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(1. TR 7K AR W Bty T g B 4500085 2. TTEG Al R Ak, T EBHH 450002)
WE: (B8] ARAATHRBEASETTRET LEYRBRGY R, AKATETESRZALSRIL S AEREHS
R’3E, [ Fk]2021 5 10 A, & TEMA—# M BT B Fo EHAE ZARF — G TAEFT R, RBADK
WREMARR, GBI REFRBEMERER . 58 5x3 MALK 2 A H 200 mx200 m ##, 2% E 15 A4
B, RARBHOWARRAALTREBE (BE, PEFRTE)FMAATIER T, LELRE, LREEFHRE, LR
KEKET, LEZAIBHBARET, LEEARE, 2EEEAMERIEFLTLRESF IS IR TN LR, [£2]
ORMAAHFHRIBEGI M, IER T, FEELEURERIHE I, LELSRFRIIGRD; FELEHKS, LB
RABFRE, LERIFKRE, PEELREL L LEFILMERR D, QLEREL LIE4AKE | I E2FILME
ERAAE, LRZXBEFKRF; ERFETLEEELEEHKE. LERABFIKE. LBERIEFERE, LEELREERE
X A% (P<001), 5EEFELETILMEINIF EAE (P<0.01), [£#] TEHAARIEETFHG T TER L
MFEE, SR AWM RRA B R AR A AR S ek, B2 A 4 A4l
KR w; A, AT, HEMR,; REARE, RELRE
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Comparison of soil physical properties under different human
disturbances in the Yellow River riparian zone

ZHANG Yan', ZHANG Ruixiang’, LIU Zhanxin', FENG Xueqi’>, GUO Erhui’

(1. Henan Provincial Soil and Water Conservation Monitoring Station, Zhengzhou 450008, Henan, China; 2. College of

Forestry, Henan Agricultural University, Zhengzhou 450002, Henan, China)

Abstract: [Objective] This study aims to explore the impact of human disturbance on soil physical properties
in the riparian zone, in order to provide a scientific basis for ecological restoration and regulation of the Yellow
River riparian ecosystem. [Method] In October 2021, three types of sample sites with different degrees of
disturbance were selected in the Luoyang-Zhengzhou section of the Yellow River based on the degree of human
trampling, where the topography and surface vegetation coverage were relatively consistent. The near riparian
zone was divided into 200 mx200 m sample plots according to a 5%3 grid, and a total of 15 sample points were
set up. Differences in soil physical properties such as bulk density, moisture content, capillary water capacity,
maximum water capacity, minimum water capacity, total porosity, capillary porosity, and non-capillary porosity
in the Yellow River riparian zone with different levels of human disturbance intensity (mild, moderate and
severe) were systematically compared and analyzed. [Result] (1) With the increase of human disturbance
intensity, soil bulk density and non-capillary porosity increased gradually. Soil moisture content first increased

and then decreased. Soil capillary water capacity, maximum water capacity, minimum water capacity, total
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porosity and capillary porosity decreased gradually. (2) Soil bulk density was negatively correlated with soil
moisture content and capillary porosity, but it did not reach a significant level. There was a significant negative
correlation between soil bulk density and soil capillary water capacity, maximum water capacity, minimum
water capacity and total porosity (P<<0.01), and a significant positive correlation with non-capillary porosity
(P<<0.01). [Conclusion] Excessive human disturbance such as trampling increases the soil compaction in the
riparian zone, leading to the degradation of soil physical properties, and a decrease in soil water retention and
holding capacity. [Ch, 2 fig. 4 tab. 41 ref.]

Key words: the Yellow River; riparian zone; human disturbance; physical property; soil moisture content; soil
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T R B o S e ISR AR E I, AR FREE AT DASRAE - BE Ry B i SR AR AL BRHBIE
B HERRAE | BRI 22 SRR A 2R R AR AN, NS Bt S 5 e S TR - SR Rt AR Y 2
RO EER TS YR Z R R Y DRV . B . AR R G R AR SO R A IE 1) 2 i
PERT, MR A TSl iR SE, BRI B RIRRREPE . Rk e s MBUE Y s 155D, 385
F O @ TN A TP BT AR K B BT g R B IR SR TSR B AR
SRR e 5 T il BT A X TSI i L AR S B B A s A B B
AR B ARG, AL BB AR R RS >, RIER BN, A ROKRE
ke 3KA AR @ B TR 8 A 5 I 7R WAL Pinus tabuliformis N TR -39 BV BT (14 52 k)
KRB BN THLR BRI AN, 0~50 cm + )2 HIEAVRL S RGN, kS E SR AR T, 1R
BEHMT 0.11~041 g-em™, THIESALKE . BEARE . EBEAKRE . BERKE. AREK
i AR KR . HRRK R A A ROK SR IR, A T HE A 5 e b S P 2 O R AR
DA IR AR RS T AR RIS AU L MR 2R A Y R AR DA R
GifaE e, BHAT, AREVRREEA T PxT 1 589 BRI 0 52 ) 22 45 v e T gk A T He UL s R 2R
ARUSTIOT RN SE DT T, XA kA A SR A X A

R e — AR SR R A, KRS B2 B MR R AR B AR S R GE, BA BT IR R =R
KB . PETEK . EEKE . dERr AR Y SRS AE TR R AE R R G R —EES Y
Sy K NG S AF T PR AL AR R IR, BAT B 5 i3 R 300n A e i AR 28 A2 RY, HOHGR AR AN
M PR i 2 P Ll B i A= S R Y R IF R L W & . KR TR . JE BRI R s A AT
Yo AR SRR, R IR AL, IR 3k, fEF R SRS, R T R
ARG DIRe, TR R A S R G A B R,

AW LB R WA R A R, AR SRS S, XEANR LR R, R E TR E
FE) AL ) S I B AT R A, AT R SR M T E - R R B AR A, X HEAN TR
TP B R I R A 25 5, KRR AN TR B A SR E B A EOC R, TR
A B NS PR AL EL AR
1 MrtE %

1.1 HRERHER

LA B AT 3 J8 R T 3 3 B — S B R A MR AR S WF SR R, b BR ALl 34.823°~34.980°N,
112.777°~113.665°E. WX HEFT RN, EERMEW, HFEHE, XFURTBRESTHD. FF
PN 15.0 C, @ HAFRRROY 0 °C; iR SFRR Y 27.0 €, ARHEEKE Y 610.0 mm, F2
WS R 5 25 Phragmites australis . [ Imperata cylindrica. 7 K2 Cynodon dactylon. %€ 7% Bromus
Jjaponicus . BEM Tamarix chinensis % .

1.2 HmRE
TE TR B4R ) B e 4% b I b 550 R b, A4 5 A G — B ] Ry DX, AR A R S A B R
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[l Heff 3 MR H0om B AORE ISR, 235 o i BH T (I Tl 0 & B el Rty L RN T L ST
S237 A M P BE LT AT | RSN T B AT M 2% Pl R A R A . AR RS SR 1 R
e, IS BRI T LRI £ 7 Rt (o T B A DX, AR AR L, 52 AT i )N, A
20 A= JHs FBINTTILSCTT S237 48 TE KA TRl R AL i 50 - J s RIS T s i 3 e 2 e ) Al A2
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®1 AREEMBER

Table 1 Basic condition of study piots

T BB LT IVA L B[ #210N) HRE(E) T3 /m P bl
LS & BHT 0T RS & 34.823° 112.785° 91 P A EE L MR
g FRMTHIAL X7 S23 744 1 KHF 34.839° 113.060° 87 JaE EEE SN SN 1)
il M T A T YR A el 34.841° 113.140° 88 H3 . #£4 . M

2021 4210 A, 78 3 B[R FPom B A% DX 25 #6347 200 mx200 m FEHEL, 54T 5%3 PIA% L]
Oy, FERE S AR, ICRHENRES IR DLEEAS S R4 SO 0 SRR S E 5 mxS m KRR
I7, TEEN KA NN E 3 4> 1 mx1 m B/MEDT, HRR IR 480 284 0~10, 10~20, 20~30 cm
HIERER, A BIEEAGE ARSI BHAE
1.3 H&NESHELE

TR FE RS IENE, BESACRR AR, BEREROKE . BRIk E . 1
F/MEKE . HERFLBRE . 3B FLBR A e B A LR R R K g e

K Excel 2016 Fil SPSS 25.0 A {4t 47 B g Ab BEAN 0 #r . R FH B 5 224341 (one-way ANVOA) K 1
NI TR B L S B B 119 2% S W 35k SR FH Pearson AH DGR AT 1 34T - 384 BV S5 =2 1] A9 A DGk
K Origin 2019 24 .

2 RS

21 ARAAATFHEBEEMEAAERES TIESEMHEAEENZIT

S I T TP = = e e s Y 6 e S W02 NG ey 9 B T A & = E g
B B A LR B TP (R i i . R 0~30 ecm + )2 HHERE R 1.28~1.41 grem”, H{H
137 grem®, R HETRHIEATR D E (P<0.05) & TRETI., WA 0~30 cm +)2 1 B
B K 44.59%~49.8%, ¥IEN 46.6%, AT BP0+ R FLIRE B3 (P<0.05) IR T4 T4k; Wi
W 0~30 cm + 2 HIE B EH LB E N 41.0%~43.1%, FI{H N 42.0%, %E TR L IEREALRE B F
(P<<0.05) &= THE T WFH 0~30 cm + )2 HHEAEBEILRE N 7.1%~14.5%, HH K 11.4%, H
| EET RS ALRE B (P<0.05) M TRE T

M2 2 AT 0L 3 FPOAS [ Sk 0 B ) ey - 4 25 S 4 bl 2 UREE R, (R R R EE R
B, EETHRASEAILEE . HEBEARE M LR EREREAE 3 AN LR R EER ., b
ETIT, 0~10cm H2HFERFLRE . HIEEEFLRE R E ST 20~30 cm )2, W ETH T 20~30 cm
+ R RIS B3 (P<0.05) & F 0~10 cm + )2,
22 ARANATFHEENEAA R KT

FE 2 AT 0L JTERAT 0~30 em )2 RHES KRN 13.009%~24.29%, YIE R 17.86%, HETHE 1S
KFEE (P<0.05) = TRE . EE T, SREETHAMHEL, PETHRAIESACRBEWINT 32.9%, &
JET PSR T 25.43%, R FIEREROKE . B AROKE S RN KRR T
P 5 BE () 3G gk /N o TR 0~30 em )2 LB K E N 168.80~185.96 g-kg ', HMEH K 176.79
g-kg!, BT IHEEROKEBE (P<0.05) S TEE T, IR 0~30 cm + 2 SR KRR E N
182.23~217.87 g-kg ', ¥IMH N 196.50 g-kg™', R T LR AFKE B (P<0.05) M T EMEE T
oo MR 0~30 em 4 JZ2 B/ MK 148.99~165.50 g-kg ', HIfEH 156.91 g-kg™, 8T
/MK R B (P<0.05) & THE T,
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Figure 1  Effects of different human disturbance intensity on soil bulk density and porosity of 0—30 cm riparian zone of Yellow River

R2 AEAAATHEETIERES TRFLIRE S HHEHE

Table 2 Distribution characteristics of soil density and porosity under different degrees of human disturbance

TR T2/ em TR/ (g cm™) BB % TIEBE LB % T AR BRI %

0~10 1.24+0.03 a 50.73+£0.79 a 43.85+0.82 a 5.42+1.38 a
R 10~20 1.26+0.02 a 49.38+0.88 a 42.57+0.59 a 8.05+1.18 a
20~30 1.32+0.03 a 49.45+0.82 a 42.86+0.79 a 7.69+1.34 a
0~10 1.40+0.02 a 47.46+1.02 a 43.70+0.73 a 8.83£1.71b

H g 10~20 1.41+0.02 a 44.92+0.88 ab 41.45+0.87 ab 13.63+1.70 ab
20~30 1.43+0.02 a 43.65+1.13 b 40.39+1.00 b 15.96+2.09 a
0~10 1.41+0.02 a 44.72+0.68 a 41.35+0.61 a 13.93+1.27 a
I 10~20 1.41+0.01 a 43.81+0.56 a 40.41+1.60 a 15.78+1.14 a
20~30 1.42+0.01 a 45.02+0.79 a 41.32+0.74 a 13.66+1.51 a

YL ARRVNG TR RN R )2 [ 22 57 B35 (P<<0.05)

3 a0 BRI R 0~10 em +)2 H /N K E B3 (P<0.05) & T 20~30ecm )2,

BE AR R 0~10 em + 2 3R KK E B3 (P<<0.05) & T 20~30 cm )2, HAtR[E + 2 8] 35

KA RIERE R R ORK RS R/ MERK R T 2 R

2.3 B TR B R X TS

MR (R 4): HIES/KRS HHEEIBE . LS/ KR | HEBAA LS 20 5
FP<00)IEMRK, SHHEEAFKEEDE P<005EME, 5HEFEEABME LD E
(P<0.05) Takfoe; THIEAESHIEEEILE . HEKEKE . B R/MKE . RIS FLBUE 2%
W3 (P<0.01) fiAHE, 5 HIEEREFLBE 20T E (P<0.01) IEAHX,

3 4T

31 RREAATFHXETAEH LS T L ESENHM

TR I SEAE AR A B ) TR

=A
, 5

W 5 AR B v (19 T M TR (AR AT 5 DX BT ] f2
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Figure 2 Effects of different human disturbance intensity on river soil moisture characteristics of 0—30 cm riparian zone of Yellow River

F3 ARANATHEET KRS DHEHE

Table 3 Characteristics of soil moisture distribution under different degrees of human disturbance

s HEEE/em BIESKR%  BEBEREKE(g ke BHERKEIKE(g ke /MK E(g kg

0~10 18.58+3.19 a 195.7143.48 a 227.13+5.87 a 175.99+3.87 a

2 pE 10~20 16.15£2.37 a 189.83+2.90 a 219.42+5.55a 169.02+2.02 ab
20~30 14.17£2.13 a 172.33+2.44 a 207.06+6.83 a 151.49£1.49b
0~10 25.71+£3.64 a 186.284+6.18 a 199.3746.50 a 166.16+6.18 a
rhEE 10~20 23.79+£3.61 a 173.14+5.71 a 186.63+5.49 ab 153.2945.93 a
20~30 23.36+3.28 a 167.45+5.40 a 179.19+5.16 b 149.2745.46 a
0~10 13.07£2.67 a 170.3243.03 a 184.25+3.26 a 150.91£2.59 a
B 10~20 12.83+2.54 a 166.74+2.27 a 180.90+2.71 a 146.81+2.31 a
20~30 13.0942.37 a 169.35+3.48 a 184.55+3.84 a 149.26+3.25 a

AL A/ NG FRERR R 2 22 53 .35 (P<<0.05).

®4 EUUERLREYIEERZ EHHEXE

Table 4 Correlation between soil physical properties in riparian zone

P KA Faxiiy BERKE BRFKE /MK SELREE EEALBE
wHE -0.067 1
EERKE 0.304**  —0.508** 1
HRFKE 0.170% —0.788%* 0.802%* 1
/MK 0.366%*  —0.522%* 0.980%** 0.775%* 1
AALBR 0.119 —0.516%* 0.613%* 0.879%* 0.574%* 1
BELE 0.244%*  —0.058 0.626** 0.545%* 0.608%* 0.755%* 1
EBE LR —0.185* 0.339%* —0.659** —0.783** —0.628** —0.953%* —0.918%*

Pl . *FRP<0.05, **FRP<0.01,
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1)+ 32 (1.28~1.41 g-cm™) =5 T 49 A 1 00 7 {8 Hb (1.00~1.30 g+ cm )" il 4, 3k 25 907 92 1 (1.01~1.49
grem )P R TR B S (1.37~1.50 g+ em ), WFSEIX H 1 KR (13.009%~24.29%) 15 T4 T il
VLB PR (21.46%~28.02%) . 43k MR (23.63%~57.32%)7 ., SHLFH 1T (8.829%~32.54%)%,
FEUARIFFT X BT ] 2 Vb Y 398 5 7K AR X A1

AT RI: 7E 0~30 cm 5+ 2 BIESACR N mEURE NPT BRETL. EE T, kA
FEDT I KBS T Y0 RTINS AR R B R R A
KR ILERE T BRI T 32.88%, WRESE B i B TP ol Jd T st T4, ml O Ak T
PEAT LA$e i RIEE K GROKRE T, 7E - HEAE I AN [ R I 55 7 TR B 4P A RN, JUEREY 5N
[N R B Rt X SR Uk A T A 38 A8 3 KB K BE T e & B . S A T3 mT U i 38 KK
[E10A I (BN 7 D G ==y w7/ s RN 1B 1 N O B e 14 5-382 )| B O R D= 8 B
HKAZVOHE, S REChRMREEREER A, MY R LOKEE ) TR, MRZERZ NN, KA
Sy BRFE, NI B T 0 Rl 4 S AR R B TR T 25.4%.,  HHES KSR 34 ML)
IR RNAR R A R A B A B g Y, A TR S ACR TR, iy ERKER, dFm
T B85 SR V& 2R T 1) 306 [ YRR (1) 1) 2 R, TR (AR v A RN R AR T R . GUITET 4507
WIS mEMAI: THE ARES R AR RIS ), FRMBIITI A
SRR R 7 A IS U= L7/ B2 & e P (E e o7 ) 17715 S A L L N =9 UV i K/ B4 o ey 3 ¢ T

TR B FRRE S AL RO R BRI AE A B E A IR E R T R R, IR A
esgm LR O . B R R KR . R EE LB B R e T B KK R B, 1R
EEILBREEEWE LA SBKEE ). AR ER . SRETAML, PR, TR 1
AR ERIN T 9.63% M 9.75%; LS ALBRE | 3 A AL B R 4 ) e A T 9.93% F
11.98%. 2.98% H15.05%, X529 # O S0 I se 45 R —38, B3I BEILBE 23 fLB ER
KF 0.1 mm i LB 7 HIAF E A0t . ARWFE R B FLIRE R N TP A R
M, X 55K A RFR 45 R —20 TR TP I B R R R 43
T 15.64% F1 18.90%, B FNH FE TP il 7y T3 i KR K & LR BE T4 40 309 1 5.88% F1 10.16%,
HhRE B TR R i R i U T I B0 T 5.93% A 11.08%, WAERA K Tk
SO JIE 38 T S SRR AIS TIAT RA RIER BE KRR BB T o X T BB B O B R BRI S YL B, 3T
By KRR, T Al B R T A R 2 A e A R AARE R A RN, AT SR B R K A
FKREFI TR, HFSEEBABRAIRM, HHEMPIMEES T, R&FHRERLE,
32 AAAAFHRTHETART HEYEERTUNZIMESR

PRSI R HRARES HEEERKE . B R RRoKE | iR/ hMpKE . BIESFLRE
B ENAC, 5HEEBEILRE 2R E EAX, BEEY TEMFAE P Castanopsis kawakamii
ARG X 2 . B3R TS H R E LB . BB EARE . EEERKE . HERRIK
i R/ MK R R A DG . ARSI SN FERE VY A AR R RS R B AR R AL
. EHGEAILBE . R ERKE . R ARSKE . MRS ACORZ R R W A, Xk
W EHEAE S R K R OGBS . R . HIERK R N T
AR, PR AA ROKEE D, R RIERK AR SRR S URH A T IR R i
Y ERE RAA  EEEAR Z —

KA BE 0 A Ch 42 38 S ] s 900 K A E AR M T, I S e e A R
T A S R G O AT A e RR k. BFSE R . AR A SRR AR A R RE R R 3 B K RE 1
PR NI — R R L AT DU 8l e 55 AR A B 28 R AR BERY . ZRfion S0 e 8 4 i R ALY
LEEA T RO . MWK AT DARRAIR RIS T, W0 3EALRR R, (HJR A (<30 a) HIWE 1K & X} £ 1
WOk BOTIC 5, RS PRI S SRR R Pt R, AR AR SR X AN R T
SR RE I U] R R T b - SRR A W R 5, IR R T A B A A B LA AR R A S R AR fa RN

4 ik
AWFIE A . B R A 3 BSR4 B ) S KRN 13.0%~24.3%, ¥IMEHN 17.9%,
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JETH A DI A KR, FIEATE N 1.28~1.41 grem®, T, EHE T HEAR D E S TRET
Yoo T EALBEE . BAILRE . BERKE . SREK R AN K B 4008 B 38 i i
W HIEATE . AT FLIE R R T Y R A3 NI . AT - ey B R % R ) A
F7E 0~10 cm 2 88,

SRR G HIEBEIBE . ER/NMNKE . BIEBAAILEE S B IEAE, 5 Ry
KERBEEMX, 5B LB 2 B GO . W X B A T8 2 B 3 5 i 5y
F YRR o B A E A P TR AR, O I BT R VA T b - S I R AR Ak

5 %HE Uk
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