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Abstract; To investigate the response law of organic carbon components and carbon conversion enzyme activi-
ties under different fertilization models , this study focused on long-term soil fertility tests that began in 2009 , select-
ed no fertilizer( CK) , fertilization of chemical fertilizer( T1) ,organic manure with chemical fertilizer( T2 ) and fertili-
zation of organic manure( T3 ) four trial processing. Compared with CK,T1 treatments, T2 and T3 treatments signifi-
cantly improved TOC,DOC,MBC,ROC,CPMI and S-CL,S-SC, S-B-GC,S-PPD and S-POD. Pearson correlation a-
nalysis showed that DOC,MBC,ROC and S-CL,S-SC,S-B-GC,S-PPD and S-POD were extremely significantly posi-
tively correlated (P < 0. 01 ) ; Path analysis showed that S-CL, S-SC and S-B-GC directly affected the content of
DOC,MBC and ROC,while S-PPD and S-POD mainly played an indirect role. Principal component analysis showed

that the comprehensive effected of different fertilization models on active organic carbon components and enzyme ac-
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tivity could be divided into two groups:CK and T1 treatments as a group,T2 and T3 treatments as a group ; com-
bined with principal component analysis comprehensive score and analysis of variance ,the order of different fertili-
zation measured affecting soil active organic carbon components and enzyme activities was T3 >T2 >T1 > CK. The
application of organic fertilizer was the most effective fertilization measure to enhance the active organic carbon com-
ponent and enzyme activity of tobacco-growing brown soil for Shandong smoke zone.

Key words : Tobacco-growing brown soil ; Fertilization models ; Active organic carbon components ; Carbon con-

version enzyme activities
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HTHIEHZ (0 ~20 em) ZEARBRALPERR K . pH {4 KRR AR (15-15-15) BRR A (0-0-50) .
5.56(1:K=1.0:2.5), AHLF 11.66 g/ke, fiF  BEIR 8 (1640-0) AHER AN (13-046) F14- 35 (&
&.52.69 mg/kg, A AL WE 10. 60 mg/kg, H AL H N 11.40 g/kg,P,0510.15 g/kg,K,0 19.55 g/kg, 5

105.25 mg/kg. 25.20 g/kg, B 16.00 g/kg, A LK 201. 27 g/kg)
1.2 RWi&it FET V)7 P 2 R B A T 1B AT, A AR PR A
AR B 4 A BN 3 RELE B R NER 1,2,
HLX A BT, 23531 0 : QA E (CK) 5 @ Hujita A L F1 SHBLEHEE
(T1) ,@4{55%*}“@@5]@( ) ;@ B A PR (T3). Tab.1 Application rates of each treatment
FH/ANXHEAS.0 mx4.4 m = 22.0 m*, HEREEAH 5 FEREJL (/b YU
NG 89, 4 5 T LR (T m e e e/ (/)
0.5 m, 4 /NK AR 40 Hk, B9 2 3 (HORLAE, LR N PO, Ko T
AYFEREHR AR FGE AR 3 Wk i R R A AR K 0 0 0 0
435 kg/hm® BRlRHH 225 kg/hm® ; $2 15 NE 2 B 4% 1+ ife Tl 82.20 83.25  249.75 0
FHEOBARR — %% 45 kg/hm® JENERFERRIS 30 d i 14 T2 82.20 83.25  249.75 15.00
BFREN 75 kg/hm® FIAYFRHR 75 keg/hm® , Atif AR} 3 0 0 0 22.30
F2 HiAGAETHABHEES
Tab.2 Inorganic fertilizer application rates of fertilizer in each treatment kg/hm’
N P, 0, K,O
G OB HEH ZEH HEH
Treatments Compound  (NH,),HPO, KNO, Compound  (NH,),HPO,  Compound K,S0, KNO,
fertilizer fertilizer fertilizer
CK 0 0 0 0 0 0 0 0
T1 65.25 7.20 9.75 65.25 18.00 65.25 150.00 34.50
T2 65.25 7.20 9.75 65.25 18.00 65.25 150. 00 34.50
T3 0 0 0 0 0 0 0 0
1.3 #mRESSH PRI EE (A, ) s BT L 2 500T LAAS Y 3tk P 45 3

T 2018,2019 YR IG , H G BFEEE R 4550(CPMI, % ) ™7 .CPMI = BRI HEHL(CPT) x Bk
0 ~20 em T RSFEUPERAE: — 01 JEEEFSEL(AL) x 100; + Y (SME, % ) = it
SERES 4 COAF T T I SE 138 DOC FI MBC 5548 WA MUBK (me/kg) /A5 WUBK (mg/ke) .

b B — AT ISE 0. 15 mm 0, JHFWAE TOC,  1.4.2  JUTPHEEE M JUTTRE

ROC FIBRGE AL BT P 2545 5 (GMEA) BZEA AN L8 E Y R R iRz —
TOC & HT1300 Z3#H7{X (Jena Analytik , £ ) GMEA = ( S-CL x S-SC x S-B-GC x S-PPD x

W s ROC K AT 333 mmol/L-KMnO, FALIEME ', s.pop)

DOC KH K,S0,-Multi C/N 3100 43474 (Jena Ana- K. S-CL NEFYER M ; S-SC N FERENE ; S-B-GC

Iytik, ZERED W52 ; MBC R AN EZR-GMRANRARTE oy B AR MEF I ; S-PPD 4y 25 W 48 AL ; S-POD o 3t

M= AT

R ACE TS (LT AR R PR BRI AE 1,43 IR R Excel 2019 4RI i A7
Tt Z By A AL B A AR ) SR BB OLIEAE KR, SAS 9. 1 AT RA R R REALIX 41 )7 2240 M AH K
PIBARA PR wl B Bt 0] S A il a2 PESYHT IS8T 38 42 0 H R R 5 e T, 25 5
1.4 HEHTESHH FEVE 53 Mk H Duncan £ 8 LA U7 %, 2R H Origin
L4 1 BRIEEHMIERITE AW 2018 HET4K,

(2019 4F) At} BEEA T 4 S PR A PR B0 118 +

BPEFRH(CPL) = RER A HLBR & it (g/ke) /5 2 BRSSP
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23,4, FEEREIEAFERRARE I, 5 CK.T1 4 PEAR L,
T2 T3 ARFE E3E T TOC .ROC .DOC MBC & F
CPMI(P <0.05) ;T2 % CK.T1.T3 S&Hahn T I3

x3 FEMEEZEXI L5 CPMI KT
Tab.3 Effects of different fertilization regimes on soil CPMI

DOC/TOC .SME(P <0.05) , % % W A LA it 1
Xt A MR RS AT BE S A B AR AE D, 3 1 R

e 2018 4 2019 4
Treatment Toc RoC CPMI Toc ROC CPMI
/(g/kg) /(g/kg) /(g/kg) /(g/kg)
CK 4.66 £0.03d 0.51 £0.01d 61.37 £1.00d 4.72 £0.14d 0.49 £0.03b 59.03 £3.42b
T1 4.82 £0.05¢ 0.58 £0.02¢ 70.75 £2. 15¢ 4.95 +0.27c¢ 0.55 £0.04b 66.86 +5.30b
T2 6.16 £0.09b 1.00 £0.02b 127.96 £1.96b 7.82 +£0.27b 1.10 £0.18a  138.78 +6.14a
T3 7.18 £0.13a 1.24 £0.04a 161.21 £5.43a 8.05 +0.10a 1.34 £0.33a  176.25 +12.22a

T B[R NE FRR RN A PN 22 5 35 (P <0.05) . &4 -5,

Note ; Different small letters in the same column mean significant difference between treatments at 0. 05 levels,respectively. The same as Tab.4 —5.
4 FEMEERX 1 DOC K MBC BRI
Tab.4 Effects of different fertilization regimes on soil DOC and MBC

br
At DOC MBC DOC MBC
Treatment
/(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
CK 69.36 +0.93¢ 41.47 =1.51c¢ 67.46 +1.07b 40.87 +1.36b
T1 70.49 £1.69c¢ 39.73 £1.28d 67.81 £0.47b 39.09 £1.66b
T2 98.40 +1.28b 63.67 £0.67b 112.22 £1.34a 71.39 £1.56a
T3 102.83 £0.46a 71.25 £0.70a 113.30 £0.54a 73.48 £2.78a
Qb3
DOC/TOC/ % SME/ % DOC/TOC/ % SME/ %
Treatment
CK 14.89 +0.29b 8.90 +0.38¢c 14.47 +£0.32¢ 8.77 £2.37¢
T1 14.55 +0.51b 8.24 +0.35d 14.06 0. 26¢ 8.10 +2.58¢
T2 15.97 £0.11a 10.33 +£0.26a 17.37 £0.46a 11.04 £0.09a
T3 14.31 £0.21b 9.92 £0.28b 15.00 0. 25b 9.73 £0.26b

2.2 A[EMERRAR X R AL B iE 1 R 200

S T it AR 2 Xk G AR TR 1 R A s ) L R
5. T2 .T3 % CK.T1 AbHE 35881 5 Rl %1k

T1 <T2 < T3, Z& LA, 5ot s e it A ALAE BE 1%

A AE (P <0.05) s JLT-F- X% ME R BLA CK <

®5 AR LR EEE RN
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Tab.5 Effects of different fertilization regimes on soil enzyme activities and index of enzyme activity

2018 4
Ak 3 UK TR BT A i Z W E AL R LT RS
Treatment /(mg/(g-d)) /(mg/(g-d)) /(pmol/(g-d)) /(mg/(g-d)) /(mg/(g-d)) Geometric mean
Cellulase Invertase B-glucosidase Phenol oxidase Peroxidase enzyme activity
CK 2.34 +0. 14d 4.12 +0.22d 6.54 £0.41b 5.78 £0.35¢ 1.25 £0.04b 3.04
T1 3.15+0.11¢ 4.80 +£0.11c 8.07 £0.32b 6.14 £0.33¢ 1.25 +£0.05b 3.92
T2 5.55+0.21b 5.99 +£0.11b 12.37 +0.25a 7.58 £0.25b 1.38 £0.02a 5.33
T3 6.16 £0.21a 6.96 £0.32a 13.35 £0.54a 8.69 +£0.52a 1.39 £0.08a 5.86
2019 4F
b prye— WREG MM ZMAm  dRkDm LT
Treament  /(mg/(g-d))  /(mg/(g-d)) /(umol/(g-d)) /(mg/(g-d))  /(mg/(g-d)) Geomeiric mean
Cellulase Invertase B-glucosidase Phenol oxidase Peroxidase enzyme activity
CK 2.05 £0.34d 3.57 £0.24d 6.51 +£0.26d 5.09 +0.68d 1.13 +£0.03b 3.07
T1 2.88 +£0.17¢c 4.67 £0.02¢c 7.51 £0.34¢ 6.11 £0.36¢ 1.19 +£0.05b 3.74
T2 5.67 £0.05b 6.82 £0.15b 13.54 £0. 15b 7.34 £1.01b 1.44 £0.01a 5.75
T3 6.47 £0.36a 7.75 +£0.10a 14.76 0. 12a 9.48 +0.28a 1.49 £0.07a 6.20
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it 5 1 5 A HL A 2 43 1 R D o0 B LR 6, iR
AT R 7 A WAk 8, 5 RS ME S
AR AP AEN B E B IEA KR (P <0.01)
B A AT 2B, S BB A A Tl X6 0 PR A AL 2
Ay HRE R R AN ] | L - 2 2% il | B -4 250 B I A
L E AL B % B ROC, 2 4k 2 g | 8 i A
3 -7 6 WL TR B 35 2R DOC, IEWE TG AN 3-8 78 b
B 25200 MBC (P <0.01) . A,
B-HI A M i XT ROC . DOC HI MBC 23 A5 K 1y
EIAEIEROW (1.253,1.499,2.014) ; it A AL Yy il | T
WG FN 22 W S AL T X ROC 28 30 058 K iy 1] 422 1F 3%
N (1.678,1.611,1.511) , 5 E ALY B £ B B AL T
FIEF 4k 2 B X DOC 2 B % K B 18] £ 1 8%
(2.287,2.100,1.979) , it A ALY Bl | 2 1 46 AL B AN
LR HEZ T MBC R I A K Y (]2 IE A5 (2. 483,

2.464,2.102) . £ Al AL AT HLBR 4L 4
2 TE ARV ) 2 £ 4 2% il W I | B - 4 W g T
LA IE RO 12 2 M SR ALl i SR AL
6 EESEVERESDKEXME( Pearson M B EK L)
Tab.6 Correlation between enzyme activities and
organic carbon components ( Pearson 2-tailed

test of significance)

E

Eanftlﬁﬁw' RoC boc MBC
S-CL 0.896 0.969 0.939
S-SC 0.983 ™ 0.955™ 0.944
S-B-GC 0.984™ 0.989 ™ 0.981 ™
S-PPD 0.927 ™ 0.830™ 0.809
S-POD 0.963 ™ 0.957™ 0.937*

TE: ™ BRI (P<0.01); " 2R R#H(P<0.05),
Note: ** . Correlation is significant difference at the 0. 01 level; *.

Correlation is significant difference at the 0. 05 level.

&7 BESAVBRASHZ S E RS

Tab.7 Stepwise regression analysis between enzyme activities and organic carbon components

T TEA DL Iy FA e P1{H
Labile organic carbon component Model P value
ROC Y=0.077 1X, +0. 111 92X, +0. 021 20X, -0.172 35 0.997 8 <0.001

DOC Y=2.218 08X, +8.599 64X, +8.985 4X, +34.684 54 0.996 5 <0.01

MBC Y =8.157 14X, +8. 196 25X, +16.234 35 0.982 8 <0.01

TE Y AR TG A HUBRAL S X, . EF4E R BHE M X, . HEWERERG X, . B S RIS 1 s X, 2 LS 1

Note:Y. The corresponding labile organic carbon component; X, . Cellulase activity ; X,. Invertase activity ; X;. B-glucosidase activity ; X, . Polyphenol ox-

idase activity.

*8 EBESHNMASHERSHT

Tab.8 Path analysis between enzyme activities and organic carbon components

IS 5 ERS 5 R [A] 34N Indirect effect _

Dependent Independent . it
i } Direct effect S-CL S-SC S-B-GC S-PPD S-POD

variable variable Total
ROC S-CL 0.482" - -0.074 1.200 0.072 -0.038 1.160
S-SC -0.079 0.450 - 1.110 0.085 -0.034 1.611
S-B-GC 1.253™ 0.462 -0.078 - 0.081 -0.034 0.431
S-PPD 0.092" 0.380 -0.073 1.235 - -0.031 1.511
S-POD -0.035 0.451 -0.076 1.221 0.082 - 1.678
DOC S-CL 0.191" - 0.581 1.435 0.043 -0.080 1.979
S-SC 0.623" 0.179 - 1.329 0.050 -0.082 1.476
S-B-GC 1.499 0.183 0.614 - 0.050 -0.083 0.764
S-PPD 0.052 0.151 0.578 1.447 - -0.076 2.100
S-POD -0.085 0.179 0.602 1.461 0.045 - 2.287
MBC S-CL 0.199" - 0.482 1.928 -0.145 -0.163 2.102
S-SC 0.516" 0.186 - 1.785 -0.170 -0.168 1.633
S-B-GC 2.014™ 0.191 0.509 - -0.163 -0.169 0.368
S-PPD -0.184 0.157 0.479 1.984 - -0.156 2.464
S-POD -0.174 0.187 0.499 1.962 -0.165 - 2.483

2.4 TEEMEVBRAS MERELEEERN PCA
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N [ i A A X S A BB 2 70 RN B e A it
TEVER PCA 43 BT WLIE 1, 3 45 G 15953 WK 2,
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RT3 > T2 > T1 > CK, 3 15 22 §if A 7] 3 A ik 4L Bi
WAL RV (R R B FE 55— =000
1 Ax - T, T2 13
31 OT1 Treatment
g g% 2 AEMEEER L ERHRAE S FEE R
o 11 ERTEERS
g 0 Fieares &° Fig.2 Principal component composite scores of
§_1_ a® organic carbon components and soil enzyme
9] activities in different fertilization models
-3 A 7] ot S A B35 P AT LR 2 Bl e A B e
e — eSS EIAA I W O, SRR A
PC1(94. 5%) 2% A3 18] A AH O 28 Bhon ] FH 288 far (B 2R AT, 23007 (B8R
B1 REEEER R, RN AR 78 2 1% T U B B T,
BHURRA S FEGE LR PCA 547 B — OIS o3 i 22 8] R/ N R B Y, B o —

Fig.1 PCA analysis of enzyme activities and soil
labile organic carbon components in different

fertilization models
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FRE— LA bR 5 W47 DOC S-CL,
S-SC.S-B-BC A A F &k, 1 B2 — F2 nll 43 T 2 A0
DOC .S-CL.S-SC .S-B-BC A%,

AEEREREAVRES B EEES — "M EHEREE

Tab.9 The loaded value of organic carbon components and soil enzyme activities in

different fertilization treatments on primary,secondary, respectively ( PC1,PC2)

AR T FIT H—F o L 1 )%
Organic carbon contents and enzyme activities PC1 pC2
A WKL 43 Organic carbon contents ROC 0.347 -0.408
DOC 0.359 0.148
MBC 0.363 -0.078
WEEALEF C conversion enzyme activities S-CL 0.329 0.763
S-SC 0.356 0.052
S-B-GC 0.358 0.179
S-PPD 0.358 -0.119
S-POD 0.354 -0.316

3 F5Tie

AHFTELE SR I, JCHLAE A B AT 386 A0 4 598 v )
TOC .ROC & CPMI, iX 5 ik T 7= 45 1ff 5 4% S —
B, JE PR AT RS IE i FH 02 1 0 AR 2R R Bk )
K, SECE Z BN AR R Y AR D i
JEHEINT LRI MR S R, R E AR
BFFT W, B0 it A HLAE AT DL 8 3 8 hn A b ) 4
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