%33 B 1M pI s S SR Vol.33, No.1
2026 4 2 A Research of Soil and Water Conservation Feb., 2026

DO1:10.13869/j.cnki.rswc.2026.01.007; CSTR:32311.14.rswc.2026.01.007.
FRG, WL, B, S IRTE bR 2k R CH A A SR R X R 2R AR R R ] K R R FIESE, 2026, 33(1) 1 427-434.
Wang Siyuan, Ye Fan, Zhao Li, et al. Response of soil moisture to downward shift of lower timberline and its ecotone in upper reaches of Minjiang

River[J]. Research of Soil and Water Conservation,2026,33(1):427-434.

WEGTL b~ 05 b BRI 2 B G A A28 i
THEK ST X BT Ze B RS 1) i) iz

El@‘é%’ D+ I‘IJ):L, ﬂ ﬁﬁ’ ?%ftzg’ %%ﬁ_ﬁ%

(PR R R85 BEIR2A B, Uil 43 FH 621000)

 ZE: (BT AR 200 Ja il K ot S L IR BT R ) PR 3L, S R VT b YRR T 2 X IR K R AR A R
PR ARG . [753R ] SRHET Sh e A0 5 5 puial oo AE 45 G i 7 v, 5 BRI VL 1 30 4 4 o ol U Sl HL A AR PR =
FER MM T LR B H A 25 58 Al S BF 9 X, B9 L K 2 i L I B I R O AR I R R . [ R ] (D MR
R A A B B AL B R A LR ﬁﬁ/@?ﬁﬂmﬁﬁi‘k Ak 5 L IGTE BE VR T v T el PR T 2 DX Ja 5 B
A AR A 34 FLIRUE )2 + 0 35 8 TIR)Z £ (p<C0.05) o (2) MW T e B H AR 25 28 Al iy - 35 /K 1 18 45 Bt g 4 6 8
T i3 K E R A 2 R EE A B T R o (3D AR 2k KA A5 S8 A A - HEK 439 B 43 0 o 18 %6 ~24 % R 14 %~
1650 , 587K 15 H Bt 4 )23 TR BE 00 385 n i S 357388 0, BRAMK 1B OK 40 & ik R TV A H K 4 & i, 2 B B OB SR I &R
P M), PR T 2 M A 25 58 a1 SRR 43 ek B T 3 e TR IR A 2 R S a4 o (4D S T 43 AR S 43 A, UK
S35 A A 2 B AL R B K B A R S . [5O3 o i 2 AL IR BE K i SO e L
e [) 5 ), R VK A v LA ST b A% 1 RS B 3K R K A R AE 1806 LA b I DA VA 1) B A A R AL A
K AW s HIEK S BANFLBR; ARA T 4k

FESES:S152.7 XkFRIZAD A XEHS :1005-3409(2026)01-0427-08

Response of soil moisture to downward shift of lower timberline and
its ecotone in upper reaches of Minjiang River

Wang Siyuan, Ye Fan, Zhao Li, Li Fucheng, Wu Lijuan
(School of Environment and Resources, Southwest University of Science and Technology, Mianyang, Sichuan 621000, China)

Abstract: [Objective] This study aims to identify the soil moisture content controlling the lower timberline and
its environmental influencing factors, providing a scientific basis for vegetation restoration and ecological
protection in the lower timberline area of the upper reaches of the Minjiang River. [ Methods] A combination of
field positioning experiments and laboratory tests was employed. The representative lower timberline and its
ecotone in Sanzhai Village, Zagunao River Basin (upper reaches of the Minjiang River) , were selected as the
study area to investigate soil moisture content, soil physical properties, and their interactions. [ Results] (1) In
the ecotone of the lower timberline, total capillary porosity and capillary porosity increased with altitude, while
non-capillary porosity decreased with altitude. The lower timberline area showed an opposite trend. The porosity
of surface soil was significantly higher than that of deep soil (p<C0.05). (2) The soil water-holding capacity of
both the lower timberline and its ecotone increased with rising altitudinal gradient, but decreased with increasing
soil depth. (3) The soil moisture content ranged from 18% to 24% in the lower timberline and from 14% to 16%

in the ecotone. It decreased significantly with increasing soil depth. The soil moisture content in the forest was
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greater than that in the shrubs. Influenced by factors such as vegetation and topography, the soil moisture content

in the lower timberline and the ecotone showed opposite trends with altitude. (4) Principal component analysis and

correlation analysis revealed that soil moisture and vegetation growth were significantly influenced by soil porosity

and water-holding capacity. [ Conclusion] The soil moisture content at the lower timberline is jointly influenced by

porosity, water-holding capacity, vegetation, and topography. For vegetation restoration, the advantages of site

conditions and afforestation types should be utilized to maintain soil moisture above 18% and gradually promote

restoration from high altitudes to the ecotone.
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Table 1 Basic information of sample plots

W = /m 1% 2 A L 5 HE O
" TR PATE HBEAL DB B T AL PO R SRR 32 R 62K
50~ TN i o ; o )
21502200 WA JERIL ) b i 0.98 m, B K BT 0.27 m MM S FE 500 , B4 I 954
[ TR PATE HBEAE DB AR P ROE SR SR 52 R4 2k
22002250 WA TSI ) p g 1,56 m, B KT 0 0.35 m WA S 124, 8 3 i 88
2250~2300 NI EBEREE, W30 a, FHRE 9.5 m, MR BCR A (FEAR Y 18.7% , A 5 67.5%)
2300~2350 ZEANTHR FENEE, M 30 a, FHRE 11.3 m, AR FRIPOCIR I (AR 5 18.7% , FA 5 76.4%)
2350~2400 ZEANTHR  FEREZE, W30 a, FEME 12.3 m, AR FHEPOIRI(EAR S 15.3% , 5 AR5 81.6%)
1.3 HIEBSW S KR E T 15—30 cm 3 12%~55% ; + 2%

K HI SPSS 21 % B4l i 47 8 3143 B , ) 1 4k 7 A
A RS 30 43 AT MR TR 2 B AR IS AR B K A K
Fo PR BT 2 ) 25 S W M («=0.05) , B
Origin 2024 #AH1E A .

2 &R0 br

21 MR TEREEASTHET TEKSSSHE

STIBURUIESLIN =N 3 N N SE= T 8 N
2 250~2 400 m AR T 3/ A [a) g 4 16 BE (2 250~
2300 m, 2 300~2 350 m, 2 350~2 400 m) LA & Ak T
LR 2R WhAtT 2 150~2 250 m IR T L P 24 AN ] Vi A 1
(2150~2 200 m, 2 200~2 250 m) A [a] &1 H 3 3k
O3 3 MM T Ze i 4a i 133K o B (B D

H 0—15cm 0 15—30cm .

00, W 30—45cm B 45—60cm [
60 | W 60—75cm : ‘]P

* %k
a

d
(=3 S (=3 (=] (=3
(=3 ) (=3 el (=
N N o o <
N N N N N
l l { l l
S (=3 (=3 (=3 S
v (=2 v (=] v
— N N [se) o
[q\] (o] N (o] N
1%/ m

W ARG R 21 1) 22 57 1835 1 s NS IR p=>0. 053 %38 7R p<<0. 05;
#xge R p<<0.01, FAl,
1 AEESEMRMTEREZERHELRARRE
TEIEASEE
Fig. 1 Soil profile moisture content at different
depths in lower timberline and its buffer
zones across different elevations
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Table 2 Soil porosity and water-holding capacity at different altitudes and depths in lower timberline and its buffer zones

i/ {Xg’im }ig;f;% ﬂgg% %LEE/ BRI RAEKE BEEKE RMEKE  BKEN EEEAR
0—15 7.60+2.11a  59.03+1.97a  66.63+1.50a 11.4140.78b 80.49+3.45a 75544278  73.17+3.25a  14.93+0.19ab  65.6513.05a
15—30  4.404+0.63¢c 48.43+1.93b  52.83+2.25ah 8.3310.23¢ 36.90+1.44b  31.48+1.13ab  29.17+3.25h  16.13+2.13a  49.56+2.26h
2150~2200  30—45  6.30+1.09b  40.45+0.58b  46.75+1.27h 13.48+1.11a 31.88+1.28b  28.05+1.54c  26.26+0.26h  11.92+0.72c  38.83+0.42¢
45—60 4204178 42.93+1.97h  47.13+2.44h 8.9140.36¢ 35.76+1.09b  32.43+0.04b  30.83+0.98h  10.35+0.61c  28.82+1.36d
60—75  2.70+1.15d  40.27+1.20b  42.97+1.25h 6.28+0.33d 34.55+0.08b  29.94+0.05c  29.25+1.00b 9.4540.40d 11.39+0.37 ¢
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60—75  3.404+0.55h  47.07+3.11b  50.47+3.49b 6.7440.87h 41.32+3.12bc  37.4940.03c  35.87+£0.94b  10.60+£1.20bc  19.63+2.33 ¢
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60—75  6.104+0.08h  41.41+2.01b  47.51+1.44b 12.8441.65h 27.64+1.25d  25.90+0.61d  24.61+1.77cd  6.65+0.04d 13.35+1.77e
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Table 3 Soil mechanical composition at different altitudes and depths in lower timberline and its buffer zones

4K/ m TR /em ki 3L BihL
0—15 38.77+3.25b 52.90+1.33a 7.41%0.11b
15—30 40.90+3.05a 50.96+2.21a 8.144-0.34ab
2150~2200 30—45 34.2540.26b 56.38+0.75a 9.01£0.51a
45—60 32.8540.03b 57.661.10a 9.4940.65a
60—75 33.24+1.72b 57.7940.04a 9.37+0.44a
0—15 36.004-0.06¢ 53.0040.45b 7.3240.24¢
15—30 45.3540.15b 45.844-0.31bc 7.95+0.33c
2200~2250 30—45 47.85+0.21b 44.2140.24bc 8.8240.10b
45—60 25.8040.21d 62.104-1.23a 12.10+0.78a
60—75 57.1040.03a 35.58+0.06¢ 11.00+0.65ab
0—15 31.48+1.66ab 58.10£1.82a 10.43+0.45ab
15—30 34.554-0.08ab 54.4140.76ab 11.05+0.78a
2250~2300 30—45 39.1841.21a 50.924+2.01b 9.9140.22b
45—60 38.55+1.34a 51.96£1.03b 9.49+0.18b
60—75 37.054+2.01a 52.4740.46b 10.48+0.66ab
0—15 31.1742.12bc 57.4342.03b 11.40+0.75a
15—30 30.60+1.13bc 57.57+1.45b 11.83+0.87a
2300~2350 30—45 29.67+2.45¢ 58.87+£0.09a 11.46+1.17a
45—60 34.5341.82b 55.8740.36bc 9.60+2.01b
60—75 43.30+3.63a 48.67+1.01c 8.034=0.74bc
0—15 37.15+1.54ab 53.35£2.09a 9.50+0.08ab
15—30 36.0340.07ab 53.84+3.18a 10.13+1.21a
2350~2400 30—45 39.5342.14a 50.8440.98a 9.64=40.06ab
45—60 41.5043.33a 49.1041.54ab 9.40+0.04b
60—75 38.8840.08a 51.55+1.74a 9.58+0.08ab
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