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Abstract. Irrigation with saline water can impact metabolic activity of soil microbial by altering the soil 

environment. The aim of this study was to reveal the influence of saline water irrigation on soil 

physicochemical properties and microbial metabolic activities. For this, a ten years saline water irrigation 

experiment was conducted in Shihezi, Xinjiang Province, China. Results indicated that saline water 

irrigation reduced soil pH, total N (TN), organic matter (SOM), and basal respiration (SBR), however, 

soil salinity increased significantly. Nitrogen application increased soil salinity, SOM, TN, and SBR, but 

reduced soil pH. Saline water irrigation had significant negative effect on soil microbial metabolic 

activities. Nitrogen application significantly reduced soil microbial metabolic activities in the fresh water 

irrigation but had no significant effect under saline water irrigation treatment. Water salinity and N 

amount remarkably affected carbon (C) utilization patterns of the microbial communities, especially the 

utilization of amino acids, amines, and phenols. The D-Cellobiose, D-Xylose, D-Mannitol, β-Methyl-

DGlucoside, i-Erythritol, α-D-Lactose, L-Serine, L-Asparagine, LPhenylalanine, γ-Hydroxybutyric acid, 

Putrescine and 4-Hydroxy Benzoic Acid were the sole carbon sources. The results of this study increase 

our understanding of soil biological processes under saline conditions in arid regions. 
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EcoPlate 

Introduction 

Salt-affected soils are common in arid areas. In these areas, there is not enough 

rainfall to leach salts from the root zone. Salt accumulation affects many soil properties. 

The Xinjiang province in northwest China has an arid continental climate, with low 

precipitation and high evaporation rates. Most shallow groundwater sources in this 

region have relatively high salinity, with an electrical conductivity of >2 dS m-1 (Chen 

et al., 2010). Therefore, it is important to identify appropriate irrigation practices to 

avoid salt accumulation under saline water irrigation (Pereira et al., 2002). Drip 

irrigation is widely considered as the best method for saline water irrigation (Karlberg et 

al., 2007). Drip irrigation consists of frequent applications of small amounts of water 

over extended periods of time. However, even with careful management, irrigation with 

saline water may cause salt accumulation in soil. Increasing in soil salinity can affect 

soil water content, pH, SOM, and other soil physicochemical properties (Wong et al., 

2010; Mavi et al., 2012), and may affect soil microbial communities. However, 

understanding about the effect of irrigation with saline water on the function of soil 

microbial metabolic activities is still incomplete and fragmented. 

In the soil ecosystem, soil microbial are indispensable agents, responsible for 

decomposing organic matter, forming soil aggregates, and driving nutrient cycling 
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(Critter et al., 2004; Kaye et al., 2005; Amini et al., 2016). Soil microbial is also 

sensitive indicators of environmental change. Soil microbial activity has direct impact 

on the soil ecosystems stability and function (Manzoni et al., 2012). Salt as a major 

stress effect to soil microbial has been received increasing attention. Previous studies 

have been done about the influences of salt on soil microbial physiology (Kakumanu 

and Williams, 2014), respiration (Chowdhury et al., 2011a), biomass (Yan and 

Marschner, 2012), community structure (Campbell and Kirchman, 2013), and C use 

efficiencies (Malik and Gleixner, 2013). For example, soil respiration from natural salt 

gradients is in most cases significantly negatively correlated with salt (Muhammad et 

al., 2008; Chowdhury et al., 2011b,c; Setia et al., 2011). Soil salinity may change soil 

microbial community composition (Gros et al., 2003; Gennari et al., 2007) because 

microbial species differ in their salt tolerance (Mandeel, 2006; Llamas et al., 2008). 

Sardinha et al. (2003) and Oren (2008) reported that soil salinity negatively affects 

microbiological processes either by reducing water availability to microorganisms or by 

influencing their cellular physiology and metabolic processes. However, less work has 

been done about the effect of water salinity on the soil microbial metabolic activity. 

Soil microbial metabolic activity is widely used to evaluate soil processes and soil 

ecological functions. Increasing attention is being given to the effects of salinity on soil 

microbial metabolic activity. Studies have found that average well color development 

(AWCD) values decreased markedly with water salinity increased (Jin et al., 2014), 

indicating that water salinity may change the C utilization patterns of the soil microbial. 

Shen et al. (2008) also found that soil salt markedly decreased soil microbial 

community functional diversity. In addition, fertilization is another important 

agricultural management measure. Many studies found that fertilization can increase 

(Conde et al., 2005), reduce (Craine et al., 2007; Ramirez et al., 2010), or have no effect 

on soil microbial activity (Hobbie and Vitousek, 2000; Pangle and Seiler, 2002). 

However, little research has been done about the combined effects of irrigation with 

saline water and nitrogen (N) fertilization on soil microbial metabolic activities under 

field conditions. 

Therefore, it is important to understand the response of soil microbial metabolic 

activities to the changes in soil salinity that are induced by irrigation with saline water. 

We hypothesized that ten years saline water irrigation decreases soil nutrients and 

microbial metabolic activities in an arid area soil in China. The aim of our field located 

experiment was to use the Biolog EcoPlate method to reveal the effects of different 

irrigation water salinity and N fertilizer amount on soil microbial metabolic activity. We 

also compared C utilization patterns by the soil microbial communities in the different 

treatments. Our study can increase understanding about how water salinity and N 

amount influence soil microbial process. These results are useful for managing 

agricultural fields with saline water irrigation. 

Materials and methods 

Field site and experimental design 

The long-term field located experiment that began in 2009 at the Shihezi University 

Agricultural Experiment Station, Shihezi City, Xinjiang Province, China (44°18′ N, 

86°02′ E). The area has a continental climate. Annual precipitation and evaporation at 

the experiment station were 210 mm and 1660 mm, respectively. The soil at the site is 

an alluvial, gray desert soil. Some of the soil physicochemical properties (0–20 cm 
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depth) at the start of the field located experiment in 2009 were as follows: bulk density, 

1.33 g/cm3; electrical conductivity (EC1:5), 0.13 dS m-1; pH, 7.48; SOM, 16.8 g kg-1; 

TN, 1.08 g kg-1; available phosphorus(P), 25.9 mg kg-1; and available potassium (K), 

253 mg kg-1. 

The experimental design was a 2 × 2 factorial with two irrigation water salinity 

levels [ECw of 0.35 and 8.04 dS m-1, representing as fresh water (FW) and saline water 

(SW), respectively] and two N application rates (0 and 360 kg N ha-1, representing as 

N0 and N360, respectively). These treatments were arranged in a randomized block 

design with 3 replications. The cropping system was continuous cotton (Gossypium 

hirsutum Xinluzao 52). 

Figure 1 shows a diagram of the plot layout. Each plot (16 m long × 1.2 m wide) had 

four rows of cotton. The plots were mulched with one sheet of plastic film. Two drip 

irrigation lines were installed under the plastic film. The emitters were 0.4 m apart. 

Water was applied by drip irrigation at a rate of 2.7 L h-1. The same amount (450 mm) 

of water was applied to each plot annually, the irrigation water amount was controlled 

by a water meter. The timing of the irrigation events (irrigation intervals of 7 to 10 d) 

was based on cotton growth requirements and soil moisture condition. 

 

Figure 1. Layout of an experimental plot 

 

 

The fresh irrigation water was obtained from a local well. The saline irrigation water 

was provided by adding NaCl and CaCl2 (a weight ratio of 1:1) to the well water. The 

ion concentrations of the irrigation fresh and saline water are presented in Table 1. 

 
Table 1. Selected chemical characteristics of the irrigation water. EC, electrical 

conductivity; SAR, sodium adsorption ratio. The symbols FW and SW represent irrigation 

water salinities (EC) of 0.35 and 8.04 dS/m, respectively. SAR, sodium adsorption ratio 

Water 
EC 

(dS m-1) 
pH SAR 

HCO3
- 

(meq L-1) 

Cl- 

(meq L-1) 

SO4
2- 

(meq L-1) 

Ca2+ 

(meq L-1) 

Mg2+ 

(meq L-1) 

K+ 

(meq L-1) 

Na+ 

(meq L-1) 

FW 0.35 7.52 0.16 0.98 2.46 0.73 2.44 1.18 0.33 0.22 

SW 8.04 7.09 8.91 1.15 88 0.83 45.5 1.18 0.33 43.04 

FW SW

Drip line

Dripper

0.15m

0.3 m0.6 m

1.2 m

16 m

FW SW

Drip line

Dripper

0.15m

0.3 m0.6 m

1.2 m

16 m

Sampling site
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Phosphorous and potassium fertilizers (105 kg ha-1 P2O5 and 60 kg ha-1 K2O) were 

applied at planting. The N fertilizer (urea) was applied in six equal amounts on June 20, 

June 27, July 4, July 12, July 19, and July 26 through the drip irrigation system. The 

urea solution was stored in a plastic 15 L container and pumped into the irrigation 

system. The agronomic operations were the same in all of the plots. The 360 kg N ha-1 

amount is commonly used by local farmers. 

Soil sampling 

The soil samples in this study were collected on July 28, 2018. The cotton was at the 

boll opening stages. Three soil samples (0–20 cm) were collected from each plot. The 

soil samples were then mixed to form one composite sample per experimental plot. 

After sieving to remove stones, plant roots, then, the samples were put into sterile 

plastic bags and transported to the laboratory in a cooler and were refrigerated at 4 °C 

for microbial analysis. 

Soil chemical and microbial analysis 

TN and SOM were measured using the semimicro-Kjeldahl and the K2Cr2O7-H2SO4 

oxidation-reduction titration method, respectively. Soil pH was measured using an 

MP521 Lab pH meter (Soil to water ratios: 1:2.5). Soil salinity was measured using an 

MP521 Lab conductivity meter (Soil to water ratios: 1:5). Soil basal respiration in 

laboratory conditions was measured according to the method of Alef and Nannipieri 

(1995). 

Soil microbial metabolic activity was measured by Biolog Ecoplates™ (Biolog, 

Hayward, CA, USA). The plates had 96 wells (i.e., one water blank and 31 sole C 

sources, each replicated three times). Soil suspensions were prepared by mixing 5 g soil 

into 45 mL of phosphate-buffered saline solution in sterile 100 mL centrifuge tubes, and 

then shaken 30 min on an orbital shaker. The suspension was diluted 1:1000 and then 

150 μL aliquots of each suspension were inoculated into the wells of the biolog 

microtiter plates. The biolog microtiter plates were incubated at 25 °C in constant 

temperature incubator. The color development in each plate well was recorded at 12 h 

intervals for 168 h at an optical density of 590 nm. The microbial activity was expressed 

as AWCD value was determined according to the methods of Garland and Mills (1991). 

To calculate the utilization of C sources, the 96 h optical density values were 

normalized by dividing them by their AWCD. 

Data analyses 

All variance (ANOVA) analyses were conducted using SPSS19.0 statistical software. 

The difference between the groups used Tukey's test method (P<0.05). Principal 

components analysis (PCA) was conducted using Canoco 4.5 software. The heatmap 

and correlation analyses were generated using R package. 

Results 

Soil properties 

Irrigation with saline water increased markedly soil salinity but reduced soil pH, total 

N, and SOM (Figure 2). Nitrogen application significantly increased soil salinity, SOM, 

and total N, but reduced soil pH. Soil salinity was 474% greater in SWN0 than that in 
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FWN0, and 346% greater in SWN360 than that in FWN360. Soil pH, total N, and SOM 

were 3.7, 6.2, and 8.2% less in SWN0 than that in FWN0. In comparison, soil pH, total 

N, and SOM were 2.5, 14.2, and 5.1% less in SWN360 than that in FWN360. 

 

Figure 2. Soil salinity, pH, organic matter, and total N as affected by irrigation water salinity 

and N amount. Note: Values are the mean of three replicates. Error bars represent standard 

deviations. Different letters within the same panel indicate significant differences at P < 0.05. 

Abbreviations: FWN0, fresh water with no N fertilizer; FWN360, fresh water with 

360 kg N ha-1; SWN0, fresh water with no N fertilizer; SWN360, fresh water with 360 kg N ha-1 

 

 

Soil basal respiration (SBR) 

Saline water irrigation significantly decreased SBR (Figure 3). Nitrogen application 

significantly increased SBR. SBR was 51.6% greater in FWN0 than that in SWN0, and 

31.6% greater in FWN360 than that in SWN360. Averaged across two N amounts, 

irrigation with saline water reduced SBR by 28.4%. Averaged across two water 

salinities, N application increased SBR by 35.1%. 

Soil microbial metabolic activity 

AWCD is widely used to quantify soil microbial metabolic activity. There was little 

change in AWCD during the first 48 h of the incubation (Figure 4). After this lag phase, 

however, the AWCD values increased markedly. The increase rates varied depending 

on the treatment. For example, AWCD after 60 h increased more slowly in SWN0, and 

SWN360 than that in FWN0 and FWN360. There was no significant difference in 

AWCD between SWN0 and SWN360 after 96 h. The accumulative AWCD values 

decreased in the order FWN0 > FWN360 > SWN0 > SWN360. 
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Figure 3. Soil basal respiration as affected by irrigation water salinity and N amount. Note: 

Values are the mean of three replicates. Error bars represent standard deviations. Different 

letters within the same panel indicate significant differences at P < 0.05. Abbreviations: FWN0, 

fresh water with no N fertilizer; FWN360, fresh water with 360 kg N ha-1; SWN0, fresh water 

with no N fertilizer; SWN360, fresh water with 360 kg N ha-1 

 

 

Figure 4. Average well color development during a 168-h incubation as affected by irrigation 

water salinity and N amount. Note: Values are the mean of three replicates. Error bars 

represent standard deviations. Abbreviations: FWN0, fresh water with no N fertilizer; FWN360, 

fresh water with 360 kg N ha-1; SWN0, fresh water with no N fertilizer; SWN360, fresh water 

with 360 kg N ha-1 

 

 

The ANOVA analyses results also showed that saline water irrigation and N fertilizer 

amount significantly altered soil microbial metabolic activity (Table 2). N fertilizer 

application significantly reduced AWCD in the FW treatments. However, N fertilizer 

application had no significant impact on AWCD in the SW treatments. The main effect 

means were 175% higher in FW than that in SW, and 23% higher in N0 than that in 

N360. 
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Table 2. Average well color development (AWCD) and six biochemical categories of 

substrates as affect under different treatments 

Treatment AWCD Carbohydrates Amino acids Carboxylic acids Amines Phenols Polymers 

FWN0 0.648 a 1.006 a 0.587 a 0.522 a 0.471 a 0.386 a 0.281 a 

SWN0 0.191 c 0.325 c 0.149 c 0.153 b 0.052 b 0.022 b 0.139 a 

FWN360 0.443 b 0.778 b 0.332 b 0.386 a 0.046 b 0.036 b 0.271 a 

SWN360 0.206 c 0.423 c 0.097 c 0.162 b 0.039 b 0.015 b 0.080 a 

Note: Different letters within a column and within a factor indicate significant differences among 

individual treatments (P < 0.05). Abbreviations: FWN0, fresh water with no N fertilizer; FWN360, 

fresh water with 360 kg N ha-1; SWN0, fresh water with no N fertilizer; SWN360, fresh water with 360 

kg N ha-1 

 

 

Different biochemical categories of substrates 

The average absorbance of each carbon source category at 96 h were shown in 

Figure 5. There were significant differences in substrate use patterns under water 

salinity and N amount treatments. For example, amines and phenols were the least 

utilized by soil microbial communities in FWN360, whereas phenols were least utilized 

in SWN0 and SWN360. These results indicated distinct differences in microbial 

community structures among the treatments. Nitrogen application increased the 

utilization of carboxylic acids and carbohydrates both in the FW and SW treatments. 

Saline water irrigation increased carbohydrate utilization both in N0 and in N360 

treatment. 

 

Figure 5. Utilization percentages of six categories of carbon substrates as affected by irrigation 

water salinity and N amount. Abbreviations: FWN0, fresh water with no N fertilizer; FWN360, 

fresh water with 360 kg N ha-1; SWN0, fresh water with no N fertilizer; SWN360, fresh water 

with 360 kg N ha-1 

 

 

The ANOVA analyses results indicated that saline water irrigation and N fertilizer 

amount significantly affected the utilization of amino acids, amines, and phenols 

(Table 2). The three substrates utilization rates were greatest in FWN0. Irrigation water 

salinity also significantly affected the utilization of carbohydrates, carboxylic acids, and 

polymers. In addition, the highest substrates utilization rates of those compounds were 
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in FWN0 and FWN360. Nitrogen fertilizer had no significant effect on carbohydrate, 

carboxylic acid, and polymer utilization. 

Figure 6 shows a heatmap of C substrate utilization as influenced by water salinity 

and N amount. The sole C source uptake varied among the treatments. Saline irrigation 

water significantly decreased the utilization of D-cellobiose, D-xylose, β-methyl-d-

glucoside, i-erythritol, and D-mannitol (P< 0.05) in both the N0 and N360 treatments. 

Nitrogen fertilizer significantly decreased i-erythritol utilization but had no significant 

influence on the utilization of D-cellobiose, β-methyl-D-glucoside, and D-xylose in FW 

or in SW. In addition, α-D-lactose utilization was greatest in FWN0. Irrigation water 

salinity and N amount had no significant influence on the utilization of N-acetyl-D-

glucosamine, glucose-1-phosphate, D, L-α-glycerol phosphate, and D-galactonic acid γ-

lactone (P >0.05). 

 

Figure 6. Heatmap showing the utilization of 31 carbon substrates as influenced by irrigation 

water salinity and N amount. Abbreviations: FWN0, fresh water with no N fertilizer; FWN360, 

fresh water with 360 kg N ha-1; SWN0, fresh water with no N fertilizer; SWN360, fresh water 

with 360 kg N ha-1 

 

 

Regarding amino acids, L-serine utilization was greatest in FWN0. L-asparagine 

utilization was significantly higher (i) in FW than that in SW, and (ii) in N0 than that in 

N360 (P < 0.05). Compared with FW treatment, SW treatment significantly reduced 

L-phenylalanine utilization, whereas there was no significant difference in 

L-phenylalanine utilization between N0 and N360. Neither irrigation water salinity nor 

N amount had significant impact on the utilization of L-arginine, L-threonine, and 

glycyl-L-glutamic acid. The SW treatment significantly reduced carboxylic acid 

utilization, especially the utilization of γ-hydroxybutyric acid (P < 0.05). The SW 

treatment significantly reduced the utilization of amines and phenols, especially the 

utilization of putrescine and 4-hydroxy benzoic acid (P < 0.05). 
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A PCA analysis was used to confirm the impact of water salinity and N amount on 

sole carbon source utilization. The first axes and the second axes together explained 

88.8 % of the total variation (Figure 7). The PCA clearly separated the soil samples 

according to the water salinity or N amount. This indicated significantly different 

microbial communities and patterns of potential carbon utilization among the 

treatments. There were three clusters: (1) FWN0; (2) FWN360; (3) SWN0 and 

SWN360. 

 

Figure 7. Principal coordinate analysis (PCA) of carbon source utilization profiles as affected 

by irrigation water salinity and N fertilization. The resulting plots of 12 samples. Abbreviations: 

FWN0, fresh water with no N fertilizer; FWN360, fresh water with 360 kg N ha-1; SWN0, fresh 

water with no N fertilizer; SWN360, fresh water with 360 kg N ha-1 

 

 

Correlation analyses 

Soil salinity (EC1:5) was negatively correlated with soil basal respiration, AWCD 

and the six categories of carbon source utilization (Figure 8). Soil pH was positively 

correlated with AWCD and the six categories of carbon source utilization. SOM and 

total N was positively correlated with soil basal respiration However, neither SOM nor 

total N were significantly correlated with AWCD or carbon source utilization. 

 

 

Figure 8. Correlations between selected soil chemical properties and carbon source utilization 
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Discussion 

The use of saline irrigation water is likely to increase in the future, especially in 

developing countries where there is extreme shortage of freshwater. However, long term 

saline water irrigation may alter soil properties, for instance, soil physicochemical 

properties and microbial metabolic activity. In our study, irrigation with saline water 

increased soil salinity. It was previously also found that saline water irrigation increased 

soil salinity (Huang et al., 2011; Ahmed et al., 2012). Our results agree with 

Villa-Castorena et al. (2003) who found that N fertilizer application increased soil 

salinity. Soil pH declined when the soil was fertilized with N, this agrees with the report 

of Enwall et al. (2005). In this study, soil pH decreased with irrigation water salinity 

increased, one explanation is that the accumulation of strong acidic ions (e.g. NO3
−, 

SO4
2- and Cl−) in salinized soil (Fan et al., 2009). Salinity was identified as one of the 

most potent environmental factors affecting soil microorganisms. Some researchers 

have reported on interaction between soil salinity and microbial activity. For instance, 

Rietz and Haynes (2003) and Yuan et al. (2007) found that salt conditions obviously 

inhibit soil microbial communities and their biochemical activities. Saline water 

irrigation will increase salt accumulation in the root zone and have adverse effects not 

only on soil physicochemical properties but also on microbial metabolic activities. Our 

results agree with observations that saline water irrigation for ten years decreased soil 

basal respiration, mainly due to osmotic stress in salinized soil (Mavi and Marschner, 

2013). The carbon source utilization efficiency was an important factor influencing soil 

microbial communities activities in salt affected soils (Chen et al., 2017a). In this study, 

AWCD was less in saline water irrigation than in fresh water irrigation. This result 

indicated that irrigation with saline water could restrain soil microbial metabolic 

activities and affect substrate utilization patterns. In addition, Rietz and Haynes (2003) 

also reported that a negative relationship between soil microbial activity and soil salt. 

One explanation is that increased soil salinity lead to more stressed, a smaller soil 

microbial community which was lower carbon source utilization efficiency. 

Fertilization application may indirectly or directly influence soil chemical, physical, 

and biological properties (Marschner et al., 2003; Hai et al., 2010). Nitrogen 

fertilization may influence soil microbial metabolic activities through a variety of 

mechanisms, for example by altering microbial biomass, diversity, and labile carbon 

inputs by soil microbial (Phillips et al., 2015; Miura et al., 2016). However, the effects 

of N fertilization vary depending on soil environment, original N content, plant species, 

and other factors (Rath and Rousk, 2015). In this study, N fertilization for ten years 

reduced soil microbial metabolic activities in fresh water irrigation, but had no 

significant effect in saline water irrigation. In addition, N fertilization application 

increased soil basal respiration in this study. Sarathchandra et al. (2001) also reported 

that 200 and 400 kg N/ha markedly reduced soil microbial metabolic activities 

compared with an unfertilized treatment. He et al. (2007) reported that the primary 

reason why soil microbial metabolic activities declined in N fertilized soil was that the 

N fertilizer reduced soil pH. 

The Biolog Ecoplates can be used as a method to make preliminary comparisons of 

the soil microbial metabolic activities on all the substrates; however, this method does 

not provide specific metabolic property on each categories of carbon source utilization 

(Zhang et al., 2014). Some soil microbial may prefer to utilize amino acids, and others 

may tend to utilize carbohydrates. Chen et al. (2017b) found that different utilization 

rate of carbohydrates, amino acids, carboxylic acids, and polymers by soil microbial 
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communities under different saline irrigation and fertilization regimes. Our study 

showed that the utilization of six substrate categories was markedly different in saline 

water irrigation than that in fresh water irrigation. In addition, irrigation water salinity 

and N amount markedly influenced the utilization rates of amines, amino acids, and 

phenols, which demonstrated that these three categories are sensitive indicators for 

distinguishing carbon source utilization under different irrigation water salinity and N 

amount treatments by soil microbial communities. Overall, the results showed that 

microbial in saline water irrigated soils may decrease their use of one carbon source, but 

increase their use of another. The result is that the total metabolic activity is sustained. 

Meanwhile, the significant correlations between above carbon categories and soil 

chemical properties were highly consistent with the AWCD. For example, soil salinity 

(EC1:5) was negatively correlated with AWCD and the six categories of carbon source 

utilization. This agrees with the report of Min et al. (2016). Based on experimental 

results, we concluded that D-cellobiose, β-methyl-d-glucoside, D-xylose, i-erythritol, 

D-mannitol, α-D-lactose, L-serine, L-asparagine, L-phenylalanine, γ-hydroxybutyric 

acid, putrescine and 4-hydroxy benzoic acid were the sole carbon substrate categories 

for distinguishing the carbon source utilization rate of each category by the soil 

microorganisms. However, the Biolog Ecoplates technique only analyzes the cultivable 

soil microbial community activities. For more accurate assessment, future work needs to 

be done based on functional groups and molecular methods. 

Conclusions 

In this study, we quantified the effects of ten years of saline water irrigation on soil 

properties and microbial metabolic activities under drip-irrigated cotton field in arid 

area. Ten years saline irrigation water and N application may alter soil properties and 

significantly influence microbial metabolic activities. The soil basal respiration and 

microbial metabolic activities were higher in fresh water irrigation than in saline water 

irrigation. Nitrogen application significantly reduced soil microbial metabolic activities 

in the fresh water treatments but had no significant effect in the saline water treatments. 

The amino acids, amines, and phenols utilization rate decisively impact the carbon 

source utilization under different irrigation water salinity and N fertilizer rate. This 

study results increase understanding about soil biological processes under saline 

conditions. In the future, we should focus on the improvement of saline soil, to explore 

the improvement effect of straw returning and biochar application on saline soil, and 

provide a theoretical basis for the utilization of saline water and improvement of saline 

soil in arid areas. 
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