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Effects of planting and overturning green manure
crops on improvement of saline-sodic soils
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(1. Faculty of Agronomy, Jilin Agricultural University, Changchun, Jilin 130118, China;
2. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun, Jilin 130102, China)

Abstract; To identify the suitable green manure crops for the restoration of saline-sodic soils in Songnen
Plain, this study focused on the western saline-sodic soils of the Songnen Plain. From 2022 to 2023, field experi-
ments compared the growth adaptability of four green manure crops ( Sesbania cannabina, Melilotus officinalis , Sor-
ghum bicolor X sudanense, and Echinochloa crusgalli (1..) Beauv ‘ Chaomu 1’ ) in saline-sodic soils and their
effects on soil physical and chemical properties and soil enzyme activities after overturning. The correlation analysis
was conducted on various indicators. The goal was to examine the effects and mechanisms of planting and overtur-

ning green manure crops on saline-sodic soils. The results indicated that among the four green manure crops, Sesba-
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nia cannabina produced the highest dry and fresh biomass, yielding 30.35 t - hm™ in the second year of planting,
which was 5 to 35 times greater than the yields of the other three green manure crops. In the second year after plant-
ing and green manure crops returning, the soil bulk density with the Sesbania cannabina treatment was 1.17 g -

em™, a significant reduction of 0.21 g + ¢cm™ compared to the control. The soil pH also decreased significantly by
0.15 to 0.50 units, and the electrical conductivity (EC) decreased significantly by 32.22% to 51.72%, both com-
pared to the control. The bulk density and pH of the soil in the 0~20 c¢m layer for other green manure crops showed
no significant differences compared to the control. In the 20~40 cm soil layer,the EC of Echinochloa crusgalli (L.)
Beauv ‘ Chaomu 1’ and Sorghum bicolor X sudanense significantly decreased by 40.00% and 31.11% ,respectively,
compared to the control. The soil total nitrogen, total phosphorus, total potassium, and organic matter content of
Sesbania cannabina planted and overturned were superior to other green manure treatments. In the 0 ~20 cm soil
layer, soil nutrients increased by 33.98% to 189.75%. The promotion ability of soil enzyme activity by planting and
turning over four types of green manure varies. Among them, the enhancement of soil enzyme activity by Sesbania
cannabina was outstanding. Compared with the control treatment, the soil urease activity, soil alkaline phosphatase
activity, soil sucrase activity and soil B—xylosidase activity of Sesbania cannabina were significantly increased by
685.95% , 80.78% , 63.42% and 19.10% ,respectively (P<0.05). In summary, compared to the other three green
manure crops, planting and incorporating Sesbania cannabina into the soil is more effective in reducing alkalinity

and enhancing soil enzyme activity in saline-sodic soils. These findings provide a valuable theoretical foundation for

the ecological restoration of such soils.

Keywords: soda saline-sodic soil; green manure crop; soil enzyme activity; soil nutrient
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Table 1 Initial basic physical and chemical properties of soil in the experimental area

R HLER ko AL Eoe e A
. e pH  Electrical conductivity Bulk density Organic matter Total nitrogen Total phosphorus ~ Total potassium
Soil depth/cm » i o 5 » o
/(mS - em™) /(g+em™) /(g-kg™) /(g-kg™") /(g-kg™) /(g-kg™)
0~20 10.20 0.60 1.68 3.39 0.31 0.39 0.44
20~40 10.50 0.94 1.74 2.30 0.37 0.43 0.51
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Fig.1 Differences in adaptive growth of different green manure crops
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Table 2 Soil basic physical and chemical properties of different green manure crops

FERS . - "
- . R T A KR SAR R
I\ 1 CrAWAN TS e . T
s i%(?&f; pH Elecmfﬂél Bulk density Soil moisture /(mmol, - Total alkalinity
Treatment Soil depth/em conductivity 3 - 1
21 /(g+em™) /% L‘)l/z /(mmol, - L)
/(mS - cm™)
K 0~20 10.18+0.07a  0.58+0.06b 1.38+0.05a 7.25+0.35hb  6.38+0.13ab  5.18+0.42ab
20~40 10.210.02a  0.90+0.08a 1.60+0.07a  27.34+1.50a 7.78+0.25a 6.71+0.41a
IE 0~20 9.68+0.08b  0.28+0.09¢ 1.17+0.05b 4.54+0.19¢ 4.66+0.45h 4.27£0.07b
Sesbania cannabina 20~40 10.06+0.02¢ 0.61+0.01b 1.45+0.02a 14.65+0.03¢ 5.50+0.21b 6.07+0.13a
A 0~20 10.16£0.03a  0.77+0.10ab  1.39+0.07a 6.00+0.68bc  5.92+0.69ab  5.67+0.43a
Melilotus officinalis 20~40 10.20+0.03ab  0.94=0.01a 1.46+0.02a  21.74=1.10b  7.72+0.31a 7.20+0.64a
AR 0~20 10.17+0.03a  0.95+0.08a 1.26+0.08ab  11.76+0.71a 4.83+0.26h 5.82+0.26a
Sorghum bicolorxsudanense 20~40 10.13£0.03bec  0.62+0.07b 1.61+0.04a  21.24+1.14b 7.59+0.52a 7.07+0.44a
CHIL S T 0~20 10.10+0.07a  0.54+0.05b 1.32+0.03ab  7.09+0.41b 7.61£0.92a 5.76+0.41a
Echinochloa crusgalli (1.) 20~40 10.27+0.02a  0.54+0.09b 1.61£0.08a  21.78+0.76b 8.30+0.62a  7.36+0.53a
Beauv ‘ Chaomu 1’

T R PR D I bR 22 AN R R Al — 40y Rl — R BE AN [RI AR ] 22 5% 2. 35 (P<0.05) .

Note:
the same year ( P<0.05).
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Fig.2 Effects of different green manure crops on soil organic matter and nutrients
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Fig.3 Effects of different green manure crops on soil enzyme activities
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Fig.4 Correlations between biomass of different green
manure crops, physical and chemical properties

of topsoil and soil enzyme activities
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