbohydrates  for ftreatments were
determined [19], also Measurement of
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protein and nitrogen content were
performed {20]. Since most proteins have
a nitrogen content of about 16% ;

Table (1) shows the soil characteristics:

Characters
Sand% 76
Slit% 14
Clay% 10
Soil texture % (hydrometer method) Sandy loam
Moisture % (oven methods) 2.82
Organic matter 0.95
Calcium carbonate (titration with 275
NaOH)
Available phosphorus (ppm)-(Olsen g8
method)
PH 8.54
Electrical conductivity (decimeter 0.65
! 25C)

therefore the migration content has been
converted in to weight of protein by
multiplying a factor of 6.25 .And also the
soil was analyzed [21] as shown in table
(1.

Results and Discussion

Vegetative Growth

Plant length

Table (2) indicates that the maximum
mean value for plant length among the
cultivars was recorded with Mexipak in
spite of drought periods. It is also shown
that the drought period zero gave the
highest mean value of plant length in spite
of cultivars and decreased successively
with prolonging the drought period. In
facts, the drought periods significantly
decreased the plant length for all cultivars
stressand the high reduction was recorded
for Bakrajow at 21 day period.

Flag leaf length

As shown from table (3) that the
maximum mean value for flag length
among the cultivars was recorded with
Mexipak in spite of drought periods. And
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Table (2) Variation in plant length of wheat cultivars under different periods of water

Wheat Plant length at different drought period (cm) mean
cultivars 0 7 14 71
Mexipak (Hard) 80 20 6775 55.00 42.87 61.45
Abu-Greb (Hard) 71.87 58.50 42.87 39.37 53.15
Sham-3-hard 67.75 41.87 44.62 38.25 48.12
Aras (Soft) 84.75 54.37 54.00 48.25 60.34
Sham-6-soft 66.75 47.50 38.75 39.62 48.15
Bakrajow (Soft) 76.30 46.62 43.50 34.00 50.10
CPLSD=10.29 C
Mean 74.60 [ 5276 | 46.46 [40.39 L8D=5.14
P<0.05 PLSD =4.20

the drought period zero gave the highest membranedamage, which is irreparable

mean value of flag length in spite of
cultivars. Flag leaf length
increasedsignificantly at drought period 7
for sham- 3-hard cultivars, and
significantly decreased for Mexipak, Abu-
Greb cultivars at drought period 21 and
causes reduction in cell elongation, which
in turn decreases shoot, root, and leaf
elongation [22] sun flower leaf
enlargement ceased when the leaf water
potential feiled below-3.8 bars and the
turgor pressure below 6.8 bars. As water
Bakrajow at drought period 7, 14, 21 d
and insignificantly decreased at drought
period 7 for Mexipak, Abu-Greb and
Aras. The reduction in plant and leaf
length might, due to cell turgor which
causes reduction in cell elougation , which
in turn decreases shoot ,root,and leaf
elougation (22). Sun flower leaf
enlargement ceased when the leaf water
potential felied below -3.8 bars and the
turger below 6.8 bars.As water becomes
limiting in the environment, cellular
volume in plant tissues is reduced. In
desiccation sensitive plants, once turgor is
lost, the mechanical strain in the cellular
membranes and cell walls usually results
in cell walls collapse and
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[23] . It is believed that water stress might
also affectcell wall metabolism, possibly .
Through cellulose synthesis. It is also
believed that the abili?‘ of young xylem
tissue to incorporate C'* labeled glucose is
greatly decreased by decreasing water
potential [24]. During the measurement of
flag leaf length we also measured its
width at the middle; it has been observed
that decrease in the width was associated
with the decreasing in length of the leaf as

was shown in table (4).

Number of tillers per plant
Table (5) shows that the maximum mean
value for the number of tiller per plant
was recorded with Sham-6-soft cultivars
in spite of the drought periods , while the
low mean value was recorded at drought
periods 21d in spite of cultivars, It is also
shown that water stress periods
insignificantly decreased the number of
tiller per plant for all cultivars as
compared to control except for Abu-Greb
which is increased significantly at all
drought periods while the other varieties
were responded differently.
Number of leaves per plant

It is obvious that Sham-6-soft cultivars
has distinguished itself as one of the most
important wheat variety it has given,
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Abu-Greb , 21d period for Aras, a
significantly increased at 7d period for
Sham-3-hard (Table (6)) .Increasing tiller
and leaf numbers might refer to that some
plant are naturally more resistance to
drought than other and after this resistance
is achieved of production specific proteins
or small molecules which help resist the
osmotic damage from heat [25].

And the reduction of tiller and leaf
numbers is refer to that water stress
reduced synthesis of growth regulators
such as cytokinins and gibberellins in the
roots. The possibility that water deficit
reduced the supply of growth regulating
substances supplied to the shoot by the
roots. When only apart of the root system
of a wheat plant was subjected to a mild
water deficit -1 bar growth and
metabolism were materially affected [26].
There is significantly less cytokinins
activity in the xylem exudates from roots
of sun flowers subjected to water stress
Than in exudates from unstressed control
plants.

Yield Characteristics
Number of spike per plant

The maximum value for number of spike
per plant was recorded for Aras cultivars
inspite of drought periods and inspite of
cultivars the highly reduction was found at
the drought period 21, as shown in table
(7). Also it seems that water stress periods
significantly decreased number of seed
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per plant for most of the cultivars while
insignificantly decreased at water stress
periods ( 7, 14, 21 ) for Sham-3-hard
cultivar and at drought period 7 for Abu-
Greb cultivar and drought period 14 for
Mexipak and Aras cultivar, as compare to
control. It refers to that the drought period
increase the Abscisic acid (ABA) in wheat
plant that decreases the growth [11].

Number of seed per spike.

It has been shown from table (8) that
maximum number of seed per spike was
found in Aras cultivar inspite of drought
period, while high value was recorded at
drought period 21 inspite of cultivars. It
has also notice from the table that water
stress  perieds  significantly decrease
number of seed per spike for all the
cultivars except Bkrajow that
insignificantly decreased at the drought
period 14. Also it was shown from the
table that number of seed per spike
significantly decreased for all the cultivars
except Sham-3-hard and Bakrajow as
compare to control, It may refer to that
water stress induces large alteration in
source - sink relations with source
limitations resulting in a decreased export
of assimilates and, therefore, in a
decreased crop load [27], or it may refers
to induction of male sterility in wheat by
meiotic stage. Water dificity was preceded
by decline in a vacuolar invertase
activity(28).

Table (3) Variation in flag leaf length of wheat cultivars under different periods of water stress

Wheat Flag leaf length at different drought period (cm)
cultivars mean
0 I 7 14 21

Mexipak (Hard) 16.50 | 14.57 10.82 990 12.94
Abu-Greb (Hard) 13.30 11.35 832 9.27 1078
Sham-3-hard 9.57 9.96 9.02 7.07 8.89

| Aras (Soft} 14.17 13.87 12:97 10.20 12.80
Sham-6-soft 1122 13.95 14.67 .02 12.21
Bakrajow (soft) 14.75 9.82 9.62 9.00 10.80

L
CPLSD=377 C
Mean 13.25 1224 11.05 9.07 LSD=1.88
i

P<005 PLSD=154
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Table (4) Variation in flag leaf width of wheat cultivars under different periods of water

stress
Wheat Flag leaf width at different drought period
Cultivars (cmm) mean
0 7 14 21

Mexipak (Hard) 1.20 1.27 112 0.52 1.03

i
Abu-Greb (Hard) L2 117 0.95 0.60 0.96 1
Sham-3-hard 100 117 080 057 5.88 4
Aras (Soft) 1.30 1.57 1.05 0.77 1.17
Sham-6-soft 0.97 1.00 1.02 0.77 0.94
Bakrajow (Soft) 132 115 110 965 1.05
CPLSD=0.30 c

LSD=0.15

Mean \ % |
P <005 PLSD=0.12

Table (5) Variation in number of tillers of wheat cultivars under different periods of water
strse

Wheat l Number of tillers at different drought period (cm)
cultivars | mean
0 7 14 21
Mexipak-hard 3.50 3.00 3.50 225 3.06
Abu-Greb —hard 4,50 .75 2.75 125 2.56
Sham-3-hard 2.50 325 2.50 2.50 2.69
Aras- soft 3.50 i 1.25 2.75 1.00 212
Sham-6-s0ft 4.75 | 425 5.75 2.75 437
Bakrajow -soft 4.50 i 4.3 473 35 4.31
CP LSD =159 I8
: 1.8D=0.79

Mean 3.87 3.00 { 3.67 l 221 |

|
P<0.05 PLSD=0.65

Table (6) Variation in number of leaves of wheat cultivars under different periods of
water stress

Wheat Number of leaves at different drought period (cm)
cultivars mean

[\ 7 14 21
Mexipak-hard 24.50 21.50 17.50 15.00 19.62
Abu-Greb ~hard 26.75 15.25 16.50 12.75 17.81
Sham-3-hard 16.75 18.25 1525 13.25 15.87
Aras- soft 21.50 11.75 12,25 9.25 13.69
Sham-6-soft 31.00 30.00 23.50 2025 26.19
Bakrajow -soft 30.50 21.75 22.50 24.50 24.81
CPLSD=11.44

LSD=5.70

Mean 25.17 19.75 17.92 : 15.83
P<005 PLSD =465
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Table (7) Variation in number of spike / plant of wheat cultivars under different
periods of water stress.

Wheat Number of spike / plant at different drought period (em)
cultivars mean
0 7 14 21

Mexipak-hard 2.50 1.50 L75 1.25 L.75
Abu-Greb —hard 2,50 1.75 1.25 1.50 175
Sham-3-hard 175 L5 125 1.00 143
Aras- soft 3.25 2.25 2.50 1.00 225

3.25 1.25 1.00 1.25 1.68

2.50 1.25 1.25 1.00 1.50

c
] LSD=0.46
Mean 262 j 1.62 | 150 [ 1.16
1
PLSD =037

Table (8) Variation in number of seed / spike of wheat cultivars under different periods of

water stress

Wheat Number Of seed / spike at different drought potiod (cm)

cultivars mean
0 I 7 14 21

Mexipak-hard 46.00 | 36.00 22.50 10.60 28,75

Abu-Greb ~hard 35.25 29.75 19.30 925 23.44

Sham-3-hard 38.25 26.75 14.75 10.00 22.44

Aras- soft 55.00 40.75 21,25 14.50 34.37

Sham-6-soft 35.50 26,00 12.00 925 20.69

Bakrajow -soft 32.00 2875 34.50 14.50 2744

CP LSD =992 €

LSD=4.96
Mean 40.33 3142 2175 1125
P<0.05 PLSD =405

Table (9) Variation in number of seed / plant of wheat cultivars under different periods of

water stress

Wheat Number of seed / plant at different drought period (em)
cultivars mean
0 7 14 21

Mexipak-hard 113.50 56.50 39.50 12.00 55,37
Abu-Greb ~hard 97.00 52.50 2225 13.75 46.37
Sham-3-hard 67.50 4825 24,00 10.00 37.44
Aras- soft 178.00 91.50 70.50 14.50 88.62
Sham-6-soft 118.25 31.00 9.50 875 41.48
Bakrajow -soft 79.25 35.00 43 14.50 12.94
CP LSD =36.72 [o]

: LSD=18.36
Mean 108.92 15246 34.79 1225

|
P<005 PLSD = 14.99
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Table (10):variation
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in loosed weight(gm) of wheat cultivars under different periods of

Wheat 100 seed weight (gm) mean
cultivars — S
| 0 I 7 | 14 21
Mexipak-hard | 256 241 l 212 ! L.40 | 2.12
|
hbu-Greb ~hard i 233 221 223 f 138 J 2.04
| S —— .
| Sham-3-hard [ 336 331 2.59 145 ' 28
!
Aras- soft , 3.42 i 3.31 ! 427 2.57 'f 3.3923 ;
| Sham-6-soft | 2.96 f 2.00 222 ! 1.46 ' 2.16 |
— 1 — S
Bakrajow -soft l 227 1.63 1.3¢ 1.29 I 1.645 !
|
CPLSD =036 c |
~ Mean 2.85 248 2.54 1.59 LSD=0.28 J
P<005 i PLSD =023 |

Table (5) shows that the maximum mean
value for the number of tiller per plant
was recorded with Sham-6-soft cultivars
in spite of the drought periods , while the
low mean value was recorded at drought
periods 21d in spite of cultivars, It is also
shown  that water stress periods
insignificantly decreased the number of
tiller per plant for all cultivars as
compared to control except for Abu-Greb
which is increased significantly at all
drought periods while the other varieties
were responded differently.

Number of seed per plant

The high value of number of seed per
plant was recorded for Aras cultivar
inspite of drought period and low value
recorded at drought period 21 inspite of
cultivars, as shown in table (9), also it
seems  that water  stress periods
significantly decreased number of seed
per plant for all cultivars but significant
decreased at water stress period
7 for Sham-3-hard, as compare to control
and high reduction was recorded at
drought period 21 for Sham-6-soft. The
lower soil moisture content might be
attributed to the decrease in the nutrient
mobility because of the absence of the
thicker moisture film through which the
ions could diffuse[29].

02

Weight of loosed (gm)

As shown in table (10) high value of
loosed weight was found in Araz cultivar
inspite of drought periods and the drought
period 21 gives low value of loosed
weight inspite of cultivars. And also it
shown from the table that water stress
periods significantly decreased weight of
loosed specially of the two weter stress
period (14.21d) for all cultivars except the
two cultivars Mexipak and Abu-Greb at
water stress 14, and it increased
significantly at water stress period 14 for
Aras cultivar and high reduction recorded
at drought period 21 for Bakrajow as
compare to control,

Plant dry weight (gm)

In spite of drought periods the Aras
cultivar gives high value of plant dry
weight and the drought period 21 gives
the low value inspite of cultivar as shown
in table (11). And the water stress
periodssignificantly decreased plant dry
weight for all cultivars except sham-3-

hard  cultivar  which insignificantly
decreased plant dry weight at water stress
period 7

Protein content in kernels %

As shown in the table (12) high value of
protein was recorded for Mexipak in spite
of drought periods and low value in spite
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of cultivars was recorded at 21d period.
Italso clarified that drought periods
significantly decreased in all drought
periods, and Sham-6-soft at 21 d period.

The reduction in proteins occurs in width
plants and is accompanied by increase in
amino acids [30]. One of the major
consequences of drought stress is the
loose protoplasmic water leading to the

concentration of ions such as Cl and NO3.

At high concentration, these iong
effectively inhibit metabolic functions
[31]. Additionally concentration of

protoplasmic constituents and the loose of
water from the cell lead to the formation
of what is termed a glassy state, in this
state whatever liquid is left in the cell has
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a very high viscosity, increasing the
chance molecular interaction that can
cause protein denaturation and protein
fusion water deficit in plants leads also to
physiological modification ,such as
photosynthesis reduction ,transcriptional
and post transcriptional regulation of

various genes, protein turnover and
osmolyt biosynthesis [2].
Total Carbohydrates
Table (13) indicates that the maximum
mean  value was  recorded  for

carbohydrates content in Sham-3-hard
cultivar in spite of drought periods and the
drought period 21d gave

Table(11).variations in dry weights(gm) of wheat cultivars under different periods

of water drought

Wheat Dry weight (mg} at different drought
cultivars
0 7 14 21
Mexipak-hard ‘ 6.06 2.52 230 1.01
Abu-Greb ~hard 429 2.15 1,72 1.42
Sham-3-hard 5.71 2.66 [ 2.89 1.43
Aras- soft 7.50 332 ; 4.69 1.84
Sham-&-soft 3.16 2,14 L35 127
Bakrajow -soft 512 2.87 243 1.32
CPLSD=1.64
Mean 531 { 2.19 [ 2.55 138
| |
P <0.05 PLSD =0.67

Table (13) variation in total carbohydrate content %of different wheat

cultivars under different

periods of water

Wheat cultivars Carbohydrate % drought
T . B ma 5 Mas
Mexipak-hard 68.59 60.87 60.53 58.46 62.11
Abu-Greb —hard 70.01 64.14 62.26 60.07 64.12
Sham-3-hard 69.77 67.16 64.89 60.24 65.51
{ Aras- soft 70.74 63.06 64.83 62.93 65.39
Sham-6-soft 67.18 66.96 61.02 61 64.04
Bakrajow -soft 67.47 64.46 64.98 62.80 64.93
CPLSD=116 4.76 L.SD
Mean 6896 | 64.44 63.08 | 60.92
P<0.03 LSD 581
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low value in spite of cultivars. Also show carbohydrate content due to that
that water stress periods insignificantly respiration often decreased more slowly
decreased total carbohydrates percentage than photosynthesis .Causing depletion of
in wheat kernel for all cuitivar and the food reserves and change in the proportion
lower reduction was recorded at 21d  of various carbohydrates [32].

period for all cultivars .The reduction in
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