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Abstract:

significant challenges to the zone’s ecological security and functions, seriously affecting social and

[Background] Severe soil erosion in the Dry-Hot Valley of the Jinsha River causes

economic activities. Investigating the soil and water conservation characteristics and influencing factors
of natural forests, planted forests, and savanna of valley type in the upper, middle, and lower reaches of
the Dry-Hot Valley of the Jinsha River is crucial for soil and water conservation and ecological
restoration in this zone. [Methods] In this study, 22 sampling sites were established in the upper
reaches, 13 sampling sites in the middle reaches, and 12 sampling sites in the lower reaches. Data were
collected through comprehensive field investigations, sample collection, and subsequent laboratory
analysis, and the soil and water conservation capacity characteristics and influencing factors of natural
forests, planted forests, and savanna of valley type in the upper, middle, and lower reaches were studied.
[Results] 1) Natural forests show the best characteristics in terms of surface vegetation, soil porosity,
and soil water-holding capacity, resulting in the strongest soil and water conservation ability. In
contrast, savanna of valley type are of poor surface vegetation growth, a thin litter layer, low soil
porosity, and weak soil water-holding capacity, making them more susceptible to severe soil erosion
from rain. Therefore, the soil and water conservation capacity under different vegetation types is natural
forests > planted forests > savanna of valley type. 2) Soil density gradually increases from upstream to
downstream, while soil porosity, soil water-holding capacity and soil drainage capacity gradually
decrease from upstream to downstream. Therefore, the soil and water conservation capacity in the
upper, middle, and lower reaches of the Dry-Hot Valley of the Jinsha River is as follows: upper reaches >
middle reaches > lower reaches, the difference in soil water conservation capacity between the middle
and lower reaches is not significant (P > 0.05). 3) The characteristics of soil porosity and soil water-
holding capacity of the surface layer (0—15 cm) are superior to the subsurface layer (1530 cm) in
different sections of the Dry-Hot Valley of the Jinsha River. Therefore, the soil and water conservation
capacity of surface and subsurface layers soils in the Dry-Hot Valley of the Jinsha River is as follows:
surface layer > subsurface layer. [Conclusions] The soil under planted forests shows substantial
improvement compared to savanna of valley type in terms of vegetation growth state, coverage, soil
porosity, and soil water-holding capacity. This indicates that artificial afforestation measures effectively
promote soil and water conservation and ecological restoration in the Dry-Hot Valley of the Jinsha
River, indicating that it is an effective measure for preventing and controlling soil and water loss.

Keywords: vegetation recovery; water and soil conservation;

soil porosity; soil water-holding

capacity; Dry-Hot Valley
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Tab.1 Characteristics of vegetation and litter in different zones of vegetation restoration

) s WEWIEE ARG LV VEA i N S N )3 TrA
X B MR LR ) ) ) ) .
Thickness of Herbal Herbal height/ Shrub Shrub height/ Canopy density  Arbor height/
Zone Vegetation type
litter/cm coverage/% cm coverage/% m of arbor m
PN
1.51£0.59a 66.67 +8.77b 60.74 +7.21a 1550+4.71b 1.43+0.21a 042+0.07a 2.45+0.27a
Natural forest
PRI
. 1.01 £0.20a  59.50 + 6.99b 60.33+10.05a 48.56+8.6la 1.75+0.14a 0.16+0.03b 4.82+1.45a
b4 Planted forest
Upstream TR VE BN
0.24+0.09a 87.50 +2.50a 73.76 £ 11.95a 10.75+2.17b  1.60+0.23a  0.09 + 0.05b 1.45+1.26a
Savanna of valley type
FHME
1.07+£0.26 67.52+4.95 63.16 +5.55 28.16 +£5.37 1.61£0.11 0.25+0.04 3.24+0.69
Average
RIRM
220+041la 70.00+11.40a 80.32+7.08a 52.00+12.6la 2.30+0.12a 0.43+0.15a 3.38 + 1.46ab
Natural forest
PN N
. 1.72£0.35ab 56.33+6.15a 7293 +5.58a 25.00+8.16b 1.30+0.35ab 0.42+0.11a 5.56+1.04a
i Planted forest
Midstream A 7 B
0.40+£0.30b 75.00+0.01a 81.46+9.05a 22.50+17.50b 0.30+0.30b - -
Savanna of valley type
FEMHE
1.70£0.28  65.62+5.51 77.08 +3.83 35.00 +7.23 1.47+0.27 0.36 +0.08 3.87+0.89
Average
PN
1.50£0.50a 72.50+12.50a  77.06 £ 19.86a 35.00+20.00a 1.00+0.0la 0.63+0.03a 6.75+1.45a
Natural forest
I RIS
1.00£0.07b  60.50 + 5.65a 56.17+4.78b 2420+7.05b 1.29+0.16a 0.41 +0.05b 6.95+1.13a
Downstream  Planted forest
FEME
1.08+£0.10  62.50 +5.09 59.65+5.19 26.00 + 6.44 1.24+0.13 0.44 +0.05 6.92+0.95
Average

o AFNE FRER R SRR Z 7 W E (P <0.05) . o il i i E B ML R 5 b To A R, L AR P P2 AN I o v EE VAT iale , R0

Notes: Different lowercase letters indicate significant differences in each index (P < 0.05). There is no trees in the vegetation sample plots in the savanna

of valley type of the midstream, thus the data of arbor heights are not available and are indicated by —.
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Tab. 2 Soil characteristics of vegetation restoration in different zones

S]] g S He A Ak A L A HRZR % 2 ]
. Proportion of Proportion of soil Proportion of stone Proportion of root
X B ik TSt S H E )
s0il/% compactness/% content/% content/%
Zone Vegetation type Mean slope/(°) — — — — — —
%+ bt B e LIES B L€ Ly
Loam Sandy soil Loose  Compaction More Less More Less
TR
20.78 55.56 44.44 77.78 22.22 22.22 77.78 22.22 77.78
Natural forest
oty PN
19.33 11.11 88.89 77.78 22.22 11.11 88.89 55.56 44.44
Upstream Planted forest
Tl b VR 5 A
18.75 25.00 75.00 75.00 25.00 50.00 50.00 25.00 75.00
Savanna of valley type
RIM
16.00 0 100.00 40.00 60.00 40.00 60.00 40.00 60.00
Natural forest
i N Ak
. 22.50 0 100.00 83.33 16.67 33.33 66.67 50.00 50.00
Midstream  Planted forest
Tl VEE 5 A
12.50 0 100.00 100.00 0 50.00 50.00 50.00 50.00
Savanna of valley type
RIRBK
- 20.00 0 100.00 50.00 50.00 50.00 50.00 50.00 50.00
i Natural forest
Downstream A T.#k
14.00 0 100.00 80.00 20.00 40.00 60.00 50.00 50.00

Planted forest

VR EUE (BT8R ) $98 H R 5 % X BRI EL ] . Notes: Values in the table (except for the average slope) are the percentage of soil

characteristics in each zone.
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Tab.3 Surface and subsurface soil porosity characteristics of vegetation restoration in different zones

g SRR RIEEE LR iR AL

+2 X Bt ik &2t ) i . o ) i B2 3iikai 3
Soil density/ Total soil Soil capillary Soil noncapillary . .
Soil layer Zone Vegetation type = . . . Soil permeability/%
(grem ™) porosity/% porosity/% porosity/%
R
1.08 £ 0.01A 59.29 + 0.43A 49.15+ 1.03A 10.14 £ 0.75A 39.28 + 0.42A
Natural forest
JNEIRS
N 1.03 £ 0.02A 61.14 +0.84A 49.89 £ 0.85A 11.25+0.65A 37.04+0.61B
i Planted forest

Upstream M EFL A

Savanna of valley type

1.09 + 0.03A 58.99 £ 0.97A 48.98 + 0.84A 10.00 £ 0.51A 38.66 + 0.27AB

it
1.06 £0.01 59.99 +0.46 49.42 +£0.55 10.57 £0.42 38.25+0.37
Average
R/
1.19+0.01A 54.95+0.23A 46.58 £ 0.33A 8.37+0.32A 36.55+0.15A
- Natural forest
E I .
) N LA
Surface soil . 1.19+0.01A 5517+ 047A 47.22 +0.19A 7.95+0.35A 36.89 + 0.26A
(0~ 15 om) b Planted forest
~15cm _—
Midstream  Hi {4 E A
1.22+0.01A 53.78 £ 0.47A 47.17 £ 0.53A 6.61 +0.06B 36.45+0.33A
Savanna of valley type
FME
1.20+0.01 54.87+0.27 46.96 £0.18 7.91+0.26 36.69 +0.14
Average
RIM
1.31 £ 0.06A 50.60 +2.23A 4438 +2.22A 6.23+0.01A 33.85+ 1.92A
Natural forest
T JNEIRS
1.33 £0.02A 49.68 £ 0.65A 42.76 £ 0.87A 6.92 +0.32A 33.00 + 0.54A
Downstream Planted forest
T
1.33 +£0.02 49.83 £0.62 43.03+£0.79 6.80 +0.28 33.14+0.52
Average
RIRM
1.28 +0.02ab 51.55 + 0.6ab 39.24 + 1.64a 12.31 +1.19a 29.91 +£0.58a
Natural forest
N THk
N 1.22 +0.03b 53.96 +1.24a 40.75+1.21a 13.21 £ 0.65a 27.81 +0.22b
i Planted forest
Upstream A V8 55 A
1.34 +0.03a 49.47 £+ 1.09b 35.47 +0.76a 14.00 + 1.35a 28.51 +0.72ab
Savanna of valley type
T
1.27 £0.02 52.24 +0.69 39.28 +0.93 12.96 + 0.59 28.80 +0.35
Average
RIRI
Natural forest 1.48 +0.02a 44.28 +0.83a 33.23+0.77a 11.04 £0.282 24.32 +0.79a
N . atural fores
V&t
. AT Ak
Subsurface soil . 1.49 +0.03a 43.66 + 1.08a 32.76 £ 1.02a 10.90 £ 0.57a 24.07 £ 0.98a
(15~ 30 om) i Planted forest
~30 cm
Midstream 4 E HE A
1.55+0.01a 41.73 £0.11a 30.71 £ 1.05a 11.02 £ 0.94a 22.61 £0.02a
Savanna of valley type
T
1.49 +£0.02 43.60 £ 0.59 32.62+0.58 10.98 £ 0.27 23.93+0.52
Average
RIRM
1.56+£0.01a 41.14+£0.22a 31.16 £ 0.46a 9.98 + 0.69a 21.7+0.49a
Natural forest
T N Tk
1.64 +0.02a 38.16 + 0.85a 30.75 + 1.09a 7.42+0.61a 19.97 £ 0.78a
Downstream Planted forest
it
1.63 £ 0.02 38.54 +0.83 30.80 + 0.94 7.74 +0.62 20.18 £0.71
Average

A KE FRER R A X BAE R R R 2 LB R IR 22 57 (35 (P < 0.05), ANFVNE PR R AN R X B o 1k 52 TR J L 3 LB S
FRF 2 5 22 (P < 0.05) . Notes: Different uppercase letters indicate significant differences in the surface soil porosity characteristics of vegetation
restoration in different zones (P < 0.05), and different lowercase letters indicate significant differences in the subsurface soil porosity characteristics of

vegetation restoration in different zones (P < 0.05).
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Tab.4 Characteristics of water-holding capacities of surface and subsurface soil under vegetation restoration in different zones

CHROKR BREERKR LR KR

N ‘ e - U hEeARE S ERERA AR
+JZ X B iR eyt Maximum water- Soil capillary water- ~Minimum soil
Soil drainage Natural moisture
Soil layer Zone Vegetation type holding capacity holding capacity/ water-holding ) B )
. . .. capacity/(g-kg )  content of soil/%
of soil/(g-kg ) (gkg ) capacity/(g-kg )
R/
574.11 £26.36A 46422 +£22.56A 419.42+21.14A  154.87+£6.62A 15.06 £ 0.87A
Natural forest
N Tk
N 508.34 + 10.96A 414.49 +7.14A 358.83 +7.50B 149.38 £ 5.18A 12.50+0.18B
i Planted forest
Upstream Tl VEE RN
507.25 +24.12A 41475+ 18.87A 36528 £16.08B  142.03 + 10.02A 12.71 £0.57B
Savanna of valley type
FHME
535.05+13.87 43488+ 11.18 38479 +11.18 150.29 +3.82 13.59+£0.45
Average
RIRM
Natural forest 423.00 £ 6.12A  352.80 +3.92A 316.13 £2.99A 106.83 + 3.23A 11.50 £ 0.07A
- atural fores
RIZ 5
) N LAk
Surface soil N 418.50 £ 10.29A  351.50 £ 6.88A  311.86+6.31AB  106.71 +£ 3.99A 11.43 £0.14A
(0~ 15 cm) aabiid Planted forest
~15cm .
Midstream b EERL A
388.00 +2.00A  334.00 + 2.00A 292.54 + 6.67B 95.33 £ 4.43A 10.83 £ 0.09B
Savanna of valley type
FEME
415.54 + 6.09 349.31 +3.83 310.53 +3.82 105.02 +2.46 11.36 £ 0.09
Average
RIR
351.50 £26.50A 304.00 = 24.00A  267.50 = 17.12A 84.09 + 8.99A 10.47 £0.19A
Natural forest
N PRI
34430+ 6.84A  292.70 £ 7.79A 253.02 £ 9.60A 91.34 £ 4.13A 10.42 £ 0.07A
Downstream  Planted forest
i1
345.50 + 6.57 294.58 +7.19 255.43 +8.36 90.13 +3.68 10.43 £ 0.07

Average
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Continued to Tab. 4
TR ARKE REEEROKE LR KE . -
) L ) o » . KRR AR EKE
+)Z X Bt Tl 2 A Maximum water- Soil capillary water- ~ Minimum soil
Soil drainage Natural moisture
Soil layer Zone Vegetation type holding capacity holding capacity/ water-holding . . .
) B B ) “,. capacity/(g-kg )  content of s0il/%
of soil/(g-kg ) (g'kg ) capacity/(g-kg )
R/
473.96 £23.40a 364.89+20.08a  329.75+18.43a 144.21 +£5.64a 16.34 +0.88a
Natural forest
ATk
418.97+10.71a  323.53+5.06ab 277.10+10.22ab  141.86 + 1.24a 13.53 £0.25b
3iF Planted forest
Upstream TR EEEE N
408.77£20.54a  303.76 £9.06b  270.40 £ 12.00b 138.36 £8.57a 13.10 £ 0.24b
Savanna of valley type
T
440.51 £12.72 337.82+10.18 298.21 £10.76 142.30 + 2.64 14.65+0.51
Average
RIMM
Natural forest 345.87 +£2.70a 270.97 £ 0.43a 23742 +£2.10a 108.45 + 0.90a 12.47 +£0.05a
. atural fores
R Z 3%
. AT
Subsurface soil N 339.47 + 8.53ab 266.24 + 5.80a 238.98 +£5.39a 100.50 + 3.87ab 12.25 £ 0.10ab
(15 ~ 30 om) b Planted forest
~30cm )
Midstream b EE R A
317.06 +1.85b  245.69 +7.79b 221.95+3.73b 95.11 +1.88b 11.95 £ 0.08b
Savanna of valley type
I
338.40+4.61 264.78 +£3.62 23549 +£2.94 102.91 £ 2.18 12.29 £0.07
Average
R/
301.73 +2.64a  237.77 = 1.96a 212.58+0.21a 89.15+2.85a 12.15+0.17a
Natural forest
N N Tk
285.14+3.46a  239.84 +2.80a 200.75 + 3.78a 84.39 + 1.78a 11.37 £ 0.10b
Downstream  Planted forest
T
287.21+3.65 239.58+£2.43 202.23 £3.59 84.98 +1.65 11.47+0.13
Average

1 AR KRS F RS A F X B R E R 2 IRk B I RHEZE 5 B35 (P < 0.05), A FI/NG B R R AR X B B kR i3 )2 g ke oK
it JIFFIE 22 73 2 3% (P < 0.05) » Notes: Different uppercase letters indicate significant difference in water-holding capacity of surface soil in different

zones of vegetation restoration (P < 0.05), and different lowercase letters indicate significant difference in water-holding capacity of subsurface soil in

different zones of vegetation restoration (P < 0.05).

WERER PRSI NIEM R KR, H LR #H
M. AP S HERKRKE ., HIEEERKE, £+
et/ MK BN EE (P <0.05) USR5 &, 53R
FURREE | LIRS FLRRE | LB (P < 0.05)
IEMRK R
4 1ig
4.1 AREIXEREHERE hRE R IEEFEXTK
T RFFHIFZ T
A AR | MO 25 M S5 x0T 1K £
(R F LG IR L o R A 2 MR Ay
TH 2 W5 M R K PR, 25 T8 b A2 I8 K i
9, 2 J BUAR P FE K I AR 43 B 48 BE 350 40 " K, A &K
VAN S O e TR T R =i 1 P O 4
S REE R | BB R IR K P
1) E LR 5, Re A 438 5 A B IR SO K 4y, BRI HE

TR, S ILIRRE | BT S BA — E R
FAMY L IR R B L AU S (it LR
M, AR R 2. 40 A0 T R 2 L FL I R A
KEARFERE S ST TR A E B LML,
B LR R R R, SV FHua s b o R
0 VEE 0 P A R L BT R FE R ROR, (H
FeAR R FE A2 R A KR A B 2, ELIb M 7%
i/ (1), FKEEh A ER, S50t
R T T R A T, e TV ok L 0 B AL
B, R 7K 95 A8 7 FR AR, 3 32 40 0 B B il - B
VAR, 1 BT RUK 1. SVbIT a8 %
X B N TARIITRA , FEA 2 0 % 78 26 FEE 0 A
BN R, H R AR E R B (1),
NTAGER TR B 552 (2200 1 P e 78 S0 PR I
7RO HbE Fr e R, A V0 2 R AR A K, G
b 2% W 7K 1 b, A3 = 9 I 7K 0 R R
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Tab. 5 Correlation analysis of surface vegetation, litter and soil physical properties in different zones
LHGK LREE B
TR N AR o S
Rk FKE L B N o, bERE RS
Maxi sl NE ey T RS wmr
aximum oi JKH . I B Wi 55 ]
it Minimum - Natural — TIEZE  FLHE e e
water- capillary Soil Soil Soil S Soil
Index soil water- moisture  Soil density Total soil
holding water- drainage capillary noncapillary permeability
) . holding . content porosity ) )
capacity holding capacity porosity porosity
capacity of soil
of soil capacity
THERE KR
Soil capillary water-holding ~ 0.987** 1.000
capacity
3% 5/ RF /K & Minimum
) i i 0.983**  0.982%* 1,000
soil water-holding capacity
3K AE D)
o ) 0.915%*  0.877**  0.825%**  1.000
Soil drainage capacity
48 B 2R & /K% Natural
. . 0.931%* 0.934%** 0.944** 0.788%* 1.000
moisture content of soil
g
. . —0.956%*  —0.959** —0.942** —0.870** —0.843** 1.000
Soil density
3 AL
. . 0.956%* 0.959** 0.942%* 0.870%* 0.843**  —0.900**  1.000
Total soil porosity
et S-S
. . . 0.762%* 0.834** 0.782%* 0.624%* 0.688**  —0.887**  (0.887** 1.000
Soil capillary porosity
TIRAERE FLRE
. . . 0.803** 0.699** 0.743%* 0.837%* 0.683**  —0.702%*  0.702*%* 0.294* 1.000
Soil noncapillary porosity
TE AR
. . 0.554** 0.557**  0.513** 0.577** 0.265 —0.743%*  0.743** 0.732%* 0.408** 1.000
Soil permeability
R
0.165 0.150 0.127 0.228 0.069 0.144 0.144 0.066 0.196 0.172
Slope of plot
Filiv& 0 5 L
. . 0.043 0.026 0.053 0.017 0.033 0.073 0.073 0.289* —0.294* 0.172
Thickness of litter
LV NS
. 0.118 0.108 0.034 0.286 0.119 0.091 0.091 0.050 0.111 0.014
Herbal height
FAREE
0.025 0.071 0.011 0.054 0.162 0.026 0.026 0.145 0.169 0.154
Herbal coverage
WEARRE
. 0.338* 0.300 0.347* 0.280 0.330* 0.297 0.297 0.143 0.409%* 0.118
Shrub height
TEA 5 P2
0.105 0.105 0.168 0.045 0.214 0.102 0.102 0.097 0.062 0.084
Shrub coverage
A FE
. 0.170 0.116 0.119 0.262 0.015 0.247 0.247 0.116 —0.331* —0.423**
Arbor height
TEAHR P
. —0.309* -0.321*  -0.302* 0.286 0.278 0.337* 0.337* 0.334* 0.183 0.258
Canopy density of arbor

VE: * RN ZFIBEZE KT (P<0.05), **Rx 2 F IR R E KT (P<0.01). Notes: * indicates a significant difference (P < 0.05), and **

indicates a very significant difference (P < 0.01).
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