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Abstract: A field experiment was conducted to evaluate the potential of foliar treatment of 

tyrosine or proline (50, 75 & 100 mg/l) on growth characters, photosynthetic pigments, seed 

yield quantity and quality and some biochemical aspects of quinoa plant under grown in sandy 

soil. Exogenous application of tyrosine or proline led to marked increases in growth characters 

(plant height, shoot, root fresh and dry weight) concomitantly with an increase in the levels of 

IAA, photosynthetic pigments (chlorophyll a, chlorophyll b, and carotenoids), phenol, free 

amino acid contents, carbohydrates content and yield components, as compared with the 

control. It could be concluded that foliar spray of tyrosine or proline was effective in improving 

quinoa performance by enhancing antioxidant compounds (phenolics), compatible osmolytes 

and antioxidant enzymes. All treatments increased seed yield and its components, also a 

marked increase in nutritional values of the yielded seed (carbohydrate %, protein%, flavonoids 

and antioxidant activity). It is noticed that tyrosine followed proline at 100 mg/l are more 

pronounced in increasing most of the tested parameters of quinoa plant. 

Key words: Antioxidant enzymes, Phenol, Proline, Quinoa, Tyrosine. 
 

Introduction 

        Quinoa (Chenopodium quinoa Willd) is an original food crop can replenish part of foodstuff gap. It is a 

food crop recently introduce in Egyptian lands. 
1
Repo-Carrasco et al., reported that quinoa can be utilized for 

human food, flour products and animal feedstock because of its high nutritive value seeds. Quinoa could be 

used in bread in combination or substitution of with wheat and other seed products
2
. Moreover, quinoa is 

considered as a multipurpose crop because of the high-quality protein seeds, especially rich in essential amino 

acids, minerals, carbohydrates, antioxidant compounds as carotenoids, flavonoids, vitamin C and dietary fiber 

compared to that of cereals such as corn, oat, rice and wheat 
3
. In addition, 

4
 illustrated that, quinoa seeds have 

enormous potential in the food industry as being gluten-free and highly nutritious did not contain anti-

nutritional factors. It is recommended as useful essential food industries for formulations of baby gluten-free 

foods
5
.  

      As quinoa can tolerate water stress and other abiotic stresses of arid and semiarid regions and can grow 

in sandy soil of which reduce crop production
6
. In these regions there is a need to increase yields of important 

economic crops like cereal without use of excessive fertilization. Use of natural products like amino acids, 

cheap and biodegradable chemicals. A foliar application of amino acid has been shown to increase agronomic 

performance and yield of newly cultivated crops. Amino acids are considered as precursors and constituents of 

proteins which are important for stimulation of cell growth
7
. Amino acids help to maintain favorable pH value 
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within the plant cell due to its contain both acid and basic groups and act as buffers
8
. Amino acids can influence 

the physiological activities in plant growth and development, directly or indirectly via increasing of 

photosynthesis, endogenous hormones, ion uptake, nucleic acid and protein synthesis
9
. 

10
Shiraishi et al., found 

that, exogenous application of amino acids adjusted the growth, yield and biochemical quality of squashe and 

garlic plants. L-Tyrosine used for the synthesis of proteins and served as an important precursor of natural 

products, including pigments, alkaloids, and some hormones. Many of these compounds are bioactive as well as 

playing important roles in plant defense against biotic and abiotic stresses
11

.  
12

Refaat & Naguib,  found that 

application of tyrosine increased total carbohydrate content of peppermint (Mentha piperita L.) leaves. 

Compatible solutes (osmoprotectants) like proline are low molecular weight, highly soluble organic compounds 

that are usually non-toxic at high cellular concentrations. These solutes provide protection to plants from stress 

by contributing to cellular osmotic adjustment, ROS detoxification, protection of membrane integrity and 

enzymes/protein stabilization
13

. The use of osmoprotectants as a foliar spray can be an economically viable 

strategy to enhance stress tolerance under adverse environmental conditions 
14

. 
15

Ali et al., observed that, foliar 

applications of proline have also been shown to have beneficial effects on plants exposed to water stress.
13

 

Hozayn et al., illustrated the foliar application of proline improve its endogenous level and therefore, encourage 

growth, antioxidant defense system also yield and its components. 

    Therefore, the present study investigates the ability of quinoa plant’s grown sandy soil conditions in 

Egypt. To study the possible role of L-Tyrosine or proline in improving growth, some biochemical aspects, 

yield and nutritional values of the yielded of quinoa seeds. 

Materials and Methods  

Plant material and growth conditions:  

     A field experiment was conducted at the Experimental Station of National Research Centre, Nubaria 

district Beheira Governorate, Egypt, during two successive seasons. The soils of both experimental sites were 

reclaimed sandy soil where mechanical and chemical analysis is reported in Table (1) according to
16

. 

Table 1: Mechanical and chemical analysis of the experimental soil sites. 

A. Mechanical analysis: 

Sand Silt 20-0µ% Clay < 2µ% Soil texture 

Course 2000-200µ% Fine 200-20µ % 

47.46 36.19 12.86 4.28 Sandy 

B. Chemical analysis: 

pH 

 

EC 

dSm
-1 

CaCO3 OM

% 

Soluble Cations meq/l Soluble anions meq/l 

Na
+ 

K
+ 

Mg
+ 

Ca
++ 

CO3
-- 

HCO3
- 

Cl
- 

SO4
-- 

7.60 0.13 5.3 0.06 0.57 0.13 0.92 1.0 0.0 1.25 0.48 0.89 

 Available nutrients 

Macro element ppm Micro element ppm 

N P K Zn Fe Mn Cu 

52 12.0 75 0.14 1.4 0.3 0.00 

 

     Seeds of quinoa (Chenopodium quinoa Willd.) were obtained from Agricultural Research Centre Giza, 

Egypt. The experimental design was in randomized complete block with four replications, quinoa seeds were 

sown on November in rows 3.5 meters long, and the distance between rows was 20 cm apart. Plot area was 10.5 

m2 (3.0 m in width and 3.5 m in length). The recommended agricultural practices of growing quinoa were 

applied. Pre-sowing, 150 kg/feddan of calcium super-phosphate (15.5% P2O5) was applied to the soil. Nitrogen 

was applied after emergence in the form of ammonium nitrate 33.5% at a rate of 75 Kg/feddan in five equal 

doses before the 1st, 2nd, 3rd, 4th and 5thirrigation. Potassium sulfate (48.52 % K2O) was added in two equal 
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doses of 50 kg/feddan, before the 1st and 3rdirrigations. Irrigation was carried out using the new sprinkler 

irrigation system where water was added every 5 days. 

      The plants were sprayed twice with L-Proline or L-Tyrosine at different concentrations (50, 75 and 100 

mg/l), while control plants were sprayed with distilled water during vegetative growth at 45 and 60 days after 

sowing.  Data Recorded two weeks after the second spraying at 75 days from sowing plant samples were 

collected to determine plant height; fresh and dry weight of shoot and root/plant as well as some biochemical 

parameters in leaves photosynthetic pigments, indole acetic acid contents, total phenol contents, proline, total 

free amino acid, carbohydrate constituents (total soluble sugars, polysaccharides, total carbohydrates) and some 

antioxidant enzymes activity.  

     At harvest, the following items were estimated: plant height, Fruiting branches number /plant, weight of 

seeds/ plant, weight of shoot/ plant. Air dried seeds were ground into fine powder and kept in desiccators for 

analysis. Some chemical parameters are measured in the yielded grains as proteins %, carbohydrates %, 

flavonoids and antioxidant activity. 

Chemical analysis: 

       Photosynthetic pigments: Total chlorophyll a and b and carotenoids contents in fresh leaves were 

estimated using the method of
17

. Total soluble sugars (TSS), were extracted by the method of
18

. TSS was 

analyzed by
19

. Determination of total carbohydrates was carried out according to
20

. Indole acetic acid content 

were extracted and analyzed by the method of 
21

. Total phenol content, the extract was extracted as IAA 

extraction, and then measured as described by 
22

. The antioxidant enzyme (Superoxide dismutase. (SOD, EC 

1.12.1.1) activity was spectrophotometrically assayed at 560 nmby nitro-blue-tetrazolium(NBT) reduction 

method
23

. Catalase. (CAT, EC 1.11.1.6) activity was determined spectrophotometrically by following the 

decrease in absorbance at 240 nm
23

.  Peroxidase. (POX, EC 1.11.1.7) activity was spectrophotometrically 

assayed by the method of
24

. Total protein concentration of the supernatant was determined according to the 

method described by
25

. Total flavonoids were determined using the method reported by
26

. The antioxidant 

activity (DPPH radical scavenging) was determined using the method of 
27

. 

Statistical analysis: 

     The data were statistically analyzed on complete randomized design system according to
 28

. Combined 

analysis of the two growing seasons was carried out. Means were compared by using least significant difference 

(LSD) at 5% levels of probability. 

Results  

Change in Growth parameters 

    The growth parameters of quinoa plants in response to foliar application treatment with different 

concentrations of proline or tyrosine (50, 75 & 100 mg/l) on quinoa plant grown in sandy soil are represents in 

Table (2). Results are reveal that, using tyrosine or proline at different concentrations increased  shoot length, 

shoot fresh and dry weight as well as root fresh and dry weight of quinoa plant as compared with control plant. 

While, the highest plant fresh and dry weight (shoot, root) were recorded at 100 mg/l tyrosine. In addition, as 

the percentage of increases in response to 100mg/l tyrosine reached to 58% & 63 % in fresh and dry weights of 

shoots and 139% & 191% in fresh and dry weights of roots as compared to the untreated plants. 
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Table 2: Effect of proline or tyrosine on morphological parameters of quinoa plant at 75 days after 

sowing grown in sandy soil. 

 

Change in photosynthetic pigments:  

  The effect of different concentrations of proline or tyrosine foliar application (50, 75 & 100 mg/l) on 

photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids and total pigments) of quinoa plant grown in 

sandy soil are shown in Table 3. proline or tyrosine gradual significant increased chlorophyll a chlorophyll b, 

total carotenoids and consequently total pigments with increase the concentrations of both proline or tyrosine. 

The maximum increases of the photosynthetic pigments were obtained by foliar application with tyrosine (100 

mg/l) followed by proline (100mg/l). As compared to the untreated plants the percentage of increases in 

chlorophyll a reached to 63 & 60 %, chlorophyll b 130% & 122%, carotenoids 155% &135% and total 

pigments 88% & 81% in response to 100mg/l tyrosine or proline respectively.  

Table 3: Effect of prolin or tyrosine on photosynthetic pigment contents µg/g fresh weight of quinoa plant 

at 75 days after sowing grown in sandy soil. 

Material   Chlorophyll a Chlorophyll b Carotenoids Total pigments 

Control 9.84±0.335 2.29±0.215 2.21±0.033 14.34±0.329 

Proline 

(mg/l) 

50 11.75±0.543 3.44±0.187 3.01±0.227 18.20±0.749 

75 12.39±0.423 4.42±0.133 4.23±0.435 21.04±0.432 

100 15.72±0.703 5.08±0.157 5.19±0.072 25.94±0.373 

Tyrosine 

(mg/l) 

50 13.83±0.342 3.77±0.237 4.50±0.312 22.1±0.239 

75 14.63±0.053 5.09±0.052 5.09±0.278 25.91±0.129 

100 16.02±0.185 5.28±0.130 5.65±0.316 26.95±0.815 

LSD  5% 0.6 0.13 0.2 2.04 
 

Change in sugar contents  

         Data in (Table 4) show significant increases in total soluble sugars, polysaccharides and total 

carbohydrate contents of quinoa plant grown in sandy soil treated with proline or tyrosine (50,75 and 100 mg/l). 

Data also show gradual increased in sugar contents with increase the   concentrations of amino acid. While 

application of tyrosine or proline (100 mg/l) caused the most effective changes in all carbohydrates fractions as 

they increased TSS by  42% & 36% , polysaccharides by  94% &  80% and total carbohydrates by 90% &  72 

% respectively as compared with the untreated plant. Data indicated increases in carbohydrates constituents as 

affected by different concentrations of proline and tyrosine treatments followed the same trend obtained 

previously on vegetative growth and photosynthetic pigments.  

 

Material 

  

Shoot length 

 (cm) 

Shoot FW 

(gm) 

Shoot DW 

(gm) 

Root FW 

(gm) 

Root DW 

(gm) 

Control 15.00±0.204 30.87±0.342 7.30±0.088 1.77±0.162 0.65±0.068 

Proline 

(mg/l) 

 

50 17.37±0.387 30.90±0.188 5.40±0.076 3.33±0.234 1.13±0.091 

75 19.20±0.753 37.70±0.321 8.77±0.121 3.50±0.214 1.12±0.110 

100 21.87±0.133 48.01±0.221 10.65±0.233 3.43±0.115 1.01±0.085 

Tyrosine 

(mg/l) 

50 20.01±0. 513 36.75±0.542 5.90±0.098 2.80±0.066 1.27±0.050 

75 21.93±0.554 40.95±0.213 7.25±0.115 3.97±0.149 1.75±0.057 

100 24.09±0.312 48.88±0.654 11.93±0.312 4.23±0.215 1.89±0.067 

LSD 5% 2.05 3.35 1.23 1.04 0.75 
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Table4: Effect of proline and tyrosine on total soluble sugars, polysaccharides and total carbohydrates 

(mg/g dry weight) of quinoa plant at 75 days after sowing grown in sandy soil. 

Material Total 

soluble sugar 
polysaccharides 

Total 

carbohydrates  

Control 28.12±1.078 120.94±1.130 149.06±1.569 

Proline 

(mg/l) 

50 30.89±0. 433 158.91±5.012 189.8±2.025 

75 33.51±0. 499 164.1±2.360 197.61±1.455 

100 38.35±0.229 218.76±1.526 257.11±3.127 

Tyrosine 

(mg/l) 

50 34.23±0. 352 174.67±4.207 208.9±1.329 

75 37.17±0.373 184.35±3.203 221.52±5.025 

100 40.01±0.815 234.11±2.127 274.12±2.316 

LSD at 5% 1.21 30.79 32.13 
 

Change in total IAA, phenol and free amino acid contents  

       Foliar application of quinoa plant with different concentrations proline or tyrosine (50, 75 or 100 mg/l) 

increased total IAA, phenol and free amino acids compared with the corresponding controls. Table 5 illustrate 

that with increasing the concentration of these compounds were significantly increased the concentration of the 

total  IAA, phenol and free amino acid concentration of quinoa plant grown in sandy soil. Tyrosine at 100mg/l  

followed by proline at 100 mg/l were the most effective treatment on total IAA and phenol and free amino acid 

contents. Since it increased IAA by 90 % & 82%, phenol by 60% & 42% and free amino acid by 48% & 46% 

respectively. It is notice that the increase in auxin contents concurrent with the increase in growth rate as shown 

in Table (2).   

Table 5: Effect of proline and tyrosine on IAA (µg/g fresh weight), total phenol (mg/100 g fresh weight) 

and free amino acid (mg/100 g dry weight) of quinoa plant at 75 days after sowing grown in 

sandy soil. 

Material 
IAA Phenol 

Free    amino 

acid  

Control 29.18±0.279 177.0±1.667   237.7±2.043 

Proline  

(mg/l) 

50 33.14±0.099 206.2±1.416 304.3±1.112 

75 35.24±0.461 212.5±0.995 288.2±3.043 

100 53.21±  0.213   250.5±1.021 346.8±4.106 

Tyrosine 

(mg/l) 

50 45.14± 0.097 225.5±1.113 312.1±4.921 

75 48.13±0.209 237.4±1.328 333.9±3.014 

100 55.41±0. 036 281.3±0.451 352.1±4.90 

LSD at 5% 1.23 8.5 7.1 
 

Change in antioxidant enzymes activity  

Superoxide dismutase, catalase and peroxidase activities were increased in response to application of 

different concentrations of proline and tyrosine (50, 75 or 100 mg/l) on quinoa plants as compared to those of 

untreated control plants (Table 6). The most effective treatment was detected with tyrosine at 100mg/l followed 

by treatment with proline  at 100 mg/l since; it increased the activities of SOD by 83% & 75%, CAT by 22 % & 

18% and POX by 48% and 25 % as compared to control plants.  
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Table 6: Effect of proline and tyrosine on enzyme activities (µg/g fresh weight/hour) of quinoa plant at 75 

days after sowing grown in sandy soil. 

Material 

 
SOD  CAT  POX  

Control 23.14±0.233 59.26±0. 880 30.09±0.408 

Proline  

(mg/l) 

50 33.98±0.798 63.42±0.408 31.57±1.022 

75 36.45±0.760 61.04±0.385 32.75±0. 884 

100 40.42±0.582 69.74±0.323 37.66±0.973 

Tyrosine 

(mg/l) 

50 37.87±0.360 65.88±0.591 33.27±0.068 

75 39.79±1.087 67.51±1.009 34.41±1.233 

100 42.45±1.019 72.43±0.429 44.48±0.126 

LSD at 5% 1.45 2.02 0.98 
 

Change in yield and yield components 

       Data presented in (Table 7) show the effect of foliar application of proline or tyrosine (50, 75 & 100 
mg/l) on yield parameters of quinoa plants grown under newly reclaimed sandy soil. Data clearly show that, 
application of different treatments increased significantly yield and yield components such as shoot length, 
fruiting branches number /plant, shoot weight and seed weight/ plant as compared with control plants.  The 
maximum increases of the yield parameters were obtained by foliar application with tyrosine at 100 mg/l 
followed by proline at 100 mg/l. As the percentage of increases in response to 100 mg /l tyrosine reached to 
86%, 70%, 76%, and 58% as shoot length, branches number /plant, shoot weight and seed weight/ plant as 
compared to the untreated plants, respectively. 

Table 7: Effect of prolin or tyrosine on yield components/plant of quinoa plant grown in sandy soil. 

 

     

Change in carbohydrate %, protein% and oil contents in yielded seeds: 

       Data in (Table 8) show that all used amino acids led to significant increase in carbohydrates%, protein 

% and flavenoids % of yielded seeds of quinoa. Data also show that application of proline or tyrosine increased 

significantly carbohydrates%, protein % and flavenoids% of quinoa yielded seeds as compared with the control. 

Moreover, the percentage of carbohydrate, protein and flavonoid, were gradually increased with increasing 

concentrations of proline and tyrosine from 50 to 100mg/l. Meanwhile, the most effective treatment on 

carbohydrate, protein and flavonoids, of the yielded quinoa seeds was obtained by 100 mg/l tyrosine as it 

reached to 37% for carbohydrate 46% for protein and 21% for flavonoid, 25% relative to control plant. 

Changes in Antioxidant activity in yielded grains:  

     Data in (Table 8) showed that foliar application of amino acids (proline or tyrosine) increases in 

antioxidant activity (as DPPH- radical scavenging capacity) of quinoa plant as compared with untreated control. 

Data also show that amino acids with different concentrations (50, 75 and 100mg/l) caused gradual increases in 

antioxidant activity as compared with control plants. Higher content of antioxidant activity was obtained with 

100 mg/l tyrosine application.  

Material 

  

Shoot length 

 (cm) 

branches 

number /plant 

Shoot weight 

(gm) 

Seed weight 

(gm) 

Control 24.83±0.077 12.33±0.113 18.73±0.401 13.33±0.181 

Proline 

(mg/l) 

 

50 32.37±0.125 16.33±0.301 20.55±0. 731 17.50±0.309 

75 34.73±0. 757 18.67±0.321 25.97±0.725 17.97±0.808 

100 41.67±0.545 20.33±0.631 29.97±0.012 19.43±0.109 

Tyrosine 

(mg/l)  

50 36.37±0.432 18.67±0.553 25.88±0.198 18.53±0.312 

75 38.50±0.455 20.33±0.321 26.77±0.624 18.67±0.509 

 100 46.07±0.653 21.00±0.617 32.88±0.501 21.00± 0. 280 

LSD at 5% 1.32 0.99 1.98 2.01 



             Abdallah M. M. S. and El-Bassiouny H.M.S./International Journal of PharmTech Research, 2016, 9(7), pp 12-23. 18 

 

Table 8: Effect of prolin or tyrosine on nutritive value and antioxidant substances of the yielded seeds of 
quinoa plant grown in sandy soil. 

Material Carbohydrates 
% 

Protein % Flavenoids % 
DPPH 

%   

Control 50.01±0.052 12.87±0.089 61.22±0.364 41.23±0. 323 

Proline 

(mg/l) 

50 54.17±0.092 14.98±0.069 63.75±0.309 49.87±0.106 

75 56.47±0.218 14.03±0.254 65.14±0.023 53.35±0.173 

100 66.75±0.035 17.21±0.240 71.17±0.367 64.87±0.268 

Tyrosine 

(mg/l) 

50 61.95±0.038 15.75±0.344 67.14±0.067 58.88±0.231 

75 63.33±0.423 16.83±0.533 69.93±0.136 61.25±0.551 

100 68.44±0.124 18.85±0.450 74.33±0.038 66.35±0.383 

LSD at 5% 1.82 0.75 0.95 1.41 
 

Discussion 

The growth parameters 

     The growth parameters of quinoa plants in response to foliar application treatment with different 

concentrations of proline or tyrosine (50, 75 & 100 mg/l) on quinoa plant grown in sandy soil found that, using 

tyrosine or proline  at different concentrations increased shoot fresh and dry weight as well as root fresh and dry 

weight of quinoa plant. Tyrosine or proline induced significant effects on various biological aspects in plants 

may act as growth stimulants. These amino acids  played a role on metabolic activities relevant to growth 

through increasing the efficiency of water uptake and utilization as well as protecting the photosynthetic 

pigments (Table3), significantly higher levels of carbohydrates (Table 4) and increasing IAA contents (Table 5) 

which enhancing cell division and/or cell enlargement. In addition, the positive effect of amino acid (Tyrosine 

and Proline) may be due to that, amino acid are an acceptable nitrogen source for increased growth rate of 

shoots
29

. 
30

El Bassiouny et al., pointed out that, amino acids may play an important role in plant metabolism and 

protein assimilation which necessary for cell formation and consequently increase fresh and dry mater.  

     L-Tyrosine used for the synthesis of proteins and served as an important precursor for natural products, 

including pigments, alkaloids, and hormones
11

 which are act as bio-stimulators for plant growth and 

development. 
31

El-Sherbeny and Teixeira da Silva found that, treatment with tyrosine improved plant growth in 

red beet plant. Ali et al., (2007) reported that the exogenous application of proline alleviated the adverse effects 

generated by water stress in Zea mays and enhanced growth and yield characteristics.  

Photosynthetic pigments:  

The effect of different concentrations of proline or tyrosine foliar application (50, 75 & 100 mg/l) on 

photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids and total pigments) of quinoa plant grown in 

sandy soil are shown in Table 3., These results were confirmed by the findings of 
31

 on red beet (Beta vulgaris 

L. subsp. cicla) . These increases could be attributed to the proline application depends on the scavenging of 

reactive oxygen species by increasing the antioxidant enzyme activity (Table 6) and  promoting photosynthesis, 

maintaining enzyme activity 
32,33

. 
15

Ali et al., reported that, the useful effect of proline applied was due to its 

promotive effects on photosynthetic capacity by overcoming stomata limitations, enhancing biosynthesis of 

photosynthetic pigments. Foliar application of mixture of amino acids at different growth stages significantly 

improved leaf chlorophyll contents in celeriac, grapevines and Radish plants
34, 35

. 
29

Abdallah et al., reported 

that, amino acids help to increase in chlorophyll this lead to the increase in different growth criteria (Table 2).  

   Moreover, it is noticed that, carotenoids content was significantly higher in quinoa plants under 

treatment with tyrosine or proline. Carotenoids play a role as a free radical scavenger which, enhance their 

capacity to reduce the damage caused by ROS, which in turn increased chlorophyll content of such plants
36

.  
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Change in sugar contents  

     Data in (Table 4) show significant increases in total soluble sugars, polysaccharides and total 

carbohydrate contents of quinoa plant grown in sandy soil treated with proline or tyrosine (50,75 and 100 mg/l).    

Our results indicated that the application of amino acids as a foliar spray caused increases in the contents of 

total carbohydrates and polysaccharides of plants. These results are in agreement with the finding of other 

studies on onion and wheat plants
37,29

 respectively. There is positive correlation between photosynthesis rates 

and nitrogen contents in leaves. A high rate of photosynthesis, because of a high nitrogen supply, results in 

higher biomass production
38

. 
31

El-Sherbeny and Teixeira da Silva added that application of tyrosine increased 

total carbohydrate content of red beet. 

    39
Ali et al., illustrated that, the increase in TSC content may be responsible for providing carbon 

skeleton and improvement of photosynthetic pigments (Table 3) that lead to the better dry mater production 

(Table 2). Moreover, 
40

 reported that, the accumulation of total soluble sugars in wheat plant under water stress 

via increasing endogenous levels of certain phytohormones (Table 5).  

Changes in total IAA, phenol and free amino acid contents  

     Foliar application of quinoa plant with different concentrations proline or tyrosine (50, 75 or 100 mg/l) 

increased total IAA, phenol and free amino acids compared with the corresponding controls Table 5. Higher 

plants have a patent effect to synthesise secondary metabolites, such as phenols, and IAA which have an anti-

oxidative role in scavenging ROS
41

. The increases in IAA, content in shoot tissues treated with amino acid 

parallel with the increase in growth rate (Table 2) could be attributed to the stimulation in cell division and / or 

cell enlargement
42

. 

      Phenolic compounds play a key role as protective components of plant cells and protect cells from 

potential oxidative damage; increase the stability of cell membranes
43

. This increase may be due to total phenols 

role to play a significant mechanism in regulation of plant metabolic processes
29

. 
44,45

Abdallah et al. and 

Hussien et al confirmed this result in quinoa plant. 
11

Maeda & Dudareva reported that, L-Tyrosine, used as an 

important precursor for natural products, including hormones.  

     Proline or tyrosine application caused significant increases of free amino acids as compared with 

control plant (Table 5). These obtained results are in harmony with those obtained by
46

 who reported that, 

amino acid treatment enhanced the levels of total amino acids. 

Change in antioxidant enzymes  

      Superoxide dismutase, catalase and peroxidase activities were increased in response to application of 

different concentrations of proline and tyrosine (50, 75 or 100 mg/l) on quinoa plants as compared to those of 

untreated control plants (Table 6).  Plants continuously synthesize the reactive oxygen species (ROS) as a 

byproduct of various metabolic pathways. 
47

Foyer and Harbinson, demonstrated that, ROS play a significant 

role in providing protection against harmful stress. However, excessive levels of ROS result in oxidative 

damage to plants, e.g., nucleic acid damage, oxidation of proteins and lipids and degradation of chlorophyll 

pigments. The proposed functions of accumulated amino acid are osmoregulation, maintenance of membrane 

and protein stability, growth, seed germination while carbon and nitrogen serve as an energy store 
48

.  
49

Shabala 

reports indicate that proline is responsible for scavenging the ROS and other free radicals. 
50

Öztürk & Demir 

reported that, proline application plays a regulatory role in activity of the enzymes catalase, peroxidase and 

polyphenol oxidase in plant cells and in their sharing in development of metabolic responses to environmental 

factors.  Moreover, 
51

 reported that exogenous application of proline significantly enhanced the activities of 

antioxidative enzymes catalase, peroxidase and superoxide dismutase in tobacco suspension cultures exposed to 

salinity stress. 

Change in yield and yield components 

       Foliar application of proline and tyrosine (50, 75 & 100 mg/l ) increased significantly yield and yield 
components of quinoa plants grown under sandy soil. The obtained results are in good agreement with those 
obtained by52 and 53. The  overall improvement in plant yield due to application of amino acids may be due to 
providing with pleasure source of growing substances which form the constitutes of protein in the living 
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tissues. Also, the positive effects of amino acids application may be brought as osmo-regulatory 29 since it is 
very soluble in water therefore increase the concentration of cellular osmotic components. 54Raza et al., 
reported that, proline as osmoprotectants promotes plant growth and yield under normal or stress conditions 
due to its osmoprotective effect on photosynthetic machinery and regulation of ion homeostasis as well as 
improving CO2 assimilation in plants under stress55. 31El-Sherbeny and Teixeira da Silva revealed that 
application of tyrosine increased total carbohydrate contents of peppermint plant and in sequentially yield 
and its components. 56

Dromantienė et al. and 
57Mohamed et al found that the application of a mixture of 

amino acids on common wheat (Triticum aestivum L.) improved yield components. 

Change in carbohydrate %, protein% and oils contents in yielded seeds: 

     The different treatments of all used amino acids led to significant increase in carbohydrates%, protein 

% and Flavenoids % of yielded seeds of quinoa (Table 8). Similar finding were obtained in response to amino 

acids application 
29

, who found that, total carbohydrate, and protein concentrations were increased in glutamic 

acid application on wheat plant. 
30 

concluded that, there is a close relationship between the effect of amino acids 

and the stimulated of the photosynthetic output (soluble sugars, polysaccharides and total carbohydrates) of 

wheat plant. These results might increase the efficiency of solar energy conversion which maximized the 

growth ability of quinoa plant and consequently increased its productivity. Moreover, 
31

reported that plants 

treated with proline and tyrosine contained higher carbohydrate content in roots of red beet.    

Change in Antioxidant activity in yielded grains:  

        Data in (Table 8) showed that foliar application of amino acids (proline and tyrosine) increases in 

antioxidant activity (as DPPH- radical scavenging capacity) of quinoa plant as compared with untreated control. 

These findings are in a good agreement with 
29

 who mentioned that amino acid foliar application increased 

antioxidant activity (as DPPH). The increase in the antioxidant activity can be considered an advantage of 

treatment used
58

. The increases in total phenols and total flavonoids lead to antioxidant activity increase 
59, 60

. 

Conclusion 

      The growth enhanced by foliar application of proline or tyrosine, which stimulating growth regulators 

level (IAA) and involved in protecting the photosynthetic apparatus and consequently increasing the 

photosynthetic ,growth and yield components of quinoa plant . Foliar spray of tyrosine or proline was effective 

in improving quinoa performance by enhancing antioxidant compounds (phenolics), compatible osmolytes and 

antioxidant enzymes. Moreover, quinoa plant gave higher nutritional value of carbohydrate%, protein%, total 

flavonoids, and antioxidant activity in yielded seeds.   

Acknowledgement 

This work was funded by The National Research Centre through the project entitled "Raising 

agronomic performance of Quinoa plant under environmental stress using antioxidant and organic fertilizer. 

Project No. 10120111 during 2013-2016.The principal investigator Ass. Pro. Dr/ Maha Mohamed Shater 

Abdallah- Botany department. 

References 

1. Repo-Carrasco R, Espinoza C, Jacobsen, SE, (2003) Nutritional value and use of the Andean crops 

quinoa (Chenopodium quinoa) and kañiwa (Chenopodium pallidicaule). Food Reviews International 19 

(1e2), 179e189.  

2. Shams, AS (2010) Combat degradation in rainfed areas by introducing new drought tolerant crops in on 

Egypt. 4
th
International Conference Water Resources and Arid Environments, Riyadh, Saudi Arabia, 5- 

8 December, 575-582. 

3. Repo-Carrasco-Valencia RAM, Serna LA (2011) Quinoa (Chenopodium quinoa Willd.) as a source of 

dietary fiber and other functional components. Ciência e Tecnologia de Alimentos 31:225-230. 



             Abdallah M. M. S. and El-Bassiouny H.M.S./International Journal of PharmTech Research, 2016, 9(7), pp 12-23. 21 

 

4. Doweidar MM, Kamel AS
 
(2011) Using of quinoa for production ofsome bakery products (gluten-free). 

Egyptian J. of Nutrition. XXVI (2):21-52.  

5. Ogungbenle HN, (2003) Nutritional evaluation and functional properties of quinoa (Chenopodium 

quinoa Willd.) flour. International Journal of Food Sciences and Nutrition 54, 153 -158.  

6. Jacobsen SE (2003) The Worldwide Potential for Quinoa (Chenopodium quinoa Willd.). Food Reviews 

International, 19(1): 167-177. 

7. Rai VK (2002) Role of amino acid in plant responses to stresses. Biol. Plantarum J., 45: 481-487. 

8. Davies DD (1982) Physiological aspects of protein turnover. Encycl.  Plant   Physiol. New Series, 14 A 

(Nucleic acids and proteins: structure, biochemistry and physiology of proteins, Eds., Boulter, D. and B 

Partier, Springer Verlag, Berlin, Heidelberg & New York, pp: 190-228.  

9. Abbas SM (2013) The influence of biostimulants on the growth and on the biochemical composition of 

Vicia faba cv. Giza 3 beans. Romanian Biotechnological Letters 18: 8061-8068. 

10. Shiraishi M, Hiroyuki Fujishima H, Hiroyuki Chijiwa H (2010) Evaluation of table grape genetic 

resources for sugar, organic acid, and amino acid composition of berries. Euphytica, 174: 1–13  

11. Maeda H, Dudareva N (2012) The shikimate pathway and aromatic Amino acid    biosynthesis in 

plants. Annu. Rev. Plant Biol. 63, 73–105. 

12. Refaat AM, Naguib NY (1998) Peppermint yield and oil quality as affected by application of some 

amino acids. Bull. Fac. Agric., Cairo Univ. 49: 89-98. 

13. Hozayn M, Abdallah MMS, Abd El-Monem AA (2015) Effect of proline on growth, yield, nutrient and 

amino acid contents of barley (Hordeum vulgare L.) irrigated with moderate saline water;  International 

Journal of ChemTech Research; 8(12),pp 772-783 

14. Ashraf M, Foolad MR (2007) Roles of glycinebetaine and proline in improving plant abiotic stress 

resistance. Environmental and Experimental Botany, 59, 206-216. 

15. Ali Q, Ashraf M, Athar HUR (2007) Exogenously applied proline at different growth stages enhances 

growth of two maize cultivars grown under water deficit conditions. Pak J Bot 39:1133-44. 

16. Chapman HO, Pratt PE (1978) Methods of Analysis for Soils, Plants and Water. Division of Agriculture 

Sciences University California, Berkley, 5-6. 

17. Lichtenthaler HK, Buschmann C (2001) Chlorophylls and carotenoids: measurement and 

characterizationby UV-VIS spectroscopy. In: Wrolstad RE, Acree TE, An H, Decker EA, Penner MH, 

Reid DS, Schwartz SJ, Shoemaker CF, Sporns P (eds) Current protocols in food analytical chemistry 

(CPFA). John Wiley and Sons, New York, pp F4.3.1–F4.3.8.  

18. Homme PM, Gonzalez B, Billard J (1992) Carbohydrate content, fructose and sucrose enzyme activities 

in roots, stubble and leaves of rye grass (Lolium perenne L.) as affected by sources / link modification 

after cutting. J. Plant Physiol. 140, 282-291.  

19. Yemm EW, Willis, AJ (1954) The respiration of barley plants. IX. The metabolism of roots during 

assimilation of nitrogen. New Phytotol. 55, 229-234.  

20. Herbert D, Phipps PJ, Strange RE (1971) Chemical analysis of microbial cells. Methods in 

Microbiology, 5B: 209 -344.  

21. Larsen PA, Harbo S, Klungron  Ashein TA (1962) On the biosynthesis of some indole compounds in 

Acetobacter xylinum. Physiol. Plant, 15: 552-565. 

22. Danil AD, George CM (1972) Peach seed dormancy in relation to endogenous inhibitors and applied 

growth substances. J. Amer. Soc. Hort. Sci., 17: 621-624.  

23. Chen JX, Wang XF (2006) Plant physiology experimental guide.  Higher Education Press, Beijing, pp 

24–25, 55–56 

24. Kumar KB, Khan PA (1982) Peroxidase and  polyphenol  oxidase  in  excised ragi (Eleusine coracana 

cv. PR 202) leaves during senescence. Indian J.  Exp. Bot. 20: 412–416. 

25. Badford M.M. (1976). A Rapid and Sensitive Method for the Quantitation of Microgram Quantities of 
Protein Utilizing the Principle of Protein Dye Binding. Analytical Biochemistry, 72, 248-254  

26. Chang C, Yang M, Wen H, Chen J (2002) Estimation of total flavonoid content in propolis by to 

complementary colorimetric methods. J. Food Drug Anal. 10, 178-182.  

27. Liyana-Pathiranan CM, Shahidi F (2005) Antioxidant activity of commercial soft and hard wheat 

(Triticum aestivum L) as affected by gastric pH conditions. J. of Agri. and Food Chem., 53:2433-2440. 

28. Snedecor GW Cochran WG (1980) Statistical Methods 7th ed., The Iowa State Univ., Press. Ames, IA.  

29. Abdallah MMS, El-Bassiouny HMS, Bakry AB, Sadak MSh (2015a) Effect of Arbuscular Mycorrhiza and 
Glutamic Acid on Growth, Yield, Some Chemical Composition and Nutritional Quality of Wheat Plant 
Grown in Newly Reclaimed Sandy Soil. RJPBCS 6(3) 1038- 1054. 



             Abdallah M. M. S. and El-Bassiouny H.M.S./International Journal of PharmTech Research, 2016, 9(7), pp 12-23. 22 

 

30. El–Bassiouny HMS, Mostafa HA, El–Khawas SA, Hassanein RA, Khalil SI and Abd El–Monem AA 

(2008).  Physiological responses of wheat plant to foliar treatments with arginine or putrescine. Austr. J. 

of Basic and Applied Sci., 2(4): 1390-1403.  

31. El-Sherbeny MR, Teixeira Da Silva JA (2013) Foliar treatment with proline and tyrosine affect the 

growth and yield of beetroot and some pigments in beetroot leaves Journal of Horticultural Research 

21(2): 95-99. 

32. Yan Z, Guo S, Shu S, Sun J, Tezuka T (2011) Effects of proline on photosynthesis, root reactive 

oxygen species (ROS) metabolism in two melon cultivars (Cucumis melo L.) under NaCl stress. African 

Journal of Biotechnology 10, 18381–18390.  

33. Talaat IM, Abd El-Wahed MS, El-Awadi ME, El-Dabaa MAT, Bekheta MA (2015) Physiological 

Response of Two wheat Cultivars to  α-tochopherol; International Journal of ChemTech Research; 8 

(10) 18-31. 

34. Shehata SM, Abdel-Azem HS, Abou El-Yazied A, El-Gizawy AM (2011). Effect of Foliar Spraying 

with Amino Acids and Seaweed Extract on Growth Chemical Constitutes, Yield and its Quality of 

Celeriac Plant. European Journal of Scientific Research.58 (2): 257-265. 

35. Abo Basha D MR, El-Aila HI (2015) Response of Foliar Spraying with Amino Acids and Integrated 

use of Nitrogen Fertilizer on Radish (Raphanus sativus L.) Plant.; International Journal of ChemTech 

Research; 8 (11) 135-140. 

36. Abdallah MMS, Abdelgawad ZA, El-Bassiouny HMS (2016) Alleviation of the adverse effects of 

salinity stress using trehalose in two rice varieties. South African Journal of Botany, 103, 275–282.   

37. Amin AA, Gharib FAE, Awadi M, Rashad EM (2011) Physiological response of onion plants to foliar 

application of putrescine and glutamine. Sci Hortic. 129: 353-360. 

38. Neuberg M, Pavlikova D, Pavlik M, Balik J (2010) The effect of different nitrogen nutrition on praline 

and asparagine content in plant. Plant Soil Environ. 56(7): 305–311. 

39. Ali ZM, Ibrahim NA, Mengersen K, Shitan M, Juahir H (2013). New Relative Importance of Water 

Quality Variables in Langat River. International Journal of Chemical & Environmental Engineering, 4. 

40. El-Bassiouny, HMS, Abdallah MMS, Rady MM,  Gaballah MS, El-Sebai TN (2015) Role of Blue-

Green Algae, Glutathione and Salicylic Acid on The Oxidative Defense  Systems of Wheat Plant 

Grown in saline soil; International Journal of PharmTech Research; 8 (10) 18-31. 

41. Reddy KN, Rimando AM, Duke SO (2004) Aminomethylphosphonic acid, a metabolite of glyphosate, 

causes injury in glyphosate-treated, glyphosate-resistant soybean. Journal of Agricultural and Food 

Chemistry 52, 5139–5143. 

42. Sadak M Sh.  and Orabi S A. (2015) Improving thermo tolerance of wheat plant by foliar application of 

citric acid or oxalic acid Int. J  Chem Tech Res. 8 (1), 111-123. 

43. Burguieres E, Mc Cxue P, Kwon Y, Shelty K (2006) Effect of vitamin C and folic acid on seed vigour 

response and phenolic-antioxidant activity. Biores. Technol. 95: 1393-1404. 

44. Abdallah MMS, El-Bassiouny H M S,  Elewa TAE and El-Sebai TN (2015b). Effect of salicylic acid 

and benzoic acid on growth, yield and some biochemical aspects of quinoa plant grown in sandy soil; 

International Journal of Chem Tech Research; 8, 12, 216-225. 

45. Hussien HA, Salem H, Mekki BE (2015) Ascorbate- glutathione α tocopherol triad enhances 

antioxidant systems in cotton plants grown under drought stress; International Journal of ChemTech 

Research; 8 (4), 1463- 1472. 

46. Hassanein RA, El – Khawas S A, Khalil SI,  El–Bassiouny HMS, Mostafa HAM Abd  El–Monem, A. 

A.( 2013). Improving the thermo tolerance of wheat plant by foliar application of arginine or putrescine 

Pak. J. Bot., 45(1): 111-118. 

47. Foyer CH, Harbinson JC (1994) Oxygen metabolism and the regulation of photosynthetic electron 

transport. In: Foyer CH, Mullineaux PM eds. Causes of photooxidative stress and amelioration of 

defense systems in plants., Boca Raton, FL, USA: CRC Press;:1-42. 

48. Hare PD, Cress WA, Van Staden J (2003) A regulatory role for proline metabolism in stimulating 

Arabidopsis thaliana seed germination. Plant Growth Regul., 39, 41-50.     

49. Shabala S. (2006). Non-invasive microelectrode ion flux measurements in plant stress physiology. In: 

Volkov A ed. Plant Electrophysiology – Theory and Methods. Berlin: Springer-Verlag, 35–71. 

50. Öztürk L, and Demir Y (2002) In vivo and in vitro protective role of proline. Plant Growth Regul. 38: 

259-264. 

51. Hoque MA, Banu MN, Okuma E, Amako K, Nakamura Y, Shimoishi Y, (2007) Exogenous proline and 

glycinebetaine increase NaCl-induced ascorbate-glutathione cycle enzyme activities, and proline 

http://www.sciencedirect.com/science/journal/02546299/103/supp/C


             Abdallah M. M. S. and El-Bassiouny H.M.S./International Journal of PharmTech Research, 2016, 9(7), pp 12-23. 23 

 

improves salt tolerance more than glycinebetaine in tobacco Bright Yellow-2 suspension-cultured cells. 

J Plant Physiol.; 164:1457–68.  

52. Abdel-Mawgoud AMR, El-Bassiouny AM, Ghoname A, Abou-Hussein SD (2011) Foliar Application 

of Amino Acids and Micronutrients Enhance Performance of Green Bean Crop under Newly Reclaimed 

Land Conditions. Australian Journal of Basic and Applied Sciences, 5(6): 51-55 

53. Ali EF, Hassan FAS (2013) Impact of foliar application of commercial amino acids nutrition on the 

growth and flowering of Tagetes erecta L. plant. J. Appl. Sci. Res. 9: 652-657. 

54. Raza SH, Athar HR, Ashraf M, Hameed A (2007) Glycinebetaine-induced modulation of antioxidant 

enzymes activities and ion accumulation in two wheat cultivars differing in salt tolerance. Environ. 

Exp. Bot., 60:368-376. 

55. Hussain M, Farooq M, Jabran K, Rehman H, Akram M (2008) Exogenous glycine betaine application 

improves yield under water-limited conditions in hybrid sunflower. Arch. Agron. Soil Sci., 54: 557-

567. 

56. Dromantienė R, Pranckietienė I, Šidlauskas G, Pranckietis V (2013) Changes in technological 

properties of common wheat (Triticum aestivum L.) grain as influenced by amino acid fertilizers. 

Zemdirbyste-Agriculture 100: 57-62.  

57. Mohamed MF, Abdallah Maha, MSh, Khalifa R.KhM, Ahmed AG., Hozayn M (2015) Effect of 

Arginine and GA3 on growth, yield, mineral nutrient content and chemical constituents of Faba bean 

plants grown in sandy soil conditions;   International Journal of ChemTech Research; 8 (12), 187-195. 

58. Sadak M Sh (2016) Mitigation of drought stress on Fenugreek plant by foliar application of trehalose.;  

International Journal of ChemTech Research; 9, 2, 147-155. 

59. Zilic S, Sukalovic V H,  Dodig D,  Maksimovi V,  Maksimovic M, Basic Z (2011) Antioxidant activity 

of small grain cereals caused by phenolics and lipid soluble antioxidants. J. of Cereal Sci. 54, 417- 424. 

60. Sadak M Sh (2016) Mitigation of salinity adverse effects of on wheat by grain priming with melatonin; 

International Journal of ChemTech Research; 9 (2), 85-97. 

                                                                                                                                                   

***** 


