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Effect of biochar on soil microbe numbers and enzyme
activities in pepper bush

HOU Jianwei® , XING Cunfang® .DENG Xiaomei” ,CHEN Fen*, YU Gao®

(a College of Agroforestry Engineering and Planning .b Personnel Department , Tongren University ,
Tongren,Guizhou 554300, China)

Abstract: [Objective] The effects of different straw biochar types on numbers of microorganisms and
activities of enzymes in soil were studied to provide information for soil amelioration and proper manage-
ment of straw residue. [Method)] Through a laboratory incubation experiment with zonal yellow soil under
pepper bush,the influences of corn,rice and rape straw biochar that pyrolyzed at 500 ‘C for 6 h with addi-
tion amounts of 0 (CK),1%,2% and 4% on numbers of microorganisms and activities of enzymes were de-
termined. Then,soil enzyme index (SEI) was used to comprehensively evaluate soil enzyme activities. [Re-
sult] All types and amounts of biochar had effects on numbers of soil microorganisms with 42. 7% —
211.8% and 4. 9% —291. 7% increase in bacteria and actinomyces and 15. 2% —52. 5% decrease in fungi
compared with control. With same addition amounts,rice straw biochar had the largest amounts of bacteri-

a,fungi,actinomyces and total microorganisms. The activities of urease, sucrase and neutral phosphatase
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were significantly increased and that of catalase was significantly decreased by biochar. The 2% rice straw

biochar treatment had the largest SEI of 0. 62,which was 1. 07—1. 23 times of other treatments. [Conclu-

sion] Numbers of microorganisms had close relationship with enzyme activities of soil, and biochar im-

proved soil biological environment. The 2% rice straw biochar was the best among all treatments based on

number of microorganisms,enzyme activities and SEI.

Key words: acidic soil;soil improvement;biochar;prickly ash;soil microbial quantity;soil enzyme activi-

ty
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Table 1 Physical and chemical properties of different biochar types

LA KR FEFT A W BT K RERE AT L9 BT ok T SEAH T A= 4 o ¢

Index Corn straw biochar Rice straw biochar Rape straw biochar
pH 8.23 9.59 9.55
HEEF/(m? « g 1) Surface area 160. 20 35. 80 0. 88
BALAER/(mL « g~ 1) Total pore volume 0.33 0.07 1.69
P-4 /nm Pore diameter 2.42 30.10 5.85
SR/ (g ke D) Total C 534. 50 248, 60 521. 70
SR ER /(g » kg D) Total N 10.51 8.92 8.53
AR/ (g« kg 1) Available P 3.99 4. 34 3.75
ARG E/ (g« kg™ 1) Available K 15. 34 16.07 14. 32

Bl R HEEC A 1 AR AR B T & )2 (0~ 20
em), TR Ry WO b ARR - B AR R
H:pH 6. 11, 2% SH 0.69 g/kg, BHLRSE 7. 35
g/ kg A RWES & 4. 13 mg/ke. HAH 1 30. 75

mg/kg.,
L2 RBEHSHERRE

I T 2018 4 3—8 J 7E 4 2 Be A 4 5 57 52
B I AT . AR T £ 4 4 kg, i LA 2 mm
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Table 2 Comparison of numbers of bacteria,fungi and actinomycetes in soil with different biochar types

e /M4 Bacteria H# Fungi L H Actinomycetes
Treatment Boht/(X10° g~ B CKIM/ % Huik/ (X107 g1 8 CKREMR/ % Bk /(X10t g1 4 CK i/ %
Quantity Increase Quantity Decrease Quantity Increase

CK 2.1£0.3 e — 6.3+0.7 a — 2.5+0.3 e -
BC1-1 3.0£0.2d 42.7 4.8£0.5b 23.6 2.6+0.3 ¢ 7.9
BC1-2 4.04+0.5 ¢ 90. 0 4.5+0.2 b 28.7 4.0£0.5d 55.9
BC1-4 4.5+0.3 ¢ 113.3 3.0+0.4d 52.5 7.0+0.8 b 175.6
BC2-1 4.5£0.6 ¢ 114. 2 5.4+0.6 b 15.2 2.8+0.4 1 10.2
BC2-2 6.1+0.8 a 187.7 5.1+0.3 b 19.8 4.9+0.4 ¢ 92.1
BC2-4 6.6+0.4 a 211.8 3.240.44d 49.1 10.0+£1.2 a 291.7
BC3-1 4.1£0.3 ¢ 95.3 5.2+0.5b 17.3 2.7+£0.3 e 4.7
BC3-2 5.240.5 b 147. 4 4.8+0.5 b 24.6 4.8+0.2 ¢ 87.8
BC3-4 5.5+0.6 b 161.6 3.1+0.2d 50.7 9.9+1.0a 289.4

TE « [ 50 B 5 i A [ /NG 5 B 3878 AN R 4k B 1] 22 7 g 3% (P<<0. 05)

Note; Different lowercase letters indicate significant difference at P<C0. 05 level. The same below.
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BC1-2>>BC3-1>BCI1-1>CK, # 3, 41 5 5 & %
Z AT TS S5 40 v 5 A 0 o5 A ) R
L] 84. 72% ~94. 04 % s ik R H IR Z
o7 W R R B EE B Ry 5. 8500 ~15. 23 % 5 HL I 4K
HERD . A BRI 0,042 ~0.27% .,
%3
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Ratios of bacteria,fungi and actinomycetes in soil with different biochar types

WA B/ (OX10° g7 1)

B A B AY EL ]/ % Percentage

Ak 7 T
Treatment O.Ial numbAer of . . e . N .
microorganisms 4 Bacteria H. 1 Fungi T Actinomycetes
CK 2.36+0.89 g 88.9749.20 ¢ 0.2740.03 a 10.76+0.93 ¢
BC1-1 3.2840.43 1 91.50410.07 b 0.1540.02 b 8.3641.02 ¢
BC1-2 4,40+0.25 e 90.90+8.59 b 0.10£0.02 b 9.00+0.76 d
BC1-4 5.20+0.64 d 86.4946.64 d 0.0640.01 ¢ 13.45+0.87 b
BC2-1 4.7940.36 e 94.04+11.03 a 0.1140.02 b 5.85%0.45 h
BC2-2 6.59+0.77 b 92.5249.87 b 0.0840.01 ¢ 7.40£0.88 f
BC2-4 7.60740.48 a 86.86+4.51d 0.0440.00d 13.10£1.25 b
BC3-1 4.37+0.52 e 93.80+8.92 a 0.1240.02 b 6.09+0.74 g
BC3-2 5.6840.63 ¢ 91.52+13.44 b 0.0840.01 ¢ 8.4040.65 e
BC3-4 6.49+0.24 b 84.724+5.79 ¢ 0.0540.00 ¢ 15.23+1.36 a
2.3 AEEY R EBMRT L IBEF NI 7 83.6%~214.1%,8.1% ~115. 0% 1 50. 0% ~

Hi e 4 AT 550k BEAH EC AN [R) AT A8 9 T e Atk
A A S U T L PO I R P A R S A 20 ) 9

175. 0% » 17 + 38 3 S Ak BTG PR PR AR T 14, 620 ~
31. 7% o ASIRIAS AT Az 9 Joi o A B A 2o 48 Ak 06 305
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Table 4 Comparison of enzyme activities in soil with different biochar types

FURCR N JOR il 0 1/ T I 35 A/

A W R RS A/

Trgﬁent (mLeg'«hD (mgeg ! +d™ D (mgeg'-dD (mg-g lod )
Catalase activity Urease activity Sucrase activity Neutral phosphatase activity

CK 0.4140.05 a 1.28+0.11 g 1.60£0.14 g 0.1640.01 d
BC1-1 0.33+£0.03 b 2.39+0.52 f 3.19+0.44 b 0.2440.00 ¢
BC1-2 0.3140.04 b 2.5940.26 e 3.2540.38 b 0.244+0.01 ¢
BC1-4 0.30+£0.05b 2.64+0.17d 2.67£0.79 ¢ 0.2440.01 ¢
BC2-1 0.3140.05 b 2.3540.50 3.18%0.21 b 0.2540.01 ¢
BC2-2 0.30+£0.06 b 2.65+0.44 ¢ 3.44+0.57 a 0.2640.00 ¢
BC2-4 0.28+0.03 b 2.79+0.35d 2.254+0.59d 0.2540.01 ¢
BC3-1 0.35+0.02 b 3.16+0.20 ¢ 1.934+0.44 e 0.44740.01 a
BC3-2 0.3540.06 b 3.5140.41 b 2.2640.30d 0.3140.00 b
BC3-4 0.3340.04 b 4,0240.56 a 1.7340.20 f 0.3140.02 b

2.4 ANEEY BRI LMK T L BEEE %0
- SRS B W T it AN [R) A 4 B B i
Jo BB A LR A . R S A, g A1
ST UK B TR R R I P AN R R B0 R
0.19.0.32.0.25 #1 0. 28, H1 6 Rl %0, 45 5L
1 R B /MR R BC2-2>>BC3-1>BC1-2>>BC3-4 >

BC2-1=BC3-2>BC1-1>BC1-4=BC2-4>CK, i
HIY A 0y Jo e %oF - 98 Tl A H50AY 5 e 5 A W B i S AR
USROG VRN 2 00 7K R R FF 2B 0 5 i (BC2-2) i
A R 4R B R e H MRS AR A W Bk 1Y 1. 07 ~
1. 23 A5, 5 A1 R 4 v S8 i P 1 IR RO O

RS FREYREALEEBHKT LREBEENEXREENERY

Table 5 Correlation and weight of soil enzyme activities with different biochar types
P ARIL AR W I TR
Catalase Urease Sucrase Neutral phosphatase
of F Ak & i Catalase 1. 00
Ik i Urease 0.31 1.00
THEBE R Sucrase 0.33 0.53 1. 00
i PR R i Neutral phosphatase 0. 26 0.72 0. 37 1.00
MK R B E Average of correlation index 0. 30 0.52 0.41 0. 45
AT R B Weight index(w;) 0.19 0.32 0. 25 0.28

I % 6 AR [R] — b AR ) J5 ¢ s SIS N A
O~ A0 . Bl 25 A W B 5 5 o g 1 m . SET 4k
X S I E A Y 5K KRR AT AR ) T
BAL B SET B AL IR+ g 200 W 3% fe K AH - 43 31
2 0.56 F1 0. 625 111 il = % AT A= 4y it e 4k B i) SET
TEVR N 106 I 3K fe KB 0. 58, J5 2243 B vl
K [ AR 2R ) e, B BCL-1 5 BC1-4 6] \BC2-1 &5
BC2-4 [8]#1 BC3-2 5 BC3-4 [a] ) SEI ¥k ik g 35 2=
S 7K b JH At TR] Foft A 9y J5 A 1) A TR) 4 Jon ) 22 S5

Bk B K (P<<0.05), ¥ CK ML, B
A=) I AR e % 0 R v SETL X i i — 2l
B BT 23 B A1 1 S il 4
2.5 WM TLEREAESHREYHENEXE
Xt e Y 4 PR TE MR 3 K28 R
PR AT SR S BT, 45 R (3R 7) F B, 4 HE IR il
5 Y R REAR A 2 R IE A DG (P<C0. 05), 5
Sk T T B R S A SR 3 OE M G (P <
0.01), 5 E 40/ 2 b 3 7UA 56 (P<<0. 05), +
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MR S HE B E EME(r=0.462, P <<
0.05), +IEANE S5 HUEY BB R B 2 Bk
W B IE A 6 (P<<0. 01), - 438 BB 5 700 26 1 RN i

YRR R R EAA S (P<<0.01), +3E
LR T 5 A W e S S IE A G (P<<0. 01),

R6 TREMRALEERKT LHEEEEMNREEEMLIEBIELY

Table 6 Membership values and soil enzyme indexes with different biochar types
b5 ___ MRERCSEICr ) Membership valwes CHREBCSED SRR
Treatment iof AL gt TR K T T Soil enzyme index Rank
Catalase Urease Sucrase Neutral phosphatase
CK 0.12 0.02 0.01 0.03 0.04 ¢ 8
BC1-1 0.59 0. 37 0. 82 0. 30 0.51b 6
BC1-2 0.71 0.43 0. 85 0. 30 0.56 a 3
BC1-4 0.76 0. 44 0.55 0. 30 0.50 b 7
BC2-1 0.71 0. 35 0. 81 0.33 0.54 b 5
BC2-2 0.76 0.45 0. 94 0.37 0.62 a 1
BC2-4 0. 88 0.49 0. 34 0.33 0.50 b 7
BC3-1 0.47 0. 60 0.18 0.97 0.58 a 2
BC3-2 0.47 0.71 0. 34 0.53 0.54 b 5
BC3-4 0.59 0. 87 0.07 0.53 0.55b 4

R7T EWMHRTIEBRBEIESREVHEZ BMEXE

Table 7 Pearson correlation between soil enzyme activity and number of microorganisms with different biochar types

. § Jo8ie e . - T W R ey e A
b BUEPIRE i o PR emss  me e
Total number of : . . Neutral X
Item . . Actinomycetes Fungi Bacteria Sucrase  Urease Catalase
microorganisms phosphatase
it &1k S i Catalase —0. 251 —0.179 0.363 —0.115 0. 260 0. 330 0. 310 1. 000
ki Urease 0.539* 0.682** —0.556~" —0.466" 0.720% 0.530" 1. 000
HEBEEF Sucrase 0.025 —0.318 —0.193 0.462" 0. 370 1. 000
o Pk R 0.233 0.069  —0.283 0.141 1.000
Neutral phosphatase
2 # Bacteria 0.635" 0.859" * 0.269 1. 000
H B Fungi 0.879** 0.679* 1. 000
TR Actinomycetes 0.733"* 1. 000
Tl 1y Ak 1,000

Total number of microorganisms

e x MEFEMKE(P<0.05), * * JH B EH K (P<<0.01).

Note: * means correlation is significant at the P<C0. 05 level, and * % means correlation is very significant at the P<C0. 01 level.
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AHIFTE R LR R S 0T AR R A2
Bt X 5 LEBF R 45 R — . Prayogo 4
R 5 SC A5 A BT 45 SR R W1 2R W 5 e A 5 1
PR VE - S AN B T AN R RO . AR R AT
SRl A W A A i R AR TS BT A ) AR A ik
A 248. 60~534. 50 g/kg, {H I DU SCHk 1 E A=
W JE e 22 A TR DL M TR X AR AR
AR A+ DR 0P A 00 Jo AN S AR 0 4 o AL ) 6
A TR AW 5 B A R 1 AL BT R R 1Y B
BB A A T ACHE P 4 55 W BRF & 8 Bl A 0 o A R B
T EZ R C AR R A . Besh . A AE R
Wy I L B o 9 SRR W A W R A R A
A7 PR T EL X H Ay B DR A T fie BE T

R W N AR B S BT R AR A R R AL
B=E R . b AL i 0. 88~160. 20 m*/g. [HUL.
ACBIF S v A S 20 R RN 2K O B 2 T RE B 2 2
1545 T R 1 25 W) 5 ¢ 25 0 T 0 1 1 S N B B

TIEHEY A K EH S pH HE B AR,
2 TR P R R P R T T R
WEE, B B RRMEAREE . AW I it A 5
P FH AR T R B RGE X AT RE S I
JT A T Rk B (it % pH 6. 1D 8 pH A
X, RS AER E 5E 180 d R NS g Ak R I &k
LU N 0. 8% ~ 4. 0% I 76 2 W) i o I » B3 A
Lt p pH AR T 1.0~1.6 f1 0. 5~1.0,
AHIESE I T A= 90 o e b g M (pH 8. 23 ~9.59) , H:
AIRE R TR R pHL Rt i AR ) Bk
WUAE B pH AT B R T LB A AR DT
R PRI



%A

BRI L 45 AR AURRT L 398 Bl A ) S50 R B 35 1 X A 0 55 ) ) 95

A pH B R A A K EERKEZ —,
TE PR B B T R B AR AN R T AR, Y 4
pH {H 6.5~8. 0 B fEAA K & & #F HL R IE 5
M+ pH H N 7. 0~7. 5 W, il B AE AU A=
KT AR B g b R A A A e SR R R
(pH 8.23~9.59), M H i in 21 & 14 + 1 )5 v e 4
1 3 pH L AR #E T AR A .
3.2 HEWER L IEEEERZE

TG IR T A W AR RN Bl W Y3 R
05 AN RO E (e o SRR o A W VA2 o (2
RIS GNP T I ) 4 A e A 50 A5 R R
WY, /INZ2 R FF A2 0 o ok e % R R 2 B b 22 08
JUR Tt v A R RN R AL IS M. Jintt AR L AR TS
B A ) e T L3 o A A8 v 9 IR 0 1 5 Jones
g 3 AR IR R A L it A 50 t/hm” BRI A
Jo e W B R T AR EH S A T TS M L I AR
KI5 0 A P IR AN 5] L 451 AR 5 k. o
SRR MR IS M T R SR RN S T . AN B
FELE R W 100 ~ 4% B A= W o e it A B33
- UK Tt TR W I R M R I T O 2 40 0 4R
126.6%.66. 0% F1 76. 4 % . i 1 Ak 0BT M7 1
BEAR T 22. 5%, 3% 511 AW BF 78 45 L5000 R — 5,
0 1 DR AT VR IN 0. 5 %6 /N3 A A AR R
BT - HE 3T Ak B TG WA B R A i 2R A
PO R B it FH R AR 0 O A 1) R 4R 6 it A
Pl S E PR RS F% 30~60 d TG i 3 8 Ak 78 B 5%
180 d J& ik S fb ST 2 S 3 R, FLY RS e AR )
BRI ik 4 Vo i ok SR Ak AU E M e . Ul B it
A2 5T S AT DA e A P P L E AR W T e R -
ok S ST P 114 52 0 AN A5 A ) 5 R 1 RS o
WA KA LR RIE R R R E Y. AU
FEH L1 ~ 200 A Wy ik Ab B SET $8K 4 0 4= ) i
RALIE SET A AH ¥ 10 25 5 Tk B, 308 B 26 ) oo
e &, W, 768 )5 ZE0F 58 % e 1% ~
AV 1 A 0y ST AN o S TR N Ak S L A Ak A R
Bt 6 BE L 4Ry SET W AR d5c K AL b £ 5 1 45
HEE

44 ik

AW I 5 ST TS I A s R T IR
B RS P 3K KRS SR AT A W SR B
FARE T AN A | 2 R AR DR A R L
P W 1 A 1 T AT T 3 R e R A S
k.

TSR W R T U G JE IR A
3 T AR . KA RS AT AR W TR BE S AR K
IR JEE 3t 8 iy - S8 A0 T 0 I R A 0 o) R R R
WAV s 2 WS I iy 2 00 I, K R FF A 1 I 11 L 8
WG BUR = o 255 75 18 2 VO KRR RS T AR W T % ol
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