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Abstract

Biostimulants have been defined as substances or materials extracted from plants, which have 
the capacity to beneficially modify plant growth. Chickpea (Cicer arietinum L.) is an annual legume 
of the family Fabaceae and it is a rich source of vitamins, minerals, dietary fiber, and protein. Two 
field experiments were conducted in Northwestern Iran (L1: Maragheh and L2: Hashtroud) to 
determine the effects of farmyard manure (FYM) application (0 and 20 t/ha) and  foliar application 
of bio-stimulants and chemical nutrients (acid salicylic, acid ascorbic, riboflavin, silicon dioxide 
nanoparticles, micronutrients, and distilled water as control) on nutritional characteristics of 
chickpea seeds. Results showed that there is a significant difference between seed quality of plant 
grown in two locations and the highest content of fatty acids (stearic acid, oleic acid, linoleic acid, 
linolenic acid), nitrogen, phosphorus, starch, and protein were recorded in seeds harvested from L2. 
Also, foliar application of micronutrient and silicon dioxide nanoparticles significantly increased 
dietary fiber, ash, starch, protein percentage. Concentrations of mineral nutrients (N, P, Fe, and Zn) 
significantly increased with the foliar application of micronutrients. Spray of acid salicylic and acid 
ascorbic increased the percentage of unsaturated fatty acids in both locations. Furthermore, the 
highest amount of flavonoid and crude oil was achieved by foliar spray of acid salicylic, silicon, and 
riboflavin. Although foliar spray of bio-stimulants and chemical nutrients improved seed quality 
in both locations, their positive effects were more pronounced in L2 where the soil and climate 
condition were partially better than L1. Overall, the best performance for major compounds of 
chickpea seeds was achieved by foliar spray of acid salicylic, micronutrients, and silicon dioxide 
nanoparticles in the FYM treatment.  The present study indicate that improving the soil conditions is 
essential before foliar treatments.
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INTRODUCTION
Chickpea (Cicer arietinum L.) is the third most 

important pulse crop in the world after dry beans 
and dry peas about 15% of the world's total pulse 
productions belong to this crop. It is cultivated on 
17.8 million hectares with a production of 17 million 

tons with a  productivity of 965 kg/ha (FAOSTAT, 
2018). It is a  good source of carbohydrates and 
protein, and protein quality is considered to be 
better than other pulses (Merga and Haji, 2019). 
Also, it is adaptable to wide climatic variation, 
has low production cost, and promotes biological 
fixation of atmospheric nitrogen (Pegoraro et  al., 
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2018). Therefore, it is a desirable plant for inclusion 
in crop rotations in these areas. Including legumes 
in crop rotation is considered as dual solution to 
improve soil quality and crop productivity. Legume-
based cropping systems not only increase seed 
yields but also improve soil fertility through the 
biological N2- fixation of legume plants (Li et  al., 
2018). However, increasing legume productivity 
through optimization of agronomic practices is key 
to maximize the benefits of legumes in cropping 
(Gan et al., 2015).

However, chickpea production is not adequate 
to meet the needs of the food requirements 
of a  growing population in semi-arid regions.  
Because of the limiting conditions of these regions, 
pressures of climate change, and lack of some 
appropriate agronomic management the chickpea 
yield is less than the global average in mentioned 
reign. However, it seems that through some crop 
management, its performance can be improved. 
A  new approach to enhance crop quality and 
bioactive compounds under low precipitation 
and high evapotranspiration (ET) conditions of 
semi-arid regions is the exogenous application 
of plant growth stimulants and regulators. Some 
growth stimulants and natural compounds such as 
salicylates, vitamin B2 (riboflavin), silicon, ascorbic 
acid, and micronutrients can improve the yield and 
quality of various crops (Fernández and Brown, 
2013; Allahveran et al., 2018; Farid et al., 2020).

Ascorbic acid (vitamin  C) is an antioxidant 
molecule and a key substrate for the detoxification 
of reactive oxygen species and it seems that its 
foliar application can enhance plant growth 
(Shapiguzov et  al., 2012; Shapiguzov et  al., 2012; 
Qian et al., 2014; Akram et al., 2017). Also salicylic 
acid (SA) is an important plant hormone that has 
been described to play an essential role in the 
activation and regulation of multiple responses 
to biotic and to abiotic stresses (Janmohammadi 
et  al., 2015; Hasanuzzaman et  al., 2019; Koo et  al., 
2020; Ding and Ding, 2020). Riboflavin (also known 
as vitamin B2) is considered a  key contributor of 
many metabolic enzymes and electron transport 
and has an important role in the cycle of citric acid, 
oxidation of fatty acids, photosynthesis, and DNA 

repair under stress conditions (Hanson et al., 2016; 
Abood and Abdulhamed, 2017; Hasanuzzaman 
et al., 2019).

Recently, the application of Si nanoparticles 
(Si-NPs) and micronutrients are highly regarded 
and their  beneficial effects on plants are well 
established (Xie et  al., 2015; Janmohammadi et  al., 
2016; Deshmukh et  al., 2017; Rastogi et  al., 2019). 
With regards to effects of environmental conditions 
and agronomic managements such as foliar spray 
on crop quality, their evaluation can provide 
valuable information about choosing appropriate 
agronomic management. The objective of this 
study was to evaluate the effects of foliar spray of 
acid salicylic, acid ascorbic, riboflavin, Si-NPs, and 
micronutrients on the qualitative characteristics of 
chickpea in Northwestern Iran.

MATERIALS AND METHODS
Two field experiments were conducted on 

experimental farms in the Maragheh as L1 (latitude 
37°23’ N, longitude 46°16’ E and altitude 1,485 m) 
and Hashtroud region as L2 (latitude: 37°31′N; 
longitude: 46°53′E; altitude: 1,780 m), in North-west 
of Iran during the 2018–2019 growing seasons. 
During the first year, the field land was left to rest as 
fallow and in autumn it was plowed by moldboard. 
The experiments were conducted as a  (2 × 6) 
analyzed as split-plot and as randomized complete 
block design with 3 replications. Two levels of 
farmyard manure (zero (FYM0), 20  (FYM20)  t/ha) 
as the first factor and foliar application of bio-
stimulants and chemical nutrients [S1: spray of 
distilled water as control, S2: 1 Mm salicylic acid, S3: 
1 Mm ascorbic acid, S4: 1 Mm riboflavin, S5: 20 Mm 
silicon dioxide nanoparticles, and S6: 1,000 ppm 
micronutrients (Fe, Zn, Mn, Cu, Mo, B)] as the 
second factor have been considered. Foliar spraying 
was done in the early morning hours when 
temperatures was below 24 °C, since heat causes 
leaves' pores (stomata) to close. The soil texture 
at the Maragheh (L1) was sandy loam comprising 
of sand (53%), silt (31%) and clay (16%), pH 7.85, 
electrical conductivity (EC)  =  0.76 ds/m, organic 
matter  =  1.8 g/kg, nitrogen (N)  =  0.058%, available 

I: Summary meteorological data for the 2019 chickpea growing season at the Maragheh and Hashtroud

Month
Minimum temperature

[ºC]
Maximum temperature

[ºC]
Mean temperature

[ºC]
Precipitation

[mm]
Mean Humidity

[%]

L1 L2 L1 L2 L1 L2 L1 L2 L2 L1

April 2.9 1.6 11.5 9.2 7.5 6.4 16.3 35.2 19.3 51.3

May 6.1 4.5 18.4 14.3 14.2 12.8 30.1 57.4 46.2 48.3

June 11.4 8.1 24.5 18.7 17.6 15.6 17.3 23.6 45.2 39.6

July 17.7 15.6 31.7 27.6 21.3 18.9 5.6 9.6 8.3 28.6

August 21.0 19.4 33.4 29.1 28.0 24.5 1.6 3.5 4.2 23
L1 ‒ Maragheh; L2 ‒ Hashtroud
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phosphorus  =  5.67 mg/kg, available potassium 
(K)  =  342 mg/kg, available zinc (Zn)  =  0.71 mg/kg, 
available iron (Fe)  =  0.98 mg/kg, total neutralizing 
value  =  34%. The soil of Hashtroud site (L2) was 
sandy loam [sand (58%), silt (28%), and clay 
(14%)], and chemical properties were: pH 7.36, 
electrical conductivity (EC)  =  0.98 ds/m, organic 
matter  =  1.72 g/kg, nitrogen (N)  =  0.46%, available 
phosphorus = 11.15 mg/kg and available potassium 
(K)  =  412 mg/kg, available zinc (Zn)  =  0.95 mg/kg, 
available iron (Fe)  =  1.38 mg/kg, total neutralizing 
value  =  49%. Both locations were part of regional 
semiarid highlands; in terms of climate, the area 
has been classified (according to Köppen and Geiger 
classification system) as a semi-arid temperate area 
(Peel et al., 2007). Growing season monthly average 
air temperature and total rainfall are presented in 
Tab.  I. Kabuli chickpea (cv. Jam) was hand seeded 
at a depth of 5 cm in the first decade of April. The 
space between rows was 25 cm with eight rows per 
plot. A  drip irrigation system with 20 mm laterals 
at each plant row was used for irrigation. Chickpea 
plants were harvested at ground level by hand from 
late June to early Julyas soon as each experimental 
plot reached to full maturity stage. For evaluation 
of seed quality characteristics, twenty plants from 
each treatment were selected at random in the 
harvested 2.0 m2. Atomic absorption spectrometry 
equipped with a  Varian SpectraAA –240  model 
(Varian, Australia), was used to determine N, P, K, 
Fe, and Zn content. The total flavonoids content of 
the seed was determined by a  colorimetric assay 
according to the method described by Youngjae 
et  al. (2007) and Allahveran et  al. (2018). A  1 mL 
aliquot of the appropriately diluted sample was 
added to a 15 mL tube containing 4 mL of deionized 
water. Then 0.3 mL of 5% NaNO2 was added to this 
mixture, which was allowed to stand for 5 min at 
room temperature, and 0.6 mL of 10% AlCl3·6H2O 
was added. The mixture was allowed to stand for 
6  min at room temperature, and 2 mL of 1 mol/L 
NaOH was added, and the volume was made up 
to 10 mL with deionized water. The absorbance of 
the solution was measured immediately at 510 nm. 
The results were expressed as catechin equivalents 
using a  standard curve prepared from authentic 
catechin.

The protein percent of seeds were measured 
using a  near-infrared seed analyzer (Zeltex, 
Maryland, USA). The dietary fiber content was 
determined using the enzymatic-gravimetric 
method of AOAC 985.29 (Polesi et  al., 2011). The 
enzymatic hydrolysis of the starch and protein was 
carried out as follows: gelatinization in the presence 
of thermo-stable α-amylase (Termamyl 120 L, 97 °C, 
15 min, pH  6.0), incubation with pepsin (Sigma 
P-7000, 40 °C, 30 min, pH 1.5) and incubation with 
amyloglucosidase (Sigma A-7255, 55 °C, 30  min, 
pH 4.0‒4.6). Total starch content of all samples was 
determined using Total Starch HK Assay Kit based 

on AOAC Official Method 2002.02 (McCleary and 
Monaghan, 2002). In brief, a sample digested using 
-amylase containing amyloglucosidase, followed 
by incubation in a  shaking water bath for 16 h to 
hydrolyze digestible starch. Hydrolysable starch was 
separated from resistant starch by washing with 
ethanol followed by centrifugation. The resistant 
starch portion was solubilized with potassium 
hydroxide solution. Both the hydrolysable starch 
and resistant starch fractions were digested using 
amyloglucosidase and were assayed for glucose 
concentration using a spectrophotometer at 510 nm 
to measure absorbance. Total starch was calculated 
as the sum of resistant starch and hydrolysable.

Oil content was determined gravimetrically  by 
extraction with technical grade hexane (Sigma-
Aldrich) in a  Soxhlet apparatus (Cole-Parmer, 
Germany) for 10 h at 40 °C. The extracted oil 
was stored at - 18 °C for further investigation in 
polypropylene containers. The determination of the 
fatty acids profile was carried out by GC (Agilent 
7990B) equipped with a  flame ionization detector 
and a  TC-FFAP capillary column (60 m  ×  0.25 mm 
internal diameter, 0.25 µm). The temperature 
program was as follows: starting at 150 °C and then 
heating to 190 °C at 5 °C/min, after 2 min followed 
by heating from 190 °C to 250 °C at 5 °C/min. The 
final temperature (250 °C) was held for 8 min. The 
fatty acids used as standards for the GC analyses 
(palmitic, stearic, and oleic acids) were from Sigma. 
The injector and detector temperatures were both 
set at 250 °C. Injections of the methylated samples 
(1 μL) were made in the splitless mode. Statistical 
analyses were performed using Statistical Analysis 
Systems (SAS  9.1) software. Differences were 
analyzed by ANOVA. Means were compared by the 
LSD test (p < 0.05).

RESULTS 
Analysis of variance (ANOVA) for seed quality 

characteristics are shown in Tab.  II. Results of the 
analysis showed that seed ash significantly affected 
by FYM application and foliar spray treatments 
(p ≤ 0.05). Also, triple effects of location × FYM × foliar 
spray were significant for seed ash percentage. 
The lowest seed ash content was related to plants 
grown in L1 (Maragheh) without FYM application 
and with no-foliar spray. However, the highest 
seed ash content was recorded in plants grown 
in L2 (Hashtroud) in the FYM treatment and with 
foliar application of micronutrient, Si-NPs, and 
Vitamin  C (ascorbic acid). The effects of foliar 
treatment on seed ash content in L1 were more 
prominent than L2 (Tab. III). Assessment of dietary 
fiber showed that the main effect of location and 
foliar spray (p ≤  0.05), as well as interaction effect 
of location  ×  farmyard application  ×  foliar spray, 
was significant (Tab.  II; p  ≤  0.01). Results showed 
that foliar spray of Si-NPs, salicylic acid, and 
micronutrients in L2, significantly increased the 
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dietary fiber content. The lowest amount of crude 
fiber was recorded for plants grown in L1 without 
FYM application and foliar spray (Tab. III).

Evaluation of seed starch content indicated that 
the interaction effects of location × FYM × foliar 
spray were significant. Foliar spray of salicylic acid 
and ascorbic acid under FYM applied condition in 
L1 and all foliar treatments in the FYM treatment 
in the L2 significantly increased the seed starch 
content (Tab. III). Assessment of protein content in 
the chickpea seeds showed that the highest amount 
of protein obtained by foliar spray of Si-NPs, salicylic 
acid, and micronutrients in L2 (Fig. 1). However, the 
highest amount of protein in L1 was achieved by 
foliar spray of micronutrients. Mean comparison 
of the protein content between locations, FYM 
treatments, and different foliar sprays revealed that 
foliar spray of salicylic acid, Si- NPs, ascorbic acid, 
and micronutrients under FYM applied condition 
in L2 had more positive effects on seed protein 
content, respectively (Tab. III).

Seed flavonoid content in plants grown in L2 was 
7% higher than those grown in L1. Foliar spray 
of salicylic acid and Si-NPs in the FYM treatment 
in L2 increased the seed flavonoid content 
significantly and the highest amount was recorded 
for mentioned condition (Tab.  III). A positive effect 
of foliar spray of Si-NPs on seed flavonoid content 
also was recorded under FYM utilized condition in 
L1 (Fig. 2). The lowest flavonoid content was related 
to plants grown in L1 without FYM application and 
sprayed with distilled water or riboflavin.

Evaluation of total oil extracted from the seeds 
showed that plants grown in L2 had 4% more 
oil than plants grown in L1 (Tab.  III). The highest 
amount of seed oil was achieved by foliar spray 
of salicylic acid, ascorbic acid, and micronutrients 
along with FYM application in L2 (Tab.  III). 
Furthermore, flame ionization-based detection gas 
chromatography for fatty acid profile revealed that 
comparison of the unsaturated fatty acid (oleic, 
linoleic, and linolenic acids) and saturated fatty acid 
(stearic acids) composition meaningfully affected by 
location, FYM, and foliar spray (Tab. II). The highest 
amount of saturated fatty acid was obtained by 
foliar spray of riboflavin, Si-NPs, and salicylic acid 
in the FYM treatment in L2. However, the highest 
oleic acid content was recorded in plants sprayed 
with acid salicylic and acid ascorbic under FYM 
applied conditions in L2. A relatively similar trend 
was observed for linoleic and linolenic acids. Foliar 
application of micronutrients on unsaturated fatty 
acids was more evident than a  saturated fatty 
acid. Foliar spray of acid ascorbic in both locations 
considerably increased the unsaturated fatty acid 
(Tab. III).

Evaluations of seed nutrient content showed 
that N, P, and K) content was considerably 
affected by the treatments so that FYM application 
increased the seed nitrogen content by 10%. The 
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Figure 1. The effects of different foliar spray on protein content in the chickpea seeds in two locations in north-

west portion of Iran.  L referred to location, Location 1: Maragheh, Location 2: Hashtroud, S referred to foliar 

spray S1: acid salicylic, S2: acid ascorbic, S3: riboflavin, S4: silicon dioxide nanoparticles, S5: micronutrients, 

S6: distilled water. Any difference larger than Least Significant Difference (LSD) is considered a significant 

result. 

 

 

 

  

  

1: The effects of different foliar spray on protein content in the chickpea seeds in two 
locations in north-west portion of Iran. L referred to location, Location 1: Maragheh, 
Location 2: Hashtroud, S referred to foliar spray S1: acid salicylic, S2: acid ascorbic, 
S3: riboflavin, S4: silicon dioxide nanoparticles, S5: micronutrients, S6: distilled water. Any 
difference larger than Least Significant Difference (LSD) is considered a significant result.
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Figure 2. The effects of different foliar spray on flavonoid content of chickpea seeds under two level of 

farmyard manure application: zero (FYM0) and of 20 t/ha (FYM20) in northwest of Iran. S1: foliar spray of 

acid salicylic, S2: acid ascorbic, S3: riboflavin, S4: silicon dioxide nanoparticles, S5: micronutrients, S6: 

distilled water. Any difference larger than Least Significant Difference (LSD) is considered a significant result. 

 

 
 

 

 

 

  

2: The effects of different foliar spray on flavonoid content of chickpea seeds under two 
level of farmyard manure application: zero (FYM0) and of 20 t/ha (FYM20) in northwest 
of Iran. S1: foliar spray of acid salicylic, S2: acid ascorbic, S3: riboflavin, S4: silicon dioxide 
nanoparticles, S5: micronutrients, S6: distilled water. Any difference larger than Least 
Significant Difference (LSD) is considered a significant result.
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highest nitrogen content was recorded for plants 
grown under FYM applied conditions in L2 and 
sprayed with micronutrients and bio-stimulants. 
A  similar trend was recorded for seed P  content. 
Among foliar spraying treatments, the application 
of micronutrients and Si-NPs had the greatest 
positive effect on N and P  content (Tab.  III). The 
application of FYM in L2 caused a  significant 
increase in seed K content. Foliar spray of riboflavin 
and salicylic acid along with FYM application 
significantly increased K  content in L1 and L2, 
respectively (Tab.  III). Furthermore, evaluation 
of Fe and Zn  content revealed that foliar spray of 
micronutrients in the FYM treatment significantly 
increased seed Fe and Zn content in both locations. 
However, positive effects of micronutrient and FYM 
application on seed Zn content were more evident 
in L1. Moreover, foliar spray of Si-NPs and ascorbic 
acid under FYM utilized condition in L2 could 
increase seed Zn content significantly (Fig. 3).

DISCUSSION
The results showed that there is a  significant 

effect of the location on all investigated quality 
characteristics of chickpea seeds. The best results 
for plants grown in L2. This can be attributed to the 
better edaphic and climatic conditions of this region. 
A similar conclusion was reached by Hoskem et al. 
(2017). The higher amount of available nutrients 
and better soil quality in L2 provided better 

seed quality by stimulating more growth. More 
precipitation during winter periods and well as the 
optimum temperature and low risk of heat stress 
of the end season caused a  better performance 
of plants in the L2. It appears that plants with the 
relatively optimal establishment and sufficient 
growth can be more responsive to the supply of FYM 
and foliar spraying treatments (Navved et al., 2018). 
However, due to existence of some restrictions 
in soils of both locations, such as high pH and 
low precipitation, availability of some nutrients 
are not sufficient for the appropriate growth of 
chickpea plants. Therefore, a  foliar application of 
mineral fertilization and some amendments seems 
to be necessary to complete the plant growth and 
acceptable seed quality especially during prolonged 
dry periods in late spring and summer (Alshaal and 
El-Ramady, 2017). Furthermore, ensuring adequate 
nutrition will assist the chickpea crop to generate 
wider canopy and a  larger leaf area and this can 
significantly improve the effectiveness of foliar 
spraying treatments (Janmohammadi et  al., 2017). 
Besides, correct rotations in L1 and considering the 
fallow in crop rotation programs during previous 
years, more precipitation, greater depth of arable 
soil, and greater water holding capacity in the soil 
caused the higher quality of seeds in L2. Crop and 
soil management such as reversal of previous crop 
residues and application of manure at the beginning 
of the season can have a  significant impact on 
improving soil fertility and ultimately the quality 

4 
 

 
Figure 3. The effects of different foliar spray on Zn content of chickpea seeds under two level of farmyard 

manure application: zero (FYM0) and of 20 t/ha (FYM20) in northwest of Iran. S1: foliar spray of acid salicylic, 

S2: acid ascorbic, S3: riboflavin, S4: silicon dioxide nanoparticles, S5: micronutrients, S6: distilled water. Any 

difference larger than Least Significant Difference (LSD) is considered a significant result. 

 

 

 

 

3: The effects of different foliar spray on Zn content of chickpea seeds under two level 
of farmyard manure application: zero (FYM0) and of 20 t/ha (FYM20) in northwest of 
Iran. S1: foliar spray of acid salicylic, S2: acid ascorbic, S3: riboflavin, S4: silicon dioxide 
nanoparticles, S5: micronutrients, S6: distilled water. Any difference larger than Least 
Significant Difference (LSD) is considered a significant result.
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of seeds harvested from the field. Furthermore, 
choosing a suitable site based on agro-climatic and 
soil zoning should  be  seriously considered. The 
zoning maps in the semi-arid regions should be 
based on rainfall, temperature, absolute minimum 
temperature, evapotranspiration, soil texture, soil 
erosion, nutrient availability in soil, soil depth, 
soil water holding capacity, and physicochemical 
properties of soil (Nabati et al., 2020). However, the 
deficiency of some micronutrients such as zinc and 
iron are still evident in L2, improving the quality of 
seeds with the use of micronutrient fertilizers also 
confirms this point.

The result showed that the effect of FYM on 
most of the studied characteristics was statistically 
significant and the highest seed quality was 
acquired by the application of FYM in L2. The 
soil of both sites had low organic matter owing to 
low, sporadic, and irregular rainfall and the low 
tendency to return crop residues to the soil due to 
lack of forage. For this reason, the application of FYM 
under mentioned condition significantly increases 
soil organic matter (SOM) and can stimulate crop 
growth by improving the physical, chemical, and 
biological properties of the soil (Nouraein et  al., 
2019). However, the better results obtained from 
the application of FYM in L2 can be attributed to 
the better climatic conditions in this region. FYM is 
known to improve crop production and seed quality 
under acceptable soil moisture regimes. In drier 
regions, use of manure is restricted by the historical 
perception so that manure can exacerbate negative 
effects of heat on crops resulting from the fact that 
ammonium in the manure can burn the crop if 
manure is placed in the planting hole (Murungweni 
et  al., 2016). Also, it seems that the application of 
FYM by improvement of soil conditions, facilitation 
of root growth, increasing the nutrients uptake, 
had prepared a  uniform canopy as a  suitable 
base for better absorption of bio-stimulants and 
micronutrients. The results are consistent with the 
results of some previous works (Pasandi et al., 2018; 
Kheyrkhah et al., 2018).

The application of micronutrients significantly 
increased the zinc content compared to the control. 
A similar pattern of results was obtained by Hidoto 
et al. (2017). Also, foliar application of ascorbic and 
salicylic acids increased the content of identified 
fatty acids. These basic findings are consistent with 
research showing that foliar spraying of salicylic 
acid and putrescine stimulated the accumulation 
of important metabolites such as different amino 
acids, vitamins, sugars, organic acids, amines, fatty 
acids (Khan et al., 2019).

Although most of the studied traits and seed 
quality characteristics were affected by foliar spray 

treatments, the behavior of traits against foliar 
spraying treatments was different. chickpea seeds 
are the preferred source of protein and dietary 
fiber since they have a  rich source of digestible 
proteins and the use of appropriate management 
to improve seed protein content may significantly 
affect community health and food security. Seed 
storage proteins of chickpea are mainly comprised 
of albumin, globulin, and glutelin (Chang et  al., 
2011). In this experiment, it was observed that to 
improve the protein content, in addition to the 
use of FYM, the application of micronutrients, 
salicylic acid, and Si-NPs should be considered as 
an important agronomic management option. The 
findings are directly in line with previous findings 
of Janmohammadi et al. (2017). This trend also was 
recorded for seed N content, stearic acid, linoleic 
acid, and dietary fiber. Due to some soil restrictions 
in semi-arid regions such as low soil moisture and 
high pH, foliar application of micronutrients can 
provide nutrient requirements rapidly. In line with 
previous studies, foliar feeding of micronutrients 
enhanced the accumulation of nitrogen and 
improved seed yield, starch contents, and protein 
content (Potarzycki and Grzebisz, 2009). 

The highest flavonoid content and fatty acides 
content was recorded under relatively favorable 
soil conditions (in L2 with FYM application) and by 
foliar application of acid salicylic and Si-NPs. Also, 
the best morphological growth was recorded under 
mentioned conditions. These results indicate that 
there is a  direct relationship between growth rate 
and flavonoid content. Dry legumes are staple and 
potentially functional foods, being good sources 
of polyphenols and flavonoids (Segev et  al., 2010). 
Besides their nutritional value, chickpea seeds 
contain various phenolic compounds. Phenolic 
compounds are of particular interest because of 
their contribution to the seed color and sensory 
characteristics as well as several biological 
properties (Magalhães et  al., 2017). Although the 
foliar application of growth regulators and bio-
stimulants improved seed characteristics to some 
extent, their greatest effect was observed under 
better climatic and soil conditions and with the 
utilization of FYM. This was especially apparent 
for riboflavin. This suggests that the application 
of foliar treatments under unfavorable semi-
arid conditions cannot be effective individually. 
Application of FYM by improving the plant 
establishment and expansion of the canopy can 
provide a better uniform basis for foliar treatments. 
It is encouraging to compare this finding with that 
found by Janmohammadi et al. (2015) and Nouraein 
et al. (2019).
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CONCLUSION
From the present investigation, it may be concluded that soil management using farmyard and crop 
management with foliar application of bio-stimulants were able to improve the quality of seeds and 
nutritional value of Kabuli chickpeas in both areas. Also, results showed that the application of FYM 
in L1 which has previously been under poor management, incorrect rotations, and experienced 
intensive agriculture are very necessary. Foliar feeding with micronutrients and foliar spray salicylic 
acid as well as Si-NPs under FYM applied conditions noticeably increased seed quality especially 
in  the site with better soil and climate conditions (L2). Improving soil conditions can lead to 
prominent effects of foliar treatments. Our results revealed that foliar spray of Si-NPs, micronutrients 
and salicylic acid as simple and accessible crop management options can be effective in the semi-
arid regions. Further research is needed to prove their positive functions at the subcellular level.
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