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ABSTRACT
A pots experiment was carried out in the greenhouse of the Department of Biology in the College of
Science-University of AL Mustansiriya, for the 2013-2014 growing season, to investigate the influence
of foliar application of salicylic acid of two concentrations (50 and 100mg/L) and meanwhile the
control transplants sprayed with distilled water on elements content (N,P,K and Ca) of fenugreek
plants subjected to water stress in three irrigation periods (2,7 and 12days). The experiment was
conducted as a factorial experiment. Completely randomized design was used with three replicates.
Lest significant difference was used at probability of 0.05 to compare between means. Results
indicated that effect of drought divergence from 2 to 12days reduced significantly the average of
elements content (N, P, K and Ca). Foliar application of salicylic acid significantly increased the average
of elements content (N,P,K and Ca), while the interaction between two factors studied was significant
and exogenous application of salicylic acid had counteracted the adverse effect of water stress
particularly 100mg/L salicylic acid concentration.
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INTRODUCTION
Fenugreek (Trigonella foenum-graecum L.) is an
annual crop belonging to the legume family,
and it is commonly used as a condiment in food
preparation for its nutritive and restorative
properties and has been used in folk medicine
for centuries for a wide range of diseases
including diabetes [1]. Like many other

leguminous crops, the productions of this crop
are affected by environmental stress such as:
drought, salinity and heat [2].
Drought (water stress) is the main a biotic
factor that affects the survival of soil
microorganisms and plant growth and drought
stress has an adverse influence on water
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relations, mineral nutrition, metabolism and
photosynthesis [3]. Water is one of the most
important resources for agricultural production.
In many parts of the world, water availability is
economically and/or technically limited; 28 and
of the Earth’s land surface is considered to be
too dry for crop production [4]. The responses
of plants to water deficit are observed in forms
of phenological responses, morphological
changes,
physiological
alterations,
and
biochemical adaptations, such as changes in
plant structure, growth rate, tissue osmotic
potential and antioxidant defenses [5]. Drought
stress causes imbalance between the
generation and quenching of reactive oxygen
species (ROS). ROS, such as superoxide radicals
(OH), which are highly reactive in the absence
of effective protective mechanism .Drought can
seriously damage plants by lipid peroxidation,
protein degradation, breakage of DNA and cell
death [6]. Plants protect cellular and sub
cellular systems from the cytotoxic effects of
these active oxygen radicals through both
enzymatic and non-enzymatic antioxidant
systems such as, peroxidase, IAA-Oxidase,
Catalase, carotinoids, ascorbic acid and αtocopherol [7, 8].
Salicylic acid (SA) is a signaling or messenger
molecule in plants and induces plant tolerance
against various biotic and a biotic stresses (9),
also SA plays an important role in the regulation
of some physiological processes in plants such
as effects on growth and development, ion
uptake and transport and membrane
permeability [10]. Exogenous SA alters the
activities of antioxidant enzymes and increases
plant tolerance to a biotic stress by decreasing
generation of ROS. It has been found that SA
has different effects on stress adaptation and
damage development of plants that depend on
plant species, concentration, method and time
of SA application [11]. Some earlier reports
display that exogenous SA can ameliorate the
impairing effects of drought stress in different
species [12].The use of SA with concentrations
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of 1, 2 and 3mM on peanut under drought
stress conditions, 50% of field capacity could
significantly increase the performance of the
plant [13].
The objectives of this work were to study the
effect of water stress on elements content in
fenugreek plants, and to examine whether the
harmful effects of water stress can be offset by
the exogenous application of SA.

MATERIALS AND METHODS
A pot experiment was conducted during the
two growing season of 2013 and 2014 in the
greenhouse of the Department of Biology in the
College
of
Science-University
of
AL
Mustansiriya, to study the effect of foliar
application of SA on growth and water
relationships of fenugreek cv. local under water
stress. The treatments were as follows: SA
concentrations: (50 and 100mg/L) and
meanwhile the control. Water stress (Irrigation
periods): (2,7and 12days). The experiment was
conducted as a factorial experiment.
Completely randomized design was used with
three replicates. The above has been growing
plant seeds studied on 7/11/2013 and by 15
seed per pot and watered pots up to 50% of
field capacity distasteful first, then has the
irrigation process under periods above on the
basis of loss of weight, and after two weeks
from the date of agriculture passage was eased
plants to 10 plants in each pot. The spraying
process conducted SA concentrations above
when the early morning twice after 45 and 55
days from the date of agriculture sequentially
using the sprinkler hand.
After 80days contents of N, P, K and Ca in
vegetative part was determined as follows as:
percentage of nitrogen was determined by the
microkjeldahl methods [14], percentage of
phosphorus was determined by using
spectrophotometer [15], percentage of
potassium was determined by using flame
photometer[16] and percentage of calcium was
determined according [17], than calculated the

J Pharm Chem Biol Sci, December 2015-February 2016; 3(4): 454-460

Hassan Abdul Razak Ali
elements content according to the equation:Element
content
(mg/g)=
Element
concentration(%) × Total dry weight × 10
Statistical Analysis
An analysis by the results statistically followed
in the design and implementation of the
experiment compared to the averages using the
least significant difference (LSD) test at a level
of 5% probability [18].

RESULTS AND DISSECTION
The results of the statistical analysis of the data
in Tables 1, 2, 3 and 4 show that water stress,
SA and interaction was significant at 5% level.
The results indicate in the table 1 that the
presence of significant effect of water stress
(irrigation periods) in reduced N content, when
spacing irrigation periods from 2days to 12days
N content decreased 30.16%. As the table that
explained sprays the plant with SA cause a
significant increase in plant height, when raising
the concentration100mg/L the increase 60.61%
comparing the treatment of non spray (control).
As for the interaction it has been significantly
and reached the highest value in the irrigation
7day period and the concentration of 100mg/L
SA, and the lowest value was in the irrigation
period 12day and without spraying SA.
Indicated the results shown in the table 2 the
presence of a significant decrease in P content
when irrigation period of 12 days by 40.85 % in
comparison with control. Either when sprayed
SA concentrate 100mg/L got a significant
increase in P content and by 195.97%
comparing the treatment of non spray (control).
As for the interaction it has been significantly
and reached the highest value in the irrigation
2day period and the concentration of 100 mg/L
SA, and the lowest value was in the irrigation
12day period and without spraying SA.
The results show a table 3 that an increase in
water stress caused by the divergence
irrigations a significant decrease in K content
for the periods irrigation 7 and 12 day rate
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compared to the period irrigation 2days, the K
content rate in the irrigation was 2days
43.22mg/g, down significantly when two
irrigation 7 and 12 days to 37.43 mg/g and
32.04mg/g sequentially. SA spraying reduced
the harmful effects of water stress by increasing
the K content (Table 3). Treatment of spraying a
concentration of 50mg/L given K content rate of
35.27mg/g, while the treatment of spraying
achieved a concentration of 100mg/L SA,
highest rate of K content was 49.18mg/g
compared with control was gave 28.25mg/g. As
for the effect of interaction between irrigation
periods and the concentrations of SA sprayed in
K content was significantly, and that the results
of the statistical analysis recorded the highest
value of K content in irrigated plants a period of
two days and sprayed a concentration of
100mg/L SA gave 57.43mg/g compared to the
rest of the other treatments interaction, and
the lowest the value of the character was in
irrigated plants a period of 12days and without
spraying SA gave 23.25mg/g.
Indicated the results shown in the table 4 the
presence of a significant decrease in Ca content
when irrigation period of 12days by 30.72% in
comparison with control. Either when sprayed
SA concentrate 100mg/L got a significant
increase in Ca content and by 63.26%
comparing the treatment of non spray (control).
As for the interaction it has been significantly
and reached the highest value in the irrigation 2
day period and the concentration of 100mg/L
and the lowest value was in the irrigation 12day
period and without spraying SA.
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Table 1: Effect of SA, irrigation periods and interaction in the Nitrogen content (mg/g)
Irrigation
periods(day)
2
7
12
Mean
L.S.D. 5%

0
23.23
38.93
32.14
37.17

SA(mg/L)
50
37.28
39.15
23.38
39.84

Irrigation periods
9.14

SA
9.14

Mean
100
46.73
32.26
28.52
35.84

35.18
26.43
23.25

Interaction
9.35

Table 2: Effect of SA, irrigation periods and interaction in the Phosphorus content (mg/g)
Irrigation
periods(day)
2
7
12
Mean

0
6.62
4.13
2.41
5.46

L.S.D.
5%

Irrigation periods
0.12

SA(mg/L)
50
13.33
11.34
8.87
11.96
SA
0.12

Mean
100
39.36
15.48
11.53
16.16

14.15
11.06
8.37

Interaction
0.20

Table 3: Effect of SA, irrigation periods and interaction in the Potassium content (mg/g)
Irrigation
periods(day)
2
7
12
Mean
L.S.D.
5%

SA(mg/L)
0
50
22.47
27.55
36.59
24.75
32.45
21.37
28.25
35.27
Irrigation periods
SA
0.18
0.18

Mean
100
46.32
37.73
31.36
49.18
Interaction
0.30

43.22
37.43
32.04

Table 4: Effect of SA, irrigation periods and interaction in the Calcium content (mg/g)
Irrigation
periods(day)
2
7
12
Mean
L.S.D.
5%

SA (mg/L)
0
50
21.61
36.36
33.23
29.32
16.55
36.85
23.90
31.82
Irrigation periods
SA
0.20
0.20

Mean
100
33.58
28.34
22.13
39.02
Interaction
0.35

37.89
30.60
26.25
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Water deficit is considered as a major
environmental factor affecting many aspects of
plant physiology and biochemistry [19]. The
reduction in these parameters is coincided with
the general trends of the effect of drought on
plants. Several investigators indicated that
drought inhibited growth by reducing rate of
cell division and expansion, leaf size, stem
elongation and root proliferation, and
disturbing stomatal oscillations, metabolic
activities, ion uptake and nutrient metabolism
[20, 21]. The reduction in the contents of these
elements were attributed primarily to soil water
deficiency which markedly reduces the
transpiration rate that lessen the flow rates of
elements in soil, their absorption by stressed
root cells and also its ability to translocation
through the xylem and different organs and
tissues. This situation resulted in an
interruption in the various metabolic pathways
carried out by plants namely; respiration,
biosynthesis of phospholipids, nucleic acids,
plastids, enzymes, etc, disorders in both plasma
membrane permeability and stomata osmotic
regulations, thus plants seized growth and
eventually died [22]. The decrease of K
concentrations can be related to reduction of
in-flow water in plant. Potassium had important
roles on osmoregulation, enzyme activation,
neutralization, transport process [23]. Also
limited movement of Ca through the roots due
to deficit mass flow may result Ca deficiency
under water deficit conditions [24].
It is clear from the above results, that SA could
be a very promising compound for the
reduction of the a biotic stress sensitivity of
crops, since under certain conditions it has
been found to mitigate the damaging effects of
various stress factors in numerous plant species
[25]. Miura and Tada [26] stated that the
effects of SA on the physiological processes of
plants depend on its concentration, type of
plant, the stage of plant growth and
environmental conditions. In general, low
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concentrations of SA may enhance the
antioxidant capacity and tolerance to abiotic
stresses but high concentrations of SA may
cause cell death or susceptibility to abiotic
stresses [27].

CONCLUSION
From the results of this study it may be
concluded that drought stress significantly
reduced elements content, the reduction
increased with the increased drought stress.
Foliar application Salicylic acid proved to be
effective in mitigating the drought effect on
fenugreek.
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