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Abstract: Agricultural sustainability has become a major concern in arid regions of China. In order
to better understand the influence of continuous cropping on soil quality, six experimental fields
were established in the Alar Oasis of Xinjiang, including uncultivated land (as a zero year treatment
duration) and five different continuous cropping years on cotton fields, with different cropping
durations (5, 10, 15, 20 and 25 years, respectively). Thirteen soil indicators were selected including
soil physicochemical properties, nutrient properties and enzymatic activities. The results show
that duration of continuous cropping of cotton fields significantly influences a number of soil
properties. Cultivation durations ranked according to soil quality indexes (SQI) are as follows:
15 years (0.828) > 20 years (0.816) > 10 years (0.668)> 5 years (0.548) > 25 years (0.377) > 0 years
(0.205), and sustainable yield index (SYI) are as follows: 10 years (0.830) > 15 years (0.777) > 20 years
(0.667) > 5 years (0.586) > 25 years (0.159).
Keywords: agricultural sustainability; continuous cropping; soil quality; Alar Oasis

1. Introduction
Sustainable agriculture has become a severe problem in many areas, especially arid regions in
China. According to Ramos [1], the increase in yields in the past half-century is due to the intensification
of soil cultivation practices, the development of high yielding crop varieties, and the increasing use of
chemical fertilizers, pesticides, irrigation and mechanization. Hence, long-term cropping often results
in differences in physical, chemical and biological properties of soil which, in turn, lead to changes in
the functional quality of soil [2–4]. Inappropriate long-term land use and cultivation pattern result
in the depletion of organic matter and soil erosion, which results in permanent soil gradation and
productivity decreases [1,5]. Hence, Agricultural sustainability has become a major concern. Issues of
agricultural sustainability are related to soil quality (SQ) and assessment, and the direction of change
of SQ with time is a primary indicator of whether agriculture is sustainable [6,7].
SQI can be defined as the soil processes and properties that are sensitive to changes in soil
functions [6], and it can be used to evaluate sustainability of soil management and land use practices.
Conventionally, studies of soil quality concentrate on soil physical and chemical properties because
of easy analysis methods [8], but it was found in recent years that soil biological properties act
as important indicators in response to alteration in management patterns [1,9]. Consequently,
soil biological parameters together with physical and chemical properties are recognized to be necessary
to assess soil quality as affected by alteration in management systems [5,10].
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In the last half-century, many farmers in the Alar Oasis began to reclaim wasteland in the
desert-oasis ecotone. Large-scale land reclamation and cultivation of water resources in Xinjiang
have resulted in farmland largely increasing in the oasis. The oasis system involves continuous
monoculture (cotton in this case) cropping and generates greater economic benefits [5]. Hence,
a better understanding of the impact of continuous cropping on soil physical, chemical, and biological
properties is required to determine the optimum duration of continuous cropping and improve
sustainability of this practice in the study area.
The objectives of this study were to (1) compare soil properties under different durations of
continuous cropping; (2) assess the relationships among soil physicochemical properties, nutrient
contents and enzyme activity parameters; and (3) identify soil quality indexes and advance improved
management practices under different continuous cropping years in the Alar Irrigation Area of
Xinjiang, China.
2. Materials and Methods
2.1. Study Area
The study was carried out in Alar Oasis (80˝ 301 –81˝ 581 E and 40˝ 221 –40˝ 571 N), located in the
southern Tianshan Mountains of Central Asia and the northern margin of Taklimakan desert, within
the upper reaches of the Tarim River. The region has a typical arid continental climate with an average
annual temperature of 10.7 ˝ C. Average annual precipitation is less than 50 mm, but annual potential
evaporation is more than 2000 mm. Alar Oasis is mainly distributed on an alluvial plain, and has simple
topography. There is native vegetation consisting dominantly of Populus euphratica, Tamarix chinensis
and Phragmites australis. In the last half-century, farmland has been the main land use type, with
cotton, maize and wheat being the main crops. The planting areas of cotton are now more than 80% in
Alar Oasis.
2.2. Experimental Design and Soil Sampling
Sampling sites are located in the Twelfth Regiment in the First Division, Xinjiang Production
and Construction Corps. The Xinjiang Production and Construction Corps is a unique economic
and semi-military governmental organization of China, and it is primarily engaged in food- and
agriculture-related industries. In the study, six plots were selected from uncultivated land (as a
zero year treatment duration) and five different continuous cropping years on cotton fields, with
different cropping durations (5, 10, 15, 20 and 25 years, respectively). Cotton was the main crop
in all experimental fields. Annual yields from each field were recorded, from harvesting a plot of
1 ha every year. The study was conducted in 90 ˆ 120 m six plots divided into 30 ˆ 30 m grid cells,
and 12 soil samples were collected from upper nodes of each grid. Each cropping duration field was
cultivated following an identical model of farming, which represented typical farmland management
intensities in Alar Oasis (Table 1).
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Table 1. Characterization of the plots.
Plots
(Cropping
Years)

Position

0

Latitude
-Longitude

Irrigation Water
Sources and
Methods

desert-oasis
ecotone

(40˝ 361 35.93”,
80˝ 571 19.41”)

5

desert-oasis
ecotone

10

Annual Fertilizer Amount
(kg/hm2 )

Fertilization
Application Rate

Organic
Fertilizer

Inorganic Fertilizer
(N+P+K)

-, -

-

-

-

(40˝ 361 36.02”,
80˝ 561 44.19”)

Groundwater,
drip-irrigation

0

370

One time per month
(May–September)

Oasis
interior

(40˝ 361 00.33”,
80˝ 551 03.10”)

Groundwater,
drip-irrigation

0

370

One time per month
(May–September)

15

Oasis
interior

(40˝ 351 49.03”,
80˝ 531 45.26”)

Groundwater,
drip-irrigation

0

370

One time per month
(May–September)

20

Oasis
interior

(40˝ 341 30.10”,
80˝ 501 29.95”)

Groundwater,
drip-irrigation

0

370

One time per month
(May–September)

25

Oasis
interior

(40˝ 331 58.39”,
80˝ 471 27.23”)

Groundwater,
drip-irrigation

0

370

One time per month
(May–September)

Surface soil samples (0–20 cm deep) were collected from plots after the harvest of cotton in October
2011. Soil bulk density was determined by the clod method and directly measured in the field. The
field-moist samples were weighed and mixed before taking a 20 g subsample at 105 ˝ C to determine
soil water content (SWC). All the other soil samples were passed through a 2-mm mesh sieve, after
which the stems were removed. The remaining soil samples were brought to the laboratory, where they
were air-dried. In order to avoid the influence of precipitation on soil properties, sampling was not
performed within 20 days of precipitation falling in the region. These indicators were selected based
on the performance of considered soil functions (Table 2), four physicochemical properties: SWC, bulk
density (BD), total salt content (TSC) and pH; four soil nutrients properties: soil organic matter (SOM),
total nitrogen (TN), available phosphorus (AP) and available potassium (AK); and five soil enzymatic
activities: catalase (Cat), polyphonal oxidase (PO), urease (Ure), invertase (Inv) and phosphatase (Pho).
Table 2. Protocol of measurements for each soil indicator.
Soil Indicators

Protocol

Soil physicochemical
Properties

Soil water content (SWC)
Bulk density (BD)
pH
Total salt content (TSC)

Oven-drying method
Clod method
Saturated soil paste extract
Saturated soil paste extract

Soil nutrients

Soil organic matter (SOM)
Total nitrogen (TN)
Available phosphorus (AP)
Available potassium K (AK)

Modified Walkley-Black
Kjeldah method
Sodium bicarbonate Olsen method
Flame photometry method

Catalase (Cat)
Polyphenol oxidase (PO)
Urease (Ure)
Invertase (Inv)

Potassium permanganate titration
Spectrophotometry
0.1 M phosphate buffer at pH 7
Sodium thiosulfate titration
P-nitrophenyl phosphate disodium
(PNPP, 0.115 M)

Soil enzyme activity

Phosphatase (Pho)

2.3. Soil Quality Index (SQI)
The calculation of SQI was according to Karlen et al. [11]. Each indicator was assigned scores
using mathematical functions. The scores were integrated resulting in a comparative index of soil
quality, as described below.
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First, the indicators were scored. Scoring functions were used to transform soil indicators into
normalized numerical scores. According to Liebig et al. [12], data for the chosen variables were ranked
through a linear scoring technique because different indicators are expressed by different numerical
scales. Scores ranging from 0 to 1 were assigned to the soil indicators by applying the more is better or
less is better function [13,14].
The variables were scored using linear functions. After deciding the linear relationship of the
anticipated response (i.e., “less is better”, “more is better” or “optimum value”), threshold or limits
values were assigned to each indicator variable. A curve of “less is better” was applied to total salt
content, because it has negative effects on soil organisms and plant growth. A curve of “more is
better” was applied to soil water content, bulk density, nutrients and enzyme activity. Schjonning [15]
reported that a desirable BD could increase soil water-reserving ability. In this study, the ideal BD was
considered to be 1.60 g¨ cm´3 [16,17], and all of the six cropping durations had soil with BD lower
than this critical value. Therefore, a curve of “more is better” was applied to BD. The study region
was an oasis-desert ecosystem with low precipitation, nutrient content and enzyme activity; therefore,
any extra water, nutrients and enzyme activity would increase soil quality [16].
The weight of pH in determination of the SQI was determined using an “optimum value”
model [18,19] and assigned based on Table 3.
Table 3. Memberships values of pH value.
pH Value

<6.50

6.50–7.00

7.01–7.50

7.50–8.00

8.01–8.25

8.26–8.50

>8.50

Memberships Values

0.5

1.0

0.9

0.7

0.5

0.2

0.1

After determining the weight of each determinant of soil properties, SQI was calculated with
Equation (1) as follows [20]:
n
ÿ
Si
(1)
SQI “
n
i“1

where S is the score assigned to each indicator, n is the number of indicators included in the index.
According to Marzaioli et al. [21], the SQI was then divided into three grades. SQI < 0.50 was regarded
as low soil quality; 0.50 < SQI < 0.70 was regarded as intermediate soil quality; SQI > 0.70 was regarded
as high soil quality.
2.4. Sustainable Yield Index (SYI)
In our study, the sustainable yield index (SYI) of cotton field was calculated to evaluate the ability
of soil to maintain sustainable productivity according to Equation (2) [17]:
SYI “ pYave ´sq{Ymax

(2)

Yave is the average yield of an experimental field; s is the yield standard deviation; and Ymax is the
maximum yield in the field over five years.
2.5. Statistical Analysis
One-way analysis of variance (ANOVA) procedures were performed to assess the effects of
different cropping years on soil physicochemical properties, nutrient properties and enzymatic
activities. Correlation analysis was conducted using the Pearson correlation coefficients to identify
relationships among the measured properties. Where the F-test was significant, a least significant
difference (LSD) test was used at p < 0.05, if not stated otherwise, to separate the means. ANOVA, LSD
and correlation analysis were conducted using the SPSS software (version 19.0).
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3. Results and Discussion
3.1. Soil Physicochemical Indicator among Cropping Years
SWC was significantly influenced by cropping duration (Table 4). The SWC in 15-year
(27.58% ˘ 1.87%) and 20-year (25.75% ˘ 3.07%) cropping fields was significantly higher compared to
its values in all other cropping durations. In the paper, the SWC of plots initially increased and then
rapidly fell even after 20 years of cropping, apparently because irrigation increases soil SWC in the
early years, while long-term excessive irrigation decreases water retention [22]. For the new cultivated
wasteland with lower initial moisture in the Alar Oasis, irrigation can remarkably enhance the SWC.
Generally, intensive cropping causes a soil degradation in water-holding capacity over time [23].
In this study, the texture of soil was determined as loose soil [16], for which the ideal BD should
be less than 1.60 g¨ cm´3 [5]. The comparison of BD after harvest in the six cropping durations showed
that all of them had soil with BD lower than the critical value (1.60 g¨ cm´3 ). Only 15 and 20 years
maintained the best observed BD (1.38 g¨ cm´3 and 1.37 g¨ cm´3 ).
The detrimental effects on soil quality are quantified in terms of TSC. Salt may accumulate through
inappropriate soil drainage. Across different cropping years, soil salinization in the study area was
serious, which suggested soils from all plots had high pH values and soil salinity. The occurrence of
soil salinization in the study area was due to soil parent materials, low topography, high water table
as well as groundwater with high salinity, which significantly affected soil salt content. In this study,
we find that the lowest and highest values of TSC were observed in 10-year (0.75 ˘ 0.07 g¨ kg´1 ) and
25-year (8.52 ˘ 1.80 g¨ kg´1 ) cropping, respectively. This might be due to naturally high soil TSC levels
in the Alar Oasis (the natural background values of TSC at 0 year was 6.72 ˘ 1.49 g¨ kg´1 ). Continuous
irrigation would improve soil conditions and reduce TSC (10 years). However, long-term excessive
irrigation (25 years) has caused secondary salinity buildup, which can lead to high salinity and even
surface assembled [24].
The pH in 0-year duration soil was 8.81, which was significantly higher than in the other five
cropping durations, but no significant difference was detected among the remaining five cropping
years. This is likely caused by irrigation decreasing soil pH significantly [23] (p < 0.05).
Table 4. Multiple comparisons (LSD) of mean values of soil physicochemical indicators among
cropping years.
Cropping Years

SWC (%)

BD (g¨ cm´3 )

TSC (g¨ kg´1 )

pH

0
5
10
15
20
25
F

15.33 ˘ 1.22 d
20.03 ˘ 0.54 c
22.78 ˘ 1.99 b
27.58 ˘ 1.87 a
25.75 ˘ 3.07 a,b
20.53 ˘ 2.27 c
19.43 **

1.27 ˘ 0.03 d
1.30 ˘ 0.02 c,d
1.32 ˘ 0.03 b,c
1.38 ˘ 0.07 a
1.37 ˘ 0.04 a,b
1.27 ˘ 0.02 d
6.56 **

6.72 ˘ 1.49 a,b
2.34 ˘ 0.92 c
0.75 ˘ 0.07 d
2.20 ˘ 1.16 c
5.91 ˘ 1.28 b
8.52 ˘ 1.80 a
24.27 **

8.81 ˘ 0.12 a
8.43 ˘ 0.19 b
8.42 ˘ 0.09 b
8.37 ˘ 0.07 b
8.37 ˘ 0.14 b
8.41 ˘ 0.05 b
12.55 **

Means followed by same letter are not significantly (p < 0.05) different according to LSD test; ** p < 0.01.

3.2. Soil Nutrient Indicators among Cropping Years
The measured values of soil nutrient indicators under the six cropping durations are shown in
Table 5. The comparison of SOM, TN and AP under different cropping durations showed that 15 years
of continuous cropping exhibited maximum values for these indicators and 0 year produced minimum
values. In the early stages, the main causes for soil nutrient increase were that cultivation practices can
modify soil conditions, increase soil nutrients, and improve soil fertility [24].
Cultivation also increases the rate of decomposition of soil humus [25]. Higher soil organic carbon
and nutrients have been reported in soil with crop residue retained as surface mulch in long-term
cultivation. However, continuous single planting patterns for long-term consecutive years by a tillage
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system had adverse effects on soil nutrient properties, which led to soil nutrient deficiency and
unbalance [21]. The results showed that, as continuous cropping duration increased, soil nutrient
indicators (SOM, TN and AP) initially increase and then rapidly fall at longer durations. However,
AK was, in fact, quite level across the six cropping durations. The uptake of potassium by cotton is
low, and cotton fertilization mainly includes N, and P with small amounts of K applied at plowing.
Therefore, the AK of soil under the six cropping durations did not significantly differ.
Table 5. Multiple comparisons (LSD) of mean values of soil nutrient indicators among cropping years.
Cropping Years

SOM (g¨ kg´1 )

TN (mg¨ kg´1 )

AP (mg¨ kg´1 )

AK (mg¨ kg´1 )

0
5
10
15
20
25
F

2.06 ˘ 0.56 c
2.67 ˘ 0.42 c
4.13 ˘ 0.63 b
8.77 ˘ 1.27 a
7.50 ˘ 0.87 a
2.71 ˘ 0.35 c
56.22 **

245.90 ˘ 31.59 d
291.75 ˘ 30.66 c
324.65 ˘ 23.35 b
418.43 ˘ 15.43 a
399.58 ˘ 18.42 a
282.80 ˘ 23.62 c,d
31.05 **

4.23 ˘ 1.63 c
26.28 ˘ 3.11 a
26.98 ˘ 1.44 a
27.53 ˘ 1.81 a
27.48 ˘ 1.95 a
20.75 ˘ 2.69 b
70.26 **

132.08 ˘ 6.51 a
148.03 ˘ 6.01 a
153.50 ˘ 4.60 a
153.73 ˘ 5.89 a
153.55 ˘ 10.07 a
138.55 ˘ 5.74 a
7.59 **

Means followed by same letter are not significantly (p < 0.05) different according to LSD test. ** p < 0.01.

3.3. Soil Enzyme Activity Indicator among Cropping Years
Enzyme activities have been good indicators and we use them to express SQ [26]. The soil
properties determined in this study of farmlands with differing cropping durations are presented in
Table 6. The soil enzymatic properties (CAT, PO, Ure, Inv, Pho) for 15- and 20-year durations were
significantly higher compared to all other cropping durations, and 0- and 25-year durations were
significantly lower. Soil cultivation not only changed soil physicochemical and nutrient properties, but
it also affected enzymatic activities, which are an index of soil microbial activity [27,28]. Continuous
cultivation at an early stage increased soil enzymatic activities, which peaked between 15 and 20 years
of cultivation. Cultivation could result in the variation of enzymatic activity, which improves soil
physical and chemical conditions and provides nutrients, indirectly leading to enzymatic activities
being increased. However, as cultivation duration increased beyond 20 years, soil enzymatic activities
dropped with increasing cropping duration. The main reason for the change is that long-term
monoculture farming patterns aroused secondary soil problems, indirectly leading to enzymatic
activities being dropped [26].
Table 6. Multiple comparisons (LSD) of mean values of soil enzyme activity indicators among
cropping years.
Cropping
Years

CAT (mL 0.l N
KMnO4 /g¨ 20 min
37 ˝ C)

PO (mg Gallic
Acid/g¨ 20 min
37 ˝ C)

Ure (mg
NH3 -N/g¨ 24 h
37 ˝ C)

Inv (mL 0.1N
Na2 S2 O3 /g¨ 24 h
37 ˝ C)

Pho (mg
phenol/g¨ 24 h
37 ˝ C)

0
5
10
15
20
25
F

4.52 ˘ 0.60 b
12.31 ˘ 0.47 a
12.34 ˘ 0.45 a
12.91 ˘ 0.40 a
12.69 ˘ 0.37 a
4.35 ˘ 0.81 b
242.266 **

0.43 ˘ 0.02 e
0.70 ˘ 0.01 c
0.98 ˘ 0.10 b
1.18 ˘ 0.04 a
1.12 ˘ 0.09 a
0.54 ˘ 0.15 d
54.276 **

0.15 ˘ 0.00 d
0.39 ˘ 0.01 b
0.44 ˘ 0.03 a
0.46 ˘ 0.01 a
0.46 ˘ 0.02 a
0.26 ˘ 0.00 c
325.273 **

0.68 ˘ 0.06 e
3.28 ˘ 0.13 c
3.58 ˘ 0.43 b
4.15 ˘ 0.13 a
3.98 ˘ 0.19 a
1.68 ˘ 0.06 d
180.851 **

0.10 ˘ 0.01 d
0.15 ˘ 0.01 c
0.19 ˘ 0.01 b
0.20 ˘ 0.01 a
0.20 ˘ 0.01 a
0.11 ˘ 0.01 d
89.004 **

Means followed by same letter are not significantly (p < 0.05) different according to LSD test. ** p < 0.01.

3.4. Soil Quality Indexes under Different Cropping Years
Correlation analysis of the 13 soil properties representing soil physicochemical, nutrients and
enzyme activity parameters resulted in a significant correlation of the 30 soil samples (Table 7).
We found a negative but significant relationship between TSC and other soil properties of the soil
surface layer.
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Table 7. Relationship among soil physicochemical properties, nutrients and enzyme activity parameters under different cropping years.

SWC
BD
TSC
PH
SOM
TN
AP
AK
CAT
PO
Ure
Inv
Pho

SWC

BD

TSC

PH

SOM

TN

AP

AK

CAT

PO

Ure

Inv

Pho

1
0.77 **
´0.32 **
0.78 **
0.82 **
0.87 **
0.71 **
0.66 **
0.68 **
0.84 **
0.80 **
0.80 **
0.79 **

1
´0.28 *
0.72 **
0.69 **
0.81 **
0.45 **
0.62 **
0.64 **
0.76 **
0.66 **
0.69 **
0.78 **

1
´0.34 *
´0.27 *
´0.32 *
´0.50 **
´0.56 **
´0.72 **
´0.52 **
´0.63 **
´0.63 **
´0.58 **

1
0.80 **
0.78 **
0.54 **
0.60 **
0.64 **
0.79 **
0.68 **
0.73 **
0.75 **

1
0.91 **
0.56 **
0.57 **
0.65 **
0.85 **
0.72 **
0.74 **
0.81 **

1
0.64 **
0.63 **
0.70 **
0.86 **
0.79 **
0.79 **
0.84 **

1
0.74 **
0.80 **
0.74 **
0.91 **
0.89 **
0.73 **

1
0.76 **
0.77 **
0.81 **
0.82 **
0.77 **

1
0.82 **
0.93 **
0.94 **
0.89 **

1
0.90 **
0.90 **
0.94 **

1
0.98 **
0.92 **

1
0.92 **

1

* Correlation is significant at the 0.05 level, ** Correlation is significant at the 0.01 level.
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The soil quality was calculated with Equation (1) using soil physicochemical properties, nutrient
levels and enzyme activity parameters, and compared using an LSD test (Figure 1). The higher SQI
The soil quality was calculated with Equation (1) using soil physicochemical properties, nutrient
value for 15 and 20 year cropping implies that soil quality under these cropping durations is superior
levels and enzyme activity parameters, and compared using an LSD test (Figure 1). The higher SQI
to that of other durations. In the present investigation, we observed better soil quality under 15 and
value for 15 and 20 year cropping implies that soil quality under these cropping durations is superior
20 years of cultivation. Finally, cultivation durations ranked according to SQI are as follows: 15 years
to that of other durations. In the present investigation, we observed better soil quality under 15 and
(0.828) > 20 years (0.816) > 10 years (0.668) > 5 years (0.548) > 25 years (0.377) > 0 years (0.205). Results
20 years of cultivation. Finally, cultivation durations ranked according to SQI are as follows: 15 years
of LSD tests point to significant differences in soil quality among the studied cultivation durations
(0.828) > 20 years (0.816) > 10 years (0.668) > 5 years (0.548) > 25 years (0.377) > 0 years (0.205). Results
with low soil quality (SQI < 0.50) at 25 and zero cropping years; intermediate soil quality (0.5 < SQI <
of LSD tests point to significant differences in soil quality among the studied cultivation durations with
0.75) at 5 and 10 cropping years; and high soil quality (SQI > 0.75) at 15 and 20 cropping years.
low soil quality (SQI < 0.50) at 25 and zero cropping years; intermediate soil quality (0.5 < SQI < 0.75)
The highest soil quality of the six cultivation durations was seen for 15 and 20 years of
at 5 and 10 cropping years; and high soil quality (SQI > 0.75) at 15 and 20 cropping years.
continuous cropping. This is contrary to findings in other regions where land degradation occurred
The highest soil quality of the six cultivation durations was seen for 15 and 20 years of continuous
and soil nutrient contents were reduced after land use transformed original natural land to cultivated
cropping. This is contrary to findings in other regions where land degradation occurred and
land [16,29]. These differences in soil quality response to cultivation are likely due to ecosystem type.
soil nutrient contents were reduced after land use transformed original natural land to cultivated
The present study area is an oasis‐desert ecosystem with high soil salt content, low precipitation and
land [16,29]. These differences in soil quality response to cultivation are likely due to ecosystem type.
very low soil nutrients; therefore, any agricultural activity improving these characteristics (such as
The present study area is an oasis-desert ecosystem with high soil salt content, low precipitation and
fertilization and irrigation) helps improve the soilʹs ability [3]. However, long‐term excessive
very low soil nutrients; therefore, any agricultural activity improving these characteristics (such as
irrigation, fertilization and monoculture farming patterns aroused secondary soil problems, such as
fertilization and irrigation) helps improve the soil's ability [3]. However, long-term excessive irrigation,
secondary salinization, soil nutrient loss and decreased soil water retention, leading to sharply
fertilization and monoculture farming patterns aroused secondary soil problems, such as secondary
deteriorating soil quality [30]. To conserve soils and rehabilitate sustainability, the degraded
salinization, soil nutrient loss and decreased soil water retention, leading to sharply deteriorating soil
croplands of 25 cropping years should not be farmed like a monoculture system.
quality [30]. To conserve soils and rehabilitate sustainability, the degraded croplands of 25 cropping
years should not be farmed like a monoculture system.
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