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Effects of Planting Green Manures in Winter on Soil Fertility and Subsequent Rice Growth in

Abandoned Farmland

GAO Limin', GUO Dongsen', CUI Lianming', ZHOU Ying', GU Zechen?, WEI Qishun'’, WANG Lin®

(1 Nanjing Institute of Agricultural Sciences in Jiangsu Hilly Area, Nanjing 210046, China; 2 Jiangsu Vocational College of
Agriculture and Forestry, Zhenjiang, Jiangsu 212400, China; 3 College of Rural Revitalization, Jiangsu Open University,
Nanjing 210036, China)

Abstract: Improving soil fertility of abandoned farmland is important for the efficient utilization of land resources. A pot
experiment was conducted using soil collected from the abandoned farmland to compare the effects of planting and incorporating
Vicia villosa L. and Astragalus sinicus L. on following rice growth with the blank control(non-green manure planting treatment).
The results showed that planting and incorporating Vicia villosa L. significantly increased the subsequent rice biomass, comparing
with the control, the dry weights of rice grown after Vicia villosa L. and Astragalus sinicus L. were increased by 53% and
decreased by 38%, respectively. Compared with the control, soil organic matter content significantly increased by 21%, and soil
available phosphorus content significantly decreased by 43% after planting Vicia villosa L.; soil pH and total nitrogen content
increased by 5% and 11% after incorporating Vicia villosa L., respectively; and after following rice growth, soil organic matter
content significantly increased by 26%. In contrast, no significant difference was observed in different soil fertility indicators at
different stages after planting and incorporating Astragalus sinicus L.. A significant positive correlation was observed between
rice dry mass and soil organic matter content, while a significant negative correlation was observed between rice dry mass and
soil available phosphorus content. Independent with sampling time, soil organic matter content and available phosphorus content

contributed mostly to rice dry weight. Moreover, the activities of soil B-glucosidase, f-cellulase, and phosphatase after planting
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and incorporating Vicia villosa L. increased significantly. With a random forest model analysis, carbon-converting enzymes and

phosphatases were found to have the greatest impact on rice dry mass. In summary, the planting and incorporating of Vicia villosa

L. in abandoned farmland results in enhanced enzymes activities related to soil carbon and phosphorus transformation, which

further increases soil organic matter and available phosphorus content, and ultimately facilitate nutrient absorption and biomass

increase in subsequent rice crops.

Key words: Abandoned farmland; Green manure; Rice; Soil fertility; Soil enzyme activity
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Fig. 1 Effects of different green manures on subsequent rice growth
in abandoned farmland
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Table 2 Effects of different green manures on nutrient contents and accumulations of subsequent rice in abandoned farmland
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Fig. 2 Effects of green manure planting on soil pH (A), organic matter (B), total N (C), available P (D) and available K (E) contents
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Fig. 3 Correlations between soil fertility and nutrient accumulations and dry weights of rice plants at different stages
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Fig. 4 Random forest analysis of impacts of soil fertility indicators on rice dry weight at green manure harvest stage (A), after incorporating
stage (B), and rice harvest stage (C)
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Table 3  Effects of different green manures on soil enzymes activities in abandoned farmland at different sampling periods

it b3 it 7% 74 (nmol/(h-g))

SRR SRR E S TR R

BG Xt e 14.96+2.18bc 19.58+4.96¢ 11.78+1.75¢
M EEAEH 34.19+5.23ab 46.21+15.38a 20.31+3.94bc

SR 26.00+6.98bc 20.20+5.92bc 16.99+6.11¢

px X HR 2.95+0.78ab 3.43%0.70ab 2.17+0.59b
LI Vi%E] 4.52+0.96a 3.23x1.78ab 3.27+0.84ab

BRI 4.27+1.69a 2.98+1.05ab 2.05£0.91b

CBH X B 2.18+0.87bc 4.12£1.20b 1.63+0.40¢
M S AEH 6.51+1.54a 3.460.30bc 3.85+0.79bc

Kol 3.64+1.31bc 3.62+1.27bc 3.01£1.09bc

LAP X HR 6.76£0.75abc 13.83+5.70a 2.77+0.46¢
Je AL 3.49+1.21c 5.96+1.91bc 12.41+1.95ab

SR 6.56x1.13abc 2.09+0.32¢ 2.17+0.52¢

NAG X i 13.55+2.88b 12.03+4.42b 10.98+0.71b
M EEAEH 23.78+4.21a 11.39+3.90b 10.49+2.98b

Kol 23.52+7.81a 14.21£5.32b 12.61£3.16b

ALP of e 34.65+7.83bc 32.72+5.83bc 36.55+5.91b
e AL 61.35+10.91a 14.78+5.18d 37.11+7.18b
SR 40.99+11.30b 24.75+8.70cd 34.87+5.18bc

PhOx PO 1303+69a 1016+123a 1 224+99a
M EEAEH 1 052+297a 1063+151a 1 295+238a

Kol 1 232+259a 1 075+124a 1 129+100a

Perox if e 2 956+380ab 3 031+900ab 3 777+536ab
Jem AL 2 425+465b 3 674£909ab 4505+274a
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Fig. 5 Correlations between soil fertility indicators and enzymes activities at different stages
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Fig. 6 Random forest analysis of impacts of soil enzymes activities on rice dry weight at green manure harvest stage (A), after incorporating
stage (B), and rice harvest stage (C)
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