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Abstract:  Objective Scientific use of sodium carboxymethyl cellulose(CMC)to achieve water conservation and salt control is
of great significance for the improvement of coastal sandy saline-alkali soil. It is therefore important to clarify the influence of

CMC on the water movement law of coastal soil sand by evaluating the effect of CMC concentration on soil hydraulic parameters.
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Method In this study, a one-dimensional vertical infiltration experiment was carried out to study the effects of different CMC
application amounts(0, 0.1, 0.2, 0.4, 0.6 g-kg "on the infiltration characteristics, water distribution, and soil hydraulic parameters.

Result The results showed that the final cumulative infiltration increased by 4.90%~15.17%, and the infiltration time to reach
the preset wetting front depth increased by 61.90%~604.73% with the increase of CMC application. The adsorptivity S in the
Philip infiltration model decreased from 0.685 cm'min *° to 0.256 cm'min *° and the parameter K, Sy in the Green-Ampt model
decreased from 0.633 cm*min ' to 0.096 cm®min' with CMC application. The S and the average soil water diffusivity could be
described by a quadratic polynomial and exponential function, respectively. Soil water content increased by 0.7%~3.7% because
CMC enhanced the soil water holding capacity. Additionally, the retention water content 6,, saturated water content ¢, and
air-entry o reciprocal were positively correlated with the amount of CMC, and inversely proportional to the saturated water
conductivity K and shape coefficient n. CMC induced a moderate variation to K and a, and a minor variation to 6,, 6, and n.

Conclusion This study can provide a valuable theoretical reference for rational use of CMC for the improvement of coastal

saline-alkali soil.

Key words: Sodium carboxymethyl cellulose; Soil infiltration; Water distribution; Hydraulic parameters
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Table 1 Basic physical properties of soil

3 ORE A L/ %
T A Soil particle composition
yd (grem™) 6/ (cm*em™) 6/ ( ecm*em™) S/ (gkg™) pH
Soil type (A bR A A
Sand Silt Clay
N 73.93 23.04 3.03 1.40 0.02 0.44 4.40 7.92

W yas 6. 6. SHTNFRTHEAE . VIS KE . WAEKEMPILG & . Note: y,, 6, 6, S represent soil bulk density,

initial water content, saturated water content and initial salt content, respectively.
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Fig. 1 Schematic diagram of the test device
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Fig. 3 Effect of CMC application amount on the changing process
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Table 2 Fitted results of two infiltration formula parameters

Philip %! Philip model
CMC jifi

Green-Ampt 5% Green-Ampt model

W

Adsorptivity S/

CMC application amount/

YeE BB R

S A PUERER

Model parameters K-Sy / Determination

(gkg!) Determination coefficient
( cm'min %) (cm*min™") coefficient
0 (CK) 0.685 0.993 0.633 0.954
0.1 0.479 0.985 0.467 0.965
0.2 0.459 0.988 0.408 0.959
0.4 0.261 0.989 0.149 0.968
0.6 0.256 0.986 0.096 0.952
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Table 3 Calibration results of soil hydraulic parameters

CMC jiti i+ SRR 6, A IK R 6,

CMC Residual soil water

Application amount content content

Saturated soil water

P TIEEL a HAFKE K,
Reciprocal JEARZ B n Saturated hydraulic
of air-entry Shape factor ( -) conductivity

/ (gkg') / (em*em™) / (em*em™) / (em™) / (emmin™)
It 0.035 0.394 0.042 1.566 0.083
0 (CK) 0.012 0.444 0.010 1.518 0.016
0.1 0.012 0.452 0.011 1.514 0.014
0.2 0.014 0.450 0.012 1.510 0.012
0.4 0.014 0.463 0.011 1.401 0.004
0.6 0.016 0.472 0.013 1.402 0.003
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Fig. 6 Comparison of the simulated and measured soil water content distribution
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Fig. 7 Comparison of the simulated and measured wetting front
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Table 4 Coefficient of variation of hydraulic parameters treated with different CMC

W AR 0, Ak o, HEAUE S 51 o i MRS A K,
. JER K n
K155 Residual soil water Saturated soil Reciprocal Saturated hydraulic
Shape factor
Hydraulic parameters content water content air-entry ( conductivity
-)
/ (em*em™) / (em*em™) / Cem™) / (emrmin™)
FAME Maximum 0.015 0.465 0.013 1.518 0.016
/M Minimum 0.012 0.443 0.001 1.401 0.003
F-¥{H Mean 0.013 0.452 0.011 1.469 0.009
bk 2%
0.001 0.009 0.001 0.055 0.007
Standard deviation
8.36 2.27 11.05 4.23 68.42
CV /%
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SRS HN: 68.42% ., 11.05% ., 8.36% . 4.23%F0
2.27%, WIPHIN AR5 (10%<CV<100% ), HL
b =3 /NF 10%, K578 SHEPO dr e mT IS
T CMC 75 % XA TR R SRR
JIEERSE R, AT DL Z e O B SRR BAIR R
B MAEACRE I, XEUh N CMC sk iRz
RO SR 3 e SR TR R

3 4% i

ASCGHE T — A BB MR T CMC X
TR SERE L WIK 3 A8 . K ar o0 A LA 580K 124K
HIFEI o 455, CMC BURFFR T H AR I 4
HEHEHER , H ARS8 1 B0 T AL R A5 HG R 3 n 2
ABE, 0.1, 02, 0.4, 0.6 gkg 'CMC jifi & (15
LAFAB R T 4.90%, 8.48%, 12.35%F0
15.17%. Ffi#F CMC Jifi it (385 i, Philip #1% Z 500
B Sl Green-Ampt #EHISEL Kh AP, %
R S5 CMC it Z ] ik 2Hk, 73
FHOKYHER D 5 CMC it 2 [0 77 7R # i B HE 5L
PREEFR . CMC M5 T HHEMFRKEE S . CMC &
5 SR 0, RIS KR o AT EIEL
o BIFMCKR, SWMSKE K. WRRES n 2
TAHK TR . CMC %7K 7 2550 i B2 B 1) I 446
PO MRS R IR . W B Sk
AR F B WWAEK R, B A R, 5=
TR AR S . BFRES Rl T CMC HAfRK
FEEhngtERe, MABNH CMC ok R R
HET B E .
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