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Abstract 

Background: Different approaches have been used to improve mineral nutrient status of plants in absence of 
chemical fertilization and toward safer products and improved human health. Amino acids have been proposed with 
such roles in different recent studies. In this study, glycine was applied as foliar (250, 500 and 1000 ppm) or as soil 
(250 and 500 mg/plant) to cucumber plants compared to unfertilized control and NPK fertilization, under greenhouse 
conditions.

Results: The results showed that all glycine treatments increased leaf area and the economic life of plants compared 
to control. Soil application of glycine at higher concentration of 500 mg/plant was able to produce the same or better 
records than NPK fertilization, particularly regarding leaf mineral concentration, plant economic life and total yield. 
Leaf macro- micro-nutrients were most increased under 500 mg soil-glycine application. Foliar spray of 500 ppm 
glycine resulted in better records than the other two levels, as spray of 1000 ppm glycine showed adverse and toxic 
effects including leaf necrosis. Fruit firmness was increased only by NPK and soil application of 500 mg glycine, 
whereas fruit vitamin C was increased by NPK fertilization, soil application of glycine at both levels (250, 500 mg) and 
foliar application of glycine at 500 ppm compared to control plants.

Conclusion: The results indicate that soil application of 500 mg glycine/plant was able to improve leaf mineral and 
physiological characteristics towards higher yield and quality.
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Background
Cucumber represents one of the main vegetable crops 
and due to low calorie, it plays an important role in 
vegetarian diets [12]. The crop has a relatively short 
life period, but can produce high yields particularly in 
greenhouse cultivation. Application of new and suitable 
cultivars, intensive fertilization and optimization of the 
growth conditions are quite important to achieve high 
yield in cucumber culture [27]. High rates of chemical 
fertilizers are generally applied to cucumber culture in 

the field and particularly under greenhouse cultivation. 
This has resulted in significant soil salinity in many parts 
of the world, particularly in arid regions with restricted 
water supply and low quality [32].

Different compounds and agronomic techniques have 
been proposed and used extensively to enhance mineral 
nutrition of plants under optimum or stress conditions 
[23, 28, 37]. The biostimulation effect of amino acids on 
plant growth and nutrient uptake enhancement has been 
frequently reported [2, 9, 46]. Due to their nature, low 
application rates and higher efficiency, amino acids are 
fully friendly to soil, environment and human health [32]. 
By far, glycine is one of the most widely used amino acid 
in plant nutrition. It is often used for production of a wide 
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range of aminochelate fertilizers (amino acid-chelated 
nutrients). Exogenous application of amino acids can 
increase nitrogen status and concentration of mineral ele-
ments in plant tissues [14]. However, many factors gov-
ern the effectiveness of the applied amino acid (glycine), 
including plant species, growth stage, climatic conditions, 
number of foliar or soil applications and particularly the 
applied concentration [9, 32].

Nowadays, safe production of agricultural foods par-
ticularly fresh vegetables such as cucumber is vital regard-
ing human health [24, 34, 37]. Application of amino 
acids such as glycine is a more sustainable approach 
toward safer production compared to chemical fertiliza-
tion [32]. Moreover, adopting techniques to enhance the 
plant’s mineral uptake, growth and fruiting characteris-
tics is necessary when no chemical fertilization program 
is applied. In this regard, application of biostimulants 
such as organic acids and amino acids may be important. 
Exogenous application of amino acids in many crops has 
been shown to improve plant growth and productivity 
compared to unfertilized control [19, 20, 39, 45]; how-
ever, in high fertilizer demanding crops such as cucumber 
[25, 38], with multi-harvests and high-yield production 
(500–1000 t/ha), it is not clear whether glycine can benefit 
plant growth by maximizing the yield and quality or not. 
Nevertheless, application of amino acids such as glycine in 
cucumber production can better serve fruit quality than 
chemical fertilizers [32]. Therefore, in this study the effect 
of different concentrations and application methods of 
glycine on growth characteristics of cucumber was evalu-
ated under greenhouse conditions.

Materials and methods
Experimental setup
This experiment was conducted during winter–spring of 
2019 and under soil greenhouse cultivation. Cucumber 
seeds (Cucumis sativus var. Sultan) were sown in a mix 
of cocopeat/perlite in January, and the seedlings were 
transferred to soil medium at the middle of February 
under protected greenhouse conditions. The soil had a 
loamy-clay texture and a moderate lime content (8.7% as 
Ca(CO3)2 and 3.1% as Mg(CO3)2). The physico-chemical 
characteristics of the soil are presented in Table  1. The 
seedlings were transplanted on rows with 2 m distance, 
while the plants in rows were 1.5 m apart.

Application of treatments
Different concentrations of glycine (Goodchem Tech-
nology Co. Shanghai, China) were used as foliar or soil 
application including: (1) control (without any treatment 
application), (2) soil application of chemical NPK ferti-
lizer, soil application of (3) 250 mg, and (4) 500 mg gly-
cine per plant, and foliar application of (5) 250 ppm, (6) 
500 ppm, and (7) 1000 ppm glycine. The treatments were 
arranged in a completely randomized design with four 
replications. Each replication was a plant that was rand-
omized in the rows.

The foliar application of different glycine concentra-
tions was done four times during the growth period. The 
first spray was applied 2 weeks after transplanting (at mid-
dle March). The other sprays were done in 2-week inter-
vals. A total amount of 150–200 mL per plant was sprayed 
in all four foliar applications. The glycine solutions were 
prepared using distilled water, and sprayed on both sides 
of plant leaves, early in the morning using a portable 
sprayer. The soil application of glycine was done in three 
split applications of a final volume of 250 or 500 mg/plant, 
after dissolving the amounts in distilled water. For this 
purpose, the first application (83 mg or 167 mg per plant) 
was done 2  weeks after transplantation, and the next 
applications were done at 5 and 8 weeks after transplanta-
tion. Chemical NPK fertilizer (20:10:15) was used in three 
split applications of a final amount of 1500  mg/plant. 
The split applications were done at the same time as soil-
glycine application and via irrigation water. The green-
house temperature of days was in range of 29 ± 5 °C, and 
of nights was in range of 21 ± 3  °C, during the 4-month 
growth period. The air humidity was in the range of 
73 ± 5%. Plants were treated equally regarding the main-
tenance management, including irrigation and pruning. 
Plants were trained in a standard format of single stem 
with weekly remove of lateral shoots and leaves.

Measurements
Plant height, leaf SPAD value and leaf area
Different parameters were recorded during plant growth 
period or at final harvest (end of June). The plant height 
was measured using a tape, and leaf SPAD value (The Soil 
and Plant Analysis Development) was measured using a 
portable SPAD meter (SPAD-502, Minolta, Japan). The 
average of 30 readings per plant of different leaves in the 
middle–upper part of shoots was recorded. The average 
plant leaf area for a single leaf was determined using leaf 

Table 1 The physico-chemical characteristics of the soil used in the study

Soil texture pH EC (dS/m) Total C (%) CaCO3 (%) MgCO3 (%) Total N (%) Extractable P (mg/kg) Extractable K (mg/kg)

Loam-clay 7.6 5.4 0.68 8.7 3.1 0.14 14.1 286
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area meter (Model CI 202, Germany), by recording the 
area of 3–4 randomly detached leaves from the middle 
part of plant.

Plant fresh and dry weight
Fresh and dry weights of plant tissues including fruits 
were determined using a digital scale. The cumulative 
amounts of pruned shoots (g) were also recorded. The 
dry matter of pruned shoots together with dry matter of 
plant at final was recorded as the plant shoot dry matter.

Mineral nutrient analysis
Fully expanded leaves from the upper half of plants were 
used for mineral nutrient analysis. Leaf mineral elements 
were determined with different methods. Nitrogen was 
determined using Kjeldahl method, Ca, Mg, Fe and Zn 
using atomic absorption spectroscopy and K using flame 
photometry.

Leaf protein and NR activity
Leaf protein concentration was determined following 
Bradford method [4]. The activity of leaf nitrate reductase 
enzyme (NR) was determined after grinding and homog-
enizing the leaf materials in a mortar containing liquid 
nitrogen. Nitrate reductase was extracted in a buffer 
consisting of 100 mM HEPES (pH 7.5) (Sigma-Aldrich), 
1  mM EDTA (MERCK), 7  mM cysteine (MERCK), 3% 
polyvinyl polypyrrolidone (PVPP) (Sigma-Aldrich), 10 
Μm leupeptin, and 1  mM phenyl methyl sulfonyl fluo-
ride (PMSF) (Merck). After preparation of extracts, 
sulfanilamide (0.5%) (Merck) and N-(1-naphthyl)-eth-
ylenediamine dihydrochloride (0.01%) (Sigma-Aldrich) 
in 1.5 M hydrochloric acid (HCl) (Merck) were used for 
color development. The amount of  NO2

− was deter-
mined spectrophotometrically at 540 nm and then nitrate 
reductase activity was calculated accordingly.

Plant economic life
The economic life of plants was considered as the time 
of active flowering and fruiting period, and it was deter-
mined from first fruit set to when more than 50% of plant 
leaves were chlorotic/defoliated and with significant 
reduction in fruiting and fruit appearance quality.

Fruit yield and quality traits
Fruits were regularly harvested when the size of fruits 
reached a nearly 18 cm and a weight of about 80 g. The 
cumulative fruit numbers and their associated weight, as 
total plant yield, have been recorded. The harvested fruits 
at the first week of May (9 weeks after transplanting) were 
used for fruit biochemical characterization. Fruit firm-
ness was measured by a portable penetrometer (Model 
FT327, Wagner, USA) with two applications for each 

fruit, and the records were presented as kg/cm2 in the 
results. Fruit total soluble solids (TSS%) were determined 
using portable refractometer (Atago, Tokyo, Japan) and 
under room temperature of 25  °C. Fruit l-ascorbic acid 
content was determined using di-chlorophenol indo-
phenol reagent. Briefly, 10 g of fresh fruit tissues includ-
ing skin were crushed in a mortar in presence of 10 mL 
metaphosphoric acid 6% (Merck), thereafter the solution 
was centrifuged at 4000g for 5 min at 4 °C. Five mL of the 
supernatant transferred into an Erlenmeyer flask, and 
received 20  mL of metaphosphoric acid 3%. Then titra-
tion of the extract was done by di-chloro phenol indo-
phenols (Sigma-Aldrich) until the appearance of a rose 
color, from which the amount of vitamin C (mg/100  g 
FW) was calculated accordingly and based on a standard 
curve of l-ascorbic acid (Merck) concentrations.

Statistical analysis
Data were subjected to analysis of variances by SPSS soft-
ware and comparison of means was done at 5% level of 
LSD test.

Results and discussion
The results showed that the most of cucumber growth 
traits were influenced by treatments under the lime soil 
condition with 8.7% calcium carbonate and 3.1% mag-
nesium carbonate. Despite cucumber being a relatively 
tolerant species to moderate lime, its yield and quality 
may have been negatively influenced by soil lime condi-
tions. The results of ANOVA showed that the effects of 
treatments on plant height, leaf SPAD value and leaf area 
were significant at P = 0.01. Plant height and leaf SPAD 
value were significantly increased by NPK and soil appli-
cation of glycine at both levels (Table 2). Foliar applica-
tions of glycine also resulted in insignificant increase 
in plant height and leaf SPAD value; however, spray of 
1000  ppm glycine resulted in lowest leaf SPAD value 
(Table 2), probably due to chlorotic and necrotic effects 
on plant leaves. Cucumber leaf area was also increased 
by all levels and methods of glycine application as well as 
by NPK compared to control plants. The highest leaf area 
was observed in NPK treatment that showed no signifi-
cant difference to soil application of 500 mg/plant glycine 
(Table 2).

Plant height, leaf area and leaf SPAD value are among 
the most important morphological traits of plant growth 
that are influenced by many factors including mineral 
fertilization [2, 18]. These traits, in cucumber as a high 
resource demanding crop, are more critically influenced 
by fertilization than other crops [34]. Nitrogen, phos-
phorus and potassium are the most needed minerals for 
plant growth, and in this study with NPK fertilization 
in three splits, significant improvement in plant growth 
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was observed compared to unfertilized control plants. 
Glycine particularly in soil applications also improved 
these morphological traits, probably due to biostimu-
lation effect as well as enhancing mineral bioavailabil-
ity and uptake under the soil limed conditions [20]. The 
biostimulation of amino acids on plant vegetative growth 
traits including leaf SPAD value and leaf area has been 
also reported in other studies [21, 41]. In a study with 
foliar application of glycine or glutamine in concentra-
tions of 250, 500 and 1000 ppm, it was shown that only 
glycine at 250  ppm and glutamine at 1000  ppm signifi-
cantly increased leaf chlorophyll compared to control 
plants; however, amino acids had no effect on lettuce 
plant height [2]. Foliar treatment of glycine at 1000 ppm 
adversely influenced many growth traits of cucumber. It 
seems that cucumber is relatively sensitive to foliar spray 
of some nitrogenous chemicals such as ammonium and 
glycine amino acid [32] particularly at higher application 
rates.

The ANOVA for economic life of plant was signifi-
cant at P = 0.01. The NPK treatment as well as all soil 
and foliar-glycine treatments significantly increased the 
economic life of cucumber plants (the period of active 
flowering and fruiting). The plants treated with 500  mg 
soil application of glycine had the longest economic life 
compared to other treatments (Table 2). For crops such 
as cucumber with several harvests, a prolonged eco-
nomic life is desirable particularly when cultivated under 
greenhouse conditions. In some situations, such as soil 
salinity, alkalinity and calcareous conditions, mineral 
deficiency, pathogen infections, water stress and extreme 
weather, the economic life of crops is generally shortened 
that can affect the profitability of cultivation practice [18, 
32]. Application of mineral nutrients, particularly under 

lime soils can significantly improve plants economic life 
[18, 40]. In coriander (Coriandrum sativum) application 
of glycine at 300 and 600 mg/kg soil reduced the number 
of flowered plants and resulted in longer growth period 
and higher yield and biomass production [20]. Glycine 
with different mechanisms may increase cucumber eco-
nomic life including, optimization of plant growth, nutri-
ent uptake and photosynthetic activity that are associated 
with biostimulation, signaling and protective effects of 
glycine on plants [14, 30]. Glycine also has semi-hor-
monal effects on plant growth [34] and sometimes is 
regarded as a plant growth regulator [16]. It has been 
shown that soil application of glycine can also positively 
influence the soil microbial activity resulting in enhanced 
soil fertility status particularly under limed, drought or 
salinity soil conditions [32, 45].

The results of ANOVA showed that the effects of treat-
ments on the fresh weight of pruned shoots as well as on 
plant shoot dry weight was significant at P = 0.01. The 
measured traits were significantly higher in NPK and 
soil application of 500 mg glycine than other treatments 
(Table  2). The lowest dry weight was in control plants 
that showed no difference with 1000  ppm foliar-glycine 
treatment (Table  2). Mineral fertilization can increase 
plant biomass production particularly under limited 
soil nutrients availability [18]. In the present study, soil 
and foliar applications of glycine were able to improve 
cucumber plant growth and biomass production almost 
to the same level of chemical NPK fertilization. Higher 
biomass production due to application of glycine ([20, 21, 
39, 42]) or other amino acids [5, 6, 8, 15] has been also 
reported. Optimization of photosynthesis processes and 
leaf metabolic reactions, as well as prolongation of plant 
economic life probably play roles in this regard [16, 19, 

Table 2 Comparison of means for some growth traits of cucumber plants under different glycine treatments compared 
to NPK and control plants

Data are average of four replications ± SD, and in each column means with similar letter are not significantly different at 5% level of LSD test

**P-value levels of 0.01, 0.05 and ns mean significant effect at 1%, 5% and no significant effect, respectively
a Plant economic life indicates the active period of flowering and fruiting

Treatments Plant height (cm) Leaf SPAD value Leaf area  (cm2) Pruned shoots 
weight (g/FW)

Total shoot DW (g) Plant 
economic 
 lifea (day)

Control 1.7 ± 0.2d 29 ± 5c 117 ± 18e 510 ± 140b 90 ± 15d 41.25 ± 4.6d

NPK fertilizer 2.7 ± 0.1ab 42 ± 2a 280 ± 24a 1409 ± 420a 304 ± 31a 77 ± 7.8b

Soil-glycine (250 mg/plant) 2.4 ± 0.4abc 36 ± 4ab 204 ± 29c 743 ± 216b 224 ± 35b 76 ± 5.8b

Soil-glycine (500 mg/plant) 2.8 ± 0.3a 40 ± 4a 271 ± 32ab 1379 ± 241a 322 ± 49a 93 ± 9.5a

Foliar-glycine (250 ppm) 2.2 ± 0.4bcd 34 ± 3bc 234 ± 31bc 675 ± 121b 167 ± 27c 58.25 ± 9.6c

Foliar-glycine (500 ppm) 2.2 ± 0.5bcd 33 ± 2bc 205 ± 30c 589 ± 119b 180 ± 27bc 65.25 ± 8.3bc

Foliar-glycine (1000 ppm) 2 ± 0.3 cd 25 ± 4d 162 ± 22d 390 ± 79b 104 ± 16d 55.25 ± 11.5c

ANOVA** P-value = 0.01 P-value = 0.01 P-value = 0.01 P-value = 0.01 P-value = 0.01 P-value = 0.01
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32]. It has been shown that treatment with glycine sig-
nificantly improved the biomass and chlorophyll con-
tent of rice compared to ammonium and nitrate-treated 
plants under cold stress [39]. Similarly, improvement in 
leaf characteristics including water content and photo-
synthesis due to applied glycine concentrations has been 
reported [39, 40].

Leaf nutrients concentration was positively influenced 
by NPK and glycine treatments (Table  3). The results 
of ANOVA on leaf concentration of potassium (K), cal-
cium (Ca), and iron (Fe) were significant at P = 0.01, and 
on leaf concentration of nitrogen (N), magnesium (Mg), 
and zinc (Zn) were significant at P = 0.05. Leaf N and K 
concentrations showed an increasing trend with glycine 
treatments. Leaf N was increased by NPK, soil appli-
cation of 500  mg glycine and foliar spray of 500  ppm 
glycine, while leaf K was increased by NPK and soil appli-
cation of 500 mg glycine compared to control plants. Soil 
application of 500 mg glycine significantly increased leaf 
calcium compared to other treatments. Leaf magnesium 
and iron concentrations showed a similar response in 
which an increasing trend was observed with treatments; 
however, only soil application of glycine at the both lev-
els (250 and 500 mg/plant) significantly increased leaf Mg 
and Fe compared to control plants. Similarly, leaf zinc 
concentration was increased by soil application of glycine 
at both levels as well as by foliar application of 500 ppm 
glycine compared to control plants (Table 3).

Application of NPK increased leaf N and K concen-
trations and it has also positive effects on the uptake 
of other mineral nutrients (Table  3). Under limed soil 
conditions, low N and K may reduce plant root growth 
resulting in restricted mineral uptake [18]. Application 
of N, K and P, alone or in combination, can benefit other 
minerals availability and uptake [32, 44]. In this regard, 
nitrogen application is more important particularly when 
a specific form of nitrogen is applied [18].

In the present study, all mineral nutrients were influ-
enced by glycine, particularly in soil application. The 
enhancement in leaf mineral nutrients due to applica-
tion of glycine [20, 21, 41] or even other amino acids [3, 
9, 14, 17] has been reported. In a study with lettuce plants 
only leaf Zn, but not other minerals, was increased by 
foliar application of 500 ppm glycine [2]. Plant genotype, 
growth conditions and soil fertility levels are important 
factors in this regard. Glycine, as a reduced form of nitro-
gen, can enhance nutrient bioavailability and transloca-
tion, particularly under soil limed conditions [17, 18, 39]. 
In maize, foliar application of a biostimulant contain-
ing amino acids, obtained by enzymatic hydrolysis from 
chicken feathers, significantly increased the leaf concen-
trations of macro- micro-nutrients, grain yield (14%) and 
protein content (26%) [37].

It has been shown that amino acids have a high ability 
to form complexes or chelates with metal minerals [10, 
46]. Amino acids are ligands with different dentations 
that can produce chelate of minerals under specific con-
ditions [31]. However, following application in soil, their 
chelate formation with native soil minerals has not been 
assayed and accepted yet, despite their complex forma-
tion is quite possible [32]. This effect can significantly 
increase bioavailability of mineral nutrients particularly 
metal trace elements [1, 26]. In addition, application of 
Fe(II)–amino acids chelate has been shown to improve 
the uptake of other mineral elements such as Zn beside 
Fe, by stimulation plant (root) growth and higher soil 
nutrient mobility [32]. Similarly, in coriander, leaf nutri-
ent concentrations of N, Ca, K, P, Fe, and Zn, but not Mg 
and Mn, were significantly increased by soil application of 
glycine (at 300 and 600 mg/kg soil), whereas soil-applied 
NPK significantly increased only P and Ca of leaves com-
pared to unfertilized control plants [20]. Application of 
amino acids in the nutrient solution resulted in higher 
Fe uptake by tomato roots [28]. In a nutrient solution 

Table 3 Comparison of means for leaf mineral nutrients of cucumber plants under different glycine treatments compared 
to NPK fertilization and control plants

Data are average of four replications ± SD, and in each column means with similar letter are not significantly different at 5% level of LSD test

*P-value levels of 0.01, 0.05 and ns mean significant effect at 1%, 5% and no significant effect, respectively

Treatments Leaf N (%) Leaf K (%) Leaf Ca (%) Leaf Mg (%) Leaf Fe (mg/kg DW) Leaf Zn (mg/kg DW)

Control 2.2 ± 0.3c 2.4 ± 0.47c 2.8 ± 0.52b 0.30 ± 0.05c 42 ± 8.8c 29 ± 4.0c

NPK fertilizer 3.5 ± 0.5a 4.0 ± 0.45a 2.9 ± 0.41b 0.32 ± 0.07bc 46 ± 7.5c 32 ± 4.9bc

Soil-glycine (250 mg/plant) 2.6 ± 0.4bc 3.0 ± 0.52bc 3.3 ± 0.62b 0.43 ± 0.06ab 61 ± 10.5ab 39 ± 4.8ab

Soil-glycine (500 mg/plant) 3.2 ± 0.5ab 3.4 ± 0.42b 4.3 ± 0.46a 0.46 ± 0.09a 73 ± 11.3a 43 ± 5.2a

Foliar-glycine (250 ppm) 2.5 ± 0.3bc 2.6 ± 0.28c 3.1 ± 0.52b 0.34 ± 0.05bc 49 ± 5.4bc 35 ± 5.6abc

Foliar-glycine (500 ppm) 2.9 ± 0.5ab 3.0 ± 0.36bc 3.2 ± 0.42b 0.41 ± 0.09abc 51 ± 8.1bc 40 ± 7.1ab

Foliar-glycine (1000 ppm) 2.8 ± 0.4bc 2.7 ± 0.31c 3.1 ± 0.40b 0.34 ± 0.08bc 45 ± 5.3c 35 ± 6.6abc

ANOVA* P-value = 0.05 P-value = 0.01 P-value = 0.01 P-value = 0.05 P-value = 0.01 P-value = 0.05
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experiment with coriander plants it has been shown that 
application of glycine increased leaf concentrations of N 
and K (at 10 mg l glycine), Mg (at 5 mg l glycine), and Zn 
(at all glycine levels of 5, 10, 20 and 40 mg/L) compared 
to the control plants [21]. Amino acids have diverse roles 
in plant metabolism and their exogenous application may 
influence plant growth is different aspects. The posi-
tive effect of amino acids application on root uptake and 

root-to-shoot translocation of Fe and Zn in tomato seed-
lings exposed to Cd stress has also been reported [43].

The ANOVA for leaf protein concentration (Fig. 1) and 
leaf nitrate reductase (NR) activity (Fig.  2) was signifi-
cant at P = 0.01. Leaf protein was significantly increased 
by NPK and all soil and foliar-glycine treatments except 
foliar application of 1000  ppm (Fig.  1). Leaf protein 
was significantly higher in NPK and soil application 
of 500  mg glycine than other treatments. Similarly, leaf 
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nitrate reductase was significantly increased by NPK 
and soil application of glycine at both levels, while foliar 
applications of glycine showed no difference in leaf NR 
compared to control plants (Fig. 2). Higher protein bio-
synthesis due to application of amino acids and glycine 
has been shown in other studies [17, 37, 26, 39]. In corian-
der, application of different glycine levels of 5, 10, 20 and 
40  mg/L significantly increased leaf antioxidant activity, 
while leaf protein was increased only by 10 or 20  mg/L 
glycine in nutrient solution [21]. In soybean, significant 
increase in leaf total amino acids occurred following seed 
or foliar application of amino acids [35]. From nutritional 
point of view, higher leaf content of protein is desirable 
regarding metabolic reaction and optimum photosyn-
thesis activity [18, 32]. In this study, it seems that foliar 
and soil applications of glycine were effective to increase 
leaf protein probably due to enhancement in soil miner-
als availability, uptake, translocation and distribution in 
plant tissues [1, 9, 39]. In addition, glycine amino acid 
is a reduced form of N that in leaves can directly be 
assimilated to and accelerate protein biosynthesis [18]. 
Moreover, higher leaf NR activity in soil applied glycine 
treatment, but not in foliar applications could be due to 
better adaptive mechanisms of roots for glycine uptake, 
assimilation and its translocation in plants. Glycine at 
high concentration of 0.01% has been shown to induce 
phytotoxicity on leaves of some plant species [32]. Simi-
lar results of toxicity and leaf necrosis were also observed 
in this study under 1000 ppm spray. Based on plant spe-
cies and physiological status, glycine probably acts as a 
proton donor resulting in cell hyper-acidification, quite 
similar to ammonium spray toxicity [32]. Similarly, exog-
enous application of glycine at 0, 5, 10 and 20  mM in 
Chorispora bungeana showed that 10  mM was best to 
improve plant growth trait of leaf biochemical reactions, 
while application of 20 mM glycine showed an opposite 
effect [40]. Lettuce growth was also improved by applying 

l-methionine at the lowest concentrations of 0.2  mg/L 
rather than higher concentrations [14].

The ANOVA for number of fruits and total yield in 
plant was significant at P = 0.01 (Table 4). The plant fruit 
number was significantly increased by NPK, soil applica-
tion of glycine at both levels and foliar spray of glycine 
at 500  ppm compared to control plants. The plant fruit 
yield was significantly increased by NPK as well as all 
glycine treatments except foliar application of 1000 ppm 
glycine, compared to control plants. The highest and 
lowest plant fruit number or fruit yield was in soil appli-
cation of 500  mg glycine and in control plants, respec-
tively. Application of glycine and/or other amino acids 
increased the plant yield in different studies [5, 11, 14, 22, 
24, 37]. In our study, both soil and foliar application of 
glycine were able to increase cucumber plant yield under 
the limed soil conditions. Optimization of leaf photo-
synthesis efficiency probably was the key behind higher 
cucumber yield under glycine application [39, 40], as 
higher leaf area, leaf SPAD value and leaf water content 
(data not shown) were observed under glycine applica-
tion. Extended leaf area, higher chlorophyll, enzymes 
activity and vitamin C content that were observed in this 
study are good indicator for improved leaf photosynthe-
sis [18]. Higher soil mineral bioavailability, enhanced root 
uptake, translocation and distribution, higher leaf pro-
tein, osmolite and antioxidant contents, and prolonged 
economic life of plants play key roles in optimization of 
photosynthesis and higher yield production in this study 
[32].

The ANOVA for fruit firmness was significant at 
P = 0.05, and for fruit vitamin C concentration was sig-
nificant at P = 0.01, and it was not significant for fruit 
TSS (Table 4). Fruit vitamin C was increased by all treat-
ments; however, the increase by two foliar treatments of 
250 and 1000  ppm was not statistically significant. On 
the other hand, fruit firmness was significantly increased 

Table 4 Cucumber plant yield and some quality traits of fruit under different treatments

Data are average of four replications ± SD, and in each column means with similar letter are not significantly different at 5% level of LSD test

*P-value levels of 0.01, 0.05 and ns mean significant effect at 1%, 5% and no significant effect, respectively

Treatments Number of fruits/plant Total plant yield (kg) Fruit firmness (kg/cm2) Fruit vitamin C 
(mg/100 g FW)

Fruit TSS (%)

Control 32 ± 7d 2.6 ± 0.08e 12.3 ± 1.0bc 3.5 ± 0.5c 7.0 ± 0.3a

NPK fertilizer 70 ± 11ab 4.9 ± 0.61ab 15.6 ± 1.5a 5.9 ± 1.1a 7.6 ± 0.4a

Soil-glycine (250 mg/plant) 64 ± 9ab 4.6 ± 0.59ab 14.1 ± 1.3abc 5.3 ± 0.9ab 7.3 ± 0.5a

Soil-glycine (500 mg/plant) 74 ± 10a 5.3 ± 0.53a 15.1 ± 1.1a 6.0 ± 1.0a 7.2 ± 0.3a

Foliar-glycine (250 ppm) 45 ± 7 cd 3.5 ± 0.45cd 13.6 ± 1.4abc 4.2 ± 0.8bc 7.2 ± 0.4a

Foliar-glycine (500 ppm) 58 ± 8bc 4.2 ± 0.60bc 14.2 ± 2.1abc 5.8 ± 0.9a 7.3 ± 0.6a

Foliar-glycine (1000 ppm) 41 ± 72d 3.0 ± 0.51de 12.0 ± 1.4c 4.3 ± 0.7bc 7.1 ± 0.3a

ANOVA* P-value = 0.01 P-value = 0.01 P-value = 0.05 P-value = 0.01 P-value = ns
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only by NPK and 500 mg/plant glycine treatments com-
pared to control (Table  4). This effect might be due to 
in general improvement in plant physiological status 
including photosynthesis optimization and better plant 
water status induced by soil (at both levels) and foliar (at 
500  ppm) application of glycine [32], while other treat-
ments (foliar 250  ppm) were not fully effective in this 
regard or were stressful at all (foliar 1000 ppm). Vitamin 
C despite being a secondary metabolite and involved in 
defensive reactions of plants; however, under the major 
environmental constrains such as drought and salinity its 
concentration in plant tissues is diminished [16]. Simi-
larly, soil application of glycine at 300 and 600 mg/kg soil 
increased soluble solids (TSS) and vitamin C of coriander 
leaves than control plants [20]. Nutrient bioavailability 
has been shown to affect fruit quality in many horticul-
tural crops [12, 18]. The improvement in crop quality due 
to application of amino acids has been shown [5, 6, 29]. 
Leaf vitamin C in coriander plants was increased by foliar 
and especially by soil application of glycine [20]. Soil 
application of an aminochelate resulted in significantly 
higher fruit or pod vitamin C and TSS content in three 
vegetables of cucumber, tomato and green bean versus 
their control plants [34]. Increase in fruit firmness could 
be a result of amino acid enrichment, higher mineral, 
protein and sugar concentrations [13, 34].

In the present study, soil application of glycine was 
more effective to stimulate the growth, yield and quality 
of cucumber plants rather than foliar spray. In a study, 
foliar application of glycine and glutamine had no sig-
nificant increase in leaf mineral concentrations except 
for iron, in which 1000  mg/L glycine spray resulted in 
significantly higher leaf Fe concentration compared with 
the control plants [2]. Amino acids have various roles in 
plant metabolism, and exogenous application of amino 
acids can have beneficial and stimulatory effects on 
plant growth and quality [10, 30, 33]. It has been shown 
that amino acids such as glutamate, cysteine, pheny-
lalanine, and glycine can do a signaling job, since small 
doses are enough to increase the activity of the antioxi-
dant enzymes [36]. By far, glycine is the most and widely 
used amino acid in plant nutrition (as biostimulant) or 
in the production of aminochelate fertilizers [32]. Plants 
can simply absorb glycine by their roots or their leaves, 
despite their uptake kinetics and efficiency is influenced 
by various factors including plant N status, stress condi-
tions and light intensity [17, 32]. Moreover, application of 
reduced form of nitrogen such as amino acids may serve 
as an excellent energy source for soil microorganisms, 
and could play role for improving soil life and microor-
ganisms activity.

Amino acids are well-known biostimulants that can 
have positive effects on plant growth and yield, and 

significantly mitigate the injuries caused by abiotic 
stresses [26]. It has been shown that exogenous spray of 
glycine betaine reduced membrane permeability, lipid 
peroxidation, leaf SPAD value and  H2O2 content in 
salt-stressed lettuce plants. Glycine betaine reduced Na 
accumulation, but significantly increased other element 
contents under salinity conditions [41]. Foliar appli-
cation of zinc lysine under Cd treatment, significantly 
increased the photosynthesis, grain yield, enzyme activ-
ities and Zn contents in different plant tissues of wheat 
[24]. In addition, in a nutrient solution experiment, 
foliar application of methionine-complexed manganese 
4  days before inoculation significantly reduced pow-
dery mildew severity on cucumber plants compared to 
control and mineral Mn application. The foliar appli-
cation of Mn–amino acid complexes before inoculation 
resulted in significant increase of leaf cell wall lignin 
content [7].

Conclusion
In the present study, besides chemical NPK fertilization, 
the soil and foliar applications of glycine significantly 
increased cucumber economic life, leaf area, leaf protein, 
shoot dry weigh, and plant yield and quality compared to 
control plants. However, the vegetative, yield and quality 
responses of cucumber were much better to soil rather 
than foliar application of glycine. Moreover, soil appli-
cation of 500  mg/plant glycine was superior to applica-
tion of 250 mg, as the soil application of 500 mg glycine 
was able to record the same or better than NPK fertili-
zation regarding many traits. This could have significant 
implications for crop production and in the reduction 
of fertilization and the associated salinity pressures on 
agricultural soil particularly in greenhouses. Nowadays 
cucumber genotypes for greenhouse cultivation have 
generally high mineral and fertilization demand to pro-
duce optimum growth and high-quality yields. On the 
other hand, safe production of cucumbers is quite impor-
tant with regard to consumer’s health, and application of 
biostimulants such as glycine amino acid, as a full or par-
tial replacement of chemical fertilization as shown in this 
study, can benefit the soil, plant and human health issues.
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