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Abstract:



Despite the recent interest in biochar and digestate as soil amendments for improving soil quality and increasing crop production, there is inadequate knowledge of the effect of the combination of biochar and digestate, particularly under saline irrigation conditions. A pot experiment with Chinese melon was conducted in a greenhouse, biochar (5%) and digestate (500 mL/pot) were used with and without the recommended mineral NPK (Nitrogen, Phosphorus and Potassium) fertilizer dose (120-150-150 Kg ha−1). The plants were irrigated with tap water (SL0) and 2 dS/m (SL1) NaCl solution. The growth, photosynthesis rate, water use efficiency (WUE) and yield of Chinese melon were affected positively when biochar was combined with digestate amendment, particularly under saline irrigation water with and without mineral NPK fertilizer. The maximum yield under normal water was obtained by digestate (SL0: 218.87 t ha−1) and biochar amendment combined with digestate (SL1: 118.8 t ha−1) under saline water. The maximum WUE values were noticed with the biochar and digestate combination under all water treatments (SL0: 32.2 t ha−1 mm−1 and SL1: 19.6 t ha−1 mm−1). It was concluded that digestate alone was more effective than the use of biochar, particularly with normal water. The combination of biochar with digestate had a significant effect on the Chinese melon growth, photosynthesis rate, water use efficiency and yield under saline irrigation, and it can be used as an alternative fertilizer for mineral NPK fertilizer.
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1. Introduction


Organic farming has become an essential priority area worldwide in view of the growing demand for healthy and safe food, long-term sustainability and concerns regarding the environmental pollution related to the indistinctive utilization of chemical fertilizers, [1]. Organic materials are very important soil amendments that sustain the productivity of soils in tropical and subtropical areas where there is low soil organic carbon (SOC) content and lower input of organic materials [2]. Using organic waste including manure, sewage sludge, and municipal compost in soil is an ideal way to maintain soil organic matter, improve soil quality and provide nutrients essential to plants [3]. Biogas production from organic matter has expanded recently, and therefore the application of digestates—byproducts of anaerobic digestion—to soil as bio-fertilizers has become more common [4]. In a number of incubation and pot experiments the digested slurry enhanced the plant-available N contents in the soil, the plants’ N uptake, as well as crop yields compared with undigested slurry [5]. Digestate is regarded as a liquid from the anaerobic breaking down of animal and plant waste [6]. It consists of significant amounts of mineral elements (nitrogen, phosphorus, potassium) [7]. Furthermore, it includes other macro- and micro-elements essential for plant growth. However, the organic fractions of digestate can play a role in soil organic matter (SOM) turnover, affecting the soil biological, chemical and physical characteristics as a soil amendment [8]. Biochar is a carbonaceous material that may provide the key benefits of increased SOC in the long term. Biochar is generally a low density, porous substance that can improve water and nutrient retention and provide an environment for microorganisms in the soil; overall, improved soil quality is remarkably dependent on the biomass feedstock and the temperature of production, as well as some aspects of the soil being treated [9]. Using biochar and effluent can increase the availability of soil nutrients, water and enhance the root growth environment [10]. Biochar can behave as a sorbent material when used along with liquid digestate and might enhance nutrient balancing in the soil by preventing nutrient runoff to streams and waterways through the soil, therefore increasing plant productivity [11]. However, very limited information is available regarding the application of these soil amendments simultaneously and their effects on soil and crop growth. The purpose of this study is to investigate the effect of biochar and digestate application on the photosynthesis rate, growth parameters, water use efficiency (WUE) and yield of Chinese melon (Cucumis melo L.) under saline irrigation.




2. Materials and Methods


2.1. Experimental Design


The experiment was performed in a glasshouse at the Water-Saving Park of Hohai University Jiangning Campus located at latitude 31°57′ N and longitude 118°50′ E, at 144 m above sea level in Nanjing, Jiangsu Province, China. The Northeast Dandong melon seeds provided by the Flower Goddess Company, Suqian -Jiangsu were transplanted into plastic pots (one plant per pot) on 4 May 2017; pot size and shape are provided in Figure 1; the space between each pot was 0.5 m. The soil at the experimental site is clay loam. Table 1 shows the chemical and physical properties of the soil before planting. The experiment was comprised of fourteen treatments as shown in Table 2. The experiment was built with a completely randomized design.


Figure 1. Experimental pot shape and size.
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Table 1. The chemical and physical properties of the soil at the experimental site.







	
Parameter

	
Soil






	
EC (1:5) dS m−1

	
1.06




	
pH (1:5)

	
7.7




	
Sand %

	
33




	
Silt %

	
39




	
Clay %

	
28




	
OC %

	
0.99




	
CaCO3 %

	
1.9




	
CEC cmol (+) kg−1

	
36










Table 2. Experimental treatment design.







	
Treatments

	
Description






	
CK SL0

	
Control with normal water and without inorganic fertilizer (NPK)




	
CK SL0 + NPK

	
Control with normal water and with inorganic fertilizer (NPK)




	
CK SL1

	
Control with saline water and without inorganic fertilizer (NPK)




	
CK SL1 + NPK

	
Control with saline water and with inorganic fertilizer (NPK)




	
BC + NPK SL0

	
Biochar with normal water and with inorganic fertilizer (NPK)




	
BC + NPK SL1

	
Biochar with saline water and with inorganic fertilizer (NPK)




	
Di SL0

	
Digestate with normal water and without inorganic fertilizer (NPK)




	
Di + NPK SL0

	
Digestate with normal water and with inorganic fertilizer (NPK)




	
Di SL1

	
Digestate with saline water and without inorganic fertilizer (NPK)




	
Di + NPK SL1

	
Digestate with saline water and with inorganic fertilizer (NPK)




	
BC + Di SL0

	
Biochar + Digestate with normal water and without inorganic fertilizer (NPK)




	
BC + Di + NPK SL0

	
Biochar + Digestate with normal water and with inorganic fertilizer (NPK)




	
BC + Di SL1

	
Biochar + Digestate with saline water and without inorganic fertilizer (NPK)




	
BC + Di + NPK SL1

	
Biochar + Digestate with saline water and with inorganic fertilizer (NPK)








* NPK recommended: 120-150-150 Kg ha−1 according to [12,13]. Saline water: 2 dS/m using NaCl. Biochar: 5% (500 g/10 kg of soil). Digestate: 500 mL/pot (equivalent to recommended inorganic NPK).









2.2. Digestate and Biochar Used


2.2.1. Digestate


Digestate (cow and rabbit manure) was acquired from the Farmhouse small manor company, Jining, Shandong. Two digestate doses were used: (1) 12 days after transplanting; and (2) one month after the first dose. The analysis of the digestate is shown in Table 3.



Table 3. Digestate properties.







	
Parameter

	
Digestate






	
EC dS m−1

	
1.5




	
pH

	
7.0–7.5




	
N g L−1

	
2.6




	
P g L−1

	
1.6




	
K g L−1

	
5.1




	
Organic matter g L−1

	
>7




	
Amino acids %

	
>15




	
Protein %

	
>2.5











2.2.2. Biochar


Pinewood biochar from Shandong Tairan Biological Engineering Co., Ltd., Dongying, China was used in this experiment. Table 4 shows the properties of biochar used.



Table 4. Biochar properties.







	
Parameter

	
Biochar






	
EC dS m−1

	
2.5




	
pH

	
6.5




	
N %

	
1.4




	
P2O5 %

	
2.1




	
K2O %

	
1.7




	
Organic matter %

	
24












2.3. Photosynthesis, Growth Parameters, Yield and Water Use Efficiency


The Photosynthesis rate was measured using a portable photosynthesis system (TPS-2, PP Systems, Cambridge, UK). The plant height was measured from the stem base to the top further, plant leaves, stem diameter and plant yield were evaluated according to [14]. Water use efficiency was measured from the yield and accumulated water determined according to the following equation, according to [15].


[image: ]



(1)








2.4. Statistical Analysis


The acquired results were subjected to analysis of variance (one-way ANOVA) with a Tukey’s test (p < 0.05) according [16], using the MaxStat 3.06 statistical package and GraphPad Prism 6.





3. Results


3.1. Vegetative Growth Stage


3.1.1. Photosynthesis Rate


The photosynthesis rate is significantly affected by the addition of soil amendments (Figure 2). The greatest photosynthesis activity was found in plants treated with BC (Biochar) + Di (Digestate) + NPK (Mineral fertilizer) SL0 (Normal water) (16.3 µmol m2 s−1) accompanied by BC + Di + NPK SL1 (12.67 µmol m2 s−1) and Di + NPK SL1 (11.7 µmol m2 s−1), while minimum activity was observed in CK (Control) SL1 (6.47 µmol m2 s−1) treated plants flowed by BC + NPK SL1 (11.93 µmol m2 s−1) as compared with other treatments. Moreover, Di SL0 (12.83 µmol m2 s−1) did not show a significant difference in comparison with Di + NPK SL0 (13.09 µmol m2 s−1).


Figure 2. Effect of biochar and digestate treatments on Chinese melon photosynthesis rate (a) Vegetative growth; (b) Flowering stage and (c) Fruit stage under normal water (SL0) and saline water (SL1) treatments.
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3.1.2. Growth Responses


The plant height of the Chinese melon increased with application of digestate and biochar (Table 5). Maximum plant height (20 cm) was observed with Di + NPK SL0 flowed by Di + NPK SL1 (14.96 cm), Di SL0 (14.83 cm), BC + Di + NPK SL0 (14.2 cm) and BC + Di SL0 (13.20 cm) in comparison with control. This increase in plant height was 62.5% (Di + NPK SL0), 49% (Di SL0) and 43% (BC + Di SL0) when compared to control (CK SL0 + NPK). Moreover, under saline irrigation treatment the plant height increased with soil amendments and inorganic fertilizer (NPK), simultaneously the BC + Di SL1 reflected a good value (11.53 cm) as compared to Di SL1 (9.00) and CKSL1 (5.33 cm). The plant height significantly decreased in control under saline water treatment (CKSL1) compared to other treatments (Figure 3).


Figure 3. Effect of biochar and digestate treatments on Chinese melon height under saline irrigation water (SL1).
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Table 5. Mean (± Standard deviation) growth parameters of melon plants at the vegetative growth stage.







	
Treatments

	
Plant Height

(cm)

	
Number of Leaves

	
Stem Diameter

(mm)






	
CK SL0

	
6.10 d,e ± 0.36

	
4.33 b,c ± 0.58

	
2.00 a,b ± 0.00




	
CK SL0 + NPK

	
7.50 d,e ± 0.50

	
5.33 b,c ± 0.58

	
3.33 a,b ± 0.58




	
CK SL1

	
5.33 d,e ± 0.42

	
5.00 b,c ± 0.00

	
2.00 a,b ± 0.00




	
CK SL1 + NPK

	
6.17 d,e ± 0.29

	
4.67 b,c ± 0.58

	
2.67 a,b ± 0.58




	
BC + NPK SL0

	
7.53 d,e ± 0.50

	
4.00 b,c ± 0.00

	
3.00 a,b ± 0.00




	
BC + NPK SL1

	
7.43 d,e ± 0.38

	
4.00 b,c ± 0.00

	
3.00 a,b ± 0.00




	
Di SL0

	
14.83 a,b ± 0.76

	
12.00 a ± 1.00

	
5.33 a ± 0.58




	
Di + NPK SL0

	
20.00 a ± 1.00

	
12.67 a ± 0.58

	
4.67 a ± 0.58




	
Di SL1

	
9.00 d,e ± 0.00

	
9.07 a,b ± 1.00

	
3.67 a,b ± 0.58




	
Di + NPK SL1

	
14.97 a,b ± 1.27

	
11.67 a ± 0.58

	
4.00 a,b ± 0.00




	
BC + Di SL0

	
13.20 a,b,c,d ± 1.31

	
12.67 a ± 1.16

	
3.33 a,b ± 0.58




	
BC + Di + NPK SL0

	
14.20 a,b,c ± 1.48

	
12.33 a ± 0.58

	
4.00 a,b ± 0.00




	
BC + Di SL1

	
11.53 b,c,d,e ± 1.57

	
10.33 a ± 0.58

	
3.00 a,b ± 0.00




	
BC + Di + NPK SL1

	
11.97 b,c,d,e ± 0.95

	
11.00 a ± 0.00

	
3.67 a,b ± 0.58








Means with the same superscripted letters are not significantly different at the 0.05 level.








The number of Chinese melon leaves increased with the application of digestate and biochar (Table 5). Maximum plant leaves was observed with BC + Di SL0 (12.67) and Di + NPK SL0 (12.67) flowed by BC + Di + NPK SL0 (12.33) and Di SL0 (12.00) compared to control. Without the use of NPK fertilizer the BC + Di SL1 recorded the maximum values (10.33) for the number of leaves under saline irrigation.



The largest stem diameter was observed with Di SL0 (5.33) and Di + NPK SL0 (4.67 mm), as compared with control, CKSL0 (2.00) and CKSL1 (2.00 mm), as shown in Table 5.





3.2. Flowering Stage


3.2.1. Photosynthesis Rate


The photosynthesis rate at this stage was significantly affected by the use of biochar and digestate (Figure 2), like the previous stage. BC + Di + NPK SL0 recorded the maximum photosynthesis activity flowed with Di + NPK SL0 and BC + Di + NPK SL1.




3.2.2. Growth Responses


The plant height of the Chinese melon increased with the application of digestate and biochar (Table 6). Di SL0 (64 cm), Di + NPK SL0 (59.67 cm) and BC + Di SL0 (56.33 cm) registered the longest plant height compared to control. The plant height increased by about 49% (Di SL0), 46% (Di + NPK SL0) and 42% (BC + Di SL0) compared with control (CK SL0 + NPK). Furthermore, under saline water treatment the soil amendments clearly increased plant height when compared to control, as well as the highest value without the use of NPK fertilizer observed when the biochar combined with the digestate (BC + Di SL1 (47 cm)), as shown in Figure 3.



Table 6. Mean (± Standard deviation) growth parameters of melon plants at the flowering stage.







	
Treatments

	
Plant Height

(cm)

	
Number of Leaves

	
Stem Diameter

(mm)






	
CK SL0

	
26.00 c,d ± 2.00

	
11.67 d ± 0.58

	
4.00 a ± 0.00




	
CK SL0 + NPK

	
32.50 b,c,d ± 1.23

	
14.33 d ± 2.52

	
4.67 a ± 0.58




	
CK SL1

	
23.83 c,d ± 0.76

	
10.67 d ± 2.08

	
4.00 a ± 0.00




	
CK SL1 + NPK

	
25.67 c,d ± 0.58

	
11.67 d ± 1.51

	
4.33 a ± 0.58




	
BC + NPK SL0

	
31.50 b,c,d ± 1.32

	
16.00 c,d ± 2.00

	
3.66 a ± 0.58




	
BC + NPK SL1

	
31.50 b,c,d ± 0.95

	
15.00 c,d ± 1.00

	
3.33 a ± 0.58




	
Di SL0

	
64.00 a ± 1.16

	
32.00 a,b ± 1.73

	
4.67 a ± 1.16




	
Di + NPK SL0

	
59.67 a ± 0.58

	
43.67 a ± 2.51

	
4.33 a ± 0.58




	
Di SL1

	
44.67 a,b,c ± 2.00

	
24.00 a,b,c ± 2.00

	
4.00 a ± 1.00




	
Di + NPK SL1

	
57.67 a ± 3.2

	
29.67 a,b ± 1.12

	
4.33 a ± 0.58




	
BC + Di SL0

	
56.33 a ± 1.53

	
30.00 a,b ± 1.00

	
4.00 a ± 0.00




	
BC + Di + NPK SL0

	
57.00 a ± 2.65

	
30.00 a,b ± 3.51

	
4.00 a ± 0.00




	
BC + Di SL1

	
47.00 a,b ± 1.53

	
29.33 a,b ± 2.15

	
3.00 a ± 0.00




	
BC + Di + NPK SL1

	
47.33 a,b ± 2.08

	
24.00 a,b,c ± 2.00

	
4.00 a ± 0.00








Means with the same superscripted letters are not significantly different at the 0.05 level. 








The application of biochar and digestate significantly increased the number of plant leaves (Table 6). The maximum plant leaf number was noticed with Di + NPK SL0 (43.67) accompanied by Di SL0 (32) and BC + Di + NPK SL0 (30) compared with control. In comparison, under saline irrigation the BC + Di SL1 without NPK registered the maximum values (29.33) of leaves.



The stem diameter at this stage did not show any significant differences between treatments, as shown in Table 6.





3.3. Fruit Stage


3.3.1. Photosynthesis Rate


As in the previous stage, the photosynthesis rate at this stage was significantly affected by adding biochar and digestate (Figure 2). The maximum photosynthesis activity was observed with BC + Di + NPK SL0 accompanied by Di + NPK SL0 and BC + Di + NPK SL1.




3.3.2. Growth Responses


The variations in Chinese melon growth under different water salinities (SL0 and SL1), biochar and digestate treatments are shown in Table 7. Saline water treatment significantly decreased the growth and yield parameters (height, number of leaves, stem diameter and fruits). Biochar and digestate application had a positive effect on all observed parameters at both salinity levels (SL0 and SL1) compared to the respective unamended control. The longest plant height was observed with Di + NPK SL0 (161 cm) and Di SL0 (111.67 cm), accompanied by BC + Di + NPK S0 (104.67 cm) and BC + NPK SL0 (102 cm) compared with control. Furthermore, under saline water treatment, the soil amendments clearly increased plant height compared to control, and the highest value was observed when biochar was combined with digestate (BC + Di SL1 (86.1 cm)) without using NPK fertilizer, as seen in Figure 3. The maximum number of leaves was noticed with Di + NPK SL0 (156.33) accompanied by Di SL0 (87.67) and BC + Di + NPK SL0 (91) as compared with control. In contrast, under saline irrigation, the BC + Di with and without NPK registered the maximum number of leaves (75.33 and 74.67). The stem diameter did not show any significant differences between treatments, as presented in Table 7.



Table 7. Mean (± Standard deviation) growth parameters of melon plants at the fruit stage.







	
Treatments

	
Plant Height

(cm)

	
Number of Leaves

	
Stem Diameter

(mm)






	
CK SL0

	
54.50 c ± 5.21

	
23.67 d,e ± 1.45

	
4.67 a ± 0.00




	
CK SL0 + NPK

	
85.67 b,c ± 4.36

	
51.67 c,d ± 3.50

	
5.00 a ± 0.00




	
CK SL1

	
47.00 d ± 3.00

	
19.67 d,e ± 2.50

	
5.33 a ± 0.00




	
CK SL1 + NPK

	
75.33 b,c,d ± 5.52

	
33.33 d ± 4.20

	
5.33 a ± 0.57




	
BC + NPK SL0

	
102.00 b ± 7.20

	
49.33 c,d ± 6.00

	
5.00 a ± 0.00




	
BC + NPK SL1

	
77.67 b,c,d ± 2.50

	
31.00 d ± 3.61

	
4.00 a ± 0.00




	
Di SL0

	
111.67 b ± 7.61

	
87.67 b,c ± 2.50

	
4.33 a ± 1.15




	
Di + NPK SL0

	
161.00 a ± 3.50

	
156.33 a ± 6.42

	
5.33 a ± 0.58




	
Di SL1

	
80.67 b,c,d ± 7.25

	
57.00 c,d ± 1.71

	
4.33 a ± 1.00




	
Di + NPK SL1

	
85.50 b,c ± 3.50

	
69.67 b,c,d ± 3.50

	
5.00 a ± 0.00




	
BC + Di SL0

	
93.67 b,c ± 4.93

	
85.33 b,c ± 4.51

	
4.00 a ± 0.00




	
BC + Di + NPK SL0

	
104.67 b ± 6.08

	
91.00 b,c ± 2.00

	
5.67 a ± 0.00




	
BC + Di SL1

	
88.30 b,c ± 3.10

	
74.67 b,c,d ± 4.16

	
4.00 a ± 0.00




	
BC + Di + NPK SL1

	
88.57 b,c ± 1.27

	
75.33 b,c,d ± 4.51

	
4.00 a ± 0.00








Means with the same superscripted letters are not significantly different at the 0.05 level. 










3.4. Water Use Efficiency (WUE) and Yield


The present study shows the effects of biochar and digestate on the WUE and yield of Chinese melon. Our results demonstrated that biochar and digestate markedly increased the WUE under normal and saline water with and without the use of mineral fertilizer (NPK), as presented in Figure 4. The results indicated that the highest WUE values were obtained by the BC + Di under both SL0 (32.2 t ha−1 mm−1) and SL1 (19.6 t ha−1 mm−1) water treatments, while the yield of Di (218.87 t ha−1) and BC + Di (210.69 t ha−1) was the best under SL0 in comparison with other treatments. Further, with water SL1 the BC+Di (112.7 t ha−1) and BC+Di with NPK (118.8 t ha−1) recorded the maximum yield values, as shown in Figure 5.


Figure 4. Effect of biochar and digestate treatments on water use efficiency (WUE) ((a) Without NPK and (b) With NPK fertilizer) under different saline water treatments (SL0 and SL1).
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Figure 5. Effect of biochar and digestate treatments on yield of Chinese melon under different saline water treatments (SL0 and SL1).
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4. Discussion


Our findings indicated that photosynthesis increased with the application of biochar and digestate under normal and saline irrigation conditions. The maximum photosynthesis activity was observed when biochar was combined with digestate in the presence of NPK fertilizer at all plant growth stages. Biochar with digestate can act as alternative fertilizer for mineral NPK fertilizer, regarding this, our results demonstrated that the combination of biochar with digestate increased the photosynthesis rate under normal irrigation water by about 13% (vegetative growth), 32% (flowering stage) and 31% (fruit stage) when compared to control that received NPK fertilizer, while the rate was 50%, 42% and 30% for the vegetative growth, flowering stage and fruit stage, respectively, under saline irrigation water. In their report, [17] indicated similar findings when biochar was applied to melon plants and they attributed the increase in the photosynthesis rate to the role of biochar in reducing the soil respiration, soluble salt content in the soil, and greenhouse gas CO2 emissions and therefore improving the net photosynthetic rate. Due to significant amounts of mineral elements (macro- and microelements) and organic fractions, digestate can enhance nutrients availability and thus plant growth [8]. Our findings are in agreement with the outcomes of [10], which explained that the combination of biochar with digestate increased the soil nutrient availability, water and thus physiological parameters.



The results from the present study show that the application of digestate with mineral fertilizer significantly (p < 0.05) increased plant height, particularly at the vegetative growth (20 cm) and fruit stages (161 cm) compared to other treatments, while at the flowering stage there was no significance difference between digestate treatments and biochar with digestate. This increase in plant height is due to the high nutrient concentrations and organic matter of the digestate (Table 7), in addition to the available nutrients in mineral fertilizer [18,19]. The number of Chinese melon leaves significantly increased (p < 0.05) with the addition of biochar and digestate compared to control. A significant effect of the soil amendments on stem diameter was obtained by digestate treatments under vegetative growth with normal water (Table 5). The combination of biochar and digestate increased the plant height, number of leaves and stem diameter compared with mineral fertilizer. Furthermore, under saline water treatment, the biochar with digestate increased the plant height about 36%, 22% and 54% under vegetative growth compared to biochar, digestate and control, respectively. At the flowering stage, this was 33%, 5% and 49%, and at the fruit stage this was 12%, 9% and 47% compared to biochar, digestate and control, respectively. This could in fact be a result of, firstly, the increased soil moisture availability due to the biochar addition causing a dilution of salt in the soil solution, thus decreasing osmotic stress [20]. Furthermore, an increased soil moisture content due to biochar addition has also been reported by many authors [21,22]. Secondly, biochar contains a high amount of vital plant nutrients (depending upon feedstock and production conditions) (Table 4). According to [23,24], biochar needs to be used along with mineral fertilizer because they observed that biochar application increased nitrogen utilization from the applied fertilizer and thus increased the crop yield. For these reasons, we noticed that biochar application enhanced plant growth more than the control, and became more effective when combined with digestate compared to the use of mineral NPK.



In the present study, the addition of biochar and digestate amendments significantly increased (p < 0.05) the melon yield. Digestate combined with biochar was found to be more effective under both irrigation water treatments compared to other treatments that received NPK fertilizer. Generally, the saline irrigation treatment caused a reduction in yield, this reduction has been attributed to reduced water availability, as [25] found in their experiment. The application of biochar with digestate amendment increased the yield and WUE under both irrigation water treatments (SL0 and SL1). The higher WUE of the crop that received organic inputs was positively linked to improved physicochemical properties [26].




5. Conclusions


In our experiment, the digestate exhibited positive effects on the growth, photosynthesis rate, water use efficiency (WUE) and yield of Chinese melon when normal water was used. The combination of biochar with digestate was a very effective fertilization method, particularly under saline irrigation conditions, compared to mineral NPK fertilizer. The maximum yield value under normal water was acquired by digestate (SL0: 218.87 t ha−1) and biochar amendment combined with digestate (SL0: 210.69 t ha−1 and SL1: 118.8 t ha−1). The maximum WUE values were observed when using biochar combined with digestate under all water treatments (SL0: 32.2 t ha−1 mm−1 and SL1: 19.6 t ha−1 mm−1). As a conclusion, we found that digestate with biochar was very effective in increasing the growth, WUE and yield of Chinese melon. However, digestate alone was more effective than using biochar, particularly with normal water. The combination of biochar with digestate could not only be an alternative for mineral NPK, but can also be useful under saline irrigation conditions.







Acknowledgments


This work was funded in part by the Science and Technology Project of Guizhou Province Tobacco Company of China Tobacco (2017-9), the Technology Development and Promotion Project of Guizhou Qianxinan Tobacco Company ((2015) No. 41) and the Fundamental Research Funds for the Central Universities (2017B20414).




Author Contributions


Author M.M.A. Elbashier designed the experiments and collected data; author S. Xiaohou managed the experimental process, revised and approved the manuscript. A.A.S. Ali and A. Mohmmed contributed analysis tools. This work was carried out in a collaboration between all authors.




Conflicts of Interest


The authors declare no conflict of interest.




References


	1. 
Al-Erwy, A.S.; Al-Toukhy, A.; Bafeel, S.O. Effect of chemical, organic and bio fertilizers on photosynthetic pigments, carbohydrates and minerals of wheat (Triticum aestivum L.) irrigated with sea water. Int. J. Adv. Res. Biol. Sci. 2016, 3, 296–310. [Google Scholar]

	2. 
Zheng, X.; Fan, J.; Zhou, J.; He, Y. Effects of combined application of biogas slurry and chemical fertilizer on soil nutrients and peanut yield in upland red soil. Acta Pedol. Sin. 2016, 53, 675–684. [Google Scholar]

	3. 
Ghasem, S.; Morteza, A.S.; Maryam, T. Effect of organic fertilizers on cucumber (Cucumis sativus) yield. Int. J. Agric. Crop Sci. 2014, 7, 808. [Google Scholar]

	4. 
Sawada, K.; Toyota, K. Effects of the application of digestates from wet and dry anaerobic fermentation to japanese paddy and upland soils on short-term nitrification. Microbes Environ. 2015, 30, 37–43. [Google Scholar] [CrossRef] [PubMed]

	5. 
Bachmann, S.; Gropp, M.; Eichler-Löbermann, B. Phosphorus availability and soil microbial activity in a 3 year field experiment amended with digested dairy slurry. Biomass Abioenergy 2014, 70, 429–439. [Google Scholar] [CrossRef]

	6. 
Koszel, M.; Lorencowicz, E. Agricultural use of biogas digestate as a replacement fertilizers. Agric. Agric. Sci. Procedia 2015, 7, 119–124. [Google Scholar] [CrossRef]

	7. 
Seleiman, M.F.; Selim, S.; Jaakkola, S.; Mäkelä, P.S. Chemical composition and in vitro digestibility of whole-crop maize fertilized with synthetic fertilizer or digestate and harvested at two maturity stages in boreal growing conditions. Agric. Food Sci. 2017, 26, 47–55. [Google Scholar] [CrossRef]

	8. 
Dahlin, J.; Nelles, M.; Herbes, C. Biogas digestate management: Evaluating the attitudes and perceptions of german gardeners towards digestate-based soil amendments. Resour. Conserv. Recycl. 2017, 118, 27–38. [Google Scholar] [CrossRef]

	9. 
Lehmann, J. Bio-energy in the black. Front. Ecol. Environ. 2007, 5, 381–387. [Google Scholar] [CrossRef]

	10. 
Kammann, C.I.; Linsel, S.; Gößling, J.W.; Koyro, H.-W. Influence of biochar on drought tolerance of chenopodium quinoa willd and on soil–plant relations. Plant Soil 2011, 345, 195–210. [Google Scholar] [CrossRef]

	11. 
Kocatürk, N.P. Recovery of Nutrients from Biogas Digestate with Biochar and Clinoptilolite; Wageningen University: Wageningen, The Netherlands, 2016. [Google Scholar]

	12. 
Rosen, C.J.; Eliason, R. Nutrient Management for Commercial Fruit & Vegetable Crops in Minnesota; University of Minnesota: Minneapolis, MN, USA, 2005. [Google Scholar]

	13. 
Wyenandt, A. 2016 Mid-Atlantic Commercial Vegetable Production Recommendations; University of Maryland: College Park, MD, USA, 2016. [Google Scholar]

	14. 
Graber, E.R.; Harel, Y.M.; Kolton, M.; Cytryn, E.; Silber, A.; David, D.R.; Tsechansky, L.; Borenshtein, M.; Elad, Y. Biochar impact on development and productivity of pepper and tomato grown in fertigated soilless media. Plant Soil 2010, 337, 481–496. [Google Scholar] [CrossRef]

	15. 
Aldesuquy, H.S.; Baka, Z.A.; Mickky, B.M. Does exogenous application of kinetin and spermine mitigate the effect of seawater on yield attributes and biochemical aspects of grains? J. Stress Physiol. Biochem. 2013, 9, 21–34. [Google Scholar]

	16. 
Ruxton, G.D.; Beauchamp, G. Time for some a priori thinking about post hoc testing. Behav. Ecol. 2008, 19, 690–693. [Google Scholar] [CrossRef]

	17. 
Zhang, F.; Zhao, L.; Zhang, R.; Huang, D.; Jiang, H.; Chen, Y.; Zhang, Y. Effects of biochar on saline soil improvement and melon growth. Acta Agric. Shanghai 2015, 30, 54–58. [Google Scholar]

	18. 
Yu, F.-B.; Luo, X.-P.; Song, C.-F.; Zhang, M.-X.; Shan, S.-D. Concentrated biogas slurry enhanced soil fertility and tomato quality. Acta Agric. Scand. Sect. B Soil Plant Sci. 2010, 60, 262–268. [Google Scholar] [CrossRef]

	19. 
Tambone, F.; Scaglia, B.; D’Imporzano, G.; Schievano, A.; Orzi, V.; Salati, S.; Adani, F. Assessing amendment and fertilizing properties of digestates from anaerobic digestion through a comparative study with digested sludge and compost. Chemosphere 2010, 81, 577–583. [Google Scholar] [CrossRef] [PubMed]

	20. 
Akhtar, S.S.; Andersen, M.N.; Liu, F. Biochar mitigates salinity stress in potato. J. Agron. Crop Sci. 2015, 201, 368–378. [Google Scholar] [CrossRef]

	21. 
Basso, A.S.; Miguez, F.E.; Laird, D.A.; Horton, R.; Westgate, M. Assessing potential of biochar for increasing water-holding capacity of sandy soils. GCB Bioenergy 2013, 5, 132–143. [Google Scholar] [CrossRef]

	22. 
Novak, J.; Watts, D. Augmenting soil water storage using uncharred switchgrass and pyrolyzed biochars. Soil Use Manag. 2013, 29, 98–104. [Google Scholar] [CrossRef]

	23. 
Filiberto, D.M.; John, L.G. Practicality of biochar additions to enhance soil and crop productivity. Agriculture 2013, 3, 715–725. [Google Scholar] [CrossRef]

	24. 
Kraska, P.; Oleszczuk, P.; Andruszczak, S.; Kwiecińska-Poppe, E.; Różyło, K.E.; Pałys, P.; Gierasimiuk, P.; Michałojć, Z. Effect of various biochar rates on winter rye yield and the concentration of available nutrients in the soil. Plant Soil Environ. 2016, 11, 483–489. [Google Scholar] [CrossRef]

	25. 
Akhtar, S.S.; Andersen, M.N.; Liu, F. Residual effects of biochar on improving growth, physiology and yield of wheat under salt stress. Agric. Water Manag. 2015, 158, 61–68. [Google Scholar] [CrossRef]

	26. 
Uzoma, K.; Inoue, M.; Andry, H.; Fujimaki, H.; Zahoor, A.; Nishihara, E. Effect of cow manure biochar on maize productivity under sandy soil condition. Soil Use Manag. 2011, 27, 205–212. [Google Scholar] [CrossRef]

































© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file4.png
Photosynthesis Rate (umolm®s”)  Photosynthesis Rate (umolm®s”)  Photosynthesis Rate (4 mol m*s™)

N
o

=
6

10

)

o

bc

a

bc

W
o
b1

N
0
|

= N
g O
| 11| |

—
o
[ 1

o O,
||I|

bc

N
o
|

= =2 NN W W
O 0 o U0 O W
11| I | | |

o

a
ab ab
=1
afc abc gphe {
d |5
o d } e

b
b
SL O SL 1

Water Treatments

= |
ab ab
ab ab
7 bc be ab
bc bc _'f_
SLO

SL 1
Water Treatments

O CK @O CK+NPK g BC+NPK mmm Di

Di+NPK M BC+Di1 mmm BC+Di+NPK

a
bcd b
i% T I b be % ¥
il '_%
SL O SL 1

Water Treatments





nav.xhtml


  agronomy-08-00022


  
    		
      agronomy-08-00022
    


  




  





media/file11.png





media/file2.png





media/file5.jpg
Plant Height (cm)

100
90
80
70
60
50
40
30
20
10

-A- Furit Stage -8 Flowering Stage

-©- Vegetative Growth

CK SL1 BC+NPK SL1 DiSL1

Treatments

BC+Di SL1





media/file3.jpg
s

10

:

Photosynthesis Rate (j mol m’ s
S aNww
32888

30
25
20
15
10

Photosymihesis Rate (i mol
°oan

I Il

NI

TS
=

Water Treatments.

|

3

NI &

S
e

st
Water Treatments






media/file1.jpg





media/file7.jpg
EEY a
sl
be be
coc
CKANPK  BCONPK  DINPK  BCADINPK

Trostments





media/file10.png
f =

Yeild ton/ha

400 -
350 -
200
230 4
200+
150+
100+
a0 -

abc

abc

SLO

:

abc

bc

Water Treatments

b

bc

b abcd

SL 1

BEERNDE

CK
CK+NPK
BC+NPK
D

Di+NPK
BC4+Di
BC+Di+NPK






media/file9.jpg
cK
CK+NPK
BC+NPK

Di

DI+NPK
BC+DI
BCHDI+NPK

10BN0EE

sLo sL1

‘Water Treatments





media/file0.png





media/file8.png
=1

WUE (t ha"

10+

XX SLO
3 sL1

Treatments

W S -_
EC+NPI{ Di

ER SLO

CK+NFPK

BC+NPK Di+NPK

Treatments

BC+Di+NFK





media/file6.png
Plant Height (cm)

100+

80 -
70 -
60 -

40 -
30 -
20 -
10-

-A- Funt Stage 8 Flowering Stage
-8~ ‘Vegetative Growth

CK SL1 BC+NPK SL1 DisSL1 BC+Di SLA1

Treatments





