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Soil anti-erodibility under Pinus massoniana forest at
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Abstract: [Objective] The soil anti-erodibility of Pinus massoniana forests at different ages in typical
Karst areas was studied and the optimal anti-erodibility indexes were selected to provide support for soil
and water conservation and ecological sustainable development in Karst areas. [Method) Pinus massoniana
forests with different ages (young forest (SY),half-mature forest (SZ) and mature forest (SC)) were se-
lected in Huaxi District, Guiyang, Guizhou Province. Basic physical and chemical properties, aggregate
group contents,mechanical composition and anti-erodibility indexes of Pinus massoniana forests at different

ages were measured. Then, 13 indexes including organic matter content,anti-erodibility index, percentage of

(e BWT  2022-03-16

[(RETH] EHEARB%ELTH (41807336) ; 5t M & BHE 2135 H (B BHA 2 mE[2020]1Y189, 8 A& LH 72 [2017]7345 5, 2%
BHE A AA[2018]576919) 5 S M Ui K 2% 2016 4F MR 2300 H 5 58 4 1 — 0 Bk e B H ) 350 5 . v 1 4% 2
BB (B BRI & [2019]125 5

[(FEHETEAD ik FA993—), B JMM A i+, FENFEAE AR ESHEFEMENR . E-mail:1049646324@qq. com

LGEMEEZ] 5k Iha984—), B i db i i AL Bl #0214, RN F IR BRIL S S B H 457 . E-mail: ka-kui@163. com



52 PO AL AR MRB 3 2222 4R (A SRR 2 B %51 %

aggregate destruction, aggregation condition, degree of aggregation, dispersity, dispersion coefficient, wet
sieve average weight diameter, geometric mean diameter of wet sieve,volume mass,aggregate content of dry
sieve, water stable aggregate content and capillary water holding capacity were selected,and principal com-
ponent analysis was used to explore the optimal soil anti-erodibility indexes and comprehensive anti-erod-
ibility index of Pinus massoniana forests at different ages. [Result] (1) There were significant differences
in soil physical and chemical properties of Pinus massoniana forests at different ages,and average soil or-
ganic matter content was in the order of mature forest (94. 49 g/kg) >half-mature forest(63. 78 g/kg) >
young forest (55.29 g/kg). (2) The wet sieve average weight diameter,aggregation condition and water
stable aggregate content of soil under Pinus massoniana forests decreased with the deepening of soil layer,
and they were in order of mature forest™>half-mature forest™>young forest. (3) Principal component analy-
sis showed that organic matter content,water stable aggregate content,anti-erodibility index,degree of ag-
gregation,aggregation condition and wet sieve average weight diameter were optimal soil anti-erodibility in-
dexes. (4) The comprehensive anti-erodibility index of Pinus massoniana forests of different ages was in
the order of mature forest (8. 04) > half-mature forest (—0. 29) >young forest (—7. 75). [Conclusion]
The optimal indexes of soil anti-erodibility of Pinus massoniana forests in Karst areas were selected. With
the increase of forest age,soil organic matter,wet sieve average weight diameter and water stable aggregate
content increased, the aggregation condition improved,and the soil anti-erodibility was enhanced.
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Table 1 A general survey of Pinus massoniana forests at different ages in typical Karst areas
B3] Yo/ () R /m AR /a B R /m R/ % MR E A B
Type Slope Altitude Age Average tree  Crown density Main understory vegetation
- TE AN TN
S(‘ 15 1187 39 20 82 Platycarya longipes Wu, Quercus acutissima Car-
e ruth, Carex tristachya
o b BRAE A A E RS
S% 28 1207 22 12 79 Platycarya longipes Wu, Itea ilicifolia Oliv,
h Quercus acutissima Carruth
- W e AL
N 31 1211 11 5 71 Quercus acutissima Carruth, Ligustrum lucidum .
SY .
Platycarya longipes Wu
1.3 WEmMBSA® 17 H Origin2018 | &l . 7€ SPSS 22 K {4 rhiff 47 &
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Table 2 Physicochemical characteristics of soils at different ages in Pinus massoniana forests in typical Karst areas
9 =N _, A
gy ER/em CRREEC ek WRER BEAN Ul BRI/
o Sampling pH . Natural water (ge+cm ?) E/% nd Capillary water
Type depth Organic matter rate Volume mass ~ Capillary porosity Noncap{llary holding capacity
content porosity
- 0~10 6.83+0.17 b 130.33+7.71a 10.82+0.25 ¢ 0.7740.08 a 52.704+1.27 a 18.27+£1.01b  29.95+1.98 a
bki’:&ﬂﬁ 10~20 6.264+0.01b 90.45+8.06 a 11.684+0.21b 0.9540.03 a 51.93+0.98 a 12.35+0.53 b 26.8241.44 a
o 20~30 6.5640.06 b 62.68£7.78 a 5.1140.01 ¢ 1.33£0.07 a 43.06+1.04 a 6.8340.48 ¢ 18.58+1.70 b
) 0~10 7.764+0.12 a 85.1240.71 b 19.09%£0.12 a 0.7740.04 a 50.67£0.77a  20.18%0.52 a 28.7540.52 a
l-'—lg\?zﬂ: 10~20 7.6640.07 a 59.184+2.05b 15.87%0.12 a 0.89+0.06 a 49.71+0.99a  18.62+0.55 a 27.17+1.54 a
20~30 7.634+0.18 a 47,034+0.21 b 15.31+0.21 a 1.0240.08 b 45.6841.45 a 15.88+0.46 a 22.744+1.94 a
L 0~10 7.9340.18 a 74,3841.77 ¢ 13.90+0.10 b 0.85+0.06 a 50.9540.70 a 17.0940.46 b 27.74+1.11 a
Zf]éﬁz,’ﬂ\ 10~20 7.68+0.05 a 53.884+1.83 ¢ 13.93+0.22 a 0.96+0.07 a 49.76+0.54a  14.06+0.54 b  25.53+0.50 a
20~30 7.9540.22 a 37.63+0.71 ¢ 12.03£0.06 b 1.0140.05 b 48.55+1.05a 13.4540.58 b  24.31+1.92 a

T« [ 9B bR AN RN G 5 B 3R Rl — 4 2R IR 4 10 28 5 135 (P<<0..05) . R 3 MK 4.

Note: Different lowercase letters indicate significant difference among age groups in same soil layer (P<C0

.05). The same in Table 3 and Table 4.
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Fig. 1

Contents of aggregates of dry sieve and water stable aggregate with different grain sizes of Pinus massoniana

forests at different ages in typical Karst areas
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Table 3 Soil mechanical composition of Pinus massoniana forests at different ages in typical Karst areas %
\ , iy ke HLB R b
fy’i sai_ﬁ/;:nh %*‘7‘(?&2&1 mm g, oqiﬂﬁ.*& mm) (. 011@2%3%5 mm) . 05%21 mm)
Medium fine powder Coarse dust Grit
0~10 29.314+1.00 b 16.754+0.82 a 29.31%0.78 a 24.63+1.30 a
EZ‘;?;M( 10~20 26.4940.70 ¢ 22.4140.70 a 28.53+1.06 a 22.57+0.91 a
20~30 38.65+1.27 ¢ 12.214+0.40 a 28.48+1.03 a 20.67+1.22 a
0~10 45.8641.15 a 12.51£0.69 b 25.01£0.59 b 16.62+0.75 b
‘:Fgﬁéﬂi 10~20 48.394+1.04 b 10.0840.60 b 24.2040.73 b 17.33+1.01 b
20~30 56.38+1.11b 8.05+0.55 ¢ 22.15+0.21b 13.42+1.20 b
0~10 47.1140.91 a 14.34+0. 88 ab 20.484+0.68 ¢ 18.08+0.81 b
stﬂfv\;/}yf\ 10~20 58.60+0.74 a 10.10+£0.59 b 18.19+0.72 ¢ 13.11+£1.05 ¢
20~30 60.15+1.46 a 10.024+0.24 b 18.04+0. 46 ¢ 11.78+0.78 b
2.4 AERREDERKTIEN ISR 10~20 ecm 5 20~30 cm £ J2 A R AL RRAE S 4K

WM 4 iR AR E DR R 50~10cem 2. MEIERHKOEE . -1
AR, ER— SRS REMWART I RE Bl 3 8OR 7 8ER BOM AR AR IR S8R5 R /)N | 7 2
RO P RARB A 2R R i MR, 75 B BRI BEE 2 TR 093 I ig ok, 1 %
0~10 em + 2, H R EdB KB /NHEF R JKERPE A SR AR R i Al 0y A2 b A N i 22
(30. 85 %) =i bk (28. 36 %) >4l bk (26. 34 %) 5
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Table 4 Soil erosion resistance indices of Pinus massoniana forests at different ages in typical Karst areas

o ) /em ) P AR BRE
Type Sample Degree of aggregation Dispersity Aggrcga}tlon Dls})(?rtslon
depth condition coefficient
0~10 30.8541.05 a 20.1440.79 ¢ 28.554:0.91 a 15.85+£0.78 b
IR SC 10~20 28.90+£1.13 a 35.56+1.06 b 25.2040.29 a 27.814+0.67 b
20~30 25.70+0.49 a 44,.754+1.30 b 21.1040.32 a 33.32+0.73 a
0~10 28.3640.54 ab 38.6940.77 b 23.7540.85 b 21.99+1.72 a
gtk SZ 10~20 24.7941.23 b 50.1241.00 a 19.85+0.97 b 28.2940.51 b
20~30 24.25+1.04 a 56.25+0.75 a 18.25+0.67 b 34.2040.76 a
0~10 26.3440.94 b 44,1740.86 a 21.4540.28 b 22.71%+1.14 a
Lk SY 10~20 25.294+1.05 b 52.6741.40 a 19.05+0.75 b 30.52+1.08 a
20~30 22.497+0.67 a 60.3340.93 a 16.25+0.25 b 37.96+1.26 a
St ) +JZ/em PH SR AR 3R %/ 4 EINLE = RO R A/ mm RO LA 4 /mm
'Ij‘cy;je Sample Percentage of . Antif'erodibility Wet. sieve' average , Geometric mean
depth aggregate destruction index weight diameter diameter of wet sieve
0~10 11.63£0.51 b 82.8642.08 a 2.93£0.09 a 1.23£0.08 a
BB SC 10~20 15.054+0.91 b 79.4343.60 a 2.91+0.03 a 1.86+0.06 a
20~30 21.1140.16 b 51.86+3.95 a 2.7440.09 a 1.57£0.11 a
0~10 15.42+0.28 a 83.14+2.81 a 2.7940.19 a 1.364+0.13 a
gk SZ 10~20 17.21£0.99 b 67.5743.03 b 2.6740.10 b 1.274+0.08 b
20~30 27.7241.00 a 48.294+2.51 a 2.08£0.11 b 1.19£0.12 b
0~10 16.5540.29 a 77.7141.17 b 2.2540.07 b 0.8540.16 b
Gk SY 10~20 22.3740.44 a 56.7140.89 c 2.08+0.03 ¢ 1.3940.15 b
20~30 25.0440.32 a 44,86+1.41 b 1.70£0.10 ¢ 1.2740.10 b

2.5 AERFESEMMETEAMENERS ST PRBEIR R AT ROR B0 3R L 23 HOR e BOR B iR
W 5 MR EBCA HL & B TR B TR R R AR RO S LAY BAR R
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Table 5 Characteristics and load values of principal components in principal component analysis on
soil anti-erodibility of Pinus massoniana forests at different ages in typical Karst area
0~10 cm + 2 10~20 cm + 2 20~30 cm 12
S 15 b 0—10 cm soil layer 10—20 cm soil layer 20—30 cm soil layer

Corrosion resistance

81 ERSY D B2 BRSO

1 ERSY D 2 ERSY )

1 ERSYD 2 B

index First principal ~ Second principal First principal ~ Second principal First principal ~ Second principal
component component component component component component
X, 0.920 —0.393 0. 870 0.493 0. 999 0.034
X, 0.874 0.487 0.988 0.151 0.986 0.165
X —0.935 0. 356 —0.994 0.105 —0.724 0. 690
X 0. 966 —0.259 0.863 0. 506 0.997 0.076
X5 0.993 —0.121 0.991 0.137 0.973 0.231
X5 —0.934 0. 357 —0.872 —0.490 —0.996 0.091
X7 —0. 883 0.470 —0.552 0. 834 —0. 867 —0.498
Xs 0. 965 0.263 0. 994 —0.112 1. 000 0.023
Xy 0.758 0.652 0.665 0. 747 0. 854 —0.520
Xio —0. 895 —0.446 —0. 256 0.967 0. 950 —0.313
Xn 0.763 0.647 0.753 —0.658 0.772 0.636
X1z 0. 989 —0. 146 0. 981 —0.192 0.999 —0.034
X3 0. 994 —0.111 0. 825 —0.565 —0.997 0.078
A Eigenvalue 10. 907 2.093 9.218 3.782 11. 399 1. 601
Rateffﬁff{;?mion 83.903 16. 097 70.911 29. 089 87. 686 12. 314
BT o 83.903 100. 000 70.911 100. 000 87. 686 100. 000

Cumulative contribution rate

X0 A LT A X B AR EG Xy PRI XL TROR s XL R s X, %R Xo. R BG X, W F W E w05
Xo. MG ILAT P-4 FLAE s Xoo. R 5 X T 07 AT SR AR 35 8 s Xoo L KRR MR SR AR 5 it s X . Bk . FRFL

Note: X;. Organic matter content; X,. Anti-erodibility index; X3. Percentage of aggregate destruction; X,. Aggregation condition; X;5. De-

gree of aggregation; Xg. Dispersity; X7. Dispersion coefficient; Xs. Wet sieve average weight diameter; Xo. Geometric mean diameter

of wet sieve; X19. Volume mass; X11. Aggregate content of dry sieve; X1,. Water stable aggregate content; X;3. Capillary water hold-

ing capacity. The same below.

Wit xFE 5 0~10,10~20,20~30 ecm + 2

13 AHU i 8 AR A F 080 AT (EH 2 AT 20 A7, TH RS
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A BRI B 0 RBC LSRR 6. RN R A 7 PR R A B 0~ 1010~ 20,20~ 30
POl Fs br B W 2R AT E AT AR EIL AL B, R4 IR em H)2 YL Y, WSS Fi~Fs,
F 6 BB MR R F D R B L R 5 8 5 R I
Table 6 Principal component score coefficients of soil erodibility under Pinus massoniana forests at

different ages in typical Karst areas

0~10 ecm +JZ 10~20 cm + 2 20~30 cm )2
B E 8 b 0—10 cm soil layer 10—20 cm soil layer 20—30 cm soil layer
Comosion g 1 4y M2 EMAN  HLERSYD W2 ERSY  BIERSYD 2 ERAT)
resistance index First principal Second principal First principal Second principal First principal Second principal
component component component component component component

X 0.279 —0.272 0. 287 0. 254 0.296 0.027

X 0. 265 0. 337 0.325 0.078 0.292 0.130

X3 —0.283 0. 246 —0.327 0.054 —0.214 0. 545

X, 0.292 —0.179 0. 284 0. 260 0.295 0.060

X5 0. 301 —0.084 0. 326 0.070 0. 288 0.183

X —0.283 0. 247 —0. 287 —0.252 —0. 295 0.072

X7 —0.267 0.325 —0.182 0.429 —0. 257 —0.394

X5 0.292 0.182 0. 327 —0.058 0.296 0.018

Xy 0.230 0.451 0.219 0. 384 0.253 —0.411

X0 —0.271 —0. 308 —0.084 0.497 0.281 —0. 247

Xn 0.231 0. 447 0.248 —0.338 0.229 0.503

X1z 0.299 —0.101 0.323 —0.099 0.296 —0.027

X3 0.301 —0.077 0.272 —0.291 —0.295 0.062

F7T ARNEHGHEXAFRASERKTERMENEIIRGE
Table 7 Regression equation of soil erosion resistance of Pinus massoniana forests at different ages in

typical Karst areas

+J2/cm F SR A F 43 a1 5 AR
Soil layer Principal component index Principal component regression equation
1 EMAS YD F,=0.279X;+0. 265X, —0. 283X3+0. 292X, +0. 301 X5 —0. 283X —0. 267 X; +
0~10 First principal component 0.292Xg+0.230X,—0.271X10+231 X1 +0. 299X, +0. 301 X5
2 EWA YD) Fy,=—0.272X,+0. 337X, +0. 246 X5 —0. 179X, —0. 084 X; + 0. 247X +0. 325X; +
Second principal component 0.182Xs+0.451Xy—0.308X,+0.447X,; —0.101X,,—0.077X 3
1 EMRSYD F3=0.287X,+0.325X, —0.327X;+0. 284X, +0.326X;—0.287Xs—0.182X; +
10~20 First principal component 0.327X5+0.219X9—0. 084X 10 +0. 248X, +0. 323X, +0. 272X15
%2 F WA (Y2 F;=0.254X,+0.078X;+0. 054X, +0. 260X, +0. 070X5 —0. 252X +0. 429X; —
Second principal component 0.058X5+0.384Xs+0.497X,0—0.338X11—0.099X1,—0.291X;
1 FEMAS YD F;=0.296X, +0.292X, —0.214X5+0. 295X, +0. 288X;5 —0. 295X —0. 257X +
20~30 First principal component 0.296Xs+0.253Xq+0.281X,0+0.229X1;+0.296X7,—0.295X7;
%2 Far(Y2) Fe=0.027X;+0.130X,+0.545X3+0. 060X, +0. 183X;5+0. 072X —0. 394 X7 +
Second principal component 0.018X5—0.411Xy—0.247X,,+0.503X1; —0.027X,,+0.062X3
(D~ iE 0~10,10~20,20~30 cm 8 HARNEHHHMEXARRRIEMKLTEN
e e ot 2 & A g =
T2 PRI I Foo 10 an v Fro—20 an ~Foom0 an AKX SEMMIEY
o AN AE T 22 A B i F8 B (F ) Table 8 Comprehensive erodibility index of soils under
H N =] i/ o
F —0.839 03F, 0. 160 97F D Pinus massoniana forests at different ages in
0~10 em — Ve 1 . 29
typical Karst areas
Fio—20eam=0.709 11F,+0. 290 89F,, 2
_ +J2/cm B T Ak AN
Foos0em=0.876 86F; +0.123 14F;, (3) Soil layer SC s7 SY
Fe.=F, an T Fro~20 em T F20~30 am o (4) 0~10 2.52 0.46 —2.98
FIE § 10+ 4 B B /1 2 Bl t0~20 ST 2T
" 20~30 3.15 —0.42 —2.73
BGAAR (8. 04) > iy Ak (—0. 29) >k Ak (—7.75), A
EERERTINL IR
%%%\%%E”@Eﬁ%ﬁgiﬁ»%%Q%*’Aﬂ‘ﬁ@ﬁ"ﬁj]l]aj: Composite corrosion 8. 04 —0.29 —7.75

resistance index

SRERPUIRAR B R, IR BT I R o
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TIEHUMME S 1 G DA S 5 RAE ) RIS AR
R YIMISE ik e [N R 2 5 R - B 0 B Ak I
RS2 M) - 3B e b M . B9 3R B RGO A
AL T DR EZ 5w pH H™, [F i
R O SR A HLGk, AR T g 0y R Ak M
U A LR S R AR 2 ) A AR S
6 g2 PR AR AR Sy - B 4540 19 FE A 35T, XA BILAKk 1Y
fiti 7B B AR D OO A LA Bh Tk
e P SR A B 4 oot A 3 o M R - SR S5 A L B
A IR R T 4R P b
A FE P AR ZR FIAR IS 23 XF B2 b A - 1 i 28 A 1
AR, MR R SRR ARG T W
P (0 - e R R i B, RE K BE 7 35, AT
WK T HHEM B, 2 5 KDY BRI L B
Ly AN ARARES S, 2 oA LR F s, 3+
BRI N R, TR . DA LR SR
BT, 3 A ML 2 i FUAE M) AR AR R AR 25 R 4
i) - S A4 ALV 5L BE G S AN IR SR B I, )2
AL S w3 2 AR s PR, IR IR &
K, R b B

IR, A1 A R AR S i LR A S+ 4
Pk F AR . TEATE ST, BRI o R A bR
Ab, HA 2 Fofr B 2 A AR - 3 T 0 A SR AR AR B
TR R 3 2, B3 Mok 4 3 0y 2R
(<20. 001 mm) &R Fifi 3 4 J2 W BE R BE mmi i ok, X
JEH TR (<20, 001 mm) F s, HHLEF RS
BREEDS . KR AT A & i mT DL R AE A b ph b
R/ NS W s L = w0 A 7R 1 S
SRFE 0~10 em L JZ AN K42 >0, 25 mm 10 A
AR o Ry AE R g DR 28 VR 0 S 25 B i 3 AT
FOKREARK S EAMER T . EDREMREY)
HEARIX I, 20~30 em + 2 FHRL & & B K {5 T i 4]
BEEERTREZO~10m) . XEHTERERR
SR N 0 AT AR A RS ok P B, Y i R AR 40
FEINN S BLAR = 0. 25 mm + HEHORL & B MR, + 4
M as R R E Y . BRIAE SRR L SRR <<
0. 25 mm 38 JURE & 2 55 5 B 45 B 3 At 98 4%
W R K HELL TR B TG i T 3 i e
i . T AR e SR AR T R LD X B 5 4R
AR T R R AR >0, 25 mm K AR P A

SR A BARR SJEAE BB/ L T K R E g
55, ST E . DL BB DB g
U AR A JE BN R R BN L BR T %8 LA HLER
A RIS AR R AL BT B R R A
A e WL 2H B4 52 00
3.2 ARKRASEMKEIENMENES

b ST AR BUZ P LRI (R 1k i 2 4
RN R N S £/ A A
B KRR A SR AR S 2 R AR AT HIL BN
SRy A w0 oK R A R AR
g o e S R 1 R M AT BT ok A
S o TELIEVTE AR X o M A% BT i M B 1 T LAY S
Fr A o KRG P AT SR A R 52 i b T ol 1 Y T 2 A
R H A LB R KRR R AR O
Py i AR | FL LR R AT SR A T R AR AR
JRR R/ . T e AE X I R R TR AR T RS T
REGBTTEIE 2 DN FE A 1 e R B LA b o - S 47T ol
PEREHE MR L T X2 D A SRR B B - AR 25 A
FISE 2 VAT B B . FEAS R TS B B R AN AR
(3G T0 B BL R POk 1 R AT SR L T SRR B
IR RS PAT 2R A i R B S 2 R B AR AR O T
e S A 3 B AR BR B sk /) b SR o i O
X5 T BT AE R — 2

25 LTk Sy AR 2 B R Y AR AR AR
ST HLITE | P SRR 8 MBI 2 B 55 PR 2% B 2 WL 3%
U A ) B e b PEARAE . - S LB A B A A T
K AR A1 AR B e 45 [ B ks T b Y P3RBT
SRR DL o HEHLAR 2 1l 52 i) - 38 205 19 ) A5 17k
B E b JIDECRVINDE N LE R Y NZIE i ANTIE SNV
i - 14 A AR MK R AT SR A o T LAAR B b
W EHEGTImE . T 4B 2 e R M DX B RR A bR A
AR HL P P 5 RS A PR AR AR RN b AT BILJT L AL
PR ZH RS TR 3R 4 R Bk — 28k - T ik T R
LER RS

L

A% 3256 Xt W 37 A b DX TR R A AR 0~
10,10~20 1 20~30 cm + 2 + R e T T
5T - K B R A bR - R A Bk v A e 22 5, Hop
Wil 5 T FE A RIS (38 49 pH R A ALY
R AR (94, 49 g/kg) > % bk (63, 78
g/ke) >HIE AR (55. 29 g/kg) . TRIH Xy R AR
AT 2R PR 150 0 K B AT SRR 5 o X B A 1 )23 TR B 1 34
T R 5 26 B0 0 B bk > o i AR > Zh i AR, 38
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