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ABSTRACT 

 
An experiment to find out the pre-sowing seed treatment of muskmelon with 

NaCl for various durations was carried out in the greenhouse of Plant 

Physiology Section National Agricultural Research Centre, Islamabad, Pakistan 

during the year 2012. Completely randomized (CR) design with three 

replications was used. Two muskmelon genotypes (T-96 and Bukhara) were 

assessed regarding their growth parameters, chlorophyll contents and ions 

accumulation in response to different salinity levels viz; 0, 50, 100 mMNaCl. 

Seeds were primed with 100 mMNaCl, for 12, 24 and 36 hours in comparison to 

control. Results indicated that 24 hours priming duration resulted in maximum 

shoot length (35.19 and 32.76 cm), root length (20.60 and 18.58 cm), shoot 

fresh weight (7.66 and 7.31 g), root fresh weight (0.83 and 0.69 g); leaf area 

(32.13 and 31.41 cm
2
) and total chlorophyll contents (1.43 and 1.32 mg g

-1
 FW) 

for T-96 and Bukhara respectively as compared to other priming durations and 

control. Maximum K
+ 

concentration (2.80 and 2.62 %), K
+
/Na

+
 and Ca

2+
/Na

+
ratios 

were achieved at 24 hours priming duration for both T-96 and Bukhara 

respectively. The instant results suggests that NaCl priming for 24 hours was 

effective for both T-96 (salt tolerant) and Bukhara (salt sensitive) by improving 

plant biomass, chlorophyll contents and mineral composition under salt stress 

conditions. 

 

KEYWORDS: Muskmelon; Salinity; NaCl priming; Seedling growth; Ions and 

Chlorophyll contents, Pakistan.   
 

INTRODUCTION 
 

Poor seed germination and crop stand are the major concern of growers in 
saline areas. Soils having the salinity problem obstruct the onset, decrease 
seed germination and reduces crop yield (5). High concentration of salt 
reduces plant growth and production by affecting their physiological course, 
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brings change to ionic balance and osmotic rate, and decrease uptake of 
minerals (22).Soluble salts in excess restrict the uptake of macro and 
micronutrients from plants (20). Salinity provokes oxidative stress in plants, 
which causes molecular level destruction to plant through production of 
reactive oxygen species (3). The healthiness of plant is mostly depends upon 
the chlorophyll contents in plant leaf (8). Plant chlorophyll contents decreased 
with increase of salt stress causes low growth in plants (2, 15). Such adverse 
conditions disturb the chloroplast structure (17, 23), and reduce the 
photosynthetic process in plants (26). Although muskmelon is considered 
moderately tolerant to salinity, but there are considerable variations among 
cultivars of this species to tolerate salt stress (19).  
 
Seed priming or pre-sowing treatment is the physiological practice that can 
improve germination and seedling growth of the plant (5). Seed vigor 
treatment with inorganic salt (halo-priming) is an effective practice to increase 
the germination rate and improve the physiological and biochemical functions 
of plants under stressful conditions (6, 11). Priming agent like NaCl is the 
reliable source that can improve salt tolerance in plants by enhancing their 
physiological and biochemical functions and finally increases plant growth 
(16, 21). Seed priming can also boost up the antioxidant system, which helps 
the plant to survive in adverse conditions (1).Farhoudi and Sharifzadeh, (12), 
reported that pre-sowing seed treatment with NaCl increased proline contents 
and prevented the toxic ion buildup in plants and resulted in better growth 
performance. Similar positive effect of NaCl priming was observed for many 
plant species under salt stress conditions (16, 18, 25). 
 
Keeping in view as muskmelon is the valued fruit crop of arid and semi-arid 
regions and salinity is mostly prevailed in such areas (19), seed priming 
technique was used to improve salt tolerance in muskmelon and to increase 
the productivity of this particular crop. 
 

MATERIALS AND METHODS 
 

A pot experiment was conducted to assess the various priming durations at 
different salinity levels in the green house of plant physiology, National 
Agricultural Research Center, Islamabad, Pakistan during the year 2012. The 
experiment was conducted using completely randomized (CR) design with 
factorial arrangement replicated thrice. Seed of two muskmelon genotypes T-
96 (salt tolerant) and Bhukhara (salt susceptible) were primed for various 
durations. Seeds were primed with 100 mMNaClfor 0, 12, 24 and 36 hours. 
Plastic pots (18 cm diameter and 15 cm depth) of 3 L volume capacity filled 
with silica washed sand. Ten seeds in each pot were sown and irrigated daily 
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for 12 days. After 12 days when the plants achieved 2-3 leaf growth, half 
strength Hoagland solution was applied for 3 days without any salt 
application. Fifteen (15) days old plants were subjected to various salts 
stresses (0, 50 and 100 mMNaCl). The total duration of this experiment was 
32 days. After 32 days data were collected on shoot length (cm), root length 
(cm), shoot fresh weight (g), and root fresh weight (g), leaf area (cm

2
), Na

+
, 

K
+
, Ca

2+
 concentration and total chlorophyll contents.  

 

Determination of Chlorophyll 
 

Total chlorophyll contents in leaf were determined using the equation of 
Arnon (4). Leaf samples of 0.3 g were taken and diluted in 15 ml of 80 % 
acetone and centrifuged at 2500 rpm for 10 minutes. Readings were taken at 
663 nm and 645 nm of wavelength for chlorophyll ‘a’ and ‘b’ respectively 
using spectrophotometer (Unico- UV 210) and total chlorophyll was 
calculated by the summation of chlorophyll ‘a’ and ‘b’. 
 

Na
+
, K

+
 and Ca

2+
 determination 

 

The green portion of the seedling was used to determine Na
+
, K

+
 and Ca

2+
. 

The samples were oven dried at 70 
○
C for 48 hrs. After this, 500 mg from 

each sample was weighted and shifted to 15 ml crucible. Samples were dry-
ashed in cool muffle furnace at 550 ºC for 5 hours, mixed with 2M 
hydrochloric acid, filtered, and then brought to a final volume of 50 ml with 
distilled water. Na

+
 and K

+
 was determined using flame photometer 

(Sherwood model 410) and Ca
2+

 was determined through atomic absorption 
(Shimadzu 6200 AA) according to the method prescribed by Chapman and 
Pratt, (7). 
 

STATISTICAL ANALYSIS 
 
The mean values recorded for various parameters were subjected to analysis 
of variance technique as suggested by Steel and Torrie (27). Means were 
further separated using LSD test at 5 % level of probability using analytical 
software Statistix 10. 

 

RESULTS AND DISCUSSION 

 

Vegetative growth 
 
Results showed that both salinity and priming had significant effect on shoot 
and root fresh weight of both the genotypes (Table.1). Shoot  and  root  fresh  
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Table 1. Morphological and physiological attributes in muskmelon genotypes as influenced by 

various priming durations and salinity levels. 
 

 T-96 

NaCl 

levels 

SFW RFW SL RL LA CC Na
+
 K

+
 

0mM 8.13 a 0.90a 34.70a 20.65 a 32.98a 1.41a 0.40c 3.05a 

50mM 7.47 b 0.73b 33.06a 18.50 b 31.08b 1.34b 0.57b 2.55b 

100mM 6.01 c 0.59c 28.71b 16.91 c 27.00c 1.24c 0.73a 2.18c 

LSD0.05 0.4728 0.0670 2.1525 1.4602 1.6297 0.0652 0.0523 0.2041 

 Priming duration 

0 6.81b 0.67c 29.9c 17.40 b 28.63c 1.24c 0.59a 2.38b 

12 hrs 7.3 ab 0.76b 32.4b 18.70 b 30.57ab 1.35b 0.56ab 2.63a 

24 hrs 7.66 a 0.83a 35.2a 20.60 a 32.13a 1.41 a 0.51b 2.80a 

36 hrs 7.07b 0.7bc 31.1bc 18.03 b 30.03bc 1.29bc 0.60a 2.57ab 

LSD0.05 0.546 0.077 2.485 1.686 1.882 0.0753 0.0603 0.2357 

 Bukhara 

0mM 8.13  0.83a 34.84a 19.27a 33.53a 1.40a 0.43c 2.97a 

50mM 6.99 0.59b 31.52b 16.68b 29.97b 1.32b 0.79b 2.35b 

100mM 5.48 0.48c 25.11c 14.69c 23.55c 1.04c 1.00a 1.83c 

LSD0.05 0.5590 0.0526 1.8086 0.8098 1.9599 0.064 0.0847 0.203 

 Priming duration 

0 6.58 b 0.60b  28.76c  16.04c  27.39b 1.18c 0.79a 2.22b 

12 hrs 7.00ab 0.63b 30.93ab 17.37b 28.91b 1.3ab 0.7ab 2.43ab 

24 hrs 7.31a 0.69a 32.76a 18.58a 31.41a 1.32a 0.66 b 2.62 a  

36 hrs 6.59b 0.61b 29.51bc 15.53c 28.34b 1.24b 0.80 a 2.27 b 

LSD0.05 0.6454 0.0607 2.0884 0.9351 2.2630 0.074 0.0978 0.235 

SFW = shoot fresh weight (g), RFW = root fresh weight (g), SL = shoot length (cm), RL = root length (cm), 
LA = leaf area (cm

2
), CC = chlorophyll contents (mg g

-1
 FW), Na

+
 = sodium (%) & K

+
 = potassium (%). 

 
weight in both primed and non-primed seeds decreased proportionally with 
the increment of salt level. However, in both the genotypes 24 hours primed 
seeds sustained high shoot and root fresh weight as compared to control and 
other priming durations. When evaluated at 100 mM salt level, the 24 hours 
plants shoot fresh weight of both T-96 and Bukhara increased by (24 and 17 
%) respectively as compared to control plants. Whereas root fresh weight of 
T-96 and Bukhara of 24 hours primed plants increased over control by (21 
and 18 %) respectively when evaluated at the same salinity level. Shoot and 
root length of both the genotypes were significantly affected by priming and 
salinity (Table. 1). Shoot and root length gradually decreased with the 
increasing salt level in both primed and non-primed plants. Maximum shoot 
(35.19 and 32.76 cm) and root (20.60 and 18.58 cm) length for T-96 and 
Bukhara respectively was recorded in 24 hours primed plants whereas 
minimum shoot length (29.90 and 28.76 cm) for T-96 and Bukhara 
respectively was detected in control plants. The minimum root length (15.53 
cm) in genotype Bukhara was observed at 36 hours priming duration and was 
statistically similar to control plants. The 24 hours priming increased shoot 
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length of T-96 and Bukhara by (19 and 23 %) respectively over non primed 
plants when evaluated at 100 mMNaCl. Data showed that leaf area of 
muskmelon genotypes was significantly affected by both priming and salinity 
factors (Table. 5). Maximum leaf area (32.13 and 31.41 cm

2
) for T-96 and 

Bukhara respectively was recorded at 24 hours priming duration. Whereas 
minimum leaf area in both the genotype was observed in control plants. In 
comparison to control plants, 24 hours primed plants showed (19 and 18 %) 
increase for T-96 and Bukhara respectively when evaluated at 100 mMNaCl. 
Plant growth reduction under salt stress condition is illustrious to all and was 
reported for many plant species (18, 24, 25). The present results showed that 
shoot root length; fresh weight and leaf area of both the genotypes were 
significantly decreased with boosting levels of salinity. These results are in 
complete analogy to the previous findings who observed that increasing 
salinity concentrations decrease plant growth and total biomass. The 
decrease in plant growth under salt stress conditions is due to high buildup of 
toxic Na

+
 in plant which reduces their osmotic potential (9), and decreases 

the concentration of beneficial elements like K and Ca for plants (13). Seed 
priming was effective as present results showed that NaCl priming improved 
plant growth over non-priming and these are in accordance of Sivritepeet al. 
(25). Priming reduced the uptake of toxic Na ions and increases the 
concentration of K

+
 and Ca

2+
 which resulted in better growth performance in 

comparison to non-primed plants (6, 25) and these findings confirm our 
results which could be attributed to the repair mechanisms that occur during 
seed imbibition. 
 

Ion Accumulation  
 
 

Na
+
 concentration in both the genotypes was significantly increased with the 

increase of salt level. However 12 and 24 hours priming durations showed 
less accumulation of Na

+
 as compared to 36 hours priming duration and 

control plants. Mean values showed that maximum (0.597 and 0.796 %) Na
+
 

was accumulated in T-96 and Bukhara respectively at  36 hours primed 
plants which was statistically at par to control (non-primed), while minimum 
(0.511 and 0.633 %) Na

+
 was recorded in 24 hours primed plant of T-96 and 

Bukhara respectively under various salt levels. In contrast, K
+
 concentration 

was decreased in both the genotypes with the increment of salt levels. 
Maximum mean values for K

+
 concentration in both the genotypes was 

recorded at 24 hours priming duration, whereas minimum K
+
 concentration 

was observed in control plants under salt stress conditions. 
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Fig. 1. Effect of different priming durations on K
+
/NA

+
 and CA

2+
/Na

+
 ratios in 

muskmelon under salt stress conditions. 

 
The 24 hours primed plants showed (24 and 35 %) K

+ 
increase over control 

(non-primed) for T-96 and Bukhara respectively when evaluated at 100 mM 
salt level. Similarly, in both the genotypes K

+
/Na

+
 and Ca

2+
/Na

+
  ratios 

decreased with boosting levels of salinity. The 24 hours primed plants 
maintained high K

+
/Na

+
 and Ca

2+
/Na

+
 ratios in both the genotypes when 

compared to other priming durations and control plants (Fig. 1) . It was 
reported in the previous research work that plants subjected to salinity 
resulted in high Na

+
 buildup in plants which reduces plant osmotic potential 

(9), decrease the uptake of beneficial elements like K
+
 and Ca

2+
 (13) and 

therefore resulted in low plant growth. Our results resemble and showed that 
plants with high Na

+
 buildup resulted in low growth and analogy to that of 

previous findings. Seed priming technique was used and is considered 
beneficial for plants growing under saline conditions (5). Priming reduces the 
uptake of toxic Na

+
 in leaf and increases the ratio of K

+
 and Ca

2+
 which 

resulted in better growth performance in comparison to non-primed plants (6, 
25). K

+
/Na

+
 and Ca

2+
/Na

+
 ratios were kept as key tool for discrimination in 
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plants for salt tolerance. Plants keeping high K
+
/Na

+
 and Ca

2+
/Na

+
 ratios 

under salt stress conditions resulted in better growth performance as 
compared low keeping ratios plants(10). The present results showed that 
seed priming especially 24 hours priming increased K

+
/Na

+
 and Ca

2+
/Na

+
 

ratios and resulted in better growth performance of muskmelon. These 
results are in accordance of previous findingsand showed that seed priming 
is helpful to achieve the optimum results for muskmelon under salt stress 
conditions. 

 

Chlorophyll contents  
 
The data pertaining to total chlorophyll contents of both the genotypes is 
given in (Table. 1). Both salinity and seed priming durations significantly 
affected total chlorophyll in both the genotypes. In both T-96 and Bukhara, 
total chlorophyll contents decreased with the increase of salinity stress. 
However, primed seeds retain high chlorophyll contents in leaf as compared 
to non-primed plants. Among the various priming durations, 24 hours primed 
seeds recorded maximum mean values for total chlorophyll contents under 
salt stress conditions. In comparison to control (non-primed) plants, 24 hours 
primed plants recorded (19 and 16 %) increase in chlorophyll for T-96 and 
Bukhara respectively when examined at 100 mM salt level.Chlorophyll is the 
important biochemical of plant as plant healthiness is mostly concern to it (8). 
In saline conditions plant chlorophyll contents decrease with the increase of 
salt stress(2, 15, 28). This decrease in chlorophyll contents due to salt stress 
could be attributed to toxic ions buildup in leaf which damage the protein 
chlorophyll bonds in thylakoid membranes and close stomata (2, 11). All 
these previous findings confirm our results and showed that chlorophyll 
contents decreased with the increase of salt stress. The present results 
showed that seeds primed with NaCl gavegreater amount of total chlorophyll 
contents in saline conditions when compared to unprimed plants.These 
results are in accordance of (11, 14) who reported thatNaCl primed plants 
improved chlorophyll contents over non-primed plants. 
 

CONCLUSION 

 
This study signifies the effect of halo-priming (NaCl) for muskmelon growing 
under saline conditions. By applying seed priming technique, seedling growth 
was improved; total chlorophyll contents were increased and gave balanced 
mineral ions composition in saline conditions. In conclusion, 24 hours priming 
duration was more effective for maximum muskmelon growth achievement 
under salt stress conditions. 
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