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Abstract

The use of plant and animal origin amino acids in agricultural production has been increasing 
intensively in recent years. Amino acids make an important contribution to plant growth and 
quality because of the effect on the nitrogen concentration, and both root and foliar use of amino 
acids is possible. The aim of this study was to determine the effect of commercial amino acids 
used by root and foliar application on the growth, yield and mineral nutrient of greenhouse  
tomato. The experiment was planned with 16 treatment combinations involving four levels  
of root (0, 50, 100 and 200 ml da-1) and foliar (0, 500, 1000 and 2000 ml da-1) applications,  
following a factorial (4 × 4) randomized complete block design with three replications under 
greenhouse conditions. During the plant growing season, fruits were harvested, data recorded 
and measured to determine yield and some fruit properties, plant samples were taken, processed 
and analyzed to determine elemental nutrient concentrations. As a result of the research, it was 
found that different doses of amino acids applied to the root and leaves had significant effects 
on tomato yield, fruit weight, fruit diameter and some mineral element concentrations (N, P, Fe 
and Mn) in tomato leaves. R3 (100 ml da-1) and F4 (2000 ml da-1) doses in yield and fruit quality 
parameters, and R3 (100 ml da-1), R4 (200 ml da-1), F3 (1000 ml da-1) and F4 (2000 ml da-1)  
application doses in mineral element concentrations caused differences. The treatments with 
amino acids affected positively the yield, growth and some nutrient concentrations of tomato 
plants. 
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INTRODUCTION

It is common to use organic-based materials in agricultural areas, beside 
basic fertilization, and some parameters of the products can be improved  
by using these materials,. Particularly in recent years, humic-fulvic acids, 
seaweeds, amino acids of animal and vegetable origin, animal manures  
in solid and liquid forms, and composts can be given as examples. Amino 
acids play an important role as one of the materials whose use has increased 
in recent years and which contribute significantly to some yield and quality 
parameters.

Amino acids are organic nitrogenous compounds, called the building 
blocks of proteins. Amino acids, which play a role in protein synthesis, per-
form structural, metabolic and transport functions in plants (Liu et al. 2008, 
Sarojnee et al. 2009). Amino acids consist of molecules containing an amino 
group attached to the central carbon atom, a carboxyl group, a hydrogen ion, 
and a different side chain (R group). Proteins are formed by combining 20 
kinds of amino acids in different shapes and ratios (Denli, Arabaci 2014).

Amino acids can directly or indirectly affect physiological activities  
in plant development, and also contribute to the growth, production, and 
quality of tomatoes in plastic greenhouses, for example via an exogenous 
application of amino acids (Boras et al. 2011). Amino acids, which are the 
precursors of phytohormones and other growth agents, have some important 
functions, such as improving product quality, increasing resistance to abiotic 
stresses, facilitating translocation-nutrient assimilation-nutrient use, increa- 
sing efficiency of plant metabolism (Calvo et al. 2014). 

Boras et al. (2011) investigated the effects of root and foliar amino acid 
applications on tomato plant growth in greenhouse conditions, and signifi-
cant increases in growth and yield were detected in tomato plants treated 
with foliar and root applications compared to the control. The best results 
were obtained in plant height, leaf area and yield values owing to the foliar 
application of amino acids. Koukounaras et al. (2013) determined that  
the effect of root and foliar application of amino acids on the growth and 
yield of greenhouse tomato subjected to different fertilization levels, and 
amino acids had a significant effect on the yield of the greenhouse tomato 
and the effectiveness of the way of application (root or foliar) depends on the 
level of pre-planting fertilization. Aslan (2019) investigated the effects  
of humic-fulvic acid and amino acid applications on some yield and quality 
characteristics of curly-leaf head salad (Lactuca sativa L.), and the highest 
plant weight was obtained from the humic-fulvic acid+amino acid treatment, 
while the highest marketable plant weight, head length and head diameter 
values were obtained from the amino acid application (8000 ml da-1). Moradi-
tochaee et al. (2012) determined that the effects of root nitrogen and foliar 
amino acid applications on the yield of cowpea plants, and the highest grain 
yield was obtained from the Nitrogen*Amino Acid interaction. Sahu (2016) 
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determined that amino acids increase the physiological parameters, dry mat-
ter ratio, productivity and quality of soybean. Kavasoğlu (2018) stated that 
different doses of foliar amino acid applications increased the grain yield and 
protein ratio in the bean plant.

This study was carried out to reveal some yield and nutritional charac-
teristics of amino acid applications applied at different doses to the root and 
leaves of tomato plant.

MATERIAL AND METHODS

The experiment was carried out during the 6-month growing period  
in 2019-2020, in a greenhouse in Kumluca-Antalya, Turkey (30.15.58 E, 
36.22.81 N). Some soil properties (0-20 cm) in the greenhouse were as fol-
lows: clay in texture, organic matter (4.77%), CaCO3 (37.39 %), pH = 7.17, 
EC (0.75 dS m-1), 0.33% total (N), 105.4 mg kg-1 available (P), 1.46 meq  
100 g-1 extractable potassium (K), 8.87 meq 100 g-1 extractable calcium (Ca) 
and 2.79 meq 100 g-1, extractable magnesium (Mg), 1.48 mg kg-1, available 
iron (Fe), 4.36 mg kg-1, available zinc (Zn), 3.9 mg kg-1 available manganese 
(Mn) and 13.71 mg kg-1 available copper (Cu). The experiment was set  
in a split-plot design and consisted of a total of 48 plots, including16 objects 
with three replications (Table 1).

Table 1 
Amino acid treatments in the experiment

Treatments
Doses of amino acid

root (ml da-1) foliar (ml 100 L-1)
1 0 0
2 0 50
3 0 100
4 0 200
5 500 0
6 500 50
7 500 100
8 500 200
9 1000 0

10 1000 50
11 1000 100
12 1000 200
13 2000 0
14 2000 50
15 2000 100
16 2000 200
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The amino acid solution was applied to roots, sprayed over the plant,  
or combined (root + foliar application). In the root treatment, a dose of the 
solution per plant was applied, while in the foliar application the solution 
was sprayed until run-off. Amino acid treatments were repeated 4 times  
in total (30 days’ intervals between each treatment). Drip irrigation was pro-
vided when the average soil suction in the field, measured at 30 cm depth, 
exceeded 350 hPa.

Tomato (Lycopersicon esculentum Mill., cv. Demiröz F1) was grown  
on the plots. The experiment was carried out with 3 replications, and the 
plot size was (1×2) 2.0 m2. The irrigation water and fertilizer were applied 
through a drip irrigation system as fertigation. There were 8 tomato plants 
per plot. Tomato seedlings were planted on the plots and fertilization was 
applied as fertigation (160 kg ha-1 N, 160 kg ha-1 P2O5 and 310 kg ha-1 K2O, 
20 kg ha-1 MgO as basic fertilizers) after the seedlings had rooted into  
the soil. Irrigation was adjusted according to 70% of the field water capacity 
of the soil; the air temperature in the greenhouse varied between 16-26°C 
and the relative humidity was between 60-65% during the experimental  
period. All necessary horticultural and plant protection treatments were  
carried out uniformly for all the treatments during the entire experimentat. 

The amino acid liquid products contained total amino acids 46.70%, total 
organic matter, organic N and organic carbon concentrations of 51.35%, 
5.42% and 24.38%, respectively. Amino acids were applied 4 times on 30 day, 
60 day, 90 day and 120 day from the seedling stage. For each time, all amino 
acids were diluted 100 times with water and sprayed on plant leaves.

The chemical composition of the commercial amino acid preparation  
(Bio Kraft) included glycine (1.45 g 100 g-1), alanine (0.25 g 100 g-1), valine 
(0.56 g 100 g-1), isoleucine (0.34 g 100 g-1), threonine (0.06 g 100 g-1), serine 
(0.14 g 100 g-1), lysine (0.28 g 100 g-1), phenylalanine (0.23 g 100 g-1), gluta-
mate (0.42 g 100 g-1), aspartate (0.12 g 100 g-1), arginine (0.72 g 100 g-1), 
proline (1.65 g 100 g-1), leucine (0.37 g 100 g-1), histidine (0.11 g 100 g-1),  
asparagine (0.09 g 100 g-1), cystine (0.04 g 100 g-1), hydroxyproline (0.78 g 
100 g-1), methionine (0.45 g 100 g-1), tryptophan (0.04 g 100 g-1) and tyrosine 
(0.13 g 100 g-1).

Plant analysis
During the plant growing period, tomato fruits were harvested, and then 

fruit yield, average fruit weight, fruit stem diameter were determined.  
Same as in Geraldson et al. (1973), the plant samples were rinsed with  
distilled water after washing with tap water, and then they were blotted  
dry with paper towels and dried in an air-forced oven at 65°C to constant 
weight (Kacar, Inal 2008). The tomato plants were harvested (between 
09.11.2019-08.02.2020) and prepared for analysis in laboratory. The plant 
and fruit samples were rinsed with distilled water and dried in an air-forced 
oven at 65°C to constant weight for chemical analysis. The plant and fruit 
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samples were subjected to wet combustion with an HNO3/HClO4 (4:1) acid 
mixture, and the amounts of macro- and microelements (K, Ca, Mg, Fe, Zn, 
Mn, Cu) were determined by using inductively coupled plasma (Perkin Elmer 
Optima DV7000-ICP OES) – Kacar, Inal (2008). Kjeldahl nitrogen (N) was 
determined by Kjeldahl digestion according to the Bremner (1965). Phospho-
rus (P) was measured by spectrophotometry (Kacar, Kovanci 1982). 

Statistical analysis
All data obtained from the study were subjected to analysis of variance. 

The Duncan’s Multiple Range Test was used to determine the significance  
of differences between treatments using SPSS software, so as to determine 
the importance of the effects of the treatments (p<0.05). 

RESULTS AND DISCUSSION

Different levels of amino acid root and foliar applications caused signifi-
cant increases in tomato yield, and the effects of amino acid applications  
in different doses and in root and foliar applications were found to be statis-
tically significant (Table 2). While all doses contributed to yield in root appli-
cations, the F4 (200 ml L-1) dose led to the highest yield increase in foliar 
applications (p<0.001). In the R×F interaction, the R3×F4 application was 
determined to result in the highest yield (p<0.05).

Table 2 
Effects of different doses of amino acid root and foliar applications on the total yield  

per tomato plant

Total yield
(g plant-1) Foliar application (ml 100 L-1)

Root application  
(ml da-1) F1 F2 F3 F4 mean

R1 3042.9d 3790.4c 3909.5c 4166.7abc 3727.4B
R2 3771.0c 4070.4bc 4182.1abc 4056.9bc 4020.1A
R3 4064.3bc 4026.8bc 4116.7bc 4559.1a 4191.7A
R4 4165.5abc 4002.3bc 4044.3bc 4344.5ab 4139.1A
Mean 3760.9(C) 3972.4(B) 4063.13(B) 4281.8(A)
Root (R) 10.938***
Foliar (F) 11.825***
R × F interaction 3.428*

* p<0.05, *** p<0.001
The values followed by uppercase letters indicate a difference between the root application  
of amino acid. The values followed by uppercase letters in parentheses indicate a difference  
between the foliar application of amino acid.
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The effect of the limited basic fertilization on the increase in yield was 
significant, and the lowest yield values were obtained from the control appli-
cation. The vegetative growth and development were positively affected  
because amino acids contained nitrogen-rich compounds. Amino acid applica-
tions improve yield values in plants (Boras et al. 2011, El-Razek et al. 2018). 
Koukounaras et al. (2013) stated that the application of different doses  
of amino acids to tomato plants via root and leaves or in the Leaf*Root inter-
action compared to the control applications. With the application of 2.7% 
Amino16® to the roots, both the total and marketable yield increased, which 
arose from the increase in fruit number. Garcia et al. (2011) reported that 
amino acid applications to tomato plants caused an increase in the K, Fe, Cu 
and Mn concentrations of leaves.

The effects of different doses of amino acids applied to the root and 
leaves on the average tomato fruit weight were found to be statistically sig-
nificant. R3 (1000 ml da-1) dose caused the highest value in root applications, 
and the highest value was obtained with F3 (200 ml L-1) dose via foliar appli-
cation (Table 3).

Table 3 
Effects of different doses of amino acid root and foliar applications  

on the average fruit weight values

Fruit weight  
(g) Foliar application (ml 100 L-1)

Root application
(ml da-1) F1 F2 F3 F4 mean

R1 119.2 123.5 123.8 128.8 123.8C
R2 124.7 125.0 128.6 130.7 127.2BC
R3 128.4 129.3 133.9 134.7 131.6A
R4 127.8 130.9 131.4 132.5 130.7AB
Mean 125.0(C) 127.2(BC) 129.4(AB) 131.7(A)
Root (R) 7.389***
Foliar (F) 4.837**
R × F interaction 0.258ns

** p<0.01, *** p<0.001, ns – not significant
The values followed by uppercase letters indicate a difference between the root application  
of amino acid. The values followed by uppercase letters in parentheses indicate a difference  
between the foliar application of amino acid.

Root and foliar amino acid applications increased the average fruit 
weight by 5-6% compared to the control, and these increases made up an 
increase in the total efficiency of 12-14%, which would significantly increase 
the economic gain and productivity. Root and foliar applications were found 
to be statistically significant in the stem diameter values of tomato fruits. 
The highest values were obtained from the doses R3 (1000 ml da-1) and  
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R4 (2000 ml da-1) in amino acid root applications, and F4 dose (200 ml L-1)  
in foliar applications (Table 4). 

An increase in the stem diameter was achieved in tomato fruits treated 
with amino acid applications. Foliar application of amino acids promotes vegeta-
tive growth, yield parameters and biochemical components of vegetable crops (Sadak 
et al. 2015, Aly et al. 2019). Salim et al. (2021) stated that amino acids have positive 
impact on vegetative growth and leaf element concentrations, increasing the total 
yield and fruit quality of tomato. Amino acid applications increase the number of 
flowers, fruit formation, fruit yield and plant biomass (Neeraja et al. 2005, Basanth 
Mahesh 2018).

The effects of different doses of amino acid root and foliar applications 
on the mineral nutrient concentrations in the leaves of tomato were found to 
be statistically significant. The highest N concentration was obtained from 
R3 (1000 ml da-1) and R4 (2000 ml da-1) doses in amino acid root applications 
made, and F4 (200 ml L-1) foliar applications. Similarly, root and foliar appli-
cations were found to be statistically significant in the phosphorus concentra-
tion of leaves, and the highest phosphorus concentrations were obtained from 
R4 (2000 ml da-1) root applications, and F3 (100 ml L-1) foliar applications 
(Table 5).

Root and foliar applications of amino acid applications did not lead  
to differences in the potassium, calcium, and magnesium concentrations  
of tomato plants (Tables 6, 7).

Amino acids can improve plant growth and yield productivity by the im-
provement of the biosynthesis of proteins, phytohormones, enzyme activa-

Table 4 
Effects of different doses of amino acid root and foliar applications on the average fruit 

diameter values

Fruit diameter 
(mm) Foliar application (ml 100 L-1)

Root application
(ml da-1) F1 F2 F3 F4 mean

R1 62.1 63.2 63.2 64.7 63.3B
R2 63.3 63.2 64.1 64.5 63.8B
R3 64.0 64.7 66.6 66.4 65.4A
R4 64.3 65.3 65.3 66.4 65.3A
Mean 63.4(C) 64.1(BC) 64.8(AB) 65.4(A)
Root (R) 10.34***
Foliar (F) 6.78***
R × F interaction 0.53ns

*** p<0.001, ns – not significant
The values followed by uppercase letters indicate a difference between the root application  
of amino acid. The values followed by uppercase letters in parentheses indicate a difference  
between the foliar application of amino acid.
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tion, macro-and micronutrients uptake, signaling processes, energy produc-
tion (Hildebrandt et al. 2015, Santi et al. 2017, Souri, Hatamian 2019). Plants have 
the ability to take up and use amino acids as a nitrogen source, and N concentrations 

Table 5
Effects of different doses of amino acid root and foliar applications on the nitrogen  

and phosphorus concentration of the leaves

Nitrogen (g kg-1) Phosphorus (g kg-1)
foliar (ml 100 L-1) foliar (ml 100 L-1)

Root F1 F2 F3 F4 mean F1 F2 F3 F4 mean
R1 27 30 30 31 29C 2.2 2.4 2.8 2.7 2.5B
R2 30 31 32 32 31B 2.7 2.6 2.7 2.5 2.6AB
R3 32 33 34 34 33A 2.5 2.7 2.8 2.5 2.6AB
R4 33 32 33 34 33A 2.6 2.7 2.8 2.9 2.8A
Mean 31(B) 31(AB) 32(AB) 33(A) - 2.5(B) 2.6(AB) 2.8(A) 2.6(AB) -
Root (R) 11.728*** 3.216*
Foliar (F) 3.420* 3.733*
R × F interaction 0.269ns 0.067ns

* p<0.05, *** p<0.001, ns – not significant
The values followed by uppercase letters indicate a difference between the root application  
of amino acid. The values followed by uppercase letters in parentheses indicate a difference  
between the foliar application of amino acid.

Table 6 
Effects of different doses of amino acid root and foliar applications on the potassium  

concentration of the leaves

Potassium
(g kg-1) Foliar application (ml 100 L-1)

Root application 
(ml da-1) F1 F2 F3 F4 mean

R1 10.4 10.0 10.8 12.6 11.0
R2 10.3 9.1 11.2 11.0 10.4
R3 10.2 11.0 10.8 9.4 10.4
R4 9.5 11.0 10.5 9.6 10.2
Mean 1.0.1 10.3 10.8 10.7
Root (R) 0.96ns
Foliar (F) 0.92ns
R × F interaction 1.99ns

* p<0.05, ns – not significant
The values followed by uppercase letters indicate a difference between the root application  
of amino acid. The values followed by uppercase letters in parentheses indicate a difference  
between the foliar application of amino acid. 
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of leaves increase with amino acid applications (Chapin et al. 1993, Matsumoto et al. 
2000, Zewail 2014, Shehata et al. 2011).

The effects of different doses of amino acid root, foliar and R×F applica-
tions on the micronutrient concentrations in the leaves of tomato were found 
to be statistically significant. R3 (1000 ml da-1) and R4 (2000 ml da-1) doses 
in root applications, F3 (100 ml L-1) doses in foliar applications, and R1×F3 
and R4×F4 applications were determined as the ones leading to the highest 
iron concentration (Table 8).

Root and foliar applications were found to be statistically significant in 
the manganese concentration of tomato leaves, the highest manganese val-
ues were determined from R4 (2000 ml da-1) root application, and all foliar 
application doses increased Mg content compared to control (Table 9).

Root and foliar applications of amino acid applications did not result  
in differences in zinc and copper concentrations of tomato plants (Table 10). 
In general, applications of amino acids had a positive effect on micro- 
nutrients. The soluble sources of Fe available to plants in the rhizo- 
sphere are mainly a mixture of complexes between this microelement and 
organic ligands from plant roots or microorganisms (Bityutskii et al. 2004).  
The increase in the leaf Fe concentration of plants owing to amino acid  
applications may have raised the transport of Fe in the xylem and phloem 
translocation by helping the formation of Fe-phytosiderophore complexes 
(Robin et al. 2008). Amino acid applications have a positive effect on the 
manganese concentration in the plant (Fawzy et al. 2012).

Table 7 
Effects of different doses of amino acid root and foliar applications on the calcium  

and magnesium concentration of the leaves

Calcium (g kg-1) Magnesium (g kg-1)
foliar (ml 100 L-1) foliar (ml 100 L-1)

Root F1 F2 F3 F4 Mean F1 F2 F3 F4 mean
R1 28.6 31.1 30.1 28.4 29.5 5.7 5.8 5.8 5.6 5.7
R2 29.9 27.9 27.4 27.1 28.1 6.2 5.2 5.4 5.5 5.6
R3 29.1 28.0 28.5 28.9 28.6 5.4 5.7 5.4 5.6 5.5
R4 27.9 28.4 29.2 25.7 27.8 5.5 5.8 5.4 5.5 5.6
Mean 28.9 28.8 28.8 27.5 - 5.7 5.7 5.5 5.5
Root (R) 0.53ns 0.22ns
Foliar (F) 0.40ns 0.28ns
R × F interaction 0.30ns 0.50ns

* p<0.05, ns – not significant
The values followed by uppercase letters indicate a difference between the root application  
of amino acid. The values followed by uppercase letters in parentheses indicate a difference  
between the foliar application of amino acid.
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CONCLUSIONS

The present study evaluated the effects of different doses of amino acid 
applied via the root and foliar applications on the yield, growth and mineral 

Table 8
Effects of different doses of amino acid root and foliar applications on the iron concentration  

of the leaves

Iron (mg kg-1) Foliar application (ml 100 L-1)
Root application 

(ml da-1) F1 F2 F3 F4 mean

R1 22.2de 25.5bcde 43.4a 21.9e 28.3B
R2 21.1e 23.3cde 35.4ab 36.5ab 29.1B
R3 34.3abc 35.1ab 34.5abc 33.5abcd 34.4A
R4 31.9abcde 37.4ab 35.6ab 41.0a 36.5A
Mean 27.4(C) 30.3(BC) 37.2(A) 33.21(AB)
Root (R) 5.138**
Foliar (F) 5.646**
R × F interaction 3.013**

** p<0.01, ns – not significant
The values followed by uppercase letters indicate a difference between the root application  
of amino acid. The values followed by uppercase letters in parentheses indicate a difference  
between the foliar application of amino acid.

Table 9
Effects of different doses of amino acid root and foliar applications on the manganese  

concentration of the leaves

Manganese
(mg kg-1) Foliar application (ml 100 L-1)

Root application 
(ml da-1) F1 F2 F3 F4 mean

R1 111.1 113.1 126.2 121.1 117.9AB
R2 111.5 132.3 108.3 128.2 120.2A
R3 105.6 107.9 114.0 113.1 110.1B
R4 110.2 122.0 124.5 126.5 120.8A
Mean 109.6(B) 118.8(A) 118.3(A) 122.2(A)
Root (R) 2.880*
Foliar (F) 3.502*
R × F interaction 1.467ns

* p<0.05, ns – not significant
The values followed by uppercase letters indicate a difference between the root application  
of amino acid. The values followed by uppercase letters in parentheses indicate a difference  
between the foliar application of amino acid.
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nutrient content of greenhouse tomato. The treatments with amino acids  
affected the yield, growth and some nutrient concentrations positively.  
Generally, the efficiency of the 3rd and 4th doses was found to be higher  
in both root and foliar amino acid treatments. In addition to basic fertiliza-
tion, it has been revealed that significant increases in productivity parame-
ters can be achieved with amino acid root and foliar applications. As a result 
of the study, it was determined that amino acid treatments provide an impor- 
tant contribution to and can be used in plant production.
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