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Abstract 

The present study was an attempt to delve into the responses of two quinoa cultivars treated with humic 
and amino acids to drought stress. The experiment was conducted based on a split plot arrangement in a 
randomized complete block design with three replicates during 2019-2020. Experimental factors included 
drought stress at three levels (50, 80, and 110 mm evaporation from evaporation pan Class A), cultivar at two 
levels (Titicaca and Q29), and organic acids at four levels (control, humic acid, amino acid, and a combination 
of humic and amino acids). Findings suggested that extreme drought stress resulted in the decreasing of 
20.33% plant height, and 30.19% of leaf area index while increasing 78.69% malondialdehyde content as well 
as 8.12% catalase and 31.26% peroxidase enzymes activities. Titicaca cultivar had higher plant height, leaf 
area index, and catalase contents (93.32%, 9.98%, and 13.38%, respectively) as compared with Q29. Applying 
organic compounds improved growth and biochemical properties of quinoa plants with the maximum 
positive effect in plants treated with a combination of humic and amino acids. These compounds also 
decreased the negative effects of drought stress. Application of humic and amino acids seems to improve 
vegetative parameters of quinoa plants under both normal and drought stress conditions through increasing 
antioxidant enzyme activities and regulation of abscisic acid hormone. 

Keywords: drought stress, humic acid, organic acid, peroxidase, quinoa 

Kohan, K., P. Kasraie, H. R. Larijani, F. Ghoshchi, and M. Oveisi. 2023. 'Response of quinoa (Chenopodium 

quinoa) cultivars to organic acid under drought stress'. Iranian Journal of Plant Physiology 13 (4),4753- 4763. 

________________________________________________________________________________

Introduction 

Quinoa (Chenopodium quinoa Willd) is an annual 
plant belonging to Amaranthaceae family and   
with applications as food and also in alcohol 
production industry.  Grain and shoots are also 
used for animal feed (Peiretti and Gai, 2019). 
Irrigation water deficit is currently a worldwide 
challenge which is expected to become even 
worse following the global climate changes (Aziz et 
al., 2018). Physiological flexibility, phenotypic and 

genetic variation, as well as development of 
unique drought resistance mechanisms in quinoa 
have led to its high adaptability to diverse climatic 
conditions particularly those of dry regions, and 
this has attracted a global attention to this crop 
(Aziz et al., 2018). High adaptability to diverse 
climatic conditions means that quinoa has the 
potential of usage as an appropriate replacement 
for the grain crops that are low in the quality and 
quantity of yields, or cannot grow in dry and 
semidry regions (Ahmadi et al., 2019). Studies on 
the effects of drought stress on quinoa have 
shown that drought treatment reduces the growth 
and yields in quinoa whereas physiological 
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responses of the plant including increased growth 
in roots mitigate the negative effects of the 
drought (Gámez et al., 2019). Yang et al. (2019) 
reported that in dry conditions, plant height, shoot 
dry weight, leaf photosynthesis speed, stomatal 
conductance, and chlorophyll and nitrogen levels 
of leaves reduced. Generally, quinoa shows a high 
flexibility and tolerance to various abiotic 
conditions through physiological, biochemical, 
and morphological responses (Stoleru et al., 
2019).  

Plants use a sophisticated defense mechanism to 
prevent the adverse effects of oxidative stress. 
This mechanism involves making use of 
antioxidant enzymes, namely superoxide 
dismutase, catalase, peroxidase, ascorbate 
peroxidase, and glutathione reductase as well as 
non-enzyme antioxidants including molecules 
with low molecular mass such as ascorbic acid, 
glutathione, carotenoids, and tocopherol (Jain et 
al., 2015).  

As an organic fertilizer, humic acid improves soil 
structure, increases rooting, enhances the soil 
capacity to hold more water, helps rapid growth of 
the useful bacteria in soils and solubility and 
releasing nutrients, and as a result, reduces the 
need to apply chemical fertilizers (Vanitha and 
Mohandass, 2014). Humic acid is a growth catalyst 
for plants through modifications in plant roots, 
e.g., increasing the root length and density, which 
increase absorption surface (Canellas and 
Olivares, 2014). According to Tadayyon et al. 
(2017) humic acid most probably improves the 
growth through increasing cationic exchange 
capacity in the plants, improving the soil potential 
to maintain water, and also activating 

perspiration, photosynthesis, and adenosine 
triphosphate cycle.  

Amino acids, as the building blocks of life, are 
involved in making proteins and peptides, which 
are in charge of all plant procedures including 
structural, enzymatic, metabolic, and 
transportation performance (khan et al., 2016).  
They also increase chlorophyll content and 
improve plant's tolerance against abiotic stresses 
(Shehata et al., 2011). Biologic products including 
amino acids are reported to induce metabolism 
and metabolic procedures to improve plant 
performance (Nusrat et al., 2014). Also, amino 
acid treatment was found to significantly improve 
plant growth through increasing accumulation of 
osmolytes and increasing antioxidant potential in 
plants (Malekzadeh et al., 2015).  

In view of the fact that Iran belongs to the dry and 
semidry regions of the world, it seems that 
efficient use of water resources and improved 
mechanisms of resistance against drought stress 
in crops can help with the general movement 
along the lines of sustainable development in 
crops. Considering the effects of humic acid and 
amino acids on improving resistance of various 
other plants to drought stress, the present study 
was an attempt to delve into the responses of two 
quinoa cultivars treated with humic and amino 
acids to drought stress. 

Materials and Methods 

The experiment was carried out based on a split 
plot design in a randomized complete block design 
with three replications in a farm located in 
Dastjerd, Qom, Iran, during 2019-2020. 
Physical/chemical analysis of the farm soil is 
presented in Table 1. Experimental factors were 

Table 1 
Results of physical/chemical analysis of the farm soil before the start of the experiment 
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three levels of drought stress including 50, 80, and 
110 mm evaporation from evaporation pan Class 
A, corresponding to favorable, mild, and severe 
stresses, respectively, two levels of cultivar 
(Titicaca and Q29), and four levels of humic and 
amino acids including control, humic acid, amino 
acid, and a combination of humic and amino acids. 
Each repetition involved 24 plots, each plot 
consisting of 5 rows of 4 m in length and a distance 
between plants of 7-9 cm.  The planting was done 
at the depth of 1-2 cm in late March. Irrigation in 
all treatments was conducted normally until 
three-leaf stage after which drought levels were 
applied. Irrigation was done immediately after 
sowing so that first a turn of heavy irrigation was 
applied followed by a light turn of irrigation after 
4 days. Irrigation time was determined based on 
daily evaporation from evaporation pan Class A. 
To determine the volume of water required for 
each irrigation turn, the plot soils were sampled 
out from the depth of root development before 
irrigation. The samples were oven dried at 80 ℃ 
for 24 h. Then, the percentage of soil moisture was 
calculated and the required volume of irrigation 
water was determined using the following 
equations: 

H = ρb (ƟF.C - Ɵm) D 

V = H × A 

where H is the weight of water level in plots, ρb is 
the apparent specific mass of soil, ƟF.C is the field 
capacity moisture, Ɵm is the mass moisture of the 
plot soil during irrigation, D is the depth of root 
development, V is the volume of irrigation water, 
and A is the plot area. The volume of the 
consumed water was controlled using a water 
counter meter installed at the main water output. 
Spraying amino acid and application of humic acid 
through irrigation water (2 g.L-1) were carried out 
at two stages of plantlet establishment and the 
beginning of generative growth. Control 
treatments received distilled water. Megafol 
Valgro fertilizer 2 g.L-1 was used for spraying amino 
acid, which contains 16 amino acids. The 
composition of this fertilizer included 4.5% total 
nitrogen, 4.5% organic nitrogen, 28% amino acid, 
2.9% potassium oxide, 15% organic carbon, 0.05% 
iron, and 0.04% phosphoric acid. It also had a 
volumetric weight of 1.22 grams per cubic 

centimeter, acidity of 6.5, and electrical 
conductivity of 0.3 µs.cm-1.  

The first harvest was done at full maturation stage 
in July. Ten plants were randomly sampled out 
from each plot at maturation stage. The two 
lateral rows and 0.5 meter from the beginning and 
end of each plot were disregarded as the margins.  

Activities of catalase and peroxidase were 
determined using the methods of Cakmak and 
Horst (1991) and Nickel and Cunningham (1969), 
respectively. In addition, malondialdehyde 
content was assayed using a spectrophotometer 
through readings at 532 and 600 nm (De-Vos et al., 
1991). Furthermore, extraction, purification, and 
measurement of abscisic acid were done using the 
method of Kelen et al. (2004) with some 
modifications. The extraction solution was 
submitted to HPLC analysis with C18 analytical 
column and a flow rate of 0.8 ml. s-1, using 0.1 
normal acetic acid and methanol 8% solvent and 
employing a gradient elution of 50:50 (v/v) to 
measure abscisic acid concentration using its 
various standard concentrations. Proline content 
was assayed following the method reported in 
Bates et al. (1973) and the absorptions were read 
at 520 nm using the spectrophotometer. The 
obtained data were submitted to SAS for analysis 
and comparison of means were performed using 
Duncan’s Multivariate Test (p≤0.05). 

Results 

Plant height  

Analysis of variance showed that the interaction 
effects of drought stress × cultivar (p≤0.01), 
drought stress × organic compounds (p≤0.05), and 
cultivar × organic compounds were significant at 
the probability level of P≤0.01. Treatment with 
organic compounds led to an increase in plant 
height under both normal and drought stress 
conditions. On the other hand, under mild drought 
treatment, maximum increases in plant heights, 
16.56% and 20.44%, were recorded in humic acid 
and humic acid + amino acid treatments, 
respectively. Under severe drought stress 
condition, the highest increases in heights by 
19.17% and 22.41% were recorded in plants 
treated with amino acid and amino acid + humic 
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acid, respectively (Table 2). Treatment with humic 
and amino acid increased quinoa plant heights in 
both cultivars, and the maximum increase in plant 
height was observed in the combined treatment of 
humic acid + amino acid, which was not 
significantly different from the humic acid or 
amino acid treatments individually (Table 3). 

 

Leaf area index 

Results of ANOVA showed that the effects drought 
stress, cultivar, and organic compounds as well as 
the interaction effects of drought stress + cultivar 
on leaf area index were significant at p≤0.01. Also, 
the interaction effects of drought stress and 
organic compounds on leaf area index were 
significant at p≤0.05. In addition, comparison of 
mean leaf area index of drought-stressed cultivars 
showed no significant difference between the two 
cultivars under study in normal irrigation and 
severe drought condition, although drought 
reduced this index in both cultivars. In mild 
drought stress, the leaf area index in Q29 was 
17.86% more than in Titicaca cultivar (Table 4). 
Findings showed that organic compounds 

increased leaf area index in quinoa cultivars under 
normal irrigation and drought condition, although 
under various drought conditions no significant 
difference was observed in application of humic 
and amino acids as compared with control (Table 
2).  

Abscisic acid content 

Results of ANOVA showed that effects of drought 
stress, cultivar, organic compounds, and the 
interaction of drought stress + cultivar and 
drought stress + organic compounds on abscisic 
acid contents of the quinoa plants under study 
were significant at p≤0.01. Also, the interaction 
effect of cultivar + organic compounds on abscisic 
acid contents of the plants under study was 
significant at p≤0.05. Maximum level of abscisic 
acid under combined treatment of drought stress 
+ cultivar (1.5 µM. g-1 FW) was obtained in severe 
drought applied to Titicaca cultivar. This means 
that increase in the level of drought resulted in 
increased concentration of abscisic acid in fresh 
plant material. Moreover, no differences were 
observed in abscisic acid contents of the plants 
under normal irrigation and mild drought 
condition (Table 4). Also, the interaction effects of 

Table 2 
Comparison of mean effects of humic and amino acids on vegetative and biochemical attributes of quinoa plants under drought 
stress 
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50 Amino Acid 18.05fgh 41.57e 14.96cd 0.76e 5.38ab 73.18ab 

50 Humic + Amino Acid 19.33efg 47.04de 16.28bcd 0.65e 5.83a 77.69a 

80 Control 16.97fgh 41.55e 15.6bcd 1.14c 4.14de 60.86cd 

80 Humic Acid 21.9def 44.58de 19.49ab 0.88de 4.69bcd 70.94ab 

80 Amino Acid 23.61cde 46.82de 19.2abc 1.05cd 4.39cde 65.87bcd 

80 Humic + Amino Acid 24.93de 49.4cde 21.91a 0.86de 5.1abc 73.3ab 

110 Control 28.57cd 51.54bcd 17.69bc 1.66a 3.28f 50.82e 

110 Humic Acid 36.34ab 61.76a 19.6ab 1.44ab 3.85ef 58.23de 

110 Amino Acid 32.39bc 55.67abc 22.66a 1.51a 3.79ef 60.26cd 

110 Humic + Amino Acid 37.8a 59.33ab 22.39a 1.24bc 3.87ef 62.21cd 

Similar letters show no significant difference (p≤0.05) based on Duncan’s test. 
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drought stress and organic compounds on abscisic 
acid contents of fresh plant material were 
significant at p≤0.05. Under drought condition, 
organic compounds reduced the content of 
abscisic acid while in normal irrigation no 
differences were observed between the control 
and organic compound-treated plants. 
Treatments with humic acid alone or in 
combination with amino acid reduced abscisic acid 
contents of quinoa plants as compared with the 
control plants under mild and severe drought 
conditions (Table 2). Finally, mean abscisic acid 
contents of quinoa cultivars decreased in 
treatments with organic compounds. Combined 
treatment of humic acid + amino acid reduced 
abscisic acid contents of Titicaca and Q29 cultivars 
by 8.53% and 22.32%, respectively (Table 3).  

Catalase activity 

Based on the ANOVA table, the effects of drought, 
cultivar, organic compounds, and interaction 
effects of cultivar + organic compounds on 
catalase activity of the quinoa plants under study 
were significant at p≤0.01, and the combined 
effects of drought + organic compounds and also 
the triple effects of drought stress + cultivar + 
organic compounds on the catalase contents of 
the plants under study were significant at p≤0.05. 
Also, application of organic compounds increased 
catalase enzyme activities of the quinoa plants 

under drought stress. On the other hand, under 
normal irrigation condition, organic compound 
treatment did not result in a significant difference 
from control group while in mild drought 
condition, the combined treatment with humic 
and amino acids resulted in a decrease in catalase 
enzyme activity by 28.8% compared with the 
control. In severe drought condition, treatments 
with amino acid alone and in combination with 
humic acid increased catalase activities by 28.1% 
and 28.57%, respectively as compared with the 
control (Table 2). Furthermore, comparison of 
mean catalase activities as affected by cultivar 
showed that the maximum catalase activity in 
Titicaca cultivar was related to combined 
treatment with humic and amino acids. Q29 
cultivar also experienced an increase in catalase 
activity under combined treatment of humic acid 
+ amino (Table 3). Finally, the effects of organic 
compounds on the catalase activity of quinoa 
cultivars under drought stress showed an increase 
in the level of catalase activities under drought 
stress generally, and the highest level of activities 
of this enzyme was recorded in Q29 cultivar under 
severe drought stress condition (Table 5). 

Peroxidase activity 

Analysis of the data submitted to ANOVA showed 
that the effects of drought, organic compounds, 
and interaction effects of drought + organic 

Table 3 
Comparison of mean effects of humic and amino acids on vegetative and biochemical attributes of quinoa cultivars 
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Titicaca Humic + Amino Acid 29.65a 22.13c 19.37abc 0.96cd 72.1a 

Q29 Control 18.58c 28.34a 16.52cd 1.12abc 57.71d 

Q29 Humic Acid 24.29b 25.38abc 18.53abc 0.95cd 67.58abc 

Q29 Amino Acid 24.46b 23.78bc 21.19a 1.03bcd 64.58bc 

Q29 Humic + Amino Acid 25.05b 24.6abc 21.02ab 0.87d 70.03ab 

Similar letters show no significant difference (p≤0.05) based on Duncan’s test. 
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compounds, and drought + cultivar on peroxidase 
enzyme activities of the quinoa plants under study 
were significant at p≤0.1. Also, the triple effects of 
drought + cultivar + organic compounds on 
peroxidase enzyme activities were significant at 
p≤0.05. Furthermore, severe drought stress 
increased the activities of peroxidase in the both 
quinoa cultivars under study with no significant 
difference between them (Table 4). Also, organic 
compound treatments increased peroxidase 
activities in the plants under severe drought 
stress. Although application of organic compounds 
in normal irrigation condition did not result in a 
significant difference from control, treatment with 
humic acid in the plants under severe drought 
resulted in an increase by 19.86% in the activities 
of peroxide enzyme of the plants in comparison 
with the control (Table 2).  Generally, the 
maximum activities of peroxidase in Titicaca 
cultivar (60.7 and 63.21 µM. min-1 mg protein-1) 
were related to the humic acid treatment and its 
combination with amino acid, respectively under 
mild drought. On the other hand, the highest 
activities of peroxidase in Q29 cultivar, 62.82 µM 
min-1 mg protein-1, belonged to the humic acid 
under severe drought condition (Table 5). 

Malondialdehyde content 

ANOVA showed that the effects of drought, 
organic compounds, and interaction effects of 
drought + cultivar on malondialdehyde content of 
the quinoa plants under study were significant at 
p≤0.1. Also, the combined effects of cultivar + 

organic compound treatments and the triple 
effects of drought + cultivar + organic compounds 
on malondialdehyde contents of the plants under 
study were significant at p≤0.05. Moreover, 
maximum contents of malondialdehyde, 31.81 
and 34.08 µM. gFW-1, were observed in Titicaca 
and Q29 cultivars under severe drought stress, 
and as the level of drought stress increased, so did 
the malondialdehyde content, although no 
significant differences were found among the 
cultivars under all levels of drought (Table 4). 
Findings also revealed that in Titicaca cultivar, the 
combined treatment of humic and amino acid 
reduced malondialdehyde content by 19.26% in 
comparison with the control while the other 
treatments were not statistically different from 
the control. Although, treatment of Q29 cultivar 
with organic compounds reduced the 
malondialdehyde content, no significant 
differences were observed in the effect of these 
compounds treated alone or together (Table 3). 
Generally, the maximum level of 
malondialdehyde, 38.09 µM. gFW-1, was recorded 
in the Q29 cultivar under severe drought stress not 
receiving organic compounds treatment (Table 5).  

Proline content 

Based on the ANOVA table, the effects of drought, 
cultivar, organic compounds, and interaction 
effects of drought + cultivar and drought + organic 
compounds on proline contents of the quinoa 
plants under study were significant at p≤0.01, and 
the combined effect of cultivar + organic 

Table 4 
Comparison of mean effects of humic and amino acids on vegetative and biochemical attributes of quinoa plant 
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compounds and also the triple effects of drought 
stress + cultivar + organic compounds on the 
proline contents of the plants were significant at 
p≤0.05. Comparison of mean proline contents 
under effects of drought and cultivar showed that 
the highest level of proline (36.81 µM. g FW-1) 
belonged to Titicaca cultivar subjected to severe 
drought stress. With an increase in the level of 
drought applied, proline contents of the quinoa 
plants also increased. On the other hand, in 
normal irrigation and mild drought condition, no 
significant differences were observed between 
the cultivars (Table 4). Also, comparison of mean 
proline contents in the plants under drought and 
organic compound treatments suggested that 
applying organic compounds increased proline 
contents in both normal irrigation and drought 

condition. Besides, no differences were found 
between various treatments of organic 
compounds under normal irrigation condition and 
mild drought stress while under severe drought, 
humic acid, alone and in combination with amino 
acid, increased proline contents by 27.15% and 
32.31%, respectively as compared with the control 
(Table 2). Moreover, comparison of mean proline 
contents as affected by cultivar and organic 
compounds showed that applying organic 
compounds increased the level of proline in the 
cultivars under investigation. In Titicaca the 
maximum proline content was obtained in the 
combined treatment of humic and amino acids 
(42.27%). On the other hand, no significant 
differences were observed in the effects of various 
organic compound treatments on the proline 

Table 5 
Comparison of mean effects of humic and amino acids on vegetative and biochemical attributes of quinoa cultivars under 
drought stress 
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50 Titicaca Humic + Amino Acid 18.44ij 15.62m 45.18efghi 15.7ghi 

50 Q29 Control 18.35ij 27.29def 42.91ghi 14.74hij 

50 Q29 Humic Acid 23.52gh 24.88fg 46.38efgh 19.17de 

50 Q29 Amino Acid 22.23gh 23.93gh 45.23efghi 17.87defg 
50 Q29 Humic + Amino Acid 27.38ef 22.42ghij 48.52defg 20.11cd 

80 Titicaca Control 31.59d 35.51ab 54.61bc 16.56efgh 

80 Titicaca Humic Acid 37.49b 30.21cd 60.7a 19.32de 

80 Titicaca Amino Acid 35.01bc 33.19bc 58.73ab 18.78def 
80 Titicaca Humic + Amino Acid 43.14a 28.34de 63.21a 22.31bc 
80 Q29 Control 14.59kl 21.38hij 43.24fghi 14.3hij 

80 Q29 Humic Acid 17.41ijk 19.97ijkl 45.4efghi 15.93fghi 

80 Q29 Amino Acid 18.62ij 18.02klm 41.73hi 16.53efgh 
110 Q29 Humic + Amino Acid 20.22hi 17.37lm 48.9def 16.86efgh 
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110 Titicaca Amino Acid 24.99fg 22.88ghi 48.42defg 20.52cd 
110 Titicaca Humic + Amino Acid 22.48gh 23.76gh 50.28cde 23.72b 
110 Q29 Control 25.55fg 38.09a 48.46defg 18.81def 

110 Q29 Humic Acid 35.19bc 35.16ab 62.82a 19.87cd 

110 Q29 Amino Acid 29.78de 30.43cd 52.6cd 26.53a 

110 Q29 Humic + Amino Acid 32.47cd 32.66bc 55.45bc 22.47bc 

Similar letters show no significant difference (p≤0.05) based on Duncan’s test 
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contents of the plants under study (Table 4). 
Comparison of mean proline contents of quinoa 
cultivars under drought stress treated with organic 
compounds revealed that the maximum proline 
concentration (43.14 µM. g FW-1) was obtained in 
Titicaca cultivar under mild drought stress and 
with combined treatment of humic and amino acid 
(Table 5). 

Discussion 

Findings of the present study showed that under 
drought stress, the plant height reduced. It seems 
that under drought condition, reduced 
photosynthesis due to the limited access of the 
plants to water and CO2 results in the allocation of 
less photosynthetic substances to the growing 
organs of the plants and therefore, their growth 
potential significantly reduces in comparison with 
the condition when they have a better access to 
water. In other words, reduced cellular growth 
and turgescence, and therefore reduced leaf area, 
closed stomata, and limited photosynthesis in 
water deficit conditions are among the mean 
factors involved in reducing the plant height and 
other morphological attributes of the plants (Rady 
et al., 2016). With application of humic and amino 
acid, the plant heights improved. Amino acids are 
able to improve the main biochemical and 
metabolic processes in plants and thereby, 
increase plant heights (Tadayyon et al., 2017). 
Humic acid through increasing cationic exchange 
capacity, improving the soil’s potential to maintain 
water, and also playing a role in the cell membrane 
permeability as the protein transporter, activator 
of respiration, Krebs cycle, photosynthesis, and 
production of amino acids and adenosine 
triphosphate can improve plant growth (Sidari et 
al., 2008). Water deficit seems to reduce cell 
turgescence and affect cellular growth and 
division, and as a result reduce plant leaf area 
(Rayma et al., 2016). Application of organic 
compounds led to increased leaf area, increased 
amount of nutrients available to plants, 
particularly nitrogen, stimulating plant growth and 
increasing lateral branches. Also, spraying amino 
acids through improved nitrogen intake and 
photosynthesis, increases plant leaf area (Youssef, 
2014). Based on the findings, abscisic acid 
contents of quinoa cultivars increased under 
drought stress. This increase confirms the critical 

role of this hormone in plants’ mechanism of 
resistance against drought (Thameur et al., 2011). 
Abscisic acid is an important signaling compound 
that stimulates plant adaptation mechanism to 
drought stress conditions (Wilkinson and Davies, 
2010). 

Drought stress led to increased catalase and 
peroxidase enzymatic activities. It was also 
observed that application of humic and amino acid 
increased activities of these enzymes. Drought 
through inducing oxidative stress in plants results 
in increased ROS. This in turn, increases catalase 
and peroxidase enzyme activities (Hayat and 
Ahmad, 2010). The positive effects of amino acid 
applied in this study on growth parameters of 
quinoa cultivars can be attributed to increasing 
the plants’ antioxidant capacity or inducing other 
antioxidants in the plants treated with this amino 
acid. Also, it might be argued that with an increase 
in the level of humic acid applied, the plant’s 
antioxidant system is more activated, and through 
increasing catalase enzyme activity, as the main 
defense layer against ROS, it forces the plant to 
resist against the damages due to drought stress 
(Halek et al., 2013). Humic acid treatment 
improved activation of the plants’ antioxidant 
system and by increasing catalase and peroxidase 
enzyme activities as the first defense layer against 
ROS attacks, it protects the plant against the 
adverse effects of drought stress (Halek et al., 
2013).  

Malondialdehyde content of the plants under 
study increased in drought stress conditions. Lipid 
peroxidation, which damages biologic 
membranes, is a sign of oxidative stresses in plants 
under various stresses such as drought stress. 
Malondialdehyde content is an index of the 
intensity of oxidative damages to lipids 
(Boguszewska et al., 2010). Excessive increase in 
the level of free radicals results in a damage in cell 
membranes, with the most remarkable damage 
being peroxidation of fatty acids in membranes. 
The change in cell membrane fatty acids leads to 
formation of small compounds such as 
malondialdehyde as the end-product of lipid 
peroxidation, and the increase in the level of 
malondialdehyde is a sign of cell membrane 
damage (Jin et al., 2006). Drought stress results in 
peroxidation of chloroplast thylakoid glycolipids, 
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which is followed by production of diacyihlycerol, 
triacyihlycerol, and also free fatty acids, eventually 
increasing the level of malondialdehyde in plant 
tissues (Boguszewska et al., 2010).  

Osmotic adjustment is considered as one of the 
mechanisms of plants’ adaptation to drought 
stress which maintains cell turgescence and the 
relevant processes in water deficit conditions 
through accumulation of soluble substances. 
Amino acids as osmotic regulators play a main role 
in plant metabolism and take part in their 
response to abiotic stresses. The effects of 
drought stress depend on the plant species and 
tissue (Liang et al., 2013). Accumulation of proline 
in drought-stressed plants is the result of synthesis 
and destruction of their compound. Increased 
proline content of the plants as a result of drought 
stress protects cell membranes and cytoplasmic 
enzymes, controlling ROS and scavenging free 
radicals (Jdey et al., 2014). The reason behind 
increased levels of proline after applying humic 
acid is that humic acid probably provides for 

favorable conditions for plants to increase 
nitrogen content and improve growth. Also, 
application of humic acid can increase production 
of the compounds containing nitrogen, such as 
proteins and amino acids (Khodadadi et al., 2020). 

Conclusion 

Our findings revealed that there were no 
significant differences between the two cultivars 
under different treatments of the study. 
Application of humic and amino acids seems to 
improve vegetative parameters of quinoa plants 
under both normal and drought stress conditions 
though increasing antioxidant enzyme activities 
and regulation of abscisic acid hormone. 
Therefore, humic and amino acids improve the 
tolerance in quinoa cultivars and increase yields in 
these plants. The observed effects of amino acids 
used in this study can be attributed to increasing 
the plant’s antioxidant potential or inducing 
activities of other antioxidants in the quinoa plants 
treated with these amino acids.
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