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Research on water-holding capacity and related factors
in typical soils of Gansu province

LIU Xiao-ning''?, LONG Rui-hong'*, LUO Zhu-zhu'-?, CAI Li-qun"***, Dong Bo'
(1. College of Resources and Environmental Sciences , Gansu Agricultural University , Lanzhou, Gansu 730070, China;
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Abstract: The soil water-holding capacity is evidence to measure the absorption and holding abilities of soil. This
research studied twelve soil physical properties in four soil areas from Gansu, and measured the gravity moisture content
in different soil suctions, utilized the Gardner experience equation to plot a soil water characteristic curve, and investigat-
ed the typical soil water-holding capacity and the influencing factors. The results show that there are significant varia-
tionsfortypical soil water-holding capacities in Gansu. In general, the soil water-holding capacity and water supply lability
in the Gannan plateau are superior and stable, and the parameter A of typical soil in this region all exceeded 20. The
best soil water supply ability belongs to the mountainous and hilly regionin Longnan, with parameter A value of typical
soil reaching 24. Its water-holding capacity is good, but the stability is weak. The soil in the Loess Plateau has moderate
water-holding ability and feeble water supply, as well as the best stability, compared with the other research areas. Both
soil water-holding capacity, water supply capacity and the stability in the Hexiarid and semi-arid regionsare poor, the pa-
rameter A of this typical soil was all lower than 17, except for the fluvo-aquic soil. In addition, soil texture( < 0.002
mm clay content) and total porosity affect the soil water-hold capacity obviously, followed by capillary porosity, density
and volume weight.

Keywords: typical soil of Gansu province; soil water characteristic curve; specific water capacity; soil physical

properties; influencing factors
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Table 1 Basic information of sampling sites
RFEGIX TGS Jum 4 RAE R
Sampling zone Soil number Typical soil Sampling point
(ﬂlﬂ*i* 1 A5 1 Chestnut FEUTT R AL EL A8 545 Hua Temple Town, Tianzhu County, Wuwei
11; j:?j?ai 2 JRAFTE A Gray-brown desert soil BT M X # -4 Huangyang Town, Liangzhou District, Wuwei
semi-arid regions 3 L Fluvo-aquic soil TR H N X _EZE 8 Shanggin Town, Ganzhou District, Zhangye

4 B 1 Loessal soil FE VT % g X ZEFR R4 Lijiapu Town, Anding District, Dingxi
5 M5 4 Dark loessial soil KoK T Ze 4 H G [ 4 Xingguo Town, Qinan County, Tianshui
The Loess Plateau
6 JR5% 4 Sierozems FAR T 4R X 7K1 4E Shuichuan Town, Baiyin District, Baiyin
7 22}:1[_“%@{; 1 Ha MW= Bhr M54 Labuleng Town, Xiahe County, Gannan
e i S X Subalpine meadow soi
Gannan plateau 8 ARG Alpine meadow soil H g N E il B J2 F34EH Nima Town, Quma County, Gannan
9 KA+ Grey-cinnamon soil HEME1ETAEE L % Gaiduoma Town, Hezuo City, Gannan
I L, s 270 [ 10 TEAFEHE Yellow-brown earth 9 7 77 B L BH4H. Yangba Town, Kang County, Longnan
The mountainous and 11 Wi 1 Cinnamon soil B rE T 75 & EL G P4 Nanyang Town, Tanchang County, Longnan
hilly region in Longnan 12 + Black soil B i & EL PRI Lichuan Town, Tanchang County, Longnan
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P4 % Legend

|85 5 J5L %5 X The Loess Plateau

5L K A X Gannan plateau

B BRI X Hexi arid and semi-arid regions

m Biz 7 1 Ml 17 B% 25 %2 [X The mountainous and hilly region in Longnan (I) . 137|SOO|275|000| ‘550900111
1 TEXRESIRERESSH
Fig.1 The soil regionalization and sampling points
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Table 2 Soil moisture characteristic curve fitting equations and the relevant coefficients of the selected soils

g K iy i~ ST Statistics

Soil number Subtype of soil Equation A B R Ax B Bl
1 ZE4G 4 Chestnut 0=16.1365 018 16.136 0.183 0.9921 2.953 1.183
2 TREEB . Gray-brown desert soil 0=13.5698 017 13.569 0.197 0.9885 2.673 1.197
3 # 1 Fluvo-aquic soil 0=21.7968 %" 21.796 0.171 0.9481 3.727 1.171
4 2 1 Loessal soil 0 =19.2865 1% 19.286 0.136 0.9944 2.623 1.136
5 Y5+ Dark loessial soil 0=21.8095 013 21.809 0.133 0.9820 2.901 1.133
6 TR+ Sierozems 0 =20.6365 %% 20.636 0.181 0.9884 3.735 1.181
7 gig Ifj:i j(iow wil 0=25.23257%1% 25.232 0.195 0.9703 4.920 1.195
8 % £ Alpine meadow soil 0=24.4595 013 24.459 0.134 0.9293 3.278 1.134
9 JK# +. Grey-cinnamon soil 0=20.4628 %1% 20.462 0.175 0.9784 3.581 1.175
10 HiRFHE Yellow-brown earth 0=19.5775 %% 19.577 0.232 0.9803 4.542 1.232
11 W48 1 Cinnamon soil 6=21.1208 %25 21.12 0.215 0.9430 4.541 1.215
12 M+ Black soil 0=23.32450-1% 23.324 0.190 0.9686 4.432 1.190

0 NEEEKE (%) ;S h 2RI (Bar) s A Fl BN Gardner B8 0 = A x S~ PRYARZ AL A R 4L

Note: 0, soil water content( % ); S, soil water suction(Bar); A and B, the nonlinear estimate of parameters in Gardner’s model § = A x S~ B
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Fig.2 Water characteristic curves of soil collected
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Fig.3 Water characteristic curves of soil collected

from the Loess Plateau
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Fig.4 Water characteristic curves of soil collected

from typical Gannan plateau
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Fig.5 Water characteristic curves of soil collected from

Longnan mountain and hilly area
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Table 3 Specific water capacity of different soil in various water suctions

TS Wk

ANFEIKIR ST 580 K B85 (Cy)

Specific water capacity in different soil water suctions

Soil number Subtype of soil

0.5 Bar 1 Bar 3 Bar 5 Bar 10 Bar 15 Bar
1 BEAE + Chestnut 6.70 2.95 0.81 0.44 0.19 0.12
2 JREEE A+ Gray-brown desert soil 6.13 2.67 0.72 0.39 0.17 0.10
3 1+ Fluvo-aquic soil 8.39 3.73 1.03 0.57 0.25 0.16
4 2 £ Loessal soil 5.76 2.62 0.75 0.42 0.19 0.12
5 Y5+ Dark loessial soil 6.36 2.90 0.84 0.47 0.21 0.13
6 JE5 1+ Sierozems 8.47 3.74 1.02 0.56 0.25 0.15
7 W15 L Eia) + Subalpine meadow soil 11.26 4.92 1.32 0.72 0.31 0.19
8 Fi 111545 1 Alpine meadow soil 7.19 3.28 0.9 0.53 0.24 0.15
9 JH# . Grey-cinnamon soil 8.09 3.58 0.98 0.54 0.24 0.15
10 HEEE Yellow-brown earth 10.67 4.54 1.17 0.63 0.27 0.16
11 ¥ 1 Cinnamon soil 10.54 4.54 1.20 0.64 0.28 0.17
12 2+ Black soil 10.11 4.43 1.20 0.65 0.29 0.18

F4 LTERM

Table 4  Soil mechanical composition
WEkEZH ), Mechanical composition/ %
34 R 5 it
Soil number Soil type kL Sand KL Silt KL Clay Texture

2~0.02mm  0.02~0.002 mm <0.002 mm
1 FE45 1 Chestnut 62.65 43.98 13.37 P31 Sandy loam
2 JKEFEE L Gray-brown desert soil 75.06 15.11 9.83 P4+ Sandy loam
3 W+ Fluvo-aquic soil 46.02 35.31 18.67 Hi3+ Clay loam
4 H23 + Loessal soil 26.82 59.25 13.93 i+ Silt loam
5 Y 4 Dark loessial soil 32.37 54.18 14.45 Hi4E+ Silt loam
6 JKEG L Sierozems 55.75 32.71 11.54 4+ Sandy loam
7 .55 Ll 45 £ Subalpine meadow soil 53.17 19.00 27.83 Hit Clay
8 L E AT £ Alpine meadow soil 57.08 26.25 16.67 WREHE L Silty clay loam
9 JKH t Grey-cinnamon soil 51.54 28.49 19.97 Kt + Clay loam
10 HREE Yellow-brown earth 60.87 24.31 14.82 7bE £ Sandy loam
11 W8 £ Cinnamon soil 44 .81 30.03 25.16 Hit Clay
12 2+ Black soil 40.02 24.82 27.32 Hi+ Clay

H13% 4 R UL, HR 2 L2 5 ep 26 R 2R
o T R e RAREE 4 RAS | B S D
b R KR S OOR S B D b o

) O RS ) A DR S R
QA= TR 1 S ST TR W e SO O = £ A AN & 7 )
T SRR - ERIURE ZH B P o PR BIBR, B AR
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K, AR d5 Ry B 5 B i L P B AR X AR ]
PUHLIX, 3% 512 X 32 2504 1Y -3 b A 4n A G H
P RS A X ) A e/, RN A, S5 R
U o AR 2R A XN - A O v AN BT R,
A FTHHE
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Table 5 Soil bulk density

I R R T "
LG _RERIX Rl 0~5em  5~10em  10~15cm  15~20 em A
Soil number Zone of samping Subtype of soil Average
1 W T P Chestnut 1.31 1.35 1.39 1.47 1.38
2 Hexi arid and JEFIE £ Gray-brown desert soil 1.36 1.41 1.45 1.54 1.44
3 semi-arid regions ¥+ Fluvo-aquic soil 1.35 1.37 1.43 1.49 1.41
4 W4 1 Loessal soil 1.02 1.05 1.11 1.14 1.08
H 4 A X
= Y ark loessial soi ) . . . )
5 The Looss Platens MY+ Dark loessial soil 1.28 1.32 1.39 1.37 1.34
6 JRE5 1 Sierozems 1.27 1.30 1.33 1.38 1.32
7 514+ Subalpine meadow soil — 1.17 1.21 1.29 1.34 1.25
1 RS A X IR
8 H R i Ll 5] 4= Alpine meadow soil 1.05 1.09 1.15 1.19 1.12
Gannan plateau
9 JKH3 =t Grey-cinnamon soil 1.25 1.27 1.36 1.48 1.34
X Ny Fignged -brow .23 . . . .
10 W g 1L F B T HFEEE Yellow-brown earth 1.23 1.27 1.39 1.43 1.33
11 The mountainous and WA 1 Cinnamon soil 1.22 1.25 1.33 1.44 1.31
12 hilly region in Longnan s 1. gl ) il 1.32 1.36 1.41 1.47 1.39

2.2.3 ZREFEREEILWE  LHERE NI
FLBEE Ay LA BEAS Wy B ST 2000, X 44K
PERBESE A B BT L HARESS R LK 6, H
A i T - S LB BE AR ALY [ AE 43, 02% ~
59.44% Z [, 2%y DX o v IR R DCORTH R g i
RN AL By, X 1 A DX P g L
b Ol R b A R R B AL R
It 50% o i Py SR PR IX 5 B R L

FrbR 2R X Py 49 S LB AR AR . R 3EFL B Sy
R B LR AE LI, i T AL B X e
IR AL/ AR BF 52 AN 1 498 B A4S LR 647
T HA A B A ) B LR
1%, 0 10.15% , W /&5 Ll 2 fm) + 7 B A FLBR E e e
R 27.40% 246 K H IR B AEILBELE 15% ~
24% 210, HIEBAFLIRE R 2SN 53 518
pe Ll A A A L A R A -
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Ao IR A I E S5 R B BN K, 45 R
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Table 6 Soil density and soil porosity

TS R X oS FIEBREE/ (grem™?)  BEILEE/ % LB/ %
Soil number Zone of samping Subtype of soil Soil density Capillary porosity Total porosity
K >
1 TP Lok L [ AL+ Chestnut 2.64 19.84 48.49
2 Hexi arid and JREFEE £ Gray-brown desert soil 2.72 15.10 43.02
3 semi-arid regions 4 Fluvo-aquic soil 2.65 18.57 45.98
4 F 2 1 Loessal soil 2.72 10.15 56.70
R R X
F 5§y - wsial so
5 The Loess Plateau M4+ Dark loessial soil 2.57 16.51 51.66
6 JKA%+ Sierozems 2.70 20.11 48.66
7 Lt 2.70 27.40 54.34
R KT X Subalpine meadow soil
8 Gannan plateau =5 1% ) 1+ Alpine meadow soil 2.57 20.16 59.44
9 Kt Grey-cinnamon soil 2.69 22.90 49.34
10 B g 1L F B 2K T80 [ FEAFIE Yellow-brown earth 2.74 23.61 49.06
e
11 The mountainous and ¥+ Cinnamon soil 2.63 16.25 45.79
12 hilly region in Longnan s 4 g1, 1 ool 2.66 15.68 43.96

2.3 TEFKEMEZIEZEREEXESHT
Wk 7 s, £33 <0.02 mm KR SRS+
HERsKYETE 0 ~ 15 Bar 224~ 7K W F7 3 BBl P9 ¥ 47 1E
FHOG G R HARSC MR i, 7KW 7774 1.3 Bar B,
RERWEBN B EKF . MKW 14 0.5 Bar
F, B EVE R B R AR BN 0,745, AL,
88 5 b X A R K A AR KRR EE (5, - 3
HORRL B B I B F 3R KRR T,
HERAUBRE 5 5 K & RIAFTE IEAH GG R, I Jy K
SFAE 15 Bar B, A C 5 R IR B 8 K W KFAE
10 Bar B #1566 R I8 B4R 2 2, B4R 3 B AL

B R s H A R KR R . BEAL
B E 5 b K R 2 18] O IEAR S5 & (HURE Rl 7K
W7 I, P A OC R AR B R RS B
KW TG, B A8 LB BE X - S A 1 4 52 1)
VEFIZ B/, 75 5 W 7 BB A AL R - 35K
YRR o0 s . TR R R S IR
IR Z EAFAE ARSI R L TE 0 ~ 15 Bar B K K )
T N SBA B A SR B AOR UL, H 4 o
R R BT A B (< 0.002 mm AlRL
i) LB, LU B A AL A
Ho

R7T FRKBATLESKESTEMEERMBEXRY

Table 7 The coefficients of correlation between soil water content and soil physical properties in different soil water suctions

. . o N N RS <0.002
ORI il A AL BEALIE iy
. . . . . HRLEr

Moisture suction Soil Soil bulk Total Capillary ..

/Bar density densit orosity orosity The composition

o ¥ porostly poros of clay

0.5 -0.210 -0.345 0.416 0.507 0.745" "

1 -0.473 -0.391 0.448 0.290 0.600"

3 -0.529 -0.428 0.462 0.230 0.615"

5 -0.478 -0.471 0.550 0.196 0.480

10 -0.532 -0.572 0.684" " 0.206 0.432

15 -0.523 -0.525 0.641" 0.145 0.429

e 03 0.05 KB EPE, « « 03 0.01 AKFI B34, Nl

Note: * stands for significance of 0.05, * * stands for significance of 0.01, and hereinafter.
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