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Table 2 The degree of cultivated land conversion to forest or fruit
production in China from 1990 to 2024

P 1990—2000 2000—2010 2010—2020 2020—2024 1990—2024

- 2 i i i 7
Provin. TIF R/ g R/ g R/ [iigs R/ g R/
ces rea o Area o Area o Area o Area o
10*hm? 7° (10*hm* 7 (10*hm?» ° (10°hm?) 7 (10*hm?) 7°

Jent 198 316 1.09 1.96 145 3.09 0.63 150 3.61 578
KE 019 023 008 011 011 0.16 0.14 023 030 037
WAt 840 0.84 893 096 3.81 044 273 033 1922 193
Wivg 325 049 557 093 447 080 3.02 0.53 21.60 3.27
MWZEE 969 0.70 10.00 0.72 12.10 092 5.10 0.38 20.68 1.50
LT 2138 277 1454 1.97 1450 201 11.58 1.63 34.55 4.48
FHR 2220 243 1559 1.73 17.68 2.01 1122 125 2491 272
HIRVT 42,61 226 74.11 3.67 3561 1.81 1583 0.78 59.30 3.15
k¥ 003 006 009 017 005 0.2 0.01 0.03 0.04 007
L7 164 020 1.67 021 129 0.18 1.58 022 192 024
WL 1679 584 1442 542 6.61 280 8.62 352 1484 5.17
1407 155 23.86 2.69 998 1.18 8.06 0.97 27.07 2.98
AEE 24.15 13.82 25.04 16.01 888 6.33 1340 7.95 2586 14.80
VLYY 3887 7.92 3623 7.69 2636 5.71 26.67 546 5433 11.06
IR 510 042 450 038 1299 1.16 7.77 073 16.11 132
WE 754 063 19.61 1.67 19.69 1.74 887 082 30.41 253
Wb 1922 231 4552 529 46.64 5.62 23.96 294 59.57 7.16
WIF 74.65 1049 39.19 573 73.68 10.14 46.07 6.46 101.45 14.25
J7HR 4550 8.15 7241 13.85 46.31 10.07 28.61 6.06 80.78 14.47
J7PE 64.53 10.84 60.95 10.44 94.65 15.97 62.79 10.82 124.84 20.98
R 18.39 1833 26.27 26.75 11.26 13.33 9.15 8.68 24.58 24.49
K 3843 9.80 46.95 12.14 36.85 10.30 21.48 6.18 76.14 19.42
9Nl 64.04 531 82.61 6.86 109.94 9.37 5471 4.93 170.87 14.18
T 69.92 1228 58.22 10.05 93.09 15.21 51.26 8.73 137.61 24.18
ZF 9191 11.20 87.54 10.89 94.39 11.81 51.06 6.11 175.34 21.37
Fai  3.80 33.10 1.71 18.01 1.05 11.16 125 9.89 4.67 40.66
By 2026 3.15 3745 6.16 31.62 571 13.92 274 77.00 11.97
Hift 315 058 554 095 999 1.80 494 091 2084 3.81
#H#F 004 006 0.02 0.03 006 0.10 0.03 0.05 020 030
THE 001 001 004 0.03 012 0.09 0.04 0.03 032 024
BriE 257 046 149 024 0.66 0.09 040 005 1.03 0.18
Hil 73431 3.74 821.24 4.23 825.90 4.38 494.91 2.63 1410.00 7.17
W 1990—2024 4 “MRIRAL” TR 1990 4F B . FERT I A AL IF
15 2024 45 A" RSN R, RN,
Note: The "forest or fruit production” area from 1990 to 2024 refers to the land area
that was classified as arable land in 1990, underwent conversion during the study
period, and was designated as "forest or fruit production" by 2024. R, represents the
rate of conversion to forest or fruit production.
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it 1990 4E #F s K2 1990—2024 4E 8] [ “AREAL” #F
i b kAT 038 (K 3. RER, WEESHEL
REIFAHN: PRE<2°k% 20~6°[I FEE#t i, PRIE AL AR
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6°~15°Mf It Hh, SZHW PR, MR HOEREK, HE
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FIE #F 0 MRBCR IR A T s Z, MRS AL R 4 31 = IA
25.20%-. 34.88%. TEHFHIAEF=RCR 5ABL WA R,
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mME, #HtmEX. HEX. FmX. ®mERXH
15°~25° “MREA” Brbm A5 & B Xk MR B
Hb T AR EE 2> BN 51.57%. 46.38% 37.05%. 36.77%,
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map.
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Fig.2 China's cultivated land forest or fruit production rate at county scale from 1990 to 2024

FT3 19902024 FEREIHE TRIHHHE “PRRUL”

Table 3  Forest or fruit production of cultivated land under
different slopes from 1990 to 2024

B ALY HARL 1990 FEHHBIER MR
Slope/(©) Conver}ed é\rea C}lltlvated la?d agea conversion rate t9 forest
/(10"hm") in 1990/(10°hm") or fruit production/%
<2 55.68 8837.66 0.63
2~6 184.57 4642.92 3.98
6~15 476.96 3357.25 14.21
15~25 465.54 1847.28 25.20
=25 223.99 642.24 34.88
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TEEE (029 . LEAGHREE (0.26) FfirM g
HAL TR E KT, EE H AR AR A X B MRS
PR A RPEAE R . Ib4h, @B N D%
(0.17) . GDP (0.16). WiztbiE% (0.16) 1) ¢ HH
SR, RUASLTFE RSB R 15 S1E
o FEXALZAER, BT RATE B 5 E 5 X B i
ML WIKBI A X B R, 4r o 0.184 0.15, Sk
H I 2 78 T 4R S A P B o SR Bk AR SRR
IV LE 2

EHR. W AXMEZREZREW T, S “p
B RHETESWREE RSN EERS S H. 1990—
2024 FEHF AR FAL F A i I X RE T RS (X . AR XA
KA T X, AR AR 20 18.19%. 17.26%.
17.09%. i, PHm X =82 HRHEAE L5 R ER
KEh, iR (0.48). TIEFLBREE (0.39) RN EE
(0.31) %5; MR IX 27 X A7tk & 4050 R &= IRk,
LN B JE R A EE RS (0.56) . GDP (0.54) . Hiigthis
H(0.54) 2y KT R PR R AL I G0 52 . [R]
FES, WHE (0.62). FFE (0.60). HiFKAIRE
(0.57) o BE I X AN 3 4 g S XA B AR SRk 2R AR
3N 0.56% Fil 3.76%. H A s EN X2 JFEAZ O iR
X, BURSR P MEZES DREREMENE, ZX
B E SRR EEANE (0.70). BRAHH (0.62) %%
HARKER: #bmEX AR, FE215 pH (0.48).
W (0.43). fEFFKE (0.23) ZHRHEKRIKS).

222 #HH HRRAL” Bom BT R EAER AT

AERE TR ERNG RRY, B “PREL”
22 HTF VRIS, AT Z M FE T 28 BAE BRI
WeE AN, HUUWRE PN E (4. BARKREER
EWNE A T AR BEAER, AR 7 5m i
SEMAESNEES pH (0.61) . W E 5EFKE
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A AL A BT R (0600 - [ s %0
pH (0.60). i1, fEHAR. TR, FKk R B 0
PE B T E IR AR, {15 L T 1 - X
0.12 024 0.18 0.18 026 0.28

FERROR R, RRIHIE . AR X AL KA 7R B sz b 017 027 02 02 027 035 029 XI5
— . 0.16 02 025 0.16 0.19 0.24 023 029 X 14
E%i%‘ gi%/l\glzz‘j] %Xﬁ%#fﬂ “*)F%ﬂ:” E‘Jﬁg%*—jj o 0.24 031 033 034 031 029 033 032 032 X13
0.23 0.37 0.33 0.35 0.35 0.33 0.31 0.32 0.33 0.35 X12
N 029 0.4 0.39 0.39 0.39 0.41 0.39 0.34 0.36 0.36 0.38 x]l
A 0.23 043 0.32 033 0.29 0.33 031 0.29 029 0.29 033 03¢ X 10

0.26 034 0.41 028 0.38 0.36 0.37 0.37 037 0.35 033 0.36 037 X9

0.21 0.36 0.33 0.34 035 0.29 03 03 033 03 027 029 03 03 X8

024 B 0.11 0.36 0.36 0.43 0.39 0.34 0.46 0.34 0.35 0.26 0.33 0.24 0.21 0.35 0.33 X7

0.18 035 0.33 036 0.28 0.41 035 0.33 032 0.33 032 0.31 026 0.28 033 026 X6

0.38 048 0.47 052 05 0.54 0.49 0.51.0.53 053 0.51 0.52 0.46 0.49 0.54 051 X5

0.2 048 0.41 033 0.51 0.5 0.56 0.46 0.47 0.56 0.52 0.52 0.42 0.52 0.36 0.38 0.51 0.44 X4

0,09 0.38 0.51 0.4 0.23 041 0.5 052 041 049 051 043 0.42 0.28 0.42 025 02 042 033 X3

0.45 0.53 057 05 052 0.53 0.53 0.53 0.51 05 0.51 051 0.5 049 05 048 0.51 X2

0.06 L 0.18/0.54 0.47/0:5510%6{ 033 0.39 0.31 0.43 0.31 04 0.43 032 0.27 028 03 027 024 027 029 03 X1

3 £ Slope
<2

[ 2°~6°
[16°~15°
I 15°~25° NESE
. =250 '
C kX 0

Agricultural region P

7: NER, ARIEX: IMGWR, WEWH RKMIFLX: HHHR, #iEEX,
LPR, 3 E®JEX: MLYTR, KL TF#X: SWR, MiRX; SCR,
X: GXR, H¥X: TBR, #HiElX.

Note: NER, Northeast Region; IMGWR, Inner Mongolia and Great Wall
Region; HHHR, Huang-Huai-Hai Region; LPR, Loess Plateau Region; MLYTR,
Middle and Lower Yangtze River Region; SWR, Southwest Region; SCR, South
China Region; GXR, Gansu-Xinjiang Region; and TBR, Qinghai-Tibet Region.

B3 AR BRI
Fig.3 Slope distribution of cultivated land for "forest or fruit
production”
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Fig.4 Interactive detection results of cultivated land "forest or fruit
production" in 31 provincial units of China from 1990 to 2024
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Fig.5 Interaction detection results of influencing factors of "forest or fruit production” in cultivated land in nine agricultural areas
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0.9
R4 ERTEBEXMENEERITIKE 08
Table 4 Variables and contribution rates after removing spatial . 07
correlation Z 06
- TR - TR é “F#4) (AUC=0.818)
hir Contribution hir Contribution £ 02 Mean (AUC=0.818)
fndex rate/% fndex rate/% = 04 ﬁiﬁﬁmﬁ{ﬁ%dd
5 L5 AR — ™ 0. Mean +- one stddey
ﬁ% rﬁe‘mdlgf:ﬁel%ﬁ 59 T IEFLEE porosity 0.5 2 2 I‘{&ﬁaﬂzﬂ}ﬂgrediction
I population 212 e H 4y B 7K & biol3 0.5 0'1
i FE slope 7 e A R AGIEREE bio6 0.3 ’
+JZJE B thickness 3.7 WYKL A silt 0.2 0
BB pH 1.8 1R TP 0.2 0 01 02 03 04 05 06 07 08 09 1.0
FRi& & clay 14 F[EKE biol2 0.1 K5 57V Specificity
WA AR 73 L gravel 1 FIEHEIFE RS d_road 0.1 A RUHRHEML
/E\/J%‘lﬁriiﬁ b]07 0.9 %H{éé,—)&z B%ﬂ(% blOl 8 0.1 a. Receiver opcratmg characteristic curve
3 TK 0.7 Hy N ARALIRE wid 0 )
LHEMBTRHAES CEC 07 |SKRMER d water 0 kT
LA U S R SOC 0.5 biol8
o
10
232 AFwRMiEkeshh HRRM” BEHK i
S BHHLE LN GRS BREAL” BRI AT A, d resence
RAE DY SR TR U RI G BB BRALAM X (7). e
TR VA LTI T AN 1153.38 J7 hm?, PRI 0 o
(T AN 17442.28 73 hm?, 3B BF 4E 55 500 1 T BLOK populaton
252.38 73 hm?, 2R AME S IE T AN 926,39 77 hm’. slope
WA EEEE, SR E A ER K. KT tickness
“? ’ Vil = L i :El : fﬁ N
ORI CRIE R IX, 40 B 4 4 L 8 36 26 7 7 A £ K

43.93%., 22.58%. 17.41%; F~HIILE #0380 A 7E 2R
N . VA, o 056 0.60 0.64 0.68 0.72 0.76 0.80
ABDK AT RWFIX . B XA RE X, 230 4 i EU‘JHUJH?ETﬁERegularidetrainangain
FPEARINE BT AR ) 20.47% 19.36%. 16.64%. 15.19%; AR AR R %R
E*#QET#ﬁfDI%ﬁ\%ﬁE@Tﬁ[X %@[X*Dij::“:lz % With all variables ~ With only variable ~ Without variable
e o ? > ’ b. ML 2
) A E IR EE R TR 42.14% 17.24%. 14.7%;

b. Regularized training gain
ﬁiﬂ&ﬂ%gﬁfﬁffﬁéﬁﬁﬁﬁﬁqg\ ;f\jtg?ﬁﬂljﬂ%a&{i @ 6 ,iﬁ\‘%-l/‘/};#%jidhéi (ROC) 5ﬂ+ﬂ*ﬁ%g9%

WAL IX, gr )b A AR A2 E T AR 1 19.79%. Fig.6 Receiver operating characteristic curve (ROC) and results of
Jackknife test

18.74%-+ 13.35%.
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s B Enen
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a. HHHuE B oA b. AL X
a. Spatial distribution of cropland suitability b. Optimization zoning
B7 #MERTESHR HRRML Hs K

Fig.7 Suitable distribution of cultivated land and optimization zoning of "forest or fruit production”
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Fig.8 Theoretical mechanism of the reason for the "forest or fruit
production" of cultivated land
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Spatiotemporal differentiation, influencing factors and control strategies for
"forest or fruit production" of China's cultivated land in recent 30 years

ZHOU Yuanyuan , YIN Yuging , FAN Wenjun , YUAN Chengcheng™ , LIU Liming
(College of Land Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: Cropland into forest or fruit production has been increasingly promising for non-grain land use in China. Rural land-
use patterns have been reshaped to dominate the national food security, ecological sustainability, and regional agriculture. This
study aims to investigate the spatiotemporal evolution, regional differentiation, and driving mechanisms of cropland conversion
into forest or fruit production in China. Time-series data of land cover were collected from 1990 to 2024. Natural, socio-
economic, and locational indicators were integrated for suitability evaluation. GeoDetector and MaxEnt models were employed
to analyze spatial differentiation, dominant influencing factors, and regional heterogeneity. Optimization zoning and
differentiated strategies were further proposed to support the non-grain cropland use during food production and ecological
conservation. The results show that (1) Cropland conversion into forest or fruit production exhibited a stepwise increasing trend
from 1990 to 2024, with the total conversion area and rate of 14.10 Mha and 7.17%, respectively. Particularly, there was a great
increase after 2000. Spatially, the pattern was concentrated in southern China and the northeastern forest regions, especially in
the southern coastal and southwestern areas. Forest and fruit production gradually expanded to occupy the conventional grain-
production spaces and cropland use patterns in many regions. (2) The spatial differentiation of cropland conversion into forest
or fruit production was jointly driven by natural environmental, socio-economic, and locational factors, indicating significant
regional heterogeneity. The slope was one of the most influential factors on the national scale. There was a significant positive
relationship between the conversion rate and the slope, indicating that sloping cropland was more likely to be transformed into
forest or fruit production. Explanatory power was observed for the interactions among factors, indicating that the conversion
was shaped by the combined effects of multiple drivers. Regional differences also varied in dominant mechanisms. Natural
environmental factors dominate in Southwest and Northeast China, such as topography, temperature, and precipitation. Socio-
economic and locational factors were also dominant in South China, while both natural and socio-economic conditions were in
the middle and lower reaches of the Yangtze River. (3) Grain-suitable regulation units (1.153 x10*hm?) were distributed in
Southwest China, the middle and lower reaches of the Yangtze River, and South China. Orderly restoration and recultivation
were prioritized to retain ecologically important patches where necessary. Ecological retention units (2.52 x10°hm?) were
concentrated in Southwest China. Ecological protection and eco-friendly land-use patterns, such as agroforestry, should be
promoted to balance ecological conservation and the economy. Overall, the findings can provide differentiated strategies for
non-grain cropland use and the national food security with ecological sustainability.

Keywords: land use; farmland protection; cropland conversion to forest or fruit production; spatiotemporal distribution;
influencing factors
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