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Effects of 0.2 mM proline applied to saline nutrient solution on biomass, chlorophyll content, 
photosynthetic parameters, reactive oxygen species and antioxidant enzymes activities of two melon 
cultivars (cv. Yuhuang and cv. Xuemei) were examined. Results indicate that exogenous proline 
increased the fresh and dry weights of both melon cultivars under NaCl stress, raised their chlorophyll 
content, net photosynthetic rate (Pn), actual efficiency of photosystem II (ΦPSII), enhanced the activity 
of SOD, POD, CAT, APX, DHAR and GR in their roots, lowered the superoxide anion radical level and 
reduced the hydrogen peroxide (H2O2) content and malondialdehyde (MDA) content. Exogenous proline 
also alleviate salinity-induced damage of membrane in both melon cultivars. In conclusion, proline 
treatment enhanced the salinity tolerance of both melon plants and alleviated their salinity-induced 
damage. However, all the above effects of proline were markedly more significant in cv. Xuemei than in 
cv. Yuhuang, suggesting that proline had different effects on different cultivars of melon plants.  
 
Key words: Proline, photosynthesis, reactive oxygen species, antioxidant enzymes, salt tolerance, NaCl stress.  

 
 
INTRODUCTION 
 
Salinity stress is one of the most common abiotic factors 
that inhibit crop growth and productivity by reducing the 
photosynthetic capacity of plants (Parida and Das, 2005; 
Ashraf and Foolad, 2007; Subrahmanyam, 2008). The 
reduced photosynthesis is not only caused by stomatal 
closure that reduces stomatal conductance (gs), transpi-
ration rate (Tr), intercellular CO2 concentration (Ci), and 
net photosynthesis rate (Pn) but also by non-stomatal 
factors that decrease photosystem II (PSII) efficiency 
(Zhang et al., 2009). The inhibition of photosynthetic 
capacity may vary with species (Dubey, 1994).  

High  salinity  increases  the  levels  of  reactive oxygen  
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species (ROS) in plants, such as superoxide radicals, 
hydrogen peroxide, singlet oxygen and hydroxyl radicals 
(Scandalios, 1993; Kangasjärvi et al., 1994; Larson, 1995). 
ROS damage normal metabolism via oxidation of mem-
brane lipids, proteins and plant nucleic acids (Smirnoff, 
1993; Gómez et al., 1999; Hernández et al., 2001). Plants 
develop various defensive mechanisms to cope with 
salinity-induced damage by accumulating such compa-
tible solutes as proline, glycinebetaine and sugars, and 
by up-regulating antioxidant enzymes and Na

+
/H

+
 anti-

porters (Parida and Das, 2005). 
Recently, molecular biology techniques, such as 

transgenic approaches, have been employed to enhance 
salinity tolerance in plants. Transgenic tobacco plants 
over-producing proline exhibit significantly reduced levels 
of reactive oxygen species (ROS) and improve tolerance 
to NaCl (Hong et al., 2000). Arabidopsis receiving an 
antisense proline dehydrogenase cDNA displays enhan-
ced accumulation of proline and constitutive tolerance to 
salinity (up to 600 mM NaCl) (Nanjo et al., 2003). How-
ever, attempts to improve tolerance to salinity through 
conventional  plant breeding or transgenic methods could  
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require excessive time and hard work; but, application of 
exogenous proline (Hua and Guo, 2002; Kaya et al., 
2007; Hoque et al., 2007; Ozden et al., 2009), silicon 
(Zhu et al., 2004), spermidine (Roy et al., 2005; Duan et 
al., 2008), or ascorbic acid (Athar et al., 2007) could also 
improve tolerance to salinity in plants and was speedier 
and more convenient. 

The accumulation of proline is essential for plants under 
osmotic stress. Furthermore, salt stress up-regulates the 
key enzyme, ∆1-pyrroline-5-carboxylate synthase (P5CS) 
that are required for proline biosynthesis in Arabidopsis 
(Hare et al., 1999), which implies that a proper concen-
tration of proline is involved in the osmotic potential of 
some plants under stress. According to Roy et al. (1993), 
30 mM proline is the most effective concentration for 
improving seed germination and seedling growth in rice 
plants subjected to salt stress; higher concentrations of 
exogenous proline (40 or 50 mM) suppress seedling 
growth and reduce the K

+
/Na

+
 ratio. Okuma et al. (2000) 

have reported that growth of tobacco cells suspension-
cultured under salt stress is promoted by exogenous 
proline (10 mM), which seems due to proline-mediated 
protection of enzymes and membranes. Hoque et al. 
(2007b) have found that exogenous proline mitigates the 
detrimental effects of salt stress on tobacco plants by 
enhancing the activities of antioxidant enzymes. How-
ever, Krishnamurthy and Bhagwat (1993) have shown 
that proline has no beneficial effect on the salinity-induced 

accumulation of either Na
+
 or Cl－ in rice leaves. The 

function of proline in tolerance to salinity in plants is still 
unclear and requires further study.  

Therefore, the present study investigated the effect of 
proline on ROS metabolism and photosynthesis in melon 
seedlings subjected to salt stress and determined if the 
mechanism of increased salt stress tolerance in melon 
plants in the presence of exogenous proline would 
involve the regulation of ROS metabolism and photosyn-
thesis. 
 

 
MATERIALS AND METHODS 
 
Plant materials and culture conditions 
 

Melon (Cucumis melo L. cv. Yuhuang and cv. Xuemei) seeds were 
sterilized with 1% (w/v) sodium hypochlorite for 10 min and were 
rinsed thoroughly with sterile distilled water. The rinsed seeds were 
placed on two layers of filter paper moistened with distilled water in 
Petri dishes at 28 ± 1°C so as to germinate. The germinated seeds 
were planted in plastic boxes containing perlite in a greenhouse at 
25 to 30°C (light period) and 15 to 18°C (dark period). After 
emergence of the 2

nd
 leaf, seedlings of uniform size were trans-

planted into plastic vessels containing 25 L of full-strength 
Hoagland’s nutrient solution (pH 6.3 to 6.5, EC 2.0 to 2.2 dS m

-1
). 

The nutrient solution was vigorously aerated using an air pump at 
intervals of 20 min to keep dissolved oxygen (DO) at 7.8 to 8.2 mg 
L

-1
. The relative humidity in the greenhouse was between 60 and 

70%. The light intensity was controlled between 800 to 1000 
µmolm

-2
s

-1
. After pre-cultured for four days, the seedlings were 

then cultured in four different nutrient solutions designated as (a) 
control:   full-strength   Hoagland’s   solution;  (b) NaCl:  full-strength  

 
 
 
 
Hoagland’s solution + 100 mM NaCl; (c) proline: full-strength 
Hoagland’s solution + 0.2 mM proline (This concentration was 
determined by preliminary experiment.); and (d) NaCl + proline: full-
strength Hoagland’s solution + 100 mM NaCl + 0.2 mM proline. 
Troughs were arranged by a completely randomized block design 
with three replicates, providing a total of 12 containers with a total 
of 36 plants per treatment. Solutions were renewed every 2 days. 
Root samples of melon cultivars used to measure ROS content and 
activities of antioxidant enzymes were harvested in triplicate at 3 
days and 5 days after starting treatment with the solutions as 
described above. At 5 days after treatment started, photosynthesis 
and chlorophyll fluorescence of plants were measured in triplicate, 
and 15 plants per treatment were harvested to measure their growth. 

 
 
Measurement of fresh and dry weights 

 
After the melon plants were washed in distilled water, their fresh 
weight was measured. The weighed plants were then dried at 70°C 
for 72 h and their dry weight was measured. 

 
 
Assay of antioxidant enzyme activity 

 
To measure superoxide dismutase (SOD) in the roots of melon 
plants, preparations were made as described by Giannopolitis and 
Ries (1977). The reaction mixture (3 ml) contained 50 µM nitro blue 
tetrazolium (NBT), 1.3 µM riboflavin, 13 mM methionine, 75 µM 
disodium-EDTA, 50 mM Na-phosphate (pH 7.8) and 30 µl of the 
enzyme fraction of the preparation. The test tubes containing the 
reaction mixture (3 ml) were irradiated with fluorescent lamps at 50 
µmolm

-2
s

-1
 for 15 min. Absorbance at 560 nm was measured 

with a spectrophotometer (JH723, Shanghai, China). SOD activity 
was estimated based on the amount of protein in the enzyme 
extraction that caused a 50% inhibition of the photochemical 
reduction of NBT. 

Sampling and assaying of catalase (CAT) and peroxidase (POD) 
in the roots of melon plants were performed as described by 
Chance and Maehly (1955). To assay CAT activity, the reaction 
mixture (3 ml) was made of 50 mM potassium phosphate (pH 7.0), 
5.9 mM H2O2 and 0.1 ml of the crude extract. The reaction was 
carried out with observation of the absorbance changed at 240nm. 
To examine POD, the reaction mixture (3 ml) was prepared with 50 
mM sodium phosphate (pH 5.0), 20 mM guaiacol, 40 mM H2O2 and 
0.1 ml of crude extract. The reaction was carried out with 
observation of the change in absorbance at 470 nm.   

Preparation for and assay of ascorbate peroxidase (APX) in the 
melon roots were performed as described by Nakano and Asada 
(1981). The reaction mixture (3 ml) was made of 50 mM potassium 
phosphate (pH 7.0), 0.1 mM disodium-EDTA, 0.1 mM H2O2, 0.5 mM 
reduced ascorbate (AsA) and the enzyme fraction of the prepa-
ration. The activity was determined by following the change in A290. 

Preparation for and assay of dehydroascorbate reductase 
(DHAR) in the roots were done as described by Nakano and Asada 
(1981). The reaction mixture contained 50 mM potassium phos-
phate (pH 7.0), 2.5 mM reduced glutathione (GSH), 0.1 mM 
dehydroascorbic acid (DHA) and the enzyme fraction of the 
preparation. The activity was determined by following the change in 
A265. 

Preparation for and assay of glutathione reductase (GR) in the 
roots were carried out according to the method by Foster and Hess 
(1980). The reaction mixture consisted of 50 mM Tris-HCl (pH 7.5), 
3 mM MgCl2, 0.15 mM NADPH, 0.5 mM GSSG (oxidized 
glutathione) and the enzyme fraction of the preparation. The activity 
was determined by following the change in A340.  

Protein levels in the enzyme fraction were quantified using the 
Bradford  assay (1976), with bovine serum albumin as the standard. 
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Figure 1. Effects of 0.2 mM exogenous proline application on fresh weight and dry weight of melon plants exposed to 100 mM NaCl for 5 d. 
Vertical bars represent the mean ± SE of three independent experiments (n=3). Different letters above bars indicate significant differences at 
P < 0.05. 
 
 
 
Measurement of ROS production and membrane damage 
 
The superoxide production rate, hydrogen peroxide content, 
malondialdehyde (MDA) content and electrolyte leakage of the 
melon roots were measured according to the methods by Elstner 
and Heupel (1976), Patterson et al. (1984), Heath and Packer (1968) 
and Gong et al. (1998), respectively. 
 
 
Measurement of photosynthesis and chlorophyll fluorescence 

 
Net photosynthetic rate (Pn) was measured using a portable 
photosynthesis system (LI-6400, LI-COR, Lincoln, NE, USA). The 
Pn of melon cultivars was measured under the following conditions: 
temperature, 25°C; relative humidity (RH) in the chamber, 70%; 
external CO2 concentration, 380 ± 10 µmol mol

-1
; and light intensity, 

800 µmol m
-2

 s
-1

 photosynthetic photon flux density. The maximum 
efficiency of photosystem II (PSII) photochemistry (Fv/Fm) was 
measured with a portable fluorometer (PAM 2100, Walz, Germany) 
after 30 min of dark adaptation. The actual efficiency of photo-
system II (ΦPSII) was calculated as described by Lu et al. (2003). 
 
 
Determination of chlorophyll content 

 
A fresh leaf sample (1 g) of melon cultivars was ground in 90% 
acetone to obtain the chlorophyll fraction which was then centrifuged 
at  1,000 g  for  15 min  at 4°C. The  absorbance  of  the  chlorophyll 

solution was measured with a spectrophotometer at A663 and A645. 
Chlorophyll concentrations were estimated on a leaf fresh-weight 
basis, according to a modified version of the method by Strain and 
Svec (1966). 

 
 
Statistical analysis 

 
All the experiments were performed in triplicate. Significant 
differences were determined by Duncan’s multiple range test using 
SAS software (SAS Institute Inc., Cary, N.C., USA). Differences 
were considered significant at p<0.05. 

 
 
RESULTS 
 
Fresh and dry weights 
 
Figure 1 shows that 5 days of 100 mM NaCl treatment 
significantly decreased the fresh and dry weights of both 
melon cultivars and that the decrease was greater in cv. 
Xuemei than in cv. Yuhuang, implying that cv. Yuhuang 
was more tolerant to salt than cv. Xuemei. However, 
application of exogenous 0.2 mM proline to salinized 
nutrient  solution  alleviated the decrease in fresh and dry  
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weights which was more significant in cv. Xuemei than in 
cv. Yuhuang. Under non-saline conditions, exogenous 
proline increased the fresh and dry weights of both melon 
cultivars. 
 
 
Chlorophyll content, photosynthesis and chlorophyll 
fluorescence 
 
Table 1 shows that after 5 days of treatment with salt 
stress (NaCl), net photosynthesis rate(Pn) and actual 
efficiency of photosystem II (ΦPSII) of the leaves of both 
cultivars were significantly decreased as compared to the 
control, and the decrease was greater in cv. Xuemei than 
in cv. Yuhuang. Salinity caused a significant increase in 
maximum quantum efficiency of PSII (Fv/Fm) and 
chlorophyll content in cv. Xuemei leaves but not in cv. 
Yuhuang leaves. Exogenous proline significantly alleviated 
the decrease of Pn, Fv/Fm, ΦPSII and chlorophyll 
content in both melon cultivars under saline conditions, 
and the effect was more remarkable in cv. Xuemei than in 
cv. Yuhuang. However, under non-saline conditions, 
exogenous proline exerted no obvious effect on those 
parameters in either melon cultivar. 
 
 
ROS production and membrane damage 
 
The superoxide anion radical level and H2O2 content in 
the roots of both melon cultivars were significantly 
increased after 3 days of salt stress, and they reached 
the highest values at 5 days. But the two values were 
greater in the plants of cv. Xuemei than in those of cv. 
Yuhuang (Figure 2 A, B, C and D). Compared with NaCl 
alone, exogenous proline reduced the superoxide anion 
radical level and the H2O2 content in the roots of both 
cultivars at 5 days. Proline treatment under saline cond-
itions had no effect on the anion radical level and the 
H2O2 content in cv. Yuhuang plants at 3 days (Figure 2 A 
and C). The malondialdehyde (MDA) content and the 
electrolyte leakage in the roots were increased by NaCl 
treatment at 3 and 5 days. But the two values were 
greater in cv. Xuemei than in cv. Yuhuang (Figure 2 E and 
F). The MDA content and electrolyte leakage levels were 
significantly reduced by exogenous proline in the roots of 
both melon cultivars under salt stress, but the effect was 
more remarkable in cv. Xuemei than in cv. Yuhuang under 
salt stress. Under non-saline conditions, exogenous proline 
displayed no significant differences in both cultivars at 3 
and 5 days of treatment. 
 
 
Antioxidant enzymes activities 
 
Compared to the control, the activities of antioxidant 
enzymes such as SOD, CAT, APX, DHAR and GR in the 
roots  of  both  melon cultivars were decreased by salinity  

 
 
 
 
stress. But the decrease was more obvious in the roots of 
cv. Xuemei than in those of cv. Yuhuang (Figures 3 and 
4). Furthermore, this phenomenon in cv. Xuemei melon was 
more robust at 5 days than at 3 days of NaCl treatment. 
In contrast, the activity of POD in both melon cultivars 
was increased by NaCl treatment (Figure 3 C and D). 
Exogenous proline without NaCl increased the activities 
of SOD (Figure 3 B/5 days), POD (Figure 3 C and D), 
CAT (Figure 3 F) and APX (Figure 4 A/5 days, B /3 days). 
The activities of the other enzymes were not affected or 
were slightly suppressed (Figure 3 A, B/3 days, E; Figure 
4 A/3 days, B/5 days, C, D, E, F). The effects of 
exogenous proline with NaCl on antioxidant enzymes 
were in two patterns: [1] activities of SOD (Figure 3 B), 
POD (Figure 3 D), CAT (Figure 3 F), APX (Figure 4 A/5 
days B) and DHAR (Figure 4 D) were significantly 
enhanced; [2] activities of SOD (Figure 3 A), POD (Figure 
3 C), CAT (Figure 3 E), APX (Figure 4 A/3 days), DHAR 
(Figure 4 C), and GR (Figure 4 E) were not significantly 
increased. In general, exogenous proline under salt stress 
enhanced the activity of antioxidant enzymes, but this 
effect was better in cv. Xuemei than in cv.Yuhuang.  
 
 
DISCUSSION 
 
Some previous studies focused on one cultivar of a plant 
in investigating the alleviating effect of exogenous 
chemicals under salt stress (Kaya et al., 2007; Tuna et 
al., 2007, etc). Others studies investigated the effect on two 
cultivars of a plant and found that the exogenous 
chemical had different effects on different cultivars because 
these cultivars of the same plant possessed different 
tolerance to salt (Athar et al., 2007; Duan et al., 2008, 
etc). Inspired, we chose two cultivars of melon plant in 
the present research on the effect of exogenous proline 
on the physiology of melon under salt stress, believing 
that such results would be more significant. Our results 
confirmed this inference, as will be discussed in what 
follows. 

Previous studies demonstrated that exogenous proline 
played an important role in the stress tolerance of plants 
(Roy et al., 1993; Okuma et al., 2004; Kumar and Yadav, 
2009), which was shown in the present study too. Kaya et 
al (2007) reported that proline applied to the leaves of cv. 
“Tempo F1” increased the dry weight of shoot and root of 
the melon subjected to salt stress. We also found the 
positive effect of proline on melons under salt stress. 
However, this effect was more remarkable in cv. Xuemei 
than in cv. Yuhuang. As shown in Figure 1, exogenous 
proline significantly increased the fresh and dry weights 
of cv. Xuemei but did not in cv. Yuhuang (Figure 1). This 
result of the study differed from those of Kaya et al. 
(2007) in that proline had different effects on different 
cultivars of melon. Similar results were reported by other 
researchers (Athar et al., 2007; Duan et al., 2008). 

In   the   present   study,   under  non-salinity  condition, 
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Figure 2. Effects of 0.2 mM exogenous proline application on superoxide production rate, hydrogen peroxide content, 
malondialdehyde content and electrolyte leakage in the roots of melon seedlings exposed to 100 mM NaCl for 3 and 5 d. 
Vertical bars represent the mean ± SE of three independent experiments (n=3). Different letters above bars indicate 
significant differences at P < 0.05.  

       

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b c

a

a

b cb

b

0

50

100

150

200

250

300

350

400

H
y
d
ro

g
e
n
 p

e
ro

x
id

e
 c

o
n
te

n
t

(µ
m

o
l g

-1
D

W
)

D 

b b

a

a

b b

a

a

0

50

100

150

200

250

300

350

400

H
y
d
ro

g
e
n
 p

e
ro

x
id

e
 c

o
n
te

n
t

(µ
m

o
l g

-1
D

W
)

C 

c c

a
a

bc c
ab

b

0

10

20

30

40

50

S
u
p
e
ro

x
id

e
 a

n
io

n
 r
a
d
ic

a
l l

e
v
e
l

(n
m

o
l m

in
-1
g

-1
D

W
)

A 

b
b

a a

b b

a
a

0

0.2

0.4

0.6

0.8

1

1.2

M
a
lo

n
d
ia

ld
e
h
y
d
e
 c

o
n
te

n
t

(µ
m

o
l g

-1
D

W
)

E 

c
b

a

a
c

b

ba

0

5

10

15

20

25

30

E
le

c
tr

o
ly

te
 le

a
k
a
g
e

(%
)

G 

c c

a

a

c c

b
b

0

10

20

30

40

50

S
u
p
e
ro

x
id

e
 a

n
io

n
 r

a
d
ic

a
l l
e
v
e
l

(n
m

o
l m

in
-1
g

-1
D

W
)

B 

c
c

a

a

c d

b
b

0

0.2

0.4

0.6

0.8

1

1.2

M
a
lo

n
d
ia

ld
e
h
y
d
e
 c

o
n
te

n
t

(µ
m

o
l g

-1
D

W
)

F 

b c

a

a

b c

a

b

0

5

10

15

20

25

30

E
le

c
tr
o
ly

te
 le

a
k
a
g
e

(%
)

H 

3 5 3 5 
Days of treatment 

Xuemei Yuhuang 

  
 

        



18386        Afr. J. Biotechnol. 
 
 
 

 
 
Figure 3. Effects of exogenous 0.2 mM proline application on the activities of SOD, POD and CAT in the roots of melon 
seedlings exposed to 100 mM NaCl for 3 and 5 d. Vertical bars represent the mean ± SE of three independent 
experiments (n=3). Different letters above bars indicate significant differences at P < 0.05. 

 
 
 

proline enhanced the growth of both melon cultivars 
(Figure 1), which might be that proline acted as a nutrient 
and contributed to cell division and cell enlargement in 
the plant (Kumar and Sharman, 1989; Okuma et al., 2004). 
Under  salt  stress,  proline   significantly    increased  the 

growth of cv. Xuemei but not of cv. Yuhuang. It could be 
inferred that proline not only functioned as a nutrient but 
also possessed some defensive mechanisms for damaged 
plants under salt stress. These mechanisms were: 
Promoting  photosynthesis,  maintaining  enzyme  activity 
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Figure 4. Effects of exogenous 0.2 mM proline applicationon on the activities of APX, DHAR and GR in the roots of 
melon seedlings exposed to 100 mM NaCl for 3 and 5 d. Vertical bars represent the mean ± SE of three 
independent experiments (n=3). Different letters above bars indicate significant differences at P < 0.05. 

 
 
 

and scavenging ROS. 
NaCl stress was reported to seriously affect plant 

photosynthesis (Demetriou et al., 2007). It reduced Pn in 
cucumber cultivars (Duan et al., 2008) and decreased the 
chlorophyll content in melon leaves (Kaya et al., 2007). 
Salt stress in the present study decreased Pn, PSII and 
chlorophyll  content  in  the  leaves  of cv. Xuemei and cv. 

Yuhuang. We also observed that salt stress caused 
decrease in Fv/Fm of Xuemei melon, but not in Fv/Fm of 
Yuhuang melon; and these results also showed parallel 
trend with Chla and Chl b (Table 1). Similar results were 
obtained by Lutts et al. (1996). The decrease of Pn in 
Yuhuang melon due to salt stress might be caused by the 
stomatal  factor,  but that in Xuemei melon might be caused  
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Table 1. Effects of exogenous 0.2 mM proline application on the net photosynthetic rate (Pn), maximum quantum efficiency of PSII 
(Fv/Fm), actual efficiency of photosystem II (ΦPSII), and chlorophyll content of melon seedlings exposed to 100 mM NaCl for 5 days. 
 

Cultivar Treatment 
Pn 

(µmol m
-2 

s
-1

) 
Fv/Fm ΦPSII 

Chla 

[mg g
-1

 (FM)] 

Chlb 

[mg g
-1

 (FM)] 

Total Chl 

[mg g
-1

 (FM)] 

 Control 26.4 ± 1.3
a
 0.82 ± 0.01

a
 0.59 ± 0.01

a
 0.84 ± 0.02

a
 0.28 ± 0.01

a
 1.12 ± 0.08

a
 

        

Yuhuang 

NaCl 20.2 ± 1.6
c
 0.82 ± 0.02

a
 0.55 ± 0.01

b
 0.79 ± 0.02

a
 0.25± 0.03

b
 1.04 ± 0.04

a
 

Proline 26.9 ± 0.9
a
 0.84 ± 0.01

a
 0.60 ± 0.03

a
 0.86 ± 0.04

a
 0.28 ± 0.02

a
 1.14 ± 0.08

a
 

NaCl + Proline 24.1 ± 1.2
b
 0.82± 0.01

a
 0.60 ± 0.02

a
 0.84 ± 0.03

a
 0.29 ± 0.01

a
 1.13 ± 0.05

a
 

Control 25.4 ± 1.5
a
 0.82± 0.01

a
 0.60 ±0.01

ab
 0.82 ± 0.02

a
 0.26 ± 0.02

a
 1.08 ± 0.03

a
 

        

Xue mei 

NaCl 15.8 ± 0.4
c
 0.77 ± 0.01

b
 0.51±0.02

c
 0.63± 0.01

c
 0.21 ± 0.02

c
 0.84 ± 0.06

b
 

Proline 25.7 ± 1.6
a
 0.83± 0.02

a
 0.61±0.04

a
 0.81 ± 0.03

a
 0.27± 0.01

a
 1.08 ±0.04

a
 

NaCl + Proline 23.3 ± 1.3
b
 0.82± 0.03

a
 0.57±0.02

b
 0.79 ± 0.03

b
 0.24 ± 0.01

b
 1.04 ± 0.05

a
 

 

Each value is the mean ± SE of three independent experiments (n = 3). Different letters indicate significant differences between treatments (P < 

0.05). Comparisons are only valid between treatments of the same cultivar. 
 
 
 

by the non-stomatal factor. Exogenous proline treatment 
alleviated the decrease in Pn, PSII and chlorophyll con-
tents of the two melon cultivars under salt stress (Table 
1), suggesting that proline improved photosynthetic 
efficiency in leaves of both melons cultivars possibly 
through alleviating salinity induced detrimental effects of 
photosynthetic pigments. Table 1 also indicated that the 
effect of proline was greater in cv. Xuemei than in cv. 
Yuhuang. 

Previous studies showed that plants under salt stress 
accumulated extra ROS that damaged chloroplasts, 
proteins, and lipids in plants (Adám et al., 1989; Scanda-
lios, 1993; Kaya et al., 2007), and led to apoptosis-like 
cell death and/or necrosis (Fath et al., 2001; Van and Dat, 
2006; Banu et al., 2009). The present study also showed 
that salt stress markedly raised the superoxide anion 
radical level, H2O2 and MDA contents in the roots of both 
melon cultivars (Figure 2 A, B, C, D, E, F). Exogenous 
proline treatment under salt stress markedly decreased 
the superoxide anion radical level, H2O2 content and 
MDA content in the roots of the Xuemei melon (Figure 2 
B, D, F). Under conditions without NaCl, proline treatment 
exhibited no change in superoxide anion radical level or 
H2O2 content in both the melon cultivars. However, the 
MDA content in the roots of the Xuemei melon was 
decreased at 5 days after proline treatment (Figure 2 F). 
These phenomena suggested that proline might act as a 
scavenger of ROS (Ashraf and Foolad, 2007) or induce 
the activation of antioxidant enzymes (Hoque et al., 
2007a, b, c) to allow scavenging of ROS.  

Antioxidant enzymes activities under salt stress were 
not consistent in previous researches, some showing 
increase in enzymes ( Meneguzzo et al., 1999; Meloni et 
al., 2003; Duan et al., 2008) while others indicating 
decrease (Meneguzzo et al., 1999; Hoque et al., 2007c). 
In the present research, SOD, CAT, APX, DHAR, GR, 
except  POD  decreased  under salt stress (Figures 3 and 

4). Proline treatment with salt increased the activities of 
all these enzymes. Inferably, proline maintained enzyme 
activities in melon under stress. These enzymes scavenged 
extra ROS which was induced by salinity. This pheno-
menon indicated that besides its direct function of 
scavenging ROS (in the above paragraph), proline also 
performed this function by maintaining the activities of 
enzymes. Similar results were obtained in previous 
studies (Hoque et al., 2007a, c). However, proline had a 
greater effect in maintaining enzyme activities in cv. Xuemei 
than in cv. Yuhuang due to their different salinity tolerance.  

It was also found that proline decreased electrolyte 
leakage in both the melon cultivars, indicating that proline 
alleviated the membrane damage in these two cultivars 
and enhanced their tolerance to NaCl stress.  
 
 

Conclusion 
 

The present study demonstrates that proline was involved 
in the salinity tolerance of melon plants. It enhanced salinity 
tolerance through promoting photosynthesis, maintaining 
enzyme activities, scavenging ROS and protecting mem-
brane. However, these effects varied on different cultivars. 
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