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Effect of Foliar Application of Ascorbic Acid on Growth, Yield
Components and Some Chemical Constituents of Wheat Under
Water Stress Conditions*
Zhwan Khalid Hussein1, Mohammed Qader Khursheed 1,

ABSTRACT
A greenhouse pot experiment was carried out during October 26, 2009 to May 15, 2010. Winter wheat
grains (Triticum aestivum L.) cv.Rizgary was used to investigate the role of spraying the plant with
200ppm ascorbic acid (AsA) on vegetative, biomass and some chemical and biochemical constituents of
leaves under drought condition. The water stress treatments were: irrigation every 3day- well watered
control, 7, 14 and 21 days interval during 90 days. Under water deficit conditions, the vegetative growth
and yield components of plant were decline, in addition marked changes in the level of mineral ions and
biochemical constituents of leaves were observed. Plant height, shoot dry weight, flag leaf area, water
content and leaf growth elongation rate decreased significantly by increasing drought stress, while root dry
weight and root: shoot increased. Chemical constituents of leaves such nitrogen, phosphorus, potassium
and magnesium were decreased, proline and AsA increased significantly with increasing drought stress and
the highest values obtained at 21 day water regime. Soluble sugar, total carbohydrates, total protein,
chlorophyll a, b and total carotenoid of leaves were also decreased and the highest reduction in parameters
recorded at 21days water regime. Spikes length, number of spikes/plant, weight of spikes, 100 grain dry
weight, grain numbers and grain yield were also decreased. However, AsA treatments alleviated the
inhibitory effect of drought through enhancing above mentioned parameters.
Keywords: Ascorbic Acid, Water Stress, Wheat.

different abiotic stresses such as high salt, drought, cold and

INTRODUCTION

heat, which ultimately affect the plant growth and
Wheat is cultivated in different environments, in arid

productivity (Gill et al., 2003). Against these stresses,

and semi arid region of the world is very low due to low

plants adapt themselves by different mechanisms including

precipitation, high temperature and accumulation of salts in

change in morphological and developmental pattern as well

soil (Munns, 2002). Due to their sedentary mode of life,

as physiological and biochemical responses. Adaptation to

plants resort to many adaptive strategies in response to

all these stresses is associated with metabolic adjustments
that lead to the modulation of different enzymes (Strain and
Fletcher, 2003).
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Ascorbate (AsA) has been shown to have an essential
role in several physiological processes in plants, including
the regulation of growth, differentiation, and metabolism
(Horemans et al., 2000). It functions as a reductant for
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many free radicals, thereby minimizing the damage caused

Proline accumulated under stressed condition supplies

by oxidative stress (Smirnoff and Wheeler, 2000). A

energy for growth and survival and thereby helps the plant

fundamental role of AsA in the plant defense system is to

to tolerate stress (Mittler, 2002). Proline acts as acompatible

protect metabolic processes against H2O2 and other toxic

solute, and buffers cellular redox potential; stabilizing the

derivatives of oxygen (Shao et al., 2008). Induction of

macromolecules, the organoids and the structures (proteins,

drought tolerance in plants by exogenous application of

membranes, chloroplasts and liposome against damage

AsA may have a significant practical application in

caused by stress condition (Wahid and Close, 2007).

agriculture. Hamada (2000) investigated the effect of AsA

According to Hanson (1980), proline accumulation in

application on amelioration of wheat plant from water

wheat, barley, rice, sorghum and maize, started when the

deficit (100%, 70%, 50% and 30% field capacity). Abdel-

leaf water potential was reduced to -1.0 MPa. Higher

Hameed et al., (2004), they found that foliar application of

proline content in wheat plants after water stress application

AsA (50- 200ppm) caused significant increases in

has been reported by (Vendruscolo et al., 2007). Increased

vegetative growth characters, yield and its components of

proline accumulation was reported in water stressed wheat

wheat plants to foliar application of. There was a

(Tatar and Gevrek, 2008).

progressive increase in plant height, number of tiller and

Water deficit is a primary factor that limits the wheat

spikes, flag leaf area, blades area/plant, spike length, grain

production in Kurdistan region, since the rainfall during

and straw yield per plant and per fed with increasing

the growing season is usually low and not constant,

ascorbic acid level up to 400ppm as foliar application

which leads to decrease ground water and eventually

(Amin et al., 2008). Most of the protein and free amino

increase the soil and water salinity. The main objectives

acids of shoots were reduced with the reduction of soil

of the present study therefore were: i) to examine the

moisture content for 15 days. On the other side, the

effects of progressive water deficit and foliar application

decreasing of soil moisture content induced progressive

of AsA on growth criteria and yield attributes of wheat

increase in soluble sugars, starch, proline contents of shoots

(Triticum aestivum L.) cv. Rizgary ii) to examine

and roots. Application of AsA 100ppm induced the drought

whether foliar application of AsA could minimize the

tolerance and improves the performance under normal and

harmful effects of water stress and could enhance

stress conditions compared with control plants. Such

drought tolerance of plant ii) to estimate the changes

promoting effects of AsA on growth were also, obtained by

that occur in mineral ions (N, P, K, Ca, Mg, Na and Cl )

(Al-Hakimi and Hamada, 2001). Soaking of wheat grains

content in the leaves of plant, as well as alteration in the

presowing for 6hrs in 100ppm of AsA synergistically

amount of chlorophylls, carotenoids and some other

enhanced the stimulatory effects of drought (70%, 50% and

metabolites content such as proline, AsA, soluble sugars,

30% field capacity) on photosynthetic pigments. The highly

total carbohydrates and proteins under the influence of

adverse effects of drought stress were clearly demonstrated

different water regime and foliar applied AsA.

in wheat plants treated with the lowest level of field
capacity (30%). On the other side, soaking presowing of

METHODOLOGY

wheat grains in AsA was generally effective in alleviating,

The experiment was conducted in a greenhouse of

partially or completely, these inhibitory effects of drought

Biology department, College of Education/ Scientific

treatments (Hamad and Hamada, 2004).

departments-University of Salahaddin-Erbil. The soil
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(sandy loam) was air dried and ground to pass through a

irrigation that all of the pots were kept at field capacity till

2mm sieve then sterilized by formalin (HCHO) 40%. 7 kg

harvesting. The experiment was laid out in a randomized

of prepared soil was put in plastic pots (24cm diameter,

complete block design replicated 4 times with 4 irrigation

21cm depth, and 9.4 L volume). Some chemical and

regimes including control (every 3days), after one, two and

physical properties of the soil were analyzed using different

three weeks of irrigation each with or without spraying with

methods as described by (Ryan et al., 2001), were shown in

(200ppm) AsA. Analysis of variance (ANOVA) of the data

table (1). Pots were brought to field capacity (100%) prior

from each attribute was computed using the Statistical

to sowing the seeds. Seven seeds of wheat (Triticum

Package for the Social Sciences (SPSS) version 16. The

aestivum L.) cv. Rizgary were sown per pot at the fourth

Fischer's Least Significant Differences (LSD) test at 5%

week of October and reduced to three, were used through

level of probability for greenhouse measurements and 1%

out the experimental period for vegetative, chemical

level for the laboratory measurements was used to test the

analysis and the remaining seedling was left to grow for

differences among mean values (Snedecor and Cochran,

studying yield components. The pots were fertilized with

1989).

urea fertilizer CO(NH2)2 containing 46.66% N, phosphorus

Vegetative and biomass growth characteristics were

and potassium fertilizer (KH2PO4) containing 22.70 %P and

recorded after 85days from sowing day. Plant height was

% 28.60 K were added to the pots as solutions after 10days

recorded on tagged plant by measuring the height from

from germination with the rates of 75, 75, 94.5 mg/Kg soil

ground level to the base of youngest fully opened leaf

and for N, P and K, respectively. Soil moisture status was

and expressed in centimeters (cm). Flag leaf area was

maintained by frequently weighing the pots, and the

measured by adopting Stickler’s linear measurement

amount of water equal to the weight loss was added.
Average relative humidity in glasshouse ranged from 40%

method (Fang et al. 2006a) as given below:
Leaf area (cm2) = L x B x 0.78, where L = length of

to 70% at day and night, respectively. Monthly average

leaf, B = Breadth of leaf
The leaf growth elongation rate (mm day

temperatures were recorded at the glasshouse as shown in

-1

) was

table (2). Seedlings were sprayed with (200ppm) AsA after

calculated according to Liang et al., (2002) formula as

30 and 40days from sowing; stock solution (1000ppm) of

follows:

pure AsA (1.0g/L) was prepared and then from this stock

GR= 1/L0 × dL/dt

solution 500ml of diluted 200ppm was prepared. Two

L0=Stand for the leaf length of selected plants at the

drops of Tween 40 were added to each solution as a

beginning of the treatment.

surfactant agent. The plants were sprayed with solutions at

dL/dt= Stand for the length increment of selected

the early morning hours by using manual sprayer and the

leaves per day during the treatment.

control plants were sprayed with distilled water and the

The whole plant was uprooted by pouring water into

volume of the spray solution has to cover the plant foliage

the plant's pot, roots were carefully cleaned with running

completely till drip (Dolatabadian et al., 2009). Two days

tap water and finally washed with distilled water then

after second spray the plants were subjected to water deficit

the shoot and root were dried in an oven with drift fan at

for 90days. Four period of irrigation was applied as: control

(70ºC) for 48hrs, then shoot and root dry weight per

(every 3days), after one, two and three weeks of irrigation.

plant were measured and the ratio of shoot dry weight (g

After irrigation treatments the plants returned to normal

plant-1)/ root dry weight (g plant-1) was attained (Luvaha

-3-
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et al., 2008). Water content (g plant-1) was calculated by

emission

subtracting shoot dry weight from shoot fresh weight

(Temminghoff and Houba, 2004). Total magnesium and

(Talebi et al., 2009).

calcium (mg g-1) were determined simultaneously in the

Yield characteristics were recorded at harvesting

technique

as

adopted

by

plant extract by using atomic absorbance spectrophotometer

-1

time which included number of spikes plant , spikes

as described by (Hanlon, 1992). Chloride content was

-1

estimated according to Mohr method which was described

length (cm), weight of spikes (g plant ), grain numbers
-1

photometer

-1

plant , grain weight (g plant ) and 100-grains weight

by Pandey (Pandey et al., 2000). Total protein (mg g-1) was

(g). Chemical analysis of leaves after 85days from

calculated by multiplying the total nitrogen by 5.75

sowing included total nitrogen, phosphorus, potassium,

(A.O.AC., 1995). Soluble sugars (mg g-1) and total

magnesium, calcium, sodium and chloride. Biochemical

carbohydrate (mg g-1) were determined by anthrone method

analysis of leaves after 85days from sowing included

(Sadasivam and Manickam, 1992). Chlorophyll a, b and

proteins, soluble sugars, total carbohydrates, proline,

total carotenoids were extracted from 0.5g of fresh leaves in

ascorbic acid and photosynthetic pigments.

85%

-1

ethanol

and

measured

spectrophotometrically

Total nitrogen (mg g ) was determined in plant extract

according to (Lichtenthaler, 1987). Ascorbic acid content in

by Kjeldahl method as described by (Temminghoff and

wheat leaves was estimated using 2, 6-dichlorophenol

-1

Houba, 2004). Total phosphorus (mg g ) was determined

indophenols titration method (Sadasivam and Manickam,

in plant extract samples by using spectrophotometer

1992). Proline was determined according to the method

method as described by (Ryan et al., 2001). Total

described by (Bates et al., 1973).

-1

potassium and sodium (mg g ) were estimated by flame
Table 1. Some physical and chemical properties of the soil used in the experiments.
Properties

Values

Particle Size

Sand

701.1

Distribution g kg-1

Silt

234.6

Clay

64.3

Soil Texture

Sandy loam

Field Capacity%

15.87

Organic matter%

0.76

pH

7.51
-1

Electrical Conductivity (dS m at 25 0C)

0.38

Total nitrogen%

0. 6
-1

Total Phosphorus (mg kg soil)
-1

Soluble potassium (mg kg soil)
-1

Soluble Sodium(mg kg soil)
-1

Soluble Chloride(mg kg soil)
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Table 2. Minimum and maximum air temperatures throughout the experiments period.
Year

Months

Minimum oC

MaximumoC

2009

October

18.8

30.9

November

12.4

21.6

December

7.9

16.4

January

5.8

15.2

February

10.4

17.6

March

12.4

20.6

April

16.0

25.7

May

23.7

34.8

2010

RESULTS
Vegetative and Biomass Characteristics
Data represented in table (3) illustrated that as the soil

significant increase in root: shoot ratio, the lower value was

moisture decreased the plant height, flag leaf area and shoot

0.151 obtained from 3days interval plus 200ppm AsA

dry weight were significantly decreased compared to the

treatment and the higher value was 0.264 obtained with

well watered plants. The maximum reduction in growth

21days irrigation plus 200ppm AsA. Water regime for 14,

criteria was observed in plants with 21days water regime.

21 days interval were significantly decrease water content,

2

The lower values were 46.33cm, 55.20 cm and 1.200g for

the lower value of water content per plant was 6.65g

plant height; flag leaf area and shoot dry weight,

obtained from 21days water regime and no difference

respectively. AsA at the level of 200ppm applied as foliar

between14, 21 days interval was observed . The AsA

spray could alleviate the inhibitory effect of drought by

application could alleviate the harm effect of drought

enhancement plant height, flag leaf area and shoot dry

through enhancement plant water content. All treatments of

weight. The values of mentioned parameters were 61.33cm,

the irrigation day intervals plus 200ppm AsA had

2

significant large water content than their controls.

70.84cm , 2.403g observed in plants irrigated after 3, 7days
2

Moreover, decreasing soil moisture caused a significant

and 2.693g, respectively by 7days water regime plus

gradually decreases in growth elongation rate of leaves; the

200ppm AsA. Root dry weight was increased significantly

lower value was 0.285mm day-1 obtained from sever

by decreasing soil moisture, the higher value 1.500g

drought 21days irrigation. Whereas in other hand, spraying

obtained by 21days water regime. While AsA application

the drought- stressed plants with 200ppm AsA caused a

caused a significantly decline in root dry weight compared

significantly increase in leaf growth elongation rate as

to control, the higher reduction was 0.355 obtained after

compared with untreated control except 3 days irrigation.

21days irrigation plus 200ppm AsA. The root: shoot ratio

The lower value was 0.285mm day

increased significantly by increasing drought stress. The

obtained from 21days irrigation; increased significantly to

higher value was 1.250 obtained after 21days water

0.773mm day

interval were increased significantly to 63.66cm, 75.13cm

irrigation. While application of 200ppm AsA caused a

-5-
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Table 3. Combination effect of irrigation intervals and foliar application of ascorbic acid (AsA) on some vegetative
and biomass characteristics of wheat cv. Rizgary after 85days from sowing.

Irrigation

Treatments

Flag leaf

Plant

area

height

interval (Days)

(cm2plant-

(cm)

1

)

Shoot dry

Root dry

Root:

Water

Growth

weight

weight

Shoot

content

Rate of leaf

-1

-1

(g plant )

(mm day-1)

-1

-1

(g plant )

(g plant )

plant

3

66.66

74.64

2.480

0.945

0.381

12.18

1.314

7

61.33

70.84

2.403

1.372

0.570

11.68

0.844

14

50.33

64.63

2.355

1.465

0.622

6.98

0.735

21

46.33

55.20

1.200

1.500

1.250

6.65

0.285

3

68.33

79.67

3.915

0.595

0.151

14.39

1.737

200ppm

7

63.66

75.13

2.693

0.520

0.193

12.79

1.507

AsA +

14

51.00

65.26

2.525

0.413

0.163

10.28

1.346

21

47.66

57.59

1.342

0.355

0.264

8.11

0.773

1.58

4.26

0.246

0.196

0.121

0.87

0.445

Controls

L.S.D 0.05

respectively. Application of 200ppm AsA led to

Mineral Composition of Leaves
Table

(4)

shows

phosphorus,

significant increase in both sodium and chloride as

potassium, calcium and magnesium content of leaves

compared with their corresponding controls when

were significantly decreased with increasing the

interacted with 14 and 21 days irrigation intervals except

irrigation intervals from (3, 7, 14 and 21) days except 14

21days irrigation intervals for sodium, the values of

days irrigation intervals for phosphorus, potassium and

sodium was 1.553 mg g-1 for 14 days irrigation interval

21days

whereas

plus 200ppm AsA compared with 0.915mg g-1 obtained

application of AsA causing significant increases in the

by 14 days irrigation interval only. Although the values

values of the minerals except14 days irrigation intervals

of chloride was 2.293 and 3.984 mg g-1 for 14 and 21

for nitrogen. The lowest values were 34.55, 0.706,

days irrigation interval plus 200ppm AsA respectively,

irrigation

that

intervals

27.61, 25.87 and 0.570 mg g

nitrogen,

for

-1

calcium

compared with 1.931 and 3.137 mg g-1 obtained at 14

obtained at 21 days

irrigation intervals for nitrogen, phosphorus, potassium,

and 21 days irrigation intervals only.

calcium and magnesium respectively which were
significantly increased to 36.95, 1.241, 31.93, 28.13 and
0.896 mg g

-1

Photosynthetic Pigment

respectively by application of 200ppm

Table (5) shows that chlorophyll a decreased

AsA. Sodium and chloride content were significantly

significantly with increasing irrigation intervals to 14

increased by increasing irrigation intervals except 14

and 21days, this reduction was recovered by addition of

days irrigation intervals for sodium, the higher values

200ppm AsA which caused significant increase in

-1

were 1.482 and 3.137 mg g for sodium and chloride

chlorophyll a compared to their corresponding controls,

which

the lower value was 0.721 mg g-1 F.wt. obtained at

obtained

at

21days

irrigation

intervals
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21days irrigation interval which was increased to 0.800

(0.342 mg g-1 F.wt.) was recorded with 21 days

mg g-1 F.wt. by application of 200ppm AsA. Although

irrigation interval. Moreover, spraying the well watered

chlorophyll b decreased significantly by increasing

plants with 200ppm AsA caused significant increase in

irrigation intervals to 14 and 21days the lower value

total carotenoids compared with control.

Table 4. Combination effect of irrigation intervals and foliar application of ascorbic acid (AsA) on mineral
composition (mg g-1) in the leaves of wheat cv. Rizgary after 85days from sowing.
Irrigation
Treatments

interval
(Days)

Nitrogen
-1

mg g

Phosphorus
mg g

Potassium

-1

mg g

-1

Calcium
mg g

-1

Magnesium
mg g

-1

Sodium
mg g

-1

Chloride
mg g -1

3

42.71

1.596

31.44

25.09

0.846

1.234

1.690

7

40.38

1.173

29.57

27.06

0.845

1.482

2.173

14

37.28

1.112

29.38

29.52

0.580

0.915

1.931

21

34.55

0.706

27.61

25.87

0.570

1.482

3.137

3

44.71

2.205

32.23

28.43

0.980

1.127

1.811

200ppm

7

42.71

2.012

30.65

29.81

1.193

1.234

2.293

AsA +

14

38.83

1.935

29.97

29.42

0.925

1.553

2.293

21

36.95

1.241

31.93

28.13

0.896

1.587

3.984

1.62

0.373

0.494

1.45

0.245

0.275

0.313

Controls

L.S.D 0.01

Biochemical Composition

addition of 200ppm AsA increased significantly soluble

Table (6) shows that proline content was significantly

sugar content in leaves as compared with their controls

increased by increasing interval days of irrigation to 14 and

except in 7 days irrigation interval, the lower value was

21 days compared to control. The higher value of proline

162.3 mg g-1 obtained by 21days irrigation interval plus

was 0.245 μg Kg-1 F.wt. obtained at 21days water regime.

200ppm AsA compared to 147.4 mg g-1 obtained by 21days

Application of 200ppm AsA caused significant increase in

water regime without AsA. Spraying the plants with

proline content in plants irrigated every 3 and 7 days

200ppm AsA caused significant increases in carbohydrate

compared to their corresponding control. Increasing water

content in leaves of the plants grown under 3, 7, 14, and

stress caused more AsA relative to the fresh leaves, in

21days irrigation interval compared to their controls.

addition exogenous application of AsA caused significant

The data recorded in the same table indicated that

increase in endogenous AsA, the maximum value was 5.45

protein content was gradually significant decreased with

-1

μg Kg F.wt. which obtained by 21days irrigation interval

increasing days of irrigation interval (7, 14 and 21 days).

-1

plus 200ppm AsA compared to 4.79 μg Kg F.wt at 21days

The treatments with AsA under the various levels of

irrigation interval only. However, the same table shows that

water stress (3, 7, 14 and 21) days irrigation interval

soluble sugars were increased significantly only at 7 days

resulted in significant increases in the contents of protein

-1

as compared to their corresponding controls, the lowest

irrigation interval (198.8 mg g ). On the other hand,

-7-

Effect of Foliar…

Zhwan Khalid Hussein, Mohammed Qader Khursheed

value was 210.61 mg g-1 obtained by 21days irrigation

obtained by 21days irrigation interval only.

-1

interval plus 200ppm AsA compared to 196.93 mg g

Table 5. Combination effect of irrigation intervals and foliar application of ascorbic acid (AsA) on chlorophyll a,
chlorophyll b and carotenoid pigments (mg g-1 F.Wt.) in the leaves of wheat cv. Rizgary after 85days from sowing.
Irrigation interval

Treatments

Chlorophyll a

Chlorophyll b

(mg g F.Wt.)

(mg g F.Wt.)

(mg g-1 F.Wt.)

3

0.867

0.465

0.542

7

0.814

0.404

0.534

14

0.718

0.362

0.526

21

0.721

0.342

0.482

3

0.986

0.533

0.602

200ppm

7

0.972

0.432

0.565

AsA +

14

0.936

0.414

0.526

21

0.800

0.410

0.497

0.056

0.079

0.056

L.S.D 0.01

-1

Total carotenoids

(Days)

Controls

-1

Table 6. Combination effect of irrigation intervals and foliar application of ascorbic acid (AsA) on proline, AsA,
soluble sugars, total carbohydrates and protein content in the leaves of wheat cv. Rizgary after 85days from sowing.
Irrigation
Treatments interval
(Days)
Controls

Proline

Ascorbic acid Soluble sugars

-1

-1

(µg g F. wt.) (µg Kg F. wt.)

-1

(mg g )

Total
carbohydrates
(mg g-1)

Protein
(mg g-1)

3

0.207

4.29

154.6

329.1

243.44

7

0.216

4.66

198.8

334.3

230.16

14

0.235

4.70

148.8

322.7

212.49

21

0.245

4.79

147.4

317.3

196.93

200ppm

3

0.237

4.92

214.1

389.1

254.84

AsA +

7

0.245

5.20

179.2

380.9

243.44

14

0.253

5.26

167.2

355.2

221.33

21

0.260

5.45

162.3

353.7

210.61

0.027

0.36

13.2

15.3

9.23

L.S.D 0.01

Yield Components

both 14 and 21days irrigation interval caused significant

The results in (Table 7), clearly demonstrate that

decrease in spike length, number of spikes, weight of

-8-
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spikes, grain numbers, 100-grains D.wt. and grain

irrigation interval plus 200ppm AsA was also increased

weight per plant. Number of spikes, weight of spikes and

significantly compared with control. While application

grain numbers were also decreased significantly under

of AsA caused significant increase in grain numbers

7days irrigation interval compared with control.

under 3, 7 and 14 days irrigation interval as compared

Concerning the combination between (3, 7 and 21) days

with their controls. Whereas application AsA caused no

irrigation interval with 200ppm AsA and (3, 14 and 21)

significant difference in 100-grains D.wt. On the other

days irrigation interval with 200ppm AsA, it was found

hand AsA treatment was increased significantly grain

that these treatments increased spike length and number

yield of well watered plant compared with 3 days

of spikes significantly respectively, compared with their

interval only.

corresponding controls. Spike weight under 14days
Table 7. Combination effect of irrigation intervals and foliar application of ascorbic acid (AsA) on yield and its
components of wheat cv. Rizgari.
Irrigation
Treatments interval

Spikes

Number of

Weight of

length

spikes

spikes

-1

-1

100-grains

plant-1

D.wt.(g)

Grain
weight
(g plant-1)

(Days)

(cm)

Plant

3

10.82

5.32

7.69

109.00

4.46

4.99

7

10.32

3.32

6.67

82.00

4.40

4.69

14

9.82

2.00

4.27

61.66

4.18

3.86

21

7.32

1.32

1.31

23.00

3.42

0.80

3

11.35

6.32

8.05

135.60

4.64

5.74

200ppm

7

11.00

3.65

7.32

106.60

4.58

4.09

AsA +

14

9.65

3.32

2.81

92.33

3.98

2.34

21

8.00

2.32

1.73

23.32

3.45

0.78

0.61

0.55

0.45

5.62

0.21

0.34

Controls

L.S.D 0.05

Plant

Grain numbers

DISCUSSION

is produced in the cells under water stress condition, is a

The present study revealed the harm effect of water

stress signal, inhibit cell division and/or DNA synthesis

stress on vegetative growth and biomass characters of

as well as ABA accumulation induces stomatal closure

wheat. It shows that water stress decreased plant height,

and inhibits transpiration (Martinez et al., 2004). The

flag leaf area and shoots dry weight as compared with

relative increase in root dry matter over that of shoot

the well watered plants (table 3). These results partially

may be because at water potentials that completely

agreed with those obtained by (Hamada, 2000; Al-

inhibit shoot growth, the primary root continues to grow.

Hakimi and Hamada, 2001; Hamad and Hamada, 2004).

Translocation of N from shoot to root has been reported,

This reduction probably due to the ABA action which it

could cause the root to grow more than the shoots and

-9-
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lead to an increased root: shoot ratio in drought stressed

maize leaves contained approx. 50% less calcium than

plants. Water content was decreased by water deficiency

control plants, the decrease in Ca++ concentration in

in soil, as well as the root might assimilate lower water

plant cells is harmful because this element plays an

amount/ volume with increase the period under water

essential role in maintaining the structural and functional

stress (Taiz, and Zeiger, 2006). Furthermore this

integrity of plant membranes and regulation of their

reduction probably due to stomatal closure; reduce water

permeability and selectivity. The ability of plants to

absorption and transpiration rate, especially in dry

maintain membrane stability is a crucial trait of stress

environments (Verslues et al., 2006). In higher plants the

resistance. Disruption of ion homeostasis may result

oxygen toxicity is more serious under condition of

from reduced K+ concentrations in water-stressed plants.

water-deficit conditions, water stress causes stomatal

Potassium plays an important role in processes involving

closure, which reduces the CO2/O2 ratio in leaves and

osmotic adjustment and its adequate level in plants may

inhibits photosynthesis. These conditions increase the

improve water stress tolerance. The decreasing in the N

rate of reactive oxygen species (ROS) like superoxide

content under water stress may be due to a decreased

-2

transpiration rate to transport N from roots to shoots and

radical (O ) hydrogen peroxide (H2O2), and hydroxyl
-

and

reduced the N content in plants, water improved

mitochondria (Mittler, 2002), via enhanced leakage of

development and arrangement of root at normal moisture

electrons to oxygen. The hydroxyl radical, one of the

contents in the soil, hence increased overall absorbing

most reactive oxygen species, is responsible for oxygen

capability of the root, in addition water being a universal

toxicity in vivo, causing damage to DNA, protein, lipids,

medium for ion diffusion from the soil solution and

chlorophyll and almost every other organic constituent

absorbing complex of the soil toward root hairs so

of the living cell. Plants protect cellular and sub-cellular

moisture deficiency upset the functioning of enzyme

system from the cytotoxic effects of active oxygen

system, caused hydrolysis and degradation of organic

radicals with anti-oxidative enzymes such as superoxide

substance, sharply reduce the photosynthesis rate, and

dismutase (SOD), peroxidase (POX) and catalase (CAT)

brings plant growth to a half (Yagodin, 1982). It is

as well as metabolites like glutathione, ascorbic acid,

generally accepted that the uptake of P by crop plants is

tocopherol and carotenoids (Alscher et al., 2002).

reduced in dry-soil conditions and that may be explained

radical

(OH )

particularly

in

chloroplast

The results showed that nitrogen, phosphorus,

that the translocation of P to the shoots is severely

potassium and magnesium decreased significantly with

restricted even under relatively mild drought stress

increasing water stress compared to control, while foliar

(Rasnick, 1970). Furthermore, the availability of K+ to

application of AsA increase the concentration of

the plant decreases with decreasing soil water content,

mentioned above mineral, on the other hand calcium,

due to the decreasing mobility of K+ under these

chloride and sodium increased significantly as compared

conditions (Asch et al., 2000). Moreover, application of

to the control, in addition application of AsA caused

AsA caused better resistance to water stress by

increase in calcium, chloride and sodium significantly

increasing ions content in the organs of the stressed

compared to their controls (table 4), these results

plants through their role in increasing osmotolerance

partially agreed with those obtained by (Kaya et al.,

and/or through regulating various processes including

2006) on maize. They reported that under drought stress

absorption of nutrients from soil solution (El-Bassiouny

-10-
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and carbohydrate may be attributed to the decreasing of

et al., 2005).
Chlorophyll a, b decreased with increasing water

chlorophyll content because of increasing the production

stress, while AsA application caused significant increase

of oxygen radicals that cause peroxidation of these

in chlorophyll a compared to control (table 5), these

pigments and chemical analyzing them and finally lead

results partially agreed with those obtained by (Hamad

to decreasing sugar and carbohydrate content (Wise and

and Hamada, 2004). The reduction in photosynthesis

Naylor, 1987). There was a general decreasing trend in

pigment may be attributed to the decreasing the

total proteins in plant leaves due to water deficit. This

availability of nutrients to plant which are necessary to

reduction is due to possible increase of the proteases

formation the photosynthetic pigment under water stress

enzyme activity, on which promotes the breakdown of

condition such as N, P, Mg, Fe and so on or may be

the proteins and consequently decrease the protein

related to decline the level of some enzyme such as

amount presents in the plant under water stress

nitrate reeducates and other enzymes which are essential

conditions (Wagner et al., 2004).

for construction the chlorophyll structure (Galmes et al.,

The present experiments revealed a decrease in spike

2007). Moreover, (Choudhury et al., 1993) suggested

length, number of spikes plant-1 weight of spikes plant-1,

that the positive effect of AsA on photosynthesis

grain numbers plant-1, 100-grains D.wt. and grain weight

attributed to stabilizing and protecting the photosynthetic

with increasing drought stress as compared to the control

pigments and photosynthetic apparatus from oxidization.

(table 7). These results were partially agreed with those

Application of AsA caused increase in proline

obtained by (Hamada, 2000; Hamad and Hamada, 2004).

content, soluble sugars, total carbohydrate, endogenous

The deficiency of water leads to severe decline in yield

AsA and protein (table 6). These results partially agreed

traits of crop plants probably by disrupting leaf gas

with those obtained by (Amin et al., 2008), although the

exchange properties which not only limited the size of

result of proline agreed with those obtained by (Hamada,

the source and sink tissues but the phloem loading,

2000) on wheat and of AsA agreed with those obtained

assimilate translocation and dry matter partioning are

by (Dolatabadian et al., 2009) on maize. Mukherjee and

also impaired (Farooq et al., 2009).

Choudhuri (1993) reported an enhancement in AsA
content of Vigna seedling when subjected to severe

CONCLUSION

water stress. Drought stress increase the production of

According to results, it can be concluded that

free radicals, causes cellular membrane damage, enzyme

increasing the endogenous AsA of wheat plant by foliar

inactivation and leakage of ions from plant cells, disturb

application of AsA mitigates the adverse effects of

osmotic adjustment and therefore proline accumulation

drought stress through corrects the nutritional disorders,

occurs normally in the cytosol when it contributes

biosynthesis

substantially to the cytoplasmic osmotic adjustment

conservation, increasing amounts of carbohydrates and

(Ketchum et al., 1991). The decreasing in soluble sugars

proline.
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ﺗﺄﺛﻳر اﻟرش اﻟورﻗﻲ ﺑﺣﺎﻣض اﻷﺳﻛورﺑﻳك ﻓﻲ اﻟﻧﻣو وﻣﻛوﻧﺎت اﻟﺣﺎﺻﻝ وﻓﻲ ﺑﻌض اﻟﻣﻛوﻧﺎت اﻟﻛﻳﻣﻳﺎوﻳﺔ ﻟﻠﺣﻧطﺔ ﺗﺣت
ظروف اﻹﺟﻬﺎد اﻟﻣﺎﺋﻲ
زوان خالد حسين ،1محمد قادر خورشيد

1

ﻣﻠﺧـص
اﺟرﻳت ﻫذﻩ اﻟدراﺳﺔ ﻓﻲ اﻟﺑﻳت اﻟزﺟﺎﺟﻲ ﻟﻠﻔﺗرة ﻣن  26ﺗﺷرﻳن اﻷوﻝ ﻟﻌﺎم  2009اﻟﻰ  15ﻣﺎﻳس  2010وﻓﻳﻬﺎ اﺳﺗﺧدﻣت
ﺑذور اﻟﺣﻧطﺔ اﻟﺷﺗوﻳﺔ ) (Triticum aestivum L.وﺻﻧف رزﻛﺎري ﻟدراﺳﺔ ﺗﺄﺛﻳراﻟرش ﺑﺣﺎﻣض اﻷﺳﻛورﺑﻳك ﺑﺗرﻛﻳز)(200
ﺟزء ﻓﻲ اﻟﻣﻠﻳون ﻓﻲ ﺧﺻﺎﺋص اﻟﻧﻣو اﻟﺧﺿري واﻟﻛﺗﻠﺔ اﻟﺣﻳوﻳﺔ ﻓﻲ ﻣراﺣﻝ ﻣﺧﺗﻠﻔﺔ ﻣن اﻟﻧﻣو وﻓﻲ ﺑﻌض ﻣﻛوﻧﺎت اﻟﻛﻳﻣﻳﺎوﻳﺔ
واﻟﺑﺎﻳوﻛﻳﻣﻳﺎﺋﻳﺔ ﻟﻠﻧﺑﺎت ،ﺣﻳث ﺗم وﺿﻊ اﻟﻧﺑﺎﺗﺎت ﺗﺣت ظروف اﺟﻬﺎد ﻧﻘص اﻟﻣﺎء ﻣن ﺧﻼﻝ اﻟري ﻟﻔﺗرات )، 14 ، 7 ، 3
 (21ﻳوﻣﺎ و ﻟﻣدة  90ﻳوﻣﺎ .اﻧﺧﻔﺿت ﺧﺻﺎﺋص اﻟﻧﻣو اﻟﺧﺿري وﻣﻛوﻧﺎت اﻟﺣﺎﺻﻝ ﺗﺣت ظروف ﻋﺟز اﻟﻣﺎء ﻓﺿﻼ ﻋن
اﻟﺗﻐﻳرات ﻓﻲ ﻣﺳﺗوى اﻷﻳوﻧﺎت اﻟﻣﻌدﻧﻳﺔ واﻟﻣﻛوﻧﺎت اﻟﻛﻳﻣﻳﺎﺋﻳﺔ ﻓﻲ اﻷوراق  .واﻧﺧﻔض ارﺗﻔﺎع اﻟﻧﺑﺎت واﻟوزن اﻟﺟﺎف ﻟﻠﻣﺟﻣوع
اﻟﺧﺿري واﻟﻣﺣﺗوى اﻟﻣﺎﺋﻲ واﻟﻧﻣو اﻟﻧﺳﺑﻲ ﻟﻠورﻗﺔ ﺑﺷﻛﻝ ﻣﻌﻧوي ﻣﻊ ازدﻳﺎد ﻓﺗرة اﻟﺟﻔﺎف ،ﺑﻳﻧﻣﺎ زادت وزن اﻟﺟﺎف ﻟﻠﺟذر
وﻧﺳﺑﺔ اﻟوزن اﻟﺟﺎف ﻟﻠﺟذر ﻋﻠﻰ اﻟوزن اﻟﺟﺎف ﻟﻠﻣﺟﻣوع اﻟﺧﺿري .وأﻣﺎ ﻋن ﺑﻌض اﻟﻣﺣﺗوﻳﺎت اﻟﻛﻳﻣﻳﺎوﻳﺔ واﻟﺑﺎﻳوﻛﻳﻣﻳﺎﺋﻳﺔ
ﻟﻠورﻗﺔ؛ ﻓﻘد اﻧﺧﻔض ﻣﺣﺗوى اﻟﻧﺎﻳﺗروﺟﻳن واﻟﻔﺳﻔور واﻟﺑوﺗﺎﺳﻳوم واﻟﻣﻐﻧﺳﻳوم وزاد اﻟﺑروﻟﻳن وﺣﺎﻣض اﻷﺳﻛورﺑﻳك ﺑﺷﻛﻝ واﺿﺢ
ﻣﻊ اﺟﻬﺎد اﻟﺟﻔﺎف اﻟﻣﺗزاﻳد وﻛﺎﻧت اﻋﻠﻰ ﻗﻳﻣﺔ ﺣﺻﻝ ﻋﻠﻳﻬﺎ ) (21ﻳوﻣﺎ ،أﻣﺎ اﻟﺳﻛرﻳﺎت اﻟذاﺋﺑﺔ واﻟﻛرﺑوﻫﻳدرات اﻟﻛﻠﻳﺔ
واﻟﺑروﺗﻳن وﻛﻠوروﻓﻳﻝ  aو  bواﻟﻛﺎروﺗﻳﻧﺎت اﻟﻛﻠﻳﺔ ﻟﻠورﻗﺔ ،ﻓﻘد ﻧﻘﺻت وﻛﺎﻧت أدﻧﻰ ﻗﻳﻣﺔ ﻟﻬذﻩ اﻟﻣﻘﺎﻳﻳس ) (21ﻳوﻣﺎ .وﻛﺎن
طوﻝ اﻟﺳﻧﺑﻠﺔ وﻋدد اﻟﺳﻧﺎﺑﻝ ووزن اﻟﺳﻧﺎﺑﻝ واﻟوزن اﻟﺟﺎف ﻟـ) (100ﺣﺑﺔ وﻋدد اﻟﺣﺑوب وﺣﺎﺻﻝ اﻟﺣﺑوب ﻗد اﻧﺧﻔض أﻳﺿﺎ،
ﺑﻳﻧﻣﺎ ﻣﻌﺎﻣﻠﺔ اﻟﻧﺑﺎت ﺑﺣﺎﻣض اﻻﺳﻛورﺑﻳك ﺧﻔﻔت اﻟﺗﺄﺛﻳر اﻟﺗﺛﺑﻳطﻲ ﻟﻠﺟﻔﺎف ﻣن ﺧﻼﻝ ﺗﺣﺳﻳن اﻟﺻﻔﺎت اﻟﻣذﻛورة أﻋﻼﻩ .
اﻟﻛﻠﻣﺎت اﻟداﻟﺔ :ﺣﺎﻣض اﻻﺳورﺑﻳك ،اﻹﺟﻬﺎد اﻟﻣﺎﺋﻲ ،اﻟﺣﻧطﺔ.

 (1ﻗﺳم ﻋﻠوم اﻟﺣﻳﺎة – ﻛﻠﻳﺔ اﻟﺗرﺑﻳﺔ/اﻷﻗﺳﺎم اﻟﻌﻠﻣﻳﺔ – ﺟﺎﻣﻌﺔ ﺻﻼح اﻟدﻳن –أرﺑﻳﻝ –

إﻗﻠﻳم ﻛوردﺳﺗﺎن – اﻟﻌراق.
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