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Soil moisture characteristics of typical standing artificial forests in loess area of
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Abstract: To investigate the characteristics of soil moisture and water consumption of typical standing artificial forests in the
loess area of the northeastern margin of the Qinghai—Tibet Plateau, the Picea crassifolia and Juniperus przewalskii Kom.
lands were examined in this study. A comprehensive analysis of their soil water—holding characteristics, soil permeability
characteristics, soil moisture dynamics, and soil water consumption characteristics was performed. The results showed that
1) under the same soil water suction conditions, the water holding capacity of the P. crassifolia land was better than that of
the J. przewalskii Kom. land, and the water holding capacity of the desert grassland was worse than that of the forest land;
2) the soil permeability of the P. crassifolia land was generally better than that of the J. przewalskii Kom. land, and the soil
permeability of the desert grassland was the worst. The soil permeability of the upper position was less than that of the lower
position on the same slope; 3) the soil moisture condition of the P. crassifolia land was better than that of the J. przewalskii

Kom. land, and the soil moisture condition of the desert grassland was better than that of the forest land. The soil water
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content of the forest on the west—facing slopes gradually increased with a decrease in slope height; 4) during the growing
season, the average water consumption of the P. crassifolia land was more than that of the J. przewalskii Kom. land, whereas
the water consumption of the desert grassland was much lower than that of the woodland. In summary, the soil moisture
characteristics of the P. crassifolia land were better than those of the J. przewalskii Kom. land, and the soil moisture statuses
for both of them were good. The phenomena of excessive soil water consumption and dry layer of soil were not observed. The
configuration of P. crassifolia and J. przewalskii Kom. in the study area is reasonable and they can be used as tree species for

local water conservation.

Key Words: Loess area;soil moisture characteristics ; water consumption characteristics of forest land
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Table 1 Basic information of experimental sample plots

B Slif“dwf W Wb Wi f’i BREE WTHE
Stand type and position Gradient/(°)  height/m  diameter/cm J(B/hn?) Coverage/%  Undergrowth vegetation
Eﬁiﬁmfom S50 et 11 2.28 3.64 1475 60.89 izﬁmiiﬁfﬁiﬁi B LK,
BT 18 2.09 3.52 1575 57.22 ;?gi’égﬁ;ﬁi;:w L3k, Bem
BT 10 3.35 5.41 1700 77.22 ?gzgigﬁ;ﬁ%’iizﬁ%EA B RL
B 3 12 2.22 3.27 2000 86.45 igﬁmgi%{ffx%iﬁﬁwgm VL%,
I b 10 2.43 3.95 1350 88.33 izﬁmgiéfﬁjﬁﬁfﬁ%gﬁﬁ% A
LI T 15 3.65 5.52 1725 83.5 gzﬁmﬁﬁiggfngE%Wﬁ
jfiiﬁpmmkkﬁ B 135 20 1.68 12.44 1725 44.44 iiii;@ TR CEREL, G I R
Kom. B rh Bl 1.48 13.93 1900 59.71 géfggﬁgiﬁﬁﬁig{%ﬁ%%@
I 3 Hit 1.45 14.19 1800 70.25 Eiﬁiiﬁﬁjﬁg%%% TR HER,
SRt dmid 20 1.68 11.88 1100 84.2 ;igfi;ﬁ;#iigﬁﬁm{%ﬁ
I At 1.37 12.98 1650 78.44 Zﬁffigi*; Eﬁfggmmm
I 15 1.55 14.39 1475 7111 ﬁg;ﬂ;ﬁiiﬁgﬁi%{%ﬁﬁﬁ
st oK I " \ \ \ . ST NSHAN & o4 (LS TN Fi

AR HDLSE B0 A&
VAN W52 (Picea crassifolia) A5 KA ( Juniperus praewalskii Kom. ) SR CK) 23 AT P A CK 267w ; B3 _E3 BB gk B3 38 kB b g 2B
erhl BB 911 UPNFS MPNFS . LPNFS . UPWFS MPWFS LPWFS /&
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Table 2 Soil particle composition and bulk density of different soil layers in sample plots

TR/ em FEH R/ % ML/ % WL/ % KE/(g/em®) HH B 5K 7/ %
Soil depth Sample plot Clay Silt Sand Bulk density Field moisture capacity
0—20 PUPNFS 20.18 27.83 51.99 1.31 33.93
20—40 22.97 31.14 45.89 1.22 39.39
40—60 24.56 31.59 43.85 1.19 41.10
0—20 PMPNFS 20.33 26.71 52.96 1.24 39.30
20—40 21.83 30.46 47.71 1.19 40.31
40—60 22.49 31.50 46.00 1.16 42.28
0—20 PLPNFS 22.07 31.94 46.00 1.20 38.99
20—40 2227 32.08 45.66 1.24 41.52
40—60 25.91 35.46 38.63 1.25 37.76
0—20 PUPWFS 21.99 30.28 4173 1.26 39.18
20—40 22.98 30.49 46.53 1.20 42.94
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HZHEE/ em B FhL % kL % Wi/ % R/ (g/em?) HH ARk i/ %
Soil depth Sample plot Clay Silt Sand Bulk density Field moisture capacity
40—60 24.39 30.04 45.57 1.29 37.44
0—20 PMPWFS 24.76 30.79 44.45 1.47 28.48
20—40 24.55 31.27 44.18 1.45 28.62
40—60 26.09 35.02 38.89 1.36 33.95
0—20 PLPWFS 23.33 32.23 44.44 1.43 32.93
20—40 20.68 29.16 50.16 1.21 40.15
40—60 24.91 31.44 43.65 1.31 34.19
0—20 JUPNFS 21.97 34.07 43.96 1.10 46.98
20—40 22.27 30.96 46.77 1.11 50.34
40—60 23.64 34.31 42.04 1.15 44.79
0—20 JMPNFS 23.19 32.89 43.91 1.18 4222
20—40 23.10 31.73 45.18 1.20 40.54
40—60 25.09 32.53 42.38 1.27 36.65
0—20 JLPNFS 21.78 29.38 48.83 1.16 43.37
20—40 24.08 32.96 42.96 1.28 35.70
40—60 27.10 32.90 40.00 1.33 32.67
0—20 JUPWES 19.37 25.51 55.12 1.06 48.27
20—40 18.44 25.06 56.51 1.22 38.99
40—60 20.56 26.92 52.52 1.25 37.99
0—20 JMPWES 21.95 29.63 48.42 1.24 39.72
20—40 23.06 31.87 45.07 1.31 35.21
40—60 20.69 28.08 51.23 1.24 39.55
0—20 JLPWFS 19.96 29.67 50.37 1.20 42.48
20—40 20.82 29.18 50.00 1.21 42.24
40—60 25.02 32.14 42.84 1.28 37.21
0—20 CK 19.03 27.18 53.79 1.18 36.82
20—40 20.39 27.72 51.89 1.25 35.49
40—60 22.40 27.58 50.01 1.32 31.05
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Table 3 Soil moisture characteristic curves and unsaturated hydraulic conductivity of sample plots

B MK SRR 2 E[R(IFTICY/ &
Sample plot Soil moisture characteristic curve Unsaturated hydraulic conductivity
PUPNFS @ = 1213 x ¢ 2% R?=0.9813 K(@) = 6.9696 x ¢ %7 R2=0.8016
PMPNFS © = 964.41 x ¢~ ¥ R?=0.8508 K(@) = 1165.2 x e %% R2=0.8997
PLPNFS @ = 1550.3 x ¢ *017" R2=0.8826 K(p) = 15935 x ¢7%0%8¢ R2=(.8998
PUPWFS @ = 1441.3 x ¢ 28 R2=0.8532 K(@) = 12491 x ¢ %9%¢ R2=0.9174
PMPWFS @ = 3608.6 x ¢" 43 R%=(.8355 K(@) = 20659 x ¢~*026¢ R2=0.9192
PLPWFS @ = 1483.8 x ¢ 727 R2=0.9131 K(@) = 36352 x ¢ %9%% R2=(.8979
JUPNFS @ = 1183.4 x ¢723%9 R2=0.9055 K(p) = 7882.9 x ¢~ %97 R2=0.9035
JMPNFS © = 1002.6 x ¢~ R?=0.8529 K(@) = 36.483 x ¢ %1% R2=(.8896
JLPNFS @ = 1187.7 x ¢ 219 R2=0.8131 K(@) = 615.69 x ¢” %02 R2=0.8769
JUPWFS @ = 1134.9 x ¢ 7307 R2=0.8162 K(@) = 5503.5 x e %0%¢ R2=(.8164
JMPWFS @ = 1917.2 x ¢ %7 R =0.8206 K(@) = 7669.6 x ¢~ *0%7¢  R2=0.8646
JLPWFS @ = 842.68 x ¢ 7770 R2=0.8297 K(@) = 31.391 x ¢ %% R2=0.9198
CK @ = 1364 x ¢ 3% R2=0.9301 K(@) = 1546 x %% R2=0.8306
3 BRE5SWH

3.1 kIR KRR
T A2 R [BAFAR A5 Bt i) R K M RR R R ZR AN 1 Bz o AR A £ )2 H BOK MR 4o 2 5
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Fig.1 Soil moisture characteristic curves of different soil layers in sample plots

3.2 Mb A BRHE T

FMH ) IR URIB B R RS BB HORGE R & 2—3 FrR, 45 FEMb AR ] £ )2 2 18] + 3 1 w098
R RSB HCRS RN B EZER (P<0.01) , Fil o 2 - 0B R R s R SR K TR 4 FIAA , 572 5 1
TR R AR W RN AFSLHAE R H A2 A RE R Rs RN TR
W, A% A AR % - 3 wnis R R s R KT I8, AH RIS ), b3 67 bRl - SRR W B R A
BHA/NT TN, SN, 1 A2 B 0)15 R IR IS TR B - J2 R 32 (% 3G iy 38 i, g 4 3%
[V -5 5 R () 40795 S SR IR 05 3 23 i J2 R 1 4 o ot 3 0 559
3.3 KM ARG SRR
3.3 i K A ) 3 A5 AR Ak

t 4 v LA L WF9E X R R 2 e 7—9 Ay, AE K RIS PN AR bR EH R, ¥7E 7.8
Ak BIAE, 3X 5 & 5—7 it 2 3R 2 4F b 1 98K 23215 A A AR N, 30 1 498 S K &R I8 9 A ek,
HYOE 8 Hfr,6 A/, 5 Aha]E 6 H o a) i ifE =42 AR % 5 AR AR b A0 372 75 b+ 398 5 7K 82430 F B 0.
90% .0.77% 1 0.47% ;7.8 FH 035 W 252 AR [ AR - 1= 498 5 K 250 T8 2.5% (1.83% , T i 5 s ) 7 o5
T 5.86% ;9 H A GRS KMREE T, T A2 A% RO AR - A 5E 5 b %) - 8 Bk it a3 il Lk 5 A )
AN 17% 18%F1 37%

http ; //www.ecologica.cn



18 # RIS S TR S AR AU S B XY ST b N TEAR 3 0K SRR AT 5T
[CJ0—20cm [ 20—40cm [ 40—60cm
5r 5 -
— €
£ 4l dg d3 g & 4t it
~ c c C
E cm$ be S be be
= b¢ b ¢y
J@g.% 3 r abb R 3k cd N b
" = a a ¢ a ab ab
RE 2
RE 2t 2+
=
g
E ¢t 1}
E
(U o U
n n 1%} n %] n v n 1] 1%} n n ©n v
B = B = = = o = = 3 = = = O
Z Z Z = = = Z Z 4 = = =
g & =) o & 9 % E ) & & ~
A E = E E d - = - E 2 d
2 BEHYIIRIEEEZE/ ( mm/min)
Fig.2 Initial penetration Rate of sample plots
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Fig.3 Stable penetration Rate of sample plots
/] — 2 AR P R AR R RE I F] 22 57 .3 (P<0.05) ; B 5 2 42 ( Picea crassifolia ) (4B ¥ B 1 ( Juniperus przewalskii Kom. ) 13 i i
(CK) 4351 P .J #1 CK 3275 ; B3 B 3% (Upper position of North faced slope) BH3 H33 ( Middle position of North faced slope) ,F3% F 3% ( Lower
position of North faced slope) . >F B3 _E3% (Upper position of West faced slope ) 2 FH3% H3 ( Middle position of West faced slope ) .2 B3 F 31k
(Lower position of West faced slope) 43§ UPNFS MPNFS LPNFS UPWFS MPWFS LPWFS %/~

3.3.2  Hlim MK kA [ Sh S A Ak

it SPSS18.0 Ge itk H i) one—way ANOVA F1 Duncan Xf + 37K /3 E0H8 AT 7 220047 , 45 50 R « 5k
b5 A A b AR (] )22 22 8] 3 B K AR ZE 0 3 25 5 (P<0.01) ; 75 1 = A2 MR - 587K 43 258 BRI T4 3%
BRI, 37 5 b 1 = 39K 43 25 R DU F A it 5 457 21 B33 %) R i, 4= 398 55 K S Bl B A7 fl 1 55 F B 5 T v 0—
200cm 1 JZ T 1 25 A2 Mt 38725 K i R 2 B3R 30 (26.97% ) > BA3E Fh 3147 (26.01% ) > FASE 13
£7(25.05% ) >3 F3EA7 (23.13% ) >BAE A7 (21.11%) > BT 07 (21.05% ) , #1832 IR AERR M 1 358 55 7K
TP BAYE R A (24.76% ) >3 T W07 (24.38% ) >BHYE L350 (22.86% ) > A3 H 3547 ( 20.66% ) > BH 3
HRIEA (18.47% ) > BHYE B3 (16.79%) . B 8 FTLIE H,0—40cm + )2 45 FF Hb 4 3 & 7K & & 2 IR
BT ;40— 140cm + 2 H W = 2 MHI R BASE T3040, 3585 /K R Rl 2R A3 0 52 80 s N )
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Fig.4 The characteristics of rainfall and temperature in growing season
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Fig.5 Seasonal variation of soil moisture content in profile of Fig.6  Seasonal variation of average soil moisture content in
desert grassland ( CK) profile of sample plots of Picea crassifolia
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