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O DS SIS (18 48)E AR -5, WFST PFVRIATE il B (RS - T R AR VE RS IR ) T 1 3 PR R A =0 O
AR . B ARAL . PRACAE HLAE B XA AR - A DL 4 . S PR RRR A BB  , PRIT R R ek, S R
RREE BRI . 2R ER . FEMRIFEET, RACE ALAC B AL PH G BT AR b BRI 1 e B a HLER (TOC)HE h 5.65% ~
12.13%, Hrf, BAAGHLIR(LFOC).. ¥ 144 HLIR(DOC)F 5 Ak A HLAR (ROC) /3 48 15 23.33% ~ 28.71% . 24.46% ~ 25.54% .
10.26% ~ 18.99%, BRIESFAEHIGIN 12.89% ~ 23.34%; HIRLFAERMF . P-AGZMitme . TEmme . o S AL SR AN RO TS M o 250
W, A5 A LERAS L & R R 2R I A B IE 520597 ~ 0.977, n=18). TEMIFEMGAESIET, SR Bn Hieh Pl
Bt | TR PG A RS RO B AL PR 5 6.14% ~ 23.51%., 9.00% ~ 37.92% FlI 4.74% ~ 14.44%, LIREMA-E KA HLIEA
HUBECHEAE e . 25 1, il “RAEHLIEAHURECH” (A8 25 P S I 3 LA & R4 BRER 4, TR RBRG N 3985
A A ) BTG A DL (LOC)ZL 5y, Xt S i AFLAR - 3 NE S A2 55 b b A 7= B B
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Effects of Long-term Rotation and Fertilization Treatments on Organic Carbon Fractions and

Enzyme Activities in Tobacco-planting Soil

JIANG Ru', NING Shiqi', SUI Zongming', YUAN Ling', LIU Jing®"

(1 College of Resources and Environment, Southwest University, Chongging 400715, China; 2 Zunyi Company of Guizhou
Company, Zunyi, Guizhou 563000, China)

Abstract: Based on the long-term(18 years) field experiment in Zunyi of Guizhou Province, the effects of three different fertilization
modes (no fertilization, chemical fertilizer alone, combined chemical and organic fertilizers) under two cropping systems (tobacco-maize
rotation and continuous tobacco cultivation) on soil organic carbon (SOC) components, enzyme activities and carbon pool management
index (CPMI) were investigated in order to explore carbon transformations in tobacco-planting soils and provide scientific management
strategies for soil carbon. The results showed that under the same cropping system, combined chemical and organic fertilizers increased
total soil organic carbon (TOC) content by 5.65%—12.13%, among them, light fraction organic carbon (LFOC), dissolved organic carbon
(DOC) and readily oxidizable organic (ROC) increased by 23.33%-28.71%, 24.46%—25.54%, and 10.26%—18.99%, respectively. The
CPMI also increased by 12.89%-23.34%. The activities of soil cellulase, B-glucosidase, amylase, peroxidase and invertase were
significantly enhanced and were positively correlated with contents of SOC components and CPMI (0.59°-0.97", n=18). Under the same
fertilization conditions, SOC content, enzyme activities, and CPMI under the rotation were 6.14%23.51%, 9.00%—37.92%, and
4.74%—14.44% higher than those under the continuous cropping system. In conclusion, tobacco-maize rotation with organic plus
inorganic fertilizer application can not only significantly increase SOC and CPMI, but also enhance soil microbial biomass and labile
organic carbon, which is of great importance for improving soil fertility and sustaining soil productivity.

Key words: Long-term fertilization; Labile organic carbon; Enzyme activities; Carbon pool management index
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1.1 XI5

TR0 b 57 T B M 48 38 ST = 2 R ] A
JE I MER I 58 7 150 25 (27°32'2" N, 106°56'32" E;
Wik 865 m). % HLJE WHGH S, AEIY H BT EL
1150 h, 4E¥REKE 1100 mm, 4B 15.7°C,
TCFW 270 d. RE AT 2004 4EE, HIEERON 1K
FHREBFEEE, RHT 0 ~ 20 cm HFHEZ LA
AN  pH 7.49, A ML 21.24 g/kg, 2& 1.16 g/kg,
4W 1.08 g/kg, 281 16.81 g/kg, T A 94.76 mg/kg,
B 5 19.10 mg/kg, A 196.82 mg/kg.

1.2 Rt

T SCAE Iy AR 8 ] s A7 3 56 1 o A A X+
T NEALFE 5350y . OREIHIEAE+ AL (C-CK); @%5
HRZEAE+ AL (C-CF) s @RE IRV EHLAE A FLIE T
Jiti (C-MCF); @)% M — % K 5 AE + A5 it I (R-CK) 5
OF5 M —F K FeVE+ 5t b (R-CF); @)% M0 —E K
HAEHLIEA HLIE G i (R-MCF) . T A &b 31 K i
F N 120 kg/hm*, P,05 90 kg/hm*, K,0 90 kg/hm?,
% J0 i FE N 100 kg/hm?* . P,0s5 50 kg/hm® fil K,0
200 kg/hm*, N, P, KALAESMILIIRZE | i w4
FGR R BB AL s A3 HLAE SRy 388 S A A R0 &
AHECERFR D =4%). TEAAEA HLAEECG Y b 2
Fr R, WFRAE VAL 50%, AL H#H
PR BERR A AGRRR B AN T, A ALY NL PL K
PR . BEAAREE 3 AR, NX AL 20 m?, Bl
PBLXALHES . [ 2004 4F45, FEAEAL R4 B0 5 2 b
FEREHR , AMBUFERA K &=L )Y i /INAZ
(2004—2015 4F) | M B (2016—2020 4F)FEMH-24 7
(2021 FFE L), VEYIFP R T g A H R T
1.3 MEmMBEAZ*

2022 FEBEYVGR)G, KRHZSIRE B
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#& LRI AWy o — 03B f LA SR FH G TR 25—
K,SO, W HE N it A W A W i (MBC), 55— 1y
TR X5 0 A2 -39 MLbe 2 35 IR TS A

Hob, X i 025 mm 5, SR ESKTR
B B R A i AR O 52 - e A HLER (TOC) . §
HAMIR(LFOC)RH Janzen %5 Iy 10 2444
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V=1t 5 IIA Nal EH(EE 1.7 g/em’), &3 18 h,
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1.4 HELESSZITHH

FIFH Excel 2016 FI SPSS 23.0 iR 46 Kdii 7k 4714k
PR GETH 3 b o SR FHBAPR 3R J7 22 70 x4 B ) 22 S i
T E AR, 3K P<0.05, JfA] Duncan 7%
WL E L E . R Pearson FHE R EFEN T IHESA
BB K 2 53 F - S il 1% 4 22 ) A A DG

2 HEREHSWHw

2.1 TESFNBRAFEEER

W 1 s, EEMSIE S EXE 13 TOC o
W, Hif C-CK 5 R-CK K& C-CF 5 R-CF 4b
PRE] TG 2% 5, {H R-MCF 4B TOC & (13.96
g/kg) BE = T C-MCF(13.02 g/kg). 1EHEAEFIFIES
W, SAMENEAFEAR L, S A e e AR A HLAE BC
a4 T TOC &k, MRS 7.89% ~ 13.72%
H15.69% ~ 18.54%.,

K2 WoR, #AE%&MFF 14 MBC. LFOC. DOC
M ROC g m FHEAEACEE, 22 534 B 3 (P<0.01).
H:rp, R-MCF AbFEf) MBC &, R-CK AbFEfY)
MBC & 5f; IELAM T 18 MBC GERI N
R-MCF>R-CF>R-CK, #{EZMF T 13 MBC & &

MK C-CF=C-MCF>C-CK; f#e /R4 T 3 Mt A Ab 34
(R-CK , R-CF, R-MCF)[Y) MBC & 173 48 414
T 3 At B AL FE(C-CK . C-CF, C-MCF)& 14.04% .,
6.13% F1 14.89%.,

20
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15 a
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%:) d —F— s ——
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C-CK C-CF  C-MCF R-CK R-CF  R-MCF

Kb
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1 TRE4LELETOC B2
Fig. 1 Soil total organic carbon (TOC) contents under different
treatments

WAL, EVEREEAESRME T &AL 3 LFOC.
DOC #il ROC 7 i & A AE A HLIERL )it (C-MCF |
R-MCF)> 8 jiti Ak it (C-CF . R-CF)> /A jifi fIEt (C-CK
R-CK).

- B 25 IS A DR ZH 4 o B BB Y L A 22
S EGER 1) MBC/TOC HAEH 0.89% ~ 1.29%, LI
R-CF AbH(1.29%) i, H 45 it AL A 385 0 2 = T
C-CK F1 R-CK 4bFf .LFOC/TOC HAHAELT 5.59% ~
7.45%, EVEFERAE SR T 0 AL IEA HLAE B i
A #(C-MCF . R-MCF)>Hujififb il 4b B (C-CF . R-CF)>
AEAE AL FE(C-CK . R-CK), HASVEAH B 2w TiE
fEAL3E ., DOC/TOC HAEZAEILT 0.78% ~ 1.08%, ZE1k
#E#E LFOC/TOC W EAHL, ROC/TOC HEZE LT
30.31% ~ 38.91%, #Ab#E K/ MK A R-MCF>R-CF>
C-MCF>C-CF~R-CK>C-CK,

2.2 TIEEEM

HH & 2 AT, U Fe A it IS 2 5 ) = MR e
P BAEMT, SAMEARAL AR L, Bt AR F ik
B AT AL B it Ak 3 ) - 458 2 4 22 Il 0 PR O il 4
97.44% H1 150.64%, B~ %505 17 BG 6 1 0 5 42 =
20.22% Fi146.05%, VEKYEGIE LS4 S 79.51% Fil
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Fig.2 Soil labile organic carbon (LOC) contents under different treatments
F1 ARLENLDIEFEENRES ERFNERPFT G ELFI(%)
Table I LOC/TOC ratios under different treatments
Ab 2 MBC/TOC LFOC/TOC DOC/TOC ROC/TOC
C-CK 0.89+031e¢ 5.59+0.15d 0.78+£0.02d 3031 +1.22¢
C-CF 1.22+£0.15b 5.63+0.05d 0.90 £ 0.06 ¢ 33.13+£0.80d
C-MCF 1.13£0.21 ¢ 6.89+0.19b 1.07+0.02 a 34.67+0.56 ¢
R-CK 0.98+0.45d 6.32+037¢ 0.93 £ 0.04 be 32.22+£0.92d
R-CF 1.29+0.29 a 6.78 £0.10 b 0.98+0.03b 36.68 £ 0.94 b
R-MCF 1.21£021b 745+0.18a 1.08 £0.01 a 3891 +£0.71a
e RPRIPIAE/NG T3 3R R A0 B 0] 25 550 1 3 (P<0.05), T,
F2 AR LIERGEMN
Table 2 Soil enzyme activities under different treatments
e s " - R0 -
MBI MACTTX £F4E RS (mg/(g-72h) ) B-HIATHEH B (mg/(g'h) ) TEAR S (mg/(g-24h) ) (ng/(e:241) ) FEWEE (mg/(g-24h) )
B C-CK 1.56 £0.06 ¢ 22.80 +0.61 ¢ 327+0.19f 0.80 +£0.01 ¢ 136.66 £ 4.04 d
C-CF 3.08+0.21c¢ 27.41+£0.48b 5.87+032d 1.34+£0.07b 140.27 £4.45d
C-MCF 391+£0.03b 3330+1.36a 7.96 +£0.08 b 1.52+0.07 a 159.30 +£2.20 be
wHE R-CK 1.61 £0.17 ¢ 21.78+0.71 ¢ 451£0.18¢ 0.75+0.02 ¢ 152.13 £9.30 ¢
R-CF 3.21+0.16¢ 28.28+0.74 b 7.54 £0.43 bc 1.46 £ 0.03 a 152.63+1.95¢
R-MCF 430=+0.16a 32.58+2.15a 9.76 £0.31 a 1.53+£0.04 a 169.43£9.15b
Tr2orHT R * ns o ns o
ﬁﬁiﬂuﬁﬁ ®% *% ®k *% *%
P AR K < ns ns ns ns ns
Jita ey =2

. ns. *, A RIRREIR B3 (P>0.05), B3 (P<0.05)FIH% B3 (P<0.01),
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Tt TR AR Ol T 2
23 TIEREEIEIEH
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JE 16 B 48 B (AT | B I 45 £R (CPT) A Bl J22 45 3L 45 4
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12.89%; FAEZMF FALIEA PR AL FEY AT, CPI
1 CPMI 23 518 St AL B AL BRAR 25 T 9.87% . 12.15%
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¥ 5% 5T C-MCF 4b B
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Fig. 3 CPMIs under different treatments

24 TEMAMSTIEGIHRASRESER

HMBEXKR

3 3 iz, TOC., MBC, LFOC, DOC, ROC
T G MERNG . BRI AT TG . VE R S R S
WEEMIEKR, HXREH 0.80 ~ 0.97; MBC,
ROC & 51 Ak A BHE M 2 A 0 IEAHC R,
I Z BN 0.83 ~0.93; LFOC, DOC & 5t 4k
ARG VE AR W EAHDCOC R, MHXRECH 0.86 ~
0.87, CPMI SZF4Ez. B-wiZbH b . ek i i
b SR A S PR A S IEAH DGR 5 RS 1
AWEFEIEMHLLR,

x3 LTRANBRRHEAS SEMRESEEHNS LIRHE
ETERME R (n=18)

Table 3  Correlation coefficients among soil enzyme activities, SOC
components, and CPMIs

WiH  SYEREG p-WAMITRE JEREG oSG TR
TOC 0.90" 0.81" 0.92” 0.61" 0.78"
MBC 0.90" 0.80" 0.91” 0.93" 0.59
LFOC 0.83" 0.81" 0.94” 0.60" 0.87"
DOC 0.90" 0.87" 0.96” 0.76" 0.86"
ROC 0917 0.82" 0.97" 0.83" 0.79"
Al 0.93" 0.87" 0.93” 0.89" 0.55"
CPI 0.92" 0.89" 0.88" 0.83" 0.70"
CPMI 0.97" 0.92" 0.96” 0.90" 0.71"

e Y B R R A S 3 (P<0.05)FIAK i 3 (P<0.01),

3 itig
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AHLFE, F8 TOC BRI, W, ALK A HEit
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—Ji Meta M A2 AL 7R, 22 3Rt AE T LASE il
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Al AL, T PR 3 A7 4 B 1 I S B0 HILAE h i
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B R, X R A A TR A 0w S %
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DR A AL 5 A MLAE R B o A AR L T R IR, L
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AR SIEN IR T S, B Y B
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VIR sh + e ML o e = . SRR PR B ST AR
FW, MFEFERES T A FEE T 28 DOC A
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