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Effects of Pheretima Guillelmi Cultivation Time on Microbial Community Diversity and Characteristics of
Carbon Metabolism in Vegetable Soil

ZHENG Xian—qing"**3, FAN Xiao—fen’, ZHANG Han-lin"'2""%, LI Shuang—xi"**>, WANG Jin—qing'**°, ZHANG Juan—qin'*3~,

WANG liang—jun?, TAO Xiao—bin®, LU Wei-guang'>>>'

(1.Institute of Eco—Environment and Plant Protection, Shanghai Academy of Agricultural Sciences, Shanghai 201403, China; 2.Shanghai
Scientific Observation and Experimental Station for Agricultural Environment and Land Conservation, Ministry of Agriculture, Shanghai
201403, China; 3.Shanghai Dongbao Agricultural Science and Technology Co Ltd, Shanghai 201403, China; 4.Shanghai Runzhuang Agricul—
tural Science and Technology Co Ltd, Shanghai 201403, China; 5.Shanghai Key Laboratory of Protected Horticultural Technology, Shanghai
201403, China; 6.Shanghai Yingxi Fruit and Vegetable Cooperatives, Shanghai 202158, China )

Abstract: In order to study the effect of different biological tillage time (Pheretima guillelmi) on soil microbial community metabolic functions
in different soil depths, we set a location test in vegetable field at Chongming Island in Shanghai to analyze the changes of soil microbial com—
munity and carbon utilization abilities ( Average well—color development, AW CD) by using biolog eco—plate method. The three—year results
showed that: Bio—-tillage significantly improved microbial community activity, and with the increase of tillage years, biological tillage could
make the average AWCD 3 to 7 times higher. The Simpson index and Shannon index of the biological tillage treatments were significantly
higher than that of the control. The cumulative increase of 0~5 cm soil layer was 49 and 6.28 respectively, and the cumulative increase of 5~
20 cm soil layer was 31 and 2.55 respectively. Earthworm bio—tillage significantly increased the soil microbial metabolic ability of 6 kinds of
carbon sources, and increased the carbohydrate metabolism activity. In this study, earthworm bio—tillage is an effective way to increase the
microbial activity of microbial soil.
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Table 1 Effect of different biological tillage years on soil physicochemical properties

AWHHE 1 4E

AT 2 4F

AWIBHE 3 4F

Depthﬁﬁiﬁ{i layer Physicocﬁ%ﬁi{;%ﬁtmperities No%i?ltge Biological tillage Biological tillage Biological tillage éﬁmﬁfr/fe
an year two years three years
0~5 em A AL Organic matter/g-kg™ 15.6+0.177¢ 28.7+0.065a 24.3+0.080b 15.8+0.040¢c 1.2~83.1
4% Total N/g-kg™! 1.0+0.017b 1.9+0.022a 1.7£0.004a 1.1+0.023b 6.9~92.9
4% Total Plg-kg™! 0.7+£0.013b 1.2+0.009a 0.9+0.014ab 1.1+0.016a 19.3~58.4
44 Total K/g-kg™ 10.9+0.033a 10.0+0.084a 9.4+0.031a 9.4+0.118a -13.6~-84
HRL % Available N/mg-kg™ 31.06+4.215a 26.67+3.078a 32.89+5.431a 28.50+4.544a -14.1~6.0
AW Available P/mg kg™ 14.27+1.829d 23.84+3.821c 48.39+7.293b 57.13+8.882a 67.1~300.5
R Available K/mg-kg™ 90.00+11.015b 110.00+0.000a 70.00+2.517¢ 80.00+10.000bc  -22.4~21.3
K Water content/% 34.40+1.630b 39.97+1.602a 41.72+£2.664a 35.45+1.614b 3.0~21.3
pH & 8.9+0.030a 8.5+0.076b 8.5+0.139b 8.6+0.038b -4.2~-35
5~20 cm A AU Organic matter/g-kg™ 10.0+0.094d 20.6+0.024b 28.1+0.028a 16.0£0.021¢ 60.9~182.2
4% Total N/g-kg™ 0.7+0.017¢ 1.4+0.028b 1.9+0.026a 1.0+£0.014be 49.0~174.5
4T Total Plg-kg™ 0.6+0.008c 0.7+0.015be 1.5+0.038a 1.3+0.031ab 15.4~133.2
24l Total K/g-kg™ 10.2+0.030a 9.2+0.078a 9.3+0.079a 9.1+0.097a -11.3~-9.6
HAA Available N/mg-kg™ 43.85+6.413b 30.33+4.002b 95.00+12.464a 98.66+3.003a 116.6~125.0
R Available P/mg kg™ 10.11+1.989¢ 17.18+2.912¢ 105.39+53.865b 230.62+10.802a  69.7~2 177.2
RN Available K/mg-kg™ 70.00+2.000¢ 80.00+1.732¢ 120.00+0.577b 300.00£11.930a  14.3~329.0
TriK i Water content/% 24.78+1.790¢ 29.50+4.879bc 46.58+2.386a 34.92+1.594b 19.0~87.9
pH {H 8.9+0.125a 8.7+0.154a 8.3+0.192b 8.3+0.075b -6.4~-1.7

T : AT PP ER B AR RS B4 12 5 (P<0.05). T,

Note: Means in a column followed by the different letters are significantly different at P<0.05. The same below.
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Figure 1 Changes of soil microbial metabolic characteristics (A WCD values) with different

biological farming years in 0~5 cm (a) and 5~20 ¢cm (b) soils
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Table 2 Effects of different biological tillage years on functional diversity index of soil microbial community in 0~5 ¢cm and 5~20 c¢m soils

)=

H W VEALFE Tillage Treatments

indexes

Soil depths/cm Gk (R RE) AR 1 47 AR 2 47 HPIBHE 3 4F
CK BT1 BT2 BT3
FEEERE(R) 0~5 2.00+2.08¢ 9.00+0.58h 24.00+3.61a 22.00+1.53a
Simpson index 5~20 7.00+3.79h 19.0042.65a 15.00£2.31a 18.00+2.31a
Shannon 5%t (H ) 0~5 0.76+0.65¢ 2.32+0.05b 3.19+0.06a 3.05+0.07a
Shannon index 5-20 1.99:0.39h 2.90+0.10a 2.75+0.14a 2.86+0.19a
S EEAR R (EH ) 0~5 0.58+0.52a 1.04+0.01a 1.01+0.03a 0.99+0.004a
Evenness index 520 1.1320.13a 0.9920.04a 1.0320.01a 0.10£0.02a
R3 AAANERDEFHIRMKES ZRTHE(%)
Table 3 Contribution ratios and accumulated ratios of the first 4 principal components(% )
#HEZ Cultivated layer F 4> Principal component PC1 PC2 PC3 PC4
0~5 cm TR Contribution ratios 41.7 29.8 15.4 114
ZHTBE Accumulated ratios 41.7 71.6 86.9 98.4
5~20 e¢m FHRF Contribution ratios 40.1 32.1 14.3 14.3
ZHITIHRE Accumulated ratios 40.1 72.2 86.5 93.6
a (0~5 cm) ig b (5~20 cm) . 2(5) :,
§ 1.5 ' a i g 1.5 i-
g 1.0 .'n. 5 1.0 *
§ Ogir ....................................... §/ 0.:); ..... ':. ..... L U W |
~ -35 25 -15 —(}55 w.5 1.5 2.5 35 . -35 =25 -15 —(1.8'51-.; .IQS 1.5 2.5 3.5
5 o o) 3 . 10}
H 15+ H -15 |
-2.0 L -2.0 * *
25t -25¢

F 4 1 PC1(41.7%)

* Gk WY 1 4R

& YPHE 2 4R

ERSS 1 PC1(40.1%)

W EYHHE 3 4

B2 RAESEERMARTETE 0~5 cm (a)F0 5~20 em (b4 Y8R BRI BB 3 54> 4> 47 Wk &

Figure 2 0~5 ¢cm (a) and 5~20 ecm (b) soil layers similar microbial community carbon source utilization comparison

of different biological farming years
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