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Effect of straw biochar on soil microbe number and
soil enzyme activities in opencast coal mine dump
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(1. College of Mining Engineering, Liaoning Technical University, Fuxin, 123000, China;

2. College of Environmental Science and Engineering, Liaoning Technical University, Fuxin, 123000, China)

Abstract . Effects of rice and corn straw biochar with 1%, 3%, 5% rate of soil weight on Medicago
sativa dry weight, soil microbe number and enzyme activities in opencast coal mine dump were
investigated by indoor culture experiments. The results showed that emergence rate and dry weight of
Medicago sativa were enhanced with increasing amount of biochar, and application of 5% rice straw
biochar and corn straw biochar enhanced the Medicago sativa dry weight by 42.54% and 27.63%
respectively. Application of 3% and 5% biochar significantly increased the number of soil bacteria,

fungi, acitnomycete, ratio of fungi and bacteria number, activities of catalase, amylase, protease,
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dehydrogenase, decreased phosphatase activity, enhanced biological index of fertility ( BIF ) and
enzyme activities number( EAN) which represented soil fertility quality. Application of 5% rice straw
biochar and corn straw biochar enhanced BIF by 125.94% and 84.67% , EAN by 109.71% and
66.93% respectively. Emergence rate, dry weight of Medicago sativa, number of soil microbes,
activities of soil enzyme under rice straw biochar treatment were all higher than that under corn straw
biochar treatment at three rates. Emergence rate of Medicago sativa, number of bacteria, fungi,
actinomycete , activities of protease, dehydrogenase, BIF and EAN under rice straw biochar with 5%
amount were significantly enhanced by 26.11%, 24.71%,30.23%, 30.38%, 27.37%, 24.44%,
22.35% , 25.63% compared with that under corn straw biochar. All the analysis showed biochar
could ameliorate soil ecological quality of dump and increase Medicago sativa yield. Soil ecological
quality of 5% rate of rice straw biochar treatment was the highest.

Keywords ; straw biochar, soil microbe number, soil enzyme activity, Medicago sativa.
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1 #BS 1 ( Materials and methods)

L1 ZEksess

IKRE AT 1) 5 140 A R KA T T 95 940 26 0 W ) YT A R LB R A B )L AR A i 5
(IR AR SRR S 500 °C I TE] A 6 h, K AR AT A 90 R OKR RS FE A W e AR A ME B L3R 1. H R
PN 52 T B R A T e P T — S R R HE 3% 0—20 em JRIE 18, 13 g it + | pH {H N 7.84, 14
FOPPHE ANUR AR 1.76 g-kg™' , 2% 0.13 g-kg™' , KMFA 19.06 mg-kg™ , A0 10.15 mg-kg ™", #H A%
B 138.63 mg-kg ' K AL 2 mm 0, KT 2ARSL L.

R PIRRSFT AP me i A= P

Table 1 Chemical properties of the two straw biochar

e X Bl
g?j?h?i Cﬁ/ﬁ; Nyfl;% Total P/ Total K/ pH ( cm((j)iz'cléfl )
(g-kg™™) (g-kg™)
IKRERGATLE M) 7% Rice straw biochar 58.22 1.64 4.03 48.65 10.62 32.43
T AKFEFF A MR Comn straw biochar 65.41 2.44 5.86 25.96 10.14 20.12

PEAT ARSI, 5 kg HE L3 H 8 (1 1) O BB, K RE RS FT A= 1 ¢ A B KA AT A= W ¢
rHEE T 1% 3% 5% LT 3 S HIEACE, [RIINBEE T A AP 5 Y X IR (CK) A 20 AL B B
5 NHEEAHTE (Medicago sativa) i 157 BEAETURE LR AE I, HoOR— MR BRACR 65 T 88 K8 HE
3 SRR R DITAAITZE e HOSE AE B s 1 iR A ), fEAE 3 P i AL B |, B A 30 KiLf
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TOEAR G R R SRR R A B A R B N BN S B AE 10 #R E DK i IR AR E
PRAFTE H AR K B 1) 60%. 285 60 d Bi SR, O 55 48 H 4 B st o [m] I RAE - 4F 3 2 mm B J5 I
TS PR A SR
1.2 FEHRIE

AN T R R A R R IR BRI R T T IR IR i AR R R — S
FIe AR AR Y RGeS ( Dehydrogenase , DH) 36 14 2R FH G846 = 2K 356 DO 2806 H
k" ER I (Amylase, AM) TR FH AN FE K R L a3 | i B R 1 ( Phosphatase , AP) 5
SRR R R i AL S P ( Catalase, CA) SRAIZSREILT | IR ( Urease, UR) T PR
FHR AR @ik 2B T ( Protease, PR) MR A Bl = kb (a1

+HERE S ﬁi%*ﬁ'@(( Biological index of fertility, BIF) ﬂ]@@{ﬁ[ﬁ*ﬁ‘ﬁ( Enzyme activity number, EAN)
SRR SRS PR S5 A VEF R, $ R AE I IE ) B s AR, HO S AU R . BIF = (1.5XDH+kx
100xCA) /2, Herf & O Hfil 2800, — B 0.010°7 s EAN=0.2x(0.15XxDH+CA+1.25% 107 XAP+4x107>x
PR +6x107*xAM) ",
1.3 BdEsmHr

JITAA AR I7E AT (105 °C) SR AR B AT A By SE R AR 1 SPSS 17.0 BAFAE
0.05 7KF b AT 2B 22 S LA ] Excel 2007 T2 1.

2 5 59718 (Results and discussion)

2.1 AW EACE TG R ZF R AL B T E A5

EKWHBEN N RMTEWRE 1 Fos, MG Y R &3S, S0 iR AT =W &,
RHEA Y R (1%) T PR ETE AR A T E 50 REH BEES SHEAEY K (5%) BRI
P RN T I R TR IR R R T KRS R T A ) 5 R R RS AT A4 9 e Ak B SR 430 Ee o B R
T 121.53%H01 75.67% , 546 B 15 T H 43 51 FL X B 8 T 42.54% 1 27.63%. W FP RS FT AL 9 ik 2 (8] B
B HRAEACH S PIFPRS TR W Z RN S35 25 5 e s T K RE RS AT 2R ) e A BRI
BRI E T B KRFEFFAEY R 40 T 26.51%F1 26.11%. K FEFEFFAE W) 5 b 31 S8 40 B 15 T AL 4%
FHE T8 T BRI SR 4 Z 0] 25 55 AN 3, Wl A= ) e i 4t v KR RS AP AR e 5
FRFEFF AV AN AL E T TEMZEA T RIEE.

O KFEFERT A% Rice straw biochar @ T KFEFT 44 Corn straw biochar
00~ H#3¥ Emergence rate

cA - o
4r & Dry weight o bA .
: al A
bA B aA abA
bB 2 a aA
aA aA 5 L :

CK 1% Biochar 3% Biochar 5% Biochar CK 1% Biochar 3% Biochar 5% Biochar

Emergence rate/%
Dry weight/(g-pot™")

1 EWBRXT SR A BT R AT B AR
A FNE FRERIR Al — Y e AN ) 2 AR 3 25 5% (P < 0.05)
ARIRE F LR R T AR A W Z [ #5225 (P < 0.05) , T A
Fig.1 Effet of biochar on emergence rate and dry weight of Medicago sativa
Note; Different lowercase letters indicate significant difference within different rate for same biochar(P < 0.05) ,

different capital letters indicate significant difference within different biochar for same rate( P < 0.05). The same below

2.2 AW B R MR A
W& AW 5 A B R, b SR T | ECRR RO B R AN W (18 2) AR i AR AL BT,
SRANT AR RO 5 X IR TR A W 2 5 T R R R 2 i T LR e R A R AL Y
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R T3 A - g i e rh A SOK RERS AR A W R R EORFE R AE M A B A 4
YN BB R BRSBTS T 49.02% (128.13% . 70.93% Fil 34.31% 103.13% .44.19% ; 25
HAHE R 20 B T 107.84% ,250.00% , 139.53% Fil 66.67% . 168.75 ,83.72%. 1 ¥ = B A #¢ K 1 FLBR
JE I AT - e P A 3R FIOK S - RN B LR IR TR 0 A R B B R A A ) LR
A ) et - B S B AR ZE T DRI A 0 ¢ Ot FE B o8 T AR T PP oHE - 3 e A R

o ) SRR/ AR HU(E R R S R G R s e Y R A R T R, R S
YDA LUAEAEA T 57,3 A & T T R LR A B AR 2 L 3 b 35 0 T X6 R SR AE 3 o FH ot =z i) 22
SR E AW B S T A5 TR AN B Y EA7] TR R A T BT B AN P R 2 5 R A A 0 e v e
i, ELAE B e A W (R LB A K DI R R AR A B B U Bamminger 25200 KE A2 9 5¢ 1 FH T4 H
38, Muhammad 25K 4 ¢ o FH 005 598, A AT A RFF 9 45 SR 24 3 B A= W e 3 N T LR Y SR 4R
T IR RN TR ) L) X 5 AR A AL R — 0.

PIRRRSFF A P e 2 0] B3, 761K s T 3 AP 2870+ SRR W B A K R RS FF AR W o b R
B T EORFEFFAE Y A b B SR 10 A6 TG o e A BT W ANAS FF AR ok 22 0] 22 AN b 2 ANHE v
AR TR EN S, m s T KRR A AL B ) - SR T | B R R A S R
KAGEFFLE W b PR T 24.71% 30.23% 1 30.38% .76 3 Fl &, AKREHSE 142 1 77 b B 1Y) 1 398 L 51 40
P LG8 1 T EORAE AT A W e Ab B8, R WK R Rt AT A 0 v A ) T4 o - B L TR A B K R RS AT 2B )
RN I YRR I P R SR B4 T KA R AR e, D PR AT BEAE T /K R A A 0 o 1) PH 25 - 3¢ 46t
# CEC(32.4 cmol-kg™" ) K i T FKRFEFF A5 (20.1 emol <kg™ ), 1 CEC 7] LIAE Ky + 3R K AR IE RE
JIHERR , BT K FERE A W o AL B - KL O A Tt = T EOKRFE AT AE W e b 2+ 158 | 3K B T fig
A it P Bl A 0 A B 2R W A D K R N TR KA AT A W e I T2 3 v | & BOK R RS FF A= ot +
BERUE D P SO A T ERREF A IR, SCHF T AR 45 R

o JKFEFEFT MR Rice straw biochar g T KRFEFF 424 7% Corn straw biochar

300 hI3EAE %R Soil bacteria number 150 +3EEF %R Soil fungi number N
8 cA g
E'n cB £ 0l100f dB
s 5 bA ER= cA
= 5 150 F A bA E 35 CA
g5 a B aA 5= bA Lo
g2 E° L
7 ’—l—' > r—.
5 — 3c
175}

0 . . . . .

CK 1% Biochar 3% Biochar 5% Biochar CK 1% Biochar 3% Biochar 5% Biochar

- R
_ LML BB Soil actinomycete number cA ~ B 5 E %R A Ratio of fungi and bacteria number

= B bA
g0k bA " 5 DA LA bA pa bA
|iiiiA |_\_I |_)I “

CK 1% Biochar 3% Biochar 5% Biochar CK 1% Biochar 3% Biochar 5% Biochar

o

~

(X10%)/(cfu
Ratio of fungi and
bacteria number( X 107)

Soil actinomycete number

(=]

2 AW A RO O R RS A R AR R

Fig.2 Effet of biochar on number of soil bacteria, fungi, actinomycete and ratio of fungi number and bacteria number

2.3 AW BN LIRS PR

IR P AN A 3 TR B A A R RS, L BRI T 1 S PR TR AR A R i AL
il Ve | PR O S T P S BRSBTS R AR R TR, e
PRI PEAR T4 IR SR 22 52 00 AN 3% W AR AR T | L WA R 6 1 S 25 (K T IR K R A AT A2
BN EKFEFE A9 ¢ 5330 LG BRBRAIC T 33.10% F11 36.91% . i R Tl /2 = HEREAG 20 v (1 G HE T, RE A5
R B AT AT LS S 45 0 i i ke 22 A 0 0 DR FC A o 4 4 T 88 S e i 0, mT L 5 48 b i
i S SR S WS A Bk BRAETCER B L S A R S e N A A R T, o
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R S R 9.42 mg-kg ™', 1% 3% 5% FH /K FERs A1 A 40 i A ) A 38 3500 15 1243 1) oM 10.87
13.52.16.65 mg-kg™", 1% 3% 5% F & T Kb AT A 4 7% b B AG) - S84 300wl & B4 00 11.68,15.68
19.74 mg kg™, AT LAE ) BEE A= 9 o FH B O3 I, - S9A 80mle 5 2 B S 1680 T A 0008 5 et A 15 5 J
Tt U0 ) - SRR R T ) TG P R T AR AR 5 v A ) e A 3L S 38 Ml e il 0 P A1

o/KFEREFF A4 5% Rice straw biochar @ F KFEFF 445 Corn straw biochar
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N

\'\L: J:: cA
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cB cB
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Fig.3 Effet of biochar on activities of soil phosphatase, catalase, amylase, urease, protease, dehydrogenase and BIF, EAN

PR AW AL BN | o AL A VE A I 2R B 0 SR TG PR RN R 2 ) 25 SR i 2 T rh
FHEE AR W) S 35 B 5 13k 4 G 35 1, b e 2 B0 KRG T 26 ) 5 R S DKl A 0 e 4 )
AR TE A B B DS TS AR T 84.38%,79.27% , 111.05% , 133.33% F 68.75% .
64.23% ,65.70% ,87.50% . 32 %Ak S T LARAP AR ) S 32 3 AR 0 4 5, 5 A LB 2R 25 DI ARG, 7T A
FAE TN T 7. o TLE B I AYG I T A HLET & &, R4 i 1 3k 4800k S0 935 1 (] s 2% B
AP HSEINT HAEIE ) FEM S 5 T ARG IR, BT AW AR N T A 3 v = R
T 1 A T A S M A R AR T e W AR Y KO FEAR B S T T AR
Yy B A T AN | TR R B R PRI MR e R 7 B v S P L S
s 1o FH PPl e ARG 3h 7 AREIR S | e A e R v T R B A T, Rk
A R AR T IR AR M A R A W e A SR A B e R M, HE S
(i) MR il 3% P ALV A 25 . RIS RS 5 T R AEE IS, B FAEY R R & A D B R I
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FEARESE A A, DR U - SRl 05 M A B R A Ak B BT T G e B, 2 W N T B A
K 470 BORGEVE L A il T R R RS 4R T Y T A S T
1R T AR ORI A AR D S A T | K B AT 5T Y 4 SR e — B

AR FF A2 9 o 22 0] L3, K RERS 2 90 o A B0 %) 4 Sl R T P8 15 T T KRS A 0 R Ak P 5 3K
A e BE 008 S P ) B R IS ) A A i A ) A K R W KRR A
VEFTR 33 A 550l 5 I T KRS AT AR W e A B DRI AR RS A A 40 5 ek 1 398 1l 1 I 1 400 5 7 L AR
b FORREFEAE P R 55 , 80T /K RERS R A 0 o A B 1% - e B R S 1 o2 T oK RS FE A 0 o b 3L, SR
M 22 590 03 Fe 45 AR W i A PR 2o S A U Ve A0 T JOR 0% A 2 R o s A 0 e 2 [ 2 S A,
AN R 3 B M 3 R AT R DA DG i AH R P R R AR AE MR AE R, 3
e R et AR — B, T P AN RS AT A R Ab B A IX 3 RIS MR AT o 22 . AR AN
Fit 135 P ASCFE v FH S A B P A PR RS AT 2R e 2 B0 AT 835 25 55, R 1 2R O TE 1R 5 - S i 2 DDA
O e PR N 48N P | BCPE il k TR B A P RS A AR e A B ) 25 5 4 3 ME N S 3K T i i K
R AT A W 1 Ak 3L S8 AR I LE TR TS AT AR W) i A P B 35 42 5 1 27.37% . i I /K RS RS A 2R Wy e A
T A S R e RS AT AR Wk B AR T 24.44% R WAZ R T T W HE ShAE K R
FEFF A AL BT 535 8 T B R RS AR M e A 34

P T B P R A AR N T — e AR B — %) TG A e - S (AR T T R PRI AT K 22 B il
T AR FOR AR E AR SRR, Foh AR S A AR K (BIF) (EEIE MEFR S (EAN) B4 K
PR AR ) B AR R A YR R R AR, £ HE BIF EAN {2 BRI S p i s b s A i
AW RAL Y BIF FI EAN B 5 25 15 0 BE JHC r v FH 42t ) 7K R s 2 0 o AR 6 KA A A 0 e 3 )
BIF {f HEXT B4R R T 125.949% F11 84.67% ,# EAN {HAE S T 109.71% 1 66.93% , FBH A= Wy RE M 2 =5 -
SR g, SETTRE N T ASHIE G S AE A 04 7 i B RRRS AR W 2 R HA, 45 T R KRR RS A AR W
) BIF . EAN {3 5 T FOKFEFFAE W e, SRMAAE o i F 25 5 i 3 ZESL A it T /KRS FH2E 4 ¢ 1 BIF
1 EAN {209 e B R FEFF AR A T 22.35% 1 25.63% , 7B i K AR RS AT 2B Wy e b 38R 8 A
J1EF ERFEFFE D e ab 2.

3 4512 ( Conclusion)

(1) YB3 s HE 37 TS0 B A8 1 B R AT Horh 59 5 T i K R RS AT 2R ) o F0 .
KAEFFLED 3 M AR T T e s 1 42.54% F11 27.63%.

(2) 3% aF A 5% = S AR Y R P T AN P | B ik AR, g A S
VENTG B UG G U TS MR AN AR ) AR W FR B (BIF) (EEIE PEFR R (EAN) R R A R
RERS B 46 = AR ), b 5% s Rl it AR et A T 4 AR B k.

(3) KAEFREFF D b H T 3 gl B3RS M LB R R T EA & T E
KFEFF AW oAb B, 3 KRGS AT A5 ) e X} 88 R HE 37 - 3981 ole R AR B4
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