2019-04-25 DOI: 10.19675/j.cnki.1006-687x.2018.05041 M1 NATaTar a1 R/ 174
NI SIS AL W2F 4] Chin J Appl Environ Biol 2019, 25(2): 0225-0231

AL B L/ TE 5 1L X 67 2B + 458 5 B 7k ST 350 B
o BB B RAER KN XD AR RO T AR

WU R EEBE RS 611130
TR SS R M 646000
SSRGS i 028000

i S 3000 5 ) D v /S g L X 6 e AR - S SR (I ) | v R | AR R AR )
AN L 2 VR A WU & B &5, FLBREE . Rk K KB a5 T fE, 18R oFh 1 HE 28 AL B RE K /K SR 22 S M 7 T L
25 (A AR AL LAY, 57 6 R HESS TS i 3 R S E] 56 RAUB B 45 oK. (1) 0-100 emt /2 6Fh LIS TIAT 4L
e 7 B PE R BN = R ) = > 5 1 ) > 48 1 > A > TR > A SR R AU ALK & e A R
A2 EE (P <0.05), [A—tHEAEE + B mi /N ; 28 HE7E0.87-1.79 glom’2Z [8], Bt + J2 IR 45 53 s SALER
JEN37.6%-55.81%. (2) 0-100 em+ JZ HARI /K e KRR R AR B K P08 8 1L B - ey I B) ke
W BRI AR R B RR, IR Rk, BEROKE ., EBEKE . HFKE, MERKES . (3) 6ff
IR RBAVIB E R AT RSB MR, TR RIE 2 5 B3, B35 R S SRR BOC R, Bl T Wik
AT IR T 3 W SR A 0 25 S FL B AE R K SO RO VR 3, BT R R Rk dE B RK R
J 3538 WETT I 45 0] A PE A0 XOR [R] L 2R A0S = P ARSI B T At | A A4S R G /K IR 57 D BE TE A i 1L
e, (F2 35 526)

THESEAY; KOO s FLBREE s Fpokdt; B NI /AL i

CLC S714.2

Hydrological effect of six soil types in northwestern Sichuan alpine and
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Absirs® This study evaluates the differences in porosity, hydrological effect characteristics, and the changes in different layer
of six soil types (cinnamon soil, yellow-brown soil, brown soil, dark brown soil, plateau meadow soil, subalpine meadow soil) in
northwestern Sichuan alpine and subalpine mountains. The research was conducted by measuring the soil organic carbon content,
bulk density, porosity, water storage and water permeability in different soil types and at different depths, and by creating a
model for soil infiltration rate and time. The results showed that (1) the average organic carbon content of the six soil types in the
0-100 cm depth soil layer was ranked as follows: plateau meadow soil > subalpine meadow soil > cinnamon soil > brown soil >
yellow-brown soil > dark brown soil. In the same soil layer, the organic carbon content of the six soil types differed significantly
and decreased with depth. The bulk density of the six soil types ranged from 0.87-1.79 g/cm® and increased with depth. The total
porosity of the different soil types ranged from 37.6%-55.81%. (2) The natural water storage, maximum water holding capacity
and non-capillary water holding capacity in the 0-100 cm soil layer were highest in the subalpine meadow soil. The field water
capacity and available soil water storage were highest in the yellow-brown soil. The maximum moisture capacity, capillary water
holding capacity, non-capillary water holding capacity, field water capacity, and available soil water storage increased with depth.
(3) According to the water infiltration model used in this study, the six soil types had an initial infiltration rate that was higher than
the stable infiltration rate. The relationship between the infiltration rate and time could be described by the power function, which
was close to the Kostiakov’s equation. The differences in soil type significantly influenced the porosity and hydrological effects,
especially on maximum moisture capacity, non-capillary water holding capacity and infiltration rate. These results could provide a
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theoretical basis for the restoration and reconstruction of ecological environments and the evaluation of water conservation functions

of ecological systems in different soil types in Northwest Sichuan.

[@Wﬁﬁb soil type; hydrological effect; porosity; moisture capacity; permeability; northwestern Sichuan alpine and subalpine

mountains
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Fig. 1 Description of the sampling points. SI: Subalpine meadow soil; S2:
Plateau meadow soil; S3: Dark brown soil; S4: Brown soil; S5: Yellow brown
soil; S6: Cinnamon soil.
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Table 1 Basic situation of the plots
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A s TR LR E i)
Soil type Location Elevation range (h/m) Vegetation type
MR LA AEHS L ORI RRRS | AR BB LA A | SAE R NN YR A S
S1 Hon (uz;r\l Count 3432-4136 Salix cupularis, Rhododendron simsii, Rhododendron faberi sp. prattii, Sibiraea angustata, Spiraea
gy y mongolica, Rhododendron amesiae, Chimonanthus praecox, Lonicera semenovii, et al.
AN R5Y A
82 Hongyuan County 3521-3543 Grassland
5 LU sa0s3myy  ZH RIS IRILH R
Hongyuan County Picea asperata, Abies fabri, Cupressus chengiana, Rhododendron simsii
WA Pay NI I 30 o VAN 7 7 AR NS E N N5 2
S4 Lixian Count 2534-3370 Picea asperata, Cupressus chengiana, Larix gmelinii, Populus davidiana, Tsuga chinensis Pritz,
y Betula albo-sinensis, Betula platyphylla, Aceraceae, et al.
! URTTAR R ML SR SR B e X
S5 Maoxian Count 1842-2330 Cupressus chengiana, Pinus tabulaeformis, Robinia pseudoacacia, Ailanthus altissima,
y Malus domestica, Zanthoxylum bungeanum, Betula platyphylla, Quercus glauca
R e b STk S
s 7t 5 loqeos  RBREAKRMUEA . SRIAT E, SLAE

Maoxian County

Platycladus orientalis, Cupressus chengiana, Pinus tabulaeformis, Ailanthus altissima

Sl: Wil mfa) 45 S2: & Ji i) £ S3: Wi FslE; S4: #lE; S5: #EARHE; S6: W 1t-.
S1: Subalpine meadow soil; S2: Plateau meadow soil; S3: Dark brown soil; S4: Brown soil; S5: Yellow brown soil; S6: Cinnamon soil.
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A, PRHHERE (glem’) , MAHIITFI A (g), Mol
HIIF R (g), VARTIAR (em®) , QR/KAILLTE (g/lem’) ,
KR HIEAEESLBE (%), K HIEEEILBE (%), K
T BB (%), CHBERKE (%), Coofm kK
(%), COAEFAEBEILBRE (%), CCABERIKE (%),
CoHA R TR KE (mm) , Coly IR K FrKE (mm) , H
Ht )2
23 HiEAIE

K HIExcel 2007, SPSS 20.048 114Kk A4 % B4 #4550 Hr, 2R

FHHLRIZE 7 25 5307 F A 38 2 A (R K CSCI ER P R Y 25 572, R
I Pearsontfl & 43 A1 7K SCRL WS 38 A LAk & =, FL B 4R
TERY RO G 2.

25 RS

3.1 AR BT BREFE

mWmR2Mi~, 0-100 emt AN - HES A + AT E N
S4(1.44 g/em’) > S5(1.40 g/em®) > S2 (1.29 g/em®) > S3 (1.25
g/em’) > S1(1.17 g/em®) > S6 (1.14 g/em®) ; MAIE] 4 )2 IR EE
KF, oFh LRI REE + 2 IMEE A EIE . 0-100 cm+
JE AR L HESS R WL & B S2 (117.53 g/kg) > S1(117.19
g/kg) > S6(112.43 g/kg) > S4(99.95 g/kg) > S5(79.61 g/kg)
> S3(39.52 g/kg) ; 6Ff HHEAMI T I R WG A + 2R

P=

TRZHT /N AZS6EHEA PGk & & i m (146.32 g/kg) , S3
(62.26 g/kg) AP & &AL, BZNS6(108.37 g/kg) f i,
S3HAI% (33.79 g/kg) , CJZS24 5 (105.47 g/kg) , S3(22.50 ¢
kg!) K. 0-100 em+ )2 A ] 3 AR B FLBRUE £ F N
S3(17.28%) > S1(16.36%) > S6 (15.39%) > S5 (12.69%) > S4
(11.27%) > S2 (8.87%) ; A[Al + 3 i AN ] 4 2 1 AR B
LB AR AL I AT T 25 52, HirS6 . S3. SUHEB A FLIREKE +
SRR Z ST = 5 BEAR, I NBJZIRAK; S5, S4, S25R MK
Bl A 2R SN R, C2 R/, 7E0-100 emd: J2 AN ] 4
H IR A FLIR P 1 S2 (38.87%) > S5 (34.06%) > S1(33.98%)
> 84 (33.29%) > S6 (33.27%) > S3(29.95%) ; AS[a] -3 245 K fifi
T 2R BE LT R R S3, SURJERAE /5 T+, S6. S4.
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S1(33.33 mm) > S6 (30.58 mm) > S2(29.93 mm) > S3 (17.31
mm) > S5(16.29 mm) > S4 (8.41 mm) ; b + E MR AR +
HERI AR K LN R, S6. S4., S35 S 1 i Jm e /b
R, BE&; SSHZEHTHIN, CERK; MiS2AH + 248
BT, SIFI e il /NG B B AR B S28% K
(29.92 mm) , BEZ I HS6(39.13 mm) iz k, CEFRI HSI
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7.15 mm. fr REFKEAE0-100 ecm+ J2FE I M S1(175.16 mm)
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Table 2 Soil organic matter contents and physical properties in different soil types

— i AT L T ILBE TEALE S ALBRE
Soil type Soil layer Bulk den_sslty Organic m_z]itter Non-capll]aory porosity Caplllaryoporosny Total poorosny
(p/g em™) (wigkg') (/%) (9/%) (¢/%)
A 1.00 + 0.18b 142.21 £ 19.52a 13.73 £ 4.09ab 39.20 + 6.52ab 52.93 +5.22ab
s1 B 1.16 £0.22b 108.29 + 12.63a 21.02 + 5.65a 30.10 £ 9.64a 51.11 £53la
C 1.34+0.30b 101.07 £ 15.37a 14.35+5.16a 32.64 +6.37a 46.99 + 5.74a
H{H Average 1.17 117.19 16.36 33.98 50.34
A 1.09 + 0.34ab 141.03 £ 22.69a 10.25 +2.14b 45.56 +3.56a 55.81+5.46a
© B 1.35+0.17a 106.08 +20.75a 6.95+1.34c¢ 3749 +537a 44.43 £ 4.93b
C 1.43 +0.42ab 105.47 + 17.64a 9.40 +2.93b 33.65+7.33a 43.06 + 4.06a
(i Average 1.29 117.53 8.87 38.87 47.76
A 1.15+0.21ab 62.26 + 8.67d 18.95+3.51a 29.78 + 8.11c 50.08 +5.05b
3 B 1.22 +0.18ab 33.79 £ 6.05d 20.52 +£4.34a 29.56 +6.24a 48.73 £ 5.05ab
C 1.39 + 0.16ab 22.50 +4.53¢ 12.38 + 3.74ab 30.51 +6.77a 42.89 +3.51a
{8 Average 1.25 39.52 17.28 29.95 47.21
A 1.21£0.23a 106.43 + 14.36b 15.34 +4.47a 35.61 +8.13b 50.95 +5.62b
s4 B 1.31 +£0.20a 94.36 + 13.28b 10.85 +2.24b 34.28 £9.99a 45.13 +£4.24b
C 1.79 £ 0.15a 99.05 + 11.59a 7.63 £2.17bc 29.97 +3.31a 37.60 +2.32b
J{f Average 1.44 99.95 11.27 33.29 44.56
A 1.22+0.17a 89.05 + 14.67¢ 16.94 +3.10a 33.03 + 7.16bc 49.96 +5.61b
S5 B 1.45+0.28a 73.31+£10.17¢ 11.73 £3.31b 3530+ 7.77a 47.03 + 5.84ab
C 1.55 +0.22ab 76.48 + 11.26b 9.39 + 1.72b 33.86 + 7.99a 43.25+4.23a
(i Average 1.4 79.61 12.69 34.06 46.75
A 0.87 +0.17¢ 146.32 + 24.35a 13.36 + 3.73ab 36.50 + 10.46b 49.86 + 5.88b
S6 B 1.13+£0.16b 108.37 £ 11.37a 17.38 £4.93a 32.50 + 8.00a 49.88 +4.67a
C 1.43 £ 0.21ab 82.60 £ 16.21b 15.44 £3.95a 30.82 + 6.94a 46.25 +5.53a
(i Average 1.14 112.43 15.39 33.27 48.66

S1: WLl R 45 S2: iy JE fifa) + 5 S3: WEAGHE; S4: ARME; S5: BEARME; S6: 5+, A: JEAER; B: WERUZ; C: BEFURE. R AR N V- IMH « b iR
22, [Al— £ JRANE R 22 5 i E ARG PR OR (P<0.05).

S1: Subalpine meadow soil; S2: Plateau meadow soil; S3: Dark brown soil; S4: Brown soil; S5: Yellow brown soil; S6: Cinnamon soil. A: Humus; B: Deposition
layer; C: Parent material layer. Values in parentheses are mean + SE. Different lowercase letters in the same soil layer and different soil types mean significant

difference at 0.05 level.

R3 RELHEER L HEFKE
Table 3 Soil water holding capacity in different soil types

mEn | g AR KR R R TR AR ARk W25 K I
Soil type Soil layer Natur.al storage Maximumwater Capll!ary water Non—caplllary water  Field water capacity ~ Available soil water
capacity (A/mm) capacity (h/mm) capacity (h/mm) capacity (h/mm) (h/mm) storage (h/mm)
A 2991 £ 8.24a 108.88 + 10.44a 81.30 = 13.05b 27.58 +3.18bc 78.04 £ 13.59b 78.97 = 7.99¢
s1 B 25.92 + 6.46bc 162.90 + 11.93a 97.38 £ 18.91b 65.51 £ 6.94a 89.51 +12.32¢ 136.98 + 18.55a
C 44.57 +7.82a 253.69 + 18.71a 175.12 £ 13.18a 78.49 +5.79a 163.97 +£23.92a 209.12 +23.28a
Y4 {H Average 33.47 175.16 117.96 57.19 110.51 141.69
A 29.92 +4.37b 119.04 £ 10.92a 96.60 = 7.11a 22.44 +£2.28¢c 91.99 +7.15a 89.12 £ 11.70b
S B 29.95+9.53b 137.68 + 10.79b 115.99 + 6.12a 21.68 +£2.02d 112.03 £ 17.42a 107.73 + 16.44d
C 29.93 + 6.38b 190.19 +20.31c 142.73 +9.18d 4746 + 6.26¢ 128.65 + 18.65¢ 160.26 + 16.17d
Y {H Average 29.93 148.97 118.44 30.53 110.89 119.03
A 12.59 +2.86b 101.40 + 10.09a 59.69 £ 6.21c 41.71 £ 5.68a 55.87+6.77d 88.81 +11.02b
3 B 20.06 +5.01c 154.95 + 14.16a 90.22 + 8.73¢ 64.73 £4.0la 80.12 +10.75d 134.89 + 17.62a
C 19.29 +3.70¢c 217.63 +22.55b 154.14 £ 15.17bc 63.49 +5.40b 144.80 + 13.99b 198.34 £ 25.88b
Y4 {H Average 17.31 158 101.35 56.65 93.62 140.68
A 743 £+ 1.61c 106.72 + 11.25a 75.13 + 6.26bc 31.59 + 4.94bc 68.59 + 8.38¢ 99.29 + 17.62a
s4 B 10.64 + 1.44¢ 137.59 £ 17.75b 105.24 +9.95b 32.35+3.74¢ 101.85 + 11.01ab 126.95 + 15.70b
C 7.15 +3.43d 189.65 + 11.60c¢ 151.41 + 17.36¢ 38.24 + 5.86d 146.85 + 16.51b 182.50 + 10.42¢
Y4 {H Average 8.41 144.66 110.6 34.06 105.76 136.25
A 12.95+£2.97b 102.39 + 11.24a 67.97 +4.33¢ 34.42 £ 4.20b 62.82 +5.89¢ 89.44 + 14.92b
S5 B 15.83 +4.47d 149.84 + 13.52a 112.69 + 13.30a 37.15+4.94¢ 108.34 + 13.23a 134.01 + 12.80a
C 20.09 +2.13¢ 223.67 +26.13b 175.96 + 10.46a 4771 £ 8.61c 169.24 + 17.92a 203.58 +22.92ab
Y4 {H Average 16.29 158.63 118.87 39.76 113.47 142.34
A 28.94 £ 6.19a 102.10 + 13.76a 75.03 + 10.93bc 27.07 +2.46¢ 68.14 + 5.86¢ 73.16 + 9.74¢
6 B 39.13+£9.19a 153.73 £ 17.01a 101.24 +13.97b 52.49 + 4.80b 94.89 + 14.42b 114.60 + 10.74¢
C 23.68 +4.27bc 239.55 +27.66b 160.28 + 15.93b 79.27 £9.75a 146.74 + 12.64b 215.87 £26.17a
Y4 {H Average 30.58 165.13 112.18 52.95 103.26 134.55

Sl: WPy Ll o) 1 S2: /i i fy) 15 S3: WEARME; S4. £7iME; S5: WA S6: #H L. A WIS B: JERUZ: C: BEEZE. KPR T + brifiin
22, [l —+ JZ AR+ HEOR 22 7 0 A RNG FEE R OR (P<0.05).
S1: Subalpine meadow soil; S2: Plateau meadow soil; S3: Dark brown soil; S4: Brown soil; S5: Yellow brown soil; S6: Cinnamon soil. A: Humus; B: Deposition
layer; C: Parent material layer. Values in parentheses are mean + SE. Different lowercase letters in the same soil layer and different soil types mean significant
difference at 0.05 level.
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>S6(52.95 mm) >S5 (39.76 mm) > S4 (34.06 mm) > S2 (30.53
mm) ; AZ HS3E: K (4171 mm) , S25%/) (22.44 mm) , B2
Sl K (65.51 mm) , S255% /) (21.68 mm) , CJ2 0| K S6k%
K (7927 mm) , S4i/ (38.24 mm) . 0-100 cm+ JZ A [F] 358
R 5K 2 B0 4S5 (113.47 mm) > S2 (110.89 mm) > SI
(110.51 mm) > S4 (105.76 mm) > S6 (103.26 mm ) > S3 (93.62
mm) . KRR S5 (142.34 mm) > S1(141.69 mm)
> S3(140.68 mm) > S4 (136.25 mm) > S6 (134.55 mm) > S2
(119.03 mm) , 6Fp+HERIBE + 2T B BE K. 3E
BEKE ., HEREK A WE KR — 3, k6 + 2 m
TRIE .
3.3 AEITERBKSNERS
FAH, RN LI RIBE B R TREBHESE, HA
] e R ) W2 R A AR B & 22 5. 0-100 em+ 22 + 18]
B AR F I AS6(22.23 mm/min) >S1(22.14 mm/min) > S3
(17.18 mm/min) > S5 (6.60 mm/min) > S2 (6.37 mm/min) >
S4 (2.09 mm/min) ; FaBH R LM A S6 (12.22 mm/min) > S3
(11.24 mm/min) > S1 (9.89 mm/min) > S2 (4.14 mm/min) > S5
(3.23 mm/min) > S4 (1.30 mm/min) , FHrA1S6. S1. S3x3Fh S
AU LIRS R RS S A 1 ) 25 T I 3 14 S41
BB R RS R /N, 7 518 2.09411.30 mm/min.
Zh G RAME 20T, A8 AR I ] A9 28 K AR e, 60
min ABHRE FRE, SERBRE, HEABHRRSH
B 2RRECE R, HoMN BB T AT A

R4 AETEEBTESEERRRSERE

Table 4 Permeation rate and permeability model of soil in different soil types

e WEEE  memx  pEgp JORER
S Initial infiltration Infiltration rate Regression -
Soil type e it . coefficient

rate (R/mmmin~) (R/mm min") equation ®)
S1 22.23a 9.89a y=17.571x""""  0.6489
S2 6.37b 4.14b y=15.4103x""*  0.6112
S3 17.18a 11.24a y=15.559x""%  0.8177
S4 2.09¢ 1.30b y=17931x"""  0.6745
S5 6.60b 3.23b ¥ =5.4406x""  0.6908
S6 22.14a 12.22a y=19.822x"""  0.8098

SL: WPy LhiRefiy) 5 S2: ) 5 S3: WEARHE; S4: A3HE; S5 BAREE;
S6: Hg .

S1: Subalpine meadow soil; S2: Plateau meadow soil; S3: Dark brown soil; S4:
Brown soil; S5: Yellow brown soil; S6: Cinnamon soil.
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Fig. 2 Soil infiltration curve of different soil types. S1: Subalpine meadow
soil; S2: Plateau meadow soil; S3: Dark brown soil; S4: Brown soil; S5:
Yellow brown soil; S6: Cinnamon soil.
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Table 5 Correlation of soil physical properties and water retention in different soil types

= A =X e R = =) ok G
o BT AR BBMR FEREAME BAALRE iy CooUKE BRI g g RO
T+ HERRIE . . . . Capillary Non-capillary . Maximum
- Bulk Organic Infiltration Non-capillary Capillary Total f . Field water .
Soil property . . . . water holding  water holding . water holding
density matter rate porosity porosity porosity . . capacity .
capacity capacity capacity
R 1
ALK -0.22 1
FaB R -0.814%  0.619 1
JEBHIBE 0609  -0.435 0.046 1
B LB E 0.098 0.725% 0.482 -0.807 1
SALBR -0.877%  0.347 0.793* 0.480 0.130 1
TERKEE 0.071 0.738*  0.367 -0.508 0.785 0.312 1
BEHKE -0745  -0.297 0.232 0.981** -0.683 0.633 -0.410 1
H 0] 7K 0.267 0.668* 0.167 -0.574 0.741 0.136 0.977%** -0.511 1
O S -0.760 0.136 0.477 0.745 -0.252 0.876* 0.175 0.826* 0.053 1

*P <0.05; ¥*P < 0.01.
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