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Effect of Land-use Change from Paddy Field to Forest Land on Soil Properties Under

Background of Integration of Agriculture and Tourism

YANG Dongwei'*?, IANG Wenying', WANG Lili', CHEN Fangyuan', ZHANG Mingkui®"

(1 Key Laboratory of Data Mining, Monitoring and Early Warning Technology for Island Tourism Resources, Ministry of Culture
and Tourism, Hainan Tropical Ocean University, Sanya, Hainan 572000, China; 2 College of Environment and Resources,
Zhejiang University, Hangzhou 310058, China; 3 Business College, Guangxi University, Nanning 530004, China)

Abstract: In order to explore the relationship between land-use change and soil physicochemical and biological properties under the
background of the integration of agriculture and tourism, and clarify the impact of land-use change from paddy fields to economic
forest lands on soil properties, several representative soil profiles in Shaoxing City, Zhejiang Province, were selected and layer
samples were collected, and the evolution of soil properties, morphology and microbial characteristics were studied. The result
showed after the land-use transformation from paddy field to forest land, the groundwater level decreased obviously, soil
compactibility of surface layer increased by 6.79 times while bulk density increased by 33.7%. Soil color brightness and chromaticity
increased, soil structure size increased. The contents of total and free iron increased by 7.44% and 8.70%, however active and ferrous
iron decreased by 18.20% and 91.56%, respectively. Moreover, total amount of phospholipid fatty acids of soil microorganisms
decreased by 44.57%, the ratio of aerobic to anaerobic bacteria increased by 92.6%, and the ratio of Gram-negative bacteria to
Gram-positive bacteria decreased by 45.3%. In conclusion, the land-use change from paddy field to forest land can obviously change
soil physiochemical properties under the background of the integration of agriculture and tourism, which has adverse effects on the
growth of vegetation and microorganisms and unconducive to the sustainable utilization of soil.

Key words: Land use; Integration of agriculture and tourism; Soil morphology; Soil physiochemical properties
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S A IR A SR M, BRORRZETEAR . AEST .
R EZ VA, LB SR BRI B AR LB B |
RAGARIG TR . HHA T UG, KR
IR g B BT B 6 sl R T
AR AR, K PR BL R , kT 5 R 3R A |
T3 IR BUA R e v e HE TR

LA H TP IR T A e A S IR AT, DR+
oA XU 5 13 pH. A HLBTFIFR >S5 B
AP OE I TS, TG T AR R A 75 5 R K Sobk
M LS AR R R A Wy e v R T T 4 F S A
BEATHRIE . DRI, ASBITSE LAMTILAR T 437K WK Ik i
FEX, FIFZS AR R], R GERTTEARO R N 2R
U N N e s =TT 5 N e 22 RS
T A R R A R s DK RS
BRI A E YRR AR, TR AR S 4 £
W D7 R A S e, et & Rkl
Mo A 2SO, SE B L TR AT RS A SR AR

1 #MRERE

1.1 WX
IR DXL T30 VA8 4 2% i A A7 DX AR 4 X

K, SEEHER N 4.8 m, Mk TEWRAER, 8T R
Jb W 2= KU L A, CPERRSE 150 ~
18.1°C, 4EHR/KE N 1060 ~2 000 mm, i+ FFF
SRR, 13T R, EHIERS S ETE
FRRBAKFEA N, SRR, WF5T R A A il
Al R, K EBCHARIR AR FI S R iE & e FH |
HET IR IR LM WG AR AR SR I 2, FERME 28 0%
YEWIRIRIET, & 2 Rk
1.2 THEXRE

TEPERIAE KRS SR ARARE 12 a F1 19 a( 7K H B
BOARHL, AR KSR ) 3 HebEi, SREEERIBIK
FEN T R 5T - SR A 3 A
HIH, A T 2 (] B ST 200 mo K AR
iR, BT FRMORFERT, SRR PIAURAR
]S i, DU S S AR AR 2R T 242 4 )
R KO, AR R B IRGL, B AR
TREE o REESYZ - HERE S, K 3 A3 5 ) i A R) &
AT HER G 1 ARG TR ORRER R h
Wik sr: —#a KT )5, i 0.25 mm A10.15 mm +
i, T R IEEAE AR I 5 I3 — 8053 FH KRV ity
lSsh e, AR TR S T80 Cukel, HIFlE+
HERUE YIRS RR R TR & i . FEMLAE BRI 1.

x 1 TEFEHEBER

Table I Basic information of soil profiles

HIHS KEORRAERR s zpE R P 1 (kg/hm?)

(@ RE GBS AW Ear 2
ZJP-33 0 29°5827"N 120°302"E 7K H 180 ~ 300 375~ 525 150 ~ 225 150 ~ 300 -
ZJP-04 12 29°58"28 "N 120°30'1"E b N 150 ~ 300 525~ 675 150 ~ 225 675~ 825 12 000 ~ 18 000
ZJP-06 19 29°5827"N 120°30'0"E il 150 ~ 300 525 ~ 675 150 ~ 225 675 ~ 825 12 000 ~ 18 000

1.3 #millESHEL T

IR v R SRR LU (5 R R M R
FEARIUE A, HAS); A SRS K SR TENE ;
FHCR I IIENGE ; WS ] R R, R
FHBRSZRETINE o - 3EAT HILBT R H 3 455 TR B R A R
SR 5E 5 AR P RE I 5 B R
PR LM E 5 PR A HF-HC104-HNO; i1
b, RS AR DCBGE i 2 B4 —F7 15 R B ik
TR L) R R IR T T R OR P TR B — TR 2% b R
(pH 3.2)42 1, MR AL(SOL): IR I, R)5
K JHABIAE M0k LE (2 0 1 2% 48 n HLAR I E 20 R ¥
JLSCHR[8-9] 0

+ R A W W R g D5 R (PLFAs) I &2 7 2 4n
T FREL 3.000 g ¥ VR T 19 B 8RR 0 TR U
BN, AN BTG TR AR 22 vh i AR USRS,
W R AR R TS AR B BRI R, AR5 &
oM R R A6 S R AOM 3% 4 B SR W R e
iR B & f . SAH S S0 BT A Agilent 6890N <,
A AL (FID K %%) . [R] I, %4 MIDI Sherlock
TR Wy %2 58 B 58 (Version 4.5)%F 4% 143 16 05 1R k47
Yeow, AR U RR R R B, DLIE T Uk g
Fig (19:0)1E A AR

SCH A T B K A SRR AS SR A BEAIAIL(EOS
M3AIR, SCH 8RR Excel 2016 #EATHEHFI M7
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%5 VAR ARAE AR MG T 50 T /K H SOMCHE X d- 4914 55 1099
WK 19 a J A8 R K B ((2.5Y4/2)(8] 1. & 2 Filgk
) BEREHH e

2.1 TEHEERTL

WF9E XK Bk, R K O7 B0 8 FRE, M
95 em FRER] 112 em(K& 1), HIELERIIAIER R AR
b, 22 LR FHOR A BE L 5 ~ 30 mm b )57 H
HUR(AEEELL 15 ~ 60 mm 4 ) WRJZ BB PR
FELL 20 ~ 50 mm h F)FAS R KPR EELI>40 mm
h ) K HFHEZ FIALR)Z R GBS 2
ERITETE 30% F1 25%, UMb IS S (0 BES0Z s
HEWHEE 1, B2 f3k2), WRILBIOARS, EEerk
BEREIR (& 2 A 2) /K HH 38R 2 Fh A AE KB ol
B 2F), S5 66 i BEECE D, B e Ak
(& 2 F1ge 2). Kohk 12 aJi, HIEEESEERGE
B, FRIZFER)Z AR R AAQ.5Y3/) A R
(S 3/1) 5675 J IS IR ¥ (2.5 Y 4/2) R R 5,5 Y4/1), 7K

5 A R s

R T
a3 o —_
[ =

)
i)

2); WRZEBIEAMAIE, LHKET.5Y4/1),
TEEONBAQ2.5GY 2/1), FFEAKEFHEEA(SYRA/A)
BRERIESOR GO IRER R R AR (B 2C #1 2D); WBEZ
(BEE 2 ) T - HEX Ry K (2, (NS/0), HoB (0 A8 (b AN B B
(F 1. E2 M 2).

t & 3 mIAL, KSR, RIZFNTR)ZE HHEE K
R TR, 3K &4 R RSN, o HkE
JZ A ST N 0.38 kg/em® HEHNE] T 2.06 kg/em® Al
2.96 kg/em®, FKIEIEN 6.79 fi5. KHFRZFW %
2SR T 0.95 F1 1.07 g/em®, KK 12 a
ARSI E] 1.18 1 1.20 g/em’, /K Blobk 19 a +HE3E N
#) 1.27 M1 1.29 glem’, e KIGIR A5 33.7%. KEOMR
Jii H LR BN Rk, BHE)S LB d KR
Rk 18.4%, iiEH HIERUZ A JF)Z) [ 1 48R
SRR E A T A R A )

O ) I e T

ZTP

(ZJP-33., ZIP-04 Fil ZIP-06 43R H | ZKBIAK 12 a FKBAK 19 a 158511

E 1 KEFMHMETIREE
Fig. 1 Soil profiles of paddy field and forest lands

22 TEMFHERTWE
KM, 13 pH P& PR, £)213 pH M

5.57 TRER] 4.55, W Tk HER)ZHEBKMEER-Z
Me, 7K HHE2)2 123 pH BEAIR TARith 13 . /KR s
AP B T, R R)E 4T Bl B
W, FRFEIRE 515 E] 42.08% 1 57.06%(E 4).
M S BILUE Y, KSR 19 a J5, HEREM

22 T AR B AR L, RIER B Ak
FiE B A A BRI IR 5 R 7.44% AN 8.70%; ik
SRR R ZTE MRS N RE, BRI 258 18.20% F
47.70%, TERZE FEBQ25 ~ 47 em) 2 HiF K i T 7k
SEMEUIN, K O EREAR, B R
BRIEAL N S Bk , DTS | A 12 2 A J2 v ) 39905 Ak
TR TR AR T BIEE U Z (47 ~ 88 cm)
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MIER, B2 g B aden, x5 FeA3 30 0.67 1 1.03, /K BRK 12 a J5 43 548 5] 1.06
Sah M F R 7 “HEI" 2 12 HIEREHEEE 0 1.90, JKEbk 19 a [543 g hns] 1.22 F13.14, X
A—F K HHHEZMAR)Z TP A e EES b RIS B R

(A: BHERNAEEHKEKKE KBk 12a fl 19a 13, B, C. DMEERE); B: 2JEE; C: WHUR LA#R; D: WAURTHE;
E: BHEZRES AR ILIE F: KHARZESEMBEEIE; G: /K HALURZSE P BT A H: KBS0 12 a LEBHEZ R AL)

B2 KHEFMMKMTIRAESLZEBRRSHFE
Fig. 2 Morphology characteristics of different layers of soil profiles in paddy field and forest lands
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ERE M ARARSE . AR AlA 1 52 T 7K B SO e 1 S5 S5 i 1101
F2 KEMHETIEIEESFTET L
Table 2 Changes of morphology characteristics with land-use conversion from paddy field to forest land
RS2 W k)2 T ek - e () B A
(cm) Hem sdiktkE Kb
T L1 (%) (mm)
ZJP-33 0~12 PHER PIBHUIR(S ~ 30 mm N F) FREE(,(2.5Y3/1); WERM  BREBIELL 30 2~5
{4,(2.5YR3/3, $EHE)
12~22  RK)E HUtk (20 ~ 50 mm Jy ) MRS SRR (Y 3/1) BREFBELL 25 2~5
M 11, B 20 10 ~ 50
22~47 wERE B (50 ~ 100mm 7 32) WRAE(7.5Y4/1) BB 12 1~4
47~ 88 TERZ YR (40 ~ 100 mm ) BEQ.SGY21); KM BREEIEL 25 2~5
(5YR4/3, %k%EBE) b B AR 12 1~2
88~130 WHHZ AR JKA5,(N5/0) R B 0 -
ZJpP-04 0~12 HHEZ Ptk (15 ~ 40 mm g F) 55 JK B (0,(2.5Y 4/2) B BESL 5 1~2
12~22 RER KPR (>40 mm K F) WRAL(5Y4/) BB 15 1~3
22~ 47 WAZ  KEHOR60 ~ 130 mm 4 ) RA(7.5Y4/1) BRABBEEL 10 1~5
47~88  WEZE  KBBUIRGO~120mm A E)  BEQ2.5GY21); FEG BRERRES 30 2~5
(5YR4/4, BREGHE) vt 15 1~2
88 ~130 i AR B2 ) JRAL(N5/0) BREEBELL 0 -
ZJP-06 0~12 BHEZ HeiR(30 ~ 60 mm g ) 5 K 5 £6(2.5Y4/2) BRFPELL 0 -
12~22  BJRZE KHeR(>50 mm ) 5 K 5 £6,(2.5Y4/2) R RS 5 1~2
22~47  WRZRE KEHUREB0~ 150 mm R F) JEAD(7.5Y4/1) EREFBLLL 10 1~5
47~88  JERUZ KEBRAAAR(T0 ~ 140 B2.5GY2/1); HiEE  FRELRILC 30 2~5
mm ) (5YR4/4, #RELBT) Bekr A 15 1~2
88~130  Jiiw)2 AR B TR J2 ) JKAB(N5/0) R RS 0 -
©ZIP-33 WZIP-04 F3ZIP-06
70 7-
6L
g E
~ oh
¥ < 4}
¥ iz
&1 o3t
& Xy »
m . ® ol .
. H -,
. 1k -,
. o
- L L oA L r. A 0 pu 1 1"
0~12 25-47  47~88 0~12 47-88  88~1
KHJZREE (cm) KA JZTRIE (em)
20
= i
H H
3547 4785 T2
EAJZGE (em) RA B (em)
3 kMg LIEMIBEERT

Fig. 3 Changes of soil physical properties with land-use conversion from paddy field to forest land
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30F

LA TR (2/kg)

- - -l
12~2 25~47  47~88
RAJZBRIE (em)

0~12

KRS LI pH FIAHREL

Fig. 4 Changes of soil pH and organic matter with land-use conversion from paddy field to forest land
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Fig. 5 Changes of soil iron oxide content with land-use conversion from paddy field to forest land

PN Ve ST AR R 7 R et W S
HERIZ LR 2 R kA i e i W1 (2, JErhokik
19 a JEHHE R BAUA K T e R Y
8.44%(18 5). LHEWERGIE AL L HIEA —
B, b HER ARSI IR G, AHOC
PEZRECN 0.75, il i JE BUZ AR i, BA R AR
THA R AETZ (A 5).

23 TEMEMSHEETH

T HEAEY) PLFAs 048 6. 3 3)&RW], Kk
MG HEIZ e 8 e 2R R AR B B AR K
H . KA 12 a FIZKEORK 19 a H3ERUE Y PLFASs &L
43914 198,14, 127.14 #1109.82 nmol/g +, K
FENR R 44.57%. T 6 & i (i M7 PLFAs /&
YikRic 1T T, AR W AR IR AR R 16:0
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Fig. 6 Changes of PLFAs chromatography of soil microbes in tillage layers with land-use conversion from paddy field to forest land

x3 LTIEBHERWEY PLFAs 28
Table 3 PLFAs contents of microbes in tillage layers

AT TR H B (min) [ZER/ESI] WENE B DT IR % it (nmol/g -) AR B 8 (%)
ZIP-33  ZIP-04 ZJP-06 ZIP-33 ZIP-04 ZIP-06
i15:0 8.552 ~ 8.554 IR 14.41 14.53 12.87 727 11.43 11.72
i16:0 10.206 ~ 10.211 I A AT 5.03 5.03 5.702 2.54 3.96 5.19
18:1w7¢ 13.966 ~ 13.974 ek ) 13.30 7.86 3.89 6.71 6.18 3.54
18:1m9¢ 13.879 ~ 13.885 LA 12.55 10.41 5.79 6.33 8.19 5.27
16:0 10Me 11.595 ~ 11.600 Tk R 15.10 10.32 8.30 7.62 8.12 7.56
18:0 14.370 ~ 14.373 WE IS P TR 5.92 4.85 2.88 2.99 3.81 2.62
16:0 10.840 ~ 10.847 i) 26.59 23.39 14.59 13.42 18.40 13.29
19:0 cyc 08¢ 15.966 ~ 15.976 il 16.85 13.10 11.30 8.50 10.30 10.29
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10Me, M 10.32 nmol/g 1+ F K% 8.30 nmol/g 15 1t
FEFMFFENSIIIR 18:109¢, M 12.55 nmol/g +F
%] 579 nmol/g +; ACFRIKE YN W HFAE IR I R
18:107c MyZaX S AN & A BIREIR T 70.8% Al
47.2%. FRFRUFAAANA RFERR IR 115:0 F1 i16:0 AYAH
XS EAKER 19 a J5, 0035 T 61.2% F1104.3%.
i H R FH— el £ Fh PLFAs AEWbRic Fos 13
NP . FLIA L R . AR S SR P e X
FIARXTERE, W0 cy19:0 o8c. i19:0. 18:1 o7c. 18:1
o5c, 18:00, 17:0ISO30H. cy 17:0, al7:0, 17:00.
al6:0. 16:1 9c. 16:1 w5¢c. 16:00, 16:0 Nalcohol.
15:030H. 15:0 20H. i15:0, 15:00. al5:0., 114:0.
14:00 F1 12:00 FALLH P FAERR TR ; FH 20:1 09c¢.
18:3 ©6¢(6,9,12) . 18:2 w6c Fl 18:1 w9c HFRAE ELFH
FEAEARMGTER ; FH 19:0(10Me). 18:0(10Me) . 17:0(10Me)

F116:0(10Me) R AF L B M FRIERE IR ; F 20:2
®6,9¢ Fl 20:4 ©6,9,12,15¢ HKFAE A s I RHERS
IifR; FH 18:1 o5c. 18:1 w7c. cyl7:0, 17:1 8c. Al
16:1 wS5c FAF 2% [ 40 B W FRAE I i e s
al8:0. al7:0, i17:0. al6:0. 116:0. al5:0. i15:0 #M
114:0 FRAF 2% FCPHPE N B RHAE IR D518 5 18:1 o7¢
RAEPAA AR B FRFIENR TR s F 17:0. al7:0. i17:0.
i16:0, al5:0, i15:0 Fl 15:0 FAF4F- 540 B (O ERAE NS B
BRUT ARHRgE R, KBS - HERUAE Y PLFAs &
R 44.57%, TR R /AN TR LA AN AR S/ 40 L
1B 1K) B RIG RS> 51K 7.69% 1 16.67%., TE/KH . 7K
HOAK 12 a FZKERAK 19 a 3R i SR 40 B 5 R A A0
FEAE 3514 2.82.3.89 F1 5.43, Fe KIEIE AT 1K 92.6%:;
2% P BP0 PR 5 2 FG PH M 20 7 ERAEL 351K 0.64,
0.44 F10.35, FKFEIEA 45.3%(3K 4).

x4 HELEPRARMELEMED LG

Table 4 Ratios of different microbes in tillage layers

BIETS  H PLFAs(molig &) FCHUANE WKW/ JSUESIIME L OIS [ SR R A
ZJP-33 198.14 0.110 0.156 0.018 0.636 2.816
ZJP-04 127.14 0.126 0.165 0.021 0.436 3.887
ZJP-06 109.82 0.085 0.168 0.021 0.348 5.429
3 Wi SR, S AR BE R T

it

3.1 TEYEMRETHERIE

T S MR AR AN BT Al & & BT 5 T, KIa
FEUK FH 8 48 R R PR A M I S 5] i i 2 Ji P e 7 g e
ZUAEY) o K ORI S, T b 2 K R 4 B
BID, MK SRR B KOR I T R,
X 505 F P A B 4 VS IS g SR AR — B, Bl
TSR TR, b2 18] PR K S BT 4 AR M4
Bt T R R G 7K o)t Bk (R A £, AR IR 45 3L
LR D e M A N N T YA R E R LR N0
Je S R4k , 5 e 2 R ST R B 0 S5 R AR R
INZ A BB N R BRI R AR 5 R 3R
Wi, i E] AR, JF S R R E R, £
HEALBRE NI, AFTEY AR, KESME, +
B3R E W IKARURN 5 HEAK V% T 0 TR A G A A7
e, FOBESC, B MBS A AR MR i, K H bR
055 L BESOREE B % 87k R s R 2R
FIREREAL, Fefa S8 HIRIRG BEEHA. BT 11
B ABR e B R R, JE B2 3 e IR S
MREY T HA LA )Z . KES)S, FiE %
AL S . Kit Fe(I) A LA Fe(IIDAFH &=

32 TEAFHERETRHERIE

K AR, K 3R A B K NHL-N
FERH LA I VE R T #1468 NO,-N 1 NO5-N,  [m]fi}
KA Fe’ Rl Mn™ S B P Atk BsUh a1,
Z RN RN, 5% 13 pH N, K
MK &, 38K 53 25 BRI T 2 Kb i <)
Y, SOMHL S, BIEE N R BRSSO,
I T AL R s E AL Iz A SR
BRARYR D UL K AR 0 it A LB B 55 PR 3R 5
Wi, AL S E R, o RZA R LA
MU & MR . TERUZ (47 ~ 88 cm)FEiL
HRIK, KA, AR, SRR A
R ERIZENS , FPER IR HURASRE ST 5353
PRI 3T HLTT % v TIERYZ EEB(25 ~ 47 em).

KBRS , AL, A R IR
THAR, FH A JF S | A TE R FE I S5 L &
T2, Wb - 3R 2 00 3 22 DR 8 S b v T 492 2k )
SIS S AL, DRI PR 2 2 Al 2 2 - 4
SRR B A AR S H K T s A SRR K
MORHILE , T S KRR AL & R R, XA
PRkl b AV PV , 18 b R TG PR R B 7K 1)
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rn IR, BUERZ IR ZIE MRS 8RR, X
Y5 Takahashi SFCWHRFIT45 SR —30. /K H MBS,
Flmh £ HE Fe(D) it TR, F25 540 R o T
1, K Fe(ID 7R AL ARUAE D VE R T Bl Al fk
J Fe(IIA X
33 TEAYFHRETHERIE

K H SO T A KR AP T R,
AW A K 75 BYOK 3 RS SR /b 5 1 e 4
AR fAL, IEALBRRE IR, XS M AR K
B RS, AR T A AR S %, 5l
HRZE MY PLFAs Bt M 250U &+
TR, X5 RSP ITAE R IEA—S 1R
KAERE AT, RIZ B3 F T T IR RS
K SOMR Ml S e SR R, IS T A AR A
WA TR R R A S AR A, DRI G A8 4 T /DR 4R
YA LA . AR /A B EL I LA AR S A
R IE T, A 2% R 0 /8 2 G BH M 40 7 H
Ak o 7K I SOMCHb T i 7 3l Atk 1A
ST L ;e IR ISRy B R,
FLTA S5 AT LU R BUT R

4 Z5ig

PRAES T 5T, K BUK FFAS R AR IR Al A
2 Ry & M, 3R D7 sCBs s A R TR
TEALEH | WOBBRHE . BRSO E YRR K
AW AR . K OIS, AN HEICIRBLIR S, £
BT IR SR K RS BT, 3 B R K B
BRRE, TIEERARL, RS AR,
FUREREIN, fLBUE PR RIZ 3 pH, AHLEE
TR, R LIEARPORE RS RN, TP
WAk SRR R, LIEMCEYIRE R A R AR,
U S T /DR SR T L BRI i A Sl ) /2 T L A 2
T, 2 TR A TR/ 2 FQBH P4 T P R AR 8
2, AR R G T 55 T K B 0 438 A 2SR R
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