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Effect of different rotation patterns on soil microbial population and
physiochemical properties under gravel-sand mulched field conditions

WU Hong-Liang'?, KANG Jian-Hong?, CHEN Fu', XU Qiang®, ZHANG Hai-Lin', ZHAO Ya-Hui’

(1. College of Agronomy and Biotechnology, China Agricultural University; Key Laboratory of Farming Systems, Ministry of
Agriculture, Beijing 100193, China; 2. College of Agronomy, Ningxia University, Yinchuan 750021, China)

Abstract Gravel-sand mulching is a compreshensive technology in dry land farming that significantly improves microclimatic
conditions in arid and semi-arid regions of Northwest China. With the development of watermelon industry and regularization of
produce in recent years, continuous watermelon cropping has become a common farming system. The obstacles of continuous
cropping of watermelon have been more severe in gravel-sand mulched fields. This study investigated and resolved the obstacles of
continuous cropping of watermelon under gravel-sand mulched field conditions. The effects of crop rotation on soil microbial
population and physiochemical properties were evaluated based on long-term experiment of continuous cropping under gravel-sand
mulched field conditions. The four treatments arrayed in the experiment included watermelon — watermelon (CK), watermelon —
kidney bean, watermelon — pepper and watermelon — pumpkin. Results suggested that compared with the control, the three rotation
treatments significantly decreased the number and proportion of fungi, while significantly increased the number of bacteria and
actinomyce, number ratio of bacteria to fungi (B/F). Soil microbe diversity index also significantly increased under the three rotation
systems. The effect of the watermelon — pepper treatment was good, under which the diversity index (Mclntosh index) was 0.247,
(vs CK of 0.146), proportion of actinomyce was 31.98% (vs CK of 14.22%), proportion of fungi was 0.06% (vs CK of 0.43%).
Different crops had different water and nutrient requirements which resulted in different soil microbial populations. It was concluded
that crop rotation changed soil microenvironment in gravel-sand mulched fields, increased diversity index and limited adverse effects

of continuous cropping on watermelon. An efficient rotation system for resolving the obstacles in continuous cropping of watermelon
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was watermelon and pepper rotation system.

Key words Gravel-sand mulched field, Rotation system, Microbial population, Physiochemical property, Continuous

cropping obstacles
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Table 1 Changes of soil microbial population and community structure in gravel-sand mulched field under different rotation patterns
Bacteria Fungi Actinomyce ;
Rotati Total number Bacteria/fungi
otation pattern [10°(CFU)-g] Number Proportion Number Proportion Number Proportion (10°%)
[10°CFUyg'] (%)  [I0CFU)yg'] (%) [I0CFUyg'] (%)
- 3.50+0.81a 2.92+0.89a 83.65 1.07+0.00b 0.03 5.71+1.24a 16.32 2.73+0.83a
Watermelon—kidney bean

- 0.89+0.16b 0.61+0.12b 67.96 0.53+0.37b 0.06 2.85+0.62b 31.98 1.37+0.51ab
Watermelon—pepper

- . 4.39+1.55a 4.17+1.66a 95.09 1.43+0.62b 0.03 2.14£1.07b 4.88 3.23+1.88a
Watermelon—pumpkin

CK 1.25+0.41b 1.07+0.47b 85.35 5.35+2.14a 0.43 1.78+0.62¢ 14.22 0.21+0.06b

(P<0.05), 2 Different letters in the same column indicate significant difference at 0.05 level. The same as

Table 2.
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Table 2 Changes of soil microbe community diversity indexes in gravel-sand mulched field under different rotation patterns

Rotation pattern

Simpson
Simpson index

Shannon-Wiener
Shannon-Wiener index

Mclntosh
Mclntosh index

Shannon
Shannon index

— Watermelon—kidney bean 0.281a 0.652a 0.153ab 0.412a
— Watermelon—pepper 0.433a 0.906a 0.247a 0.572a
— Watermelon—pumpkin 0.111b 0.312b 0.059b 0.197b
CK 0.267ab 0.645a 0.146b 0.407a
*3 FARBREEATHHLIEELHERK
Table 3  Soil physicochemical properties in gravel-sand mulched field under different rotation patterns
- - ~ CK
Rotation pattern Watermelon—kidney bean Watermelon—pepper Watermelon—pumpkin
Water content (%) 12.15+0.17¢ 11.93+0.33¢ 13.27+0.38b 14.55+0.25a
Total nitrogen (g-kg™") 0.31+0.04d 0.33+0.04c 0.38+0.03a 0.35+0.03b
Total phosphorus (g-kg™) 0.61+0.04a 0.59+0.02ab 0.61+0.03a 0.53+0.04b
Total potassium (g-kg™) 13.99+0.03a 11.98+0.04b 10.03+0.05d 10.67+0.11¢
Available nitrogen (mg-kg™") 12.43+0.05¢ 13.33+1.07¢ 15.96+0.09a 14.93+0.17b
Available phosphorus (mg-kg’]) 1.42+0.04ab 1.37+£0.02b 1.51+0.02a 1.19+0.10¢
Available potassium (mg-kg™") 156.67+6.33a 103.34+3.08¢ 124.34+5.98b 75.33+4.34d
Organic carbon (gkg™) 3.38+0.06¢c 3.8240.07b 3.99+0.06a 3.46+0.10c
Total salt (g'kg™) 0.45+0.03b 0.43+0.02b 0.38+0.03c 0.59+0.06a
pH 9.03+0.07b 8.74+0.08¢c 9.05+0.18b 9.27+0.10a

(P<0.05) Different letters in the same row indicate significant difference at 0.05 level.
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Table 4 Correlation analysis between soil microbial popula-
tion and physicochemical properties

Item Total Bacteria Fungi Actinomyce
-0.03 0.03 080"  —0.63"
Water content
. 0.17 0.23 0.06 -0.51
Total nitrogen
0.32 0.27 -0.77" 0.52
Total phosphorus
. -0.002  -0.09 -0.40 0.85"
Total potassium
) ) 0.21 0.29 0.35 -0.75"
Available nitrogen
0.64° 0.62" -0.76" 0.29
Available phosphorus
) . 0.64" 0.57" -0.63" 0.76"
Available potassium
-0.50 -0.48 0.68 -0.19
Organic carbon
Total salt 0.20 0.25 -0.43 —0.49
pH 0.19 0.21 0.68 -0.22
* P<0.05 , K P<0.01 *

indicates significant correlation at 0.05 level, ** indicates significant

correlation at 0.01 level.
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