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Major nutrients unavailability and deficiency in micronutrients will restrict crops growth under salinity 
conditions. But, salinity could be employed to modulate better quality produce. Thus, two (2) studies 
were subsequently conducted in order to evaluate suitability of salinity inclusions based on:-1) rates and 
2) sources to obtain desirable yield and quality. In first study, 4.0 mS/cm sodium chloride (NaCl) rate do 
not have any significant differences in terms of plant physiology and yield of rock melon in compared 
with control set. Therefore, MG 9 cultivar as tested ascertained to be moderately tolerance towards 
salinity level. On the second study, three (3) sources of salinity were tested: - sodium chloride (NaCl), 
potassium nitrate (KNO3) and micronutrients (MNS) at the concentrations of 4.0 mS/cm each whilst 
water (H2O) and basic solution act as control set. The results demonstrated that, most of the parameters 
were independently influenced by salinity sources except for relative water content (RWC), leaf water 
potential (LWP), fruit diameter (FD), and plant fresh weight (PFW). These parameters were recorded to 
be reduced upon 4.0 mS/cm of MNS application. The best treatments to elevate yield and quality of rock 
melon in our study were:-NaCl>KCl>MNS>control. 
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INTRODUCTION 

Salinity poses serious and growing challenges 
in order to maximize crop production in many 
regions of the world. According to FAO (2011), 
about 34 million hectares of irrigated areas 
impacted by salinity, and in some arid conditions it 
is estimated that closed to 50% of agricultural 
lands have been degraded due to effects of 
salinity. With ever growing world hunger and 
limited arable agriculture lands, the need to 
conserve cropping area and improve the 
efficiency of available resources had become 
necessity. Considerations had been given towards 
converting arable lands even with salinity problem 
which potentially limits the plant growth. Many 
literatures reported negative effects of salinity on 
crop production; nevertheless, in some cases it is 

being employed as a tool for enhancement of 
certain crop attributes such as fruits quality. 
According to Zhang et al., (2017), adding salts to 
nutrient solutions is a veritable means to improve 
quality of tomato fruits. Similar results obtained by 
Lester et al., (2010), which suggested that 
marketability and fruit quality attributes were 
improved significantly by treatments with K2SO4.  

Rock melon (Cucumis melo L.) often 
cultivated in arid/semiarid and temperate regions 
due to suitable on agro-climatic conditions. 
According to Sivritepe at al., (2005), the fruit 
quality of some melon cultivars can be improved 
by irrigation with mildly saline water. Several 
previous reports indicated that salt-stress brought 
an increase in parameters of fruit quality such as 
total soluble sugars (TSS), and fruit appearances 
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(Meiri et al., 1995; Mendlinger, 1994; Mendlinger 
and Fossen, 1993). However, the salinity-induced 
fruit quality has always been accompanied by a 
significant reduction in yields (Meiri et al., 1995; 
Shani and Dudley, 2001). To date no 
comprehensive greenhouse studies have been 
conducted to examine the overall effect of salinity 
on melon applied at different stages of fruits 
development. Previous studies have shown that 
between fruit maturity and harvest, melon is salt 
tolerant and only sensitive during germination and 
seedling growth stages (Nukaya et al., 1980; 
Franco et al., 1993). However, the exposure of 
seedling to moderate salinity can be 
recommended for crops establishment during 
transplanting method (Cuartero and Fernandez., 
1999). Sivritepe et al., (1999) suggested that 
priming of melon seeds with 1% (EC: 18 dS m

-1
) 

for 3 days able to induce stress during 
germination period consequently increases salt 
tolerance of melons during the seedling growth 
stage. Nevertheless, the beneficial effects of NaCl 
for the later development stages for melon plants 
still remain unclear.  

 Many researches have evaluated the effect of 
salinity on growth, physiology and yield of different 
kinds of cucurbit plants viz a viz watermelon, 
cucumber and muskmelon. Despite melon is 
known for its tolerance to salinity. It has been 
reported that salt tolerance in melons is 
dependent on the cultivars (Shannon and 
Francois, 1978; Meiri et al., 1982). Therefore, this 
study was conducted majorly to evaluate the 
effects of salinity on the growth, physiology, and 
yield of (Cucumis melo L.) cultivar of MG 9. Two 
(2) sub studies were conducted aimed at: -1) to 
identify the effect of salinity (4.0 Ms/cm NaCl) 
inclusions in tested cultivar and, 2) to evaluate the 
sources of salinity, NaCl, KCl and micronutrients 
in improving the yield and quality of the produces. 

 
MATERIALS AND METHODS 

Experimental design and crop husbandry 
A greenhouse study was conducted in Crop 

Science department, Faculty of Agriculture, 
Universiti Putra Malaysia (UPM), 43400, Serdang, 
Selangor in 2015-2016. Seeds of F1 hybrid rock 
melon (MG 9) were transferred into 25 x 30 cm 
polyethylene bags of 5 kg soilless substrate 
(100% coco peat). The experiment was set up in a 
completely randomized design (CRD) with 4 
replications. For the first study, salinity treatment 
was designed at the rate of 4.0 mS/cm of sodium 
chloride (NaCl) whilst fresh water (basic) and 

nutrient solution at the rate of 1.5 mS/cm act as 
control set. The melon plants were tied vertically 
using nylon wires and irrigated with nutrient 
solution in a closed system. Salt stress treatments 
were applied at 21 days after transplanting (DAT). 
Data collections of plant height (PH), stomata 
conductivity (SC), photosynthesis (PSY) and 
transpiration (TPN) were evaluated.  

   For the second study, the salinity treatments 
were designed at a constant rate of 4.0 mS/cm of 
sodium chloride (NaCl), potassium nitrate (KNO3) 
and micronutrients; whilst fresh water (basic) and 
nutrient solution at the rate of 1.5 mS/cm act as 
control set. Similar set up was designed for the 
second study as in the first study. The salt-stress 
treatments were applied 21 days after 
transplanting (DAT) using fertigation system, 
fertilizers were drip directly to the root zone, three 
(3) times a day at 4-hour intervals during the 
daylight.  

 One flower was allowed to develop on the 
main stem for each plant in order to produce one 
fruit. This was conducted to limit competition for 
assimilates. Data collections of plant height (PH), 
stomata conductivity (SC), photosynthesis (PTS) 
and transpiration (TRSP) were evaluated 
accordingly. Fully expanded melon leaves were 
sampled for measurement of leaf water potential 
(LWP) for two month after sowing, measured in 
days after sowing (DAS). Leaf water potential 
(Ψleaf) was measured using pressure chamber 
instrument (PMS Instrument Company-Model 
1000, California, USA). Measurements were 
carried out on the third leaf from the tip of the 
plant and determined using Barrs and Weatherley 
(1962) method. The relative water content (RWC) 
was calculated according to the following 
equation: - 
 

RWC (%) = 
F e h  eigh -d    eigh 

          ed  eigh -d    eigh 
     

Chemical analyses and determination 
The dried powder of leaf was digested in a 
mixture of H2SO4–H2O2 (5:1 ratio). One (1) g of 
ground leaf tissues was ash for 5 h at 600 

0
C 

temperature. After cooling, ash was mixed with 4 
ml of deionised water and 1 ml of concentrated 
HCl. The solution was boiled, filtered and brought 
to 100 ml volume with deionised water. The 
Nitrogen concentration (N) in the leaf sample was 
carried out after mineralization with 10 ml sulfuric 
acid according to the Kjeldahl digestion procedure 
(BUCHI. Kjel Master K-375). A spectrophotometer 
was used to determine the phosphorus (P) 
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concentrations. A flame photometry (Sherwood 
Model 420, Cambridge, UK) was used to analyse 
the potassium (K) concentration. On the other 
hand, the calcium (Ca), magnesium (Mg), iron 
(Fe), manganese (Mn) and zinc (Zn) was 
determined using atomic absorption 
spectrophotometry AA-6800 (Shimadzu 
Corporation, Kyoto, Japan).  

Statistical analysis 
Statistical analysis was conducted with analysis of 
variance (ANOVA) using SAS statistical software 
version 9.4 developed by the SAS Institute (2002-
2012). The mean treatments were compared 
  ing T ke  (H D)  e      5 % (P≤0.05) 
significance level. 
 
RESULTS  

Preliminary assessment of rock melon effects 
towards salinity 

The demonstrated results indicated that the 
effect of salinity on the stem height of Cucumis 
melo L. as per tested were presented in Table 1. 
The result indicated that there is no significant 
(P≤0.05) diffe ence in  he   em heigh  of pl n   
watered with NaCl or controls (water and nutrient 
solution treatments), ranged from 135.5 to 144.3 
cm accordingly. Similar finding also been 
recorded by An et al., (2002) who concluded that 
the application of NaCl resulting in the 
maintenance and/or enhancement of C. melo 
growth. Kim et al., (2016) reported that the 
irrigation of lettuce and Chinese cabbage with 
saline water (NaCl) had no significant effect on 
vegetative growth both at low and high salinity 
levels.  

 The non-significant difference indicated in 
stem height may be an indicator of low salinity 
tolerant towards osmotic resistant (Munns, 2008). 
This is also in view with Zhai et al., (2015) who 
observed slight stress enhance osmotic 
adjustment and ATP enzyme activities in order to 
stimulate better plant growth.  

  According to Table 1, the maximum fresh 
weight of NaCl treated rock melon plant was 
increased by 1.43 g even though it is not 
significantly differs from the water and nutrient 
solution at 1.39 and 1.38 g respectively. Trajkova 
et al. (2006) reported that no significant effect of 
low NaCl salinity on Cucumis sativa growth. 
Similar trend also reported by Kim et al., (2016) 
for lettuce and cabbage after saline water 
treatment. The effect of salinity on plant fresh 
weight may have been modulated by the cultivar 
salt-tolerant traits. Wang et al., (2013) postulated 
that salt tolerant cultivars showed smaller 
reduction in biomass via salt treatments rather 
than the sensitive ones when 100 mMol NaCl had 
no significant effect on C. melo cultivar tested in 
their experiment.    

 Fruit texture of Cucumis melo plants in our 
experiment did not differ in their response towards 
salinity treatments (Table 1). This contradicts the 
assertion by Yasour et al., (2015) who reported 
that salinity usually induced fruit hypodermic 
thickening resulting in toughening of the skin 
texture of tomato. 

 The total soluble solids of C. melo fruits 
harvested from plants subjected to salinity 
treatments were not significantly different from 
 h   of con  ol pl n   (P≤0.05). The  e  l   of  he 
analysis were presented in Table 1. Navarro et al., 
(2002) also reported similar findings that 
subjecting pepper fruits to 15 and 30 mM of NaCl 
had no significant effect on the TSS. Trajkovaet 
al., (2006) reported no significant effect of low 
NaCl salinity on TSS of Cucumis sativa. However, 
Campos et al., (2006) contrasted with suggestion 
that salinity treatments generally increased 
soluble solids due to reduced import of water and 
increase in the active accumulation of ions and 
organic molecules in fruits. 

 Results of analysis showed that stomata 
cond c  nce     no   ignific n l  (P≤0.05) 
affected by salinity treatment (Table 2). 

Table 1: Salinity effects on parameters measured 

Treatment 
Stem height (cm) 

Fresh weight (g) Texture (N) TSS (
0
brix) 

1 month 2   month 

Water 84.8a 144.3a 1.39a 6.78a 8.0a 

Nutrient solution 72.3a 122.3a 1.38a 5.38a 7.8a 

NaCl 81.7a 135.5a 1.43a 5.75a 7.5a 

P≤0.05 ns ns ns ns ns 

No e: me n  follo ed b   he   me le  e  in   col mn   e no   ignific n l  diffe en  (P≤0.05); T  :  Total soluble solids 
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Table 2: Effect of salinity on the stomatal conductance, transpiration rate, and net photosynthetic.. 
Treatment Stomatal conductance 

(μmol m
-2

 s
-1

) 
Transpiration rate 

(μmol m
-2

 s
-1

) 
Photosynthesis 

(μmol m
-2

 s
-1

) 

Water 0.72a 3.94a 16.9a 

Nutrient solution 0.65a 3.67a 17.5a 

NaCl 0.55a 3.43a 17.5a 

P≤0.05 ns ns ns 

No e: me n  follo ed b   he   me le  e  in   col mn   e no   ignific n l  diffe en  (P≤0.05) 

 
Wang et al., (2013) reported similar effect on C. 
melo subjected to 100 mMol of NaCl. This 
contradicted with the Roy et al., (2014), which 
suggested stomata closure was one of the well-
known effects of salinity.  
        Results showed that little reduction in 
transpiration rate with salinity treatment but not 
significantly difference from other treatments 
(Table 2). Kusvuran (2012) had observed that 
even salinity caused a reduction in the 
transpiration rate of all the cultivars studied; the 
degree of reduction depends on the tolerance 
traits of each cultivar tested. It is possibly the lack 
of response to salinity by this parameter is as a 
result of high tolerance of the C. melo variety used 
in this study. 
        Net photosynthetic rate of Cucumis melo 
plants did not differ in their response to salinity 
treatments. Results of analysis presented in Table 
2 indic  ed  h    he e     no  ignific n  (P≤0.05) 
difference between the treatments. Whereas 
Surdhir and Murphy (2004) stated that salinity 
often caused decrease in photosynthesis rate. 
According to Downton et al., (1990) abiotic 
stresses such as water and salinity have no direct 
effect on photosynthesis except for stomata 
conductance. 

Variation within parameters 
Correlation analysis between parameters 

studied indicated that the relationship between 
most parameters were weak. The relationship 
between growth parameters and fruit quality and 
g  eo   p   me e       no   ignific n  (p≤0.05). 
Also there was a no significant relationship 
(p≤0.05) be  een  he f uit quality parameters (fruit 
texture, total soluble solids and fruit weight) and 
gaseous exchange parameters (photosynthesis, 
stomata conductance and transpiration rate) 
either. However, a positively strong significant 
relationship (r=0.92) between 1

st
 and 2

nd
 month 

stem height. This suggested that early growth was 
important to attain optimum height of rockmelon. 
At the same time, there are strong positive 
significant relationship between stomata 
conductance and transpiration rate (r=0.99). 
          Salinity can limits the crops productivity 
according to the level of salinity and tolerance of 
the cultivar tested, making each cultivars vary in 
their response towards salinity. The results 
showed that the C.melo (MG 9) cultivar used in 
this study was not affected by the salt treatment 
according to parameter measured, suggesting 
moderate salt-tolerance traits. 

Table 3: Correlation coefficient between parameters measured of NaCl treatment. 
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Sources of salinity towards better productivity 
The effect of different sources of salinity on 

the stem height of Cucumis melo grown under 
soilless media was analyzed (Table 4). The 
reduction in stem height may be as a result of 
inefficient sodium ion compartmentalization. 
Usually ion exclusion involved in the energy 
diversion accumulates in compatible solutes for 
osmotic adjustment with the expense of growth 
(Trajkova et al., 2006). Sivasankaramoorthy 
(2014) described that sodium chloride (NaCl) had 
the most pronounced effect on tomato length in a 
trial involving different sources of salinity. 
       Results of analysis as presented in Table 5 
indic  ed  h    he e     no  ignific n  (P≤0.05) 
difference between the treatments for leaf area 
index (LAI). This in contrary to Murillo-Amador et 
al., (2000) which suggested that salinity seriously 
reduced leaf area of plants. The lack of response 
to salinity may be due to capacity of C. melo to 
escape or ameliorate salinity through inhibition of 

cell division and expansion (Parvin et al., 2015). 
         According to Table 5, the fresh weight of C. 
melo plants treated with micronutrients was 
lowered by 38.4, 37.4, and 34.3 % in compared 
with water, NaCl, and KCl treatments respectively. 
This effect of salinity on the fresh weight of C. 
melo may be attributed to the osmotic effect which 
disturbs the cellular water balance, inhibition of 
growth and magnifying the internal imbalance 
(Younis et al., 2003). Whilst, for the dry weight the 
results showed that the salinity sources had no 
significant effect on  he pl n  d    eigh  (P≤0.05).   

Salinity and water relations  
There was significant difference in the LWP of 
plants subjected to different sources of salinity. 
The plants subjected to treatments of KCl and 
MNS had significantly lower leaf water potential in 
compared to control set. 
 
 

 
Table 4: Effect of different sources of salinity on the stem height of C. melo 

Treatments 
Stem height (cm) 

30 days 51 days 71 days 

Water 82.3a 237.3a 318.5a 

NaCl 63.8b 221.3a 308.0a 

KCl 71.0ab 220.8a 292.5a 

Micronutrients 78.5a 213.8a 299.5a 

P≤0.05 * ns ns 

No e: me n  follo ed b   he   me le  e  in   col mn   e no   ignific n l  diffe en  (P≤0.05) 
 
 

 
Table 5: Sources of salinity on the leaf area index, plant fresh and dry weight parameters. 

Treatment Leaf area 
index 

Plant fresh weight 
(g) 

Plant dry weight 
(g) 

Water 286.9a 649.2a 206.9a 

NaCl 267.2a 639.0a 174.3a 

KCl 248.4a 609.2a 190.3a 

Macronutrients 246.5a 400.0b 154.6a 

P≤0.05 ns * ns 

Note: means followed by the same letter in a column are not  ignific n l  diffe en  (P≤0.05) 
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No e: me n  follo ed b   he   me le  e  in   col mn   e no   ignific n l  diffe en  (P≤0.05) 

 
Figure 2: Sources of salinity on the leaf water potential and relative water content. 

 KCl treated plants were 52.9 % lower in LWP 
than the control set whilst macronutrients treated 
plants were 57.5 % lower. The LWP of NaCl 
treated plants however not significantly different 
from the control, KCl, and macronutrients treated 
plants. 
       Plants subjected to KCl had significant higher 
RWC than the control and macronutrient 
treatment. KCl was 43.4 and 28.5 % RWC higher 
than the control and macronutrients treated 
plants. Abram (1988) suggested that when solute 
accumulates under condition of equal uptake and 
loss of water from a cell, the water potential may 
be reduced while RWC remained high. 
       Variations in the salt content or levels in the 
nutrient solutions for crop production are 
sometimes used as a strategy to enhance better 
fruit quality. In this regard it is necessary to 
determine the most suitable salt and rates, when 
added or able to increase nutrient utilization 
consequently leads to better end produce without 
jeopardizing the growth and yield. The response 
of crop water potential provided some useful 
indicator as to which source of salinity might be 
more appropriate to be use in growing C. melo. 
The results showed that KCl and MNS 
incorporation significantly reduced the water 
potential of C. melo. 

 
CONCLUSION 

The sources of salinity effects can be 
accessed through the growth performance, 
physiology and quality of rock melon produce. 
NaCl treatment reduced early stem length but no 
significant effect on yield, gaseous exchange and 
RWC of the plant. On the other hand, KCl 
treatment had no significant effect on the growth, 
but significantly increase in RWC and reduced in 
LWP were recorded. On the other hand, the MNS 
treatment significantly decreases the LWP, FD, 
calcium concentration and PFW parameters 
accordingly. Based on the study, the best 
treatments to elevate yield and quality of rock 
melon were:- NaCl>KCl>MNS>control. The MG 9 
rock melon cultivar tested ascertained to have 
moderate tolerance towards salinity level. 
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