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ABSTRACT

Article history:

Foliar application of organic compounds and biofertilizers is a suitable
method of optimal nutrient provision for plants. In this regard, this
study aimed to investigate the effects of humic acid and amino acids as
foliar applications on the quantitative and qualitative characteristics of
tomato fruits under field conditions (2019-2020). The treatments
included the control, three concentrations of humic acid (1, 2, and 3 g
L-1), three concentrations of amino acids (2, 4, and 6 g L-1), and
combined treatments of humic acid (3 g L-1) + amino acid (3 g L-1). The
results showed that the effects of the treatments were significant on
plant fresh and dry weight, leaf chlorophyll content, fruit number, total
yield, marketability, and fruit quality, except for fruit length. The
highest leaf pigment content, fruit number (30.3 per plant), yield (50.3
tons ha-1), and marketable yield (43.1 tons ha-1) were related to the
combined treatment of humic acid + amino acids. Furthermore, the
highest fruit quality characteristics such as firmness, TSS, vitamin C,
anthocyanin, and potassium were observed for the humic acid at 3 g L1, which showed no significant difference with the combined treatment
of humic acid + amino acid. In general, it was found that the foliar
application of organic compounds improved the yield, yield
components, and fruit quality of tomato plants so that the combined
application of humic acid (3 g L-1) + amino acids (3 g L-1) had the
highest effect on improving the quantitative and qualitative
characteristics of tomato plants.
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to the presence of hormonal compounds, organic
acids in low concentrations have significant
effects on increasing agricultural crop
production, without environmental hazards
(Gorgini Shabankareh et al., 2017).
Humic acid is the main component of soil organic
matter (humus), a natural organic polymer
composition that forms as a result of decaying
soil organic matter, peat, lignin, etc. This matter
indirectly affects the physiological, biochemical,
and biological properties of soil, and directly
affects the physiological processes of plants,
thereby affecting plant growth, increasing crop

Introduction1
Over the past few decades, excessive chemical
fertilizers have had negative environmental
consequences and increased production costs.
This emphasizes the need for revised production
and research methods for finding new and safe
ways to increase productivity (Wu et al., 2016).
Today, organic fertilizers are widely used for
improving the quantity and quality of crops. Due
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yield, and enhancing quality (Ohta et al., 2004).
Humic compounds are usually composed of a
large number of molecules. According to new
theories, these compounds are a diverse set of
relatively low molecular weight molecules that
are composed of dynamic compounds stabilized
by hydrophobic interactions and hydrogen
bonds. Some of them are based on
interconnected aromatic, phenolic, and carboxyl
compounds which are connected. In principle,
phenolic and carboxyl compounds as functional
groups are involved in the reactivity and
activation of humic acid (Canellas et al., 2015).
Other benefits of humic acid include chelating
nutrient elements, increasing the emergence of
lateral roots, increasing the growth of shoots and
nitrogen content, eliminating leaf chlorosis,
improving nutrient uptake and ease of
absorption of high-consumption and lowconsumption
elements,
and
increasing
production and improving the quality of
agricultural products (Jahan et al., 2016).
In a relevant study, the effects of humic acid were
examined on the growth characteristics of
pepper
(Capsicum
frutesens
L.).
The
concentrations of 500, 1000, and 2000 mg/kg
humic acid reportedly caused an increase in
hypocotyl length, stem diameter and length, dry
weight, nutrient content, and yield (Turkmen et
al., 2005). The application of humic acid at 2000
mg L-1 reportedly had significant effects on yield
and yield components of Calendula officinalis L.
(Mohammadipour et al., 2012). The application
of humic acid increased hypocotyl length, stem
diameter, stem length, dry weight, and nutrient
content in pepper plants (Tan, 2003).
In addition to humic acid, other fertilizers
containing
various
amino
acids
and
micronutrients have been introduced in recent
years. These fertilizers are usually used for foliar
application. The addition of these fertilizers to
the soil improves the soil microorganisms, whose
activity facilitates the absorption of some
nutrients and ultimately increases growth and
improves yield. Furthermore, the foliar
application of these fertilizers increases nitrogen
uptake efficiency and prevents nitrogen leaching
(Liu et al., 2007; Cao et al., 2010).
In general, one of the most important roles of
amino acids in plants is to strengthen the plant
immune system, achieved by strengthening the
cell wall, increasing the production of lignin
(woody tissue of plants), and causing faster
repair of damaged tissues. As a result, these
increase the resistance of plants to pests and
diseases. In addition, the application of amino
acid compounds before, during, and after
environmental stress such as high temperatures,

extreme cold, frost, drought stress, salinity, plant
movement, and transfer, mitigate the harmful
effects of these stresses on plant metabolism and
reduce the quantity and quality of products,
while reducing the damage caused by adverse
environmental conditions and increasing plant
resistance (Rai, 2002).
The effects of amino acids on plants have been
studied by previous researchers (Hassanpanah
et al., 2008; Liu et al., 2008). Amino acids
significantly
improved
the
physiological
parameters and biochemical composition of tea
(Thomas et al., 2009), as well as the yield and
kernel quality of pistachio (Rahdari et al., 2013).
Furthermore, the application of amino acids in
chamomile plants increased plant height,
number of branches, chlorophyll, carotene,
proline, and phenol content (Omer et al., 2013).
Increasing the physiological parameters and
yield, while improving the quality of tea and
sweet pepper with the application of amino acids
was reported by Al-Said and Kamal (2008).
Honardost et al. (2012) found that amino acids
increased tuber count, marketable tuber weight,
and yield of potatoes.
Tomato plants (Solanum lycopersicom L.) are
one of the most popular vegetables that have
high levels of antioxidant compounds, lycopene,
polyphenols, and vitamin C. The tomato plant is a
perennial herbaceous that is often grown as an
annual in different parts of the world. With a
production of 5.24 million tons, Iran is the 7th
largest tomato producer in the world (FAO,
2019). Due to their high efficiency, environmentfriendly organic fertilizers are important for
tomato crops. Accordingly, this study was
conducted to investigate the effects of foliar
application of humic acid and amino acids on the
yield,
yield
components,
and
quality
characteristics of tomato plants.

Materials and Methods
Plant materials
To investigate the effects of the foliar application
of humic acid and amino acids on the yield, yield
components, and quality characteristics of the
tomato fruit (Solanum lycopersicum) cv. Sunseed
6189, which is an early-to-medium ripening
cultivar, this study was conducted in a
randomized complete block design with eight
treatments in three replications under field
conditions in the Kahnooj region, Kerman
Province in 2019-2020 (Table 1). The Kahnooj
region is located 350 km from the center of
Kerman Province in the southeast of Iran with a
hot and dry climate, 470 meters above sea level,
longitude 57° 11´ north, and latitude 27° 58´
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east. The average rainfall in this region is 140
mm and most of the precipitation is in the
winter.
The
maximum
and
minimum

temperatures are 48-50 °C and 4 °C, respectively,
and the maximum relative humidity is 45-65%.

Table 1. Soil and irrigation water analysis of the studied site in Kahnouj region, Kerman province, Iran
Soil
pH

Texture

7.8

LoamySands

Organic
matter (%)

SAR

Na
(ppm)

Ca+Mg
(ppm)

Mn
(ppm)

Cu
(ppm)

Fe (ppm)

Zn
(ppm)

K
(ppm)

P
(ppm)

2

0.74

1.06

4.1

1.52

0.048

0.136

0.092

215.8

9.2

Irrigation water
pH

SAR

EC
(mS/cm)

Na
(ppm)

HCO3
(ppm)

Ca+Mg
(ppm)

7.4

0.95

1112

1.92

1.3

2.3

To prepare the seedlings, tomato seeds were
planted in peat moss seedling trays at the end of
April and the seedlings were transferred to the
farm five weeks after sowing the seeds in the
nursery. The treatments were applied after the
establishment of seedlings in the soil. Crop
management was done according to local
customs. Irrigation of all treatments was done in
the same way, by a drip-tap irrigation system.
The treatments included humic acid (XGreen
humic, USA) at three levels (1, 2, and 3 g L-1),
amino acid (Aminabon, Spain) at three levels (2,
4, and 6 g L-1), the combination of humic acid (3
g L-1) + amino acid (3 g L-1), and the control. The
application of treatments started 20 days after
transplanting the seedlings to the field (after the
complete establishment of seedlings) and was
continued (every seven days). Macro- and microfertilizers were used according to the results of
the soil test. On this basis, macro-fertilizers,
including urea, triple superphosphate, and
potassium sulfate (304, 163, and 52 kg ha-1)
were applied before planting in the field,
respectively. Furthermore, micro-fertilizers,
including iron chelate, manganese sulfate, zinc
sulfate, and copper sulfate were used at 7.5, 25.5,
20, and 10 kg ha-1, respectively, after
transplanting until the peak of fruit harvest.

plant were measured by a digital scale. To
measure the dry weight, the plants were placed
in an oven at 70 °C for 48 hours. The yield and
marketable yield were obtained by multiplying
the total weight of fruits and marketable fruits
per plant by the number of plants per hectare.
Fruits with good shape, healthy state, uniform
color, and with weights greater than 35 g were
considered marketable (Luitel et al., 2012). The
fruit length and diameter were measured with a
digital caliper (Mitutoyo PK-1012 model, Japan).
The method proposed by Lichtenthaler (1987)
was used for calculating the levels of chlorophyll
and carotenoids in the leaves. The light
absorption
was
measured
by
a
spectrophotometer at 647, 664, and 700 nm.
Finally, the levels of chlorophyll and carotenoids
were calculated based on the following formula.
In the formula below, V is the volume of the
supernatant solution obtained from the
centrifuge and W is the fresh weight of the
sample in grams.

The studied traits

The levels of pH, soluble solids, and firmness of
fruits were measured using a pH meter,
refractometer
(SBR-32T
model),
and
penetrometer (Penetrometer, Model FT327),
respectively. The vitamin C content was
measured by titration with indophenol
dichlorophenol. The fruit potassium content was
calculated using a flow meter. The fruit
phosphorus content was calculated using a

Chla= (19.3 A663.2 – 0.86 A645) V / 100W
Chlb= (19.3 A645 – 3.6 A663) V / 100W
ChlT= (chla + chlb)
Carotenoid= (1000 A470 – 1.8 chla – 85.02 chlb)
/ 198

After
the
application
of
treatments,
measurements were aimed at plant fresh and dry
weight, leaf count, leaf chlorophyll content, and
leaf length, as well as the diameter of fruits, total
yield and marketability, firmness of fruits, pH,
vitamin C, total soluble solids, phosphorus,
potassium, and calcium content of the fruits. The
fresh and dry weight of plants and the yield per
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spectrophotometer and the light absorption of
the sample was calculated at 420 nm. Fruit
calcium content was calculated by titration with
potassium permanganate (Amidi Fazli et al.,
2013).

difference (PLSD) test (p<0.05) (Soltani and
Torabi, 2020).

Results
Growth characteristics
Based on the results, the treatments affected
vegetative traits, especially leaf pigmentation at a
significant level. The maximum levels of a, b, and
total chlorophyll and carotenoids were related to
humic acid (3 g L-1) as well as the combined use
of humic acid and amino acid, while the
minimum levels of leaf pigments were caused by
humic acid (1 g L-1) and amino acids (4 g L-1)
(Table 2).

Statistical analysis
This study was conducted in a randomized
complete block design with eight treatments and
three replications. To assess the normality of the
data, Kolmogorov-Smirnov and Shapiro-Wilk
tests were used by SPSS 20.0 software, and after
making sure the data were normal, the analysis
of variance was performed by SAS software (ver.
9.1; SAS Institute, Inc., Cary, NC), and the mean
values were compared using the least significant

Table 2. Effect of humic acid and amino acid on growth characteristics and leaf pigments of tomato (cv. Sunseed 6189)
Plant weight (g)
Chlorophyll (mg g-1 FW)
Carotenoid
Attribute
(mg g-1 FW)
Treatments
Fresh
Dry
Chl a
Chl b
Total
Humic acid (HA) 1 g L-1
700c
167b
2.54d
11.89f
2.25e
14.15f
Humic acid 2 g L-1
650c
158b
3.99b
19.85b
3.50c
23.36b
Humic acid 3 g L-1
650c
124cde
4.27a
27.39a
5.02a
32.47a
Amino acid (AA) 2 g L-1
650c
142bcd
3.20e
14.35e
2.91d
17.26c
Amino acid 4 g L-1
500d
105e
2.25f
11.98f
2.47e
14.45e
Amino acid 6 g L-1
550d
118de
3.30c
17.79c
4.07b
21.87c
HA (3 g L-1) + AA (3 g L-1)
800b
150bc
4.36a
25.30a
4.95a
30.20a
Control
1150a
200a
2.73d
16.10d
3.48c
19.58d
In each column, the treatments following the same letter are not significantly different (P≤0.05)
The experiment was conducted in a randomized complete block design with 8 treatments and 3 replications.

(30.3 per plant) and the control (23 per plant),
respectively. The use of amino acids had no
significant effect on the fruit diameter. The
maximum levels of yield (50.3 tons ha-1) and
marketable yield (43.1 tons ha-1) were related to
the combined application of humic acid + amino
acid. The lowest yield was related to the control
(37.1 tons ha-1), which had no significant
difference with the effect of amino acids at 2 g L-1
(38.7 tons ha-1) (Table 3).

Yield and yield components
The results showed that the foliar application of
different treatments significantly affected the
fruit count and yield (P≤0.01), as well as fruit
diameter and marketable yield (P≤0.05). There
was no significant difference between the
studied treatments in terms of fruit length.
According to the results, the maximum and the
minimum number of fruits were related to the
combined treatment of humic acid + amino acid

Table 3. Effect of humic acid and amino acid on yield and yield components of tomatoes (cv. Sunseed 6189)

Attribute
Treatments
Humic acid (HA) 1 g L-1
Humic acid 2 g L-1
Humic acid 3 g L-1
Amino acid (AA) 2 g L-1
Amino acid 4 g L-1
Amino acid 6 g L-1
HA (3 g L-1) + AA (3 g L-1)
Control

Fruit number per
plant
25.00de
28.67abc
29.33ab
25.67cde
24.33de
26.67bcd
30.33a
23.00e

Fruit diameter
(cm)
4.92ab
4.99ab
5.17ab
4.79cd
5.04c
5.59b
4.96a
5.35d

Yield (ton ha-1)
Total
Marketable
47.99ab
36.46bc
46.91ab
38.18bc
48.68ab
36.71ab
38.73cd
31.93c
41.59c
34.80bc
45.68b
37.56abc
50.29a
43.07a
37.07d
33.11bc

In each column, the treatments that are followed by the same letter are not significantly different (P≤0.05).
The experiment was conducted in a randomized complete block design with 8 treatments and 3 replications.
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acid as well as the combination of humic acid +
amino acid resulted in the maximum amount of
fruit carotenoids. However, the highest amount
of fruit anthocyanin was caused by the
concentrations of 2 and 6 g L-1 amino acids as
well as humic acid at 3 g L-1. By the application of
humic acid at 3 g L-1 or amino acids at 6 and 4 g
L-1 as well as the combined use of humic acid and
amino acid, the potassium concentration of
tomato fruits significantly increased. The
maximum levels of the fruit calcium and
phosphorus were obtained by the application of
humic acid at 1 g L-1. The minimum
concentration of fruit calcium was observed in
plants that were not treated with organic
fertilizers (Table 4).

Fruit qualitative traits
The effect of amino acid and humic acid
treatments on the qualitative traits of tomato
fruits showed that the foliar application of
different treatments significantly affected all
qualitative traits of the fruit (P≤0.01).
Accordingly, the maximum and the minimum
values of fruit firmness were caused by humic
acid at 3 g L-1 (4.46 kg cm-2) and control
treatments (3.21 kg cm-2), respectively. Similar
results were obtained in the case of soluble
solids and vitamin C. The highest level of fruit
juice pH was related to humic acid at 1 g L-1 and
the lowest was observed for plants treated with
humic acid at 2 g L-1 or amino acid at 4 g L-1. The
application of different concentrations of humic

Table 4. Effect of humic acid and amino acid on fruit quality characteristics of tomato (cv. Sunseed 6189)
Attribute
Treatments

Firmness
(kg cm-2)

TSS
(%)

Vitamin C
(mg 100g-1)

pH

Carotenoid
(mg 100g-1)

Antocyani
n (μm g-1)

K (%)

Humic acid (HA) 1 g
4.43a
3.4bc
24.04c
5.92a
90.71a
3.45b
2.52b
L-1
Humic acid 2 g L-1
3.86bc
3.3c
27.44b
5.62e
86.80ab
3.33c
2.54b
Humic acid 3 g L-1
4.46a
3.4a
28.53a
5.66d
88.76a
3.67a
2.84a
Amino acid (AA) 2 g
3.37cd
3.3c
28.29ab
5.79b
70.87d
3.58a
2.65b
L-1
-1
Amino acid 4 g L
3.5bcd
3.2c
18.70d
5.63e
83.74bc
3.45b
2.97a
Amino acid 6 g L-1
4.04ab
3.7ab
13.46f
5.81b
69.82d
3.58a
2.93a
HA (3 g L-1) + AA (3 g
3.88bc
3.2c
17.20e
5.73c
87.58ab
3.21d
2.92a
L-1)
Control
3.21d
3.1c
12.82f
5.79b
79.69c
3.45b
2.65b
In each column, treatments that are followed by the same letter are not significantly different (P≤0.05).
The experiment was conducted in a randomized complete block design with 8 treatments and 3 replications.

Ca (%)

P (%)

3.53a

0.18a

3.26de
3.19e

0.15bc
0.16b

3.33cd

0.14bcd

3.46ab
3.46ab

0.13cd
0.16b

3.39bc

0.12e

3.06f

0.14cd

growth and better performance. Previous studies
also confirmed the effect of these compounds on
changes in carbohydrate allocation and biomass
(biomass partitioning) (Tattini et al., 1991;
Zachariakis et al., 2001).
Based on the results of this study, it was found
that despite the fresh and dry weight, the use of
humic acid improved the yield and yield
components of tomatoes, which confirmed a
previous report on grapes (Poozeshi et al., 2011)
and tomatoes (Khoshmaram and Arshad, 2016).
One of the most important biological effects of
humic acid is the change in biomass allocation in
plants (Zachariakis et al., 2001). In addition,
humic acid increases photosynthetic efficiency
by improving nutrient uptake and leaf
chlorophyll content (Khoshmaram and Arshad,
2016). In this way, it increases the production
and accumulation of carbohydrates and puts a
positive effect on flowering and fruit sets. Humic
acid also has a positive effect on auxin

Discussion
In recent years, a large number of organic acids
have been used for improving the quality of
horticultural crops. It has been reported that
these compounds are not only safe for the
environment but also improve the physical and
chemical properties of the soil as well as the
growth and functional properties of plants
(Adeleke et al., 2017). The results of this study
showed that despite the fresh and dry weight,
the maximum levels of yield-related traits were
related to the combined application of humic
acid and amino acids. It seems that in the control,
carbohydrates were more allocated to the
progress of vegetative growth, which led to
greater fresh and dry weights. However, the
application of organic compounds, especially the
combination of humic acid + amino acids caused
allocations
of
carbohydrates
(carbon
partitioning) to the progress of reproductive
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production, thereby activating various enzymes
(Abdel-Mawgoud et al., 2007; Khoshmaram and
Arshad, 2016). It has been reported that the
foliar application of humic acid improves
respiration, total protein, and photosynthesis in
plants, thereby improving their yield (Neri et al.,
2002). In sour tea, the foliar application of humic
acid improved the motility and efficiency of
nutrients, increased the leaf zinc and iron
content, and thus increased the photosynthesis
rate, carbohydrate content, and protein
production (Heidari and Khahlil, 2014).
Shahsavan and Chamani (2014) also reported
the effect of humic acid on the leaf chlorophyll
content and chlorophyll fluorescence of saffron,
which was consistent with the results of this
study. Previous studies have shown that humic
acid has a wide range of organic compounds
such as amino acids and improves the levels of
amino acids in plants, thereby improving plant
growth and yield (Soleimani Aghdam et al.,
2012). Probably the synergistic effect of the
combined application of humic acid and amino
acids in the present study culminated in the
acquisition of this role. Furthermore, the results
showed that the combined application of humic
acid and amino acids at a concentration of 3 g L-1
caused an increase of 35.6 and 3.3% in the yield
of tomato cv. Sunseed 6189, compared to the
control and the use of humic acid at 3 g L-1 alone,
respectively. The combined use of humic acid and
amino acids increased the yield by increasing the
number and size of the fruits. Numerous reports
have confirmed the positive effect of humic acid
and amino acids on yield improvement and yield
components in different plants (Cao et al., 2010).
Studies have shown that amino acids, directly
and indirectly, affect physiological activities,
growth, and plant function (Faten et al., 2010).
Amino acids are involved in the construction of
proteins and peptides, thereby maintaining all
plant functions, including structural, enzymatic,
metabolic, and metabolic ones (Al-Said and
Kamal, 2008). The results of the present study
showed that amino acid applications, especially
with humic acid, improved the chlorophyll
content and yield. Amino acids are organic
substances with anti-stress properties which,
either directly or indirectly, affect the
physiological processes of plant growth and
development and, thus, increase plant growth
and yield. Amino acids affect plant growth and
yield by increasing resistance to environmental
stress factors, thereby increasing chlorophyll
concentrations and photosynthesis. With the
application of amino acid at 6 g L-1, fruit
diameters reached 5.59 cm, which was
significantly higher than the diameter achieved

by the other treatments. Furthermore, the use of
amino acids, especially in combination with
humic acid, increased the chlorophyll and
carotenoid content in the leaves and the number
of fruits and yield per unit area. Amino acids play
an important role in the fertility and germination
of pollen grains, water balance in plants,
photosynthesis process, thereby increasing the
C/N ratio, improving product quantity and
quality, and interfering with the spatial structure
of proteins (Geshnizjani, 2011). The effect of
amino acids as growth regulators on plants has
been studied by various researchers and in most
cases, the positive effect of the application of
amino acid on the yield has been reported
(Hassanpanah et al., 2008; Liu et al., 2008). Cao
et al. (2010) reported that the application of
amino acids increased the yield and quality of
Chinese cabbage flowers. Koukounaras et al.
(2013) reported similar results on the effects of
amino acids on the yield of greenhouse tomatoes.
Amino acids facilitate the absorption and
transport of nutrients in the vascular system by
improving cell membrane permeability. The
application of amino acids can increase the
photosynthesis rate and, thus, increase dry
matter accumulation and crop growth rate
(Malakouti et al., 2008). In addition, amino acids
positively affect stomatal activity, mRNA
transcription, and plant protein content. Also,
they improve plant growth and yield
characteristics. Amino acids improve the
pollination process by activating hormones that
are effective in flower and fruit set, improving
the germination of pollen grains, and increasing
the flowering rate (Liu and Lee, 2012). The
results of our study also showed that the use of
amino acids, especially in combination with
humic acid, had no significant effect on the fresh
and dry weight of plants, although it improved
leaf pigment content, caused greater biomass
allocation to reproductive growth and, finally,
contributed to a significant increase in the yield
and yield components. Koukounaras et al. (2013)
reported that growth indices, including the plant
height and the number of nodes, were not
affected by amino acid, but the fruit yield
(average fruit weight) was affected by the
application of amino acid at 0.3% (as root
application) and increased by 0.9% as a result of
foliar spraying.
The effect of the studied treatments on the
quality characteristics of tomato cv. Sunseed
6189 showed that the lowest levels of the
characteristics of the fruit, especially tissue
firmness, soluble solids content, vitamin C,
carotenoid, and calcium content were related to
the control treatment. However, the maximum
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fruit firmness, soluble solids content, vitamin C,
carotenoids, anthocyanins, and fruit potassium
were related to humic acid at 3 g L-1. Of course,
the use of amino acids alone and in combination
with humic acid improved the quality
characteristics of fruits. Thus, the effects of
amino acids at 6 g L-1 as well as the combination
of humic acid and amino acids were not
significantly different from the treatment of
humic acid at 3 g L-1 in terms of fruit firmness,
anthocyanins, and potassium content. Probably,
the role of organic acids in improving the quality
characteristics of fruits resulted from their
positive effects on nutrient absorption and
transportation efficiency, as well as increasing
the chlorophyll content and photosynthetic
efficiency. It has been reported that humic acid
caused an increase in the uptake and efficiency
of nutrients and the uptake of potassium,
nitrogen, magnesium, calcium, and phosphorus
(Sabzevari et al., 2009). Nasirpour (2015)
reported that the use of humic acid increased the
vitamin C and calcium contents of tomato fruits
cv. Zomorod under field conditions, which is
consistent with the results of this study
(Nasirpour, 2015). Similar results indicated the
effects of humic acid on the quantitative and
qualitative characteristics of three tomato
cultivars (Salehi et al., 2009). The foliar
application of amino acids increased the uptake
of nitrogen, phosphorus, potassium, and microelements (Faten et al., 2010). Also, amino acids
reportedly improved the transport of nutrients
in the vascular system by improving cell
membrane permeability (Franco et al., 1994).
Investigating the effects of the foliar application
of amino acids on apples (cv. Golden Delicious
and Granny Smith) showed that amino acids
increased the accumulation of nutrients in fruits
(Arabloo et al., 2014).
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