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Differences in soil physical properties of 5 typical land use types in
downstream of the Niyang River in Tibet
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Abstract: [Objective] This study focused on ascertaining the influences of land uses on soil physical
properties to provide theoretical foundation for conservation of water and soil in downstream of the Niyang
River Valley. [Method] Properties such as soil bulk density, porosity, moisture content, field capacity,and
permeability of soil samples collected at different depths of 0—15 ¢m and 15—30 c¢m in natural woodland,
artificial forest,valley forest,farming land and grass land,in downstream of the Niyang River Valley were

determined and the relationships between them were analyzed. [Result] Soil volume-weights, porosities and
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field capacities of water varied significantly for different land uses. Soil volume-weights in 0—15 cm were
larger than that in 15— 30 cm. Soil volume-weights in artificial forest,farming land, grass land, and valley
forest were 1.51,1.40,1.16,1.12,and 0. 92 g/cm’ , respectively. The total porosity,capillary porosity,and
non-capillary porosity in natural forest were generally larger than those in other land uses. The soil volume-
weight had negative correlation with porosity. The field capacities of soil water, saturated water content,
and capillary moisture content had negative correlation with soil volume-weight, and positive correlation
with total porosity. Saturated water content and capillary moisture content in natural forest were signifi-
cantly larger than those in other land uses. Except for valley forest,saturated water content and capillary
moisture content showed decreasing trends as the increase of soil depth. The permeability in different land
uses showed insignificant differences,and it had a decreasing order of natural forest > valley forest > farm
land > artificial forest > grass land. Except for grass land, the permeability in other land uses had positive
correlation with depth of soil layer. [Conclusion) Different land uses had significant influences on soil phys-
ical properties. The soil physical properties were best in natural forest and worst in artificial forest. There-

fore,human disturbance should be limited and destructions on natural vegetation should be avoided when

using land.

Key words: the pattern of land use;soil volume-weigh;soil porosity;soil water holding capacity; perme-

ability
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Fig. 1 Location of sampling sites in downstream of the Niyang River in Tibet
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Table 1 General information of 5 sample plots in downstream of the Niyang River in Tibet

| E$il] 22 e . .
AT MERE o BRI e BREEEem a0 AT MR
Land use Vegetation Crown density/ ; Humus layer ; Human P
Aspect 5 Altitude Soil type . /%
patterns types Coverage depth disturbance .
Clay content
U 5 LR L 58 /) BE 111 3 B A
KIRMHL  Quercus aqui folioides _ Mountain e
NF Rehd. et Wils, 15 0.9 3031 0 yellow-brown Weaker 2.01
F. atropu Tpurea soil
AT A i1 SR ?i
. o™ A 10 0.4 2 988 <1 Yellow-brown . 1. 44
AF Pinus densata <oil Strong
- W& . o
FARIG ) cheilophila . 5 0.7 2 965 2 wHL # 0.59
BF N Gley soil Weak
Carex parva Nees
TN
b 30 W i ~ - 5 4 #
< . 5 2998 Leached . 1. 40
CL Exposed . . Strong
cinnamon soil
e e - -
B Cure:i}\fszil\fees. W i ek
e B i o 7 0.6 2 995 3 Dark brown Relatively 0.71
GL Pennisetum il «t
Sflaccidum Griseb sot strong

RATS"IERAEE AL DR HE SR 3 MEERL,  FPRR.BEMRWIHBEER LB BER R
FER RS REE 0~15,15~30 em R 2 £ FE. B4 EBBEF,
FEBCAAIIIECR BRI . B TR 2.2 WEBMBRAE
SRR R FLBRE CRALBUE B ALBEZE AR S TR B B AR R T ER Tk (R TR R 100
EALBRED KR GRS KR BEEKF HE  em)HWE
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BAR G AL B S AR R F Excel 2007 1 SPSS
17.0 et . EZ AT SPSS #E AT FLIN R 7 2247
BrEd AR E b AR T = 257 B3,
W42 17 Duncan’s Z 8 43 #r. 12 2Z 0] B 2%
KPR SLAEA T 4555 .
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g/em’) . RALBRRE B £ B NF(63. 88%0) > DBF
(54. 65%) > GL (49. 86%) > CL (45. 83%) > AF
(40.30%) . NF S fLE B #9055 H A 4 Fh + Al
AR AR R EER(P<0.01);5% AN T
B AF 5% ANy TP X 8855 1 BF.GL A i) 2 3%
PEZEF(P<<0.01);CL 5 BF ZR# 5 & (P<
0.0 HHEY GL 25 AR E (P>0.05 ., BEAL
B 5 B LB B A AR ) i 28 A6 B B NE (9 B %
FLBR B 0 3 A 4 FP R A H . EEE
FLBR B 34 (5 K /MK ¥ NF (5. 10%) > AF
(4.33%)>CL (4. 29%) > BF (4. 24%) > GL
(3.68%), H NF 5 BF,CL [i] 2 5 i # (P<<0. 05) ,
5 GL Z 3 8% (P<<0.01), #LH] 5 Ff A A 4 #h
A7 0F i T 52 NN sh 8 AN [a] A 338 5 3 22
AEEK Hodt NF 2 28 A\ Ch T8 . L g i h
BAL s AR /N FL IR R AR Z B A T

3.1 BEREFATHEARLIMAMAAX LEYE AR LMY B R ST, R IR T i R LB
HRE R N
301 EHALBUE FLBEROR N KO R R
2 ABERFTTHEABLHAMABAX T EGFRREMNILEE
Table 2 Soil volume-weight and porosity of different land use types in downstream of the Niyang River in Tibet
+- R 5 5K HEHE/em FRERBUT R/ (g em ™) BALKIE/ % EELIREE/ % FEBEILBRE/ %
Land use patterns Thickness of soil Soil bulk density Total porosity Capillary porosity ~ Non-capillary porosity
0~15 0.86-+£0.10 bC 65.7342.18 aA 61.0942.45 aA * 4,64+0.27 aA
KR NF 15~30 0.9740.11 cC 62.0340. 68 aA 56.4740.50 aA 5.564+0.18 aA
#1{§ Mean 0.92-+0.07 dC 63.88+1.42 aA 58.78+1.68 aA 5.10%+0. 30 aA
0~15 1.4740.01 aA 42.434+1.20 cC 38.33740.92 dC = 4.10-£0. 28 abA
N LA AF 15~30 1.5440.06 aA 38.1842.27 cD 33.6141.89 cD 4.574+0. 38 abA
¥ Mean 1.5140.03 aA 40.30+1.61 dD 35.97+1.61 eD 4.33%£0.23 abAB
0~15 1.1240. 03 bBC 52.5942.00 bB 48.73+2. 38 beBC 3.8640. 39 abA
] WK BF 15~30 1.1440. 23 beBC 56.7140.33 aAB 52.0840. 68 aAB 4.637+0.35 abA
1 Mean 1.1240.12 bB 54.65+1.45 bB 50.404+1.40 bB 4.24+0.31 bAB
0~15 1.3740.03 aAB 47.4140. 04 beBC % 42.78+0. 88 ¢dC 4.62+0.01 aA *
A B CL 15~30 1.44+0. 04 aAB 44,26+1.82 bCD 40.31+1.21 bCD 3.96+0.87 bA
1 Mean 1.4040.03 aA 45.8341.23 cCD 41.5540. 94 dCD 4.29+0.63 bAB
0~15 1.1040. 03 bBC 50.66+1.95 bBC 47.224+1.87 cC 3.447+0.10 bA
W GL 15~30 1.2240. 03 bABC 49.0741. 50 bBC 45.154+1.52 bBC 3.92+0.03 bA
H#{H Mean 1.1640. 04 bB 49.86+1.10 cBC 46.18+1.15 cBC 3.68+0.14 bB

T« RISV S5 b A [l /NG 5 B R ] — 22 J2 R A ) e st ) i D7 58] 28 57 2 35 (P<0. 05) AR A KRB 3 B R [ — 1 )2 7 A 1] 4t ) T O 5K
lia] 2 S 2 3 (P<<0. 01 345" > "F RR ] — LA Ir X 0~15 em £J25 15~30 em 2JR2E 57 B3 (P<C0.05) . £ 3~4 [,

Note: Different lowercase letter means significant difference between land use patterns at same soil layer(P<C0. 05) ,and uppercase letters

show extremely significant difference (P<Z0.01);* % ” indicates significant difference between 0—15 cm and 15— 30 cm for same land

use pattern (P<C0.05). The same for tables 3—4.
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Hb, Ho 4 Fp LA A O 08 IS ALBLE LB AL
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P /Iy AR S B RBE DA St EAE T ALK 2 2 b 4 I
Z DLHOIRTE X AEAE 8 g s T 5 80 CL 0~15
em FEAEBEABRE R ERT 15~30 em + )2,
TE 0~15 cm F1 15~30 cm + )2 . NF B R FLIRE . B
B AL X e K AF Bd/h, HNF 5 AF.CL #
GL 23 % (P<<0.01), f£0~15 cm Fl1 15~30
em + 2 NF (e B LBE YR K, GL ¥/,
A UL NF Az 30350055 09 N T4 il g iR
i ALBRBETE S 1 )2 R el .
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FAEAR G EAR . ERR S5 LEDY R
A R0 AN ) A i R O R b K 4y
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AT R E KRS BESKEHEIFEERKR
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5 IEARBUR R IAR S 5 AL BB LB
MU —%, Duncan’s £ LS5 R B8, NF @ fl
TKEREGEE S KEYME NS GLLAF.BF,CL
ff] 22 S 349 15 B M B K F- (P<<0. 01), ££ 0~15 FlI
15~30 cm £ 2 1, NF {0 F & 7K 5B E 5 KE)
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JEE 15
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5 AF.CL 2753 B #F K (P<<0.05), M1
IR E B BE S, HiAt 4 R+ R 5 20
ARG KR BEEKEYRA K 0~15 cm 12>
15~30 em + 2. % BF.GL 4, NF,AF.CL iy H
[k R EH N 0~15 cm 12 >15~30 cm +
JZ . U B AR B 0 A A AR A 1R X R 2 R ) L 3
AL F )2 (0~15 cm) + 5838 F 2 204K % v 10 15
2 3o R LA B 5 A SR I B 0 O 0 5 A R T il
TEZS Y 5T L S LS & bt i TR )2 (15~30
em) + 3,

x3 ABREBFETTHEAB LA AT LEKSWERSLE
Table 3 Soil water physical characteristics of different land use types in downstream of the Niyang River in Tibet
3 A 5 =X +ZWEE/em il EEHKE/ % HH 1) 57K 3R/ %6
Land use patterns Thickness of soil Saturated moisture capacity  Capillary water content Field capacity
0~15 76.73+6.25 aA”* 71.2645.31 aA” 38.4644.41 aA
RIAHRy NF 15~30 64.42£2. 83 aA 58.63%6.01 aA 34.64£2.71 aA
#4114 Mean 70.58+4.42 aA 64.95+5.12 aA 36.30£2.66 aA
0~15 28.7640.93 cC 25.9840.73 cC 17.49+0. 23 bA
NI M AF 15~30 24.7842.38 dC 21.8142.03 dC 16.42+0.01 bA
#{ Mean 26.774+1.55 cD 23.8941.49 cD 16.96+0. 32 bA
0~15 46.9140. 47 bB 43.4640.91 bB 25.6342.76 bA
] WA BF 15~30 49.4840. 04 abB 45.1640. 29 bAB 48.524+1.78 aA
1M Mean 48.04740. 68 bB 44,3140. 63 bB 37.08+2.88 aA
0~15 34.5740.09 cBC 31.2040. 14 cBC* 26.87+1.54 bA*
e CL 15~30 30.68=40. 42 cdBC 27.9540. 06 cdBC 6.01+£1.29 cA
I Mean 32.6341.13 cCD 29.5740.94 cCD 16.44+3.92 bA
0~15 46.2042. 94 beB 43.0742.79 bB 34.47+3.76 aA*
W GL 15~30 40.3142.10 cdBC 37.1042. 05 beBC 48.16+2.63 aA
{8 Mean 43.5842. 25 bBC 40.0842. 23 bBC 41.324+4.06 aA

3.1.3

ERA &N BRI A B R RAE

TEB T AV 138 1 R B (E AL ALY 3 A

S X [ KR M A B R W RE . A B IR 8] AR
SRR K T 9 i AR 2 7 A M R AR
ST W N S S L B B U R S AU S

0.26~3. 95,0, 22~ 2. 02,0. 22~ 2. 32 mm/min,
NF PGB EHE R 2 B B AR 5 SR Y
RS GL M ¥ fe/h o ] WA [ - s ) 7 5CF £
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Table 4 Soil infiltration performance of different land use types in downstream of the Niyang River in Tibet
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A #Fits CL

il GL
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0~15
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0~15
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0~15
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P11l Mean
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08+1.
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L9542,
. 24+0.
.27+0.
75+0.
88+0.
L75+0.
31+0.
.92+0.
87+1.
.39+0.
. 26+0.
.25+0.
. 260,

21 aA » 0.8040.12 abA * 0.89+0.
25 aA 3.25+1.62 aA 3.75+0.
10 aA 2.0240.97 aA 2.32+1.
39 bA 1.25+0. 28 aA 1.25+0.
65 bA 1.9740. 85 abA 1.9440.
43 bA 1.6140.42 abA 1.6040.
00 abA 1.3240.10 aA 1.3640.
87 abA 2.0040. 83 abA 2.13+0.
44 abA 1.6640.39 abA 1.75+0.
98 abA 1.6740.39 aA 1.7140.
06 abA 1.7340.18 bA 2.08+0.
65 abA 1.7040. 32 aA 1.8940.
15 cA 0.2540.11 bA 0.25+0.
04 cA 0.19+0.14 cA 0.19+0.
06 cA 0.2240.07 bA 0.22+0.

02 abA *

12
19
29
87
42
11
76
38
80
50
39
11
13
07

aA
aA
aA
aA
abA
aA
aA
abA
aA
aA
abA
bA
bA
bA
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Fig. 2 Soil percolation curve of different land use types in downstream of the Niyang River in Tibet
5 ABERFTTHABLHAAAXTLESEEREMNSRE
Table 5 Simulation equation of soil permeability of different land use types in downstream of the Niyang River in Tibet
TR /em LA 7 K BALL 7 2 FJZRE/em LR H 75 KL 7 L
Thickness of Land use Simulating R? Thickness of Land use Simulating R?
soil patterns equations soil patterns equations
KRR NF Y=5.259X 0642 0.96 KR NF Y=13.341X 2% 0.95
NI M AF Y=1.602 1X 001 0. 30 N LA AF Y=2.959X 002 0.58
0~15 AR BE Y=2.131 2X 012 0.93 15~30 AR BF Y=2.642X 1 0.72
ek CL Y=3. 140 4X 0069 0.82 Ak CL Y=6.175 6X 026 0. 90
i GL Y=0.422 8X 0061 0.79 L GL Y=0.774 4X 0426 0. 65

BRI Y - T 15 i

#(mm/min) ; X JyB ] (min) s R® g4 & R4,

Note:Y is the soil infiltration rate (mm/min); X is the time (min);R? is the correlation coefficient.
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Table 6 Correlation between the physical indicators of different land use types in downstream of the Niyang River in Tibet

T AR
E(ER AN Jpigs
Index Soil bulk

density

£ B

FLBR FLER
Capillary Non-capillary

porosity

AL
Total
porosity

=

porosity

2l T

Saturated
moisture
capacity

LRGeS REr THEE
Initial Stable Average
infiltration infiltration infiltration

H (8]
Fokk
Field

capacity
content rate rate rate

P Tk
Capillary
water

e AR R
Soil bulk density
SFLBR B

Total porosity
BEBE
Capillary —0.914"* 0.997" " 1
porosity

EEE LB E

Non-capillary —0. 256 0.399
porosity

T KR

Saturated mois- —0.963* * 0, 945" * 0.941* 0. 394
ture capacity

BE G kE

Capillary water —0.966* * 0,947 * 0.946" 0.364
content

FH [ 5 7K
Field capacity
IG5 15 R
Initial infiltra- —0. 080 0.270 0.231 0.584"*
tion rate

Stable infiltra- 0.113 0.117 0.071 0.615**
tion rate
T
Average infil-
tration rate

—0.908" * 1

0.331 1

0.527" 0.538" 0. 049

0.162 0.077 0.041 0.606"

0. 456"

0.175

—0.021

0.011

0.999" " 1

0.464" 1

0.159 —0.112 1

—0.039 —0.267 0.898" " 1

—0.006 —0.229 0.942*~ 0.990* * 1

e ox % KR BARRE GBI 7E (P<C0. 01) 7K LA B 35 4 56, « R B A5 B ORI 7E (P<<0. 05) /K L B E A%,

Note: * * means confidence coefficient (double sides) is significantly correlated at P<C0. 01 level; ¥ means confidence coefficient (double

sides) is significantly correlated at the P<C0. 05 level.
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