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Abstract: [ Objective] The response of soil labile organic carbon components and enzyme activities to natural
forest conversion was analyzed in order to provide a scientific basis for predicting regional soil health evolu-
tion and environmental change. [ Methods] A native evergreen broad-leaved forest and a converted conifer
plantation, an orchard, a sloping tillage area, and a paddy with similar geographical background and clear
land use history were studied. The responses of labile organic carbon fractions and enzyme activities in topsoil
to native forest conversion were investigated using various physical, chemical, and biochemical techniques.
[ Results ] The native forest conversion to an orchard, a sloping tillage area, and a paddy significantly reduced
the soil organic carbon content, labile carbon fraction contents, and enzyme activities by 42%—67 %, 47 %—
88% s and 36%—89% , respectively. Notably, the readily oxidizable organic carbon, microbial biomass car-
bon, and invertase activity experienced the greatest reduction compared with the native forest conversion,
sensitively indicating the reduction in soil organic carbon content and its lability. Readily oxidizable organic

carbon was, therefore, considered to be a practical index. Reductions in soil labile organic carbon fractions

W#s B #1:2022-12-21 &[5 B #7:2023-02-08

BREITE : H R A RBh2 I T0H “WAH F F X370 o bR B b RS 47 HLAR B 8 MLBRAIE 587 (41571234) 52023 4F 1 9 A% ol K 24 BF 53 A= BT B
B BN DX AR ) 2 R R Ty R R AR AR A i R (2023XCL15) 5 R4 FESWE R TR H (2023NK2026)

F—1EE HERA993 ). LR . A E T AR R 5 10 o8 £ S 5@ B . Email: xhe9578@stu. hunau.edu.cn.

BEMEE BRI (1982—) B QB A KW AL+ #582, FENF LR FEAH S5V . Email: shenghao82@hunau.edu.cn,



2 K - PR R

%43

and enzyme activities were lower for the conversion of native forest conversion to plantation than for the

native forest conversion to orchard and sloping tillage area, showing the preservation capacity of soil labile

carbon in the plantation. The ratio of labile organic carbon to total organic carbon in soil was significantly re-

duced after the native forest conversion to plantation, sensitively reflecting the reduction in soil carbon quali-

ty. [ Conclusion] Native forest conversion led to substantial reductions in labile organic carbon quantity, car-

bon quality. and related enzyme activities in soil, suggesting a degradation of soil biological health and a de-

cline in soil quality.

Keywords : native forest conversion; labile organic carbon fractions; enzyme activities; soil health; Northwestern

Hunan Province
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Table 1 General characteristics of sampling plots
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KR 600 30 >1 000 F 1 A
AN TAH 590 25 30 L
HEk 3 650 20 12 it 1%
e 600 20 30 E K
K H 576 15 60 K
KERM 530 30 >1 000 o s
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Table 2 Basic physicochemical properties of 0—20 c¢m topsoil in experimental sites

s b SOC/ DH i TN/ TP/ DON/ Olsen-P/ NH/ —Nﬁ/
(g+kg ") (g kg (g+kg ) (mg « kg™ ") (mg « kg ") (mg * kg™ )

KR 55+ 7° 4.740.4" 4.5+0.8° 0.9+0.5° 123+57¢ 9.242.1% 48415¢

N Tk 524" 4,840.3" 3.441.2° 0.440.3" 83 428" 8.442.6" 44424

R 1847¢ 4.740.4" 1.440.4" 0.340.1¢ 31415" 7.74+4.1" 15+3"
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7K H 3246° 5.54+0.2° 2.840.3% 0.6+£0.1° 52413° 13.744.5" 2345
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1.3 HEFESH A Q A M CRIRM) L IEFEAR; Q. S HoAl + 4

T Microsoft Excel 1 SPSS #4118 1 AT R,
Y8 bR R G T T RbR ME22) . R FH B
2 HEHLE
FI7 R SHT 0 T RAR TR S L 3 He K T Bk
(1 RS B EAT M AR, B MK 0.05, Al 2.1 TIERBVBRKEEAS

AR e 58 2 AR 96 L Bl B LT M 4 4
i (3 2 IR 1D o R AR Ry SR Tl 35 90, 1 45
A AL By I P 20 3 B o 0 R R — B TR SR AR
HURAE S B (SDH B AR P, RN T M, KR S 3 Bk b A K B, 4
_Q.Q < 100% . SOC &89 8 2 A% 679,65 % Al 42% (p<<0.05)

Q 5 RRMA L, A TR R B A3 8 i+ 38 LEOC &%

H Origin 2019 R 18, B3 T 8ol 0 F 24 18 & 4R
i
b AT BIURR B 473 | T P X TR SR AR I S5 i i 4

SI



4 K - PR R

%43

T BB EREAT 40% .58 % 1 75% . KARMRECH A
AR CHRBE L B B R K B B RIS £ 4 cPOC,
fPOC #il ROC & &, UL cPOC & 1Y B I8 % &5
(2890 ~T78%) .5 KIRMAH L A Bl | 3k bb A0 7K T+

HE DOC &85y WA 47 % .69 % F1 77 %, N T4k R

Bel A B 1+ 3 MBC &5 1= 4 9l B IR 60 %, 80 % Al
88 % (p<C0.05), RIRME KM+ LFOC F1 MBC
SRR FELER,

8¢ o, 107
1 I
. ! ol L
o~ 6f o~ o
& 2 6l 2 6l i
é’b i : i %0 H b iﬁ b
S S 4l b c i
] . e} 4 he 8 4 .
5 2L c G ¢ = H
0 0 0
R NIH RE HHw KHE KM NTH RE B KH KM NIH  RE HHw KHE
18 600 12007 @
a a
a
= sl | L .
w12} . 2 400} 2 800t
ig 2 300} b g
Q ¢ N b o
S 6 e 18 200} 2 400} ;
(=) b E c
] =1
0 0 m

RAM ALK RE Bk KkH

0
REM NI RE Hd

K H R AIH RE HHi kH

1 cPOC AHUFURLA HLEE (250 pm) 3 TPOC S 40 BURLA HLER (250~53 pum) s LFOC &40 A HLER s POC g 0k A HLER s MBC N 2k 91 42 9

Bk, TR,
B 1

Fig.1
+3 LOC/SOC A F 0.3% ~28% (F 3), HXK
SRARAH L. A T Ak + 3 LFOC/SOC, cPOC/SOC Fi
ROC/SOC 43 51| @ Z BE A% 40 %6 ,40 %6 F1 30 %6 » FLF%
¥rm T SOC B iR (5%); K H £ 3 ROC/SOC Al
DOC/SOC 43 51| i 3 FEAIK 41 20 F1 63 %, DOC/SOC R
i T SOC BER (42%) . H Ik, LFOC/SOC, ROC/
SOC Fil ¢cPOC/SOC UM 7R K SR PRI 4 S N TR
R 1 AR AR, i DOC/SOC N U b 15 7R K 8%
RS kg 7K T SR 26 AR A
2.2 TEBEME
KRR 40 S50 25 5 W) - 8 E B L DR A R FDA
AR TG M (H X HL O, BTG M JC 8 5 m (& 2),

RAMREHEI TEBFEFVSREAS BN

Effects of native forest conversion on soil labile organic C fractions
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Table 3 Ratio of labile soil organic carbon fractions to soil organic carbon in various land uses %
o H LFOC/SOC cPOC/SOC fPOC/SOC ROC/SOC DOC/SOC MBC/SOC
KR 10+2¢ 15+1° 1543 27+4° 0.8£0.5" 2.2£1.6"
AT AR 61" 9+1° 1142¢ 1943" 0.84+0.4* 1.8+0.3"
L | 12410 15.1+4.2° 11+3° 23+2° 1.4+0.9° 1.1+0.2°
ok b 8+ 3% 1144 11+6° 28+5° 1.0+0.6" 0.740.3"
K H 1043 10£3" 15+3" 16£3" 0.3£0.1° 2.3£0.3°
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Fig.2 Effects of native forest conversion on enzyme activity in soil
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Table 4 Correlation coefficient between soil labile organic carbon fractions and enzyme activities

moH LFOC cPOC fPOC ROC DOC MBC
T il 0.57" 0.77"" 0.59" 0.82"" ns ns
Jix H 0.79"" 0.85"" 0.82°" 0.92"" 0.63" 0.56"
FDA /K i i 0.63"" 0.79"" 0.71"" 0.87"" ns ns
H. O, ff 0.74"" 0.86"" 0.79"" 0.92°" ns 0.62"

W%, % % ,ns MBIFRIRTE p<<0.05,p<T0.01 Fl p=>0.05 KF L HREER.

x5 ITEEEAVBREASSEBAEESIEAZERNEXRY

Table 5§ Correlation coefficient among soil labile organic carbon fractions, enzyme activities and soil chemical properties

W H LFOC cPOC fPOC ROC DOC MBC THE ity oK 1t FDA /Kl H. O, i
pH {H ns ns ns ns —0.69" " ns ns ns ns ns

TP 0.78" " 0.76" " 0.74"" 0.72" " ns 0.66" " 0.53" 0.58" 0.70" " 0.81""
TN 0.78" " 0.81°" 0.85"" 0.81°" 0.52" ns 0.59" 0.74" " 0.78" " 0.85°"
DON 0.85" " 0.88" " 0.88" " 0.96" " 0.53" 0.66" " 0.74" 0.89"" 0.85"" 0.92""
NH;-N  0.77"" 0.82°" 0.79" " 0.84"" 0.78" " ns 0.68" " 0.90" " 0.73"" 0.75""
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Fig.3 Sensitivity index (SI) of soil organic carbon fractions and enzyme activities in response to native forest conversion

3 W

A W AR A B S R I 2 ol R A A
A HILBR 73 A o A4 - R Btk P2 o 5 A B ) e A
. HTWI A 5B A T g, W E 1Y 1 3T
PEA HURK 2H 73 5 it 5 - RS T A o BT o A b A B
It 2 VIAH G AR RS b R SRR 4 B 2 R AIR
¥ LFOC,cPOC,fPOC #l ROC &, X HER KRR
MRE 8 I 3B AL 5 AU AT AR o A 45 R )
B A HEA HURR e B 2k i 25 R0 5 RARMAR L, A
AR R el AR b S TR A ML % 2 R R ARE
P, R RTREZ N AR R B AR T MR ) A
HHSARRT B — O H L F V& W) T A0 AR ) A
AT Ry e s A A T M A LA R AR R
AT SR B, v Bl R AR ARG Dy N TTRR R
My HE T V2R 4 cm WIWHZE 0.5 cm, 175
Y AE e 7.6 t/hm?® W70 %] 0.5 t/hm*,0—60 cm
T AEY MK T 50% ~90%5 1 A X 8 HF
EDR RN NP U G % NP NS 7 L o o N
Y PAT B AR T 79% A1 21969, e Ah, KR

ARG 3 Je R4 T v 2, 3R T i =2 A A
IR A B, A1 U5 5 A7 AL 43 A 7™ 2B TE R 8500
Yn] s 4 e R A AL A AR e

SRMT » RARBRE R N TR, 138 DOC Fra kA
FL., X5 Wang Qingkun 45 7E A X 4R 17 1K
B b A S A R AR — 3. 15 DOC E 2RI T 4
B IR AR 5T WP FURCAE W R . B
TGRSR (0 PR i R R A MR 2
MM R\ ARBEIE, RRMKE AT
M4 DOC F i 5L, W] BE 5 28 £ it N AR 1
BAMR(30~35 a 2E) . i ¥ 4 ek FIAR 2R A o AH X 55
AR BRI A R — PR R, AHIERR, R
SRR A N T AR AL E 10 a J5 . 13 SOC
M DOC & S AFTE 0 TH B4 HEW /] B8 5 N TAKFR 43
IR FRAEAT E . RARMR S K 3 MBC & b
FlL X 5 U A A R AR - TERE
ARG OKRERSFEIH A = AR R I s m . nl ol
- A A K B R 8 T R A LR TR

RARMIE AT 5 o - 56305 A ML 20 43 1 i) 7 AUk
EAR., +3 ROC, MBC 1 SI { & T SOC fy SI



553

H A AR I PG b TR AR MR TR s 0] R S LA P 3 1 T A 5 7

fE . e+ 3 ROC, MBC #{ B 45 78 SOC 178 1k,
AHFGE R, e A 6] o AR B H R, 4
MBC, POC Fl ROC & Hb 5 7~ 1 58 i i 22
Sl 4 MBC M . ROC 2 4 16 56 5
{7 B L A3 AT AR TG, T XU = B AT, TS BT AR
M HEST R . 5K SR MR B A L 5 RN K A
Lo KRR N TR, A BIL AR B 3% 4 4 4 %
I R IR A . X AT BB 5 AT N MR 95 E 58
o HE AT R R AT O L SRR AR N TR, A R
T HEA LA K HLTE A ALK RS R 1
o2 7 D 2 N o R T K v A e e R
T VR /A RGN o By o SRR IR W L R R <3060 H A .

LOC/SOC F87R +HEA7 HLR 1 i it . R4k
M H A AR, 4 LFOC/SOC, ROC/SOC #
cPOC/SOC & ZFFEAR, X U6 LU ) T 4 s LA
BURK 2 B BT i KR R BE . Bk, 423 LFOC/SOC,
ROC/SOC F1 cPOC/SOC A 1 Sy 4 HE Rk 128 I 528 1k
RS s FE b . A IR LA 2 AR L A6 A 4T
ROC/SOC X T HRBRAL e 11w o7 A SO SR AT, A
W5 BTE + 3 A A KAL) & & 20858, 3R Bk 5
(285 g/kg) & T A6 b A 40 HE Y B kL & (197
g/kg) .32 L HEF R AR I ROC X K 8K bk 5% e 1) iy
IO T BB AURR . RAR AR K B, 3 ROC/SOC
1 DOC/SOC & F FEAK, H DOC/SOC B i H SOC
el . R ATREAT 3 71 . 7K H ROC #1 DOC
FrE AR T R QKK WA KRR T £ gk
Y1 o AR AT MURK 5 oK ¥ i PE AT WL B T 2k . &
F DOC/SOC B,

- SR TE E SZ A AR R IR U BT I
AT Bl i Z T L A R S R 0 AR A A
FEbR . 39 v A Ak RERE K R, TR R R A A
W25+ AR i F KR ML 4 %
e AEK - 9 Y il 0% 2 L K P I R A KL AT RE 5 K
K K S F L 3750 5 AR RN 3 R A s AR
L SRR M S T A PR AL A L RS 2
TEAHSG . BXE— 2 e B, JE AT kv 2 R i - S
PEM AN R 2 — . Rl K IR MR 4 i 35 B A+
S0 A R A S O

A R R R A AL B — U Y K R AR R R
IKAFE R E CO, , B0 IR S . KR MR e
Jei o RHERIREG FDA JK fiff g 55 % 05 it 0 o A2 1k i 3
AL, BRI B 32 B 4 S T e 3R A A R R AR A
K. R, HHE H, O, I P X SR R 4 1 w1 AN
B TRe S H. O, B H B RMEA X0, R M
S 3B H K, A SRR W S % ST A & T SOC 1

SIE . X & B, + 3 v % B B 05 M A8 SRR M 45 R
SOC [ J AR Ak . R SR BRI 38 SRy S Tl | i Ak b, + 43¢
LOC 4143 Lo il 7% P 00 me g 58 S508%, wd W] LOC 41 43 7T
R LA 5 1 5 7 RE

TR

5 208 %) v BRGHT TR A R AR Sk T I ARHE L L
Pk N TR SR 3Bk RK A ST M L
L REOME I DR B R FDA K i il 0 P 34 W 3 R AR, L
M 7 P SRR PR O T b b e 4 5 /28, R AR bR
A0 R S TR AR M RN K H A B, AR AR B o N T
VA B BB P AL L A X A R 3 b s M PR R 1
A7 RS YA LR 41 50 b . ROC Al MBC XK
SRR 38t 1y e 1 AR 50K, T 4 s R HE SOC JE 1 4 1
A R R ROC BG5S B T4 W H . 1488 ROC/
SOC,LFOC/SOC Fil cPOC/SOC A {2 b 5 7~ K 9%
R 48 Ry N TR A S e e o it 78 Ak, 3 R R T S
PEEA TR SOC AL 1 7. KRR ML e KR
R AV - 9805 1 A WL 5 S R0 LA o i L 5 22 A 6
D T 1 S RO 5 b A ML PR O L R Y
TR HR R R AR ARG B S 1 3 AR W R/ T AR Ak

[ 3 % x # ]

[1] Food and Agriculture Organization of the United
Nations. Forestry Department. Global forest resources
assessment 2020: Main report [R]. Rome: Food and
Agriculture Organization of the United Nations, 2020.

[2] Sheng Hao., Yang Yusheng, Yang Zhijie, et al. The
dynamic response of soil respiration to land-use changes
in subtropical China [J]. Global Change Biology, 2010,
16(3):1107-1121.

[3] Sheng Hao, Zhou Ping, Zhang Yangzhu, et al. Loss of
labile organic carbon from subsoil due to land-use changes
in Subtropical China [ J]. Soil Biology and Biochemistry,
2015,88:148-157.

[4] Beillouin D, Cardinael R, Berre D, et al. A global overview
of studies about land management, land-use change, and
climate change effects on soil organic carbon [J]. Global
Change Biology, 2022,28(4):1690-1702.

[5] Liptzin D, Norris C E, Cappellazzi S B, et al. An evalu-
ation of carbon indicators of soil health in long-term ag-
ricultural experiments [ J]. Soil Biology and Biochemis-
try, 2022,172.108708.

[6] Bongiorno G, Biinemann E K, Oguejiofor C U, et al.
Sensitivity of labile carbon fractions to tillage and
organic matter management and their potential as com-
prehensive soil quality indicators across pedoclimatic condi-

tions in Europe [J]. Ecological Indicators, 2019,99:38-50.



K - PR R

%43

[7]

[8]

[9]

(10]

[11]

[12]

[13]

[16]

[17]

(18]

Duan Liangxia, Sheng Hao, Yuan Hong. et al. Land
use conversion and lithology impacts soil aggregate sta-
bility in Subtropical China [J]. Geoderma, 2021, 389:
114953.

Pérez-Guzman L., Phillips I A, Seuradge B J, et al. An
evaluation of biological soil health indicators in four
long-term continuous agroecosystems in Canada [ ] ].
Agrosystems, Geosciences & Environment, 2021, 4
(2):e20164.

Liang Chao, Schimel J P, Jastrow ] D. The importance
of anabolism in microbial control over soil carbon stor-
age [J]. Nature Microbiology, 2017,2:17105.

B g, LRl A 2= o 7 7 LML AL 5t b ROl B
e i R A L 2000.

Janzen H H, Campbell C A, Brandt S A, et al. Light-
fraction organic matter in soils from long-term crop ro-
tations [J]. Soil Science Society of America Journal,

1992,56(6) :1799-1806.

Cambardella C A, Elliott E T. Particulate soil organic-
matter changes across a grassland cultivation sequence

[J]. Soil Science Society of America Journal, 1992,56
(3):777-783.

Blair G J, Lefroy R, Lisle L. Soil carbon fractions
based on their degree of oxidation, and the development
of a carbon management index for agricultural systems
[J]. Australian Journal Research,

1995,46(7) . 1459.

RN, A gl S HOOF o i LM b a0 Rl R A
1986.

SR AR RN A R AR A X AE B A AL R
WA HURR 21 70 5952 e L) . AR 28 BR T 2 4, 2015, 24
(7):1098-1102.

B I XA, 28 A5 B AR 4 XA AR AR £

A HLIR A R[], 132440 . 2018, 55(6) : 1485-1493.

Fang Yunying, Singh B P, Farrell M, et al. Balanced

of Agricultural

nutrient stoichiometry of organic amendments enhances
carbon priming in a poorly structured sodic subsoil [J].
Soil Biology and Biochemistry, 2020,145:107800.

Wang Qingkui, Xiao Fuming, He Tongxin, et al. Re-
sponses of labile soil organic carbon and enzyme activity

in mineral soils to forest conversion in the subtropics

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[J]. Annals of Forest Science, 2013,70(6) :579-587.
FAE DBIZE, BT 55 B bR 4 0 9 I A LR 2H
SRR ALK 2R FFITSE . 2023,30(1) :233-240.
Mujuru L, Gotora T, Velthorst E J, et al. Soil carbon
and nitrogen sequestration over an age sequence of
Pinus patula plantations in Zimbabwean Eastern High-
lands [J]. Forest Ecology and Management, 2014,313:
254-265.

Liu Yalong, Ge Tida, Zhu Zhenke, et al. Carbon input
and allocation by rice into paddy soils: a review [J].
Soil Biology and Biochemistry, 2019,133:97-107.
TGS KRG HRAT AL e X A Bk A
I3 4t A I 280 o 5 4 AE LT 1R SRR o, 2020, 41
(3):1466-1473.

Ramesh T, Bolan N S, Kirkham M B, et al. Soil or-
ganic carbon dynamics: impact of land use changes and
management practices: a review [ J]. Advances in
Agronomy, 2019,156:1-107.

Padbhushan R, Kumar U, Sharma S, et al. Impact of
land-use changes on soil properties and carbon pools in
India: a meta-analysis [J]. Frontiers in Environmental
Science, 2022,9:794866.

BB PG R T AR AR R AR R A Ak R b AR
FEA LBk 53 A FEAE R s ma R = LT ] ) AR R FL %
2022,49(6) :74-80.

BRSO, B BR TR, 4RO A LA PLER 4 43 X b R
77 XML Meta 23 H7 [ 1. R0l BE 42, 2022, 39 (6)
1115-1128.

JE B 18 o 0 A 0 BRAGG L R M AT SO [ 4 R O =X
Xof gl I B AR A ) 2o R 1 S R 22 S [T ) K R
FpE],2020,34(1) : 327-332.

(11521 T WO = 7 N i w5 2 R R A '8
S J5 . b R A LB 20 43 9 AR A LT K B AR 2
#.2011,25(6) :124-128.

Waring B G, Weintraub S R, Sinsabaugh R L. Eco-
enzymatic stoichiometry of microbial nutrient acquisi-
tion in tropical soils [J]. Biogeochemistry, 2014, 117
(1):101-113.

TR I B O A R B BB L R R A AR R
371 DX AR 23 55 b S Rl O P P AR BRSO [T K AR R
Wz ,2021,41(3) :1-7.



