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Response of Soil Physical Health to Land Use

Change in Northwest Hunan Province
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Abstract; [ Objective] The aims of this study are to reveal the effects of conversion of primary forest to other
land use on soil physical health, and to provide scientific basis for rational development and utilization of land
resources in the central subtropical mountain region. [ Methods] The top soils in typical primary forests and
converted plantations, orchards, sloping tillage, and paddies in northwest Hunan Province were selected. The
response of major soil physical properties to the primary forest conversion was studied. [ Results] (1) Following the
primary forest conversion to orchard and sloping tillage, the content of sand in soil increased, the soil particle
composition showed coarsening trend, and the bulk density and compactness increased by 24 % ~28% and 27 % ~
76 % , respectively, leading to significant topsoil compaction (p<C0.05). (2) Compared to the primary forest,
the soil maximum water holding capacity. capillary water holding capacity. and field water holding capacity
reduced by 15%~30%, 15%~32% and 13% ~21%, respectively, in orchard, sloping cropland, and paddy.

And the content of macroaggregate, mean weight diameter, geometric mean diameter, and aggregate stability
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index decreased by 34% ~59%, 27% ~52%, 36% ~73% and 49% ~ 61%, respectively, whereas the fractal
dimension increased by 31 % ~80% (»<C0.05), and the contents of small aggregate, microaggregate, and silt-clay

particle tended to increase. [ Conclusion] The primary forest conversion resulted in the reduction of water-holding

capacity, structural deterioration, and physical health degradation in soil. The response ratios of soil physical

properties were lower for the primary forest conversion to plantation than for the primary forest conversion to orchard

and sloping cropland. The capacity of soil and water conservation and soil physical health maintenance were

higher in plantation than in orchard and sloping cropland. The soil aggregate stability index was sensitive,

simply processed, and low-cost, and was recommended for soil health evaluation.

Keywords:land use type; soil physical properties; soil water holding capacity; aggregate stability
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Fig. 1 Soil bulk density and compaction under various land uses



% 6 3

ARG < N1 VG b 39 0y B At R 0T bt ) A A6 ) e ) 339

2.2 TiERkeE

SIEAEAAR L, B 4 A 7 2 e Bk
Feoki B R E A H B R KR 2 T REERE 2.,
R L o SRl A I B b, 9 e KRR K T E 0 L R
AR 15 % ~30% (p<C0.05) . ARWLLHNFE A A T
PRAIZK e KRR AT 3 25 5 LR AR 4
S N AR S A A L 4 A R K S B (E 4
SRR 15%6,32 % F1 18 %4 5 J5 i b 7 48 oAy 2 el +- 43¢
FH ] 435 7K B - MM RRAG 21 %, SRR AR K 0 6
B AR B K 208 % £ 55 (p=>0.05),

K D (R4 50 8 180 53% .31 % F1 80% ., Jith
b SN B N T I 1 e o i BT
EEFE B B AR 48%,61% ,52% F1 49% .

fl‘_

L -

P EEE R/ mm

ATH REHE K H

R 35 4
a
I _ab a
ab
£30 F[ 1 b bed
°\ BE e - % a
[ { [ e a
1] o s 2 I oy ab  gp T
% i I e
-l - ot — -] LI ety - = 205
20 = ke -
i = icc I e T s - o
|- soded iyl RS il Jscied]
] 5055 - [T itess . foses]
o] . 205
. 503 - [PRY fstyted - Josoiedy
Hi1o k= I R
- 2oocecd - L ettt = o0k
. 503 - [ fstyted - Josoedy
-] feless - [ Petess - fococsed
T 335 I P 55k I gt o

BRFKE

BERFKE

H 8 45 K &

B2 AREE#AAGTNLEREKEE
Fig. 2 Soil water holding capacity under various land uses
23 TERARGARMRBEE
+ A RIRA B LA >0.25 mm KB R RE, L
T HEVTRAK SUBTEEY 6690 ~ 8400 (R 2) . JELIA MR
SIS R o PNIZIE S SRt Sl T Sk
R 2 5 5 IR AR AR L L 7K T o SR P SR AP 2 4
REAR 6490 (p<<0.05) . SR . JLU iR bk 45y Al -+ 3
A5 2, /N AT SR A ol DAL 3R A R - 286 R F- 2%
TR 5 R MR EE L R B B Ak
FET S AT SR AR F- 3 5% 4 W 35 i 3400 ~ 5906, K
FET - 286 AL 9 F 15 35 B S 127 04
x2 AR AATXTEAREABR
Table 2 Soil aggregate composition under different land uses
%
- AL

WA KEARE NERE PR fk

I
)

JL{A 3 B £/mm
(=)

ATL#k
1.0 r

— o
—

0.4

02 F

>0.25mmA BHEESE/%

AL

5 FE4E R
_|

1 o

ATIH  RE

ik (>2mm)  (2~0.25 mm) (0.25~0.053 mm) (<0,053 mm)
JF I bk 5549a 2945h 645a 11£4b
ATk 59+ 7a 24+3b 5+3a 13£6b

ENT 35+4b 44+3a 84 3a 13£5h
Yt 34£4b 43%7a 8+ 1a 14£7h

K H 20+7h 46+9a 9t4a 25+ 5a

— o

Ho

- b B e I R M - HE A SRR R E M (] 3.
555 s bROAE L. S B L 3 B b R K Dt g AT SR A
MWD {H FEAE 27 % ~52% ,GWD {E Fl R,.,; 1 5 AR
B FR AR K H GMD Bl R 5 43 50 i 3 FEAR 73 %
M 22%(p<<0.05), 5 JE a5 ARAR L, 2R Bl | 3¢ B L Fn

Bl oS-y =4

FEiEsk ATH HRE  HE#d KH
B3 AETi#FAARXTEAREREEER
Fig. 3 Soil aggregate water stability index

under various land uses



340 e o V3 S U/ T

%31 %

2.4 T EEYIIR I RX IR A AR 4 i e AL Bk (B

JEUR PR N TR LB, STAB 19 RR 48 5%
e A3 I — 49 Y0 R — 61 0 5 JE LA MRS e ok K L3 BE
H L G R AR FNER A7 % 510 RR 48 X0 {E i (B 4.+
SRR BT S5 e PR e 1 ) 7 i R Rk T A 4 S Y
JB o6 b B e 9 N TR

BA T —
05 AN —
B - —
YA —0}
xE | —0
W E L =
BRFEKE | —0 |
BERHKE | o i
HIERKE -0 i
KHE B L —
NI 2 —
MR R L —
BB —_—
THEEER | —io
JUEHER - —
>025mmARKEESE [ -
STHER - o i
STAB,, =< :
EEEEREEEE
) R 2R PR B8 O S
WA T -0
B F =—0
MR o i
R - —0
RE | i —o0
B | : —o
BAFKE | — i
EERFKE | —
HEFKE | —0 i
M <
Nz L : —_—
B RE L : —0
o-EEkh L — 5
THEEER | —o0 !
JAEHER | —o0 :
>0.25mmARBEE | —o0
SRgEY L : —0
STAB,, | o :
S8 88T

o L3 VA IR R 2 /o DN B N T B
JKH L RR 48 X3 E (14 F B8 5 51 8 12%6,31%, 35%
37 %, RR A 28 1k 3 [ 43 51 Sy — 48 %6 ~33%, — 60 % ~
55%,—52% ~T6 % M —81% ~71%. JRIGHFE A A
TARAY RR (B0 528 S5 RN /K FH (083 R 5

FiamER IR H
WA - —a
W f—0
i A —
R+ —n;
xE L —n
BEE - {ooo
BAFKE - o
BEFKE a
HE KR L oo
KERE | o :
UNEIE 2 : —a
WMERE | R —
B-EWR | ——a
FHEBER - a
JUAEBERE —a ;
>025mmBARBER | 4
SRER | {o—a
STAB,, a :
< vy (= w) < ) < vy [
-~ JE 4 bR e K H
WA ;
W - PooA
WA - —
FR —aA
AAE | A
BLE | DA
BARKE | A
BEGKE A
HIARKE -4
KEAEE | :
NERE L Po—A
CAEE S — 4
w-EER | : — A
FHEBER L A :
JWAFEHERE [ —a ;
>025mmBERESTE | -
FTEH | : —a
STAB,, | A ;
S OO O O O OO0 o o O O
S 0 W < N N < O ® S

B4 TSy IR AR AR X IR 58 MR 5 Y i R L 1B

Fig. 4 Response ratio (RR) of soil physical indices in response to the primary forest conversion

3 it ig
A S [ - ) P 7 2% -1 S 40 30 AR 0, o T
{5 W B AL P R 5 R S R 2 TR &

RE B, JRUR AR Sy [ B, b SR P 2
EIEEFGR D, 5 ZR KRR T BUE A
e ke 75 00 IR A0 Tt 41 M8 00 KL o O o SRR —
ES G ST P N N A % TR N R
IR R A A BORL IR % L R Bt Az RE U7 9 Y D
KL UL S AL AT SR T MR )
r R SRSt e N T <RI P Ay A
AR SRV VS S e i g s A RS 1SRN b L D
SRR e R A G R ORI S A R

B FA IR B0 o B4 ) 8 FL BV A P e P
KA, 32 R 7 SR PR AR L SRS AR s Dy SR
WeRb N A N RS (] DD, R
PRUAT RE 2 A0 BB L N A Sk B R A i ) b R AR el T
AE T EIOR bl A B 3R B A . (ER SR . R
WG S AR AR N AR B A o XS A
FRS . NI IR 8, b A A v it BLAF AR
XFHE 22 A2 AR AR A A A o B A 1 ) SO T K T
AR SR B L T AR B K B 3R R AR X
BA | B T A R AR

Rk BE J7 0 P RE 4 A 25 R G K IR SR RE 0 Y
HEHNRZ—. HEIHMAM L Fedi s £ A 7 5
19 9 d R A KR B A R KR ALK B B



% 6 3

ARG < N1 VG b 39 0y B At R 0T bt ) A A6 ) e ) 341

R 1 R 4 (TR 2) 3k R R 25 D s PR 2 38 R R 3 93 7K
JREOT R I MRS 4 ol SR B b, I
KA K B K R A I R] K R OCHE R R, 1
Sz e SR e 33 A b e K BE G AR TR B AR . R
FRHT T 0 PR B 7 55 5 e 5 B0 R A A R 2 R
FIVBRAT o AR B0 9 28 A3 AL SR I 5t ok /L, A 4 4 P
ZE AR K 28 & KL T RE I 55 1 HE K 4 7 5 fig
Fp L AR AL 5T R I AR XK SR MR 4 o N T
AR B AR b, b A B IE 2R B 4 em
B ZEL 0.5 con, Mk P& P IAAE B B 7.6 t/hm® [ 1K
% 0.5 t/hm” AR V& 2 Bk RE 5 T RE S, 4 g
oML ES AE A LB A 25 Pk PR K PEAR B . KSR MR
e T 3 E A VUK B LIS A S K e R B 42% ~
88 0 . AR T s /> - A ML o K A &% P 3 4R 4 A K
oK fig Sy to-senl o R AR B AR AR S K I HEREK
FH ] 5 7K AT (3 25 57 L X IS R 36 DR R PR R 8 ok UK
FH A AT I 4 HE K A R FE R AE K 4. /K H
- HEAE HIL T B R X SR A I B A L AR K R A
FF I8 HE B - 198 22 BB I IR & &5 S5 /K 3L T, A R 1 4
PRARHFF AR DO A 3 2 M R, L X
Sl R 24 A L TS 43 AL e X
Hiy 32 K AR K R R RE ) .

e R AR R FE R RHELE RIS . R R AR
e S LE R R e R YR R AR S R G REIR 55 (1
PRBEEY 5 R ARAR E L 7K A K A SR A B R AR AR
6490 (F 2). JRFATHER oK HH I K A ok Bk ik
DA K ife A IR o] RE 43 0 B R K R K A SR R &5 44, [
TR RS B0 AR 80 5 3 4 4 BRI 3 O
FEAE it A VR TE 0 5 ) W R K T R A S BUR IR
B A SR B IR M AR T 4 SN P SR A 3 5
RN X SR A AR — Y, AR
MWD, GWD, R, »; Al D {8 — i F T 15 1 FH R AR 25 4 F
FEPED TR AR B oA SR Bl R b R K L - A 3R
& MWD, GWD F1 STAB,, fE B AKX, 1 D 34 (& 3).
X FE A, B A AREE B Bl b L B b, - 398 A SRR RS E 1
FAG . I h 3 73 i PAHT K R MR 4l A FH b L v
=2 mm KA RSB RIS E R AR B
RRART . RUAARAE W) AR 2R AR W S (X ) B 0 2%
- R UR 38 AR AR W T A AL i 4 A HE
KA T e 35 4 39 P R ARG R R . AR . Bl LB
Mo N Ry P A B LS 2 (G . A R A R D L B
J AT kP 5 ) - R R S T 4 4 4 5 A SR AR
R tons TR MR e o N TR, R R AIG A B AT 3R
R ENE, ATRE S AN TN T T D MR
Py A B BL T KO B A R DR R
SN T A 398 90 B o W 7 B AR /DN T DB R
el b B b 3B I R AR 4 A2 R N TR, T A R

TR+ Y P R (R 4) DA 9 45 g A e ik
UL RE JIF AL AR N MR G B 1L XK £
RO 5 BB A+ st R G

- S5 B 5 X D e MR A5 i 5 P R, B
R E R BEE BN B4 B 05 19 £ R O K. FERT R
A2 1Y Y BRFE bR b, LA STAB o 890 13 He AR B K L i)
IO 5 T — S5 I s A 46 Ry S ] = b R 5 X34 AR
BRI ), T LA 50F8 7 i G ARG 46 i 48 PR R AR RS
EMEA L, R RIRGE MR ENE S LSRR T
OK VR TR TS 3y PR R K YA £
FEPE B R AR R B ), A R AR A k5 R P 1 S i
TEM B ek 450 . 35 STAB o (B BURCT JEER A+ B AT
W, 25 P9I AR 7 87 2R, BRI & FHET R . AR
WF 5T EDAIE 3% 4 7% 1 38 STAB,, {8 7E Ry + 38 8 B PE A
T/ TR A Y AR AR,

4 % ig

SARIA T R N SN T B N e o L A

ek HEAI SO ZH il S R R A 5 A TR SR R R 4 o

KPR RS, UG AR 8 g SR bl | SR Ak I,

MR R K B B R K N AR K R

ik, TR KBE ) TR, LIEREI RS &P E

HEEAR LR 2 B AR A SRR G PR AR BT B D

PR SR A | Bl DT 2R A A — 285 0K 35 £ 43T 4R 2503

67 T 25 A A BRAE R A
I 2 Yy TRt R X D Qe A B A i 7 14 SRR L BB

TG AR 05 1 L A T O SRR E W BEAE AR

55 Dt R Sy el b R AR LG DA bR A 4 S T

AR o 0 33 B A A e SR X N BURR AR O A BB

LD 55 HG Al - il 5 4 5 R i 8 R LE L JBLAR / R

SRMRER 4 Sy TR AR DO AT 1) 86 5 K 8L PR R K L

FNYERE T ey B B . 76 DI AR br p , IR 2R

PRARE PEFE R (STAB, ) W L7 BOUR% | I s 7 5 L B AR

G HEFE 0 T - AT AN

2 % STHf (References) :

[1] Tamburini G, Bommarco R, Wanger T C, et al. Agricul-
tural diversification promotes multiple ecosystem services
without compromising yield[ J]. Science Advances, 2020,6
(45) :eabal715.

[2] Bagnall D K, Rieke E L., Morgan C L. S, et al. A mini-
mum suite of soil health indicators for North American
agriculture[ J]. Soil Security, 2023,10:100084.

(3] SRFEFE BEWE . AR AR, A5, b B A B 04 PP AR O 1 B i
(1] 35 1EY . 2023,12(1) :109-116.

Zhang D D. Sheng H, Xiao H C, et al. Assessment
methods of soil health and their applications[J]. Soils
and Crops, 2023,12(1):109-116.



342 b e S & ) T ERIE
(4] FHyEde . BE0h . X0 25, 45 002 R i 45 U8 T 4 8 f B X 3% properties and wheat yield: An 11-year in-situ study in

[5]

(6]

[7]

L8]

[9]

[10]

[11]

[12]

[13]

S Bt A ALIE S R 52 [T ] op B ROl B 4, 2023, 56
(19) :3829-3842.
Yin Z R, Sheng H. Liu X, et al. Response of paddy soil
health to continuous amendments of organic fertilizer
and lime separately under double-cropping rice fields[]J].
Scientia Agricultura Sinica, 2023,56(19) :3829-3842.
RS 08, £ 36, IV E % R TR 4 st R T 7 R+ e B
PEBRFAE 43 BT [T ] K R R 2540, 2014, 28(2) : 123-126.
Ren T T, Wang X, Sun X T, et al. Characterization of
soil physical properties under different land use types
[J]. Journal of Soil and Water Conservation, 2014, 28
(2):123-126.
SRS b L Bl IRER A5 TR R 7 O 4
il T Ry B S R S i [ ] OK B3 Sl 2015, 29
(5):187-193,199.
Zou W X, Han X Z, Lu X C, et al. Effect of land use
types on physical properties of black soil profiles[]].
Journal of Soil and Water Conservation, 2015,29(5):
187-193,199.
Duan L. X, Sheng H. Yuan H. et al. Land use conver-
sion and lithology impacts soil aggregate stability in
subtropical China[ J]. Geoderma, 2021,389:114953.
T LT, e L A5 BT L DX 2T ATl X
Hb ] A b fg e 7 [ . VB 2% B BiE 4l 5 2022, 39(2)
63-69.
Zhang G L, Xie H X, Sheng H, et al. Erodibility of red
soil in subtropical hilly region in response to land use
change[J]. Journal of Yangtze River Scientific Research
Institute, 2022,39(2) :63-69.
Xiao H C, Sheng H, Zhang L. N, et al. How does land-use
change alter soil microbial diversity, composition, and net-
work in subtropical China[J]. Catena, 2023,231:107335.
M AR AT R S O PG b IR AR ARG X - MR
A HURR 55 T 0 52 e [T, K b R 45l . 2023, 43
(5):411-418.
Xiao H C, Li X, Sheng H, et al. Effects of native for-
est conversion on soil labile organic carbon and enzyme
activity in northwestern Hunan Province[ ] ]. Bulletin
of Soil and Water Conservation, 2023,43(5) :411-418.
Sheng H, Zhou P, Zhang Y Z. 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.
TR B R R, S 21 4 T 9 5 4 % 4 R AR
Mo iz ) BUBPEL) ] A2 522 240K, 2018, 37(9) :2707-2716.
Pan B, Duan L. X, Zhang F. et al. Responsive sensitivity
of nutrients in red soil profile to land use change[ ] ].
Chinese Journal of Ecology. 2018.37(9):2707-2716.
Yu Q, Wang H, Wen P F, et al. A suitable rotational

conservation tillage system ameliorates soil physical

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

a semi-arid agroecosystem [ ] ]. Soil and Tillage
Research, 2020,199:104600.

AR SC A, FE L AR e HE K 43w B0 I [T K 3
2015,35(4) :62-66.

Zou W A, Jiang B, Gu L. H. Measurement of soil
moisture constants[ ] ]. Journal of China Hydrology,
2015,35(4) :62-66.

Elliott E T. Aggregate structure and carbon, nitrogen,
and phosphorus in native and cultivated soils [ J]. Soil
Science Society of America Journal, 1986,50(3) :627-633.
Rieke E L, Bagnall D K, Morgan C L S, et al. Evalua-
tion of aggregate stability methods for soil health[J].
Geoderma, 2022,428:116156.

VKUK, 2 sk, 2 G, 4 4 3R b/ Wk A2 b 4 HE T il
Pt AL ] A4l TR, 2009,25(2) :56-61.
Zhu B B, Li Z B, Li P, et al. Dynamic changes of soil
erodibility during process of land degradation and res-
toration[ J |. Transactions of the Chinese Society of
Agricultural Engineering, 2009,25(2) :56-61.

BRI R 2R3 L A R LD DXOUR 2 A ML
it o 4 A A2 A B mE R [T AR A SR A, 2014, 34 (23)
7004-7012.

Sheng H. Zhou P. Li J. et al. Response of deep soil
organic carbon storage to land-use changes in subtropical
hilly region of Chinal J]. Acta Ecologica Sinica, 2014,
34(23):7004-7012.

Jiang X J, Wang H F, Zakari S, et al. Assessing the
impact of forest conversion to plantations on soil degra-
dation and forest water conservation in the humid trop-
ical region of Southeast Asia: Implications for forest
restoration[ ] ]. Geoderma, 2023,440:116712.

Abrol V., Sharma R K, Sharma V. et al. Landuse impact
on soil physical variability and erodibility in North
Western subtropics of India[J]. Journal of Environ-
mental Biology, 2019,40(4) :668-673.

TRIE Bk B, R AR A VG G R 9E XK W] - iR O
T B3Rk BE ) 22 v K OH S e PR ZR (T )L 0 1 A 2 2
#2.,2022,33(12):3287-3293.

Wang M H, Huang L M, Chen C B. Difference in soil
water holding capacity and the influencing factors
under different land use types in the alpine region of
Tibet, China[J]. Chinese Journal of Applied Ecology.,
2022,33(12) :3287-3293.

Nath A J, Brahma B, Sileshi G W, et al. Impact of
land use changes on the storage of soil organic carbon
in active and recalcitrant pools in a humid tropical
region of India[ J]. Science of the Total Environment,
2018,624:908-917.

FRAT BRER  RA RS, 45 AN [6) 4% AR G0 FH IR BE X B A 1
ey LSBT R HG ) T AR A s e [T, 4 R E L 2020,



% 6 3

ARG < N1 VG b 39 0y B At R 0T bt ) A A6 ) e ) 343

[24]

[25]

[26]

[27]

51(2):308-314.

Zhang Q, Chen C, Chen X M, et al. Effects of different
depths of straw returning to field on soil physical proper-
ties and profile changes of yellow brown soil[J]. Chinese
Journal of Soil Science, 2020,51(2) :308-314.

Morris E K, Morris D J P, Vogt S, et al. Visualizing
the dynamics of soil aggregation as affected by arbus-
cular mycorrhizal fungi[J]. The ISME Journal, 2019,
13(7):1639-1646.

Meng M J, Li C, Zhao Y P, et al. Long-term forest
conversion affects soil stability and humic substances in
aggregate fractions in subtropical China[ J]. Forests,
2022,13(2):339.

Chaplot V., Cooper M. Soil aggregate stability to predict
organic carbon outputs from soils[ J]. Geoderma, 2015,
243:205-213.

Souza F G, Campos M C C, Pinheiro E N, et al. Aggre-

[28]

[29]

[30]

gate stability and carbon stocks in Forest conversion to
different cropping systems in Southern Amazonas,
Brazil[J]. Carbon Management, 2020,11(1) :81-96.
Das S, Bhattacharyya R, Das Saha N, et al. Soil aggre-
gate-associated carbon and organic carbon pools as affected
by conversion of forest lands to agriculture in an acid
soil of IndialJ]. Soil and Tillage Research, 2022,223:
105443.

Yang Y S, Guo J F, Chen G S, et al. Effects of forest
conversion on soil labile organic carbon fractions and
aggregate stability in subtropical China[J]. Plant and
Soil, 2009.323:153-162.

Chen Q, Liu Y Q, Huang ] H, et al. Soil water move-
ment changes following conversion from evergreen and
deciduous broad-leaved mixed forests to Chinese fir
plantations[ J]. Journal of Soils and Sediments, 2023,
23(7):2712-2725.

IOVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAOVAVAVAVAVAVAVAVAVAVAVNV

(L35 327 )

[26]

[27]

XU, SCE R A, 5 NG B2 IR T A9 B 7Y 4 K 9% IR
WE S5 PO ()] K IR 57K T AR 244 . 2017,28(3) :82-86.
LiuZ, Wen Y J,

resources vulnerability under the influence of human activi-

Han M, et al. Evaluation of water

ties in Shaanxi Province[ J]. Journal of Water Resources &
Water Engineering, 2017,28(3) :82-86.

XS A8 47 TR AT Ak T A 255 4 B0k iy B
PG 7K 5% UG 55 AT A [T, K B8R 5 K TR Al
2022,33(6):18-27.

Liu Y G, Yang Y X, Bao J C, et al. Water resources

[28]

vulnerability assessment of Shaanxi Province based on
fuzzy comprehensive index method[J]. Journal of Water
Resources & Water Engineering, 2022,33(6) :18-27.

R XL S T 45 T 2R 98 241 4 AT OPSIS
AL 1) 22 e T K B8 R B 22 5 I LT ). 3 B 5 B UL
2023,32(5) :642-654.

Zhao H, Zhao L. 1., Tian H, et al. Comprehensive evalua-
tion of water resources carrying capacity in Ankang city
based on game theory combination weighting-topsis model

[T]. Geology and Resources, 2023,32(5) :642-654.

IQVOVAVAVAVAVAVAVAVOVAVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVNV

(k3% 335 )

[26]

[27]

G5, F AT AR L AL T RO IE B B T Y
9 DX M R PR A [T ) Al TR A 4L 2013, 29
(18):241-250.

Jin G, Wang Z Q, Hu X D, et al. Land suitability
evaluation in Qinghai-Tibet Plateau based on fuzzy
weight of evidence model [ J]. Transactions of the
Chinese Society of Agricultural Engineering, 2013, 29
(18):241-250.

RV XM L 0 s [l S5 AR AT b g & T
A A HE B 5% e R R (7). M 3 A 4, 2017, 72(12)
2179-2198.

Li R Z. Liu Y B, Xie D J. Evolution of economic efficiency
and its influencing factors in the industrial structure changes
in China[J]. Acta Geographica Sinica, 2017,72(12):
2179-2198.

[28]

[29]

PRFHFS B0, OB E. K — R A6 BT T
I FHZCR 1 23 1) 56 36 K HE A B < DA VL vh i 30 Tl R
BILT ] AR b el K222 R AL S B R 2019 (4) < 151-
159.,177-178.

Chen D L, Lu X H, Zhang C Z. Study on the spatial
correlation and explanation of urban land utilization
efficiency under the background of regional integration:
A case of urban agglomeration in the middle reaches of
the Yangtze River[]]. Journal of Huazhong Agricultural
University: Social Sciences Edition, 2019(4) :151-159,
177-178.

Bk IR A< I b X3 T R b ) P R T A B S T 3 Ak 43
HrID]AL 7 K3 1 T I R, 2019,

Yao L. Urban Land Use Efficiency Evaluation and Spa-
tial Evolution Analysis in Northeast China[ D]. Dalian.,

Liaoning: Liaoning Normal University, 2019.



