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Abstract; [ Objective | The spatial distribution characteristics and influencing factors of surface soil water-
holding capacity were explored in a karst forest in order to provide scientific references for improving the
water conservation capacity of forest soil in the region. [ Methods ] The surface soil (0—10 cm) of a primary
Maolan karst forest in Guizhou Province was taken as the research object, and the physical structure and
water-holding characteristics of soil were measured by the ring knife method and the indoor soaking method.
The spatial distribution differences and influencing factors of soil water-holding capacity in different terrain

locations were investigated by using variance analysis and RDA analysis. [ Results ] @ Soil physical
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characteristics showed high heterogeneity, and soil bulk density, soil water content, porosity, and
mechanical composition had significant differences in different slope directions, slope positions and altitudes.
@ Soil water retention had the most significant difference in different slope direction, and soil water
retention had the most significant difference in different rock exposed grades. The maximum soil water-
holding capacity, capillary water-holding capacity, saturated water-holding capacity, and capillary water-
holding capacity increased with increasing slope position and elevation, and with decreasing rock exposure
grade. The comprehensive water-holding capacity of soil was greater in the area of low exposure and low
elevation. @ Correlation analysis showed that topographic characteristics and soil physical characteristics
were more strongly correlated with soil water-holding capacity; stand characteristics were more strongly
correlated with water-holding capacity; stand density was significantly negatively correlated with water-
holding capacity; and average DBH (diameter at breast height) and average tree height were significantly
positively correlated with water-holding capacity. @ The results of PCA analysis showed that soil water
retention was the first main factor to represent the surface soil water retention performance of the Maolan
karst forest, and soil water retention rate was the second main factor. The cumulative contribution rate of
principal components [ and Il was 77.5%. RDA analysis results showed that soil porosity and rock exposure grade
were the main factors affecting the water-holding capacity of surface soil in the Maolan karst forest. [ Conclusion |
The soil water-holding capacity of the Maolan karst forest exhibited high heterogeneity and significant
differences among different terrain locations, and non-capillary porosity (P,.) was the main factor affecting
soil water-holding capacity.
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Fig.1 Location of study area and layout of sample plots

1.2 WHRF*®
1.2.1 #REIZLH5EEAL 20234 7—8 H.7EX
TR 2 ORE b 1 3 T Hb S R 2 A S IR R AT A

A SRR T LR 3 G0 BURE 35 0 4 T #E AT 28 B PRIk
SRAERET 2 51 s FCHORE LI O 80 m B B Oy (] B
AR T . B 1 A AR AR —



60 K - PR R

544

20 m X 20 m BY/NEETT , £ B B N bR T O &R G RE
FETT o SR X 3R G0l B A b E A7 bR R AE S AT )
WA AR A S 0], 2 2 4 kb FE A Hb, RO 1 rh R
SRR DT AEAS I A SRR D7 KB 55 KR LA
FEAER T AT b8 IR 725 53], B3t 35 1~ 20 m X
20 m P AR ARFE AT RS T AR SRAE S 1
PR o R RETE 207 1 X RAERE T N IT T R A9
(DBH>>1 cm)id sRIHLP A 44 W AR BT & Lo
W A B A 0 AR A A B AR R L 3l i R Ak 45 SR e i
SAETT AR5 % B (S Bk /m®) PR = (MTH,
m) FE 94 (MDBH . em) 45 K40 $R4E . [ B, 1) A
ST S S 3 IR A A 22 43 FE R (RTK, real-time kine-
matic) i & 4t (b 3} ¥ 35 TS7) X B o8 A 1) 48 9 7~
TR AT B A bR AL B R E
1.2.2 WM BE-FRR  HIEH P E m . b
B R AT PR B R MR & B R 19 20 2R A )
Rl 53 AR g M AL . R S =2 RO i 1) 250 ey R A
AI(DEMD $& BCRAERE T3 i a5 5L o AR 3¢ ) 20840 o3
g5 2, db B (292.5° ~ 6757 &K P (67.5° ~
112.5%) R Pk (112.5°~247.5°) (PG I (247.5°~292.57) )
R T CE3E, — 1) . B AR 4 A 5 BT 76 LUK 7 A+
PRV M e S VANG R R VAN R A IR P e ap |
78 2R T A AR O A AR B B R R R
2 75 W Wi R A T Ak 5 R 0 b o TR R4y R 3 K
MHECEAMBER<40%) PHREBEBCEAMERR
40%~80%0) L EE CAAMEBE R >80%), K2 K
FEH R 55 T 2 /N A BREE T A T IR — A XL
B AR A S TR &SR 1024 m, ik
MR 876 m s PRI LARE 5 i 4 o5 25 (34 50 o 3 28
TR A BE L 4 ) Sk i MR (976 ~1 026 m) | W3k
(926~976 m) fRIFH (876~926 m),
1.2.3 H&HKELHAE FHFEFRET 2023 47
H SRR RGBT, fR T e 30T R XA B S o M
mLEEEEET AW AdD, EIEERERERRA,
- A WSO MERE R TEAE T A BRS JE SR A T 1k Bl
PLBCHE 3 A HHERAE S, SRAEHT, BRI YR 518
B R Z RIG RERIZE (0—10 cm) HHERE A (35 MEE
X3 HAL) , AR S ARG FOIR BRI LR 1 kg A2
IR R, SR ER IR T (K 60 em®, R
61.8 mm, & 20 mm) WLEFR JTHE S, T E £ 5
A K | AL R R A e R, DL S
F IR AR | R HEREK R A R K RRAE

BRAER 1 kg AR A I SE g %, AR KT
o EBRAEYAR R A BR RS R AR, F L 2 mm
Ja T EHERAR M. RS AR H B A A

B (Bettersize 2600 ¥R B 43 #7140 I 5 , FF M 5 1
BORLEE 43 bR D T RDRL (S =>50 pm) AL B R
(Cs+50~20 pm) 403 B0 (Fg .20 ~2 pm) Fl 3R
(Cp <2 pm)FH

1.3 HESKITE5HH

1.3.1 kB BERERS LB ERMEZTE LHEY
KEWC,, Y R E(B,, g/cm®), + 3 BFLE
(P, %) BESLBE (P, %), IF B % LB
(P, s Y% £ Wy 3P R 5 70 00 0 5 3 11
B RN R D R HOR AR TE T s B
AR R E A i ORAS BTE FEL B2r AR S

1.3.2 E2EBFRELZLBEFRE THIFPKEQR
RRFFKRKR, YO, BEFKRR, . YO MIEEE
FEKRR, » YO IFEAKXRE

MmaxiMO
M. —M,
R.= M, (2)
M,.—M,
R, = M, (3)

KM, R TIRFIE (g) s M A JTEMPET +
(s MO BERFKE (9 M, HIEBERFKE
(g),

T ST A e DX A B Ak 7™ EE A R 3, 4 ) A A
FORTEE  HLZS 1 (0 B 22 J2 365 B 30 R b DX 5 8 25 by
S X R KBE ) 25 S B, AR A R R
A PR ER B R S N BR R A  RR ER  TE AR AR
A5 HRERE L S20 A  A BR ER R - K W
ER BRI E AR R,

W=(1—P)XR XBjX1000 (4)
KW A AKE (t/hm?); P WA ARER ()
R NN KR By, N HIERE(g/cm?®),
1.3.3 XEmLHBHKREE SIBUNE S W TR 0 e
B KA AOR B ERKR L EAEBERKE,
TIERAFKE IR EE KR, LIEEBE K
S RAF R K BE 1 0 H8 bR IE AT B S M L A5 B 4%
F R RECG SRR T RS I ) LR A
IKAE 1 (SCS) iR A N

SCS:iS;(iZIF(XW?) (5)

Aorfe SRR AT T ZETTERE; F RN
i BB e A T B S BB WL ROR
B0 BT e AU R SEfE . % SCS A
S 3 GOV IR K 2 e R AR AR R K
HiL X 0 0 B 4 K M X (SCS™>30) , B 45 7K # X
(10=<SCS=<<30) L BE £ 7K Hb X (SCS<C10) ,



5% 2 3

MR W TRR AR B RS K BB Ty 2 ) 3 A A I B ECRE i PR R 61

1.3.4 #4EAE RH Excel 2019 Fl SPSS 21.0 %}
Bl Ay A g it o r. R R 3B H Y “ ggplot
274 desity” PR BIIE AT 4 HERL AR /N I A R 2
BE . >R B &R J5 22 70 #1 Cone-way ANOVA)
FildR /i 35 25 50k (LSD) K 30 A [R) dth JE &6 467 T 45 2%
Rk Rk R IEY IRAE ) 22 5 . R Pearson
i S 6 TR L e o A AN LA S B Y 7 N R T e
BERRKRE I B AR e . IR R K MR RE 5 br HE T A
SPSS #Fi# 47 PCA 4381, RH R i#EF H 19 “vegan”
A0 g REKRE S W R AT IUR . T
P 2 1 78 % 1 Excel 2019, Origin 2021 F1 R 4.3.2
58 1

2 iR5aPr

2.1 TEWERME

& 1Al AL S X By A B3 (F=5.054,
»=0.003), V53 By {Hixim .88 1.13 g/em®, ¥
Xt Bp(F=3.303, p=0.05) B4 W &L, % C,
(F=13.429, p=0.000);P . (F=8.294, p=0.001);
P (F=8.254, p=0.00D) & AFE M B, Pl
PR FECL o M TFEr 24.7% 1 101.0% . P 40 51 T+
5.4% 7 29.3% P, 43 5l FH & 3.0 F1 25.2% 3 B Al

a @ W
0.015 | HER
R
E
0.010 | T4
1 [ ] v
%
0.005 |
0 C 1 1 1 1L 1
0 50 100 150 200
LA KN wm
CEEMREFHR ERRBER
0.015 | 14 5
i PR R
o
0.010
1
3
0.005 |
(O . . . .
0 50 100 150 200
FLfE K/ um
2

P, B3 A0 BT FEAR , By 430 51 F % 3.1 % A1 13.3% ,
P, TR 22.9%,18.8% ., KX} C,,(F=17.669, p
=0.002); P, (F =6.150, p =0.005) %5 P, (F =
5.500, p=0.009) ELA b F P2, B4R T
By 43313 T 5.2%,14.1% . P, 43 BB 1 15.5%,
39.3%,C..2r BIFEAR T 29.8 % F1 50.5% . P. 7 BIFEAR T
17.8% 1 23.6 %, P, 43 AR T 16.2 0 F1 20.6 % .

XFF RN AR & (£ DL mx Cs B
H W FELW(F=2.759,p=0.046) ,Cs & R AL N TG
e AL (31,4 %), Fe i AL P (35.91%6) . BEfixf S
HFH(F=9.219, p=0.001); Fs & (F=18.895, p
=0.000)F1 Cp & (F=6.813,p=0.003) A HH T
ERW, MY RS MCs H TR Fs M Cp
G, WA S S (F=7.495, p=0.002);Fy
S (F=11.300, p=0.000) HA B FF w0, % Cp
TR (F=3.326, p=0.049) B4 W EH 0, K
TH.SMCsHFRI R Fs M Cp SRR, M
H.S SRALIEE N 16.0% ~31.6%.Cs & 724k
W R 31.0%0~38.3%, Fs &%t AL 15 [l o 27.6 %0 ~
44.2%,Cp T AIEFE By 4.8%6~8.0% . M4 -1
AR /IS AR S22 o A e B (TR 2) R 2 mE i
Hekr 12 K/NLL 2~50 pm Foki A £,

3 i
O] Esefr
[ Tt
REE 2

0.020 | b A

0.015

2 ool
g 0.010
0.005
0 C 1 1 L 1 1
0 50 100 150 200
RLAE KN wm
0.020 d &K -3
0.015
2 ool
s 0-010
0.005
0 C 1 1 L 1 1
0 50 100 150 200
KR KN wm

TEMEBUE=ZETIRNRELBEREEESH

Fig.2 Distribution of particle size density in surface soil of Maolan karst forest in different topographic sites
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Table 1 Soil physical characteristics of tested samples

KB OBk HAR C By P, P, P, S Cs Fg Cr
b 33 18.86E7.48% 0.9740.12°  1.69£0.50 24.09E4.05  25.79E4.26 24554843  35.9143.56° 33.18+5.62 5.4541.13
K 15 24.06£10.85° 0.93£0.16  1.67+0.85 25794529  27.46+4.49  24.80£11.17 32.20£3.7" 35.6049.81  6.60+£1.82
BEW M 33 24.8548.86% 0.8220.09% 1674091 24.55+5.02  26.16£5.08 28274526  35.184+2.09" 30.18+3.66 5.3641.12
[ 4 9 8.79£7.22 113£0.09"  2.11+1.05 19414345 21.51+3.01  21.00£4.36  34.88%4.49°° 33.67+4.04  6.00£1.00
T 15 24.29410.68° 0.8740.13°  1.560.55 24.9946.69  26.5556.26  25.6013.72 31.4046.35" 35.20413.55 6.8043.03
B 300 14.23+8.01° 0.9840.09° 1974074 21.2145.28% 23.18£4.95 18.10£4.91° 33.00+4.99  40.80+6.34* 7.2041.81°
B BB 300 17.7547.83% 0.9540.16° 1524070 22.37+2.65% 23.8842.83"" 26.00+6.62" 35.70+2.91 31.90+4.82" 5.40+1.17
THifi 45 28.62+6.39" 0.8510.14>  1.6010.73  27.43£4.00° 29.03+3.91°" 30.27£8.17b¢ 35.20+3.71  28.33+4.06™ 5.20+1.21%
o fRME 33 227141105 0.93£0.18  1.66+0.62 24.66£520 26.32£5.00 28.45+8.81 35.18+4.33  30.0046.74" 5.36£1.50
ggg BB 24 24824643 0914011 1.62£0.69  26.12+3.79  27.74£3.92  27.00484  35.75+3.54  31.00£5.45° 5.25+1.04
48 18.80%9.66  0.9240.14  1.73%0.84  22.94%5.09 24.66+£4.87 22.8147.88 33.88+3.98 35.88+7.41" 6.4441.79
fRiE 27 29.51+5.92* 0.874£0.17  1.43£0.58  28.3843.36° 29.81+3.01° 30.89£9.02° 35.2244.32 27.78+4.02* 5.1141.05°
W TR 51 207148910 0914004 165074 23.3344.10° 24.98+4.33" 26.71£7.03° 34.8243.91  31.82+6.00° 5.6541.66°
iR 27 14.6248.40° 0.99£0.09  1.9940.79  21.68+5.37% 23.67+4.99% 18.1145.21" 34004409  40.11+6.31" 6.89%1.62
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Table 2 Correlation of soil water holding capacity with topography, soil structure and stand characteristics of Mouland karst forest
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Table 3 Principal component analysis of soil water Table 4 Evaluation of soil comprehensive water holding capacity in
holding capacity of Maolan karst forest different terrain areas of Maolan karst forest
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