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PEHEIS 22 DL FEORFEFE L T KU 5 25 43 300 R0 3 4% 3% M 75 e TR & 7F 450 C 243 45 2 09 R G AR W s S U kL, LY
ST Eh 4 O I ET%KIEJ{E& AW BTSN XS Eh k4 HE pH (A PR B -SSR T L3R 4 i B B DR O P
FEVEBE NG M o E AL S BB . SRR ARNR G A R BRI ML -8 S A Z 7 WA WK
B VS 0 68 8% /)N T B2 A1 1 4% pH {E;:ﬁ@%@(ﬂ)’%ﬂ’aﬁu)\k IR S T LR Y Ac B )y HME IR & AW R I
e B 80 T G VR A AR R BRI B AR TR R SR & i i EORFS AR RS el A IR A AR R BB
80 ATl R RO A T RN S S YR A IR A AR W R R T S R KO B INIR A 2R W R k)
THE R T R R A 0 P S A AR L R RN R (25 g/ke) X 2 b Y 42 HEVE 3 S TR A i (10 g/ke,
20 g/kg) 1R A LE Wy RN+ it EUA UG T R A 52 R IR T IR N (20 g/kg, 10 g/ k) (AR By R k) i AR AL UG Y
fEUEVEH B3 TR ins (25 g/kg) .
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Effects of Different Straw Mixing Biochar on Nutrient and
Enzyme Activity of Saline Soil

HUANG Zhe', QU Shihua', BAI Lan', SHANG Shaopeng', LI Yumei’, ZHANG Lianke®
(1. Baotou Institute of Environment Science, Baotou 014010, China; 2. School of Energy and
Environment . Inner Mongolia University of Science and Technology ., Baotou 014010, China)

Abstract: The various effects of different straw biochar on nutrient contents and enzyme activities were stud-
ied in order to provide information for saline soil and proper management of residue. The saline soil that orig-
inated from the Inner Mongolia was used as the sample. The influences of corn stover, corn cob, reed and
manicipal sludge mixing biochar that pyrolyzed that 450'C on soil pH, CEC, nutrient contents and enzyme
activities were investigated. The results showed that kinds of mixing biochar surface chemical functional
groups were consistent and there were differences in contents; pH value was slightly lowered due to the in-
creasing amount of mixing biochar, CEC in the saline soil was significantly improved. The three mixing bio-
char could ameliorate the nutrient contenst of saline soil. The application of biochar prepared by corn stover
and sludge mainly promoted the level of available K while the biochar prepared by reed and sludge improved
the contents of total P and available P. Adding mixing biochar had the significant promotive effects on the ac-
tivities of sucrase and urease in the soil,and the promotive effects of adding high dose of biochar were signifi-
cantly greater than those of adding middle dose or low dose of biochar. The impact of adding biochar on the
activity of catalase in the saline soil presented that adding middle dose or low dose of biochar had significantly
greater promotive effect on catalase activity than adding high dose of biochar.

Keywords: mixing biochar; saline soil; nutrient; enzyme activit
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SR BRI AR KA I ] g4 5] A Ak R = S
AR il 385 hn T B A R T ™ UK A B Sk
ik, HE 2015 AR, FREVS IR R E A E] 2 600
T te HTI5 K A B TR0 A% % R S e A A R A AL
Wi AR R R A, AL PR L R A5 R RS
e R R A A 7 R PR R R A, LA
G o} T 855 1 SR

"= ¥ %¢ (Biochar , BO) J& 48 A= 9 i 78 5¢ 4 ol 3 4
B A5 DL ROAR X BRI IR BE (<C700°C)
T G me AR TE B — b S Bk B A LR L R
RS (7= A 5 i T Bk i — R AR IR i R R
P DL B G 1) 2 TR G L A 4 BRI 1 A= ) b
BRACAPRIA | - el B K 75 Ye W I i A S s R 5
J5 AR E R A e AT =L K S A Y S S B
Jo7 FH LS AW e R T4 v - SR L AR AR A
PR IS P L B SE D S B 9 R IR A )
FE A% $5E 1m0 T 3 B R R\ 4 AR AR AR B 4 B R
Gy R ZREE . 2 I AR I 5 2 B OK RS R R K
5 FF o 34 AT DL SR 0 O i AU E W KO L 8
MU T RIS S5 R . ARV B AR
K415 VeI T4 RS 1 R A I8 L X6 AR A 0 00 20 1) E ek 4
B 5 K 18 S R T DA R AT R R . A A R
SRR A W) e 2 T 4 R PR B B BB R R M RE S
6] A= W e BT 5 DG 3R B AE St R[]

H A P B £h a8 1 Am AL 2y 3 600 J7 hm” . i 4 [F
Al b ARG 4. 88 Y61 Bk i 1wl AR H k2>
N H 25 B2 ik 7T IR K %808 H B B = 19 4 K, Sh i
HoAE R B b 1Y) 5 A IR E BRI R .
R W AL 2E R OE S R AT B R R
i, M BB 2 5] & i 2 3 i) it ok, %8k + 1
R AR A L, H R SR A i R i vk

A PET R AE TR R AR kT AR
& 58 ) R G AL O 2 T e R L
J5 ik BOR B A AR AR L AR A R (H R B R AR
BER AR Z b 1 it it e R D sk (e
BAREE 0 A R P B s o R R TR I it
AR AR R R R L, TP K BHOW A, R
K AL TR IR B OB MR B T IR AR
ARk 2 R B ST I ), AR SR ] EOKRAE AT L oK
I R A3 S R A T e e — o i LIRS 1A
1 450 C 2 IR B2 251 T il s 1R & A Wy e, R A
2181 615 53 A1 A W o 1Y) B R AT A O LA L 48
SN E R0 - e R T = N R PR =R A
A2 ) 1O R 9 R A B A e o R I PR T S e
1 BRHS05i%
1.1 FE##

M TR FEFF - A 9 52l P AL A A DU AR BOK A
FF B PR L B AR OBy 2 mm 0 5 T % B4
s A

AR KOS R ST P AR AR X A R OKE
FH e AR T B iR 2 mm 05 5 T % #f 48
2=

PR SR FF A St PE LR AR X AR P B
FF B B L B AR By 2 mm 0 5 T % B4
& i

HEE e K A N 5 R T5 K AL BT VS e A By
PR TG P TS U8 TSR g = N A AR AT L Al i 100 H
i J5 BT AR R

A 1 o A + 50 P SRl ER Bk 3R ) 1
(0—20 cm) ,REEJFBR K A YA Y BRAK, A K51
TR 100 H 65 A B P T L3R 1.

F1 HTEERELER

o SR/ B/ e e AL/ WL/ Kt/ CEC/
%}]U 1 1 1 1 1 1 1 I)H {E
(g+ kg™ ") (g+ kg™ (mgekg ') (mg-kg ') (g+kgH (g kg (cmol « kg™ 1)
o+ 0. 64 0.23 23.07 228.17 5. 80 11.04 0.82 8. 36

TR EYR A A oFF 3R FORFEFF L F K&
R S et i b 5 ¢ 2 IRA WA 8 THEH
b 450 CH B 248 Ui P (GWL-1700GA) #Afi# 3 h,

MG AR RIGER P NS R LR AS IR, B H
Ja .3 20 HAF 100 H i 47 T T as & L 2 BlAnic
3 RBA50, SB450, WBA50 , H LAl Ak 5t 3% 2,

K2 =MEEEYMRNERELER
Ak C/% H/% 0/% N/ % pH & WAy % FRMA/ (m? « g1
RB450 65. 13 3. 84 39. 66 1.28 8.11 41,72 220. 25
SB450 63. 22 3.07 37. 45 1.31 8.13 46. 32 247. 81
WB450 71.02 2.88 38. 29 1.27 7.96 37. 45 197. 54
1.2 KW H* g/kg,20 g/kg.25 g/kg BN K5 505 £ Y w5

FREX 50 g KT £ 4EF 250 ml 538, #% ] 10

THEEFE MR AT N ZE MR K 2 150 ml, i i B 0, {5
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Fr—E ME Sk, 25 CTFE T ARG i KR 452
WENIEIRE 3 d KK BRI E 3 YR 1Y
WA, 30 d i BOREIN R T a rp VR S A RO AR
B A MUK K T R S BB A # 2 i (CEC) . pH
1B N - S DR I P Tl 2 5t AR A6 23 1) >R JH 5 19 L £
2 AR R B A T BRI R A kI E .
AR FRAL M O 2 2 2% R AL ST

A Wy e ) B AR JBT 0 B < A2 ) e B 1A A R
FE L 21 406335 23 (FTIR) (NEXUS 670, Ther-
mo Nicolet, EE),
1.3 RS

AR 3 IRE L, A Origin 8. 5 #1 Excel
2010 xf il g B ds 17 S it 0 A .

2 RS0
2.1 BRAEYRHNERER
TEWEL 4 000 ~500 em ™' i [ P 2% il A [6] 64 K
(RB450.,SB450, WB450) IR & AE W % (FE A B2 it n
=3)( FTIR 3, WK 1, KR ARHE A 48 5% 1
AE W% 635 cm 1,1 610~1450 em 1,2 362 cm !,
3739 em” ' SEANA BB A WL U0 X R BR A A
e F N A I B AL A Y (C-HD KR NO, 33t
(—OH)SEFREA Y . RNE MR & IR A £ Y
QD EAR AN o ) L VA e F A N N 19 e
B R, U ARIRA 55 RIB S YRS RS 4
YIRALF B R R 2 — B HAT ST B A 2257
0.17
0.15 A
LA Y WY R

0.13 e

RB450

0.11 F
& 0.09 |
& .07 LA S A |SB450

0.05
0.03

0.01 Y mhw  [WB450

-0.01
500 1000 1500 2000 2500 3000 3500 4000
W/ em?

B 1 REM R &R S EYRE FTIR
2.2 AREEBEEEYHILE pH EMPEE FXikeE
pal:sk-A)

58 pH (B AT AZE A B i 4 At Ak 24 1 L
55 HERAE T | A R 0 TR M A AL A
JSLRN G fifk 25 b J0T 04 8 Ak LA R SRR T R K (14 g
S [ 2A S RBAS0, SB450, WB450 R A 4

Yoy AR ) (10 g/kg, 20 g/kg.25 g/kg) jifi
T R g b X L pH AR, B IR A RS
WIN=FR A& EY A A pH {5 X5 B V35
REAR 0. 22 A B, AN [] B4 Rk 45 08 A6 ) o % h B+
B pH E R AR, ¥ =FR G =Y sk 20 g/
kg H@l s n s 5 K5 3% 30 d J5 . 13 pH HFEAK
W 2 43 53 A WB450 (0. 40 A4~ #fi7) >RB450(0. 21 4~
A7) >SB450(0. 19 A R A E PR WB450 Xf
1€ PH 52 o 83 R OB G A W) o e % 38 i
I 2% (0 B4 S AR 38 pH (E S V5 R ERIR B A4
BB pH A (& 2) BT A v Fh b RBHE & 2 9 /0N
A A RS pH H . i HE 5 B 5 A )
X FTER B pH (AR, AR B AH RIS 18, B IR 4T
i+ pH B BE & A W o it f 0 3 SE R S T
R A A W) < Re 8% B Ik - 18 pHE 2 R A2 9 o e Ak
J PO R T ARG O LA RR I R L B T 5 L BB A TR
Bt - 3 v A Ty o A g b kAR SR R BRSO L 2R
PRt A K, Ca™t  Mg™ " S5 B T 2 Wi gl B ik 5
- T R R A RS R B R B TR AR W i R
17, AT R A £ 398 pH (. = FlIR A& 2R W i A TR
WA EE R 858 pH (H AR 3 — B Bl A
(38 R, pH R AR R BE S 15 0 5 08/ . B IAS [R) i
(10 g/kg,20 g/kg,25 g/kg) W iR & 4= ¥ e X + 1 pH
B2 IRRL SR 43 31 k- RBAS0 (0. 2, 0. 21, 0. 15), SB450
(0.15,0.19,0.07) ,\WB450(0. 33,0. 40,0. 25) , ¥ W
AW e i /N FE B B AR 3% pH B BBEE 4
BT A S 6, - 33 pHL (i R T i 3 4 52 B Uy
HOF RN

PH 2 7 32 e o B 4 g £ L for 19 B B B LR
FAE T R IEANE S G2 vhag Uy J2 #E AT A M
R PEA DA B R AE L 4 JEAE O Y AR AR
& 2B AT AR G AR W ok I R R BE R T A
PHES Tt 1. HHEPHES FaCiae B & 1R A 4
Wy B¢ S ik ) 1S KM R 5 = FR A R BORRIES N
0T A 1 BH B T 28 e S R AT 800 B R RB450
(2.38,3. 88, 6. 50), SB450 (2. 88, 3. 88, 6. 50),
WB450(3. 38,4. 38,8. 38), (ML th AT L& Hi, 2 5 3
RE AW (WBA50) B F T8 38 Jr . BRer
A 5 it FH A 9 e kAR b P AR A PR
A& 4G 1 1Y) 52 W) A BRAS AT AR W) ok e 8 4 e - P B
R BRORAES B GE T A W ke o - Ak 2 M R
R 52 1] 235 SR 36 B A= ) 5 () 0 n e =2 348 fin - 38 BR 5
e R 1.5% ~58. 2% . SARBFR S RAH L,
Xof SR Ty 4 v R EE A
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CK RB450 B450 WB450
10 g/kg 0 20g/kg
2

2.3 AEARGBEYRMNTEEMFSSENTME
TSR A A 4 o b 30 18 0 R0 R A
SRR A PR 4 B B BESE 288 i 10. 76 %4,
53.62%,88.61%,94. 98%,530. 33%, #shN RBAS0 & 54
i 39 BB R RO A L B T 56. 5290 ~178. 26%4,
48.20% ~181. 01%, i WB450 [ %y A | % - 158 35 %k
B R B 2 AR R AICR . B WBAS0 S AR AR C LR,
XiF 3T ML 1 B v B R B T 240. 3100~
915.86% . —Fpik A 2 4 e onF 5B R AL
By 9k RB450 (1. 56% ~ 14. 06%) ., SB450

293
8 -
B
6 s f
Q
S4r
| %: %E %E
IEE B B
CK RB450 SB450 WB450
EH 25g/kg O 0g/kg

AMARREEYWHRE T pH & CECE

(7.81%~14.67%) . WB450(6. 25% ~14. 06 %) , =
FIR A A W A A ], 3 BRI W
255 o (Al — AR R ES 0 £: 18], 4 8 5 40 B 5 B Bl
S R ARG T T A BB R R e R R OK
XHAEY A B Sk RS A G, SRR GL RS &
Yy pe SN e 2 P T AR E R R S L R
A=) RS 7 A TE L B H AT L BB 8 AT S0 B R 4
T o1 B AR B b i 45 2% s R IF A ) kA B A A
Yy A K BT B FE 43 U IR R - 58 A B B i KR
FEHE L s T R R IR .

3 FMAREBEEYRELIEREMFALEE
R T BA/ R/ AR/ R/ LR/
(g+ kg™ (g+ kg™ (mg * kg™") (mg * kg™ (g kg™
CK 0.6440.01 0.23+0.01 23.0740. 27 228.17+19. 61 5.80+0.51

10 g/kg 0.6540.01 0.3640.01 34.1940. 21 411.05481. 24 13.9740.19
RB450 20 g/kg 0.7140.02 0.3740.01 39.7140.03 434,13422. 45 35.91+0.03
25 g/kg 0.73+0.01 0.41+0.03 64.8340. 81 456.56455.47 55.8640. 88
10 g/kg 0.6940.08 0.2940.01 31.2040. 81 367.27E£71. 24 15.2340. 69
SB450 20 g/kg 0.7440.03 0.3340.02 37.26+0.58 407.23419. 61 33.78+0.22
25 g/kg 0.75+0.01 0.38+0.06 56.23+0. 34 440.29421.55 56.7740. 41
10 g/kg 0.6840.02 0.3040.02 29.8940. 27 455, 23432. 41 17.6540. 34
WB450 20 g/kg 0.7040.01 0.35%0.01 38.1140. 21 479.07440.01 41.03+£0. 28
25 g/kg 0.7340.01 0.3940.06 60.1940. 84 553.14£61.02 58.92+0. 81

2.4 FRBEEYR LEBFEENT M

TR T 3 7K R A - 1 b A W A BT I A R
FHIE ARG BE &, HL G M mT DA e 18 v ) VPR R
I A B A 38 AL B 28 0 A R R 0 R il R 2
PR 2 A LA 43 v e SUSEE 9 /K i, R R AE £ IR
B A IO 5 R i Ao Sk S P T LR B - A AL
JoE 0 7 KT I ) W L AR

i 3k = P B 3R IR & B it FH A 4 e T 4 v
H IR Al L DR R O R AL SR I TE M . AR 3 W LU
S IR G A ) e - S TR I 1 0 PR 3 R T A LT
HECCKO) 38, 1 FL i 25 25 40 o s o it %) 3480 & 98
T 1) 35 AT AN R AR 4R . R A W ke X
- 8 T W S M AR 4K R : RB450 (9. 09 % <C29. 09 % <<

60%) > SB450 (3. 64% < 12. 73% << 50. 91%) >
WB450(1. 82% <C18. 18 % <C50. 91 %) ,» = Fh iR & 4=
Wy e R A S5 R 8 T P 52 e %R O RB450 > SB450
=>WB450, {H 22 5 A 5 2, AN [7] B8 i f Ak 28 6F + 48 3
Tl 7% M 52 e 5K e K BRI (25 g/kg) AR
F IR HEE . TR G AW A IR AS n A Ak B X - g
IR Tt 5 1 5 e 25 R 5 R W il LA A [R] AR A i A, AN TR
4 J2 49 IR 1 % M 52 WB450 520 L RBASO K, % +
SF UK Tt 355 M 5 e R K AU N 25 g/kg 19 WBAS0, 4
IR 42,85 % W AR ¥k 3 b o AR A U
T PR 3 T B - g R IR G AR W R 1 it A
b UG TG M B A R UEAE T . AN ) 9 AR 0 S i i
+ i AR A S T AR AR AR 25 S IR N i
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(10 g/kg) XF £ 45 3o S Ak SR G Pk 0 0 28R 2 3
F TN (25 g/kg) s RB450 4b B X 4 3 1 A 4k &
fifg i vk B A B AR YA 3 SB450, WB450,

~ 1.0
0.8 % 3 £

0.6

0.4 r

02 r

TEREBE VS t/(mg + kg™ + d

0

CK RB450 SB450
08 | = - =
0.6 %

0.4 |

HHHHHNHHHEHNNNNIE 2|
HEHHHOOHHOHHHHN = |

JIR BB 3 M/ (mg - kg« dY)

CK RB450 SB450 WB450

1.6 |

)
[rar !
i

R

N
i

R )
i
i

SB450 WB450
B 25g/ke O Og/kg

0

CK RB450
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i EAL B M/ (mg - kg + d7)
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»

10 g/kg

B3 EMAER A& WA T
3 8
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BRECOM%FEREN EEEA LS

(2) =AMEA AW s T LAREARER B + 1% pH {E
55 HE - A HSF R T 0. 22 B, IR AR A
WBA50 X +-3 pH (R MRCR i ki 3% s —FR A4
RAFEGINE AL PR 38 pH (28 (b a3k — 3%, BBl %
PN B3GR pH A REATCIE BE S 3 s v s = ARG
A=W B IMA KW B4 8 T 38 BH B 73 48 . HLF
A BRI 38 K5

(3) IR A AW AL FRAY + 58 B AL B
RO BRCE A LBk S i 4 i b X B 18 88 m
10.76%,53.62%.,88. 61%.,94. 98%,530. 33% ., K
GV B RGN e T R R A A
RB450 == B 1 Jin S % 1 20wl & &t 1 % i WB450

R T R A KO, AR G AR i b
], HIELS A S R AIR A R ER.

() IR A A 4 5 e 4 M v = Pl i 5 2k 2
Fa A (CK) 58, =R & A9 et + 98 i b
it 5% P 5% A 20 SR R - RB450 > SB450 > WB450, H_ifi
W T T B I TR 5 YR A R W R AN RS
A X A 9 R G T R SR 5 R Al L AT A [
A Al A A [ ) R R il O 1 22 WBAS0 52 L
RB450 K5 A [a) 1 A 9 o 5 0 i %+ 498 3 40 Ak &
TR AR AR AR AR 22 5 IRV it (10 g/kg) X+
5k AU Ak U I T I AR R S T S i (25
g/kg) , RBASO Ab X + 33 0ok 46 Ak S M 05 1 B 2 %
123 VE F 8% SB450, WB450,
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