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Abstract

Salicylic acid and amino acid are plant growth promoters. Therefore, the study entitled “Effect of 
salicylic acid and amino acid on late season peas growth and production” was conducted. The study 
has two factors: amino acid (Glycine) and salicylic acid each having four levels that were sprayed 
on peas. Analysis of data showed that maximum germination percentage (92.50 %), plant height  
(63.16 cm), primary branches plant-1 (2.80), leaves plant-1 (264.27), leaf chlorophyll content 
(57.25 SPAD), pods plant-1 (49.25), seeds pod-1 (10.41), pod length (11.74 cm) and yield ha-1 (1922.5 kg) 
having least days to flowering and pod formation (50.13 and 5.12 days) were noted in 225 mg L-1 amino 
acid. Salicylic acid levels showed that maximum germination percentage (95.83 %) height of plants 
(71.85 cm), leaves plant-1 (257.13), primary branches plant-1 (3.25), leaf chlorophyll content (55.81 SPAD), 
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Introduction

Pea belongs to the Fabaceae family it is a rich 
source of secondary metabolites and nutrients is 
required for the health of humans including vitamins 
C and E, minerals, β-carotene, flavonoids, phenol 
and organic acids [1]. Pea pods are very nutritive. It 
plays role in the control of heart diseases. It contains 
various antioxidants which help in the reduction of 
many diseases. It controls blood sugar levels because 
pea has a low glycemic index [2]. In the winter season, 
different vegetables are cultivated including pea. In 
Pakistan, peas are sown in mid-October. It produces 
flowers and pods in December. Pea is also grown in the 
summer season but only in hilly areas of Pakistan [3]. 
In a normal season which is sowing from mid-October 
to mid-November peas in Pakistan are sold cheaply 
with less profit. But when in the later month peas are 
not available in the markets. In the later months out 
of their normal season, it can be sold with more profit 
three or four times than the normal season. The other 
importance of the late sowing of peas is that it extends 
its market duration and is available for a longer period. 
Late sowing helps in the fresh availability of peas in 
the market. Peas are day-neutral crops and there is no 
impact of light and length of the day on their production 
[4].

Pea production in Pakistan is very low due several 
reasons. The use of conventional farming methods 
results in the low production of peas in Pakistan. 
Chemical fertilizer not only pollutes the environment 
but also leaches down and contaminates the 
groundwater table. The use of chemical fertilizer other 
than the optimum level also causes the burning effect. 
Organic fertilizers are used to increase the production 
of crops. It has no negative effects on the surrounding 
environment. Some organic fertilizers or substances 
are foliar sprayed on the crops and then absorbed by 
the plants through stomata. These organic substances 
activate several enzymes inside the plant’s body which 
functions in the plant’s growth and development [5].

Plant growth promotors are the substances that 
promote growth and are naturally present inside 
the plant’s body. Some plants growth promoters are 
synthetically prepared. These substances are applied 
in different forms as some are applied as a foliar spray 
while others are in the soil. They also boost cellular 

activities. These organic substances play a role in the 
uptake of water and nutrients by plants. The rate of 
Photosynthesis increases with the application of organic 
substances to plants. Several enzymes are activated 
by the plant growth promoters responsible for the 
growth and development [6]. Pea is a very nutritive 
vegetable crop. In Pakistan, it contributes about 40 % 
in trading among pulses as it is an export and cash 
crop of the world. It is a leguminous crop and ranks 4th 
in production among other legumes. Peas are mostly 
grown in a cooler climate because it is a winter crop.  
It has a taproot system. It bears seeds in pods which are 
consumed as a vegetable. Their seeds are cooked and 
have high medicinal value [7].

Salicylic acid is an organic substance used to 
promote plant growth. It can be applied to plants as a 
seed treatment or can be foliar sprayed on the plants. 
When seeds are soaked in the salicylic acid solution then 
it is absorbed by the seeds and goes inside the seeds. 
Inside the seeds, it activates several enzymes in the 
seeds to germinate. When salicylic acid is foliar sprayed 
on the plants then it goes inside the plant body through 
stomata in leaves. Inside the plant body, it activates many 
enzymes such as phenylalanine ammonia-lyase, nitrite 
reductase, glucanase, etc which enhances plant growth. 
Whenever there is stress on the plant such as drought, 
salinity, or heat stress then provide signals to the plants 
by activating enzymes. It is a plant growth promoter and 
can be applied to plants in normal as well as in stress [8]. 
Amino acid is another plant growth promoter that helps 
plants to maintain their growth. It promotes the growth of 
the plant in stress conditions like heat stress, salinity, cold 
stress, etc. It plays a role in the translocation of nutrients 
from the source to the targeted tissues. These nutrients 
are prepared in the leaves through the photosynthesis 
process and then are translocated to the sinks. It activates 
several enzymes inside plant body due to which plants 
continue their growth in stressful conditions. It promotes 
plant growth [9].

Nutrient availability when low in the soil results in 
poor growth of the plants. Normal functions of plants 
are negatively affected by the limited nutrients in the 
soil. Amino acid are organic substances that enhance 
the nutrient uptake by plants [10]. High-temperature 
effects are also minimized by amino acid by regulating 
the opening and closing of stomata. When the 
temperature is too high than the optimum temperature 

pods plant-1 (52.16), seeds pod-1 (10.91), pod length(11.05 cm) and yield ha-1 (1895.0 kg) having least 
days to pod formation and flowering (5.26 and 48.30 days) were noted in salicylic acid level of 300 
mg L-1. The combined effect of 225 mg L-1 amino acid and 300 mg L-1 salicylic acid levels positively 
improved primary branches plant-1 (3.93), pod plant-1 (66.33), pod length (13.77 cm), seeds pod-1 (12.44), 
leaf chlorophyll content (64.49 SPAD) and maximum yield ha-1 (1942.66 kg). It is concluded that for 
higher growth and yield pea cultivar Climax when cultivated late could be applied with 225 mg L-1 
amino acid and 300 mg L-1 salicylic under Peshawar climatic conditions.
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then it provides signals for stomata closing. It is the 
survival strategy so that no more water evaporated 
from the plants because during heat stress plants are 
suffering from both heat and limited water. When 
water is limited to plants the process of photosynthesis 
is affected because water has also a role in the process 
of photosynthesis and then plants cannot prepare 
their food therefore its growth and development slow 
down and it stops. When water availability completely 
stops to the plants then it causes the wilting of plants.  
So plant growth promotors play an important role so that 
plants can uptake more deeply water from the soil and 
continues their normal growth activities. The process is 
achieved by the activation of several enzymes inside the 
plant body by the plant growth promotor. Every enzyme 
has its specific functions inside the plant body. When 
enzymes get activated then plants keep their normal 
growth and developmental activities [11]. 

Materials and Methods

The study on the “Effect of salicylic acid and amino 
acid on late season peas growth and production” was 
accomplished at Horticulture Department Research 
Farm, Malakandair Peshawar.

Design of Experiment 

A Randomized Complete Block Design (RCBD) 
with two factorial arrangement having sixteen treatment 
combination replicated thrice were used. Row-to-row 
and plant-to-plant distances were kept at 50 cm and  
30 cm,  respectively. The Climax variety was used in 
this experiment. Amino acid and salicylic acid levels 
were sprayed on plants after 30 days of germination 
and were applied once to the plants. Normally peas are 
sown in mid-October. In this experiment, peas were 
sown in the last week of January and were subjected to 
heat stress. 

Results and Discussion

Germination Percentage

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on germination 
percentage. The data table showed that that maximum 
germination percentage (95.83%) was found in 300 mg L-1

salicylic acid. Minimum germination percentage 
(73.33%) was noted in control plants. Regarding amino 
acid concentrations, maximum germination percentage 
(92.50%) was found in 225 mg L-1 amino acid treated 
plants. Minimum germination (76.25%) was noted in 
control treatment Table 1, 2.

Germination percentage of peas was considerably 
enhanced with the amino acid and salicylic acid 
concentration which might be due to its signaling 
role in promoting key enzymatic activities [12]. The 
consequences are alike with the experiment of [13] who 
described that germination percentage of Arabidopsis 
was increased with salicylic acid treatment. The 
findings are also in line with experiment of [14] who 
revealed that germination percentage of soybean was 
enhanced with amino acid application when compared 
with untreated plants.

Plant Height

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on plant height. 
The data table showed that showed that tallest plants 
(71.85 cm) were found with spray of salicylic acid of 
300 mg L-1 and smallest plants (45.34 cm) were noted 
in control plants. Regarding amino acid levels, highest 
plants (63.16 cm) were judged in 225 mg L-1 amino acid, 
and lowest plant (53.88 cm) was noted in control plants 
Table 1, 2.

Pea height was considerably improved with foliar 
treatment of amino acid and salicylic acid. Increased 
rate of photosynthesis increased the plant height of pea. 

Fig. 1.The experiment design for the amino acid and salicylic acid response on Pea plant.
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Plant height was also increased with salicylic acid which 
might be attributed to increased nutrients accessibility 
to the plants [15]. The conclusions of the experiment  
are alike with [16], who exposed that faba bean plant 
height was improved with foliar application of amino 
acid. The outcomes are also in line with [17] who 
described that when peas were grown in salt stress and 
was sprayed with reported with salicylic acid then its 
plant height was increased.

Number of Primary Branches Plant-1

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on number of 
primary branches plant-1. The data table showed that 
highest primary number of branches (3.25) were in 
salicylic acid spray of 300 mg L-1. And control plants 
showed least primary number of branches (1.39). Amino 
acid levels described that highest primary branches 
(2.80) were observed in 225 mg L-1 and lowest number 
(1.70) was shown by untreated plants. In case of salicylic 
acid and amino acid interaction, more primary branches 
(3.93) were shown by 300 mg L-1 salicylic acid and 
225 mg L-1 amino acid level. And lower number of 
primary branches (1.03) was noted in control treatments 
Table 1, 2. 

Amino acid and salicylic acid foliar spray had 
considerably enhanced number of primary branches 
in peas. Peas plants applied with amino acid increased 
the rate of photosynthesis and cell division and hence 
produced more branches [18]. Pea plants branches 
were also positively increased with salicylic acid 
which might be due to availability of nutrients to the 
plants [19]. The findings are supported by Kocira ([20] 
who also observed increased number of branches in 
soybean plants treated foliar application of amino acid. 
The consequences are also in analogue with [21] who 
determined that when cucumber plants were treated 
with salicylic acid then its branches were increased.

Days to Flowering

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on days to flowering. 
The data table showed that more days to flowering 
(60.30 days) was found in control plants. And lowest 
days (48.30 days) were shown by salicylic acid with 
300 mg L-1 spray. Regarding amino acid concentrations, 
highest days to flowering (58.94 days) was noted in 
control treatment. While lowest days to flowering  
(50.13 days) was noted 225 mg L-1 amino acid treated 
plants Table 1, 2.

Amino acid and salicylic acid levels considerably 
affected days to flowering of peas hence produced 
earlier flower which might be due to the increased 
rate of photosynthesis and florigen in the leaves. The 
results are sustained by [16] who explained that faba 
beans plants produced earlier flower when treated 
amino acid. The results are also in confirmation with 

the work performed by Singh and Usha [22], in their 
experiment they applied wheat plants with salicylic acid 
and observed that it produced early flower.

 Days to Pod Formation

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on days to pod 
formation. The data table showed that maximum days 
were taken in pod development (9.74 days) by control 
plants, while minimum days were taken (5.26 days) 
by foliar spray of salicylic acid with 300 mg L-1. 
Concerning amino acid levels, highest days were taken 
in pod formation (9.86 days) by control treatment (those 
plants which were only sprayed with distil water), while 
lowest days (5.12 days) were taken by 225 mg L-1 amino 
acid treated plants Table 1, 2. 

Amino acid and salicylic acid concentrations 
pointedly affected peas pod formation. Amino acid 
and Salicylic Acid treated plants enhanced early pod 
formation which might be due to the proper transportation 
of photosynthetic from sinks to the sources. Both amino 
acid and salicylic acid promoted the nutrients to plants 
hence earlier pod formation was achieved. The results 
are alike with [10] who observed that the snap beans 
lead to in earlier pods when applied with amino acid. 
The discoveries are stated that soybean plants caused in 
earlier pods when applied with salicylic acid.

Pods Plant-1

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on pods plant-1. The 
data table showed that highest pods number per plant 
(52.16) were found in salicylic acid spray of 300 mg L-1 
and lowest pods number per plant (27.58) were judged in 
untreated plants. Regarding amino acid concentrations, 
maximum pods plant-1 (49.25) were noted in 225 mg L-1 
amino acid and lowest pods number per plant (30.83) 
were judged in control treatment. In case of salicylic 
acid and amino acid interaction, maximum pods plant-1 
(66.33) were shown by 300 mg L-1 and 225 mg L-1 
concentration of salicylic and amino acid and lowest 
pods plant-1 (21.33) were judged in un treated plants 
Table 1, 2.

Different concentration of amino acid and salicylic 
acid considerably enhanced pea pods which might be 
due to the increased nutrient uptake and its utilization 
that results in more flower and pod formation [23]. The 
consequences are identical with [24], who conveyed 
that when bean plants were sprayed with amino then 
its enhanced its pods and also showed similar findings 
because who sprayed peas with salicylic acid and 
observed increased in pods.

Pod Length 

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on pods length.  
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observed in 300 mg L-1 salicylic acid and 225 mg L-1 
amino acid, while lowest seeds number per pod (5.66) 
were found in no treatments.

Seeds pod-1 of pea was considerably enhanced 
by foliar spray of amino acid and salicylic acid. It may 
be due to enhanced phosphorus and potash levels and 
other nutrients [27]. The outcomes of the experiments 
are in agreement with [28] who used amino acid foliar 
spray on soybean and reported that seeds in soybean 
pods were increased with amino acid. The results 
are also alike with [29] who applied peas plants with 
salicylic acid and noted increased of seeds inside the 
pods.

Number of Leaves Plant-1

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on number of leaves 
plant-1. The data table showed that highest number of 
leaves plant-1 (257.13) were found in 300 mg L-1 salicylic 
acid and least leaves plant-1 (213.72) was noted in control 
plants. Regarding amino acid concentrations, maximum 
leaves plant-1 (264.27) was noted in 225 mg L-1 amino 
acid and lowest (208.19) leaves were observed in no 
treatment Table 1, 2. 

Pea leaves were considerably improved by various 
levels of amino acid and salicylic acid. It might be 
due to increase in root volume, length and surface 
which promotes the nutrients and water uptake [30].  
The outcomes are in line with [31] who used different 
amino acid concentration on rice and explained 
that amino acid concentration increased rice leaves.  
The results are also alike to [32] who determined  
that salicylic acid concentration increased leaves in 
okra.

The data table showed that maximum pod length  
(11.05 cm) was observed in 300 mg L-1 salicylic acid and 
least pod length (8.08 cm) was noted in control plants. 
Regarding amino acid levels, maximum pod length 
(11.74 cm) was observed in 225 mg L-1 amino acid and 
least pod length (7.08 cm) was noted in control plants. 
In case of salicylic acid and amino acid interaction, 
enhanced length of pods (13.77 cm) were shown by 
300 and 225 mg L-1 salicylic acid and amino acid level, 
while least length of pods (5.88 cm) were observed in 
no treatments Table 1, 2.

It was meaningfully enlarged by the foliar 
application of amino acid and salicylic acid levels 
which could be due to rapid division of cells inside the 
plant body along with cell elongation and increased 
number of seeds that enhanced the pod length [25].  The 
consequences of the experiment are alike with [26] who 
stated that pod length of green bean was improved with 
amino acid. The discoveries of present study are also 
similar with [26] who clarified that common bean pod 
length was enlarged with the foliar spray of salicylic 
acid.

 Seeds Pod-1 

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on pods length.  
The data table showed that highest seeds pod-1 (10.91) 
were found in salicylic acid spray of 300 mg L-1 and 
lowest seeds number per pod (7.13) were calculated in 
control treatment. Regarding amino acid concentrations, 
maximum seeds pod-1 (11.74 cm) were noted in 
225 mg L-1 and lowest seeds number per pod (7.08 cm) 
were observed in no treatment. In case of interaction 
of both treatments, maximum seeds pod-1 (12.44) was 

Table 1. Effect of different salicylic acid and amino acid levels on various parameters of peas production.

Treatments Salicylic acid Amino acid

Parameters Control 100
mg L-1

200
mg L-1

300
mg L-1 Control 75

mg L-1
150

mg L-1
225

mg L-1

Germination percentage 73.33C 80.00BC 87.91AB 95.83 A 76.25c 81.25bc 87.08ab 92.50a

Plant height (cm) 45.34D 53.05C 58.96B 71.85A 53.38C 54.63C 58.03B 63.16A

Primary number of branches plant-1 1.39D 1.82C 2.49B 3.25A 1.70C 1.91C 2.52B 2.80A

Number of leaves plant-1 60.30A 56.22B 51.88C 48.30D 58.94A 55.19B 52.44C 50.13C

Days to flowering 9.74A 8.42B 6.45C 5.26D 9.86A 7.87B 6.72C 5.12D

Days to pod formation 27.58D 34.00C 43.6B 52.16A 30.83D 35.16C 42.16B 49.25A

Number of pod plant-1 8.08D 9.10C 10.10B 11.05A 7.08D 8.69C 10.83B 11.74A

Pod length (cm) 7.13D 8.52C 9.52B 10.91A 7.27D 8.69C 9.71B 10.41A

Total seeds pod-1 213.72D 227.33C 242.86B 257.1A 208.19D 225.86C 242.72B 264.27A

Leafchlorophyll content (SPAD) 49.14D 51.34C 53.02B 55.81A 49.46C 50.46C 52.13B 57.25A

Yield ha-1 (kg) 1858.9D 1876.3C 1889.2B 1895.0a 1846.5D 1851.6C 1898.8B 1922.5A

LSD for both treatments at 1 and 5 % significance level.
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Leaf Chlorophyll Content

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on chlorophyll 
content. The data table showed that highest chlorophyll 
contentment (55.81 SPAD) was found in plants sprayed 
with 300 mg L-1 salicylic acid and lowest chlorophyll 
contentment (49.14 SPAD) was noted in control plants. 
Regarding amino acid concentrations, maximum 
chlorophyll contentment (57.25 SPAD) was noted in  
225 mg L-1 amino acid and least chlorophyll contentment 
(49.46 SPAD) was noted in control plants. In case of 
salicylic acid and amino acid interaction, maximum 
chlorophyll contentment (64.49 SPAD) was judged in 
300 mg L-1 salicylic acid and 225 mg L-1 amino acid 
level and least chlorophyll contentment (46.16 SPAD) 
was noted in control treatments Table 1, 2.

Amino acid and salicylic acid significantly affected 
chlorophyll contents which might be due to biosynthesis 
chloroplasts and increased in leaf area [33]. The 
result of experiment is alike with whom reported that 
chlorophyll content of celeriac was increased with 
amino acid foliar application of The discoveries are 
also alike with [34] who explained that salicylic acid 
promoted the chlorophyll content of cucumber.

Yield ha-1 (kg)

The effects of various concentrations of salicylic 
acid and amino acid were analyzed on yield ha-1. 
The data table showed that highest yield ha-1 (1895.0 kg) 
was found in 300 mg L-1. And lowest yield ha-1 (1858.9 kg)
was noted in no treatment. Regarding amino acid 
concentrations, maximum yield ha-1 (1922.5 kg) was 
noted in 225 mg L-1 amino acid and lowest yield ha-1 
(1846.5 kg) was noted in control plants. In case of 
salicylic acid and amino acid interaction, maximum 

yield ha-1 (1942.66 kg) was shown by 300 225 mg L-1

salicylic and amino acid and lowest yield ha-1 
(1831.66 kg) was noted in no treatments (Table 1, 2).

Both the treatments meaningfully improved yield. It 
might be because of the enzymatic actions that regulates 
uptakes of nitrogen [35]. The result is in agreement 
with [36] who found that amino acid increased yield in 
squash. The results are also alike with [37] they applied 
basil plants with salicylic acid and noted an increased 
its yield.

 Conclusion 

Results confirmed that, regarding of amino acid 
levels 225 mg L-1 showed best results. In case of 
salicylic acid levels 300 mg L-1 gave the best outcomes. 
Regarding interaction 225 mg L-1 amino acid and 
300 mg L-1 salicylic acid significantly improved, 
primary number of branches per plant, pod per plant, 
pod length, seeds number per pod, chlorophyll content 
of leaf and yield per hectare.

Acknowledgment

I pay my deepest and humble gratitude to my 
Supervisor Dr. Fida Hussain for his valuable advices, 
sincere help, constant encouragement, kind supervision, 
untiring help and timely correction with regard to 
this work. The authors gratefully acknowledge the 
support received from the Department Chemical and 
Life Sciences, Qurtaba University of Science and 
IT, Peshawar, Pakistan. This research work received 
no specific grant from any donor agency in the 
public, commercial, or nonprofit sectors, and these 
organizations have had no involvement in the analysis 
and interpretation of data, in the writing of the draft, or 
in the decision to submit the article for publication.

This research was funded by Princess Nourah bint 
Abdulrahman University, Researchers Supporting 
Project number (PNURSP2023R188) Riyadh, Saudi 
Arabia.

Conflict of Interest 

All the authors declare having no conflict of interest.

References 

1.	 HOUNSOME N., HOUNSOME B., TOMOS D., 
EDWARDS-JONES G. Plant metabolites and nutritional 
quality of vegetables.  Journal of food science,  73 (4), 
R48-R65, 2008.

2.	 YOSHIMOTO J., KATO Y., BAN M., KISHI M., 
HORIE H., YAMADA C., NISHIZAKI Y. Palatable 
noodles as a functional staple food made exclusively 

Table 2. Represents the various plant parameters percentages on 
peas growth and production.

Parameters Values %

Germination percentage 8.81 1-5

Plant height (cm) 3.23 1

Primary number of branches plant-1 0.32 5

Number of leaves plant-1 2.59 1

Days to flowering 0.81 1

Days to pod formation 5.13 5

Number of pod plant-1 5.13 5

Pod length (cm) 0.66 5

Total seeds pod-1 5.41 1

Leaf chlorophyll content (SPAD) 2.39 1

Yield ha-1 (kg) 9.80 1



Effect of Salicylic Acid and Amino Acid... 1993

from yellow peas suppressed rapid postprandial glucose 
increase. Nutrients, 12 (6), 1839, 2020.

3.	 NALLE C.L., RAVINDRAN V., RAVINDRAN G. 
Nutritional value of peas (Pisum sativum L.) for broilers: 
apparent metabolisable energy, apparent ileal amino 
acid digestibility and production performance. Animal 
Production Science, 51 (2), 150, 2011.

4.	 YAGISHITA Y., HARA Y., NAKAYAMA M. Heredity 
of flake-and stripe-variegated traits and their introduction 
into Japanese day-neutral winter-flowering sweet pea  
(Lathyrus odoratus L.) cultivars. Breeding science, 68 (1), 
53, 2018.

5.	 ZHENG D.F., ZHAO L.M., FENG N.J. Effects of Plant 
Growth Regulators (PGRs) on Endogenous Hormone 
Contents and Activities of Protective Enzymes in Soybean 
Leaves [J]. Acta Agronomica Sinica, 7, 020, 2008.

6.	 CELIK I., TULUCE Y., ISIK I. Influence of subacute 
treatment of some plant growthregulators on serum marker 
enzymes and erythrocyte and tissue antioxidant defense 
and lipid peroxidation in rats. Journal of biochemical and 
molecular toxicology, 20 (4), 174, 2006.

7.	 ASHRAF I., PERVEZ M.A., AMJAD M., AHMAD R. 
Effect of varying irrigation frequencies on growth, yield 
and quality of peas seed. J. Agric. res, 49 (3), 339, 2011.

8.	 JANDA T., HORVÁTH E., SZALAI G., PALDI E. Role of 
salicylic acid in the induction of abiotic stress tolerance. 
In Salicylic acid: A plant hormone  (pp. 91-150). Springer, 
Dordrecht., 2007.

9.	 KOWALCZYK K., ZIELONY T., GAJEWSKI M. Effect 
of Aminoplant and Asahi on yield and quality of lettuce 
grown on rockwool. Biostimulators in Modern Agriculture. 
Vegetable Crops, 35, 2008.

10.	 EL-AWADI M.E., EL-BASSIONY A.M., FAWZY Z.F., 
& EL-NEMR, M. A. Response of snap bean (Phaseolus 
vulgaris L) plants to nitrogen fertilizer and foliar 
application withmethionine and tryptophan.  Nature and 
science, 9 (5), 87, 2011.

11.	 PANDIAN B.A., SATHISHRAJ R., DJANAGUIRAMAN 
M., PRASAD P.V., JUGULAM M. Role of cytochrome 
P450 enzymes in plant stress response. Antioxidants, 9 (5), 
454, 2020.

12.	GHARIB F.A., HEGAZI A.Z. Salicylic acid ameliorates 
germination, seedling growth, phytohormone and 
enzymes activity in bean  (Phaseolus vulgaris L.) 
under cold stress.  Journal of American Science,  6 (10), 
675, 2010.

13.	 LEE S., KIM S.G., PARK C.M. Salicylic acid promotes 
seed germination under high salinity by modulating 
antioxidant activity in Arabidopsis. New Phytologist, 188 
(2), 626, 2010.

14.	 TEIXEIRA W.F., FAGAN E.B., SOARES L.H., 
UMBURANAS R.C., REICHARDT K., NETO D.D. 
Foliar and seed application of amino acids affects the 
antioxidant metabolism of the soybean crop.  Frontiers in 
plant science, 8, 327, 2017.

15.	 EL-SAADONY F.M., NAWAR D.A., ZYADA H.G. Effect 
of foliar application with salicylic acid, garlic extract 
and proline on growth, yield and leaf anatomy of pea  
(Pisumsativum L.) grown under drought stress.  Middle 
East J. Appl. Sci, 7 (3), 633, 2017.

16.	 EL-GHAMRY A.M., ABD EL-HAI K.M., GHONEEM 
K.M. Amino and humic acids promote growth, yield 
and disease resistance of faba bean cultivated in clayey        
soil. Aust. J. Basic Appl. Sci, 3 (2), 731, 2009.

17.	 BARBA-ESPÍN G., CLEMENTE MORENO M.J., 
ALVAREZ S., GARCÍA-LEGAZ M.F., HERNÁNDEZ 

J.A., DÍAZ VIVANCOS P. Salicylic acid negatively affects 
the response to salt stress inpea plants. Plant Biology, 13 
(6), 909, 2011.

18.	 ABDEL-MAWGOUD A.M.R., EL-BASSIOUNY 
A.M., GHONAME A., ABOU-HUSSEIN S.D. Foliar 
application of amino acids and micronutrients enhance 
performance of green beancrop under newly reclaimed 
land conditions. Aust. J. Basic Appl. Sci, 5 (6), 51, 2011.

19.	 MARTEL A.B., QADERI M.M. Does salicylic 
acid mitigate the adverse effects of temperature 
and ultraviolet-B radiation on pea (Pisum sativum) 
plants? Environmentaland Experimental Botany,  122, 39, 
2016.

20.	KOCIRA S. Effect of amino acid biostimulant on the yield 
and nutraceutical potential of soybean. Chilean journal of 
agricultural research, 79 (1), 17, 2019.

21.	 POPOVA L., MASLENKOVA L., YORDANOVA R., 
KRANTEV A., SZALAI G., JANDA T. Salicylic acid 
protects photosynthesis against cadmium toxicity in pea 
plants. Gen Appl Plant Physiol, 34 (3-4), 133, 2008.

22.	SINGH B., USHA K. Salicylic acid induced physiological 
and biochemical changes in wheat seedlings under water 
stress. Plant Growth Regulation, 39 (2), 137, 2020.

23.	SH SADAK M., ABDELHAMID M.T., SCHMIDHALTER 
U. Effect of foliar application of aminoacids on plant yield 
and some physiological parameters in bean plants irrigated 
with seawater. Acta Biológica Colombiana, 20 (1), 141, 
2015.

24.	ABDELHAMID M.S.S.M.T.  Effect of foliar application 
of aminoacids on plant yield and some physiological 
parameters in bean plants irrigated with seawater.  
Revista Cientifica-Facultad de Ciencias Veterinarias, 25 
(4), 2015.

25.	SATHISHKUMAR A., SAKTHIVEL N., 
SUBRAMANIAN E., RAJESH P. Foliar Spray of Salicylic 
and Gibberllic Acid on Productivity of Crops: A Review. 
Agricultural Reviews, 41 (1), 2020.

26.	RADY M.M., MOHAMED G.F., ABDALLA A.M.,  
AHMED Y.H. Integrated application of salicylic acid and 
Moringa oleifera leaf extract alleviates the salt-induced 
adverse effects in common bean plants. International 
Journal of Agricultural Technology, 11 (7), 1595, 2015.

27.	 ALI E.A., MAHMOUD A.M. Effect of foliar spray by 
different salicylic acid and zinc concentrations on seed 
yield and yield components of mungbean in sandy soil. 
Asian journal of crop science, 5 (1), 33, 2013.

28.	EL-AAL,A. Effect of foliar spray with lithovit and amino 
acids on growth, bioconstituents, anatomical and yield 
features of soybean plant. Annals of Agricultural Science, 
Moshtohor, 56 (4th ICBAA), 187, 2018.

29.	 MURTAZA G.H.U.L.A.M., ASGHAR R., AHMAD 
S., MAJID S.A. The yield and yield components of 
pea (Pisum sativum L.) as influenced by salicylic acid. 
Pakistan Journal of Botany, 39 (2), 551, 2017.

30.	LARQUÉ-SAAVEDRA A., MARTIN-MEX R. Effects of 
salicylic acid on the bioproductivity of plants. In Salicylic 
acid: a plant hormone (pp. 15-23). Springer, Dordrecht. 
2007.

31.	 PRIYANKA B., RAMESH T., RATHIKA S., 
BALASUBRAMANIAM P. Foliar application of 
fish amino acid and egg amino acid to improve the 
physiological parameters of rice. Int. J. Curr. Microbiol. 
App. Sci, 8 (2), 3005, 2019.

32.	ESAN A.M., MASISI K., DADA F.A., OLAIYA C.O.  
Comparative effects of indole acetic acid and salicylic  
acid on oxidative stress marker and antioxidant potential  



Ahmad B., et al.1994

of okra (Abelmoschus esculentus) fruit under salinity 
stress. Scientia Horticulturae, 216, 2783, 2017.

33.	 NOROOZLO Y.A., SOURI M.K., DELSHAD M. 
Stimulation effects of foliar applied glycine and glutamine 
amino acids on lettuce growth. Open Agriculture, 4 (1), 
164, 2019.

34.	YILDIRIM E., TURAN M., GUVENC I.  Effect of foliar 
salicylic acid applications on growth, chlorophyll, and 
mineral content of cucumber grown under salt stress. 
Journal of plant nutrition, 31 (3), 593, 2008.

35.	 GHATAS Y.A.A. Impacts of using some fertilization 
treatments in presence of salicylic acid foliar spray on 

growth and productivity of Coriandrum sativum L. plant. 
Journal of Plant Production, 11 (2), 119, 2020.

36.	ABD EL-AAL F.S., SHAHEEN A.M., AHMED A.A., 
MAHMOUD A.R. Effect of foliar application of urea and 
amino acids mixtures as antioxidants on growth, yield and 
characteristics of squash. Res. J. Agric. Biol. Sci, 6 (5), 
583, 2010.

37.	 JAAFARI N., HADAVI E. Growth and essential oil yield 
of Basil (Ocimum basilicum L.) as affected by foliar spray 
of citric acid and salicylic acid. Z. Arznei Gewurzpfl, 17, 
80, 2012.


