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Abstract: [ Objective ] Higher chemical fertilizers were applied in rice-rice—vegetable triple cropping area, which
caused serious soil acidification and high risks in the decrease of land quality. The effects of two alkaline materials ( lime
and acid soil conditioner ) on soil fertility and crop yield in rice-rice—vegetable rotation system were studied so as to provide
theoretical and technical support for the improvement of soil fertility and crop yield in such cropping area. [ Method ] A
field experiment was carried out in Taishan City of Guangdong Province from 2015 to 2017 with three treatments: hydrated
lime (lime ) , acid soil conditioner ( ASC ) and conventional fertilization ( CK ) . The effects of different treatments on
crop nutrient content, yield and soil fertility were compared. [ Result ] The annual yield of ASC treatment was the highest,
followed by lime treatment and CK treatment. The yield of winter kidney bean treated by lime and ASC was higher than that
of CK, while the yield of early and late rice was basically the same. The effective tiller number of early and late rice under
lime treatment and ASC treatment was higher than that of CK, but the difference was not significant. In winter vegetable
season, the P contents of the crops under lime and ASC treatments increased slightly. Soil pH value was increased greatly
under lime treatment and ASC treatment. In winter vegetable season, early rice season and late rice season, soil pH values
under lime treatment were significantly higher than those of CK treatment. For ASC treatment, the soil pH value only
increased significantly in early rice season. Compared with CK, the soil available P and SOC under lime and ASC treatments
were increased slightly, especially in winter vegetable season. However, there was no difference in soil bulk density, alkali
nitrogen and available K among different treatments. Compared with CK treatment, the activity of soil acid phosphatase
was increased significantly under lime treatment and ASC treatment, and the increase during winter vegetable season was
significant. [ Conclusion ] In the rice—rice—vegetable triple cropping system, the application of lime and acid soil conditioner
can alleviate the soil acidification effectively, increase the soil available P and acid phosphatase activity, and increase the
yields of kidney bean, early rice and late rice. The responses of alkaline materials were greater in winter vegetable season.
Under the experimental conditions, the application of lime and acid soil conditioner can be used as effective measures to
improve acidified soil in the rice-rice—vegetable triple cropping areas of Guangdong Province, and the lime has a greater
impact on soil pH.

Key words: rice-rice—vegetable; yield; lime; acid soil conditioner; soil fertility
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Table 2 Effects of adding acid soil conditioner on yield components of rice in rice—rice—vegetable rotation system

R R PR, 4T TR

Crops  Treatment Effective panicles Filled grains per panicle Filled grain rate (%) 1000 grain weight (g)
A CK 1583+ 1.19a 148.94 £ 1042 a 79.44 +2.04 a 1848+0.13a
Early rice Lime 1592+046 a 149.46 £ 4.74 a 79.88 + 1.60 a 1851037 a
ASC 16.19+0.62a 148.56 £ 9.60 a 79.67+0.83 a 1849£0.10 a
WS CK 1475068 a 16225538 a 79.01 +2.64 1837£0.18 a
Late rice Lime 1453138 a 161.60 £ 6.76 a 78.85+2.94a 1829£0.15a
ASC 14.63 £ 1.00 a 162.15+8.75 79.10+1.28 a 1849£0.15a

TE: RISV E/INE ST R H FoR 255 2 .

Note: Different lowercase letters after the date in the same column represent significant differences.
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Table 3 Effects of adding acid soil conditioner on N, P, K contents of crops in rice-rice—vegetable rotation system

VEW Jibyg AN (mg/kg) P (mg/ke) 1K (mg/kg)

Crop Treatments FEFT Straw ¥FKE Grain FEFF Straw 4L Grain FEFTF Straw FFHL Grain
) CK 21.33£0.66 a 29.25 £0.75a 2.66 +0.16a 5.34 £0.05a 25.75 +3.17a 24.75 +2.09a
Kidney bean Lime 22.30+£0.7a 30.10 £ 1.12a 2.72 £ 0.06a 5.43 £0.05a 25.64 +£3.87a 2548 +£2.52a

ASC 22.10+0091a 29.53 £0.57a 2.70+0.11a 5.35+0.15a 25.83 £ 1.83a 2473 £ 5.43a
LA CK 9.30 +0.82a 12.85+£0.19a 1.90 + 0.05a 2.62+0.07a 27.24 +0.98a 3.24 +0.18a
Early rice Lime 9.65 +0.76a 12.83 £ 0.97a 1.90 + 0.02a 2.68 +0.08a 26.83 + 1.30a 3.34+0.17a

ASC 9.78 + 0.48a 12.70 £ 0.35a 1.96 + 0.06a 2.72 +0.08a 27.22 + 1.06a 3.24 +0.12a
I e CK 7.63 £0.61a 11.53 £ 0.43a 1.85 £ 0.02a 2.75 £ 0.06a 2498 + 1.5a 3.57 +0.15a
Late rice Lime 7.98 +0.39a 11.85 £0.99a 1.85 £ 0.08a 2.74 + 0.04a 2492 + 1.29a 3.49 +0.18a

ASC 7.73+03a 11.83 £ 0.43a 1.86 £ 0.03a 2.74 £0.05a 25.00 + 1.01a 359+0.21a

T SRR NG ST AR E TR 5 B

Note: Different lowercase letters after the data in the same column represent significant differences.
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Table 4 Variance analysis of the effects of different growth season and treaments on the soil physical and chemical properties
N AR TR - HE R AL BEHARY
TR Growing season effects Soil amendment effects Interaction
Soil properties
F P F P F P
feany 5.44 0.0103 0.78 0.4694 1.78 0.1625
Bulk density
pH (& 296.27 < 0.0001 31.75 < 0.0001 2.94 0.0385
pH value
ALK 3.63 0.0401 1.21 0.3139 1.50 0.2312
Organic C
B A 29.51 < 0.0001 0.37 0.6930 0.34 0.8460
Alkaline N
A 30 139.70 < 0.0001 0.94 0.4010 0.82 0.5230
Available P
AR 192.46 < 0.0001 0.29 0.7500 0.35 0.8400
Available K
x5 TEMRBHEINE - - F=AMERR TIEEC IR
Table 5 Effects of adding acid soil conditioner on the soil physical and chemical properties
in rice-rice—vegetable rotation system
23T b A ik i
e b iy ' pH i ﬁm@? fﬁﬁﬁ@ﬁk ﬁxﬁl@% J_'A(%EF
C Treat . Bulk density H val Organic C Alkaline N Available P Available K
IO reatments value
v (gem?) P (gkg) (mg/kg) (mg/kg ) (mg/kg)
U=y CK 1.27+£0.01 a 4.19+£0.11b 18.10+£0.48 a 164.73 £ 18.65 a 56.18£2.75 a 108.36 + 15.22a
Green bean Lime 1.27+0.01 a 4.41+0.04a 18.10+0.31 a 16545 +8.47 a 58.05+495a 11047 £10.23 a
ASC 1.27+0.00 a 4.37£0.10 ab 18.48 +0.57 a 174.11 £6.81 a 59.29+3.26a 106.11 £19.19 a
A CK 126 +0.01 a 4.66 £ 0.06 b 1722+ 1.28 a 148.79 £3.78 a 46.52+192a 40.28 £ 7.06 a
Early rice Lime 1.27+0.02 a 4.93+0.09 a 1826 £ 1.45a 14696 + 11.34 a 4780193 a 49.01£7.27 a
ASC 126 +0.01 a 5.04+0.01 a 18.61 £0.92 a 150.78 £ 17.65 a 4923 +3.12a 4423 £+6.30 a
M Fe CK 1.27+0.01 a 498 +0.06 b 18.87+0091 a 13428 £ 10.20 a 38.73+097 a 34.05+5.76 a
Late rice Lime 1.28£0.01 a 5.16£0.08 a 20.26 £2.05 a 13428 +10.24 a 39.26+2.82a 3136 £2.75a
ASC 1.27+£0.02 a 5.11 £0.09 ab 18.56 £ 1.20 a 132.38 £530 a 37.39+195a 32.19+6.45a

e AR fR NG RSCTF R R E TR 2 B

Note: Different lowercase letters after the data in the same column represent significant differences.
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Table 6 Variance analysis of the effects of different growing season and treatments on soil extracellular enzyme activities

N K AR Soil amendment effectes A2 H AUV Interaction

|- S5 N He KA RN Growing season effects
Soil extracellular enzyme F P F P a P
W EAL S Catalase 359.70 < 0.0001 1.11 0.3430 1.22 0.3230
JIit U Dehydrogenase 7.27 0.0030 0.04 0.9923 0.18 0.9456
WG Invertase 58.07 < 0.0001 0.05 0.9510 0.34 0.8460
B — HiBE R B —glucosidase 63.78 < 0.0001 0.79 0.4660 0.21 0.9330
IR Urease 195.83 < 0.0001 0.72 0.4950 0.14 0.9650
FRIEWETRME Acid phosphatase 2645.20 < 0.0001 4.47 0.0210 2.74 0.0490
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Fig. 1 Effects of adding acid soil conditioner on soil enzyme activities under rice-rice—vegetable rotation system
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