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Abstract: Establishing strategies of organic amendments application to mitigate the adverse effects of saline irrigation are 

essential for the sustainable agriculture.  A two-year pot experiment was conducted using combinations of organic 

amendments including effective microorganisms (EM), biochar (BC) and digestate (Di) to investigate their effects on soil and 

melon (Cucumis melo L.) compared with the recommended NPK fertilizer and Control (CK) under two levels of irrigation 

water salinity (SL0: 0.25 dS/m, SL1: 2.0 dS/m).  Results showed combined applications of organic amendments could 

significantly (p<0.05) increase soil pH and organic matter (OM) compared to NPK and CK.  Application of organic 

amendments containing BC evidently increased the sodium adsorptive capacity (SAC) under saline water solution.  The 

combined application of EM, BC and Di (EM+BC+Di) could significantly (p<0.05) improve soil available water retention 

under SL0 and SL1 compared with other treatments.  Results also showed organic amendments application can significantly 

(p<0.05) enhance the photosynthetic rate (Pr) and reduce sodium ion (Na+) content in melon leaves.  EM+BC+Di could 

significantly (p<0.05) increase water use efficiency (WUE) and fruit yield of melon under SL0 and SL1 in comparison to other 

treatments.  It proved that EM+BC+Di had a positive effect on soil improvement, melon growth, WUE and fruit yield.  

Moreover, EM+BC+Di could be used as an alternative strategy for mineral NPK fertilization of melon at reasonable dosages 

and frequencies under saline irrigation. 
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1  Introduction

 

Salt stress is one of the most serious limiting factors for crop 

growth and production in the arid, semiarid and coastal regions[1].  

About 23% of the world’s cultivated areas are saline due to 

man-made processes such as saline irrigation[2].  There are many 

successful trials to utilize saline water resource for crop production, 

including direct irrigation with saline water[3], mixed irrigation with 

freshwater and saline water[4], irrigation with freshwater and saline 

water in rotation[5,6].  Organic amendments are considered as one 

of the possible solutions to increasing crop growth.  They had a 

significant role in enhancing soil properties and avoiding harmful 

effects of salt stress[7]. 

Excessive chemical fertilization usually leads to soil salinity 

increase[8].  Recent researches adopted the traditional fertilization 
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practices to improve soil organic inputs by using organic 

amendments[9,10].  Biochar (BC) is a carbon-rich product by 

pyrolysis in the closed system under a limited quantity of 

oxygen[10].  Studies showed that BC amendments are capable of 

mounting soil fertility[10,11].  Only limited studies have 

investigated the potential of BC to mitigate the negative effects of 

salt stress on plants.  Elbashier et al.[11] reported that BC 

application could increase the melon fruit yield and quality, as well 

as water use efficiency (WUE).  Digestate (Di) is an organic 

amendment formed by the anaerobic digestion in biogas plants and 

is usually used as a fertilizer[12].  Di contains a high proportion of 

ammonium, which is available for plants[13].  Moreover, it 

contains micro-elements needed for plant growth.  Di can 

contribute to soil organic matter (OM) turnover, improving the soil 

biological and physicochemical characteristics[14].  Effective 

microorganisms (EM) contain lactic acid bacteria, yeasts, 

photosynthetic bacteria, actinomycetes, and other types of 

organisms[11,15,16].  These microorganisms can secrete beneficial 

substances such as vitamins and organic acids, thereby creating an 

environment favorable for plant growth[17].  Moreover, they 

chelate heavy metals and antioxidants when mixed with organic 

substances[18].  

Melon (Cucumis melo L.) is an economically crucial annual 

plant cultivated all over the world.  It is helpful to maintain vision 

health, strong bones and teeth[19].  Melon is a moderately 

salt-tolerant plant with a threshold of about 1 dS/m[20].  Under 

saline irrigation, the total yield of melon and watermelon was 

decreased with the increasing salinity[21].  We hypothesized that 

the combinations of above-mentioned organic amendments would 
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be more effective in enhancing soil properties and plant growth 

under saline irrigation since they take advantage of each 

amendment’s nature.  Therefore, this study focused on 

investigating the effects of the combinations of BC, Di and EM on 

soil properties, melon growth under saline irrigation.  It aims to 

provide the scientific evidences for organic amendments 

application as a promising strategy for optimizing saline water use 

and replacing chemical fertilization in the melon production. 

2  Materials and methods 

2.1  Experimental site and climatic condition 

The experiments were conducted for two consecutive years 

(2017-2018) at the Water-Saving Park of Hohai University, 

Nanjing, China.  It is located on latitude 31°57′N and longitude 

118°50′E.  This area is characterized by a humid subtropical 

climate influenced by the East Asia Monsoon.  The annual mean 

temperature, evaporation and precipitation are 15.5°C, 1472.5 mm 

and 1072.9 mm, respectively.  The soil used is sandy clayey loam.  

Table 1 lists the main properties of the experimental soil. 

2.2  Experimental design 

Melon seeds were sown in a nursery on April 20, 2017 and  

April 23, 2018.  They were transplanted to the pots at the four-leaf 

stage (May 4, 2017; May 6, 2018) and grown in a greenhouse.  

Figure 1 indicated the shape and dimensions of the pots (each pot is 

0.300211 m3 in volume and it contains 10 kg of soil).  The air 

temperature inside the greenhouse was kept at (30.5±2)°C during 

the growing seasons, while it ranged from 18.5°C to 41.0°C outside.   

The amount of irrigation was based on the pan evaporation 

method[11]. 
 

Table 1  Properties of the tested soil, BC and Di 

Parameters 
Value 

Soil BC Di 

EC/dS·m
-1

 0.20
1
 2.50

1
 1.50 

pH 7.70
1
 7.50

1
 7.0-7.5 

Sand/% 33.0 - - 

Silt/% 39.0 - - 

Clay/% 28.0 - - 

OM/% 1.70 24.0 0.7 

CaCO3/% 1.90 - - 

BD/g·cm
-3

 1.42 0.24 - 

Porosity/% 46.0 71.0 - 

Na/mmol·L
-1

 1.00
1
 21.0

1
 12.0 

K/mmol·L
-1

 0.20
1
 2.30

1
 2.00 

TN/g·kg
-1

 1.31 14 5.1
2
 

TP/g·kg
-1

 0.90 21 4.2
2 

TK/g·kg
-1

 19.0 17 3.5
2 

Amino acids/% - - >15.0 

Protein/% - - >2.50 

Note: 
1
 Water extract 1:5 (w/v); 

2 
The unit is g/L for Di. 

 
Figure 1  Experimental pots used for melon growth 

 

Two levels of water salinity (SL0 = 0.25 dS/m and SL1 = 2 

dS/m) were used for irrigation.  EM-bokashi, BC and Di were 

selected as organic amendments.  For NPK treatment, the dose of 

120-150-150 kg/hm2 was recommended by adding mineral NPK 

fertilizer.  The double factors randomized design was adopted and 

two irrigation treatments (SL0, SL1) together with six fertilization 

treatments (CK, NPK, EM+BC, EM+Di, BC+Di, EM+BC+Di) 

were designed as shown in Table 2.  Each treatment was 

performed in three parallel replicates. 

EM-bokashi used was provided by Guangzhou Yubang 

Technology Co., Ltd, China (Record No. QB/44010072158-2013).  

It had an EC value of 2 dS/m and pH of about 5.6.  EM-bokashi 

was added thrice (5 g/pot in each time): 1) 12 d after melon 

transplanting, 2) 14 d after the first dose, and 3) 29 d after the 

second dose.  

The BC used was produced from pinewood, pyrolyzed at 

350°C-550°C.  It was provided by Shandong Tairan Biological 

Engineering Co., Ltd, China.  5% of BC (500 g/pot) was 

thoroughly mixed with soil as the basal fertilization.  
 

Table 2  Experimental treatments 

Irrigation treatments Descriptions 

SL0 0.25 dS·m
-1

, tap water, normal irrigation water 

SL1 2 dS·m
-1

, 1 g NaCl·L
-1

, saline irrigation water 

Fertilization treatments Descriptions 

CK Control, no additions 

NPK NPK fertilizer (533-667-667 mg per pot) 

EM+BC EM-bokashi (5 g per pot, thrice) and BC 5% (500 g/pot) 

EM+Di 
EM-bokashi (5 g per pot, thrice) and Di (500 mL per pot, 

twice) 

BC+Di BC 5% (500 g per pot) and Di (500 mL per pot, twice) 

EM+BC+Di 
EM-bokashi (5 g per pot, thrice) with BC 5% (500 g per 

pot) and Di (500 mL per pot, twice) 
 

The Di used was produced by the anaerobic digestion of cow 

and rabbit manure in the mesophilic (20°C-40°C) condition.  It 

was provided by the Farmhouse Small Manor Company, Jining, 

Shandong, China.  Di was applied twice (500 mL/pot each time): 

1) 12 d after melon transplanting, 2) one month after the first 
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dose.  The properties of BC and Di are listed in Table 1. 

After three months, melon plants were harvested and soil 

samples were collected to determine the physicochemical 

properties.  Moreover, parameters of photosynthetic rate (Pr), 

plant leave sodium (Na+) content, melon fruit yield and WUE were 

measured for the different treatments. 

2.3  Soil and organic amendment parameters determination 

2.3.1  Soil pH and OM 

The pH (1:5 soil: water ratio, w/v) was determined using pH 

meter model 3510.  OM was determined by titration with ferrous 

ammonium sulphate solution according to Page et al[22]. 

2.3.2  Sodium adsorptive capacity (SAC) of organic amendments 

It was carried out in the laboratory at 25°C.  Four 

combinations of organic amendments were stimulated and among 

them 0.02 g of EM-Bokashi, 2.1 g of BC and 2.1 mL of Di were 

transferred into 50 mL polypropylene tubes containing 40 mL of 

0.25 dS/m and 2 dS/m NaCl solution with three replicates for each 

treatment.  The tubes were shaken manually for 5 min then 

agitated for 24 h on a shaker at 45 r/min.  After shaking, the 

supernatant was separated by centrifugation at 155 g (RCF) for    

5 min.  A clear aliquot was used for Na+ analysis by flame 

photometer, as reported by Estefan et al.[23].  The SAC of these 

organic amendments was calculated by using equation1[24]. 

( )i fc c
SAC V

m


                  (1) 

where, Ci and Cf are the initial and final concentrations of Na+ 

before and after amendments addition, mg/L; V is volume of NaCl 

solution, mL; m is the dosage of amendments, g. 

2.3.3  Field capacity (FC), permanent wilting point (PWP) and 

available water capacity (AWC) of soil 

FC and PWP were determined at 0.33 and 15.0 bar (matrix 

potentials), respectively, using pressure plate apparatus.  The 

AWC was determined as follows[25]: 

PWPAWC FC                   (2) 

where, θPWP is the water content at the PWP and FC is the field 

capacity. 

2.4  Plant parameters determination 

2.4.1  Pr 

At the fruit stage, melon leaves in the upper canopy of each 

treatment were selected for Pr determination.  It was measured 

during the period of 09:00 a.m.-12:00 p.m. using a portable 

photosynthesis system (TPS-2, Cambridge, UK). 

2.4.2  Na+ content in melon leaves 

It was measured at harvesting stage based on the method 

described by Estefan et al[23]. 

2.4.3  Melon fruit yield and WUE 

Melon fruit yield was determined according to Graber et al.[26].  

WUE for each treatment was calculated using the following 

equation: 

3

Crop yield (kg)

Total water used (m )
WUE              (3) 

2.5  Statistical test 

The experimental data were analyzed using the Minitab® 18.1 

software.  Two-way analysis of variance (ANOVA) was used in 

these tests and the separation of means of the treatments was done 

with a Duncan’s test.  For all statistical tests, results were 

considered significant when p<0.05.  And the least significant 

difference (LSD) was used to put up multiple comparisons.  The 

GraphPad Prism 6 software package was adopted to generate the 

graphs based on the experimental results. 

3  Results 

3.1  Effects of organic amendments on soil parameters and SAC 

3.1.1  pH and OM 

From Table 3, it could be seen that the organic amendments 

decreased the soil pH under both SL0 and SL1 in comparison to 

CK in 2017.  The lower pH values were noticed with EM+BC+Di, 

meanwhile, no significant differences were found between SL0 and 

SL1.  Unlike first season (2017), the results obtained in 2018 

showed that the organic amendments increased the soil pH 

significantly (p<0.05) compared to CK and NPK.  The higher pH 

values were obtained by EM+Di, followed by EM+BC+Di, while 

the lowest values were noticed with CK under SL0 and NPK under 

SL1.  No significant differences were found across EM+Di, 

BC+Di and EM+BC+Di, as seen in Table 3. 
 

Table 3  Soil pH and OM 

Treatments 
Saline 

water 

pH (1:5) OM (%) 

2017 2018 2017 2018 

CK 

SL0 

7.61
Aa 

7.5
Af

 1.8
Ae 

1.7
Ae

 

NPK 7.32
Aabc 

7.9
Ade

 1.7
Ae 

1.7
Ae

 

EM+BC 7.29
Aabc 

8.3
Abcd

 2.0
Ae 

2.7
Ad

 

EM+Di 7.54
Aab 

8.8
Aa

 3.5
Ac 

3.4
Ac

 

BC+Di 7.17
Abcd 

8.5
Aabc

 4.1
Abc 

4.3
Ab

 

EM+BC+Di 7.02
Acd 

8.7
Aab

 5.3
Aa 

5.5
Aa

 

CK 

SL1 

7.72
Aa 

8.1
Acde

 1.8
Ae 

1.0
Bd

 

NPK 6.84
Ad 

7.9
Aed

 1.8
Ae 

1.1
Bd

 

EM+BC 7.21
Abc 

8.4
Abc

 2.8
Ad 

3.0
Bc

 

EM+Di 7.36
Aabc 

8.7
Aab

 3.8
Abc 

2.9
Bc

 

BC+Di 7.16
Abcd 

8.5
Aabc

 4.2
Ab 

4.0
Bb

 

EM+BC+Di 6.83
Ad 

8.6
Aab

 5.2
Aa 

4.9
Ba

 

Note: Means are significantly different when followed by the different letters 

between irrigations (uppercase) or among amendments (lowercase) (p<0.05). 
 

Generally, application of organic amendments could obviously 

(p<0.05) increase soil OM compared with CK and NPK (Table 3).  

In 2017 and 2018, EM + BC + Di showed highest OM values 

compared to other treatments.  BC + Di was more effective in 

enhancing soil OM than EM+BC and EM+Di.  The lower values 

were obtained by CK and NPK.  

3.1.2  SAC 

As shown in Figure 2, the higher SAC of organic amendments 

was detected at 2 dS/m of NaCl solution.  The highest SAC was 

recorded by EM+BC (49.3 mg/g) followed by BC+Di (46.5 mg/g).  

EM+ Di had no effect on the SAC. 

 
Figure 2  SAC of organic amendments under SL0 and SL1 

 

3.1.3  FC, PWP and AWC 

As shown in Table 4, organic amendments significantly 

(p<0.05) increased soil FC compared to CK and NPK.  

Meanwhile, saline irrigation resulted in decreasing soil FC and this 
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decrement became significant (p<0.05) in 2018.  In 2017, the 

higher soil FC values were noticed with EM+BC+Di (40% and 

38.8% for SL0 and SL1) and EM+BC (38.2% for SL0).  While in 

2018, the higher soil FC values were also obtained by EM+BC+Di 

and EM+BC.  Organic amendments significantly (p<0.05) 

increased PWP compared to CK and NPK (Table 4).  EM+BC+Di 

showed higher PWP both in 2017 and 2018.  SL1 had no 

significant differences in PWP with SL0.  Under SL1, there were 

no significant differences between EM+BC+Di and the remaining 

combinations.  SL1 significantly (p<0.05) decreased AWC 

compared to SL0.  In 2017, the higher AWC values were recorded 

by EM+BC+Di, followed by EM+BC and EM+Di.  While, in 

2018, no significant differences in AWC were observed across all 

the amendment combinations under SL1. 
 

Table 4  Soil FC, PWP and AWC (%) 

Treatments Saline water 

FC PWP AWC 

2017 2018 2017 2018 2017 2018 

CK 

SL0 

32.0
Acd 

32.0
Ac

 16.3
Ade 

16.4
Acd

 15.7
Acde 

15.6
Ac

 

NPK 31.9
Acd 

32.6
Ac

 16.7
Acde 

16.6
Acd

 15.2
Ade 

16.0
Ac

 

EM+BC 38.2
Aab 

39.0
Aab

 18.0
Aab 

18.5
Aab

 20.2
Aab 

20.5
Aa

 

EM+Di 35.4
Abc 

36.3
Ab

 17.9
Aabc 

18.5
Aab

 17.5
Abcd 

17.8
Abc

 

BC+Di 35.8
Abc 

36.6
Ab

 17.3
Abcd 

17.4
Aabcd

 18.5
Aabc 

19.2
Aab

 

EM+BC+Di 40.0
Aa 

41.0
Aa

 18.9
Aa 

19.4
Aa

 21.1
Aa 

21.6
Aa

 

CK 

SL1 

30.0
Ad 

30.1
Bc

 15.8
Ae 

15.6
Ad

 14.2
Ae 

14.4
Bb

 

NPK 30.0
Ad 

30.0
Bc

 15.9
Ae 

15.1
Ad

 14.1
Ae 

14.9
Bb

 

EM+BC 37.0
Aab 

38.0
Bab

 17.9
Aabc 

18.3
Aabc

 19.1
Aab 

19.7
Ba

 

EM+Di 37.6
Aab 

37.2
Bab

 18.0
Aab 

18.2
Aabc

 19.6
Aab 

19.0
Ba

 

BC+Di 35.9
Abc 

36.0
Bb

 17.3
Abcd 

17.3
Aabcd

 18.6
Aabc 

18.7
Ba

 

EM+BC+Di 38.8
Aab 

40.2
Ba

 18.8
Aa 

19.3
Aa

 21.0
Aa 

20.9
Ba

 

Note: Means are significantly different when followed by the different letters between irrigations (uppercase) or among amendments (lowercase) (p<0.05). 
 

3.2  Effects of organic amendments on plant parameters 

3.2.1  Pr  

SL1 significantly (p<0.05) decreased the Pr at the fruit stage 

compared to SL0 (Figure 3).  EM+BC+Di recorded the maximum  

Pr, while no significant differences were observed among organic 

amendment combinations under irrigation treatments except under 

SL1 in 2018.  However, organic amendments showed higher Pr 

values (p<0.05) than CK and NPK. 

 
a. 2017  b. 2018 

 

Note: Means are significantly different when followed by the different letters between irrigations (uppercase) or among amendments (lowercase) (p<0.05) 

Figure 3  Pr at the fruit stage 
 

3.2.2  Na+ content in melon leaves 

Figure 4 showed saline irrigation had a significant (p<0.05) 

effect on Na+ content in melon leaves.  The Na+ content tended to 

increase with the increasing of salts in irrigation water.  However, 

EM+BC+Di significantly (p<0.05) decreased the Na+ content in 

melon leaves compared to CK and NPK.  In 2017, the higher Na+ 

values were obtained by CK, followed by NPK.  Whereas, the 

lower Na+ values were noticed with BC+Di and EM+BC+Di under 

SL0.  EM+Di, EM+BC and EM+BC+Di showed lower Na+ 

values under SL1.  In 2018, the higher Na+ content was recorded 

by BC+Di, followed by CK under SL0.  Under SL1, the CK and 

NPK had higher Na+ contents compared to other amendment 

treatments (Figure 4). 

3.2.3  Melon fruit yield and WUE 

Figure 5 showed saline irrigation led to a significant (p<0.05) 

decrease in melon fruit yield.  In 2017, EM+BC+Di showed a 

higher (p<0.05) yield compared to other treatments under SL0.  

While under SL1, the maximum yields were observed with 

EM+BC+Di and EM+BC.  In 2018, under SL0, the higher 

(p<0.05) yield was recorded by EM+BC+Di compared to the 

remaining treatments, while they were obtained by EM+BC+Di 

and EM+BC for SL1.  Overall, EM+BC+Di significantly (p<0.05) 

increased yields compared to CK and NPK (Figure 5). 

From Figure 6, it could be seen SL1 significantly (p<0.05) 

decreased WUE.  However, EM+BC+Di significantly enhanced 

WUE under both SL0 and SL1 when compared to CK and NPK.  

In 2017, EM+BC+Di showed a higher (p<0.05) WUE compared to 

the remaining treatments under SL0.  While under SL1, the WUE 

values had unsignificant differences among the organic amendment 

combinations.  In 2018, the higher WUE was observed with 

EM+BC+Di compared to other treatments under SL0, while for 

SL1, the higher WUE was obtained by EM+BC+Di and EM+BC. 
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a. 2017  b. 2018 

 

Note: Means are significantly different when followed by the different letters between irrigations (uppercase) or among amendments (lowercase) (p<0.05) 

Figure 4  Na+ content in leaves  

 
a. 2017  b. 2018 

 

Note: Means are significantly different when followed by the different letters between irrigations (uppercase) or among amendments (lowercase) (p<0.05) 

Figure 5  Melon fruit yield  

 
a. 2017  b. 2018 

 

Note: Means are significantly different when followed by the different letters between irrigations (uppercase) or among amendments (lowercase) (p<0.05) 

Figure 6  WUE 

 
 

4  Discussion 

4.1  Effects of organic amendments on soil parameters and 

SAC under saline irrigation 

Saline irrigation reduces the yield and quality of crops, since it 

might lead to secondary soil salinization[27].  However, moderately 

saline water can be utilized for irrigation when proper strategies are 

applied[28,29].  In this study, saline irrigation had no significant 

effect on soil pH at yearly scale.  Meanwhile, the season of 2018 

showed higher pH values compared to 2017.  Generally, saline 

irrigation increased the pH of soils[30].  Using saline water 

increased the Na+ values, this increase might become significant in 

2018, so the time factor played an important role in increasing soil 

Na+[14].  Unlike 2017, there was a significant increase in soil pH 

under EM, BC and Di treatments in 2018.  In fact, the pH rise 

following organic amendment additions was due to the increases in 

alkaline cations.  It was reported that BC increases soil pH of 

0.6-1.0 units on average due to its alkaline nature[11,14].  The 

addition of Di to soils often yields an increase in pH[12,14,29].  

Therefore, this pH rise in 2018 could be attributed to the increases 

in alkaline cations following EM, BC and Di additions on one hand, 

the decrease of soil Na+ uptake by melon on the other hand, as also 

reported by Bachmann et al.[31]. 

EM+BC+Di showed the highest OM values compared to 

other treatments under both SL0 and SL1.  In 2017, it increased 

the OM by about 66% and 65% under SL0 and SL1 respectively 

compared to CK.  While, in 2018, soil OM was increased about 

69% and 80%.  Moreover, BC+Di was more effective in 

enhancing soil OM than EM+BC and EM+Di.  It is because  

that they contain high soluble organic substances[29].  
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In this study, there was no SAC action under EM+Di treatment.  

While it was recorded higher values under 2 dS/m NaCl solution 

with EM+BC, BC+Di and EM+BC+Di.  Akhtar et al.[24] also 

reported that the BC application under salt stress increased K+ and 

decreased Na+.  EM manure could increase the exchange of Ca2+ 

with Na+, and consequently, decreased the exchangeable Na+ in the 

solution[18,32].  It can interpret why melon growth is improved by 

use of these amendments under saline irrigation.  

The organic amendments evidently increased FC, PWP and 

AWC under SL1 and SL0.  Saline irrigation significantly 

decreased FC and AWC particularly in 2018, while it had no 

significant effect on PWP.  She et al.[32] found that salt stress 

reduced soil productivity due to the lower PWP, FC and AWC of 

the soil under saline irrigation.  EM+BC+Di exhibited higher 

AWC values under SL1 and SL0.  Many factors such as 

aggregation, soil OM content and soil texture can affect AWC[31].  

Głąb et al.[33] proved BC application increased AWC in clayey soil, 

especially for sandy soil.  Herath et al.[34] obtained similar results 

in a silt loam soil.  Głodowska et al.[35] reported that organic 

amendments could improve water holding capacity in the soil.  

These findings supported that organic amendment combinations 

could enhance soil water availability under saline irrigation. 

4.2  Effects of organic amendments on Pr and Na+ in melon 

leaves 

The salt stress hinders plant photosynthesis due to reductions 

in osmosis and increases in ion toxicity[1].  We found that saline 

irrigation significantly reduced the Pr of melon leaves.  However, 

it showed that amending the soil with EM, BC and Di enhanced the 

Pr under saline irrigation.  The same findings were obtained by 

Głodowska et al.[35], who found that BC played a significant role in 

mitigating salt stress in plants by capturing transient Na+, while 

releasing K+, Ca2+ and Mg2+ from BC into the soil solution.  In 

addition, EM and Di can reduce the soil salt stress due to 

promotion of soil enzyme activity, release of organic acids and 

adsorption of Na+[36].  Therefore, the combination of EM, BC and 

Di had beneficial effects for melon growth, thus increasing the Pr.  

Saline irrigation increased Na+ content in melon leaves 

compared to the normal irrigation[32].  Application of EM, BC and 

Di significantly decreased Na+ content in leaves compared to CK 

and NPK.  This may be attributed to the increased SAC of EM, 

BC and Di under saline irrigation (Figure 2), which hinders the Na+ 

uptake by melon.  The same findings were reported that organic 

amendments played active roles in mitigating salt stress in plants 

by capturing soluble Na+ in soil solution[35,36].  

4.3  Effects of organic amendments on melon fruit yield and 

WUE 

The results in this study demonstrated that the melon fruit yield 

was decreased under saline irrigation.  Similar results were 

obtained by Colla et al.[37] who found that melon plants growing 

under greenhouse were significantly affected by both the salinity of 

irrigation water and the time of exposure to salt.  Also, they 

mentioned that vegetative growth and fruit yield were significantly 

reduced by salt stress.  Organic amendments have the available 

plant nutrients and retain more water, therefore, application of EM, 

BC and Di could significantly increase the yield[11-14,38].  

EM+BC+Di was found to be the most effective in enhancing melon 

fruit yield because it takes advantage of combining them in one 

amendment to keep nutrients balance. 

WUE was reduced by saline irrigation[39].  Khataar et al.[40] 

reported that Na+ toxicity, ion balance disorder and reduced uptake 

of water and nutrients were the key reasons for bean and wheat 

yield reduction under salt stress.  Our results indicated that 

EM+BC+Di could significantly increase the WUE due to soil 

improvement.  Uzoma et al.[41] reported higher WUE of the crop 

that received organic inputs was positively correlated to improved 

soil properties.  Elbashier et al.[11,14] set EM, BC and Di 

individually as a treatment and proved they could enhance pH, OM 

and water availability of soil, increase WUE and melon fruit yield 

under saline irrigation compared with the CK and NPK.  In this 

study, EM, BC and Di were combined as fertilization treatments, it 

revealed that EM+BC+Di exhibited the best effects on soil 

improvement and melon fruit yield over two seasons.  

EM+BC+Di at the experimental doses and frequencies could be 

recommended for melon production as an alternative for mineral 

NPK fertilizer application under saline irrigation.  Further studies 

are necessary to evaluate the economic feasibility of these organic 

amendments at field scale, thus making the strategy more reliable. 

5  Conclusions 

In this study, it demonstrated the saline irrigation reduces soil 

water availability and causes a decrease in melon growth and fruit 

yield.  Combined application of EM, BC and Di could enhance 

soil OM, SAC and soil water availability, reduce Na+ content in 

melon leaves, increase Pr, WUE and melon fruit yield under saline 

irrigation.  Furthermore, EM+BC+Di exhibited the most effective 

effects on the soil improvement, melon growth, WUE and fruit 

yield increase compared with NPK and combinations of two 

organic amendments.  Organic amendments to mitigate the 

negative effects of saline irrigation indicated a positive interaction 

among these amendments with soil water, nutrients and salts.  It 

proved that EM+BC+Di had a positive effect on the soil 

improvement as well as melon fruit yield, and it can be used as an 

alternative strategy for mineral NPK fertilization of melon under 

saline irrigation at application rates and frequencies of EM-bokashi 

(5 g/pot, thrice), BC (500 g/pot, once), and Di (500 mL/pot, twice).  

Further studies are needed to evaluate the economic feasibility 

under different application doses and frequencies of these organic 

amendments at field scale. 
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