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Abstract; The conversion of natural forest and cultivated land to citrus orchard has become one of the typical land use/
cover change processes in major citrus producing areas in China. Enlarging citrus cultivation can bring promising profitability
to smallholders. However, the ecological consequences of enlarging citrus cultivation on ecosystem services ( ES) and
landscape patterns remain unclear. It is of great significance to explore the ecological effects of citrus orchard scale planting
on the eco-economic synergistic development of major citrus producing areas. This paper focuses on analyzing the changes of
ESs and landscape pattern, their correlation and the tradeoff/synergy of ESs change caused by citrus orchard expansion,
using a case of Xinfeng County, Jiangxi Province. First, we used TUPU analysis methods to characterize the spatial and
temporal variation of citrus orchard expansion from 2010 to 2019, based on the data of the secondly and thirdly national land

survey. Second, InVEST model was employed to evaluate critical ES dynamics caused by citrus orchard expansion, and then
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we analyzed its differences in different terrain gradients. Third, we applied correlation analysis to examine the tradeoffs
between ESs and the relationships between ESs and landscape patterns. The results showed that: (1) from 2010 to 2019,
the expansion direction of citrus orchards was mainly converted from forest land and cultivated land, and the area of citrus
orchards increased from 9961.29 hm” to 12633.84 hm”, with 7504.72 hm® newly transferred in and 4832.16 hm” transferred
out. The contradiction among forest land, cultivated land and citrus orchard is prominent in Xinfeng County. (2) The
expansion of citrus orchards has boosted the supply of citrus supply services, whereas it had a negative impact on soil
conservation services and carbon storage services. Soil conservation and carbon storage services decreased by 67.19% and
35.98% , respectively, from 2010 to 2019 throughout the region as a whole. Surprisingly, its impact on water yield services
was not significant, with only a 5% reduction over the research period. Moreover, citrus orchard expansion has also resulted
in a decrease in landscape connectivity and a trend of fragmentation in Xinfeng County. (3) The expansion of different
citrus orchards on different terrain gradients had different effects on ESs. (4) In the tradeoff and synergy analysis, there was
a tradeoff relationship between supply services and support services, and there was a synergy relationship between carbon
storage-water yield and carbon storage-soil conservation. It is found that landscape fragmentation is significantly correlated
with ESs. These results can provide scientific evidence for the rational development and utilization of gardens and habitat

protection in large-scale cash crop planting areas.
Key Words: citrus orchard expansion; ecosystem services; landscape pattern; correlation
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Table 1 The code of land use type
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Table 2 Key parameters of land use in InVEST model

R *%iﬁ%#%ﬁ K AR Fr b T B i - Hen R B ﬁEEﬁm
Land use type (LSRR iy Copove” Cheton” Co/ Yy i
C, P, (/hm?) (/hm?) (t/hm?) Ceaa”/ (Vhm*)

#kith Arable land 0.23 0.40 14.40 10.89 114.60 2.11
I Citrus orchard 0.45 0.69 10.75 6.75 89.90 1.50
FhHEL Forest land 0.08 1 26.30 14.60 140.70 3.10
KR Water 0 0 0 0 0 0

A ML Built land 0 0 7.63 1.51 34.33 0
AH FH s Unused land 1 1 10.36 2.07 34.42 0.96

C,: Vegetation cover and management factors; P_: soil and water conservation measure factors; C, . : Biological carbon storage on the ground;
C)oion : Biological carbon storage under the ground; C_; : Soil carbon storage; C,.,,: Dead organic carbon storage
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Table 3 Classification criteria of terrain factors

HIE P % 9% Rank
Terrain factors 1 2 3 4
Wi Slope/ (°) 0—S5 5—15 15—25 =25
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HiJEAL Terrain niche <0.6 0.6—0.9 =0.9
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Table 4 Conversion sources and rate of citrus orchards in Xinfeng County from 2010 to 2019
i Arable land #iHb Forest land Ik Water FEW M Built land R F|HHE Unused land

iagal DIl MR DTk TR DURREE R DIl T AR Pl
Area/hm?>  Rate/%  Area/hm?> Rate/%  Area/hm> Rate/%  Area/hm®> Rate/%  Area/hm? Rate/ %

et

Conversion type

% A Transfer-in 1341.97 17.88 5574.66 74.28 88.01 1.17 203.94 2.72 296.14 3.95

% H Transfer-out 751.94 15.56 3089.81 63.94 157.74 3.26 629.87 13.03 202.80 4.20

45 Net conversion 590.03 — 2484.85 — -69.74 — -425.93 — 93.33 —
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Fig.2 Rising, falling, constant TUPU of citrus orchards
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Table 5 Impact of citrus orchard expansion on ecosystem services

g 25 18 Al 1 PRI TR A Tehitt it A2 fL At
HERE 2K Variation of citrus supply Variation of water yield  Variation of soil conservation Variation of carbon storage
i el ke S Y
Citrus orchard expansion type J=8 s F J=8 s F o Fy B F
Mean/ Mean/ Mean/ Mean/
Total/t ) Total/t ) Total/t ) Total/t )
(t/hm*) (/hm*) (/hm*) (t/hm*)
5 #EE! Occupied arable land 841.31 0.63 -228535.98 -170.30 —549529.95 -409.49 -35597.09 -26.53
5 MA Occupied forest land 3515.57 0.63 49800.21 8.93  -4523417.21 -811.42  -359287.53 -64.45
57K %] Occupied water 55.74 0.63 191651.41 2177.61 —-24549.39 -278.94 3826.51 43.48
i @7 Occupied built land 127.46 0.63 —-59446.42 -291.49 -76096.74 -373.13 9792.15 48.01
| FH b 750
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LT Contribution rate 31.49% — 3.97%  — 67.19%  — 35.98% —

3.3 FUAS R

FERAR AT, 430 2010—2019 AF A el 477 5K X6 5o WA% Jmy 1 52 me) , 25 51 W3R 6., M el 47 5K i (2010
AE) PIKJE (2019 4R ) BFSE X BESBCR BB %5 BE A Shannon's Z2REVEFE BN TG | T 55 W68 588 32 11 55 R
TR TR R I T RS X SRR b4 5k T BT X oW T ek, 3R Ui R ok i
A3, SOE B MEREL , Shannon’s ZREMEFEECH T EE T, X 0T RB 2 P A 15 35 B A DL 34 50 00 A MRl | AR kb 7 55
IR 70% , FE AR A5 F T R M Ay ] b fiff 75 A 1) FH 285 4 B S A
3.4 AERRGSS B/ PR 53 AT

K 4 SR FE S BUE I 4 Fh AR IR S BRI K IR S AN S0 R IR 45 O A 5 56 2R i 3 7, e W W IR 45
Z RN R EOTE L T 0.01 B MK TR TS, AHSC BT 2R B MG AL 25 IR 55 55 72 K R %5 (r=-0.91, P=
0.001) , HIERFFARSS (r=-0.70, P=0.01) FxAERIRSS (r=-0.87, P=0.001) ¥4 & FHUHT O 5 ;B fit it IR 55
577K Mk% (r=0.76, P=0.001) , T30 EF S5 (r=0.85, P=0.001) Z [ Ml i 3 PR DE R

http ; //www.ecologica.cn



19 FEAMEQ A AR PA Y 5KOuH R 25 AR GE IR 55 5L S5 52 —— LIV T P 49 5 SR S oA 1) 7853

THIRI RS EE ——12 ——32
20 20 20
15

1.0

ARG BE2R
Citrus supply
/(X 10%)

AFEIKE
Water yield
/(X 105mm)

/(X 10%)
I

=25

AL SRR
Soil conservation

Q
S5 05
T E
= @'s -1.0
=
BEX -154
<EI
20 : ' :
1 2 3 4 1 2 3 4 1 2 3
B fi&ea Elevation rank Y E4E4% Slope rank Hi AL 245 Terrain niche rank

B3 MEEYKIETRMERELNESRERSENL

Fig.3 Variation of ecosystem services on different topographic gradients caused by citrus orchard expansion
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Table 6 Landscape indexes changes before (2010) and after (2019) expansion of citrus orchards in Xinfeng County

ARy BEP R BEYu g FONBER SO Shannon’s ZH-PEHE 5L
Year Patches number Patch density Cohesion Connect Shannon’s diversity index
2010 38423 13.402 99.601 0.100 1.017
2019 47257 16.484 99.560 0.097 1.080
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