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This research examines the actual growth, yield and certain metabolic 

activities of quinoa plants in response to foliar treatments with Proline 25 

ppm and Zn 50 ppm. Plants were grown in natural clay loamy soil conditions 

and treated with every of the aforementioned treatments. The treated plants 

showed significant responses in most of the growth and yield characteristics 

(lengths of shoots and roots, number of branches/plant, number of 

leaves/plant, plant biomass and weight of 1000-seed). Also, these treatments 

caused significant increases in the contents of photosynthetic pigments, 

soluble carbohydrates, soluble proteins, total phenols, endogenous 

phytohormone and mineral elements. This was the case  during the entire 

duration of time period of the experiment 
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Introduction 

 

 

Increasing yield for an ever growing world population has currently become a topic of great concern with 

regard to food security. Especially in Africa, agricultural productivity has not been able to cope with population 

growth, leading to increased annual imports and food insecurity Mugo et al. (2005). 

Quinoa (Chenopodium quinoa ) is one of the most important economic crops belongs to the family 

chenopodiaceae. It is able to grow under conditions normally inhospitable to other cereals. These conditions include 

low rainfall, high altitude, sub-freezing or high temperatures Ahamed et al. (1998). In comparison to other cereal, it 

has a higher protein content, better amino acid composition, minerals, and vitamin values and also has a high oil 

content meet or exceed the requirements of human  De Bruin (1964) . It is considered to be the most yield-limiting 

micronutrient in crop production in various parts of the world (Fageria and Baligar, 2005 and Duffy, 2007). 

Quinoa has enormous potential in the food industry being gluten-free and highly nutritious Doweidar and 

Kamel (2011). This is of great importance for the nutritional value of pseudo cereals, because a high content of 

dietary fibre has positive effects on the reduction of the cancer risk. In general, quinoa contained higher total mineral 

contents than the other cereals such as rye and wheat (FAO, 2011). 

In fact Improvement of crops in both quantity and quality is among the goals of the modern applied science 

and technology. In this regard, the effects of spray of amino acid as  proline.  Proline is  a multifunctional amino 

acid that besides acting as an excellent osmolyte  is also known for stabilizing sub-cellular structures such as 

proteins and cell membranes, scavenging free radicals, balancing cellular homeostasis and signaling events and 

buffering redox potential under stress conditions (Szabados and Savoure, 2009). 

Plant nutrition one of the most important factors that increase plant production. Zinc (Zn) is an essential 

nutrient required in some fertilizer programs for crop production. While some soils  are capable of supplying 

adequate amounts for crop production, addition of zinc fertilizers is needed for others Mousavi et al. (2012). 

The scope of the present analysis would be to discover the potent results of proline, zinc on growth and 

productivity of quinoa plant. 
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Material and Methods 

 
1. Methods of planting, treatments and collection of samples 

 

Uniform quinoa seeds were planted in Botanical garden; Botany and Microbiology Dept., Fac. of Sci., Al-

Azhar Univ., Nasr City, Cairo, Egypt, Seeds of quinoa were sown in plots (4 m width and 10 m length). The plot 

contained 12 rows, 70 cm apart and the hills were spaced at 20 cm distance. Lit of seeds were sown in each hill, and 

the stand was later thinned to two plant per hill. Land preparations, agricultural operations followed the normal 

practices of crops cultivation in the clay loamy soils, the 12 rows divided into 6 groups representing the following 

treatments: 

1. Tap water (control).      2. Proline (25 ppm).           3.Zinc (50 ppm).  

The plants of Chenopodium quinoa  were treated triple with the above mentioned treatments (as foliage 

spraying). The first treatment was made when the age of plants was 30 days, while the second treatment was made 

when the age of plants was 60 days and the third treatment was made when the age of plants was 90 days. The plant 

samples were collected for analysis when the plants were 40 (Stage I), 70 (Stage II) and 100 (stage III) days old. At 

the end of the growth season (170 days), analyses of the seeds yielded from the different treatments as well as the 

control were done. 

 

Table 1. Physical properties of the used soil (as percentage %) 

 

 

Texture class 

 

Sand 

 

Clay 

 

Silt 

Clay loamy 30.70 47.81 22.14 

 

Table 2. Chemical properties of the used soil 

 

 

 

 

 

 

 

 

 

 

2. Measurement of growth parameters 

 

Shoot length (cm),root length (cm), number of leaves per / plant, number of branches per / plant, fresh and 

dry weights of shoots(g/plant), fresh and dry weights of roots (g/plant),weight of 1000-seeds (g) were determined at 

different growth stages. 

 

3. Chemical analysis 

  

Photosynthetic pigments were estimated using the method of Vernon and Selly (1966). Contents of soluble 

carbohydrates were measured according to the method of Umbriet et al. (1969). Contents of soluble proteins were 

estimated according to the methods of  Lowery et al. (1951). Phenolic compounds were estimated according to the 

methods of  Daniel and George (1972).  Contents of endogenous GA, IAA, JA and ABA were estimated using 

HPLC according to the method of Knegt and Brunima (1973) and Mineral elements according to the method of 

Chapman and Pratt (1978). 

 
 

TSS 

ppm 
pH 

E.C. 

mmhos/cm 
Cations meq/L Anion meq/L 

768 7.9 2.65 
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++
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-
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-
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--
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4. Statistical methods 

 

All statistical calculations were done using computer programs. Microsoft excel version 10 and spss 

(statistica package for the social science version 20.00) statistical program. at 0.05level of  probability (Snedecor 

and Cochran, 1989)  the One-way ANOVA was presented using, mean ± standard  error.  The discernment , 

Automatic linear  models analysis  and conical discriminant  functions were estimated to show the relationship of 

the physiological parameter to each other. (Härdle and Simar, 2007). 

 

Results and Discussion 

  
1. Growth and Yield Responses 

 

It was revealed from results (figures 1-9) that significant differences were reported for all studied traits of 

seeds. One of the most of investigated growth qualities percentage were (shoot length  (I;16.50% , II ; 13.12%, III 

3.67 %) and root length (I;15.12% , II ; 3.36%, III 5.88 %), number of leaves/plant (I;9.50% , II ; 19.05%, III 

39.71%),number of branches/plant (III ; 20.21), fresh weight of shoots ( I;59.55% , II ; 95.43%, III 9.35 %), dry 

weight of shoots ( I;-8.33% , II ; 78.57%, III 22.37 %) , fresh weight of roots ( I;0% , II ; 69.57%, III 15.15 %) ,dry  

weight of root  ( I;20% , II ; 128.57%, III 27.15 %) and the weight of 1000-seeds 21.39%) of quinoa plant life have 

been markedly significant increase when compared with control plant .Responding to the application of Pro. These 

consequences had been more powerful with the levels I, II and III of development. The stimulative effects of  

Proline on plant growth were also obtained by many workers Gamal El-Din and Abd El-Wahed (2005) showed that 

a foliar application of 50 mg·L
-1

 ornithine and 100 mg·L
-1 

proline increased plant height, number of branches, fresh 

and dry weights of aerial vegetative parts and flower head of chamomile (Matricaria chamomilla L. Rausch). Also 

El-Sherbeny and Da Silva (2013) indicated that treatment beet root plants with proline at 100 and 200 mg.L
-1

 

improved plant heights, number of leaves, fresh and dry weight of leaves and roots, root/shoot ratio and root 

diameter and length. Shahid et al. (2014) working on Pisum sativum L. plants, reported that significant increase in 

plant fresh weight, plant dry weight, as well as total chlorophyll contents in response to proline treatment  at 

concentration (60 mM) compared with control plants. 

As this has been mentioned in (figures 1-9),  Zn had  markedly significant increases on all vegetative 

growth variables percentage of quinoa when compared with control plant. These results are also consistent with 

Khudsar et al. (2004) studied the effect of Zn (50,100,200,300 and 400 µg/g soil dry mass) on Artemisia annua. 

They found that, total leaf area, length and dry mass of shoots and roots were increased with the age of plant when 

being compared with the untreated plants. Zhao et al. (2005) found that, the dry weight of shoots and roots in wheat 

plants were significantly increased due to the treatment with Zn 100 µmol/l). Also, Seilsepour (2006) revealed that 

wheat grain yield, dry matter and 1000 grain weight were increased by use of zinc. 

 

 

 
 

Figure 1. Effect of proline and zinc on shoot length / plant of (Chenopodium quinoa) plants 
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Figure 2. Effect of proline and zinc on No. of branches / plant of (Chenopodium quinoa) plants 

 

 
 

Figure 3. Effect of proline and zinc on root length / plant of (Chenopodium quinoa) plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of proline and zinc on no .of leaves / plant of (Chenopodium quinoa) plants 
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Figure 5. Effect of proline and zinc on fresh weight of shoots / plant of (Chenopodium quinoa) plants 

 

 
 

Figure 6. Effect of proline and zinc on dry weight of shoots / plant of (Chenopodium quinoa) plants 

 

 
 

Figure 7. Effect of proline and zinc on fresh weight of roots / plant of (Chenopodium quinoa) plants 
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Figure 8. Effect of proline and zinc on dry weight of roots / plant of (Chenopodium quinoa) plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Effect of proline and zinc on weight of seeds / treatment of (Chenopodium quinoa) plants 

 

 

2. Photosynthetic Pigments 

 

Outcomes of the present study (figures 10:12) shown that, contents percentage of chlorophyll a (I; 

216.29%, II; 272.83%, III; 24.22%), b (I; -32.54%, II; 28.63%, III; 20.21%), and carotenoids (I; 479.31%, II; 

612.22%, III; 271.43%), of quinoa plant life were actually dramatically significantly increased in response to the use 

of Proline. 

These results are in agreement with the results obtained by El-Sherbeny and Da Silva (2013) reported that 

Beta vulgaris L. plants treated with proline at concentrations 100, 200 and 400 mg.L
-1

 contained more leaf pigments 

(chl. a and b and carotenoids) and higher carbohydrate content in shoots and roots than the control plants. Khan et 

al. (2014) found that sunflower plants treated with proline at concentrations (30 mmol and 60 mmol) contained more 

leaf pigments (chl. a and b) when compared to control plant. In this regards, (Fouda, 2013) reported that Helianthus 

tuberous L plants treated with arginine as amino acid at concentrations 50 and 100 ppm contained more leaf 
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showed different responses as regards the contents of chlorophylls of the three tested plants. In quinoa plants, 
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473.50%, III; 142.86%).These results are in harmony with those obtained by Akay (2011) found that application of 

Zn on three types of chickpeas significantly increase leaf chlorophyll concentration. These results are in agreement 

with the results obtained by Samreen et al. (2013) found that application of Zn on mung beans plant (Vigna radiata) 

significantly enhanced chlorophyll and crude protein contents. 

 

 
 

Figure 10. Effect of proline and zinc on chlorophyll  (a) contents (mg/g. fresh weight) of (Chenopodium quinoa) 

plants 

 

 
 

Figure 11. Effect of proline and zinc on chlorophyll (b) contents (mg/g. fresh weight) of (Chenopodium quinoa) 

plants 
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Figure 12. Effect of proline and zinc on carotenoids contents (mg/g. fresh weight) of (Chenopodium quinoa) plants. 

 

3. Soluble Carbohydrates 

 

Outcomes of the current work (figures 13-14) reported that, contents in total soluble carbohydrates 

percentage were significantly considerably elevated in shoots (I; 17.84%, II; 24.91%, III; 162.36%) and produced 

seed products (13.43%) of quinoa plants as a result of the treatment with Proline. It was the situation through the 

three stages of growth. These effects were more powerful in all stages of growth. The stimulatory results of Pro in 

regards to contents in total soluble carbohydrates in various plants were recorded by other researchers. El-Sherbeny 

and Da Silva (2013) reported that Beta vulgaris L. plants treated with proline at concentrations 100, 200 and 400 

mg.L
-1

 contained higher carbohydrate content in shoots and roots than the control plants. Khan et al. (2014) 

indicated that application of proline at concentrations 30 mmol as a foliar spray significantly increased the total 

sugar of the sunflower plants as compared with control.  

In our study, it had been found (figure 13-14) that carbohydrate contents percentage in shoots (I; 23.81%, 

II; 44.68%, III; 54.72%)  as with the produced seed products (37.17%) of quinoa plants were significantly 

considerably elevated as a result of the remedies with Zn. In accordance with the obtained results, Tobbal (2006) 

revealed that, contents of total soluble carbohydrates of both Celosia and Zinnia shoots were significantly increased 

in response to the treatment with Zn. Also Sofy (2009) reported that application of Zn on broad bean and Lupinus 

album plants significantly increased total soluble carbohydrates in shoots, roots as well as in the yielded seeds. 

 

 
 

Figure 13. Effect of proline and zinc on total water soluble carbohydrates contents in shoot (mg/g.dry weight) of 

(Chenopodium quinoa) plants 
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Figure 14. Effect of proline and zinc on total water soluble carbohydrates contents  in yield (mg/g.dry weight) of 

(Chenopodium quinoa) plants 

 

4. Soluble Proteins 

 

In our study, it had been found (figures 15 & 16) that protein contents percentage in shoots (I; 11.55%, II; 

54.03%, III; 121.67%)  as with the produced seed products  (36.73%) of quinoa plants were significantly 

considerably elevated as a result of the remedies with Pro. In compliance using the acquired results, Abd El-Samad 

et al. (2010) noted that the addition of proline at concentration 100 ppm resulted a considerable accumulation in the 

contents of soluble protein in both shoots and roots of maize and broad bean plants as compared with control ones. . 

Perveen et al. (2013) mentioned that treating two maize (Zea mays L.) cultivars with Pro at concentration 30 mM 

indicated significant increases in proteins comparing with control. Also, Khan et al. (2014) indicated that application 

of proline at concentrations (30 mmol and 60 mmol) as a foliar spray significantly increased the proteins contents in 

sunflower plants as compared with control.  

In our study, it had been found (figures 15 & 16) that protein contents percentage in shoots (I; 27.90%, II; 

59.80%, III; 114.47%) as with the produced seed products (41.47%)  of quinoa plants were significantly 

considerably elevated as a result of the remedies with Zn. In compliance using the acquired results. In this regard, 

Sofy (2009) studied the effect of Zn on broad bean and lupinus album  plants and found that, the content of soluble 

protein were increased.  Samreen et al. (2013) found that application of Zn on mung beans plant (Vigna radiata) 

significantly enhanced crude protein contents. Also, Tajlil et al. (2014) investigate the effect of different levels of 

zinc on biochemical activity of chickpea seeds (Cicer ariegtinum) and found that the effect of zinc on the seed 

protein levels was significantly increased. 
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Figure 15. Effect of proline and zinc on total water soluble proteins contents in shoot (mg/g.dry weight) of 

(Chenopodium quinoa) plants 

 

 
 

Figure 16. Effect of proline and zinc on total water soluble proteins contents in yield (mg/g.dry weight) of 

(Chenopodium quinoa) plants 
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In our study, it had been found (figures 17 & 18) that phenol contents percentage in shoots (I; 85.34%, II; 

113.33%, III; 95.67%) as with the produced seed products (62.09%)  of quinoa plants were significantly 

considerably elevated as a result of the remedies with Zn. In compliance using the acquired results. In this regard, in 

the present investigation, it was found total phenols contents in shoots, roots as well as in the yielded seeds of 

quinoa plants were significantly increased in response to the treatments with Zn. In accordance with the obtained 

results, Reda et al. (2014) reported that treatment faba bean plants with Zn at concentrations 30, 60 mg/l increased 

total phenolic contents.  

 

 
 

Figure 17. Effect of proline and zinc on total water soluble phenols contents in shoot (mg/100g.dry weight) of 

(Chenopodium quinoa) plants 

 

 
 

Figure 18. Effect of proline and zinc on total water soluble phenols contents in yield (mg/100g.dry weight) of 

(Chenopodium quinoa) plants 
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6.  Endogenous phytohormones 

 

In our study, it had been found (figure 19) reported that, endogenous phytohormones content in shoots 

(GA3; 14.52%, IAA; -11.22%, CK; 42.22%, ABA-55.56%, JA -14.29%) of quinoa plants were markedly 

considerably elevated as a result of the remedies with Pro application, treatment with proline resulted in increases in 

the contents of GA3 and CK, while contents of IAA, ABA and JA were decreased. Also, Ahmed et al. (2014) 

reported that treating Ammi visnaga L plants with amino acid (tyrosine and phenylalanine) resulted in, generally, 

significant increases in the contents of (IAA, GA3, CK) and low level of ABA. 

With respect to the treatment with zinc endogenous phytohormones content in shoots (GA3; 50%, IAA; 

28.57%, CK; 75.56%, ABA-48.15%, JA -85.71%) of quinoa plants were markedly considerably elevated, increased 

in activities of GA3, IAA and CK. While contents of ABA and JA were decreased.in this regards, Zaky et al. (1999) 

found that, Zn at (10 and 50 ppm) increased the activities of endogenous gibberellins of cowpea plants. Tobbal 

(2006) reported that Zn treatments greatly increased contents of IAA and GA3 in both Celosia and Zinnia plants 

while contents of ABA were decreased especially at the lower dose of Zn (200 ppm). Also, (Mady, 2009) reported 

that Zn treatments greatly increased contents of Auxins and cytokinins in faba bean plants while contents of ABA 

were decreased. 

  

 

 
 

Figure 19. Effect of proline and zinc on endogenous phytohormones (mg/100g.fresh weight) of (Chenopodium 

quinoa) plants. 

 

7. Mineral elements 
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Figure 20. Effect of proline and zinc on mineral contents (g/100g d.wt) of (Chenopodium quinoa) plants. 

 

 

8. Automatic linear modeling and discriminant analysis 

 

Finally, when we used the yielded weight as a target we observed that the accuracy of all data about 99.8%.  

The effect of target weight of 1000 seed the wide line is very effect as total phenol in shoot stage I then total phenol 

in shoot stage II, also the coefficient of target yield weight the blue color wide line is effect as total phenol in shoot 

stage I  then total phenol in shoot stage II showed in figure (21) (a:d).  

So, we make discriminant analysis that led to conclusion when use different treatments of Proline 25 ppm, 

zinc 50 ppm  in foliar application on quinoa plants ,we resulted that  the Zinc 50 ppm then proline  25 ppm as in  

figure (21) (e). 

 

 

Conclusion 

 
From the preceding results and discussion, it can be concluded that foliar application of quinoa plants with 

proline at 25 ppm  and zinc at 50 ppm, individually at elongation stage, stimulate the growth of quinoa  plants via 

the enhancement of the biosynthesis of photosynthetic pigments; improved yield by increasing seed yield/plant 

(seeds index) and also increased contents of carbohydrate, proteins and phenols, endogenous phytohormones and 

mineral of quinoa plants and thus all last treatments improved quinoa seed quality and nutritional value.  zinc at 50 

ppm then proline at 25 ppm  were greatly effective in improving and sometimes maximizing the growth and yield of 

quinoa plants. 
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Figures 21. show model summary from (a-d) and discriminant of yield target at (e) 
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