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Soil erosion and eco-environmental change in the karst trough valley of

Zhongliang Mountain in Chongqing over the past 100 years
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Abstract: The karst region in southwest China is known for its vulnerable ecological environment. Investigating the
historical patterns of soil erosion and the ecological evolution within this area can offer valuable scientific insights for
effective ecological conservation. This study takes the depression deposits in the Zhongliang mountain karst trough valley of
Chongqing as the research object, establishes a depth-time model of the sediment profiles using nuclear tracer dating
technology, and reconstructs the soil erosion history and ecological change within the small watershed over the past 100
years. The results show that; (1) From 1904 to 1945, the watershed exhibited an erosion modulus of 84 t km™ a™",
characterized by dominant pine forest vegetation and a small population in Beibei, suggesting relatively stable ecological

conditions with minimal human—induced transformations. (2) From 1945 to 1958, gradual increases in soil erosion intensity

and decreases in vegetation coverage, accompanied by shifts in plant composition towards companion species, likely
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correlated with population growth in the Beibei area. (3) From 1958 to 1973, the erosion modulus peaked at 344.1 t km™

a”', with significant increases in companion pollen and sharp declines in Pinus pollen, indicating substantial ecological
changes attributed to human activities. (4) From 1973 to 2018, soil loss in the watershed gradually decreased, and
vegetation coverage increased significantly, indicating that the ecological environment of the karst small watershed had been
significantly improved after years of ecological reconstruction. This study indicates that human activities have been the
primary factor impacting the ecological environment of the Zhongliang mountain karst trough valley in the past century. This
article also provides some reference for soil erosion research in similar karst areas where long—term monitoring data are not

available.

Key Words: Zhongliang Mountain; karst trough valley; erosion modulus; human activity; ecological change

o [ G g i DX TR L BR R R 5 A T R R X2 — | 5 RN ZY R 54%10° k™' 2 47
5502 - S B Ay A B R S, IR A b R XUZ 23 ) 2544, 4 3942 b i R i DX sl oA 2 HH A AR 25tk
Sl R AR O S A A A S IR T A X R R S A PR SRS R
SimyFasE o D, HERAR I AR ik R X IE A PUA IR XK B HL , PP A X AR R B &
KEE, WA, THEEE R G200 s Az S IRBE 8 AR K O A3 sl iy g, g ik A A e ik 5 )
Rt AR EERE XL,

H T AE X R IR A = 24tk R 40 5 ik, I IR ADLI ) AR 3 /N X 3 1) 45 T g X L 3 2 b 3
MR RG] (>50 47 ) W 4= 8 30 i, L6 AN 34 S ) A 001 5 1T DG 2 oA 0 S e - 8422 okt %) A
fES, MR, ADTBA Xt 42 R R B8 AF R (407 Cs PP ) W58 R I B AT 0 S e TR 4 K |
ERH AT S A R TR Y AT R DU B 2 IR R Ik S ORGSR, A R - R
[ st ) ]R8 B4 AR A B 5 T SN S R AR R AR DA B AR A AR i, B R A 3
T Cs EAELE R LT i3k 1960—2003 4E (Al A 3R it A, BB S I Cs BHAR52Ph 1
AR 2 B U I 45 TR B DT R ME R R HE s 1 I DX AR S B R R R s (H B TR K
SCHBIRZEAE | A DA A B, MR 5, 2517 ek 2 1 ot X ML 0 b S50 57 00, D) 7t 1) e TS AR ke
SE T R AT TE R 7 STC X SRR RS VR VD ) R R AR M R, DRt T A e I SRR AR 2
TSR BB B0

H AT, LAEE R 5T 8, B i ARt 7 s S ML, 0 - AR sk 3R 3h R R i s o R
BN Bai 21 FIH Cs FPOPh AR ARHE ST T A AN ZE W b 5 1 AR 1CF 51, 4 b E A T I e AR A K
Xif - ) FHAE AR R 10, e 1979 AR BRMRER AR itk 3R AR AR, Li A5 HE R Cs RO Ph AR
FEAR ST Ay e s R 5 T AR AR BERE AT TR 1949—2015 AR TR Pe i ARk, IR 4
A 17 R AE S AR 60 AR K I RME R EE . SRR AT BT Cs APOPh AR AR B T W R
H ORI D R B AT 3%, Tk T A TR AR DG 100 4F 3 M DU R 5 il = VD s B L R I, AT A )X S A
FEHUER TR Cs FN7OPh 04 AR T A 8048 7R /N SR K it ) [0 2 (> 50 47 ) 1) - 4842 ol S AL
SR, AN ARG 22 BRI 11 FH AR A B A st AR OB AT H 8RBT, R4S & 248 45 iE 4T + =1l i i
e ZHE P AT RIS , 725 R R M TR IR b 0 g FH AR X 70

AR ST DT HR LA IR RS X R R TR I BFFE X 42, ia ™ Cs 52 0Ph S PE AR ROR | A % 1
DURHNE AT A, S8 B DU A IR AR L B NS TG B DG s BT A7 Fh i Ll A /N U + 4642
P ASIRETAS . AT B 70 A P — DU A T T b - R R AE 5 B AR (B AR | RIS
il XK 3 e A b A AR T AR R A4k i

1 HREHR
T IX (B 1) A F R AUET X s B2 L KU 47, i B AR BR R 106°25'—106°29'9 E,29°45'—29°50" N,

http ; //www.ecologica.cn



10784 xR 44 %

TGPEEY 495—707 m, HbFAARE Ry b m i B RS A A 25 T AR I L 51 T =& 40 RAlik
HHZ(T)) , FEBRFRITLA(T,)) FF =R E WA (T,0) R E=8G MG (Ty) , FEA A |5
) = T AR R, SR TR B AR I RS, BRI A TR, AR
A 16.5°C T FliHZR 05 40 B Ik 2 AR 3 K & 1200—1300 mm, R FE4EHAE 4—10 A
WFSE X LA PR s A A e K o8 B M T =B L T AA s SA sk ez I, HEREA—,
JEREE H /N 50 em, WFSE X I AK ALY 0.54 km®  JEHUE LA 0.014 km® , [KIASEIE S LMESL AL
A PG Bl B BEE XA T o A A A GRS 3 B DX, BEE 2 — AN S 15 om, IMHEHL RO S Hi i, 2
SRR

1 HRERERERLER

Fig.1 Location of the study area and sampling site

2 MREFE

2.1 FESLCRAE 5

AT 2018 4F 12 HERHUT 14> 55 em WAGUTRRYHIAT , RAEAL B A E 1 o, DU T % 5 cm J&
JEAYERAE  HEARI 11 By TR IRE & T BRI H AR, ZSBR U s a4, ks 2ot 8 I F 12
MO, AR el FHDCRE e A T 22 | AR T IR =R, B S (EVE IRah Ri At T AR Ve /e
KA PR G IR 4B 58 . REAL A8 FYE [ Bartington 23 7 2F P2 4 MS- 2 BUREAL FAHEAT I 58 | 454N RE i
SN 3 WK BULYEME N ZE R RS B £0.1% ., #EAL IR T A e P4 B 2 MR 22 22 BE 5 i, AR
FU3 SR FH A R 1 EA T HR B, T P S AE Zeiss 0BT 400 35 F8E N AT 5403, #0048 g 2402 )3
EEIRHE N BRE RS 3 3R LA AER GRS T 350 RL, R4S TAETE VY B K24 Hh B Rl 22
B e
2.2 AEARHESRAY AT

W5 11 AR BEAT WS PR R AL R I 2 Y Cs RO Ph, LE I B BC 4 PR 5 4l 4% 4% Sk ( GMX40P4,

http : //www.ecologica.cn



23 1 Bgk A5 RIS ARSI E A SR S A S A T AR 10785

ORTEC) HfK g I MRANE v BERE A AE . 7 Cs F07'Ph W3 AR X E o FERL 2% Bt A R B 1 L1 4t 5 3 5 B 455
WA e, 4 TUURRI R AR 5 AT PR e TURR 7 i B T AE S 0L, DURIRI A6 Ph, B3 BE FIITTAR
AR AT RE N AEE 19, PR, AR SCHE T E #h45 E A< R R CRS A58 R 8 5 51 ThD ) 4718, [] ik oz FH PN Cs
T E W (U AR 73 (1963 45 (1986 4F ) ebRicis B, LUAE ST BURR I T v if g B )5 61077 . BT CRS A2 A 4
S TR BE AL DU R P ARAR T A0

I()
t=1/Aln () (D)
p= )\A[(ﬂ*xz) )
- e—)\il _ e—)\lz ( )
L A
L‘:—Tln (eM +A](x]_x> F) (3)

A, A AP AF RE0(0.03114 a™') I, A AP 36 B (Bg/m®) , 1, IR FE m LT A2 °Pb 36 (Bg/m”) ,
Al SAL N x5, ZIEPPh IEFERN(Ba/m?) 2, S, R C I ) 1, 55 0, X RETRTE
2.3 UURHE R 5V

Rl S92 L 3 b T AR A ) T A [ R 38 P A A2 3 o o — R BB T 6 17 R AR 32 A 3 (4) T
SRR T — i B DR A | S5 5 25 B B 2 T A TR S el ) RIS E - M, i AR (5) |, RS 2™
IR

~ d, - d, A
SR=y (4)

A, d, il dy 2 TR T TR EE (em) 5 Y, 1Y, 00 iR IR d, AT d A DU R AT 8% (year )
SSYleOOOOXSRXyXa (5)

TE x A
A, SSY A /INAEE VB (t km™ a™') SR O EEAT BE R DI R (em/a) ,y MUTRI A E (g/
em’) ;o HEEHLHEIFL(0.014 km?) ,A SHEEH/ DRI HEFL(0.54 km?) , TE AMIRPEEFR (%) . N TE §e= W%
Wi A R H e S e TR R v A p B B 0.7,

3 ER59HM

3.1 HmERT

FR LB L SR T 1904 4E LR TR DT 5, AR —BR B i e an &l 2 piroR . ZE DU RGR] i 2O Ph, | L
1% BE AR AT DR 3.31—40.90 Bq/kg, 2 PRV EEHE MM ET BERY LS IFAE 55 em IREELL T ik B, 5
HABBFZE X a2 R BHOPh, Al 05 X DUA 5 i B9 AEAC T3, IR Cs o 3h 3 il 26 L o
WETEZS 52 Mg 4R R Cs DURBE AL Cs FOiE BE R P LR3I, 76 10—15 em & F]—4/)
197 Cs 7 FRIEMH , FTREXS N 1986 AFEYI/R 8 DRI M F 4 . TR Z 5, Cs HOI BE Y O — I {E 1 3
16 20—25 em &b, ARIEOPh A AR A IR EE A 1977 4 | X 5IRETE 1976 4EFHAT KRR I il i (] B A
A4, 30—40 cm AL HI LY Cs AR AU IR R 1963 4F A A% iR 23R 06 2 06 45 IL IR AR Cs Ui T
TR, G BRI DURRIE O Ph AR TR A RS N TN AR Y Cs BR 2 (R A IR AF i — 20tk R IR
CRS Y AT 4 Ty Wb ) 2 AR 5 DX TR A0 ) T AT 0%
3.2 DURHHEARR VAL

HZ L 1904 2 2018 4R ASEHITAE F N 0.53 em/a, PEVMEECH 165.5 t km™ a™' X S5 H KW
KB 1917 LR TTRLE R (0.47 em/a) AURIIALEC (152 t km™ a™") , LA FE PR 55 A EE D 1963—2019
SRR P VDAL (156.9 ¢ km™ ™) FEIENO " I IR Bh 2 D7 T R B AR Ioh -8 AR o -t S ek % 0 AR At

http ; //www.ecologica.cn



10786 £ ¥ 4 5
A4y Year 137Cs/(Bq/kg)
1900 1920 1940 1960 1980 2000 2020
0 T T T T T zH
sL _ LI&—ZIOPbﬁiﬁ% 4&/
*  VCsifhR / =
]
10 - Vi g
/ A
15 + /* %
20 A
: /
2 25+ A
E / 210pp, /(Bg/kg™)
® 30 Vi 0 20 40
* /
35 *
/ 5
40 A £
/ a
45 + /43 %
50 - /4&
55 AN

B2 CsMPb, iR EHERER-REEE
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Table 1 Sedimentation rate and specific sediment yield in different stages

WrEx 0y IR EE PR A/ (em/a) FEBEY (tkm® a™h)
Stage Year Depth/cm Sedimentation rate Specific sediment yield
1 1904—1923 5 0.26 89.5
1923—1945 5 0.23 79.1
2 1945—1958 5 0.38 128.9
3 1958—1973 15 1.00 344.1
4 1973—1986 10 0.78 242.2
1986—2003 5 0.75 146.7
2003—2018 5 0.33 83.4
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Table 2 Sectional particle size composition and magnetic susceptibility distribution characteristics of Zhongliang Mountain

AT RE AL
Eita Fiki kL {2 A Low frequency magnetic
Index Clay/% Silt/% Sand/ % susceptibility (X ;) /
(1078 m*/kg)
17353 5 38 46 16 19.78
Depth/cm 10 36 48 16 28.13
15 35 47 18 24.07
20 33 49 18 22.55
25 34 49 17 41.59
30 35 47 18 22.55
35 38 45 17 25.73
40 38 46 16 18.07
45 39 45 16 28.50
50 40 46 14 17.80
55 40 46 14 17.87
e RAE Max 40 49 18 41.59
F/ME Min 33 45 14 17.80
I Average 36.91 46.72 16.36 24.24
bRl 2 Standard deviation 2.31 1.35 1.36 6.62
AR5t 2R Coefficient of variation 0.063 0.029 0.083 0.27
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FHIE IS B AE R WAJE (Pinus) fEAEY) RAF}(Poaceae ) LA KA B W BEHAT 430, A5 5R AN 3 ik
FAJEAEN & LN 31.09%—61.47% , F-HIE N 48.46% ; RASBLAEKS & ELFl N 18.93%—36.45% , -3 {H
H 25.65% ; P NAEW) T VI N 24.50%—44.57% , F-3HIME R 32.57% ; FEAKE WAL K & w3 Fl R 28.95%—
52.13% ,F-X9(H M 38.26% ; 51 2 FhAE A S Y0 Bl A 31.91%—63.70% , F-Y{H Jy 49.86% ; 7% & 1 B JL. il Ky
1521—28479 Ki/g, HIE K 6935 Ki/g,
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KGRI 1904—2018 AFACAH X[ W AR (553 2 B304l P i DK 32 30 DX 686 TR 25040 b 78 ) 64T A6 DX [ R
RN, SR 3 BRI A AR DU RS X 4 N 2 B4 in-us D i AR A ke B HLA B S Y B BRI AR Ak
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Table 3 Pollen and charcoal distribution characteristics in Zhongliang Mountain core'>*

W FAJE RAR} [EIN-L7] HiA LS W e
Depth/cm Pinus/% Poaceae/ % Androphile/% Herbs/% Conifers taxa/% Charcoal/ (hi/g)
5 61.47 18.93 24.50 28.95 63.70 2953
10 52.00 23.09 27.64 34.36 54.55 2901
15 48.34 29.07 35.88 40.20 49.00 2362
20 44.26 29.94 34.46 43.88 45.39 3556
25 53.20 25.80 34.02 37.67 55.02 3518
30 31.09 36.45 44.57 52.13 31.91 28479
35 42.12 29.85 39.74 45.05 43.22 18373
40 43.90 22.05 31.30 40.16 45.67 3675
45 53.42 20.66 28.77 31.77 54.42 1521
50 48.71 22.14 27.68 32.84 50.18 5512
55 54.66 24.17 29.70 33.81 55.45 3445
e RAE Max 61.47 36.45 44.57 52.13 63.70 28479
Fe/ME Min 31.09 18.93 24.50 28.95 31.91 1521
I Average 48.46 25.65 32.57 38.26 49.86 6935
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Fig.3 The distribution and correlation analysis of erosion modulus and annual average rainfall in Beibei district
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Fig.5 The Zhongliang Mountain profile indicates the pollen content and erosion modulus evolution of human activities compared with
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