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Salt stress is one of major problem hampering plant 
growth and development to a significant level. In present 
study, 5-aminolevulinic acid (ALA) was exogenously 
applied to Leymus chinensis (Trin.) Tzvel. plants at various 
concentrations (10, 50, and 100 mg L-1) to assess its effects on 
morphology, physiology, and biochemistry under salt stress 
conditions (150 mmol NaCl L-1) as compared with control. 
The results indicated that salt stress substantially impaired 
growth, physiology and biochemistry of L. chinensis 
plants; nonetheless, ALA application alleviated the adverse 
effects of salt stress. Application of ALA improved the 
leaf length, leaf area, leaf conductance, plant dry biomass, 
water contents, and root activity of L. chinensis under 
stress and no stress conditions. Additionally, biosynthesis 
of chlorophyll, carotenoids, free proline, soluble sugars and 
proteins of L. chinensis plants was also increased following 
ALA application as compared to control, under salt stress 
conditions. Moreover, we also observed an enhanced activity 
of antioxidant defense system in L. chinensis in response to 
ALA application. ALA elevated the activity of enzymatic 
antioxidants viz. ascorbate peroxidase (APX), glutathione 
reductase (GR), superoxide dismutase (SOD), catalase 
(CAT) and peroxidase (POD) significantly scavenged 
reactive oxygen species thus reduced the accumulation of 
malondialdehyde (MDA) under salt stress as compared 
to control under both normal and stressed conditions. The 
effect of ALA on all growth and biochemical attributes was 
concentration dependent and application of 50 as well as 
100 mg L-1 ALA proved better. The results concluded that 
salt stress tolerance in L. chinensis plants can be increased 
by exogenously applied ALA at appropriate concentration. 
It was suggested that L. chinensis plants were treated with 
ALA application of 50-100 mg L-1 was more beneficial 
under both normal and saline conditions. 

Key words: 5-Aminolevulinic acid (ALA), antioxidant 
enzymes, growth, Leymus chinensis, salt stress.
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INTRODUCTION

The grasslands of China are widely and Leymus chinensis (Trin.) 
Tzvel. (sheep grass) is a dominant grass in the grasslands of China 
having high forage quality, productivity, palatability and nutritious 
value with high carbohydrate, protein and mineral content (Wang 
et al., 2009). During the last decade, it has been noticed that the 
grasslands of China are being undermined owing to the over 
grazing, land degradation, over land use practices coupled with 
abiotic stresses such as drought, high and low temperature stress 
and salinity stress (Wang and Gao, 2003; Niu et al., 2016). Leymus 
chinensis is known to be tolerant to a range of abiotic stresses 
most importantly salinity stress (Chen et al., 2013). Although 
L. chinensis has great potential rehabilitation and restoration 
of grasslands, nonetheless, salt stress is imposing numerous 
detrimental effects on yield and quality of L. chinensis (Liu and 
Qi, 2004; Li et al., 2015).
	 Salt stress impose detrimental impacts on plant growth and 
development through osmotic and ionic stress which obstructs the 
physiological and biochemical events going on in plants (Misra et 
al., 2002; Munns, 2005). It usually causes an over accumulation of 
Na+ and Cl- in plant cells, which results in aggravated generation of 
reactive oxygen species (ROS) such as singlet oxygen (O*), super 
oxide radical (O-1), hydrogen peroxide (H2O2) and hydroxyl radical 
(OH-) due to impaired metabolic activities. Over production of ROS 
causes cellular injury through oxidative damage to the membranes 
and organic molecules (Ashraf, 2009). Salinity stress adversely 
hinders the ion uptake and perturbs the photosynthetic efficiency 
due to decreased biosynthesis of photosynthetic pigments and 
stomatal oscillations, which ultimately consequences in impaired 
plant growth and development (Iqbal and Ashraf, 2010). Plants 
maintain osmotic and ion balance by regulating the absorption, 
translocation and sequestration of the salt ions and accumulation 
of certain organic solutes (Flowers and Colmer, 2008). In response 
to salinity stress plants produce and accumulate osmoprotectants 
such as proline and glycine betaine to combat with osmotic stress 
by allowing improved water uptake, scavenging free radicals 
(Ashraf and Foolad, 2007) and protect the biological membranes 
and organic macromolecules from oxidative damage through ROS 
(Hoekstra et al., 2001). Antioxidants are biosynthesized and act as 
a first line of defense against the ROS, which are located in almost 
all cell organelles where ROS is produced (Liau et al., 2007). 
	 5-Aminolevulinic acid (ALA) is a key precursor in the synthesis 
of porphyrin compounds viz. chlorophyll and heme (Wang et al., 
2005; Awad, 2008). Plants exposed to stressed conditions such 
as salinity perform better pertaining to growth and development 
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when treated with ALA (Watanabe et al., 2000; Zhang et al., 
2006). Exogenous application of ALA improves the tissue 
water status, stimulates the biosynthesis of photosynthetic 
pigments and exacerbates the antioxidants activity, which 
lowers the production of ROS (Memon et al., 2009; Naeem 
et al., 2010; Zhang et al., 2012). These events are controlled 
by gene expression and production of mRNA for antioxidant 
enzyme synthesis, which is mediated by ALA (Balestrasse 
et al., 2010). Based upon above discussed considerations, a 
study was carried to assess the role of ALA in the modulation 
of morphological, physiological and metabolic attributes of 
L. chinensis plants exposed to salinity stress and to determine 
the degree of stress tolerance accomplished.

MATERIALS AND METHODS

A pot experiment was conducted in greenhouse incubator, 
College of Agronomy and Biotechnology, Southwest 
University, Chongqing, China, during 2014. Seeds of Leymus 
chinensis were collected from Ecological Experimental 
Station of L. chinensis natural distribution community, Inner 
Mongolia, China. The seeds were dried at room temperature, 
put in bags, and stored at 4 °C. Seeds were sown in pots in 
incubator. Seedlings were transplanted to sand culture and 
35 seedlings were transplanted for each pot. Seedlings were 
supplied with Hoagland nutrient solution every 5 d to ensure 
suitable nutrient supply. After the seedlings attained 15-18 
cm height, thinning was done to keep 25 seedlings per pot. 
Three concentrations of ALA viz. 10, 50, and 100 mg L-1 
were sprayed to the L. chinensis plants and distilled water 
was used as control for comparison. Salt stress treatment 
was imposed at the concentrations of 150 mmol L-1 NaCl. 
Second spray of ALA was carried out 4 d after first 
treatment. The treatment details are given in Table 1. The 
experiment consisted of eight treatments of ALA under 
normal and saline conditions and each was replicated 
thrice. Morphological, physiological and biochemical 
traits were recorded 7 d after treatment.
	 Data pertaining to morphological traits were measured 
by uprooting L. chinensis plants from each pot. Following 
uprooting plants were rinsed thoroughly with tap water and 
then 2-3 times with distilled water. Filter paper was used 
to absorb the adhered water to the plants. Plant height was 
measured from tip of the stem to the parietal lobe at base 

plants. Leaf length, width, and area were determined by 
using leaf area analysis/scanner (MSD-971, Beijing Steve 
Macbeth Instrument Co. Ltd., China). Plants were weighed 
to determine fresh weight followed by drying in oven at 
105 °C for 30 min and then at 65 °C till constant weight 
to determine the seedling dry weight. Root/shoot ratio was 
determined by using the shoot and root dry weights. Plant 
water content was assessed by using the formula:

Water content (%) = (Fresh weight - Dry weight)/(Fresh 
weight) × 100

	 Relative electrical conductivity was measured by 
the method of Nayyar et al. (2005), root activity by 
2,3,5-triphenyltetrazolium chloride (TTC) method (Higa 
et al., 2010), and photosynthetic pigments viz. chlorophyll 
a and b, total chlorophyll, and carotenoid content were 
determined by using the method of Wellburn (1994). 
Soluble protein content was assayed by using Coomassie 
brilliant blue method (Bradford, 1976) and soluble sugars 
were quantified by anthrone color method (Li et al., 2008). 
The malondialdehyde (MDA) content was assessed by 
thiobarbituric acid (TBA) assay (De Vos et al., 1991). Proline 
content was determined by ninhydrin method (Bates et al., 
1973). Enzymatic antioxidants viz. superoxide dismutase 
(SOD), catalase (CAT), peroxidase (POD), ascorbate 
peroxidase (APX) and glutathione reductase (GR) were 
determined by using the method of Parida et al. (2004).
	 Microsoft Excel and statistical software program SPSS 
19.0 (IBM, Armonk, New York, USA) was used for analysis 
of data collected and treatments’ means were compared by 
Duncan’s multiple range test. Two-way ANOVA was used to 
analyze interactions between salt stress and ALA treatment.

RESULTS

The results revealed that plant growth was affected 
significantly by salinity stress and ALA application. It was 
noticed that leaf length, leaf electrical conductivity and root 
activity of L. chinensis plants were increased when exposed 
to salinity stress; however, leaf area, plant dry weight and 
water contents were reduced by salinity stress as compared 
to control. Plant fresh weight was did not affect by salinity 
stress, while ALA application imposed significant effect. 
Surprisingly, plant height and root/shoot ratio were not 
significantly affected by salinity stress as well as by ALA 
treatment. Application of ALA exerted growth promoting 
effect on L. chinensis plants. An increase in leaf length, 
leaf area, plant fresh and dry weight, water contents and 
root activity and a decrease in leaf electrical conductivity 
occurred when L. chinensis plants were treated with ALA 
under both normal and saline conditions and application of 
100 mg L-1 ALA was most beneficial (Tables 2 and 3).
	 Salinity stress significantly disrupted the biosynthesis of 
photosynthetic pigments while ALA application showed an 
ameliorative effect on L. chinensis plants. Total chlorophyll, 
chlorophyll a and b, and carotenoids were decreased under 
salt stress as compared to control. Treatments of L. chinensis 
plants with ALA improved biosynthesis of photosynthetic 

		  mmol L-1	 mg L-1

W group	 W + A0	 0	 0
	 W + A1	 0	 10
	 W +A2	 0	 50
	 W + A3	 0	 100
S group	 S + A0	 150	 0
	 S + A1	 150	 10
	 S + A2	 150	 50
	 S + A3	 150	 100

Table 1. Experimental treatments of 5-aminolevulinic acid 
(ALA) application under non-saline and saline conditions.

ALA: 5-Aminolevulinic acid, W: water, A: ALA treatment, S: salt stress

NaCl concentration ALA concentrationTreatment
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pigments under both normal and saline conditions. Application 
of 10 and 100 mg L-1 ALA performed better under normal and 
saline conditions, respectively (Figure 1).
	 Leymus chinensis plants exposed to salt stress resulted 
in significantly higher MDA and proline accumulation and 
lower soluble protein and sugar content. Conversely, ALA 
application reduced the MDA content, while improving the 
free proline, soluble protein and sugar content under both non-
saline and saline conditions. The MDA content was lowest by 
50 mg L-1 ALA application under both non-saline and saline 
conditions. The proline content was highest by 50 mg L-1 
ALA application under saline conditions. Soluble protein was 
improved by 10 and 100 mg L-1 ALA; while 50 and 10 mg L-1 
ALA treatments were most beneficial in improving soluble 
sugar content as compared to control under both non-saline 
and saline conditions, respectively (Table 4).
	 Salt stress and ALA application significantly affected 
activity of antioxidants viz. APX, GR, POD and SOD. 

Activity of CAT was not significantly affected by NaCl 
salinity as well by interaction of salinity and ALA 
application; however, ALA application enhanced significant 
effect on its activity (Table 5). It was noticed that activity 
of antioxidants was reduced by salinity stress as compared 
to control. Conversely, application of ALA ameliorated the 
effects of salinity stress on enzymatic antioxidants activity; 
furthermore, it also boosted the activity of antioxidants in L. 
chinensis plants under no salt stress. Under normal conditions, 
activity of APX and CAT was improved most by 10 mg L-1 
ALA application; however, 50 mg L-1 ALA treatment also 
imparted similar effect on CAT activity. Application of 100 
mg L-1 ALA exacerbated the activity of GR, SOD, and POD. 
Under saline conditions, activity of APX was enhanced most 
by 100 mg L-1 ALA, activity of GR was improved most by 
10 mg L-1 ALA and activity of SOD, CAT and POD was 
exaggerated most by 50 mg L-1 ALA application (Figure 2).

DISCUSSION

A reduction in plant growth and development is perceived 
when plants are exposed to salinity stress, as a result of 
decreased photosynthetic efficiency of plants, which may 
occur due to decrease in stomatal conductance and/or 
disruption of photosynthetic machinery by ROS. Under 
stressed conditions, ROS are aggressively produced while 
antioxidants activity is slowed down leading to destructive 
damage to membranes through lipid peroxidation (Mittler, 
2002). It has been established that all the physiological and 
metabolic changes within the plants are dependent on gene 
expression, which is further controlled by plant growth 
regulators thus emphasizing their importance as a plant 
growth controlling factor under stressed conditions (Zhen et 
al., 2012). Results of our experiment indicated that growth 
and development of L. chinensis plants was impaired by salt 
stress, which was improved by the foliar application of ALA 
(Tables 2 and 3). Similar results were reported by Naeem 
et al. (2010), who noticed an improvement in biomass 
production by ALA treatment of Brassica napus plants 

	 cm	   cm2	 %
W + A0	 34.50 ± 1.00bc	 19.69 ± 0.44b	 7.96 ± 1.18c	 0.066 ± 0.005c
W + A1	 34.33 ± 1.80bc	 20.80 ± 0.13b	 9.81 ± 0.79bc	 0.062 ± 0.009c
W + A2	 35.75 ± 1.06abc	 20.49 ± 0.30 b	 11.11 ± 0.79b	 0.062 ± 0.003c
W + A3	 37.17 ± 1.84ab	 16.21 ± 0.69c	 17.01 ± 1.02a	 0.062 ± 0.008c
S + A0	 31.17 ± 2.24c	 20.49 ± 0.69b	 7.61 ± 1.61c	 0.159 ± 0.006a
S + A1	 35.43 ± 1.78abc	 25.05 ± 0.06a	 8.04 ± 1.61c	 0.124 ± 0.009b
S + A2	 38.01 ± 0.96ab	 25.83 ± 0.24a	 9.00 ± 0.84bc	 0.071 ± 0.006c
S + A3	 40.00 ± 1.60a	 19.73 ± 0.38b	 10.84 ± 1.02b	 0.059 ± 0.005c
NaCl conc.	 0.06NS	 146.95**	 70.75**	 9.64*

ALA conc.	 0.16NS	 59.27**	 70.84**	 4.27NS

NaCl × ALA	 2.96NS	 26.58**	 18.68**	 4.75*

Table 2. Effect of exogenous 5-aminolevulinic acid (ALA) on 
morphological traits and leaf electrical conductivity of Leymus 
chinensis plants under salinity stress.

Values in the table are mean ± SE (n = 3). Values followed by different 
letters within each column are significantly different according to Duncan’s 
multiple range test (P < 0.05). 
*, **Significant at the 0.05 and 0.01 probability levels, respectively, NS: 
nonsignificant difference.
ALA conc: ALA concentration.

Plant 
heightTreatment

Leaf 
length

Leaf 
area

Leaf electrical 
conductivity

	 g	   %	 μg g-1 h-1

W + A0	 0.389 ± 0.003b	 0.138 ± 0.006e	 65.83 ± 0.38b	 0.33 ± 0.05a	 41.69 ± 0.18e
W + A1	 0.416 ± 0.019ab	 0.161 ± 0.009d	 64.10 ± 1.12b	 0.41 ± 0.08a	 73.09 ± 0.70bc
W + A2	 0.491 ± 0.011ab	 0.175 ± 0.006d	 89.38 ± 2.96a	 0.43 ± 0.01a	 76.98 ± 0.15bc
W + A3	 0.621 ± 0.061a	 0.289 ± 0.003a	 61.97 ± 2.72b	 0.51 ± 0.06a	 98.67 ± 0.87a
S + A0	 0.399 ± 0.011b	 0.135 ± 0.004e	 33.19 ± 7.60c	 0.33 ± 0.03a	 56.99 ± 0.64d
S + A1	 0.424 ± 0.082ab	 0.157 ± 0.008d	 60.36 ± 5.70b	 0.37 ± 0.06a	 70.36 ± 0.69cd
S + A2	 0.426 ± 0.0491ab	 0.213 ± 0.005c	 67.01 ± 1.14b	 0.42 ± 0.05a	 68.77 ± 0.61cd
S + A3	 0.476 ± 0.092ab	 0.258 ± 0.012b	 60.32 ± 2.50b	 0.46 ± 0.13a	 85.49 ± 0.57ab
NaCl conc.	 5.67NS	 0.08NS	 23.19**	 0.18NS	 8.85*

ALA conc.	 9.99*	 148.19**	 13.09**	 0.41NS	 36.44**

NaCl × ALA	 0.23NS	 7.23*	 8.65**	 0.54NS	 11.01**

Table 3. Effect of exogenous 5-aminolevulinic acid (ALA) on fresh weight, dry weight, water contents, root shoot ratio, and root 
activity of Leymus chinensis plants under salinity stress.

Values in the table are mean ± SE (n = 3). Values followed by different letters within each column are significantly different according to Duncan’s multiple 
range test (P < 0.05). 
*, **Significant at the 0.05 and 0.01 probability levels, respectively, NS: nonsignificant difference.
ALA conc: ALA concentration.

Treatment Fresh weight Dry weight Water contents Root shoot ratio Root activity
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exposed to salinity stress. Zhang et al. (2008) also reported 
an increase in shoot length and biomass production of B. 
napus plant on ALA treatment under herbicide stress.
	 Abiotic stresses considerably affect upon the photosynthetic 
efficiency either by disrupting the photosynthetic pigments 
such as chlorophyll and carotenoids or by affecting the 
stomatal conductance. Decline in activities of chlorophyll, 
carotenoids, chlorophyll fluorescence and photosystem 
II occurs due to salinity stress (Santos et al., 2001). In our 
study, biosynthesis of photosynthetic pigments was lowered 
in L. chinensis plants by salinity stress, which was improved 
by application of ALA (Figure 1). The ALA is precursor of 
heme containing photosynthetic pigments, which may be 
the reason of improvement in chlorophyll and carotenoids 
content by ALA treatment (Wang et al., 2005; Pavlovic et 
al., 2009). Results similar to ours were reported by Youssef 
and Awad (2008), who perceived an enhanced synthesis 
of photosynthetic pigments by the application of ALA to 
Phoenix dactylifera plants exposed to salinity stress. Naeem 
et al. (2012) also reported that treatment of B. napus with 
ALA under salinity stress improved the chlorophyll content. 
	 Membrane lipid peroxidation due to the action of ROS 
results in enhanced level of MDA. Under stressed conditions 
there is over production of ROS, more membrane lipid 
peroxidation and thus more accumulation of MDA (Zhang 
et al., 2011). In present study, exaggerated levels of MDA 
were perceived in L. chinensis plants due to salinity stress, 
however, it was undermined by the application of ALA 
(Table 4). Zhang et al. (2008) reported similar results that 
MDA content was lowered in B. napus plants by treatment 
with ALA at low concentration. The treatment of ALA to 
plants also was associated with reduction in the synthesis 
of ROS (Akram et al., 2012), and results in the decreased 
oxidative stress due to more stable biological membranes 

	 nmol g-1	  μg g-1	 mg g-1 
W + A0	 16.56 ± 0.53cd	 94.51 ± 4.24d	 27.17 ± 0.90a	 11.58 ± 0.32bc
W + A1	 15.98 ± 0.39cd	 102.07 ± 2.02d	 28.00 ± 0.11a	 11.62 ± 0.81bc
W + A2	 15.17 ± 0.95d	 291.38 ± 1.84b	 19.42 ± 0.77b	 17.14 ± 0.17a
W + A3	 15.46 ± 0.94cd	 399.64 ± 3.37a	 16.88 ± 0.64c	 12.13 ± 0.09b
S + A0	 20.10 ± 1.03a	 256.95 ± 3.87bc	 14.52 ± 0.04d	 11.51 ± 0.95bc
S + A1	 19.29 ± 0.13ab	 282.75 ± 3.59bc	 15.35 ± 0.75cd	 15.88 ± 0.22a
S + A2	 17.50 ± 1.12bc	 293.27 ± 2.13b	 15.66 ± 0.28cd	 10.20 ± 0.21c
S + A3	 19.56 ± 1.23ab	 249.62 ± 4.75c	 20.76 ± 0.84b	 10.17 ± 0.43c
NaCl conc.	 5.14*	 41.68**	 260.17**	 11.21*

ALA conc.	 0.49NS	 21.90**	 32.94**	 24.82**

NaCl × ALA	 18.46**	 142.86**	 96.64**	 68.83**

Table 4. Effect of exogenous 5-aminolevulinic acid (ALA) on 
accumulation of malondialdehyde (MDA) and osmolytes of 
Leymus chinensis plants under salinity stress.

Values in the table are mean ± SE (n = 3). Values followed by different 
letters within each column are significantly different according to Duncan’s 
multiple range test (P < 0.05). 
*, **Significant at the 0.05 and 0.01 probability levels, respectively, NS: 
nonsignificant difference.
ALA conc: ALA concentration.

MDATreatment
Free 

proline
Soluble 
protein

Soluble 
sugars

APX	 12.30**	 6.56*	 16.76**

GR	 13.69**	 8.66**	 12.80**

POD	 7.31*	 10.14**	 23.90**

SOD	 596.88**	 25.81**	 99.66**

CAT	 0.15NS	 5.28*	 3.17NS

Table 5. Summary of the ANOVA of the effect of exogenous 
5-aminolevulinic acid (ALA), salt stress on antioxidant enzymes 
activity of Leymus chinensis plants under salinity stress.

*, **Significant at the 0.05 and 0.01 probability levels, respectively, NS: 
nonsignificant difference.
APX: Ascorbate peroxidase, GR: glutathione reductase, POD: peroxidase, 
SOD: superoxide dismutase, CAT: catalase, ALA: 5-aminolevulinic acid.

NaCl NaCl × ALA
Antioxidant 
enzymes ALA

Figure 1. Effect of exogenous 5-aminolevulinic acid (ALA) on photosynthetic pigments of Leymus chinensis plants under salinity 
stress. 

■: W+A; □: S+A. Bars followed by different letters within each trait are significantly different according to Duncan’s 
multiple range test (P < 0.05).
Chl: Chlorophyll, W: water, A: ALA treatment, S: salt stress.
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(Balestrasse et al., 2010). Plants maintain tissue water 
status and protect biological membranes and organic 
molecules from the hazardous effects of ROS under 
stressed conditions by the production and accumulation 
of osmolytes such as proline, soluble sugars, and proteins 
(Anuradha and Rao, 2007). Our results revealed an increase 
in the accumulation of osmolytes in L. chinensis plants in 
response to salinity stress, which were further improved by 
ALA application (Table 4). Korkmaz et al. (2010) reported 
similar results that ALA treatment of pepper seedlings 
exposed to chilling stress improved the synthesis and 
accumulation of osmolytes.
	 The protection against oxidative stress induced by 
generation of toxic ROS is achieved by the plants through 
the coordinated action of enzymatic and non-enzymatic 
antioxidants (Jaleel et al., 2009), which have been found to 
play an important role in the development of tolerance under 
salt stress conditions. Our study results showed that salinity 
stress lowered the activity of enzymatic antioxidants such as 
APX, GR, SOD, CAT, and POD. Nonetheless, exogenous 
application of ALA improved the activity of antioxidants 
(Figure 2). It is known that antioxidants activity is regulated 
by gene expression mediated by plant growth regulators 
(Zhen et al., 2012). Nishihara et al. (2003) reported that 
antioxidants activity in spinach plants was stimulated by 
ALA treatment under salinity stress. Li et al. (2011) also 
reported an exaggerated activity of antioxidant enzymes in 
cucumber leaves by application of ALA.

CONCLUSION

The results revealed that salinity stress negatively affected 
growth, physiology and biochemistry of Leymus chinensis 
plants. However, exogenous application of 5-aminolevulinic 
acid (ALA) ameliorated the perturbing effects of salt stress on 
growth, biosynthesis of photosynthetic pigments, osmolytes 
and antioxidants, and reduced the lipid peroxidation and 
malondialdehyde (MDA) level; and it was concentration 
dependent. The results of present study conclude that 
exogenous application of ALA helps the plants in attaining 
tolerance against salt stress. It was suggested that L. chinensis 
plants were treated with ALA application of 50-100 mg L-1 
was more beneficial under both normal and saline conditions. 
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