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Ff (35°12'N, 107°40'E, ¥k 1211 m) WERH 0~
20 cm FIHHER, BERT, FERJ13ED48 g R
RN 1.31 glem®, WRIGHTJB HREEARNT, £B
WA, BEJERE 2 mm i . Bkig RIS KR
0.4%. MR K Z A 35%, ) FH 0 T IR SCAX 38 PR
w4 PR Mastersizer 2 000 SOG40 1A 2 B He
WAL, ki 8.56%, Fhti&E Ny 81.31%, bk
BN 10.13%, AR E B ] 35 b o bR R N
A g L

A0 SR FH A0 N TV BE A R AR P AR BOPE R AR
WA, kifg kNN 80~100 H (0.15~0.18 mm), 4h
WAR A, FLIRZE =50%, FLA 0B 1438 4
W AL B KRR R A 100, e Al st R
I P R e A
1.2 RIWFE
121 ZANBKE

CA AR, WA sy 20%0) T8 KF /K §E 7] 5
Mo LERHERE, FEHFF 0. 5%. 10%. 15%. 20%
5 P A IS I N3 SRR PE IR AR5, %
PRV 2 A,

IE T 2018 4 8 F 7E VG 22 B Tk 2% L 34 i s
=BT, NIBHT, WA o BRI 0%, 5% 10%.
15%. 20%[¢ L 5 LR ARG, e TO O
BR4HD. T1. T2, T3, T4 kb3, PL5cm 2L &E.
1.31 glom® AR &, 4> 8 YRBEAE 50 cm. B4R
5cm R AN AR, &2 EE S, b
b A R R AR R O, 3 AR A R ST Al
12948, #EtsEk)a, 78 L8ERmmE 1 214K,
PAGRAE L TH 7R N I AR R A g i B 20558, SN
%o k3 E R H E 50 cm. Bi4Z 5 em 5 Ko, 7K
SLEEHI 4 em, NBFIR)E, 12w it e s IR
KT R S B &, BRI EE, |
5617547 300 min.

1.2.2 KAzt B RS AR

(N = I = 7 S N W S I e
Eijkelkamp 2 &) 42 7= ] Wet Sieving Apparatus (7§
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Tk BRI 16 MNMNRER R B IS, ThEERfLE
1 KBNS 22 270 Ve i g0 26 8 |, 1~8 5
HEESRE N 314 194K, 9~16 SANHESE A\ 7S B o
W, IR 1~8 SHREEE TR EE 7, N R R
B, FR4.0 g BT Em RIS IREES, JFRE
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2.1 BAMMET NS
211 #HaHEmENEANSE. NEEQT R
ANFEIFA B INELET 1 Ri NS NIBZSl
Mkl 1 s (EIHRAFEFRERIR, ASF b3 ) 2
FRFE (P<0.05)). MK 1A%, BPMNBERES,
1E 0~20% s IV L, AW Kb A b, AHIA
B[] Y RTE B R NBRIIZEHE/N, 150 min B,
TO AL FE Bt NiBE 1A% 14.5 cm, T4 4L FE{Y A5 8.9 cm,
ZiFNBEI/NT 38.6%. ¥IEH], RimEEES KR
N, TKEBBREER, NBEECK, M, WA BT

AR (P>0.05), 100 min J&, ABZRE R
AN, BAPANBE SR MG, XEHTAB
IR, NBEAEK, NBHS5IRIEEZ mrK
ABEEEUR/N, LI N2 B2 e, ARk
FENBRE, BitANBE S &R, wha
JhnENT 10%, SEE RITFANBE NBRER
K, A5 TIEREN ST 10%/5, &34 R
TABE. NBRNZESRIS, H@EPmAma, &
e FES K, S FLBR RN, b A & KT 10%,
R FLBE N R AN, X 5 BB E. B
RS —F . NIBEEHIY, 5%, 10%. 15%.
20% AL LA ) R iF N B E S TO b Bk T
13.24%. 32.42%. 36.52%. 39.27%, £ kbFH4H ]2
S WA T ok b st 4%t T 10 pm Al 50~
250 pm FRIAISR AR, B TS 3P R 2 LR,
WEAR, IR A AT OK I B A R K R AN 5K
H2O Ky TSR, 4 ETA, WA TR+
Y IISE L NT SN
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Fig.1 Cumulative infiltration of different treatments
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XTI Z OB t #ATIE, fFaiaER
¥ z=at®, a NE 1 AN ALS VR G HE IR
BY: b NI B R N R . R L R, WG
RPHKT 0.99, A ARFIALHEE T 2S5 %, MERG
ISINERSE N, HRE a FEkN, R b BN

& 1 B4 Bt ) 69 A AR

Tablel Fitting parameters of wetting front and time

Treﬁriﬂints a b R
TO 2.54951 0.503 00 0.999 2
T1 2.306 28 0.503 02 0.998 59
T2 1.891 03 0.508 64 0.999 84
T3 1.745 62 0.514 57 0.999 41
T4 1.455 32 0.541 25 0.999 43

2.1.3 # Bt A B 3T NS A K GBS0

HRYE S, 47 Kostiakov LA Philip £&
LA, S5RNE 2. MR 2078, SABEUEL
RoE REIHAE 0.99 LA b, A REREUF, /£ Kostiakov
AR, IR NIBZTE TR, IR TG R A
BREIE 0, 5HEANBIBRAK, giRhKrs
Rt 1A I A ER B, Philip AR S R
S FRMKEE B SRR BORAR I RE )T, BT 145
BRI, S A R E B B A
ININESFIRIB R S IR/, R ATINE, W
BE S 1 0.980 4 Jik/hF) 0.621 5. i N A A 3%

221 ¥ et & BARAELIERRAENH 0

AN A AL B IK R P T SR AR & A i Wk 3. AR 3 1]
PLAE Ak A o 398 K R v B SR 4 B i A oy W
i, 5 TOAbHAHLE, T1. T2, T3 4bBE 3K A
RCEAFIREE RGN, T4 A3 oKFaPE F R4
BRI, T1 A FEEHTF 0.5~2 mm HHK
Rk Ak, Horh 0.5~1 mm ki 2% 1] (1) 7k Fa b [ 4k
BN N, T2 A3 0.25~2 mm /K A&t 45
REFmE K, H 0.25~05 mm i 2.35%# %
10.73%, T3 43 =>0.25 mm /Kt H R A B T2
AbEE, Jk/NT 5.12%, {HY TO Ab3EAHLLA B,
T4 b3 0.25~2 mm [A] % 2 T 5[ SR AR HAS [F) 72 2
BN, 5T AT, 1~2 mm B RE RN T
1.56%, =0.25 mm 7KFa P B RAR TR T 4.75%, i
R, T1, T2, T3 AR KA M R AR T 1R
Horp T2 AR Fefd, T4 ACFEAR) T 3K R 1k
BRI, E 2 HUKFRYER SRR, BR 51 .
338 o ) FLBRIR B v s 338 v ) T I A B SR

I, B R Y BRI B TABUK 5 5 H A B AT R e,
A HoRn SR A T AR B RN, 98/ 1 3R

BB AECY, AR TR 5 TR RS
BRI NS
£ 3 R A A RS

Table 3 Water stable agglomerates of different treatments %

» it

. o N N #i1% Particle size/mm TO T1 T2 T3 T4
(B FLERBL N, K T RS RE SRS . 1E
Kostiakov # % b, a 5H12 min IANBEEE R, b =2 0.13d 0.3c 0.4b 0.53a 0.52a
E 5O\ R Ak 2 N e N =
SAIENB R R BEAT R, 75 AR B 1~2 244c  358b 136 4622  0.87d
G IN, 248 a ik, SHT 2 min SE B E
0.5~1 585c 8452  622b  6.22b 3.32d
S St
£ 2 NBAEHIAL 0.25~0.5 2.34b 14d  1037a  1.85¢c 1.29d
itti infi i SEiL:
Table 2  Fitting results of infiltration parameters PNEIb LN 1076c  1337b  1835a  13.23¢ 6.01d
Large aggregates
e Kostiakov 7% Philip 7
0.125~0.25 15.68c 7.88d 2.45e 20.78b 33.29%
Treatments B )
b R S A R
0.125~0.063 26.15d 34.12b 505la  29.61c 13.6%
TO 1.0068 0.4740 09965 09804 0.0161 0.9989
T 10015 05080 09986 09500 0.0057 0.999 3 0.063~0.053 16.47a  14.18b 3.83e 6.09d 12.25¢
T2 0.6803 04650 09997 07215 0.0071 0.9998 0.053~0.45 048b  033c 399  0.01d 0.44bc
I 06770 04750 09988 06978 00069 09998 <0.45 3046b 20760 2087 3028c  34.32
T4 0.6192 04710 09972 06215 00084 0.999 6 "
LR 89.24b  86.27d  81.65¢  86.77c 93.99

2.2 Ak MEX KR ERFRFN

TR R AT R A o P o R R D R A e 4 141 2R i
TR BATHRGUK R RE AT (1, AE/K R phisei
AN 5y 1 =0.25 mm {1 £ 38 AR, g PR R A
TRRARFE b s g i B 22 1 T, B 1R AR 4
oA T s 3 SRR RE T o

Microaggregates

222 #a3 Ry FHREEEZE (MWD) 49%50F
KT 0.25 mm I AR - AR 0 R,
WA KRR R B SR ) 5 SN EA 0%, AT
— R, fE TO. T1. T2 AbFE R IEAH%, T3, T4
ROHZH B AR DS, T1. T2 4FE=0.25 mm FRAER
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wm TO AbHE - HIE N T 2.83%. 7.59%, T3 Ab¥E=>
0.25 mm K EaME AR AR EAH EE TO ALFEIE N 1 2.47%,
A5 T2 WBEAHEL, KT 5.12%, T4 4b¥HZH=>0.25
mm KEaVEFIR AR EA L TO ACEEB R, rElT
KFRME IR R AR, AREIA R, 2565 8RR
RMATE A, Wi mEEH 10% A G NEIE,
MWD a3 5 Roos #HEL, MWD it | 3% 4]
FARKAND ARG, MWD K, R A2 e 1k
9, RN
% 4 T4 MWD A= Rg o5
Table4 MWD and R 5 of different treatments

AbH Treatments TO T1 T2 T3 T4
MWD/mm 0.169 0.197 0.179 0.217 0.151
Ro.25/% 10.800 13.700 18.300 13.200 6.010

2.2.3 BB ST AF LAY RS R

STCAERUR I T 3T RAARE, T1, T2, T3
LEFRY ARy BN 2.69. 2.63. 2.58, UiHAL I 3 Fh
MR, LIEERKRRME RS ERR, T4 A5
TEAERIE KR 2.72. LB A B RE/NT, WA U
o - HERORL (1) B 25 VR F I 2. TR 4ER KNS
SR AR ) 2 YIS, 13 =0.25 mm [4]
RAREIGRET, SIRGERRN, R, SRR,
33t iR
3L ARMEN HIEKS NERIRM

NSRS LI, R . RS2 Fl
REMEmC, Fmma)s, HEERABE. AB
RN, B A R SRk LK gl R, 5
TO AbFAHLL, ANBFR. BitABE. BIHESEYR
No WA — R BERS I THUOK 2 (RS 2 ALEE B, Jf:
HATEAN T AT AR I H R K 5y, 1A BB KRR
(R E 1Y, FLRTRE 7T S e BT, Wb i hn i As 1

SRR, o e AR B0, 2k 1tk
ZARE SUR

3.2 HARMEN KRR

AR KRR B SR AR I s e 5 0 A 0%, 24
EEN 0%, 5%. 10%. 15%f, #if2=0.25 mm
IKEETE BRI, 7E 10%0A Bk (13.73),
SE SRl s S I ¥ ol o a3
KGR AR AR BEAR 1t b 2T Rl A R Ak . 4k 2 K
WA RN B 20%, Fift=0.25 mm 7K e [ 28 1
BIVH 6.01%, 8RR oz 08 15 f1 24
g, AMATREI S AR B R E I, XN A
RARTEK 12 F FEE J7 A E A A R 378 3 25 B
B8], g -3 P R K S8 50 .
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L Ry A4, RN IR RIPAE
BERNBE, WARNERR, HBHREHE, W
AERT 10%H, NBFE. Rit BT 10%, &
(RN

2) MA—EEMBAE, AR LRTAR
SREFHLY, ART SOKER IR S, A
NI 0 3890 3 109%H , K ek K12 7 B 10.76%
Bz 18.35%, {HZ4kLianuh A imEs 15%,
IR H AR/ N 2 13.2%, 2433040 VR I £ 20060,
IKEAPE H SRARAN AT 6.01%, 1ok 3 40 Bt 3 op 5
A KF I IR R G5/, IR T3 4544

3) N AEA R IR, B INEA K T10%
BONIEE, MM FUEE NBEMHE, SURSHIR
AR A

SE -
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Effect of Natural Zeolite on Soil Water Movement
Characteristics and Water Stability Aggregates

WU Junhu, LIU Xia, SHAO Fanfan, LI Yuchen, WANG Zexiang
(State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi’an University of Technology, Xi’an 710048, China)

Abstract: In the loess area of China, the problems of drought, lack of rainfall and shortage of water and soil
resources are increasingly prominent. The soil quality is seriously degraded, which restricts the development of
local agriculture. Zeolite plays an important role in soil structure and nutrient improvement. The aggregate content
is closely related to the stability of soil structure. Soil water movement affects infiltration and runoff process.

[ Objective] This paper is to study the effects of zeolite on soil water movement and aggregate distribution, and
to provid theoretical basis for improving the structure and water storage capacity of loess area, increasing crop
yield and increasing growth, and sustainable development of agriculture. [ Method] By adding different
proportion of zeolite to soil, indoor soil column test and water stability aggregate analysis test were carried out.
The effects of adding 0%, 5%, 10%, 15%, and 20% zeolite on soil water infiltration, soil water stability aggregate
volume, average mass diameter and fractal dimension were studied. [Result] Zeolite could reduce the amount
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and rate of cumulative soil infiltration, and hinder the advancement of the wetting front. Compared with the
control group, the cumulative infiltration amount and rate of the zeolite test group were continuously reduced.
When 20% zeolite was added, the infiltration amount, rate, and wetting front decreased the most. Kostiakov and
Philip infiltration models were used to fit the experimental data. After fitted, R? was greater than 0.99, and the
fitting effect was better. The fitting parameters A and S were smaller than those in the control group.The
absorption rate and stable infiltration rate decreased in different degrees, further verify that zeolite could slow
down infiltration. The effect of zeolite on water-stable aggregates and fractal dimensions had a greater
relationship with its content. When the zeolite content was increased from 0 to 10%, the content of water-stable
aggregates in =0.25 mm increased from 10.8% to 18.3% and the fractal dimension decreased from 2.69 to 2.58.
The aggregate volume of water stability increased, and the soil erosion resistance and permeability increased.
When the zeolite content was increased to 20%, the content of =0.25 mm aggregates decreased to 6%, and the
fractal dimension increased to 2.72, at which time, the soil structure became poor. The changes of fractal
dimension and soil aggregate indicated that zeolite can improve soil structure. When the amount of zeolite was
5%, 10% and 15%, the MWD of the soil increased, and the maximum was at 15%. The amount of zeolite added
continued to increase to 20%, and the MWD of the soil decreased to 0.151, which was 10.65% lower than that of
the control group. [Conclusion] It shows that zeolite can slow down the process of soil moisture infiltration.
Within a certain range, zeolite can increase the content of water-stable aggregates in the soil. When the content of
zeolite increased to 20%, the content of water stable aggregate decreases greatly, which  shows that the excessive
application of zeolite will destroy the soil structure. This study can provide a theoretical basis for the
improvement of black loam soil by zeolite.

Key words: zeolite; soil aggregate; soil amendment; infiltration
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