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Abstract
Background and Objective: Wheat is one of the most important cereal crops grown in the world. The main amino acids synthesized by
plants are glutamic acid and aspartic acid and from these two amino acids, the other amino acid may be formed. This study aimed to
investigate the physiological role of aspartic acid in improving quality and productivity of two wheat cultivars grown under sandy soil
conditions. Materials and Methods: A field experiment was carried out at the experimental Station of National Research Centre, Nubaria
district, El-Behrea Governorate-Egypt, during two winter seasons of 2016/2017 and 2017/2018. Wheat grains cultivars (Benisuif 4 and
Sohag 3) were obtained from Agricultural Research Centre Giza, Egypt. The experimental design was complete randomized block design
with four replications. Foliar application of aspartic acid (0, 50, 75 and 100 mg LG1) was carried out twice, plants were sprayed after 45 and
60 days from sowing. Results: It was noted that Benisuif 4 cv. was characterized by higher significant growth parameters, photosynthetic
pigments, grains, straw and biological yield than Sohag 3 cv. when grown under sandy soil conditions. Aspartic acid treatments (50, 75
and 100 mg LG1) caused marked significant increases in all growth parameters under investigation, photosynthetic pigments, yield and
yield components, quality of the yielded grains (carbohydrate, protein, N, P, K contents) in both wheat cultivars. It is worthy to mention
that 75 mg LG1 was the most pronounced treatment in increasing quality and productivity of two wheat cultivars grown under sandy soil
conditions. Conclusion: It was concluded that aspartic acid treatments (50, 75 and 100 mg LG1) increased quality and quantity of two
wheat cultivars grown under sandy soil conditions, especially 75 mg LG1 was the most pronounced treatment.
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characteristics of wheat were still the aim of many
investigators. This study aimed to investigate the physiological
role of aspartic acid in improving quality and productivity of
two wheat cultivars grown under sandy soil conditions.

INTRODUCTION
Wheat (Triticum aestivum L.) is one of the most
important cereal crops grown in the world. Grain yield of
wheat is affected by many factors, of which cultivar, nitrogen
fertilizer and amino acids application that play an important
role in determining productivity of wheat. In addition, the
quality of wheat yield depends on physiological-biochemical
processes, which occur in plants during ontogenesis. They are
partly determined by inherent indicators and a number of
environmental factors during vegetation1,2.
Amino acids (bio-stimulants) are organic nitrogenous
compounds and building blocks in the synthesis of proteins
and enzymes3 and known as growth factors of higher
plants4. Moreover, the importance of amino acids came
from their widely use for the biosynthesis of a large variety of
non-proteinic nitrogenous materials, i.e., pigments, vitamins,
coenzymes, purine and pyrimidine bases. Moreover, amino
acids treatments may reduce the application of fertilizers and
improve quality of some plants via increasing plant mineral
uptake and improving nutrients use efficiency5. Experiments
showed that amino acids, which were used for plant
fertilization, promoted the processes of plant respiration,
photosynthesis and water cycle. In addition, amino acids
increased concentration of ascorbic acid and accelerated
protein synthesis. Moreover, promoted plant growth and yield
formation6,7. For instance, it was indicated that amino acid
application increased the growth parameters of tomato plants
grown under salinity levels8.
The main amino acids synthesized by plants are
glutamate and aspartate and from these two amino acids the
other amino acids may be formed. In young plants, amino acid
biosynthesis is regulated by metabolism of glutamine,
glutamate, aspartate and asparagine which is then converted
into all other amino acids by various biochemical processes 9.
Asparagine and glutamine are highly efficient in promoting
growth, yield and its components in faba bean10 and snap
bean11. The potent impact of aspartic acid on various areas of
plant structure and function have prompted many
investigators to apply them to several crops aiming to control
growth patterns and development coupled with enhanced
systemic resistance to various harmful agents. Glutamine and
asparagine stand out for being the first amino acid in which
the nitrogen absorbed by the plants is incorporated and from
it a range of amino acids can be obtained through the activity
of amino-transferases12,13. Exploiting and increasing wheat
production in newly reclaimed sandy soil is necessary to
bridge the gap between production and consumption of
wheat. Therefore, improving both quantitative and qualitative

MATERIALS AND METHODS
Experimental procedure: A field experiment was carried out
at the experimental Station of National Research Centre,
Nubaria district, El-Behrea Governorate, Egypt, during two
winter season of 2016/2017 and 2017/2018. Wheat grains
cultivars (Benisuif 4 and Sohag 3) were obtained from
Agricultural Research Centre Giza, Egypt. The experimental
design was a complete randomized block design with four
replications. Wheat grains were sown on the 15th November
in both season in rows 3.5 m long and the distance between
rows was 20 cm apart, plot area was 10.5 m2 (3.0 m in width
and 3.5 m in length). The recommended agricultural
practices of growing wheat grain were applied and the
seeding rate was 60 kg grains/fed. Pre-sowing, 150 kg/fed
calcium super-phosphate (15.5% P2 O5) was applied to the
soil. Nitrogen was applied after emergence in the form of
ammonium nitrate 33.5% at rate of 75 kg/fed was applied at
five equal doses before the 1st, 2nd, 3rd, 4th and 5th irrigation.
Potassium sulfate (48.52% K2O) was added at two equal doses
of 50 kg/fed, before the 1st and 3rd irrigations. Foliar
application of aspartic acid (0, 50, 75 and 100 mg LG1) was
carried out twice, plants were sprayed after 45 and 60 days
from sowing.
Data recorded at vegetative growth stage: Plant samples
were taken after 75 days from sowing for measurements
growth characters were measured in terms of shoot height
(cm), number of leaves/tiller as well as tiller fresh and dry
weight/plant (g). Photosynthetic pigments (chlorophyll a,
chlorophyll b and carotenoids) in fresh leaves were
determined as method recommended in previous study by
Moran14.
Data recorded at harvest: At harvest the following characters
were recorded on random samples of plants in each treatment
to estimate the following characters: spike length, number of
spikelet/spike, straw yield (t/feddan), biological yield
(t/feddan) and grain yield (ardabe/feddan). The yielded grains
were cleaned and used for determination of carbohydrates,
proteins, nitrogen, potassium and phosphorous contents.
Chemical analysis: Total carbohydrates were determined
according to the already published method15. Mineral
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contents of wheat grains (N, P, K) were determined according
to previously used method16 using a flame photometer.
Protein contents were calculated by multiplying N% by 5.75.

the least significant difference at 5% level of probability
(ANOVA- ONE WAY)17.

Sohag 3 cv. either under control or aspartic acid
treatments (Table 2). Regarding to enhancement effect of
aspartic acid treatments on photosynthetic pigments, it
was noted that 75 mg LG1 aspartic acid was the most
pronounced treatment in increasing all components of
photosynthetic pigments (chlorophyll a, chlorophyll b and
carotenoid) of both cultivars.

RESULTS

Grain yield and yield components: It was noted that Benisuif

Statistical analysis: Data were statistically analyzed by using

4 cv. was characterized by higher yield components than
Sohag 3 cv. as shown in Table 3. In addition, data in Table 3
shows the significant enhancement effect of aspartic acid
treatments on yield and yield components (spike length,
number of spikelet/spike, straw yield (t/feddan), biological
yield (t/feddan) and grain yield (ardabe/feddan) in both
cultivars when grown under sandy soil conditions. Aspartic
acid treatments (50, 75 and 100 mg LG1) caused significant
increases in all yield parameters under investigation in both
wheat cultivars. Regarding Benisuif 4 cv. and Sohag 3 cv.
Aspartic acid at 75 mg LG1 was the most pronounced
treatment.

Vegetative growth parameters: It was noted that control
treatment of Benisuif 4 cv. was characterized by higher
significant growth parameters (shoot height, as well as tiller
fresh and dry weight) than Sohag 3 cv. when grown under
sandy soil conditions (Table 1). Aspartic acid treatments
(50, 75 and 100 mg LG1) caused significant increases in most of
growth parameters under investigation in both wheat
cultivars. It is worthy to mention that 75 mg LG1 was the most
pronounced treatment in increasing all growth parameters
under investigation of both cultivars except shoot height and
fresh weight of tiller of Benisuif 4 cv. that showed maximum
increase by aspartic acid treatment at 50 mg LG1.

Chemical composition of the yielded grains: It was noted
Photosynthetic pigments: It was noted that Benisuif 4 cv.

that control treatment of Benisuif 4 cv. was characterized by
higher carbohydrate and potassium contents in the yielded

was characterized by higher photosynthetic pigments than

Table 1: Effect of aspartic acid treatments on vegetative growth parameters of two wheat cultivars
Treatments
Shoot height (cm)
Number of leaves/tiller
Benisuif 4 cv.
Control
Asp 50 (mg LG1)
Asp 75 (mg LG1)
Asp100 (mg LG1)
Sohag 3 cv.

66.88
76.20
73.60
70.18

Control
64.12
71.22
Asp 50 (mg LG1)
Asp 75 (mg LG1)
76.20
Asp 100 (mg LG1)
72.30
LSD at 5%
2.11
ASP: Aspartic acid, LSD: Least significant difference

Fresh weight of tiller (g)

Dry weight of tiller (g)

4.48
7.60
7.90
6.82

4.55
6.22
5.99
5.80

1.78
1.78
1.86
1.69

4.94
6.40
7.66
6.30
0.59

4.18
5.40
5.88
5.63
0.17

1.41
1.55
1.75
1.68
0.07

Table 2: Effect of aspartic acid treatments on photosynthetic pigments of two wheat cultivars
Fresh leaf tissues (µg gG1 )
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------Treatments
Chlorophyll a
Chlorophyll b
Carotenoids
Chlor+Chlor b
Total pigments
Benisuif 4 cv.
Control
Asp 50 (mg LG1)
Asp 75 (mg LG1)
Asp100 (mg LG1)
Sohag 3 cv.

14.3616
16.6275
22.1505
20.0243

6.0234
7.5768
8.9960
7.5735

Control
13.542
5.350
14.850
5.750
Asp 50 (mg LG1)
Asp 75 (mg LG1)
20.035
6.165
Asp100 (mg LG1)
16.612
5.745
LSD at 5%
0.080
0.013
ASP: Aspartic acid, LSD: Least significant difference , Chlor: Chlorophyll
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3.0254
3.675
4.952
4.125

20.3850
24.2043
31.1465
27.5978

23.4104
27.8793
36.0985
31.7228

2.578
2.958
3.524
3.247
0.045

18.892
20.600
26.200
22.357
0.089

21.470
23.558
29.724
25.604
0.099
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Table 3: Effect of aspartic acid treatments on grain yield and yield components of two wheat cultivars
Treatments
Spike length (cm)
No. of spikelets/spike
Straw yield (t/fed)
Benisuif 4 cv.
Control
Asp 50 (mg LG1)
Asp 75 (mg LG1)
Asp 100 (mg LG1)
Sohag 3 cv.

7.2
8.8
9.6
8.8

Control
7.5
8.2
Asp 50 (mg LG1)
Asp 75 (mg LG1)
9.0
Asp100 (mg LG1)
8.6
LSD at 5%
0.92
ASP: Aspartic acid, LSD: Least significant difference

Biological yield (t/fed)

Grains weight (Ardabe/fed)

17.5
20.0
20.5
18.5

3.06
3.48
3.67
3.42

4.82
5.54
6.15
5.92

12.21
13.76
16.60
14.98

18.0
19.5
20.0
18.5
1.48

2.95
2.96
3.58
3.28
0.13

4.73
5.27
6.00
5.46
0.30

11.88
13.62
16.14
14.44
0.45

Table 4: Effect of aspartic acid treatments on content of carbohydrate, protein and macro-elements of two wheat cultivars
Treatments
Carbohydrate content (%)
Protein (%)
N (%)
Benisuif 4 cv.
Control
Asp 50 (mg LG1)
Asp 75 (mg LG1)
Asp 100 (mg LG1)
Sohag 3 cv.

46.21
47.03
48.23
47.59

14.51
15.71
16.35
15.86

Control
44.82
15.50
45.23
16.68
Asp 50 (mg LG1)
Asp 75 (mg LG1)
47.31
16.92
Asp 100 (mg LG1)
47.03
16.64
LSD at 5%
0.28
0.07
ASP: Aspartic acid, LSD: Least significant difference, P: Phosphorus, K: Potassium

grains than Sohag 3 cv. when grown under sandy soil
conditions (Table 4). Meanwhile, Sohag 3 cv. had the higher
content of protein and phosphorous. Aspartic acid treatments
(50, 75 and 100 mg LG1) caused significant increased in
carbohydrate, protein N, P, K contents under investigation in
both wheat cultivars as compared with corresponding
controls. Aspartic acid at 75 mg LG1 was the most pronounced
treatment in both wheat cultivars.
Data in Table 4 indicated that increases in
carbohydrates content as
affected
by
different
concentrations of aspartic acid treatments followed the
same trend obtained on vegetative growth (Table 1) and
photosynthetic pigments (Table 2).

P (%)

K (%)

2.32
2.51
2.61
2.53

1.68
1.82
1.90
1.87

2.88
2.88
3.34
3.22

2.48
2.66
2.70
2.66
0.01

1.76
1.81
1.89
1.91
0.01

2.77
2.93
3.17
3.00
0.08

significant differences in all growth characters of wheat
cultivars (Sakha93, Gemiza7 and Gemiza9)18. Aspartic acid
treatments (50, 75 and 100 mg LG1) caused significant increase
in all growth parameters under investigation in both wheat
cultivars. Previous works have demonstrated that aspartic acid
application can influence the physiological activities in plant
growth and their yield19. Amino acids promoted development
of the root system and activate growth of the above-ground
plant part20. Amino acids may be play main role in metabolism
and protein assimilation of plant which necessary for plant
cells and consequently increase fresh and dry weight of
plant21. Further, amino acids can play different roles in plants,
they can act as stress-reducing agents, source of nitrogen and
hormone precursors22-24, thereby inducing growth parameters.
Moreover, 75 mg LG1 aspartic acid was the most pronounced
treatment in increasing all components of photosynthetic
pigments of both cultivars. Glutamine or asparagine
treatments resulted in increasing soybean fresh weight and
retention of green color25. Amino acid has a chelating impact
on micronutrients as Mg, which makes the absorption and
transportation of nutrients inside the plant easier due to its
impact on cell membrane permeability26. The enhancement
effect of aspartic acid application on photosynthetic pigments
was in a good harmony with those obtained using asparagine
and glutamine on French bean plant27, using amino acid
mixture on faba bean plant28 and using aspartic acid on
berseem plant29 and in a good supports to the growth rate.

DISCUSSION
The obtained results showed that Benisuif 4 cv. was
characterized by higher significant growth parameters,
photosynthetic pigments, grains, straw and biological yield
than Sohag 3 cv. when grown under sandy soil conditions.
Aspartic acid treatments (50, 75 and 100 mg LG1) caused
marked significant increases in growth parameters,
photosynthetic pigments, yield and yield components, quality
of the yielded grains (carbohydrate, protein, N, P, K contents)
in both wheat cultivars. Benisuif 4 cv. was characterized by
higher significant growth parameters than Sohag 3 cv. when
grown under sandy soil conditions. Worthy, there were
814
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treatments may reduce application of fertilizers and improve
the quality of some plants via increasing plant mineral uptake
and improving the nutrients use efficiency5. Accordingly,
amino acids promote development of the root system and
activate growth of the aboveground plant part20. The author
claimed that the intensity of mineral nutrition elements intake
through the roots depends on the amount of aspartic and
glutamic acid in plants.

Benisuif 4 cv. was characterized by higher yield
components than Sohag 3 cv. as shown in Table 3. Since,
wheat cultivars differed in their yield and yield components as
shown earlier by Sultan et al.30 as well as their grain
concentrations31 of N, Zn and Fe. Wheat cultivars were
significantly different in plant height, spike length, number of
spikes, number of grains per spike and grain weight per
spike32. In addition grain, straw and biological yields and its
components were significantly differed owing to cultivar
differences33.
Aspartic acid treatments had significant enhancement
effect on yield and yield components in both cultivars. Grain
yield of wheat is affected by many factors of which cultivar,
nitrogen fertilizer and amino acids application played an
important role in determining productivity of wheat. Since,
foliar application of amino acids caused the highest significant
increases in plant height, number of tillers/m2, number of
grains/spike, 1000-grains weight and grain yield34. Likewise,
foliar spraying of amino acids induced significant increases in
plant height, no. of leaves/plant, no. of tillers/plant, flag leaf
area, no. of spikes/m2, no. of grains/spike, 1000-grain weight,
grain yield (t/fed), straw yield (t/fed), protein and carbohydrate
percentage in grain35.
Aspartic acid treatments caused significant increases in
carbohydrate, protein N, P, K contents under investigation in
both wheat cultivars. The increases in carbohydrates content
as affected by different concentrations of aspartic acid
treatments followed the same trend obtained on vegetative
growth and photosynthetic pigments. The promotive effect
of the amino acids (aspartic acid) on carbohydrates
constituents may be due to their role in biosynthesis of
chlorophyll molecules which in turn affected total
carbohydrates contents. Glutamic acid application increased
carbohydrates of wheat plant in different plant organs36.
Likewise, the enhancement effect of aspartic acid on the
protein content of the yielded grains may be attributed to the
role of amino acids are organic nitrogenous compounds and
building blocks in the synthesis of proteins and enzymes3 and
known as growth factors of higher plants4. Asparagine and
glutamine are major amino acids transported from leaf canopy
to developing seeds and then converted into all other amino
acids including lysine and threonine and the free amino acids
are subsequently incorporated into seed proteins37. Glutamic
acid application increased carbohydrates and total protein27.
Moreover, aspartic acid treatment increased protein contents
of berseem plant29.
Moreover, amino acids had stimulating effect on
elements because of amino acid has a chelating impact on
micro-nutrients, which make the absorption and
transportation of these nutrients inside plant easier due
to its impact on cell membrane permeability26. Amino acids

CONCLUSION
It could be concluded that aspartic acid treatments (50, 75
and 100 mg LG1) can be effective for increasing quality and
quantity of two wheat cultivars grown under sandy soil
conditions, specially 75 mg LG1 was the most pronounced
treatment.
SIGNIFICANCE STATEMENT
This study discovered that aspartic acid and glutamic acid
have strong effect on the wheat cultivarʼs quality and quantity
that can be beneficial for the well production of wheat
cultivars. This study will help the researchers to uncover the
critical areas to improve the quality of wheat cultivars that
many researchers were not able to explore.
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