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Soil quality assessment of continuous cropping cotton fields for different years in a

typical oasis in the upper reaches of the Tarim River
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Abstract . Cotton production plays an important role in the local economy of Xinjiang, China. According to traditional
theory, long-term continuous cotton cropping will inevitably lead to unbalance in soil nutrients and diminish soil fertility. In
2008, soil samples, as 0 —20 cm layers, were collected from native land ( without cultivation, as a control) and five
continuous cropping cotton fields, with different cultivation times (3, 8, 12, 20 and 30 years, respectively). Based on the
analysis of seven physical and chemical properties: soil water content, bulk density, pH, organic matter, total N, available
P, and available K, and five soil enzymatic activities; catalase, polyphenol oxidase, urease, invertase, and alkaline
phosphatase, this study attempts to evaluate soil quality across continuous cropping cotton fields for different years in the
Aler reclamation area of the upper reaches of the Tarim River. The soil quality assessment values ( SQAV) were visualized
using principal component analysis ( PCA), and the soil quality grades were classified with a clustering diagram. The
sustainable yield indexes (SYI) were calculated to verify the evaluated results. The results show that there are differences,
in terms of the physical, chemical and enzymatic properties, between the continuous cropping cotton fields for the different

years, and that continuous cropping of cotton has a significant influence on a number of soil properties. Soil quality initially
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increased, but then decreased gradually with continuous cropping. The soil quality in continuous cropping cotton fields at 8
and 12 years improved, but was degraded for 20 and 30 years. In the early stages, soil fertility increased through
fertilization, irrigation and growth, and soil organic matter, nutrients and enzymatic activity subsequently rose, and soil
quality improved. Cropped cotton fields at 3 years exhibited the lowest soil quality. Indicator values and the soil quality
assessment values reached their maximum at 12 years. With continuous cotton cropping, soil quality gradually dropped in a
monoculture pattern over a long period. Organic matter levels declined significantly, along with total N, polyphenol
oxidase , invertase and alkaline phosphatase. Soil ecosystems undergo a series of degradation stages, and the soil texture was
appeared to be transforming into brown desert soil. The soil quality assessment values decreased from 0. 633 to 0. 068
between 12 and 30 years. Different land use intensities and cropping patterns would significantly impact the soil quality,
and extended cultivation for more than 10 years may also cause a decline in soil quality, to a varying degree, with
unreasonable tillage practices. Soil quality values were consistent with sustainable yield indexes, but the latter lagged the
former appreciably. Therefore, management practices need to consider increasing soil quality through irrigation, cotton-
green manure usage, crop rotation and the combined application of organic and chemical fertilizers. This study could be
beneficial for refining a sustainable agricultural development in the oasis. It is recommended that studies into the soil quality
of arid lands be focused on defining a Minimum Data Set (MDS) , with the aid of multivariate statistical techniques and an

analysis of the relationships between different soil factors.

Key Words: soil quality; continuous cropping cotton field; oasis; upper reaches of the Tarim River
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Fig.1 Soil physical and chemical properties of continuous cropping cotton field for different years
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Fig.2 Soil enzymatic activities of continuous cropping cotton field for different years
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Table 1 The eigencalues and squared loadings of components

(S TR B FIH TR/ %
Component Eigenvalue Variance Cumulative
1 6.066 50.549 50.549
2 5.138 42.82 93.369
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Table 2 Matrices of principal component loadings

izt H—HT BT Bzt HF—HF BT
Index Principal Component 1 Principal Component 2 Index Principal Component 1 Principal Component 2
X1 0.703 0.589 X2 -0.442 -0.869

X3 -0.972 -0. 168 X4 0. 161 0.973

X5 0.278 0.956 X6 0.927 0.249

X7 0.804 0.521 X8 0.804 0.506

X9 0.509 0.715 X10 0.931 0.338

X11 0.829 0.557 X12 0.602 0.789
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Table 3 Results of soil quality assessment of cotton field cultivated for different years

JEVEAFEPR Continuous cropping for years

Oa 3a 8a 12a 20a 30a

5 H T4
Eﬁ, H% . l?]?(‘ﬁrﬁ ) -1.807 -0.355 0.021 0.134 0.860 1.147
Principal Component 1 Component Score

FZ B Variance 0.505
5 1A SRRy
%. LI? ¥4 -0.214 -0.930 1.077 1.320 -0.057 -1.196
Principal Component 2 Component Score

7 ZETTHR % Variance 0.428
LETHNME

-1. -0. 472 . .41 .

Soil Quality Assessment Value 005 0.578 0-47 0.633 0-410 0068
HEA Order 6 5 2 1 3 4
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