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Influence of Long—-term Applications of Biogas Slurry on Microbial Community Composition and Enzymatic
Activities in Surface Soil Under Rice—Rape Rotation

FENG Dan-ni, WU Jun®, YANG Gang, ZHANG Lin—wei, ZHANG Yi-han, WANG Jing—wen

(College of Resources and Environment, Sichuan Agricultural University, Chengdu 611130, China )

Abstract : Biogas slurry contains plant nutrients and growth hormones, which may promote plant growth and in turn impact soil microorgan—
isms and their activities. The influence of long—term applications of biogas slurry on microorganism community and enzyme activities was ex—
amined in yellow soil under rice—rape rotation in Heishi village of Sichuan Province. Twelve treatments(one clean water control, one con—
ventional fertilizer, and ten different rates of pure biogas slurry were designed. Three year applications of biogas slurry reduced the bacterial
to fungal ratio( B/F ), increased microbial population and enzymatic activities. As biogas slurry rates increased, however, bacterial population
increased continuously, whereas actinomyces and fungi and catalase activity increased initially and then decreased but urease and sucrase
activities showed "decrease—increase—decrease" pattern. At 495.31~546.32 t-hm™ of biogas slurry, both soil microorganisms and enzymatic
activities remained at a relatively high level over the three year period. This result suggests that long—term application of biogas slurry could
improve soil microorganism and enzyme activities.
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Table 1 Basic physical and chemical properties and some heavy metal contents of soil

i3] HK B AU BRAEY Wl Cd/ Cr/ Ph/ As/ Hg/
G pH mg-kg! mg-kg™ g-kg!  mg-kg g-kg! mg-kg?  mgrkg'  mgrkg” mg kg™ mg- kg™
1#  535kE 20.64eD 30.85fF 2044cB 131.3bedB  1.094eCD 0434 8fF  39.44eE  3641cC 11.00eD  0.145 5¢G
24 5.26fF 21.42¢CD 3146fEF  21.54hcAB  126.0dB 1.061eD 0501 6dD  48.00cC  42.92aA  13.25bcABC  0.237 6aA
3#  536eDE 22.24cdeBCD  3334¢fDEF  23.39abcAB  132.4bcdB  1.186cdeBCD 0474 7eD  44.27dD  37.32cdeBC  11.98dCD  0.182 6fF
4#  534eE 2223cdeBCD  32.85¢DEF  22.81abcAB  1304cdB  1.170deBCD 0485 6deD  45.62dCD  37.10eBC  12.63cdBC  0.185 S(EF
S#  536eDE  21.61deCD  3272¢fEF  22.05hcAB  129.8cdB  1.160deBCD 0497 0dD  52.01bB 38.41bcdeABC 12.65¢dBC  0.205 6deCD
6#  542dCD  23.69bedABC  36.15bcdBCD 23.80abcAB  135.8bcdB  1.220bedeBCD  0.531 0cC 51.76bB  40.07abedAB  12.89¢dBC 0216 3cdBCD
7#  543cdBC  24.79abAB  37.85abAB  25.05abAB 143.5abcAB  1345abcAB  0.544 6hcBC  53.70bB  40.51abcdAB  13.46abecAB  0.230 8abAB
8#  544bedBC 25.95aA 39.45aA 2696aA  155.7aA 1485aA  0.555 6bABC  56.59aA  40.97abAB  13.42abcAB 0.221 4beABC
9#  546hbcdABC  24.72abAB  37.08abcABC  25.27abAB  144.6abAB  1.374abAB 0559 2bAB  56.56aA  40.88abAB  13.46abcAB 0216 1cdABC
10#  549abAB  24.37abcABC 34.29deCDEF  22.92cdB  1303cdB  1356abcAB  0.563 2abAB  57.21aA  40.61abcAB  13.92abAB  0.209 3cdeCD
11# 548abcABC  22.00deBCD  3144fEF  2158dB  127.7dB  1327abedABC  0.561 9abAB  57.80aA  41.38abAB  13.97abAB  0.199 9eDE
12#  552a0  23.80abcdABC 34.78cdeBCDE 22.89bcdB  137.9bedB  1.350abcAB 0579 8aA  58.29aA  41.10abAB  14.41aA  0.203 2deD

TE: KEFREORTE P<0.01 K225 83 /N FREFRORTE P<0.05 KPR EE. T,
Note: Capital letters show significant difference at P<0.01, and small letters at P<0.05. The same below.
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Table 2 Biogas slurry applications in three years(thm™)

SUSLIRER Y] IR vk TSI
His AR PRt FH s PR A 5
1# 0 0 0

JRZ 0.15, 58 0.99, 841 JRZE 0.51, 808 2.25,

% O 0.10, HHLEANE 1.994 £ 0.26, HIE 0.0084
3# 17979 29.25 150.54
44 259.53 52.50 207.03
5# 33931 75.75 263.56
6# 39681 99.00 297.81
T#H 44328 12225 321.03
8# 49531 145.50 349.81
9# 54632 168.75 377.57
10#  626.10 192.00 434.10
11#  709.59 219.00 490.59
124 793.09 246.00 547.09

T KAE ZENERME S 20 BN — YR A, 35 2= B AE A S BEHE —
UCHERBA , AR P S R AR K ZE T BTl 3740 a3 UK 5 L) 124
S BV R e A o , FLA A B DL K AR A RE R A B B — i FH

Note: For rice season, fertilizers were used only once as tillering fertil—
izer; for rape season , boron fertilizer was applied as basal fertilizer but other
fertilizers employed at different growth stages as required. Setting biogas
slurry rate in treatment 12# as reference, all other treatments were supplied
with pure water in replacement of biogas slurry so as to have the same water

amount for all treatments.
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HHR R Y 2 B R
L5 HIELES
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WL R0t P S 398, 453 A P - ST T 00 R i 1
I L), 124 4b PR 3] 5 KA (1.627E+06 +0.281E+
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Table 3 Total population and microfloral composition of soil microbes

Ak 3RS A B /CFU - g A L 1/% R LBl % EHLL1/% B/F

1# (8.793+1.365 )E+05dC 62.01abABC 37.04bcABC 0.95bB 70.18aA

2# (8.610+2.261 )E+05dC 64.00abABC 34.75¢ABC 1.25bA 53.74abcA
3# (1.168+0.288 )E+06cdC 59.62abcABC 39.03abcABC 1.35bB 44.23abcA
44 (1.137£0.045)E+06cdC 56.24abcABC 42.51abcABC 1.25bA 47.84abcA
S# (1.303%0.133)E+06cdC 49.39¢C 49.77aA 0.84bB 59.17abcA
6# (1.563+0.123 )E+06¢BC 55.18abcABC 43.71abcABC 1.11bA 51.87abcA
T# (2.053+0.196 )E+06bAB 55.28abcABC 43.60abcABC 1.12bB 51.76abcA
8# (2.243+0.272 )E+06abAB 55.58abcABC 42.70abcABC 1.71aA 32.78cA

o# (2.500+0.445 )E+06abA 50.59¢BC 48.21aAB 1.20bB 42.29bcA
10# (2.707+0.345))E+06aA 53.14bcABC 45.81abABC 1.04bB 53.47abcA
11# (2.177+0.396 )E+06bAB 65.23aAB 33.71cBC 1.06bB 65.21abA
12# (2.470+0.400 )E+06abA 65.77aA 33.24cC 1.00bB 66.73abA

SEAN R (P>0.05), 4b 3] 22 St AN i 3 (P>0.05),
i WG T R it R 2 ) - 39 240 P B S R A5 /)N 5 T~
124 v =5 A Rt ) et Ak P ) - 8 b 0 R o B
e 2 2 (P<0.05,P<0.01 ) i T HoAd gb B, B e g v
Jite FH 2 RE A 5 25 10 fin - 3R A0 TR B0, XS — ARV i
SN 793.09 t-hm2(12# AR ) I, - HE b 41 B 1Y A=
K BB R R
2.2.2 VHBONT - BT TR A 15 )
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0Tt AR AE AN 1) T IO B 1) A 58 5 104 4b
PH VR Sl 626.10 t-hm™) £ 38 28 B 4
IR KAE (1.233E406+1.041E+05)CFU g™, % 5%
(P<0.01 ) /& F AR B A PRI G A 77 VR4 B 5 24 A T
it P B T 709.59 t-hm (114 12# Zh 3 I, 445
TR TR RS A T AR, 150 B i ) V8 Yt FH R 6% S 2
P v R A AR D A 2o 22t R VR RS T 25
R A
2.2.3 VRN 13 L REL A R

ARSI AL Y g b I A T B T
RORT BRI Rt B Ak B, S+ Lt VA 8t P =28 o S 7
e e AR (I 3) 1ot A Ak P B T 500 v T 3 /K Ok
HEAL B 28.5% , 5# Ab ¥ T TR 45 Ay 220 VH Ak 3 A A1
{8, B T KO B AL B 35.0% , 4 1 VA g b P -1 438 2L
BAE KRB VS F2 4 B AL TR AL B 5 7H#~12#
A WAL 3B TR B I 2 (P<0.01) & T X BR 4l
AR VRt FH S A 3L, 1 B P s VR RO F S B TR A 4K
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AT PR

- AR A S PT B OE h AE WE  a R AA AL
Y AEAR SR A R A S iR K AR, D 4
L EXEYI 163 o SETE WA 3 - 30t A b Al T
e 3 1R RIS R, B AE 3 P o AR AU
TR KON HR AR 12.28% , 138 B 39 i P A4 HIE %o
et AL S T A B I A S BUR
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Figure 1 Effect of different fertilization on bacterial population
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Figure 2 Effect of different fertilization on population of actinomycetes
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Figure 3 Effect of different fertilization on fungal population

e A YGRS SO B AR HMUEIEAL RIS TR RERRAR AR e, 5 R — 2,
P SERERE GG VEAR T K AL B, H 225 AN 84 AT ERERE RS MR i, LIRS PR R
5, DU STt P A AE 2 ARG S5 RN Tl 178 5 2 9A 3

TR BRI IS P 3 s T AR RV RO 0

FREREREAT 225 B aE A P, U T A i THWR it FH R R BB Mo, ok R - 3EE
R RFEACR DL  BETR WO S0 L SR Ve S P B S L A LS S A A R Y,



2014 £ 8 H

PHYE, A5 SESE A TR O K R4 VEREZ TR E Y X R S B T A 52

1649

x4 NEMIBALIE +FEE NI

Table 4 Changes of soil enzymatic activities with different fertilization

pissE ey JRAE P/ mg - g A LA RHE P/ mL - g TREMERES P /mg - ¢
1# 0.174 3+£0.001 5dB 0.011 4+0.000 8cdB 3.560 8+0.737 3eE
2# 0.1887+0.031 2cdB 0.010 0+0.002 1dB 3.193 7+0.731 8eE
3# 0.259 3+0.025 7abAB 0.014 9+0.000 8abcdAB 8.878 3+1.995 5hcABC
44 0.258 7+0.014 0abAB 0.012 7+0.002 8bcdAB 8.782 7+2.024 5becABC
S# 0.257 3+0.043 6abAB 0.012 6+0.005 6bcdAB 7.666 2+1.294 4beBCD
6# 0.234 3+0.021 5hedAB 0.018 3+0.003 6abcAB 7.248 0£0.615 7hedBCD
T# 0.283 0+0.007 9abA 0.015 7£0.005 6abcdAB 9.972 3£1.643 3abAB
8# 0.304 3+£0.014 0aA 0.0193+0.0055abAB 11.701 9£1.893 9aA
O# 0.283 3+0.007 OabA 0.021 1+0.005 1aA 7.917 6+2.200 4bcABCD
104 0.245 0£0.086 6abcAB 0.019 1£0.001 1abAB 5.862 9+2.540 3cdeCDE
11# 0.229 7+0.025 4bcdAB 0.011 9+0.001 1cdAB 4.644 0+£0.699 0deDE
124 0.254 0£0.021 0B 0.012 3+0.003 6AB 7.215 6+0.805 8bedBCD

AT - S A X R 2 I 254 Tl A ) s S 1 3
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SR AR LI LU ) ST s e R AR, 300 B VE VROV TS 4 T R
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RE BLHE AR KBRS T RE s i - i AR W IX R
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RIAF IR B SR A5 42 A v e i i
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— 35, BEVAWONE A 3G, AN RGNS i, I
J RLTE T T8 W0t 5 A K s A AL B o 4 i A

T T R RN U, T A TR Y AR R BET
A TR0 A B P A0 S S RN S D i e Ul B
T VAR (3#~8# Jb 3 ) it PN 23 8 38 2 1
AR P () A= A PRBE 1 2o 2 VA VRt (24 — 4 VR Wt
FHEE T 495.31 t-hm™) AT 0] - 38k 4k 14T A EL T
A ORI B — T VR 2 5 ke 3R 4y
=21, N E A S P SR L 2 A AL Tt R
REAG R N - 38 BUBE AN £k B0, 1M i i AU el R
G R AR AR T - I A AR AR

B R UE T - SRR Y R AR R W
Y, eV AR PR RN E IR i A AR PR O A P, 48
Vi S5 PIIT 5 2% BH 38 G T VR BB AT AU = - S DRI T 42
R AR S0 A UG 1 5 ORGSR 5 2% I VA W E IR
A IH S0 58 R MR I R 0 1, XA S Ak U
MAN I o AR v 37 25t P VA VRO A B A - SR G 3k
S Ak S A A T M S R I KOG BRI
JEAb 38, B it P VA T ks ISR A IR
i, P RIS . N TRIA VRO P T - SRS
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