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Abstract       Drought is a major environmental determinant of plant growth 
and productivity. Therefore, understanding the mechanisms of plant tolerance 
to drought stress is a crucial environmental research topic. Osmotic 
adjustment is one trait, which plays an important role in sustaining growth 
under water deficit conditions. Analysis of alfalfa growth has shown that it 
responds to an onset of drought by a reduction in shoot and root elongation. 
The aim of this study was to assess the effect of polyethylene glycol on root 
growth of some alfalfa varieties and to identifying the superior genotypes for 
drought tolerance. Both, genotype and PEG treatment have a distinctly 
significant influence on the root growth to studied varieties, due to low and 
insignificant influence of environmental conditions. Also the combined effect 
of two factors had a significant influence on the root length. Based on the 
obtained results can be summarized that under osmotic stress conditions 
Satelit and Granat varieties have expressed the highest tolerance.   
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As a perennial forage crop, alfalfa (Medicago 

sativa L.) can be cultivated in marginal lands and has a 

high yield and good quality high-protein content [5]. In 

addition, Alfalfa’s deep-root system can help prevent 

from soil and water loss in semi-dry lands [6]. Previous 

studies on alfalfa report on antioxidant mechanisms 

triggered by stress conditions [10]. In plant species 

such as alfalfa, which are grown in arid environments, 

tolerance to water stress usually involves the 

development of low osmotic potentials [11]. Analysis 

of alfalfa growth has shown that it responds to an onset 

of drought by a reduction in shoot and root elongation 

[2;3,7]. 

Generally, exposure to drought stress triggers 

many common reactions in plants that lead to cellular 

dehydration with concomitant osmotic changes; 

removal of water from the cytoplasm into the extra 

cellular space results in a decrease of the cytosolic and 

vacuolar volumes [1].  

The study of the influence of the drought 

using osmotic solutions is one of the methods in the 

study of drought resistance. Molecules of PEG 6000 

are small enough to influence the osmotic potential, but 

large enough to not be absorbed by plants [9]. Because 

PEG does not enter the apoplast, water is withdrawn 

from the cell.  

The aim of this study was to assess the effect 

of polyethylene glycol on root growth of some alfalfa 

varieties and to identifying the superior genotypes for 

drought tolerance. 

 

 

Material and Method 

 
The experiment was designed as a completely 

randomized design with two factors, in five 

replications. The first factor was the genotypes (six 

varieties: Magnat, Granat, Satelit, Dorina, Sigma and 

Selena) and the second one is the external water stress 

treatments (PEG concentration).  

Polyethylene glycol molecules with a Mr ≥ 

6000 (PEG 6000) are inert, non ionic and virtually 

impermeable chains that have frequently been used to 

induce water stress and maintain a uniform water 

potential throughout the experimental period [8]. 

Water stress was applied through three 

concentration of PEG (6000), with, 0, -2.95, -4.91 and 

10.27 bars of water potential prepared by dissolving 0, 

150, 200, and 300 grams respectively in 1000 ml of 

distilled water. 

After germination in distilled water, the seeds 

were transferred into plastic pots, where nutrient 

solution and different PEG concentrations has applied. 

The plants were grown for a further 30 days in a 

glasshouse in which temperatures ranged from 22-28ºC 

with 16 h photoperiod of natural daylight. 

Data were analyzed with ANOVA, and means 

were separated by LSD according to Ciulca 2006. 

 

Results and Discussions 
 

In terms of genotype effect on root growth for 

studied varieties there has been amplitude of 3.26 cm 

due to a high variability of 28.66% between varieties, 
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with limits from 5.17 cm for Satelit up to 1.91 cm for 

Selena variety. Statistically assured differences in 

terms of root length was observed in the Satelit and 

Granat varieties, that have achieved higher value of 

this character to the other,  while root length in the 

Selena variety was very significantly lower than the 

rest of the varieties. 

 

Table 1 

Effect of genotype on radicle length of alfalfa varieties 

Varieties 
Radicle length  

(cm) 

Relative 

values (%) 

Difference/ 

Significance 

Granat - Magnat 5.06 4.22 119.91 0.84* 

Satelit – Magnat 5.17 4.22 122.51 0.95** 

Dorina – Magnat 4.27 4.22 101.18 0.05 

Sigma – Magnat 4.02 4.22 95.26 -0.20 

Selena - Magnat 1.91 4.22 45.26 -2.31
000 

Satelit – Granat 5.17 5.06 102.17 0.11 

Dorina – Granat 4.27 5.06 84.39 -0.79
0 

Sigma – Granat 4.02 5.06 79.45 -1.04
00 

Selena - Granat 1.91 5.06 37.75 -3.15
000 

Dorina – Satelit 4.27 5.17 82.59 -0.90
00 

Sigma – Satelit 4.02 5.17 77.76 -1.15
000 

Selena - Satelit 1.91 5.17 36.94 -3.26
000 

Sigma – Dorina 4.02 4.27 94.15 -0.25 

Selena - Dorina 1.91 4.27 44.73 -2.36
000 

Selena - Sigma 1.91 4.02 47.51 -2.11
000 

     LSD5%=0.66 cm    LSD1%=0.87 cm    LSD0,1%=1.12 cm 
 

Due to different treatments with PEG root 

length for alfalfa varieties showed values between 2.67 

cm for untreated variant and 5.57 cm when applying a 

PEG concentration of 20 %, with a variation amplitude 

of 2.90 cm. PEG treatment caused a significant 

increase in root length, until  the concentration of 20%, 

further increase of PEG caused a decrease of this 

character.

Table 2 

Effect of PEG concentration on radicle length of alfalfa varieties 

PEG concentration 

(%) 

Radicle length  

(cm) 

Relative 

values (%) 

Difference/ 

Significance 

15- 0 4.64 2.67 173.78 1.97*** 

20 – 0  5.57 2.67 208.61 2.90*** 

30 – 0 3.56 2.67 133.33 0.89** 

20 – 15  5.57 4.64 120.04 0.93** 

30 – 15 3.56 4.64 76.72 -1.08
000 

30 – 20 3.56 5.57 63.91 -2.01
000 

     LSD5%=0.60 cm    LSD1%=0.79 cm    LSD0,1%=1.02 cm 

 

Compared to the untreated it is observed that 

the application of PEG a quantity had a significant 

influence on root length to studied varieties. Therefore, 

since there are statistically assured differences between 

the studied concentrations, we can say that PEG 

treatment had a major influence on root growth. 
In terms of varieties response to PEG 

treatment it is noted that the application of 20 and 30 % 

concentrations, resulted in all varieties the highest 

values of root length. The largest significant 

differences were recorded for Satelit and Dorina 

varieties, while for Selena variety the application of 

different PEG treatments had the lowest effect on root 

length. 

In the case of untreated variant the studied 

alfalfa varieties had values of this character between 

2.26 cm for Selena and 3.03 cm for Granat, in terms of 

medium interpopulaţional variability (11.94%) and low 

and insignificant differences between varieties. 

When applying a 15 % PEG concentration the 

amplitude of root length was 4.23 cm, with limits 

between 2.24 cm for Selena and 6.47 cm for Satelit 

variety, on the background of 30.17 % variability 

between varieties. Satelit variety recorded a 

significantly higher length of root than the other 

varieties except Granat, while Selena variety showed a 

significantly lower root growth than the rest of 

varieties.
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Fig. 1. Effect of genotype and PEG concentration on radicle length in alfalfa  

  
The studied varieties have expressed very different 

reactions in terms of root length achieved when 

applying a 20% PEG concentration registering a very 

high variation magnitude (5.60 cm) and variability 

(37.77 %). Magnat and Selena varieties registered a 

root growth significantly lower to the other varieties. 

Under the application of a 30% PEG 

concentration the varieties had values of root length 

from 1.60 cm in Selena to 5.01 cm in Granat, being 

registered statistically assured differences between 

them. Thus, Granat variety showed a significantly 

higher value of root length than the other varieties 

Regarding the effect of PEG concentration on 

root length at Magnat variety it is observed that there is 

a strong correlation between these two variables, given 

that PEG treatment influence the root length to an 

extent of 93.57%. Therefore, the root length increases 

with the PEG concentration until its value of 16.26%, 

where it reaches the maximum level of 5.14 cm, then 

the application of additional amounts cause a reduction 

of this character. 

To the Granat variety PEG treatment 

significantly influences the root length with 

approximately 83.10%. Thus, there is a positive 

correlation between applied PEG treatment and root 

length until the concentration of approximately 19.16% 

where this character reaches a maximum of about 6.04 

cm. 

Given the obtained results for Satelit variety, 

it is note that the root length was affected in a high 

extent (91%) by PEG treatment. In these conditions, 

root progressively increases with increasing up to 

15.98% optimal concentration, which achieves 

maximum length of about 7.01 cm. In the other 

varieties, the PEG treatment has influenced the root 

growth to a lower extent of 61-76%. 

 

 

Conclusions 
 

1. Both, genotype and PEG treatment have a distinctly 

significant influence on the root growth to studied 

varieties, due to low and insignificant influence of 

environmental conditions. Also the combined effect of 

two factors had a significant influence on the root 

length. 

2. Regarding the effect of PEG concentration on the 

root length of studied varieties it is observed that there 

is a strong correlation between these two variables, 

given that PEG treatment influence the root length to 

an extent of 61.52 to 93.57%. Thus, in most varieties 

except Selena the root length increases with the 

concentration of PEG up to 16-19%, following that 

higher concentration have a reduction in the value of 

this character. 

3. Based on the obtained results can be summarized 

that under osmotic stress conditions Satelit and Granat 

varieties have expressed the highest tolerance. 
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