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Changes of microbial characteristics and enzyme activities in
the upland soil amended with different
quantities of vermicompost

ZHANG Chi, CHEN Xu-fei, ZHOU Bo, ZHANG Cong-li. LI Jing-juan, ZHANG Jing, DAI Jun”

(College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China)

Abstract The pot culture of maize was conducted for 30 days in laboratory condition with adding vermicompost at four
levels of 0,5% , 10% and 20% . Soil microbial characteristics and enzyme activities were evaluated in the soil. The
results showed that ddding vermicompost remarkably enhanced the contents of dissolved organic carbon, available
nitrogen and phosphorus, microbial carbon and nitrogen (P<Z0.05) , while the ratio of microbial carbon and nitrogen was
decreased (P<C0.05). Soil respiration rate and metabolic quotient were significantly improved in 5% vermicompost
treatment. The enzyme activities were enhanced in 5% ,10% and 20% vermicompost treatments as well. The contents
of microbial carbon and nitrogen, activities of catalase and invertase, urease, acid and alkaline phosphatase increased
remarkably with increasing vermicompost rates (P < 0. 05). There weresignificant positive relationships among
dissolved carbon, available nitrogen and phosphorus (P <C0. 05). Multivariate analysis showed that the biological
parameters were significant higher in high dose of vermicompost (10% and 20% ) than those of low dose(control and
5% vermicompost) . There was not remarkable difference in soil biological properties between the treatments adding
10% and 20% vermicompost . It is thus suggested that the amount of vermicompost should be controlled within 10% in

practical use. It is evident that vermicompost is a good method for treating livestock wastes and provides with a
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harmless and high quality organic fertilizer. It is of great significances for the sustainable agriculture, environmental

protection and ecological circulation.

Key words vermicompost; upland soil; microbiological characteristics; enzyme activities
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A7 5 HCAE B k8 T SR e 25 25 7o 4 7 0 o A i LA
Lo e VR A 5= R A o B it . © 51 AL 2 5T
EE K U 9 YRR T P NIE e 1) DN
XK AR L SR LR AR R
| R Tt 1 AR R B R IR MR AT e
T AF R T e 0] 34 R R S T X 5 A K R A 4
PEBTROAE o 105 RE R 2 AE D B Y T 0] 2 X 4
SEA) B HEAE B R g ™ o A A S e (HOR A
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1 #MHE5FE

L1 gil#

il 25 W51 3 K B AR HE X KU B 2R 2R 2 A
K & /) 602, #1438 m A IR F & 0l
(Eisenia foetida)100 7k (ff H 2y 30 g) /kg (1 ],
[ 25 & PO G0 M| N R B E IR AR R B R
2 A1 fl AT M 5158 2 A0 T Wk A TR A Ak S
F&. 41 B b 0] A ] 25 K I 2E KT P A 2 mm
i » £ 1

BRI K T IR A R BEBE B SRS BT SR
Z(Zea mays-Fengtianl) ,

PO LN L E TR A MR R R
BT TN AR IX AR Rl R AR (E113°177,
N23°8"), REEREE 0~20 em, [ SR K )5 BF B i
2 mm i . & H .

W) 2 DL K A e AR FAR M AN 1 iR .

F1 BIEMRKLTEOERBLER

Table 1 Basic physic-chemical properties of vermicompost and the parent soil

PNy
Gk % HHLE/ ) ) . .
. . KK/ % A/ T S/ A A/ A/ AL/
i Moisture (g/kg)
pH Clay (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Sample percentage Organic
otal N Total P Total K Available-N Available-P Available-K
matter
w5l 5. 94 14.50 — 450. 71 21.05 5.79 17. 30 337.13 1 039. 85 15 078. 83
Vermicompost
+ 4% Soil 6. 87 1. 50 18.90 25.80 0.88 3.12 10. 50 57.27 37.79 108. 40
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1.2 HRAXE

ARG I 4 A A 3 RER L B
AR 1) X LR RIS Ry S)52)5 00 1] 3 +
95% +HE(5%ES)33)10% Wl 2 +90% +HE(10%
ES);4)20 % W13 +80 % + 3 (20 K ES) ,

FREL 3 000 g & 2 mm G i 28 F0 + IR 59
2T AL B ¥R (5 20 em, JIE ELAR 15 em),
PR A £ KT & 600 MR &K . FE B A
- 9 B R T R OR A 3 L A ORI s 8
7230 d. FARAEKEEWEAHETEL, L5553 d
KRR E AT K & . 30 d BFIeaR, B 4 4
K3t 2 mm 5. & .

1.3 TEHSKMNNERZ

A I AR B 2 R K, SO, B4R, KRR
B AR R A R Y I e R T NHL F-HC,
BB B HE a3 5 Bl 2 P T R F R B R

TR Rk AR A EE R R R
Y RS R E 60 % MR FFK EIFRRE 24 h
Ja . AE 28 CHME XM TR 7 d. H WA A5
28 CRME 2S5 FIEZE 24 h, 'ﬁTi%B’JﬁHEﬁ
S B 0.5 mol/L K, SO, &l & SR 1 ¢
+ PR R 2 30 min(200 r/mln) 5100 g ij
B0 10 min J5 i U8 = BRI 09 A DL R H E A% TR
PRI AR E . b RUE W A ik (Bo) 3R 81 4 5K
15 :Be=Ec/0. 38 Hrpr, Ec iy 28 2% LA BB 2% B
(R B W TP A LB 1 228 TR ) i U R A1 A
3144 . Bn=En/0. 45, H: i En b 58 & 1 % i K B 7%
PSR P AR 2 . R R
F NaOH W ek » I 72 b o 55 1 N A Dy e IRk
AR CO, =AY, 50 g HHERES (F 5D
& 600 HHFF KB IFFaE 24 h J5 .78 28 ‘CRBK 4
R 1 L BB b % B 55 5% . 1 NaOH 02 WO o
1y CO, 7 7 d J5 Fad & 1 mol/L BaCl, 3T VE 5%
WO COS o A o 2 i o2 8 42 1) NaOH DLt
B CO, P At . WP 8 Sy B I ] A S 57 A7 AL B
i PR A 5 53 A B AR Cgeo, ) BA AL T
AR R R AR COL R .

+ et S AL ARk H KMnO, 45 52 560 % , B
TP DL AL £ HE R R A KMnO, (17 k6 & &R
(0. 02 mol/L. KMnO, » mL/g) ; i% i} & FH 7 1 44 Lt
1k 7E 578 nm P K AL B e, BTG DL 37 C
fE LB 7% 24 h J5 07 3 i NH,-N A it i 47

R (NH,-N.mg/g 37 °C.24 h) . 55ALHER H ¥
SERINE L BEE PELL 37 CCH RS 3% 24 h 5 B £
BB Na, S, O, B9 #E %75 (0. 1 mol/L Na, S, Oy,
mlL/g,37 ‘C.24 h), Hi4h . B2 B R 0 R K — 40
Ll e 3k I s (T 1 ol 1 il 2% o i A pHS. O B R 4k
ool W T il 22 P ik Oy pH9. 6 B AR £R) L 7E 578 nm
PR Ab e e , LA 2 RIS M DL 37 CCE R
I 24 h J5 BT A 5 T b By Y BT i A3 AR OR (T,
mg/g,37°C,24 hHH,
1.4 HESHHE

0 B s 1Rk I OF- 248 £ 4R #E 25 . I A Duncan
ZEILREHFTEFREERT., FH0 50
(Principal Components Analysis) #id fF R 15 A
ADE-4 8 4 45 Ak B v Al DG BX A 2 A7

/D B0 ST T S RE B B BR A B A8 AR L O R

Fﬁﬁ}ﬁ%#\gj (Permutation test) F A A [8] &b 3 [a] A=
Yy o i 25 5 IR Y 25 5 5 22 ST B 0 A 4 R R
Y73 () 2 o7 (AN A5 43 1 B0 1T JE 52 04 i0F A7 B e, Ak
JL[E] 4 22 5 B 3 MK T P=0. 05 KR,

2 HBRE5SMH

2.1 TEREUER EERIIRSBTL

B 5 051 25 PR I A S A Bk e R K
o W R N (P<<0. 05), 5% B8 4= 498 4H e, 4b
P 5% ES 10 % ES Fl 20 % ES (14 95 it 1 5% 2 é%jalJ
PEwn 117%0.,295% F0 514 %, Bl it &L & & 0 B

759% . 145% F1 283 % , R B A 1 A0 4R 30/\
262 % F0 94995 (F 2),
*2 1EAEUEB EHEINEARSETN

Table 2 Variations of soil DOC,available N and P

contents in treatments

i Tk / Bl AL/ AW/
= ) (mg/kg) (mg/kg) (mg/kg)
Treatment

DOC Available N Available P

[ON) 57.24+4.85d 65.54+3.85d 33.3 =£1.45d
5%ES 124.0£3.17 ¢ 115.0%£6.22 ¢ 110.0£2.85 ¢
10%ES 226.0+28.4b 161.0+6.74 b 121.0+6.96 b
20%ES  351.0%19.4a 251.045.91 a 349.0£5.91 a

P IE bR 2, B =3 — 8 I R R E AR
ZARPRTE A [ b B AT 835 E#(P<0. 05), T,
Note: Mean = standard deviation, n = 3; Different small
letters in each column meant significant difference in

each variable at 0.05 level under different

treatments. The same as below.
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2.2 TEMEUEHETH

M 3 AT LU Y, Bl 2 ] 3 A i 3G, 13
rh A% A B Y - S A W AL i R (P <
0.05),5% ES.10% ES 1 20 % ES kb 3 & {3 4= ¥y &
B FL AR B S B 6200 . 118 % 1 210 %6 . i /B )
ARSI E 179%.323% 1 927% ., 5% ES [ IF

W RPEFEET 10%ES F1 20% ES(P<C0. 05), &
PRI B E T S A3 123% (P<C0. 05), %4k,
5%ES.10% ES H1 20 % ES 4b P () 1 58 13 AE 4 &2 i
R FE KT X8 S 43 9. 9,10, 3 F 16. 7 A Hfif
(P<C0. 05) ; H Fifi 5 18] 3% it A 2 (0 386 in » 4% &b B 6 A
VEmRA L EI TG,

R3 FRABIEREMFHEEETL

Table 3 Variations of soil microbial characteristics in treatments
A W = s/ A A/ ) Il 33 R/ R /
4t . "’ R P IR R L . .
(mg/kg) (mg/kg) ) ) ) (g/(kg « d) (mg(Ccoy)/mg(Cyiy))
Trentment Microbial-C: N ratio
Microbial biomass-C ~ Microbial biomass-N Respiration rate Metabolic quotient

S 158+6.32 d 7.52£2.48 ¢ 22,74+8.08 a 1.63+0.58 ab 1.18+0.02 b
5%ES 256+34.9 ¢ 21.0=+4.98 be 12.84+5.14 b 2.47+0.68 a 2.63£1.02 a
10%ES 344+37.9 b 31.84+8.39 b 12.4+2.64 b 0.974+0.37 b 1.19£0.82 b
20%ES 489425.5 a 77.2+£7.66 a 6.05+0.97 b 0.66+0.03 b 0.58+0.10 b

2.3 LTEmEMTK

I 4 FTLLE Y, B 15 35t A 0 38 0, 4 4
25 A 3 A % Tl P S 2 A v (P<C0. 05) . Ab 3R
5%ES.10%ES il 20 %6 ES #9148 Ak S 1% 7
B X B CP <20, 05), I 43 il 42 &5 63 %, 85 % AN
157 % s Ab B 10 % ES F1 20 Y ES Ay 8 15 5% 1k i 7%
B E TR (P <T0. 05), 4 W42 %5 369% AN

384 %0 s 4b B 100 ES B 20 %0 ES B IR i 15 P & 3% &
FXF B (P<C0. 05), 43 31l $2 /&5 134 %0 A1 155 %0 5 b ¥R
S5%ES.10%ES 1 20 % ES () 2 M # 12 B 35 P 1 A
U in 5] 2 X e Ak B 4y ) R S PR 13926173 %0 Al
203 % (P<C0. 05); &b ¥ 5% ES.10% ES 1 20 %5 ES
1) P Tl TR I TR M 43 ) b X IR R S R R 24306
358 % H1 551 % (P<<0.05),

T4 AEASETEHFETETL
Table 4 Variations of soil enzyme activities in treatments
i it 4 Ak A/ HALRG/ I it / 1% 1 Wk 1 g/ ol Tl R g/

(mlL/g) (mL/g) (mL/g) (mg/g) (mg/g)
Trentment

Catalase Invertase Urease Acid phosphatases  Alkaline phosphatases
OS 0.53%0.03 ¢ 0.64=40.39 b 1.08+0.08 b 0.3340.12 b 0.2040.04 d
5%ES 0.8740.06 b 1.284+0.29 b 1.14+0.16 b 0.7940.18 a 0.69£0.12 ¢
10%ES 0.9840.02 a 3.00£0.35 a 2.5340.17 a 0.90£0.09 a 0.9240.06 b
20 % ES 1.3640.15 a 3.10£0.18 a 2.76+£0.14 a 1.0040.07 a 1.3040.12 a

2.3 TEEMRSTHEBSN

A A M Y o A A R A& 1 P
7 B — R (PCD FIEE — i 50 (PC2) 1 Rt 7
ZETUHRRIRH] 90. 1%, UL BHIX 2 ANl 57 ) 32 % 4 A
AT DR SR AR R R A R . S A
() BoR: 8 —FEMp(PCHW T T E R
76. 6 %0, HAR U5 IRt 5 AR . DOC L Bk At 0 L 3 3%

% By B it 010 S0 L B R R R M TR
HYIME . B 22 5Tk R 13. 5%,
FE IR R AREHE A Be/By A 6. ERM S
A3 2 (b) iR« 4 38 vp kb 3 2 JE] A 22 5 3k B A
FIKF-(P=0.001), AbH S B {7 Be/By 85
B 5 ) s Ab B 5 S0 S BH 8 i 1 R 1 4 R0 O I S R A
T I L AR BR 10 % ES F 20 % ES B 5 4 1] JIK 5
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(a) Correlation circles of soil properties in treatments
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(b) Score plots of soil properties in different treatments
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Principal component analysis of soil properties in treatments
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i B A B TR R e SRR W A i B
it Y RE L fE UE AR W B A3 . 53 Ah AR BIE ST
S5 < BE A 15 2t A 5 b SRR P B R
FEREAR (R 3D o i TRUEY IR A L2 LR T +
SRR R T A 1 R R AR Sl R A T 1 L
PRy e BRI T LB L TR A B 5 4 2R R
B 3 51 2 R I b R R o ) 4 B B T RE A2
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