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ARACHE KA B ) 20, BRZERE AT 36 B /S ol TR
B, AT M AR ARG S (SO0 LA B 42 15 A
JI69 B, BRI BE S B SR 2 AR I E A AL
WEMEARRIBER S ]ESHNIESRT Y. B
HRRERL T T AR AR, JE A R A 3 M T WA
HRRAT )RR AL BT D4R R, e TR TR R
AR5 T R BT R 2 e

BN FAMBBRS B A TS K25
HRTE LRI 3 5 - S B R O T SR AT
2 T SNEGR X A W) AE AR SR AR AR R,
T A0S MR F » 18 W R L S R
FEFLL R SR AR A S5 R R 5 AR A R B
(] PRI 8 A= U AT 3 74k, BT AR S PR
TEA RO EEARTE . BB R L

ST IEAR N oY N N d R N R 25
SRR BEAT + e SRR, RIS US A R S YAk
XFIR A A £ 08 A SRR DA K A S AT
BRI AT SR R RIS MR BR PR 18 S R AL R £, 32
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1 #R5FE

1.1 KR

WISF 2017 4F 4 A FARIR I R¥EFES
B8 e SR ab SF e ST B SN 07 b S XK AN
WECE A 6500 EBAIFRM (IR 5900) A
CETBREE 74%0) , BT AL AR ) 4 4k, At 4 458
B WA /R E T IE AN W FH % ) BH A% S 4 b g 7
BB B E L, X ENERME S S’
Wk 1,

®1 TREMRSEE

Table 1 Soil basic nutrient content

WA R TR AR e B SR
Available nitrogen Available phosphorus Available potassium  Organic matter ~ Total nitrogen Total phosphorus Slowly available potassium — pH
/(g kg™ /(mg « kg™1) /(g kgD /(g kg™ /(g kg™ /(g kg™ /(g kg™
67.03 32.4 94. 67 11. 42 0.72 0. 65 5.85 6. 60

1.2 RKEHE

RIS E 5 A, 43918 CKOW R . T
(LA THQO % LM+ 80 % 1B ) \HBED \F
UBFERREN , BRI E 5 WE L FEPLHEES . %

MR BEES 3 2 mm 5, O HBEE HUR S
BIINE 3 g« kg s AN L P A IR [ SR
BJF M 1 mol « LT IR R MM H ik A LL =
25: 1, &1 kg X HIERAFMERIE 2,

£2 MNERFIME

Table 2 Exogenous carbon addition g
AbFR Treatment CK T TH H F
ZIAH (&R 65%) Brown sugar(C65 %) — 15.32 3.24 0 0
WEHE B 74%) Lignite(CT4%) — 0 113 14.2 0
FERERR AN (AR 59 %) Sodium hurnate(C59 %) — 0 0 0 17.82

T — FRAIRMSNRK .

Note:— means no exogenous carbon is added.

FEAL B B+ A A B2 E 25 mL 7S
M B TUMAE % 20 ¢ £ BB AT
MEE T LL W) DS, 84 DS 84~
MM, 3 2 AS/NBERR, 435367 0.5 mol » L7
9 NaOH ¥ 20 mL Fl—E R B ZEME K, [
R E R 2 P MO R 2 HACEE, K O

ML EARE S, & THOE HIER 25 C Rk
T, EFRERIN 60 d.

3R TREFEIT RIS 2.5.10,15,25,35.45,
60 REUH )™ HH A 2 NaOH ¥ W /NGE AR T
B L NP A, AR I IR A5 5.15.35.60 K
BT AR B 2 A8 5O BT
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—20 CTHERMRAE F T % RS 5 ik
YRR R
1.3 TEMNE

+ A LT SR % R PR A Bk A
TRUI I 5 A P SR R A AR MR s T
5 5 T IERETE Mk SR FH S BERY i vk , L
JOR T8 0% A R P e B B S 0, T RL 24 h
J& 1 g T4 NHs-N Z 58805 ; TIER LIS
PR A 3, 5- AR KA IR L kD W RE L T A
24 hj5 1 g HIEPHEEZ REGRR; TESW
FALERE PR AR e Y W, LR T
MY T 1 ¢ HEERUERM 0. 01 NI, Z2HHER
7 s i A S BEE HER F R R s v I » T
PELL 20 min J5 1 g THEEFER 0. 1 NKMnO,
ERABERMNMEDERSERASEE
K,SO, B, TOC H sl E .
1.4 HEsHH

SFHI SPSS 22. 0. Excel 2010 %4 #E47 %4
AL R Sigma Plot 12. 5 8RR EIRA L.

2 GRE5HMH

2.1 TEMREESHEEWTN

H &l 1a AP, 3G FERIET 25 d, K4b 28 1 HEIT
W oK 23 ) AR A A 438 S U PR 1 I, SR B 0 AE
JEFFIR T B IT T35 2% 0 0 5 10 38 B AE X S 4R
LR 2 R, T AbH B PR ok 205K B I {6 A
3.25mg + g '« (2407, BRUAERK R T>
TH>H>F>CK, T.TH.H.F 4b#% CK B2
B 592.26%.257.37%.111. 90%.52. 77%, ¥4
F5 5 KEFL,F.TH 5 CK AbB A SR , & 4b B
*Z% T>TH>F>H>CK,*+# T.TH.H.F
AhEL A CK B EF &l 311.47%. 144.41%,
38.50%.42.68%,/ H 5 F b HZE R A B E, 1%
FRIEE 5~25 K, 2 b BRI I R T e, 3R
Pk T>TH>F>H>CK, 7ERFM 25~60 d,
H.F.CK AbBEREIR 3 AR /N, H =35 Z ) 22
FARE. HE 1b o LUEH , T IEIFIR R R
% BE R [R] A HE RS 2R i, B B R PRI
JE B, A B XN T>TH>H>F>
CK, 153858 60 R, T.TH,H.F 4bBRAYIFIR 1
BEE® CK BZ 5 H 714.07%. 352.02%.
76.00%.58.88%,1M H 5 F b AR ABE .,

()

AR
Soil releasing rate

/(mg-g'-(24h)™")

- F
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/(mg-g")

TR

Soil accumulation

02510 20 30 40 50 60
HEFERF ) Incubation time/d
1 HmmsdEST LIEFREES
HIEMRR RS R
Fig.1 Effects of adding exogenous carbon on soil

respiration rate and soil respiration accumulation

2.2 TEMEYEHEMTE

& 2 A FEFEAN R SR I, A AL BRI 1
Y BT ZE A BRI RTHITHR 5 % i
o, Hf g Rm Ay T>TH>H>F>CK,
FH%E 60 Xit, T.TH.H.F 4% CK 4515
Hi 156, 55%. 125. 38%. 23. 67 % 20. 72% ; B A 1%
RN TS TH AR BZE S FHEALASE, H,
F.CK A =F2Z[HZRARE. HindFpsME
TR Y B B 5 T CK, 4 FhA 41
Yo i AR R ik 04 3 m A AR S8 T> TH >
H>F,

0. B OT BTH @H BIF

251
20

151

MBC/(mg-g")

1.0

05

0.0

B2 371 ) Incubation time/d

B 2 &mohEwT LIRS SRR
Fig. 2 Effects of exogenous carbon on

soil microbial biomass carbon
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2.3 TEEEEMENTN
2.3.1 FEEFRALERIG

HE 3a AILIEN, T ALY TH 43 + 15
AL BTG AL S 0~15 d B TH &, 15~
35 d B TR MG 35~60 d BHf FF 54 15
REAFFF; H 40 Y 1 58 7% A0 B 36 12 0 -
F,CK 5 F AR e G R e sl 0~15 d
B LT, 15~60 d BT T RE, EFRE 0 KA, &
AL EEIE RS T>CK>TH>F>H,T
AP B E R CK 12.31%,CK 45 B E & T
TH.H.F 4b3# 24. 41% ,122. 86 % Al 78. 16 %, 1fif
KR 60 KA, KA BZEEHERIAA T>
TH>H>CK>F,T.TH.H &t #4358 & 5T
CK 64.11%.51.45%.62.54%,
2.3.2 HIERRESIS T

&l 3b BT LLE H » &40 PR [A] e I [B] AR 4k, £ 1
R B AR L v 8 0~15 d B# B Th, 15~
35 d A T I%,35~60 d BEAB TV, BHREE
0 K, B FIEER AR N T>TH>CK>F>
H,H T.TH.CK &b B Z R 7 A B E; K4 H
¥ITESE 15 REFIA B, IR RIA N H>
T>TH>F>CK,H.T.TH.F 435 | 8 &5
i CK 24.76%.16.87%.10.07%.7. 40%, ¥4 3
¥ 15~60 d, T, TH.H.F b B> MR AN EE.

50¢ 2 CK aT B TH EH B F

20

ARG
Invertase activity
Amgg™(24h)y")

TS =a

[N S
Urease activity
J(mg gt (24h)y 1)
[=
[
<

=0

(X
%
K
)
<
<

KR
XXX HXHHHKXX]

PR

<

=
T

Tz

3% 770F 18] Incubation time/d

B 3 #mshIEmRx T 1k B S IR i R
Fig. 3 Effects of exogenous carbon addition on

soil invertase and urease activities

2.3.3 TELTEAEEEEN:

B 4a ATLVE W, G5 0~5 d, S4B
AL S M R R, 5~ 15 d BT T B,
15~60 d Ba#HFEAR AL, FHRME S K, &
Wb Z R R A T>TH>H>CK>F,T.TH 4t
PES CK B2 5 H 53.67%.22. 46%,CK % F 4b
iR 42.03%,CK 5 HANHZ R R EE,
KEFRIEE 60 KRBT, &40 B (Al TE MR TH>
T>H>F>CK,TH.T.H.F ft A BB EEH T
CK 25.06%.20.57%.18.35%.,15. 65%, T .H.F
WHEZRZERADE,

2.3.4 TEEZBEIREE

HI P 4b W LA HY 5 & A 38 22 [ 15 P R ) B
BERFIAI R/ N K R FEI N T>TH>F>H>CK,
T Ab3EF) 1 2 By E AR AR b a3l 0~35 d
BT B F SR 35 R iR E(E, 35~60 d & #T
TR TATE A A AR b RS B R e 3 SR B] A 3
KM% 8 75, TR R I3 60 X, CK T, TH,
H.F Ab38/ £ B S AT IS MR 0 R4 515
38.78%. 32.48%. 26.48%. 14.50%. 54.39%,
T.TH.F.H 435 5] B & & F CK 95.26%.
62. 25%.29. 25%.,10.19%,

2.4 *11EEES MBC, TN > (8 Spearman 1
XS
REF R, HIEFR AR X

2 CK aT B TH EH BRF

o —
=l [S¥]
T 1

©

AT
CAT activity
<
[=x}
-

/(mL-g"-(20min)")

0.9

/(mL-g™")

0.6

D BT
PPO activity

031 [

R FEMFE] Incubation time/d

4 FmsMERST L CAT 5 PPO &4 AR
Fig. 4 Effects of exogenous carbon addition on
CAT and PPO activities
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BB PRI Al AR D0 PR TR AR ) A E B AR R
PR R R+ R R IR SR R AT
A i T SIS RS » LR BB PR B0 B 200 5
HEYIRMIS SR o TR Y A AR, S 2 £
By AR RN R —. TIERE Y T
H Iy P ERIE R A ML Z — AT RLSRAE
ey B Re A QI L AR R, 1T L vl LA S A £
PRI R ESHERBEMR SR — T EHEAY
fitr. MBC.FFIGE R KRR & 518 BT E
(Y 4 FREEZ M AR R AN 3 Fizn .

MR 3 ATLUA L B P ETIE R 4 RS
MBC. e # R KRR & 2 6], Bk T kA5 MBC
AR+ SR R 2 ] S B AR AR O, KB
3 P LB BEA R KR

=3 LiEEES MBC,LIEFERZ H
Spearman 8L H

Table 3 Spearman correlation analysis between soil enzyme,

MBC and soil respiration

TiH m R SREEEREY SBALERE

Items Su, Ur. CAT activity PPO activity
WA YRR
0.588* 0.266* 0. 467 ** 0. 541 **
MBC
TR G R
0.689* 0.286* 0. 493 #* 0. 508 **
Soil releasing rate
TEPERE
0.652* 0. 697 % 0. 728 #* 0. 717 **

Soil accumulation

o REZRRBBE (P<0.05), > RELEFHIREE (P<
0.01),

Note: * indicates significantly different at level of P<C0. 05, ** indi-
cates significantly different at level of P<C0. 01.

2.5 TEMEYEEEFHERSOW

12 i 2 B A4 R S i B T RE B 7 I
FEbR AT R 4E /Y R F 439 F§ KMO F1 Bartlett
RIEEKE ST Hir RS T, 268,
KMO {6 =0. 774>>0. 6, )i, B &8 45 Z 18] 5 5%
B RAE S, i i Bartlett FERIE K 3015 9) B 3
PE=0. 00<C0. 01, 1) B T 356 B A JLA™ 48 = 8] )
PLitEA T B F 58T

gk 4 fim, iy 3 BT Bt simk
FIRF) T 83.60% >80% , 1 W R4k 15 2 By X T
e BHKE <20 % 7E A VFTE N, BEEER 3 1~
F AT DARFR MR LAY 4 BT B A 48 1 488 76 4 X
R

R4 RERTFHEERESHBRHEE

Table 4 Rotated component matrix and initial eigen values

i H Items F1 F2 F3
T EE Soil accumulation 0.905 0.170  0.022
AEYEREME MBC activity 0.776  0.096  0.459
LB LS M PPO activity 0.619 0.551 0.158
% Ur, 0.009 0.928 0.189
$:{VEg Su. 0.431 0.812 0.137
HEEEEME CAT activity 0.011 0.174 0.925
BRI BEGR #E Soil releasing rate 0.448 0.180 0.768
FEAEAR A 3.730 1104 1.017

J7 ZFHRIR Variance contribution rate 53.29 15.78 14.53
EFHTERZE Accumulating contribution rate/ % 53.29  69.06 83,60

2833 F AT 434 1T UK RE B LA~ $8 AR 13
N 3AMNARETFLHE I AAETF FLAS T IR
E& 5 MBC.PPO i% 3 MEIREE 8 2 NMAH
FHITIRE S5, % 3 M EFEET CO,
B RS CAT Wi E B iR B F
SR T (B A ) R AL O RRAE R B, BT LIA5E 2] g
AR+ FE AR Wi VY 3 D FRA R TERAME
ER: F1 = 0.469X, + 0. 402X, + 0. 321X; +
0. 005X, +0. 223X; +0. 005X + 0. 232X, , F2 =
0.162X; + 0.091X, + 0.524X; + 0.883X, +
0.773Xs+0. 166X +0. 171X, , F3=0. 022X, +
0.455X, + 0.157X; + 0.187X, + 0.136X; +
0.917Xs+0. 762X;, HH X, . X X5 X, 4%
B IER L B & MBC,PPO, Ur. . Su. \CAT, It
W R AR AR AT B AR AL S I B (B, 43
A EFAR 43 LA 22 TUBR IR A ACEGHEA T IAGR
HP1R3IER 5 PR ARRAE DTG MM E 54 e
AR 5HEARER.

R FE R AP A, s 7 MER
W3 MAEFRASHTEEHA G, S0 HES
K T>TH>F>H>CK,

x5 EHIOWMEEESEHE
Table 5 Principle components analysis (PCA) synthesis

score and standing list

Ab g6/ SEHA
F1 F2 F3
Treatment Composite score  Rank

CK —1.135 —0.868 —0.260 —0.932 5

T 1. 095 0.739 1.524 1.102 1
TH 0. 208 0.116 0.195 0.189 2

H —0. 356 0.529 —0.507 —0.215 4

F —0.129 0.066 —0.773 —0. 204 3
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PR B 38 2 N B, IR B A A IR kA R
FRAiEsh, X 2 AW AR 1 MR = A (e HEE
F 3 5 AN OB SN et AR et +
SECE Wy R A R RS S A,
1) [RIREIA A e FR R JR 0 B0 - S P 0 B
LR EA ERIERNA R FREYERS
BRI, X 4 PG S AR A I 4t AT L
B BN B RN T RS P B
A1 IRk A2 HE T FENE R I IE M AT T IR
TEMERG I ARE T R IR, Ak vgos 1 ik
VIR AL A 35 B, BT DLRAE £ S A P AR ) B 4R
U G HLERRR , BRI T o AL RS
PEHGEIE S, 5 B LR WS TR, X5
AN B ETI RS R 8. IREEET L
¥ LIER AN BT o HEHE =Y — R 2
MR —, F I ARG . RS
W ERE LEA VLA &R, AR
RIHOhAENIER R, ZiRm 5 =R
HNERRI - & A PR R B I P U T R T
R, X 5B BEE L IR INFE R0 20 PR B
M AR 5 R —3, RIS EAL S BRREEFI
TP A, AT EAL L IEH ALY
BT T HE MBS R Z By EALBBER T &
At IR, RS E R — R Ak
2R A B BRI e e AR
BRI IR T LR A AR L K 2B R LB
BTG IR T sME iR 5 P B ILRS S
B A R TR AR, B3R A i BB R T,
X5ZEE i FE RS R - B
TINAMERIR R T AL 4 R+ 38 BT, SR T 1S
PEXGR 2R D) S AR R I B F ik TR 1 5 4 i 78
BE. MAMERRRT T B BRI PR R E LA
T SA i 25 55 00 A T, ST A AL B R A L T
WESEHERNZ REZRABE. WTLIAR,. 4O

B (T b 3R AERT B A LB 0%, i I 4R = T
TIEK TR AE Y TG, RE MBS T
WS35 X 4 FREETE PEAB AL — 20 UEH] T 4
InsNELRA #4385 E AR 1R F A R
fniRfb R+ A&, 3833 Spearman AHE M4
Wl AR B, + 55 {0 EE Su. . +3EAREE Ur. .+
B S LSRG CAT DA K H1E L WA LR PPO 14
S R AR Y AR ) R BIE AR, MU BR R
E 338 2 0 P B, 1T DA AR PR - HE R
AR B R AR T KPR — N8 AR . A AR
Wha » IR P02 1 1 I R 3R 40 B ARk A
TR VKA EUE R AR FBWAER KR
WRAMEmRN R R H YRS B N E R
i o 4 3 SCAHT

4 it

IS AN N B 4 i SM IR 34 X - R IR
B, DM RR S B 4 R R (I
1CHE ., + RUREE . LR S E . IR EA
D AR, B IR 1 A o h g ] LI N
TR AT B, e m AR YL . AR
(D) 2B+ ¥ 4 (THD (B (HD BRI 9 (F)
Z[A] ELEEAS . 4 Bh b IR A 1 84 YRR ) B9 4R
FRORIA R, H P 200 (D BRCR B UF 208+ 15
Fi CTHD R Ha 5 (FD 5 JE 5 R4 (F) Z 1] 22 5+
ARE. aHENER, RIK EERMN T ZERE
2%, BIREG RN . AR HEREE R Ak
XA [ 25 S B0 £ 4 o Ak 2 L B gt 48 A
AR TE 4T B A A X Z08 SR ph b BRI, T
AN Sy fois AR 8L 345 DR TR AR B A » B BB 4k
Bt REGEEHAMILS.
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Effects of Different Exogenous Carbon on Soil Respiration, Microbial
Biomass Carbon and Enzyme Activity in Degraded Black Soil

MENG Tingting, ZHANG Yufei, MA Yuxuan,ZHOU Sen, WANG Xiaochun, DAI Jianjun
(College of Resources and Environment, Northeast Agricultural University, Harbin, Heilongjiang 150030)

Abstract: In order to screen exogenous carbon species that could improved biofertility of degraded black
soil, brown sugar, lignite, sodium humate were used in this experiment, Soil incubation experiments
were carried out by setting different exogenous carbon into 5 treatments and used PCA (principal
component analysis) to screen the best treatment. The treatments include blank control (CK), sugar
(T), lignite (H), sodium humate (F) and brown sugar + lignite (TH). The effects of different
exogenous carbon on soil respiration, microbial biomass carbon and related enzyme activities in
degraded black soil werestudied. The results showed that soil respiration rate and respiration
accumulation added four different exogenous carbon in incubation earlier stage showed T>TH>F>
H>CK, but laterH, F and T had no significant difference between CK. Soil microbial biomass
carbonincreased as T>>TH>H>F>CK by adding four kinds of exogenous carbon. Adding exogenous
carbon could promote soil enzyme activities. With time changing, the soil enzyme activities in brown
sugar treatment were the strongest. Comprehensive score ranking of principal component analysis
showed result for T>>TH>F > H > CK. Therefore, the exogenous carbon would improve degraded
blacksoil microbial activity and biological fertility. Effect of brown sugar treatment (T) was the most
significant in the four kinds of exogenous carbon treatments, followed by brown sugar+lignite(TH)
treatment.
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