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ABSTRACT  

BACKGROUND: Fertilizer management plays an important role for obtaining satisfacto-

ry yields and to increase crop productivity. One of limitation factor in agricultural plants 

production in dry areas in the water tension at growth step negative effect of water tension 

on corn growth depends on the time of tension occurrence, the intensity, plant growth and 

genotype step.  

OBJECTIVES: This study was done to assess effect of amino acids on alfalfa crop pro-

duction under water stress condition.  

METHODS: Current research was conducted according split plot based on randomized 

complete blocks with three replications in Karaj Research Farm. The main factor included 

water stress (S1: full irrigation, S2: Cut off irrigation from the beginning of flowering until 

the end of the growing season, S3: Cut off irrigation from 50% of flowering until the end of 

the growing season) and Foliar application of amino acid (A1: without foliar spraying, A2: 

0.5 mM salicylic acid, A3: 1 mM salicylic acid, A4: 10 mM glycine, A5: 50 mM glycine) 

belonged to sub plots.  

RESULT: The difference between the mean of the traits in the treatments of using the re-

ducing agent and not using these substances were considered significant. The results 

showed the adverse effect of drought stress on all studied traits and the reduction of its de-

structive effects by stress reducing agents. In determining the yield of wet and dry forage, 

the simultaneous use of full irrigation and glycine foliar application was the best treatment.  

CONCLUSION: According to the results, the use of 10 mM glycine betaine is recom-

mended. In both stress treatments (cessation of irrigation from the beginning of flowering 

and cessation of irrigation from 50% of flowering) when stress relieving treatments were 

used, the effect of stress was significantly reduced as in most traits.  

KEYWORDS: Amino acid, Foliar application, Forage, Irrigation, Yield.  
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1. BACKGROUND   

The world population is increasing 

day by day, while the expansion and 

development of agricultural lands are 

very small due to the lack of fertile 

land. Therefore, one of the important 

goals to coordinate with the increase in 

world population is to increase the yield 

of crops (Maleki et al., 2011). Drought 

and water shortage are considered an 

objective reality. In the past, water crisis 

was not as significant as today, since 

the population was less, but with the 

population increase by about six times 

and the need for more food during the 

last 100 years, the incidence of this cri-

sis has become more evident than the 

past (Chimenti et al., 2002). Water 

scarcity and drought stress are im-

portant factors in reducing yields and 

challenging food security, especially in 

arid and semi-arid regions. Drought 

stress disrupts many morphological fea-

tures and physiological processes asso-

ciated with plant growth (Maleki and 

Fathi, 2019; Ezati et al., 2020). It is 

very necessary to study the effect of 

environmental stresses and their role in 

predicting and evaluating the growth 

and yield of agricultural products 

(Maghsoudi et al., 2020). Crops grown 

in saline soils may be dehydrated due to 

their osmotic properties, resulting in 

reduced growth rate (Yohanns and 

Abraha, 2013). Alfalfa is one of the 

most important forage plants in Iran and 

is very important in animal nutrition 

and increase of animal products. This 

plant has a high water requirement and 

its extensive and deep root system is 

one of the effective factors in combating 

drought. Water shortage is one of the 

non-living factors that negatively affect 

the growth and yield of crops (Chin-

nusamy and et al., 2004). Drought stress 

reduces leaf size, stem expansion, root 

propagation, water use efficiency and 

relative water content (Farooq et al., 

2008). One of the strategies used to 

maintain and expand agricultural pro-

duction in water-scarce areas is the use 

of stress-reducing materials. For exam-

ple, salicylic acid is one of the most 

important messenger molecules and 

causes the plant to react to environmen-

tal stresses. Salicylic acid, like a non-

enzymatic antioxidant, plays an im-

portant role in regulating physiological 

processes in plants (Misra and Saxena, 

2009). In the case of plant stresses, sali-

cylic acid is considered as a signal mol-

ecule. This signal molecule increases 

defense compounds such as proline and 

betaine glycine. Increased growth due to 

salicylic acid application has also been 

reported in wheat, soybeans (Azarfard, 

2008) and corn (Garcia et al., 2002). 

Salicylic acid can also increase the pho-

tosynthesis of the whole plant in plants 

exposed to drought stress (Larqué, 

1979). Glycine betaine is highly synthe-

sized in response to a variety of envi-

ronmental stresses in many plant spe-

cies. Glycine betaine is also increased in 

strains in plants such as spinach, barley, 

wheat and sorghum (Yang et al., 2003). 

Application of compatible solutions 

such as propylene and glycine betaine 

to plants, before stress, at the same time 

as stress and after stress, has increased 

the growth and yield of crops (Ashraf 

and Foolad, 2007).  
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2. OBJECTIVES  

Current study was done to assess ef-

fect of amino acids on alfalfa crop pro-

duction under water stress condition.  

 

3. MATERIALS AND METHODS  

3.1. Field and Treatments Information  

The research was conducted accord-

ing of split plots experiment based on 

completely randomized blocks design 

with three replications in the research 

farm of Karaj. The geographical loca-

tion of Karaj included 35° 48' N latitude 

and 50° 57' E longitude, with an altitude 

of 1321 meters above sea level, an aver-

age annual rainfall of 239.5 mm and an 

average minimum annual temperature 

of 8.7°C and a maximum annual tem-

perature of 21.1 °C. In this experiment, 

two factors including irrigation and fo-

liar application of stress relievers were 

investigated. Experimental factors each 

have different levels whose values are 

as follows. The main plots included 

different levels of irrigation and the 

sub-plots included foliar application of 

stress reducing materials. Each subplot 

consisting of 25 planting lines with a 

length of 6 m with row spacing of 50 

cm was considered. All of treatments 

were mentioned in table 1.  

 
Table 1. Treatments, their values and their Symbol  

No.                  Treatments   Symbol 

1 Full irrigation No foliar spraying Control 

2 Salicylic acid 0.5 mM Co Ir+As0.5 

3 Salicylic acid 1 mM Co Ir+As1 

4 Glycine 10 mM Co Ir+Gl10 

5 Glycine 50 mM Co Ir+Gl50 

6 Cut off irrigation from the beginning of 

flowering until the end of the growing 

season 

No foliar spraying Cu Ir Fl0%+No Sp 

7 Salicylic acid 0.5 mM Cu Ir Fl0% +As0.5 

8 Salicylic acid 1 mM Cu Ir Fl0%+As1 
9 Glycine 10 mM Cu Ir Fl0%+Gl10 

10 Glycine 50 mM Cu Ir Fl0%+Gl50 

11 Cut off irrigation from 50% of flowering 

until the end of the growing season 

No foliar spraying Cu Ir Fl50%+ No Sp 

12 Salicylic acid 0.5 mM Cu Ir Fl50%+As0.5 

13 Salicylic acid 1 mM Cu Ir Fl50%+As1 

14 Glycine 10 mM Cu Ir Fl50%+Gl10 

15 Glycine 50 mM Cu Ir Fl50%+Gl50 

 

3.2. Farm Management  

Salicylic acid and glycine were pre-

pared from the German company 

MERCK and prepared based on the 

expressed concentrations. Foliar spray-

ing of plants started from the time of 

flowering and was done every two 

weeks. Foliar spraying was continued 

until all leaf surfaces were wet. By cov-

ering the soil surface, salicylic acid and 

glycine solution was prevented from 

spilling on the soil surface. Irrigation of 

the field, according to soil moisture and 

rainfall status, was started after planting 

and once every 8 days in a sufficient 

amount and in the form of a plot. Irriga-

tion was performed after the completion 

of vegetative growth period and at the 

beginning of flowering, based on exper-

imental treatments.  
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3.3. Measured Traits  

The studied traits included wet for-

age yield, dry forage yield, and number 

of stems per plant and internode dis-

tance. Generally plants were harvested 

in three turns. The first harvest was 

when the plant approached the height of 

approximately 20 cm. Next harvests 

were done when the plant reached the 

height of 20 cm. In each harvest, the 

aerial parts of the plant were taken from 

2 cm height from the soil surface. After 

getting prepared, the plant samples were 

moved to paper envelopes and they 

were dried and weighted in a ventilating 

oven for 72 hours at 65 ºC.  

 

3.4. Statistical Analysis  

The data were analyzed by SAS 

software (Ver.9). Mean comparisons 

were compared by Duncan test (at 5% 

probability level) and graphs were 

drawn by Excel software (Ver.2015).  

 

4. RESULT AND DISCUSSION  

4.1. Total dry matter (TDM)  

After harvesting and collecting data, 

the studied traits were analyzed. The 

comparison table of the average effects 

of irrigation and stress relievers, wet 

forage yield and dry forage yield is as 

follows.  

 

4.2. Wet forage yield 

According to the results, the main ef-

fects of irrigation and stress relievers as 

well as their interactions on wetland 

yield were quite significant. Paay gozar 

et al. (2009) Reported significant ef-

fects of stress, foliar application and 

their interactions were significant. The 

interaction of irrigation treatments and 

stress reducing agents on wet forage 

yield (Fig. 1) showed that treatments 

"Co Ir+As1" and "Co Ir+Gl50" have the 

highest wet forage yield.  

 

Fig. 1. Comparison of the average effect of 

irrigation and foliar application of stress 

reducing agents on wet forage yield using 

Duncan test at 5% probability level.  

 

Treatment "Cu Ir Fl0%+No Sp" has 

the lowest forage yield. The effect of 

salicylic acid on increasing forage yield 

has been reported by (Misra, and 

Saxena. 2009). According to the regres-

sion results, the highest amount of fresh 

forage is obtained in the consumption of 

2 mM salicylic acid and more consump-

tion, will not have any effect. Consump-

tion of 1 mM to 2 mM salicylic acid is 

not associated with an increasing slope. 

As forage yield does not increase as 

expected, consumption of more than 1 

mM salicylic acid is not recommended 

(Fig. 2).  
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Fig. 2. Regression model of wet forage yield with changes in salicylic acid intake 

 

In the case of glycine betaine, the highest value predicted by the regression model is 20 

mM. As a result, consumption of more than 20 mM is not recommended (Fig. 3).  

 

 
Fig. 3. Regression model of wet forage yield with changes in glycine betaine intake  

 

4.3. Dry forage yield  

The results of comparing the mean of 

interactions between irrigation treat-

ments and stress relievers on dry forage 

yield are given in Fig. 4. As shown in 

the diagram, Co Ir + Gl10 treatment 

with dry forage yield of 17.35 (t.ha
-1

) 

and Co Ir + Gl50 treatment with dry 

forage yield of 17.81 (t.ha
-1

) had the 

highest yield. Cu Ir Fl0% + No Sp 

treatment with dry forage yield of 6.02 

(t.ha
-1

) has the lowest yield. Miri and 

Zamani Moghaddam, in their study of 

forage maize, stated that drought stress 

reduces dry matter accumulation by 

shrinking leaves and reducing light ab-

sorption for photosynthesis. Foliar ap-

plication at the beginning of reproduc-

tive growth, increases cell turgenesis 

and improves water relations and in-
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creases the transfer of photosynthetic 

material in the plant (Miri and Zamani 

Moghaddam, 2014). The lowest dry 

forage yield was obtained due to the 

interaction of irrigation interruption at 

the beginning of flowering stage and no 

use of stress reducing agents. Given the 

high sensitivity of plants in the repro-

ductive stage (Ashraf and Foolad, 2007) 

and the explanations given about the 

wet forage yield, this result is logical.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 4. Comparison of the average effect of irrigation and foliar application of stress reducing 

agents on dry forage yield using Duncan test at 5% probability level.  

 

4.4. Number of stems per plant 

The results showed that the effects of 

irrigation and stress reducing agents on 

the number of stems per plant were sig-

nificant, but their interaction on this 

trait was not significant. In the research 

of Mir Ansari et al., The significance of 

the main effects and the interaction ef-

fect of foliar application on the number 

of stems has been mentioned, which is 

consistent with the results obtained in 

this study (Mir Ansari et al 2014). The 

results of table 2 showed that the com-

plete irrigation treatment with 32.20 
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stems per plant has the highest value 

and is in group (a). Irrigation cut-off 

treatment from the beginning of flower-

ing with 21.02 stems per plant has the 

lowest value and was placed in group 

(c). The results of table 3 showed that 

Gl50 treatment increased the number of 

stems per plant (31.72) compared to non 

foliar application conditions (22.01). 

This difference was very significant. In 

other words, Gl50 treatment increased 

the number of stems per plant by 

44.11% compared to non-foliar treat-

ment. The reason for increasing the 

number of stems is to improve the pho-

tosynthetic conditions of the plant and 

better absorption of water and nutrients. 

The high correlation between the num-

ber of stems per plant and wet forage 

yield and dry forage yield confirms the 

obtained results.  

 

Table 2. Comparison of average irrigation effect  

Treatment 
Wet forage yield 

(t.ha-1) 

Dry forage yield 

(t.ha-1) 

Number of stems per 

plant 

Full irrigation 51.74a 15.41a 32.20a 

Stop watering from the 

beginning of flowering 
34.37c 9.32c 21.02c 

Cut off irrigation from 

50% of flowering 
45.92b 12.35b 27.85b 

*Means with similar letters in each column are not significantly differentt by Duncan's test at 5% probability level.  
 

Table 3. Comparison of the average effect of stress relievers  

Treatment 
Wet forage yield 

(t.ha-1) 

Dry forage yield 

(t.ha-1) 

Number of stems per 

plant 

No foliar spraying 34.54b 8.58b 22.01b 

Salicylic acid 0.5 mM 44.41a 12.49a 25.93ab 

Salicylic acid 1 mM 45.50a 13.01a 27.36ab 

Glycine 10 mM 47.03a 13.16a 28.10ab 

Glycine 50 mM 48.58a 14.58a 31.72a 

*Means with similar letters in each column are not significantly differentt by Duncan's test at 5% probability level.  

 

4.5. The distance between the nodes 

The main effects of irrigation and stress 

relievers as well as their interactions on 

distance between nodes were very sig-

nificant. Results of comparing the mean 

interaction of irrigation treatments and 

stress reducing agents on mentioned 

trait in Fig. "5" showed that Co Ir + 

Gl50 treatment increased the distance 

between nodes (7.94 cm) compared to 

Cu Ir Fl0% + No Sp (3.97 cm). This 

difference was very significant. Zabet et 

al. (2003) stated that the reason for the 

reduction in length between nodes in 

mung bean stems during drought stress 

was a decrease in cell division. Glycine 

betaine increases the distance between 

nodes and ultimately increases plant 

height due to increased stomata con-

ductance, increased photosynthesis, cell 

turgenesis and cell enlargement (Ma et 

al., 2007). A concentration of 50 mM 

glycine had a greater effect on distance 

between nodes than a concentration of 

10 mM. So, increasing concentration of 

substance has probably increased its 

positive effects by increasing internal 

concentration of substance in the plant.
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Fig. 5. Comparison of the average effect of irrigation and foliar application of stress reducing 

agents on distance between the nodes using Duncan test at 5% probability level.  

 

4.6. Correlation between traits

As expected, wet forage yield showed a 

positive and significant correlation with 

dry forage yield and number of stems 

per plant. Wet forage yield showed a 

negative and significant relationship 

with the distance between nodes. This 

indicates that the forage weight has also 

increased as the internode spacing has 

decreased and the stem has become 

more compact. Also, as expected, there 

was no significant correlation between 

the number of stems per plant and the 

internode distance. The correlation be-

tween traits by Pearson method is 

shown in table 4. 

 

5. CONCLUSION  

The results showed that drought stress 

had an adverse effect on the studied 

traits and the use of stress reducing 

agents can reduce the destructive ef-

fects. Among different irrigation treat-

ments, the effect of stopping irrigation 

at the beginning of flowering stage had 

the most negative effect on the studied 

traits.  
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In the study of stress reduction treat-

ments, it was found that glycine-betaine 

has a more important role than salicylic 

acid in reducing the adverse effects of 

stress. In relation to wet and dry forage 

yield, which is the ultimate goal of 

planting any forage plant such as alfal-

fa, the simultaneous use of full irriga-

tion and glycine was the best treatment. 

As no significant difference was ob-

served between different concentrations 

of glycine, the use of 10 mM concentra-

tion is recommended to achieve the de-

sired result. In both stress treatments 

(cessation of irrigation from the begin-

ning of flowering and cessation of irri-

gation from 50% of flowering) when 

the stress-reducing treatments were 

used, the effect of stress was reduced. 

The reduction of stress effect was quite 

significant and significant in the treat-

ments that used stress reducer.  

 
Table 4. Correlation between traits  

Distance between 

the nodes 

Number of stems 

per plant 
Dry forage yield Wet forage yield Treatment 

-0.93* 0.92** 0.99** 1 Wet forage yield 

-0.90* 0.95* 1  Dry forage yield 

-0.73ns 1   Number of stems 

per plant 

1    Distance between 

the nodes 
ns, * and **: non-significant, significant at 5% and 1% of probability level, respectively.  

 

ACKNOWLEDGMENT  

The authors thank all colleagues and 

other participants, who took part in the 

study.  

 

FOOTNOTES  

AUTHORS’ CONTRIBUTION: All 

authors are equally involved.  

CONFLICT OF INTEREST: Authors 

declared no conflict of interest.  

FUNDING/SUPPORT: This study was 

done by support of IAU.  

 

REFRENCES  

Ashraf, M. and M. R. Foolad. 2007. 

Roles of glycine betaine and proline in 

improving plant abiotic stress re-

sistance. Environmental and Experi-

mental Bot. 59: 206-216.  

Ashraf, M. and M. R. Foolad. 2007. 

Improving plant abiotic-stress resistance 

by exogenous application of osmopro-

tectants glycinebetaine and proline. En-

vironmental and Experimental Bot. 59: 

206-216.  

Azarfard, F. 2008. Effect of Prangos 

ferulacea replacement for alfalfa on 

growth performance and carcass charac-

teristics of Lori lambs. Intl. J. Agri. Bi-

ol. Eng. 10: 224-226.  

Chimenti, C. A., J. Pearson. and A. J. 

Hall. 2002. Osmotic adjustment and 

yield maintenance under drought in 

sunflower. Field Crop Res. 75: 235-246.  

Chinnusamy, V., L. Xiong. and J. K. 

Zhu. 2004. Use of genetic engineering 

and molecular biology approaches for 

crop improvement for stress environ-

ments. In: Abiotic stress: Plant re-

sistance through breeding and molecu-

lar approaches. (Eds). pp: 47-107. Food 

Products Press.  



Maghsoudi Damavandi and Sara Shirzad, Evaluation Effect…                                                           64 

Farooq, M., A. Wahid, N. Kobayashi. 

and D. Fujita. 2008. Plant drought 

stress: effects, mechanisms and man-

agement. Agron. Sustain. Dev. 29 

(2009) 185–212. DOI: 10.1051/agro: 

2008021.  

Fathi, A. and F. Kardoni. 2020. The 

importance of quinoa (Chenopodium 

Quinoa willd.) cultivation in developing 

countries: A review. Cercetări Agro-

nomice în Moldova. 3(183): 337-356.  

Garcia, M. G., C. A. Busso, P. Polci, 

L. N. Garcia. and V. Echenique. 2002. 

Water relation and leaf growth rate of 

three Agropyron genotypes under water 

stress. Biol. Cell. 26: 309-317.  

Larqué, S. A. 1979. Stomatal closure in 

response to acetalsalicylic acid treat-

ment. Z. Pflanzenphysiol. 93: 371–5.  

Ma, X. L., Y. J. Wang, S. L. Xie, C. 

Wang. and W. Wang. 2007. Gly-

cinebetaine application ameliorates 

negative effects of drought stress in 

tobacco. Russian J. Plant Physiol. 54: 

472-479.  

Maghsoudi Damavandi, B., Sh. Lak, 

M. Ghaffari, M. Alavifazel. and T. 

Sakinejad. 2020. Investigation of yield 

and yield components of sunflower 
(Helianthus annus L.) lines to deter-

mine sensitive and tolerant lines in 

drought stress conditions. Sci. J. Crop 

Physiol. 46: 97-110.  

Maleki, A., A. Fathi. and S. Bahamin. 

2020. The effect of gibberellin hormone 

on yield, growth indices, and biochemi-

cal traits of corn (Zea Mays L.) under 

drought stress. J. Iranian Plant Eco-

Physiol. Res. 15(59): 1-16.   
Mir Ansari, H., A. Mehr Afarin. and 

H. A. Naghdi Badi. 2014. Morpho-

physiological and phytochemical re-

sponses of dill to foliar application of 

iron sulfate and zinc sulfate. J. Medici-

nal Plants. 54(1): 1-13.  

Miri, H. and A. Zamani moghadam. 

2014. External application of glycine 

betaine to reduce the effects of drought 

stress on maize. Iranian J. Crop Res. 12: 

704-717.  

Misra, N. and P. Saxena. 2009. Effect 

of salicylic acid on proline metabolism 

in lentil grown under salinity stress. 

Plant Sci. 177: 181-189.  

Paay gozar, Y., A. Ghanbari, M. 

Heydari. and A. Tavasoli. 2009. Effect 

of foliar application of trace elements 

on quantitative and qualitative proper-

ties of millet (Pennisetum glacum) un-

der drought stress. J. Agricultural Sci. 

10(2): 1-12.  

Taheri, F., A. Maleki. and A. Fathi. 

2021. Study of different levels of nitro-

gen fertilizer and irrigation on quantita-

tive and qualitative characteristics of 

quinoa grain yield. Crop Physiol. J. 

13(50): 135-149.   
Yang, W. J., P. J. Rich, J. D. Axtell, 

K. V. Wood, C. C. Bonham, G. Ejeta, 

M. V. Mickelbart. and D. Rhodes. 

2003. Genotypic variation glycine beta-

ine in Sorghum. Crop Sci. 43: 162-169.  

Yohannes, G. and B. Abraha. 2013. 

The role of seed priming in improving 

seed germination and seedling growth 

of maize (Zea mays L.) under salt stress 

at laboratory conditions. Afr. J. Bio-

technol. 12(46): 6484-6490.  

Zabet, M., A. Hosainzadeh, A. Ah-

madi. and F. Khialparst. 2003. Study 

of effects of drought stress on different 

parameters and evaluation of best resist 

index to drought in Vigna radiate (L.). 

Iranian J. Agric. Sci. 4(34): 889-899. 


