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Effects of cover crops on soil enzyme activity and organic carbon mineralization in a tea plantation

WANG Yang'?, YANG Dian-lin"?, WANG Li-1i'"*", SHEN Xiao-lin'?, ZHAO Jian-ning'*, WANG Hui"*, HUANG Jin®’,ZHANG Xiao—fu*
(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191,China; 2. Key Laboratory of Origin
Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs/Tianjin Key Laboratory of Agro—environment
and Agro—product Safety, Tianjin 300191, China; 3.Tea Research Institute, Shiyan Academy of Agricultural Sciences, Shiyan 442000, Chi-
na;4.Economic Crop Research Institute of Shiyan City, Shiyan 442714, China)

Abstract: The aim of this study was to quantify the effects of different mulch planting patterns on soil enzyme activity and organic carbon
mineralization in a tea plantation. The cover crop diversity experiment was conducted in the Tanjiawan tea garden, Yunyang District, Shi-
yan City, Hubei Province. Four cover crop planting modes were set up, namely no crop cover (AQ), two cover crops (A1), four cover crops
(A2), and eight cover crops (A3). The enzyme activity, organic carbon mineralization rate, and cumulative mineralization of the 0~20 cm

and 20~40 cm soil layers in the tea plantation were measured, and the data was fitted to the first order kinetic equation to obtain the miner-
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alization potential (C,) and mineralization constant (%) of organic carbon. The results showed that, the soil enzyme activity in the mulch plot
was generally higher than that in the control plot, and the enzyme activity in the 0~20 cm soil layer was higher than that in the 20~40 cm
layer. Different mulch types had significant effects on soil catalase and urease activity (P<0.05), but no significant effect on soil phospha-
tase. Compared with catalase, soil urease and phosphatase were more important participants in the soil carbon cycle, and there was a signifi-
canlly positive correlation between their activities and organic carbon mineralization (P<0.01), showing that they play an important role in
the decomposition and transformation of soil organic carbon. The organic carbon mineralization rates of all treatments showed a trend of
first increasing, then decreasing, and finally stabilizing. The mineralization rate and cumulative amount of organic carbon in the 0~20 ¢m
soil layer were higher than those in the 20~40 c¢m soil layer. In the 0~20 cm soil layer, the C/k value was as follows: A1>A2>A3>A0. In the
20~40 cm soil layer, the C,/k value was as follows: A1>A2>A0>A3. This suggests that the organic carbon mineralization of A1 was the
strongest in both soil layers. Moreover, the microbial biomass carbon and soluble organic carbon of A1 were higher than those of the other

treatments, thereby providing sufficient nutrients for crop growth and development. A1 had the highest pH value, which was conducive to

soil acidification.

Keywords: cover crops; enzyme activity; organic carbon mineralization; first order dynamic equation
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Figure 1 Effects of cover crop mode on S—=CAT activity
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Table 1 Edaphic physicochemical properties under different cover crop modes

el LERIRE ek AT HLAKR A HSA WAEYIRRR TR PR
Cover crop modes  Soil depth/em  Soil moisture/% pH SOC/g-kg"  NHi-N/mg-kg' NO>=N/mg-kg’ MBC/mg-kg'  DOC/mg-kg”
A0 0~20 12.62¢021a  5.84+0.07c  9.51+0.49¢ 5.71=0.14a  4.95:032d  130.76x3.15¢  63.68+2.01b
20~40 13.50£0.19a  5.83:0.03c  6.40£0.40b  631x0.26ab  3.67+0.29a  55.48+5.65h  42.70+0.30c

Al 0~20 12.88+044a  6.17+0.03a  11.160.19b  631%0.12a  6.40+0.35b  171.11x33la  81.92+1.33a
20~40 13.54:0.30a  6.27+0.03a  7.620.56b  5.31%0.12¢ 4.14+0.04a  77.90+2.38ab  55.82+1.77a

A2 0~20 11.82+0.27ab  6.05£0.01ab 12.96+0.14a  6.00+0.64a 5112022 139.0620.50c  62.72+5.94h

20~40 13.68£0.19a  6.21+0.02a  9.91+0.32a  5.90+021bc  3.78+0.15a  86.76x3.03a  58.58+2.18a

A3 0~20 11.56£0.41b  5.97+0.02b  10.96x0.48b  5.89+0.19a  6.87+0.49a  154.37+6.98b  52.15+6.28¢

20~40 11.88£0.23b  6.06£0.02b  6.78+0.45h  7.02+0.39a  3.49+0.39a  56.13+327b  48.500.61b

T [ — L JERAF/NG T B R AN A B s AR AR LI A P B 22 5 1235 (P<0.05)

Note: Different lowercase letters in the same soil layer indicate the significant difference of edaphic physicochemical properties with different cover crop

modes(P<0.05).
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Figure 4 Effects of cover crop mode on mineralization rate of SOC
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Figure 5 Effects of cover crop mode on accumulated mineralization of SOC
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Table 3 Correlation analysis of C,, k and soil enzyme activities

Wi H ltems 38L& S-CAT IR S-UE  #BRMEF S-AKP/ALP
WEN L C, 0.507* 0.845% 0.840%
AL H Bk -0.115 —0.533%x -0.477*
T RORAE 0.0 K- CRUI) 38 415G 5 # FORTE 0.05 K (I
) A TR

Note : ** indicates significant correlation at 0.01 level ( bilateral ) ;

* indicates significant correlation at the 0.05 level (bilateral). The same
below.

R2 TEANRT L—RIHHFESH

Table 2 First order kinetic parameters of SOC mineralization

IS5 Parameters +JZ ¥ Soil depth/cm A0 Al A2 A3
WA b3 C, /mg kg™ 0~20 930.01+88.88h 2182.39+426.03a 2 082.06+469.45a  1373.21x153.86b
20~40 478.39+86.48bc 1149.17+357.28a 847.57+138.21ab 399.25+36.62¢
WAL H HC k107 d 0~20 6.78+0.77a 2.96+0.62b 2.94+0.71h 6.10+0.80a
20~40 6.56+1.39bc¢ 7.86+1.36h 5.87+1.11c¢ 10.40+1.23a
(C/R)0° 0~20 1.374+0.014d 7.389+0.066a 7.102+0.074b 2.255+0.024¢
20~40 0.7330.014¢ 1.926+0.063a 1.449+0.023b 0.385+0.006d
R 0~20 0.999 39 0.999 34 0.999 46 0.999 59
20~40 0.997 69 0.997 80 0.998 60 0.998 34

T [ — L 2ARFNG T B R A R B s AR R — 28 12 2808 53 i 35 (P<0.05)

Note: Different lowercase letters in the same soil layer indicate the significant difference of first order kinetic parameters with different cover crop

modes (P<0.05).
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Table 4 Correlation of mineralization characteristics and soil enzyme activity with edaphic physicochemical properties

T H FHEEKR JiR 1 i -3 Bk AR HAA WA ATEHEE ALK
Items Soil moisture pH SOC NH:i-N NO;-N MBC DOC
WIET L C, -0.359 -0.134 0.821%% -0.283% 0.752%% 0.738%* 0.374
W ALH Bk -0.066 0.131 —0.668* 0.473* —0.550%* ~0.474% -0.085
T4 AL Ul S-CAT —0.734% 0.165 0.443% 0.276 0.323 0.419% 0.258
JIK I S-UE -0.434% -0.155 0.876%* -0.227 0.839%% 0.891 % 0.563%*
WML S-AKP/ALP -0.427%* 0.082 0.8567* -0.059 0.611%% 0.865%* 0.635%*
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