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Abstract. To achieve high crop production, long-term field experiments 20 years (1990-2010) were 

conducted at Urumqi-China. In this study, we investigate the effect of organic and inorganic fertilization 

treatments on maize, spring wheat, and winter wheat cropping system in Urumqi, Xinjiang China. We 

investigated the impact of soil fertility, crop yield sustainability index, nutrients balance, carbon 

sequestration (CSR), and climatic change model through the Agricultural Production Systems Simulator 

(APSIM). Five treatments were studied: CK (control); NPK (inorganic fertilizers nitrogen, phosphorus, 

and potassium); NPKM and manure; NPKS & straw and NPKM2 and manure (the rate of manure was 

double from NPKM. The study showed that the combined application of inorganic and manure 

application (NPKM2 and NPKM) significantly increased the crop grain yield and soil fertility and 

sustainable yield index were higher as compared to NPK and CK. The changes of maximum and 

minimum temperature (+2), decreasing precipitation (-10), and increased CO2 level (350-650 ppm) from 

observed values, simulated in the climatic model will significantly decrease essential soil water (191.2-

181.1 mm), runoff (0.43-0.40 mm), total NO3
- (1444.0 to 1422.5) kg ha-1, and leaching (0.75-0.73) and 

runoff (0.43 mm to 0.40 mm) while increased total NH4 +(35.1 to 41.72) kg ha-1. 

Keywords: long-term fertilization, nutrients balance, nutrient input, carbon sequestration rate 

Introduction 

Nowadays the Chinese government is focusing on the increasing food crisis and the 

priority is to produce adequate food for their huge population. For sustainability in food 

supply to the whole world and especially in China, proper agriculture management 

practices are needed (Ullah et al., 2020). The application of synthetic fertilizers to 

achieve maximum crop yield is common practice in agriculture management (Gaind, 

2007). Development in scientific data calculations and field management technologies 

has caused a significant increase in crop production (Doltra et al., 2019). Tong et al. 

(2003) reported that high-yielding varieties and large consumption of chemical 

fertilizers increased the annual production of crops in China by 3.37% during 1970-

1990 (FAO, 2009). While 0.6% decrease in yield was noted during 1990-2006 (FAO, 

2009), which might have been due to the impact of climate change (Zhang et al., 2013) 
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and might be further affected by global climate changes (Lobell, 2003). Long-term 

application of synthetic fertilizers will cause soil deterioration that will decrease crop 

production, nutritional disorder, groundwater quality, and damage the environment 

through nonpoint source pollution (Jin et al., 2005; Zhao et al., 2020). Therefore, many 

scientists have suggested the use of organic fertilizers over chemical fertilizers (Bakht et 

al., 2009) that will increase soil carbon storage to tackle the problem of global climate 

change and food security (Zhao et al., 2020). However, use of inorganic fertilizers in 

excess form increase the water and atmospheric pollution (Derpsch, 2003), but mineral 

fertilizers through excessive usage in the soil system led to the environmental risk such 

as water quality (Chen et al., 2008). 

To explore and assess the study of overall soil fertility the long-term fertility 

experiments have been important resources in modern-day science (Shahid et al., 2016). 

From the perspective of agricultural sustainability, long-term experimentation has 

provided a platform to investigate soil quality, productivity, and crop yield trends for a 

long period (Rasmussen et al., 1998). Irrigation and fertilization are considered important 

factors for nutrient deposition in the soil to obtain high agricultural production however, 

other factors, such as soil type, fertilization pattern, pests, climate, and cultivars also 

affect the crop productivity and soil sustainability in long-term cropping systems (He et 

al., 2020). The SYI stands for a sustainable yield index and represents the actual yields 

over a long period. It is a quantitative measuring unit to assess the sustainability of 

agricultural practice (Stull et al., 2004). Countries producing high yield over the years 

through advanced management and cultivation practices will have higher SYI and 

sustainability (Singh et al., 2017; Saha et al., 2018). Rasmussen et al. (1998) stated that 

the sustainability of an agricultural system can be measured through long-term 

experiments while Tong et al., 2003 reported that early warning systems for the future can 

be created from the data developed through long-term experiments. 

The decline in soil fertility of Chinese soil has been reported by many long-term 

fertility experiments through extensive variation in crop yields. The continued nitrogen 

management is very important in this regard for sustainable crop production and soil 

protection (Tong et al., 2003; Xin et al., 2017; Hu et al., 2019). Chemical fertilizers 

should be replaced with organic fertilizers to improve phosphorous use efficiency and 

enhance soil fertility (Xin et al., 2017). Crop simulation models are considered as 

potentially valuable tools for the accompaniment and advancement of field observations. 

Crop simulation models deliver a clear demonstration of the essential biological and 

physical processes such as plant growth and development, nutrients, and water dynamics 

of single to multiple cropping seasons (Watson et al., 2002; Beaudoin et al., 2008; Kollas 

et al., 2015). These models provide the opportunity to study the short and long-term 

effects of new or ongoing agricultural management techniques on crop rotations under the 

range of different environmental and soil conditions. Worldwide, crop simulation models 

like APSIM (Keating et al., 2003a), STICS (Brisson, 2003) and DSSAT (Jones et al., 

2003) were developed and used for crop simulation but few of these models were reported 

to have been used under maize-wheat crop rotation (Watson et al., 2002). Increasing the 

nitrogen fertilizer application in conventional crop rotation will decrease the weight of 

mineralization in nitrogen balances. Therefore, simple modeling and positive response of 

the crop to mineral N inputs are comparatively far significant than predicting nitrogen 

mineralization in upright model performance in these systems. 

In this study, we evaluate the ability of the APSIM model to study the effects of 

different fertility management options in a mono-cropping region having maize, spring 
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wheat, and winter wheat cropping system. The APSIM soil nitrogen and climatic model 

was used to identify nitrogen leaching, field water holding capacity (DUL), saturated 

water content (SAT), drainage, runoff, total NO3 
-, and NH4 

+, on the long-term soil 

fertilization treatments of soil over 20 years (1990-2010) in Urumqi Xinjiang, China. 

Data from the long-term field was used, such as soil, crop and climatic conditions 

provide a rich dataset for model testing and evaluation. The second objective of the 

study was to investigate the effects of a different combination of synthetic and organic 

(sheep-manure) fertilization on sustainable crop production, nutrient uptake, nutrient 

balance, and relative yield under a mono-cropping system in the Haplic calcisol (grey 

desert soil). The investigation of nutrients and yield was also carried out for better soil 

fertility and crop production. 

Materials and methods 

Location and site description 

The long-term research station was established in Urumqi, Xinjiang, China. This 

region is a semi-arid and continental cold region, with a difference between winters and 

summer. The latitude and longitude of the area are about 43°49′31″N 87°37′00″E; 

elevation 600 m above sea level and it has warm and hot summers. The maximum 

temperature and precipitation were 15.2 °C and 360.1 mm while the minimum 

temperature and precipitation were 12.65 °C and 141 mm. The experiments were 

conducted under semi-arid land conditions on the well-fertilized Haplic calcisol (Grey 

desert soil based on the FAO soil classification) (Zhang et al., 2010). The dataset was 

used to parameterize the APSIM-Maize-wheat model, nitrogen, and climatic Model. 

The soil and crop data were also recorded for each crop. The mean annual temperature 

(MAT) and mean annual precipitation (MAP) for the experimental period were shown 

in Figure 1. The site detail, fertilizer input, and soil sampling procedure were described 

in Table 1 and Figure 2. 

 

 

Figure 1. The meteorological data mean annual temperature (MAT) and mean annual 

precipitation (MAP) during long term fertilization. The total precipitation was 4537.1 mm from 

the years (1990-2010). The annual average ambient temperature TAV was 7.86 (°C) and the 

annual amplitude in the mean monthly temperature was 41.03 (°C) calculated by the APSIM 

software. The weather data was daily data which was converted to mean annual average data 
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Figure 2. Study site long term fertilization experiment in Urumqi, Xinjiang China the map was 

made by ARC-GIS using the coordinates of the location 

 

 
Table 1. Initial soil physical and chemical properties at the long-term experimental site of 

Urumqi, Xinjiang, China 

Sites Urumqi 

China soil classification Grey desert soil (Sandy loam) 

FAO soil classification Haplic Calcisol 

Soil organic carbonb (g kg−1) 8.8 

Total Nc (g kg−1) 0.91 

C/N ratio 10.4 

Total Pd (g kg−1) 0.67 

Total K e (g kg−1) 23.0 

Available N (mg kg−1) 55.2 

Available-P (mg kg−1) 3.4 

Available K (mg kg−1) 288 

pHa 8.1 

Clay content (<0.002 mm) (%) 20.9 

Bulk density (g cm−3) 1.25 

Altitude (m) 600 

Cropping system (Maize-Spring wheat-winter wheat) 

Annual precipitation (mm) 280-320 

Solar radiation (h) 2550-3500 

Annual precipitation, temperature, effective accumulated temperature and sunshine hours are means 

over 20-years (1990-2010). MAT: mean annual temperature. EAT; effective accumulated temperature. 

(a) Measured in 1:5 soil: ratio, (b) Measured by the Walkley wet combustion method (Nelson and 

Sommers, 1996), (c) Total N measured by the Kjeldahl method (Nelson and Sommers, 1996), (d) 

Available P with 0.5 M NaHCO3 (Murphy and Riley, 1962), (e) Exchangeable K with N ammonium 

acetate (Richardson et al., 2009). Soil available N, P, and K were measured by Lu et al. (2000) (Olsen et 

al., 1954) and total nitrogen (TN), total phosphorus (TP) and total potassium (TK) in soils were 

determined using micro-Kjeldahl digestion, colorimetric analysis and a dissolution-flame photo- meter, 

separately (Page et al., 1982), respectively 
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Experimental design 

The study was conducted with different treatments consisting of inorganic and organic 

fertilization. The experiment consisted of five different treatments of fertilization and was 

conducted during 1990-2010. We selected five treatments in the fertilization dynamic 

study (Table 2): (1) CK (no fertilization); NPK (inorganic nitrogen, phosphorous and 

potassium fertilizer); (3) NPKM (inorganic NPK fertilizer and manure); (4) NPKS 

(inorganic NPK fertilizer and straw), and (5) NPKM2 (inorganic NPK fertilizer and 

manure with double the amount of NPKM). The study period was from 1990-2010. The 

fertilizer details, annual input rate of manure, and inorganic fertilizer are given in Table 2. 

 

Crop and soil management 

The cropping system was a mono-cropping system (maize-spring wheat-winter wheat). 

Extensively used local maize and wheat varieties were selected for cultivation, the variety 

detail and planting detail were given in Table A1. The crop samples were finely ground to 

pass a 0.15-mm sieve. To determine the total P (TP) content, the plant samples were 

digested with H2SO4–H2O2 following the method of (Jackson.,1969), and concentration in 

the digesting solution was measured using the molybdenum-blue colorimetric method 

(Page et al., 1982). The winter wheat average sowing date was September 28th; harvest 

date was July 10th. The average sowing date of spring wheat was April 3th; the harvest 

date was July 20th. The average sowing period of corn was May 1st; the harvest period 

started on September 20th. The irrigation time for winter wheat was 7 times, for spring 

wheat it is 5 times, and Maize 6 times. After the crops were harvested, they were irrigated 

in winter and turned in autumn at a depth of 30-40 cm. Before sowing, the soil is only 

raked and level’ and furrowed. Inter tillage should be carried out during crop growth, 

winter wheat inter tillage once, and topdressing at the same time (April 18); spring wheat 

inter tillage once, and topdressing at the same time (May 13); corn inter tillage twice, in 

the seedling stage (May 10th), and (June 25th). In maize the plants ranged of 4,000 to 

5,000 plants per ha with a row spacing of about 70 cm, and plant spacing of 25-30 cm. 

While wheat (winter and spring) row spacing was 40 cm. The nitrogen fertilizer was urea, 

phosphate fertilizer was superphosphate, potash fertilizer is potassium sulfate, organic 

fertilizer M was sheep manure, and S was straw. In the chemical fertilizer, 60% nitrogen 

fertilizer and all phosphorus and potassium fertilizers were used as base fertilizer, and 

40% nitrogen fertilizer was used as topdressing. The crop was harvested; after harvest, the 

grain and straw were air-dried and weighed. The management practice were hand 

weeding and bird frightening methods were used to prevent grain loss from anthesis to 

harvest. Soil samples from 0-20 cm were taken once in the first week of October every 

year, approximately 15 days after crop harvesting in fall for all sites after every year. The 

samples were thoroughly mixed to make the composite sample, air-dried, and transferred 

to the laboratory for soil analysis. Soil bulk density was calculated on undisturbed soil 

samples that were collected with a cutting ring of 50.46-mm inner diameter, 100 cm3 

volume, and 50-mm depth of soil sampling (Pansu, 2006). After the crop was harvested, 

all air-dried and oven-dried grains and straw samples were kept for 30 min at 105 °C for 

the calculation of dry matter and nutrient contents. The plant nitrogen, phosphorous, and 

potassium content were measured through Kjeldahl digestion and vanadomolybdate 

yellow method, and flame photometer respectively. Nutrient uptake was determined by 

multiplying plant nutrient content with yield. To determine the chemical properties of the 

soil samples, all the method was described in the note section of Table 1. 
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Table 2. Annual input rate of organic (sheep manure) and inorganic N (nitrogen), P 

(phosphorous), K (potassium) fertilizer added to various treatments of a long-term 

experiment in a maize-wheat cropping system. Notes: CK (Control), no fertilizer; NPK, 

chemical nitrogen, phosphorus, and potassium; NPKM, chemical NPK, and manure; NPKS, 

chemical nitrogen, phosphorus, and potassium and straw; NPKM2, double in manure from 

NPKM 

Treatments 
N 

(kg ha-1) 

P2O5 

(kg ha-1) 

K2O 

(kg ha-1) 

Organic fertilizer 

(kg ha-1) 

CK 0 0 0 0 

NPK 241 138 58 0 

NPKM 85 51 12 30,000 

NPKS 217 117 51 450 

NPKM2 150 90 18 60,000 

The nitrogen fertilizer was urea, the phosphate fertilizer was superphosphate, the potassium fertilizer 

was potassium sulfate and the organic fertilizer M was sheep manure. 60% of the nitrogen fertilizer and 

all the phosphorus and potassium fertilizers was used as the base fertilizer, and 40% of the nitrogen 

fertilizer was used as the top dressing. The sheep manure contains 7 g kg-1 of N, 3.2 g kg-1 of P, and 8 g 

kg-1 of K 

 

 

Calculations 

The SOC density content was calculated from SOC content by the equation (Lal, 

2008): 

 

  (Eq.1) 

 

where soil organic carbon density was in (Mg ha−1) SOCdensity; soil organic carbon 

content was in (g kg−1) represented by SOCcontent; d is the depth of the soil while BD is 

the depth of the soil layer (0.20 m) and soil bulk density (g cm-3/kg m-3). Soil organic 

carbon (SOC), as an index for soil fertility and a mean for carbon sequestration, has 

attracted much attention over the past decades. Soil fertility index was measured by soil 

organic carbon rate (SOC) and means of sequestration of carbon. The soil sequestration 

rate of organic carbon (CSR, t ha−1 year−1) was calculated by the following equation 

(Zhang et al., 2012). 

 

  (Eq.2) 

 

where CSR is the Soil sequestration rate, SOCT and SOCO is organic carbon (t ha−1) 

stock at the time (t) and in the first year (1990), respectively and (t) was the period of 

experimentation (20 years). The relative yield (YR) was measured to study the 

comparison of individual treatment of yield data. YR was calculated through the 

following formula (Singh et al., 1990). 

 

  (Eq.3) 

 

where Ytreatment is the yield of treatment of fertilizer applied (t ha−1) in a particular year 

of experimentation and Ycontrol is the yield (t ha−1) in the same year of control treatment. 
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Sustainable yield index (SYI) is a quantitative extent to measure the productivity of 

long-term land management (Stull et al., 2004). The SYI was measured by using the 

following equation (Singh et al., 1990): 

 

  (Eq.4) 

 

where Ymean is a mean of yield treatment, σ is the treatment standard deviation, and Ymax 

is the maximum yield over the years for every treatment. 

Apparent nutrient balance (AB) defined as the difference between entering nutrient 

inputs in the farming system and leaving nutrients from the farming system (OECD, 

2013). AB (kg ha−1 year−1) was measured using the equation as follows (Ouyang et al., 

2017): 

 

Apparent nutrient balance =󠄜 Sum of nutrient input – Sum of nutrient output (Eq.5) 

 

where nutrient input (kg ha−1 year−1) is annual nitrogen, phosphorus, and potassium 

input to the field through inorganic and organic fertilization. Nutrient output (kg ha−1) is 

nitrogen, phosphorus, and potassium uptake (kg ha−1) by the crop in above-ground 

biomass. If apparent nutrient balance indicates positive value then nutrients are in 

excess and surplus and if the negative value comes then nutrients are deficit, which 

indicates decreasing soil productiveness and fertility (OECD, 2013). 

 

APSIM model 

The Agricultural Production Systems Simulator (APSIM) was developed in 

Australia, the model enables the analysis of complex soil and crop issues for better 

agriculture production and simulation (McCown et al., 1996; Keating et al., 2003b). 

APSIM simulates the point scale system in soil and crop. It used daily weather data and 

utilized the soil physicochemical properties and crop physiological growth process was 

measured. In the present study, the following models were used such as crop (maize and 

wheat), soil N (SOILN2), soil water (SOILWAT2), crop residue (RESIDUE2), soil 

runoff (mm) and climatic change model. The soil runoff was measured by the APSIM 

climatic change model to check N losses from the soil system. All these models were 

linked in the APSIM framework. All the soil parameters and crop water requirements 

were adjusted with the help of the following website (https://www.apsim.info/wp-

content/uploads/2019/10/Parameters-for-soil-water-Ver24.pdf). All the input parameters 

were described in Table A2. The date of the simulation was started from 1990-2010. 

The APSIM met data was calculated with the help of the following website. 

https://www.apsim.info/support/apsim-training-manuals/creating-an-apsim-met-file-

using– excel/. The soil physical parameters requirement was given in Tables A2 and A3. 

This table was calculated on the basis of bulk density and used as input measurement in 

the APSIM model. 

 

Statistical analysis 

The change among different fertilization treatments under long-term fertilization was 

divided into (1990-2000) and (2000-2010). The simple linear regression model was used 

for OC and yield graphs among different treatments. The pH, AN, AP, OC, TN, TP, and 

RY were used as dependent variables. The APSIM observed and simulated data were 
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undertaken and verified from regression analysis methods. The correlation analysis and 

Principal component analysis (PCA) were performed through Software R (R version 

3.6.1,) core team, Vienna, Australia, and this was used for graphical explanation of mean 

values of treatment effects throughout 1990-2010 on different parameters. The PCA was 

used for the classification and graphical representation of the components. It gives group 

accessions of the properties with the highest discrimination values among the variables. 

Results 

Crop yield and sustainability index 

The result of the long-term fertilization on the maize-spring wheat-winter wheat 

cropping system showed significant influences over the fertilization years. The regression 

trend shown in Figure 3 and grain yield (t ha-1) in Table 3 showed an increase in NPKM2, 

NPKS and NPKM, and a decrease in control while slight difference was observed in NPK 

among all the crops. The treatment (NPKM2) showed significant regression trend in 

maize crop (R2 = 0.5892), spring wheat (R2 = 0.7872), and winter wheat (R2 = 0.5447). 

The annual grain yield in different fertilization years showed a significant decrease in 

control among all the treatments and it was the highest in NPKM, NPKS, and NPKM2. 

The treatment effects in fertilization from 1990-2000 were compared with (2000-2010), 

an increase in annual grain yield was observed in (2000-2010) in NPKM2, NPKM, and 

NPKS. In maize and spring and winter wheat, the control showed a decrease in annual 

grain yield while in NPK slight increase was observed. The sustainable yield index (SYI) 

increases in organic and inorganic (sheep manure) application in combined and pure 

doses while in NPK, and NPKM the sustainable yield index was high in winter wheat 

such as 0.64 ± 0.28 and 0.64 ± 0.29 followed by NPKM2 (0.61 ± 0.26). The SYI in maize 

crop showed the increased value in NPKS, NPKM2, NPKM, and NPKM2 treatment as 

compared to control. In spring wheat NPKS showed a higher sustainable yield index 

followed by NPK, NPKM and NPKM2. Moreover, the winter wheat was more 

sustainable as compared to spring wheat and maize crop. 

 

 

Figure 3. Yield of crops vs fertilization years, the year of fertilization started from 1990-2010, 

hence each crop grows at different years as presented in the figure: maize (a), spring wheat (b), 

and winter wheat (c) under various fertilization years of a long-term experiment in the mono-

cropping area of Urumqi, Xinjiang China 
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Table 3. Sustainability yield index (SYI) winter wheat, (SYI) of maize and (SYI) of spring 

wheat under long term experiment having different fertilization dynamics in the mono-

cropping system 

Treatments 
SYI 

(winter wheat) 

SYI 

(maize) 

SYI 

(spring wheat) 

CK 0.44 ± 0.09 0.76 ± 0.12 0.77 ± 0.15 

NPK 0.64 ± 0.28 0.84 ± 0.11 0.84 ± 0.09 

NPKM 0.64 ± 0.29 0.84 ± 0.16 0.83 ± 0.11 

NPKS 0.56 ± 0.19 0.94 ± 0.04 0.89 ± 0.10 

NPKM2 0.61 ± 0.26 0.89 ± 0.11 0.79 ± 0.04 

Values are means of year ± standard deviations 

 

 

Apparent nutrient balances and nutrient uptake 

The Nutrient balance is defined as the difference between the nutrient enter into the 

soil system (input) and leaving the system (output), and provide information about 

environmental pressures. Nutrient input and apparent nutrient balance were presented in 

Tables 4 and A6.  

 
Table 4. Annual nutrients uptake and apparent nutrient balance (N, P, and K) and crop yield 

in maize-spring wheat and winter wheat cropping system from the period of (1990-2010) and 

(2000-2010) under different fertilization of long-term experiment over 20 years of fertilization 

Years Treatments 
NU 

(kg ha-1) 

PU 

(kg ha-1) 

KU 

(kg ha-1) 

N balance 

(kg ha-1 year-1) 

P balance 

(kg ha-1 year-1) 

K balance 

(kg ha-1 year-1) 

Grain yield 

(t ha-1) 

1990-2000 

Maize 

CK 76.05 7.11 0.00 -3.72 -7.11 0.00 4.41 

NPK 136.75 15.57 0.00 78.58 46.43 48.13 5.76 

NPKM 128.94 23.11 0.00 166.06 40.23 209.11 6.66 

NPKS 134.03 15.61 0.00 82.97 36.95 42.32 6.53 

NPKM2 134.61 24.26 0.00 435.39 97.04 413.23 6.41 

Spring wheat 

CK 21.59 2.73 4.65 -12.24 -0.94 4.65 1.02 

NPK 89.40 13.11 24.33 131.32 38.89 56.41 2.95 

NPKM 106.33 18.13 35.81 171.23 39.07 175.21 3.82 

NPKS 86.19 12.75 26.07 139.67 36.68 54.28 2.63 

NPKM2 102.12 18.20 27.86 347.95 77.70 303.35 3.23 

Winter wheat 

CK 34.62 3.93 2.13 -34.62 -3.93 -2.13 1.28 

NPK 139.19 19.11 17.56 101.81 42.89 30.57 4.46 

NPKM 125.42 22.78 17.75 169.58 40.57 191.35 4.96 

NPKS 88.76 18.40 17.28 128.24 34.17 25.04 4.29 

NPKM2 126.48 26.34 20.99 463.30 99.48 413.23 5.40 

2000-2010 

Maize 

CK 61.10 8.00 134.57 -61.10 -8.00 -134.57 3.22 

NPK 168.89 30.68 273.93 72.11 31.32 -225.80 7.73 

NPKM 176.26 29.17 312.12 118.74 34.18 -103.01 8.58 

NPKS 178.35 32.22 317.81 38.65 20.34 -275.49 8.57 

NPKM2 200.96 43.53 337.26 369.04 77.77 75.97 9.01 

Spring wheat 

CK 35.36 4.93 29.71 -35.36 -4.93 -29.71 0.69 

NPK 155.12 17.00 110.62 85.88 45.00 -62.49 2.85 

NPKM 150.82 21.38 158.23 144.18 41.97 50.88 3.39 

NPKS 136.72 18.96 120.42 80.28 33.60 -78.11 3.08 

NPKM2 195.84 23.97 165.25 374.16 97.33 247.99 3.42 

Winter wheat 

CK 18.58 7.75 7.61 -18.58 -7.75 -7.61 1.02 

NPK 125.07 43.71 74.38 115.93 18.29 -26.25 5.52 

NPKM 139.33 54.15 87.00 155.67 9.19 122.11 6.02 

NPKS 89.68 34.93 49.86 127.32 17.64 -7.54 4.35 

NPKM2 153.90 54.80 77.00 416.10 66.50 336.24 6.58 
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Among all the fertilization years (1990-2010), in all treatments the highest nutrient 

uptake (nitrogen, phosphorous, and potassium) were observed in NPKM2 and the 

lowest was in CK. Among all the crops the nitrogen uptake (NU) showed a decrease in 

the year of fertilization from 1990-2010 in NPKM, NPKS, NPKM2 while increased 

from 2000 to 2010. Phosphorus and potassium uptake also showed the same trend as 

NU uptake, the highest nutrient uptake was in NPKM2 among all the fertilization years. 

A minor change was observed among the control treatment in all crops. The apparent 

nutrient balance was significantly different from control as compared to treatments. The 

control showed a negative value and a deficit in nutrient balance among the crop from 

1990-2010. The nitrogen, phosphorus, and potassium showed a positive value and 

surplus nutrient balance was showed in NPKM2 and significantly different from other 

treatments. Nitrogen and phosphorous balance among all treatments were positive 

during all the cropping periods. The potassium balance showed a negative value for all 

the treatments except NPKM2 and NPKM during all cropping periods except from 

2000-2010 the NPKM showed negative value in the maize and winter wheat cropping 

system. The potassium balance in maize ranges from 77.77 kg ha-1 year-1 in NPKM to -

8.00 kg ha-1 year-1, in Spring wheat 247.99 kg ha-1 year-1 to -29.79 kg ha-1 year-1 while 

in winter wheat 247.99 kg ha-1 year-1 to -7.61 kg ha-1 year-1. The nutrient balance over 

20 years of fertilization in nitrogen and phosphorous showed a decreasing trend among 

all the treatments in 2000-2010 as compared to 1990-2000. 

 

Dynamics of soil nutrients and soil organic carbon sequestration rate (CSR) 

The soil pH, nutrients, and soil organic carbon sequestration were significantly 

influenced by long-term fertilization. During the two long-term fertilization periods 

1990-2000 and 2000-2010, the soil pH fluctuated from 8.12 in NPK and 8.40 in NPKS. 

Soil pH increased in the second period of soil fertilization as compared to the first year 

1990-2000 (Table 5). Soil TN, TP, and TK in the maize cropping system showed an 

increasing trend in NPKM2 followed by NPKM, NPK, and NPKS in the fertilization 

year of 1990-2000 while the same trend was followed by the second year of fertilization 

with minor variation. All the nutrients showed an increasing trend while AK showed 

decreasing values during the years of fertilization. In the cropping system of spring 

wheat, the TN, TP, and AN, AP and AK showed a higher value in NPKM2 followed by 

NPKM, NPK, and NPKS respectively in the fertilization period 1990-2000. The 

comparison of two periods of fertilization showed that all the nutrients decreased in the 

second year of fertilization except NPK and NPKS in TN, NPKM in TP, NPK, and 

NPKM in AN and NPKM in AP respectively. In the winter wheat cropping system the 

TN, TP, and AN, AP, and AK showed a higher value in NPKM2, NPKM and NPKS 

and NPK, respectively. The NPKM indicated an increasing trend when compared with 

the initial year of fertilization while all other nutrients decreased in the second year of 

fertilization (2000-2010). The combined application of synthetic fertilizer and organic 

fertilizer (sheep manure) significantly increases the soil nutrient level among all 

treatments such as available and total nitrogen, available and total phosphorous, and 

total potassium. Manure increases soil fertility and also soil structure and it significantly 

increases the nutrient input to the soil system. Soil organic carbon in the maize cropping 

system showed a positive relationship in the year of fertilization and increased with 

time, higher SOC was observed in NPKM2 followed by NPKM. The highest OC g kg-1 

was found in NPKM2 followed by NPKM, NPK, and NPKS and control. The RY t ha-1 

also followed the same trend. The spring wheat showed the highest value of OC g kg-1 



Tahir et al.: A 20-year long term study of yield sustainability and soil fertility affected by fertilization and apsim climatic change 

model of Urumqi, Xinjiang, China 
- 1837 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):1827-1855. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1903_18271855 

© 2021, ALÖKI Kft., Budapest, Hungary 

in NPKM followed by NPKM, NPKS, and NPK, the lowest was found in control 

treatment among all the cropping systems in fertilization years. The RY also had the 

same trend of increasing value. In winter wheat OC g kg-1 showed a higher value in the 

soil NPKS with the minute increase from NPKM2 in both years of fertilization and a 

similar trend was followed in both years with little increase. The soil carbon change was 

shown in Table A6 and Figure A1. The RY t ha-1 was higher in NPKM2 followed by 

NPKM and NPKS. Soil carbon sequestration rate (CSR t ha-1 yr-1) showed negative 

value among all the CK, NPKM, and NPKS while it showed positive value for both 

NPKM and NPK. Overall, the change in all fertilization treatments was no sign of CSR. 

 
Table 5. Soil nutrient contents, annual organic carbon, and soil organic sequestration rate 

CSR in maize-winter/spring wheat cropping system form the period of 1990-2010 under 

different fertilization treatments in long term experimental site 

Year/crop Treatments 
TN 

(g kg-1) 

TP 

 (g kg-1) 

AN 

 (mg kg-

1) 

AP 

(mg kg-1) 

AK 

(mg kg-1) 

OC 

(g kg-1) 
pH 

RY 

(t ha-1) 

CSR 

(t ha-1 y-1) 

Initial year  1.01 0.35 84.6 9 461 9.78 8.01 - - 

1990-2000 

Maize 

CK 0.98 0.69 56.20 2.73 144.00 8.48 8.30 1.28 -0.116 

NPK 0.98 0.79 53.07 10.53 135.00 9.32 8.12 4.46 0.000 

NPKM 1.12 0.77 67.77 12.27 335.33 10.16 8.28 4.96 0.000 

NPKS 0.95 0.61 54.80 7.73 160.83 8.63 8.40 4.29 0.000 

NPKM2 1.15 0.82 73.30 32.03 351.67 11.94 8.21 5.40 -0.001 

2000-2010 

CK 0.68 0.60 45.77 4.06 165.67 7.98 8.40 1.02 -0.051 

NPK 0.92 0.91 62.83 13.00 219.73 9.05 8.50 5.52 0.001 

NPKM 1.47 0.80 99.37 50.70 390.07 11.37 8.29 6.02 0.000 

NPKS 0.70 0.63 54.63 8.57 124.87 8.57 8.28 4.35 -0.002 

NPKM2 1.21 0.77 81.90 30.70 391.83 14.10 8.40 6.58 -0.002 

1990-2000 

Spring wheat 

CK 0.80 0.50 52.50 2.13 129.80 8.41 8.35 1.02 -0.1232 

NPK 0.89 0.83 54.67 13.23 194.07 8.78 8.11 2.95 0.0004 

NPKM 1.17 0.75 71.20 18.77 351.20 8.86 8.32 3.82 0.0002 

NPKS 0.86 0.70 54.37 8.67 160.83 9.63 8.36 2.63 -0.0001 

NPKM2 1.40 0.98 84.70 37.30 413.90 10.98 8.23 3.23 -0.0013 

2000-2010 

CK 0.73 0.55 38.75 2.87 153.50 7.86 8.41 0.69 -0.076 

NPK 0.96 0.79 56.25 14.95 185.00 8.76 8.29 2.85 0.000 

NPKM 0.96 0.73 86.25 29.55 325.50 8.14 8.28 3.39 0.000 

NPKS 1.17 0.66 51.55 16.30 157.50 9.84 8.40 3.08 -0.003 

NPKM2 1.20 0.68 71.45 23.60 314.50 10.60 8.42 3.42 0.000 

1990-2000 

Winter wheat 

CK 0.85 0.70 48.65 3.65 172.08 7.96 8.40 4.41 -0.097 

NPK 0.92 0.95 74.10 10.63 148.75 8.69 8.26 5.76 0.000 

NPKM 1.19 0.76 75.88 12.73 385.75 10.93 8.28 6.66 0.000 

NPKS 0.94 0.74 69.23 7.95 205.63 8.53 8.40 6.53 -0.001 

NPKM2 1.44 0.88 94.53 33.30 374.75 12.88 8.24 6.41 -0.002 

2000-2010 

CK 0.72 0.67 50.17 3.39 125.33 7.87 8.42 3.22 -0.064 

NPK 0.81 0.87 57.47 11.40 290.00 8.52 8.29 7.73 0.001 

NPKM 1.41 0.89 92.63 52.00 583.33 11.24 8.28 8.58 0.000 

NPKS 0.72 0.71 79.53 10.63 180.67 8.22 8.40 8.57 -0.002 

NPKM2 1.14 0.67 70.03 20.71 375.00 12.71 8.38 9.01 -0.003 

Means followed by an average of ten years’ data in which every year data with different crop means considered separately for 

maize, spring wheat, and winter wheat, values of means are (n = 3). Abbreviations: TN, total N; TP, total P; AN, available N; AP, 

Available P; RY, Relative Yield; CSR, soil carbon sequestration rate 
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Principal component analysis (PCA) 

The Principal Component Analysis (PCA) clustering processes are usually performed 

to measure the variation among the treatment effect and show the relationship between 

the variables. It interprets the data more expressively than other tools. There are two 

components in the principal component analysis as PC1 and PC2. The PCA analysis 

was performed to check the variation effect among the treatments on different variables 

such as (NU, PU, KU, N balance, P balance, K balance, and grain yield) over the year 

of fertilization from 1990-2000 and 2000-2010. The principal component analysis from 

the year of fertilization 1900-2000 among different variables (Fig. 4a) showed that all 

the values were more diverse and showed variation over different treatments. The first 

PC1 and second PC2 together described 87.3 of the total variation among all the 

observed values. The principal component analysis (PC1) (Figure 4) variation primarily 

attributes to NU, PU, KU, N bal, P bal, K bal, and GY for which eigenvectors were 

4.65, 1.45, 0.66, 0.122, 0.051, 0.038, and 0.004, respectively.  

 

Figure 4. Principal component analysis (PCA) (a) (1990-2000) of nutrient Uptake (kg ha-1 

Year-1) (NU, PU, and KU) and nutrient balance ((kg ha-1 Year-1)) representing through N bal 

(nitrogen balance); P bal (Phosphorous balance) and K bal (potassium balance) and GY (grain 

yield (t ha-1)) while PC: principal component. (b) Principal component analysis (PCA) on the 

years from 2000-2010. Every point on the scatter plot showed the effect of a single treatment on 

nutrients. Control (CK) and NPK of maize, spring wheat and winter wheat showed less 

variation on nutrient uptake, balance, and grain yield while higher variation was showed by 

treatment NPKM2 followed by NPKM and NPKS respectively 
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The second figure (Fig. 4b) of PCA showed the variation among the nutrient uptake, 

balance, and grain yield for the year of fertilization 2000-2010. The PC1 and PC2 

contribute 85.2 of variation in treatment effect from the 2000-2010 fertilization year. 

The variation in PC1 is attributed to NU, PU, KU, N bal, P bal, K bal, and GY with 

eigenvector of 4.00, 1.96, 0.81, 0.15, 0.04, 0.008, and 0.003, respectively. The treatment 

effect on the different years of fertilization was shown in Figure 4, and variation among 

the different years was observed in both graphs of PCA. The control, NPK, NPKM, 

NPKS, and NPKM2 showed a significant effect on the nutrient uptake and balance 

under the different treatments over 20 years. The different nutrient poses major attribute 

and influence on the yield of the crop. Moreover, the correlation was positive among all 

the nutrient uptake, balance, and grain yield. The treatments having a combined 

application of organic and inorganic fertilizer showed higher yield and it improved the 

soil fertility and crop yield. 

 

Correlation of nutrient uptake, nutrient balance, and grain yield. 

Pearson’s correlation analysis is the best tool for complex data visualizing. Pearson’s 

correlation analysis was performed to study nutrient uptake, nutrient balance, and grain 

yield throughout the 20 years. The different nutrient uptake balances showed a positive 

relationship among the nutrient uptake by crop and grain yield (Fig. 5).  

 

 

Figure 5. The correlation analysis between the nutrient uptake, nutrient balance, pH, and grain 

yield. The above diagonal characterizes the coefficient correlation of the p-value p < 0.05, 0.01, 

and 0.001; denote significance at *, **, and *** correspondingly. The lower plot of diagonal 

showed NU, Nitrogen uptake; PU, phosphorus uptake; KU, Potassium uptake; N balance; P 

balance; K balance (kg ha-1), pH and grain yield (t ha-1) 
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Grain yield showed a positive relationship with nutrient uptake of N, P, and K, the 

correlation was positive, it represented that it had a significant effect on nutrient uptake 

and showed positive correlation with nutrient balance PU followed by NU respectively. 

The grain yield showed a highly significant correlation with NU (r = 0.82***) followed 

by KU (r = 0.79**) and PU (r = 0.74**) while pH had a negative effect on it. Nutrient 

balance showed highly significant effect on each other and showed a positive 

relationship with each other. The N balance showed highly positive correlation with P 

balance (r = 0.95***) followed by K balance (r = 0.91***). N nutrient uptake showed a 

positive correlation with k uptake (r = 0.78***) and P uptake (r = 0.75***). The pH had 

a negative effect on all the nutrient uptake and balance and showed a negative 

relationship with each other. 

 

APSIM results on climatic change and nitrogen model 

Agricultural Production System Simulator (APSIM) well simulated the climatic 

change and nitrogen model in wheat-maize cropping system in Urumqi China. The 

APSIM showed significant results on the climatic change model of the current weather 

condition. The precipitation over the years of fertilization showed variations throughout 

the years. The runoff showed a positive relationship with the precipitation. The higher 

the precipitation, the higher the runoff, and the higher the nutrient losses from the soil 

system. The surface runoff and leaching normally occur with rainfall events. This leads 

to the environmental risk of phosphorus transportation from agroecosystems to rivers 

and lakes. Hence it was proved from the overall nutrient balance (Table 4) that the 

highest phosphorous balance was observed in NPKM2 and NPKM. So APSIM also 

showed surface runoff with precipitation, moreover, the rates of P inputs should be 

reduced to prevent the nutrient losses in to soil, air and water environment. This will 

lead to the achievement of sustainable crop production and decreasing environmental 

pollution risk (Fig. 8). The soil hydrodynamic properties among each layer of the soil 

were measured through APSIM through saturated water content (SAT) and field water 

holding capacity (DUL), SAT was calculated from soil bulk density. It gives complete 

changes in soil dynamics of different nutrients. In this current study, we used eight 

layers up to 160 cm showed in Table A2. The soil hydrodynamic was shown in 

Figure 6a, b. There are two major crops such as maize and wheat. The crop and soil 

parameters were the crop’s lower limit (LL) and the crop water absorption coefficient 

(KL) at 8 different layers and depths. The LL and KL were also calculated separately 

for maize and wheat crops. There were no values based on which we measure but it is 

adjusted and estimated based on APSIM software. The effect of water balance runoff, 

drainage, and esw (essential soil water) was affected by soil water capacity and weather. 

The climatic change model showed a significant change in nitrogen balance throughout 

20 years (Figs. 7 and 8; Table A4). The runoff (mm), esw (mm), leaching (0-1), total 

NO3 
- (kg ha-1), and total NH4 

+(kg ha-1) and precipitation showed significant results 

with both CO2 levels (350-650) ppm. The observed and predicted graph with linear 

regression showed significant changes when the climatic model was applied. The level 

of CO2 from 350 ppm to 650 ppm was changed and precipitation was changed to -10 

and maximum and minimum temperature was changed to + 2 °C. The average 

precipitation over 20 years of simulation received was 0.63 mm in observed while in 

predicted 0.57 mm. The runoff was changed from 0.43 mm to 0.40 mm. The change 

observed in total NO3 
- (1444.0 to 1422.5) kg ha-1 and total NH4 

+ (35.1 to 41.72) kg ha-1 

respectively. Leaching defined as the loss of water-soluble plant nutrients due to 
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precipitation and irrigation from the soil. Leaching fraction is the LF = effluent / 

influent. The nitrogen leaching was observed between (0.75-0.73) and no change in the 

drainage was observed. Nitrogen balance (kg ha-1) was 14.38-19.22 and essential soil 

water (esw (mm)) was 191.2-181.1. The changes in the climatic model showed that the 

change in future environmental parameters had a significant effect on soil, crop, and 

water parameters (Table A4). Proper measurements are needed to be taken to overcome 

the significant changes in the environment and increase crop production and improve 

soil fertility. 

 

 

Figure 6. Volumetric water content under different layers (1-160) divided into 8 different 

layers. (a) Maize crop and (b) wheat crop 
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Figure 7. The graph was created through APSIM climatic change and nitrogen model with 305 

ppm and 650 ppm scenario of CO2 and change in temperature (Maximum and minimum) (+2) 

and precipitation (-10). (a) Years vs precipitation (mm) during climatic model when 

precipitation was change to (-10) on 20 years’ simulation. (b) NO3 
-(kg ha-1) during observed 

and simulated values. (c) NH4 
+leaching observed and simulated and trend lines showed 

relationship 

 

 

 

Figure 8. (a) Precipitation vs essential soil water (esw) over fertilization years 1990-2010 (b) 

years of fertilization vs leaching and rain fall. (c) Essential soil water (esw) (mm) observed vs 

predicted (d) Total runoff (mm) during observed and predicted simulation, and (e) leaching (0-

1) observed vs predicted over the 20 years of fertilization 
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Discussion 

In our findings it was clearly showed that over 20 years of fertilization, the combined 

application of inorganic and organic (sheep manure) significantly enhanced crop 

growth, yield, and soil fertility as compared to a single application of organic fertilizer. 

Crop yields of CK (control) among all crops (maize, spring wheat, and winter wheat) 

showed a decrease over the years of fertilization. The grain yield in all treatments 

increased in NPKM2, NPKM, NPKS, and NPK over the years (1990-2010) (Table 4; 

Fig. 3) (Das et al., 2014). Manure is reported to be used to effectively improve the 

agricultural fertility of the soil and soil health (Gai et al., 2018). The long-term 

fertilization treatments of grain yield during organic manure treatments may be 

attributed to the enhanced availability of a reservoir of organic minerals by applying 

manure to the soil. Long-term fertilizer application and organic manure significantly 

enhanced deposition of soil organic carbon as well as nitrogen and also microbial soil 

biomass, obtaining maximum SMBC consisting of 3.7% of SOC, SMBN accounted for 

4.5% of total nitrogen, and SMBP contributed for 2.1% of total phosphorous. These soil 

organic carbon and nitrogen deposits were effective in slowing the decomposition of 

inborn soil carbon (Qiu et al., 2018). Our result was supported by the previous finding, 

the use of such synthetic and organic (manures) fertilizers improved significantly yield 

and quality of wheat, maize, and rice by an overall gain of only 29% compared to other 

organic fertilizers and by 8% compared to the synthetic fertilizer application (Han et al., 

2004). The previous results showed that the positive residual impacts on agricultural 

productivity were observed in various long-term fertilization dynamics (Chavas et al., 

2009; La et al., 2016). The key reasons for reduced agricultural productivity in CK and 

NPK may be soil acidification, as constant use of synthetic fertilizers tends to decrease 

soil productivity by reducing soil pH and has a higher influence on CO2 fixation and 

soil microbial growth (Sarkar et al., 2018). In previous studies a high reduction of crop 

yield was observed under chemical fertilization in paddy soils over the time (Yang et 

al., 2018). The result of (Zhu et al., 2018) suggested that to reduce soil acidification 

high chemical nitrogen fertilization can be partially supplemented by composite or 

natural fertilizer in tea crop (Zhang et al., 2010, 2018). The organic and inorganic 

fertilizer application increased nitrogen, phosphorous, and potassium as compared to 

CK and NPK shown in Table 4, which were also similar to the findings of (Wei et al. 

2020) and Yang et al., 2020). With the combined application of organic and synthetic 

fertilizer, we found that the nutrient balance was positive and the highest in NPKM2 

followed by NPKM, NPKS, and NPK. The CK showed a negative balance among all 

the crops showed in Table 4. The result was similar to the finding of (Hu et al., 2019) 

who stated that the amount of crop production, grain yield, and nitrogen was high when 

organic and inorganic fertilizers were used as treatment. The nitrogen use effectiveness 

was also high in manure. The yield and nutrients were balanced under these treatments. 

The manure treatment showed higher results as compared to other treatments among all 

the crops over 20 years of fertilization showed in Table 4 and 5, similar findings were 

showed in organic and inorganic fertilizer treatments (NPKM and NPKM2) the 

activities of the enzymes were enhanced and it is the reason of soil nutrients increase 

and the soil pH was not change (Zhang et al., 2019). The soil nutrient balance of 

nitrogen and phosphorus was high in the years 1990-2000 as compared to 2000-2010. 

The nutrient balance was high in NPKM2 followed by NPKM, NPKS, and NPKM over 

the years of fertilization. The correlation in Figure 5 also showed a positive correlation 

among NU, PU, and N balance and P balance. The positive N and P balance was due to 
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lower N uptake by crops. Previous studies indicated that nitrogen effectiveness of 

nutrient usages (NUE) and improper fertilization significantly reduced nitrogen uptake 

(NU) and increased nutrient balance and nutrient depletion in the soil (Shi et al., 2012; 

Egan et al., 2019). The analysis indicates that long-term organic fertilizer has the most 

positive effects on grain yield and soil fertility (Liu et al., 2010). Various research 

studies showed that the soil properties (physical and chemical) were significantly 

affected by organic matter addition (Liu et al., 2010). The study of maize-spring wheat-

winter wheat in the Urumqi region showed that the addition of organic manure with 

synthetic fertilizer enhanced crop yield and nutrient availability in increasing trend and 

significant change was observed in NPKM2 and NPKM as shown in Figure 3 and Table 

4. Similar increasing findings were also experienced by (Wei et al., 2015, 2020). Soil 

organic carbon increased in the combined treatments NPKM2 followed by NPKM 

(Table A6). The minor change was experienced in syntactic fertilizer application alone 

NPKS and NPK while significantly decrease in CK from 9.8 g kg-1 to 7.8 g kg-1 (Table 

5). A similar result was experienced by (Jiang et al., 2018), they concluded that in the 

long-term treatments of an experiment it is necessary to continuously use of manure 

with chemical fertilizers for better soil fertility, crop production, and soil organic carbon 

sustainability and sequestration. Nutrient content of soil both available and total 

increased with the application of inorganic plus manure as compared to a single 

application of fertilizer with time (Table 5), a similar result was found by (Wei et al. 

2015 and Yin et al. 2018). The soil physicochemical and biological properties were 

significantly affected by soil organic carbon (Hayne et al., 1997). Soil organic carbon 

was increased over time in NPKM2 followed by NPKM, NPKS, NPK, and significantly 

decreased in CK. The result in our study indicates that the significant increase in 

organic carbon was due to manure application which enhances soil organic carbon and 

soil structure (Wagner et al., 2007). The grain yield under the maize-wheat cropping 

system over different fertilization times also increases in the combined application of 

organic and inorganic fertilization (Yang et al., 2016). The plant growth and biomass 

enhanced with manure amendment and regular soil inputs also enhance soil physical, 

chemical, and biological processes in the soil (Flie et al., 2007; Gul et al., 2015). The 

manure application increases the soil microbial community in soil and improved soil 

crop growth and soil health condition similar finding was observed by (Zhiyong et al. 

2020 and Ozlu et al., 2019). The principal component analysis also showed that the 

fertilization input directly affected nutrients availability. The nitrogen, phosphorous, 

and potassium uptake increase the grain yield. The NU, PU, and KU showed a positive 

correlation in long term fertilization over 20 years (1990-2010) similar finding was 

observed by (Atli et al., 2011; Cambrolle et al. 2013, and Bessa et al. 2016) that relative 

yield was directly affected by organic and inorganic fertilization. These cluster methods 

(PCA and PLS-DA) generally showed differences among the samples of various groups 

by detecting the main variable which contributes and finding a correlation among the 

variables (Ramadan et al., 2006). Climate change plays a major role in crop production 

(Azam et al., 2020). The high relative yield was showed by NPKM2 and NPKM 

treatments as compared to the CK (Table 5). The increased fertilizer level is considered 

the main driving force of nitrogen and phosphorus losses from agricultural areas. In 

long-term fertilization dynamics, crop growth and soil health improved with combined 

application of inorganic and organic fertilization. The surface runoff and precipitation 

over the year of fertilization showed a positive relationship and when there was 

precipitation event runoff also occurred similar result was experienced by (Zhang et al., 
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2011). The crop parameter KL refers to the crop extraction of water and its ability, it 

was 0.08 day-1 from 0.8 and decreased with depth, similar to (Hammer et al., 2009). Soil 

water dynamics in the root zone required the best soil properties to simulate the use of 

soil water balance and requirement for the particular crop. Worldwide warming 

influences and changes the water cycle by altering the rainfall levels and variability in 

temperature, which affect the soil water moisture and flow reported by Ritchie (1998) 

and Holsten et al. (2009). An environmentally friendly and combined practice of 

modeling agriculture system can enhance agriculture production and it will not mitigate 

climatic changes. (Bai et al., 2013; Yi et al., 2018; Hong et al., 2019) suggested the 

threshold level of nitrogen and phosphorous fertilizer input to the soil system. Our result 

finding of NPKM was the best fit with his level while the level of NPKM2 exceeds 

which will result in the environmental hazards. Moreover (Pote et al., 1996) found that 

an extractable P concentration in a grassland soil of 50 mg kg-1 (equivalent to c. 20 mg 

P kg-1) gave a DRP concentration in overland flow of 0.5 mg liter–1. For cultivated soils 

the quantity of P lost in overland flow can be much greater due to an additional 

particulate component (Sharpley et al., 2001). The nitrogen level in NPKM2 also 

showed increasing level, similar finding was showed by (Yuan et al., 2018). These 

results also showed that the level of nitrogen and phosphorous need to be minimized 

and the best management strategies need to be adopted to get high yield and reduce the 

risk of environmental pollution. The outcomes of the study indicate that chemical 

fertilizer and manure application is the best management strategy for regulating crop 

yield and improving soil health and crop yields. 

Conclusions 

The aim was to study the climatic impact over the 20-years and combined application 

of manure and chemical fertilizers. Significant differences in soil fertility and crop 

yields among different fertilization treatments were found. Sheep manure was applied 

with a rate of 30,000 kg ha-1 and inorganic fertilizers over 20 years (1990-2010) 

significantly increased the crop yield, sustainability yield index, soil nutrients content, 

soil organic carbon, and organic carbon sequestration as compared to inorganic 

fertilization. Soil available nitrogen, total nitrogen, and organic matter (OC) play a vital 

role in crop grain production. The major driving force for crop yield in the combined 

use of long-term manure and inorganic fertilization was the available soil N, OC and 

overall N. Soil pH, which was directly influenced by N input, showed a direct impact on 

AP and an indirect impact on relative crop yield. Carbon production affected relative 

crop yield indirectly by directly influencing soil OC. The pH of the soil did not change 

significantly over the year of fertilization and non-significant effect on relative yield. 

Organic carbon and phosphorous significantly increased under the application of the 

treatment of inorganic and organic manure (sheep). Apparent phosphorous sand 

nitrogen balance exceeded the environmental risk threshold level under the NPKM2 

treatment. The phosphorus and nitrogen balance exceeds the environmental risk 

threshold level in the treatments NPKM2 and NPKM, respectively. Our study 

concluded the level of phosphorus and nitrogen fertilizer needs to be decreased in 

organic and inorganic fertilizer. Therefore, the rate of phosphorous and nitrogen 

application needs to be minimized to reduced surplus nitrogen and phosphorous in the 

soil. The potassium showed a positive balance in inorganic and organic fertilization 

during 1990-2010 while negative balance was observed during 2000-2010. The 
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precipitation and runoff were calculated through APSIM software and runoff exceeded 

the precipitation, which increases the nutrient losses and leads to environmental risk. 

The study showed the highest yield of grain in (maize-spring wheat-winter wheat) under 

inorganic and organic NPKM2 and NPKM as compared to inorganic treatments. The 

soil microbial activities enhanced with manure addition and also increased carbon level 

in the soil which leads to increased yield. Climate change due to the rising emissions of 

greenhouse gases, particularly carbon dioxide (CO2), it is essential to evaluate its 

prospective influence on crop production and development. Applying the APSIM model 

to simulate the wheat-maize cropping system and climate model to study the impact of 

climatic change on the study sites. The climatic model in APSIM results showed that 

with a decrease of annual precipitation (-10) and by increasing the temperature 

maximum and minimum (+2, -2) and CO2 level (600 ppm) these changes in the future 

climate will significantly affect the soil and environmental situations. 
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APPENDIX 

 
Figure A1. Fertilization years’ vs organic matter g. kg-1 changes over 20 years 
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Table A1. Crop type with crop variety, sowing dates and seedling time and harvesting date of all the crop at Urumqi, Xinxiang China 

Year Crop type Crop variety Sowing period Seedling stage 
Heading period/trolling 

period 
Harvest period 

1990 Maize SC-704 1990-4-21, 22 1990-5-1  1990-9-23, 24 

1991 Spring wheat Xinchun 2 1991-4-4 1991-4-12 1991-6-5 1991-7-15 

1992 Winter wheat Xindong 15 1991-9-23 1991-10-3  1992-7-14 

1993 Maize SC-704 1993-4-22, 24 1993-5-2 1993-7-8 1993-9-28, 29 

1994 Spring wheat Xinchun 2 1994-4-3 1994-4-12  1994-7-18 

1995 Winter wheat 5148 1994-9-21 1994-10-2  1995-7-15 

1996 Maize SC-704 1996-4-26 1996-5-4  1996-10-1, 2 

1997 Spring wheat Xindong 19 1996-10-1 1996-10-12  1997-7-2 

1998 Winter wheat Xindong 19 1997-9-22 1997-10-1  1998-7-21 

2000 Maize Xinyu 7 2000-5-1 2000-5-10 2000-7-8 2000-9-25, 26 

2001 Maize SC-704 2001-4-2122 2001-5-1  2001-9-23, 24 

2002 Spring wheat Xinchun 2 2002-4-4 2002-4-12 2002-6-5 2002-7-15 

2003 Winter wheat  2003-9-23 2003-10-3  2003-7-14 

2004 Maize Xindong 15 2004-4-22, 24 2004-5-2 2004-7-8 2004-9-28,29 

2005 Spring wheat SC-704 2005-4-3 2005-4-12  2005-7-18 

2006 Winter wheat  2006-9-21 20064-10-2  2006-7-15 

2007 Maize Xinchun 2 2007-4-26 2007-5-4  2006-10-1, 2 

2008 Spring wheat  2008-10-1 2008-10-12  2007-7-2 

2009 Winter wheat 5148 2009-9-22 2009-10-1  2009-7-21 

2010 Maize SC-704 2010-5-1 2010-5-10 2000-7-8 2010-9-25, 26 
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Table A2. Bulk density and SAT, DUL all calculation table depth wise 

BULK DENSITY & DRAINED UPPER LIMIT 

Sample No 

Depth 

range 

(cm) 

DUL 

Gravimetric 

(g/g) 

G 

((Wet-Dry)/Dry) 

= (E-F)/F 

DUL 

Gravimetric 

(%) 

H 

Grav(g/g)*100 

= G x 100 

Bulk density 

(g/cc) 

I 

DrwWt/Core Vol 

= F/D 

DUL 

Volumetric 

(mm/mm) 

J 

Grav(g/g)*BD 

 = G x I 

DUL 

Volumetric 

(%) 

K 

Grav% x BD 

= H x I 

PO 

Volumetric 

(mm/mm) 

L 

(1-BD/2.65) 

 = (1-I/2.65) 

SAT 

Volumetric 

(mm/mm) 

M 

(PO-0.03) 

 = L-0.03 

SAT 

Volumetric 

(%) 

N 

SAT(mm/mm) *100 

 = M x 100 

SAT-DUL 

(mm/mm) 

O 

SAT-DUL 

 = M-J 

1 0-15 0.368 36.8 1.35 0.497 49.74 0.49 0.461 46.06 -0.04 

2 15-30 0.365 36.5 1.36 0.497 49.70 0.49 0.457 45.68 -0.04 

3 30-60 0.341 34.1 1.44 0.491 49.14 0.46 0.427 42.66 -0.06 

4 60-90 0.344 34.4 1.43 0.492 49.24 0.46 0.430 43.04 -0.06 

5 90-100 0.365 36.5 1.36 0.497 49.70 0.49 0.457 45.68 -0.04 

6 100-12 0.381 38.1 1.31 0.498 49.85 0.51 0.476 47.57 -0.02 

7 120-140 0.405 40.5 1.23 0.498 49.78 0.54 0.506 50.58 0.01 

8 140-160 0.399 39.9 1.25 0.498 49.83 0.53 0.499 49.88 0.00 

 

 
Table A3. Crop and soil parameters used in APSIM 

Depth 
BD 

(g/cc) 

Air Dry 

(mm/mm) 

LL15 

(mm/mm) 

DUL 

(mm/mm) 

SAT 

(mm/mm) 

KS 

(mm/day) 

Maize LL 

(mm/mm) 

Maize PAWC 

285.0 

Maize KL 

(/day 

Maize XF 

(0-1) 

Wheat LL 

(mm/mm) 

Wheat PAWC 

324.0 

Wheat KL 

(/day) 

Wheat XF 

(0-1) 

0-15 1.25 0.18 0.2 0.497 0.461 0.11 0.11 36 0.08 1 0.11 36 0.06 1 

15-30 1.25 0.18 0.2 0.497 0.457 0.14 0.14 37.5 0.08 1 0.13 39 0.06 1 

30-60 1.25 0.18 0.2 0.491 0.427 0.16 0.16 34.5 0.08 1 0.13 39 0.04 1 

60-90 1.26 0.18 0.19 0.492 0.430 0.17 0.17 33 0.08 1 0.15 36 0.04 0.9 

90-100 1.27 0.18 0.17 0.497 0.457 0.19 0.19 30 0.06 1 0.15 36 0.04 0.9 

100-120 1.27 0.18 0.16 0.498 0.476 0.2 0.2 57 0.04 1 0.16 69 0.04 0.7 

120-140 1.27 0.18 0.14 0.498 0.506 0.2 0.2 57 0.03 1 0.16 69 0.02 0.7 

140-160 1.27 0.18 0.14 0.498 0.499 0.2 0.2 57 0.03 1 0.16 69 0.02 0.7 
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Table A4. Climatic change model observed and predicted values over 20 years of simulation 

under the climatic change 

1990-2010 Observed Predicted 

Rain 650 (mm) 0.64 0.57 

Runoff (mm) 0.43 0.40 

N03 (kg ha-1) 1444.00 1422.54 

Leaching_ fr (0-1) 0.75 0.73 

Drain (mm) 0.00 0.00 

Total NH4 (kg/ha) 35.12 41.73 

Organic matter -0.45 -0.45 

Nitrogen balance (kg/ha) 14.38 19.23 

Essential soil water (esw (mm)) 191.21 181.54 

 

 
Table A5. Climatic change model output variables 

Output frequency: 

end_day 

Output variables: 

dd/mm/yyyy as Date, year,day,esw 

no3() as no3_Tot, cropsta as crop_stage 

dae,wagt as total_biomass, wso as storage_organs 

wrr as rice_yield 

tnsoil as N_avail 

rain,dul(1),sw(1) 

no3(),NH4,drain,irrigation 

biomass as wheat_biom 

yield as wheat_yield 

runoff, fertiliser 

nh4(), rlai as LAI(rice) 

wheat.lai as LAI(wheat) 

leaftotaln, nflv 

sw_stress_expan,sw_stress_photo,sw_stress_pheno 

 

 
Table A6. Annual soil organic carbon stock and organic matter vs fertilization graph 

Treatments Carbon rate  A*bd* depth/10 

CK 0.18 0.45 

NPK 0.12 0.31 

NPKM 0.90 2.2 

NPKS 0.02 0.06 

NPKM2 0.44 1.08 
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Table A7. Descriptive statistics of the data 

Crop Treatments Mean Minimum Maximum Std. deviation Std. error 

Maize NU 122.08 76.05 136.75 25.89 11.58 

1990-2000 PU 17.13 7.11 24.26 6.92 3.10 

 KU 0.00 0.00 0.00 0.00 0.00 

 NBal 151.86 -3.72 435.39 169.49 75.80 

 PBal 42.71 -7.11 97.04 37.04 16.56 

 KBal 142.40 0.00 413.00 170.97 76.46 

 GY 5.95 4.41 6.66 0.93 0.42 

Corn NU 157.11 61.10 200.96 54.99 54.99 

2000-2010 PU 28.72 8.00 43.53 12.89 12.89 

 KU 275.14 134.57 337.26 81.87 81.87 

 NBal 107.49 -61.10 369.04 160.43 160.43 

 PBal 31.12 -8.00 77.77 30.95 30.95 

 KBal -132.58 -275.49 75.97 135.54 135.54 

 GY 7.42 3.22 9.01 2.39 2.39 

Spring wheat NU 81.13 21.59 106.33 15.35 34.33 

1990-2000 PU 12.98 2.73 18.20 2.82 6.30 

 KU 23.74 4.65 35.81 5.16 11.54 

 NBal 155.59 -12.24 347.95 57.56 128.70 

 PBal 38.28 -0.94 77.70 12.44 27.82 

 KBal 118.60 5.00 303.00 53.94 120.60 

 GY 2.73 1.02 3.82 0.47 1.05 

2000-2010 NU 134.77 35.36 195.84 26.73 59.77 

 PU 17.25 4.93 23.97 3.29 7.37 

 KU 116.85 29.71 165.25 24.19 54.08 

 NBal 129.83 -35.36 374.16 67.67 151.31 

 PBal 42.59 -4.93 97.33 16.34 36.54 

 KBal 25.71 -78.11 247.99 59.86 133.86 

 GY 2.69 0.69 3.42 0.51 1.14 

Winter wheat NU 157.11 61.10 200.96 24.59 54.99 

1990-2000 PU 28.72 8.00 43.53 5.77 12.89 

 KU 275.14 134.57 337.26 36.61 81.87 

 NBal 107.49 -61.10 369.04 71.75 160.43 

 PBal 31.12 -8.00 77.77 13.84 30.95 

 KBal -132.58 -275.49 75.97 60.62 135.54 

 GY 7.42 3.22 9.01 1.07 2.39 

2000-2010 NU 105.31 18.58 153.90 24.16 54.03 

 PU 39.07 7.75 54.80 8.64 19.33 

 KU 59.17 7.61 87.00 14.26 31.89 

 NBal 159.29 -18.58 416.10 70.89 158.51 

 PBal 20.77 -7.75 66.50 12.36 27.63 

 KBal 83.39 -26.25 336.24 68.56 153.30 

 GY 4.70 1.02 6.58 0.99 2.21 

 


