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AnAe e R A R R A A B AR, A
i1 TPAM A5k B A B R ERY 2 A T
PE—2B ) TR BRI, X T RUS0K S A e R R
B DT T BT ST AR LB =, A 2 R R R X
TUBIRAGE 25 1F T 23K ERIE B R L2 0 ) N TE AL
W, AT, ik, ASCE S — e g A
BUKAB FOKF- LA 5, F) A A B
RIFNKE A B, Ve T RUSUK A &0 T A
PAMJit i ) EL 6 K o3 is B AR R e, JF A T
AFEPAMItE T AR ER 70 ARtk Bt e, LI
OB PR A R A ol i R R B FR R Al

1 PRSIk

1.1 s ek

A - R IR B 98 N K R A 3R 3 56 3k
KM (86°10'N, 41°35'E) FJZ0~20 emfy +5E,
FR I 3E A3 H 2 1.63 g em ™, BRHUEI Y +
FERCT, a2 mmiifi f5 25 H o FR O ARE BE 3 Hr AR
( Mastersizer2000, /R AN E R H], S )
X AR AL AT 5 o AR A ] B o) - 398 i b 53 2%
FRUE, BB WORL AP R A B0 ) R 2.94% |
32.54%M64.52%, J& THPHEL . i AIARL S
K R I AR RS K 5 43910.387 9. 0.007 8
em’ em™, HIEWIGAR AR EON3.35 g kg BHEHUE
ARHC A B s B M 7K R A B a8l b K, w1k
JE42.01 ¢ L', HCO;. CO37, SO;, ClI", Ca™,
Mg®" ., Na MK &EDH H15.02, 4.74, 2.41,
5.25. 0.94, 0.65. 11.07f12.01 mmol L',
1.2 KA ZE

R R — A TR H HHBUKABRE S —4EK
SR B IRE, TEH EAENAS em, #5160 cm,
IKE A8 em, K60 em, THHIJEHAO0.5 cm
JEAMLBEES A, MR F3H0.2 em/NFL, FHUAHE
K, MBERERR2.5 emfT —H AL, EHARLS em, JF
FEE AT K 3 Kooy 43 b o HEK IR 5o 5 FOf
MR A, SRR K50 cm’,
560 cmo

R EL.63 g em EES em— )22+
. PAMIE N J7 o iR ( BIPAMYS T IR A
FE ) o PAMI IS T 9 B KRR 0
0.02% . 0.04%7%10.06% . FIRIEPAMAYEE, PAM
ST NT RIRA), WA L a KRy

S1Ja, FHERREREE™, 7ERANHCE 12 h, #EIFX
BNCE VN A S X A

TR R B AT IR BUK I B T 723 em
KA, KFEWBREAKEKLIO cm, 7R 5 #
L SRS g 0 D D) O B FORR N KA B A
5 TV R g T A A I 1
K (I AR 213535 em, JKOF AR
KHN37 em) , WEHEHBUK (KERIK) FHIEL
W TSR AR, I DA A 0 B 1 B A L/ T 4R
BCERAE . BUR A AT (105 £2°C) Ml +
sk aE, X TR AT O B, 4R AR OK
FeR 1 SHEFTIRAR, FIHIDDS-307% H S 540 2
BRI TR, Iy RIS R
1.3 ANERE

Philip3& TRUK ABIKE, X 3K 78 3l
ATy ROR TP, N RAT T Philip AB AR,
HARE o 2.

1=51"7 (1)

Kb, ITHEBABE, cm; SHEHERB R,
cm min_o's; AN ANBE], min,

Kostiakov A AT, HEMAER R > .

I=Kt"" (2)

X, pRHATABIRE, R THENABRRIR
HWGHE; KNERABRE, RRABTFRES
ISR BOR I B A B &, 7E8UH BRI 1
DL B B HUR A, em min™' o
1.4 KFENEZHEBrooks-CoreytEZl S5 K& +

KR E

T4 L% 23 LJBrooks-Corey*ﬁﬂ'ﬁ*?ﬁﬂ(qz
W 35 45 il 7 12 R FE A HE T Brooks-Corey ( B-C ) #%
BRI 28, %07 1R S — L ] H 5 45 1 B AIE 9%
B AT HESK Y B-CREOR i 24k, 517,

T B RE T & RN R

(3)

K, UNASMAE; o EHESKE; 081
A KE, em’ crn_3; O i B8 &K, em’ em™;
h HIESW TS, ems O FIEW T, em; n iR
ES I8

BT EL (h) Ny

(4)
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A, K,HMWAMFEAKE, cm min™'; m HE LK
T HOK B FREE B ABERI. ABE
i TR B Z SR ATE

I=ax, (5)
i=b/x, (6)
xf:ct (7)

K, a. bR NSE
M Brook-Corey BRI [ S8 n . h Fimn] F
TNH
(8)
(9)
(10)
T AL P I Brook-Corey B 51 5 — 4 /K -

W35 1 il 75 R RAOR R HOR, R AR A 1
FRDFTR AR XTI BE ) pR K, BEURA T

(11)
(12)

(13)

b, DR LHOK MY R LIS 0,
R KA, em® em™, ML HERIIG S K R LA
IR, PN B K S R R K AR A

2 R 58

2.1 PAMIE = XK NS FF BTS20

UK A 51T, iimPAM 2 FA R & L
e 1 I e T 1 A Ak sk B A P LR o X B ARUR
KB FMT, PAMIE X U8 K RFRAE & A
T VI S HE VR B RS AT LA, FEABRIEI100
minfy, FPAMIfif T HUEK RFAB & SO 5
HEHEGR B, MAERHEGERK., XEHR TABYM
PAMMRCR AR/, BRGS0 R ) 8 22
AR, HFENBIIBS RGN, T AB RSN,
PAMS M EE A HEERSEH, SHEBA
B AN IR B 2E . AB 100 minkh
Jo, BEPAMJG &G, MREIABDIE, RHEA
B i 5 T A R () B 2 R S RN S B K
B, FE0.04%JtE T, 35 B AH RS IR 75 22 1 B
[t . XREFAPAME B4 FREEMA Y, Jitin
PAM = 252 0 - HEK A Rl Pk, Bl P A Ml £ (9 3
PPAMZE 25 + 5K B RE 7 3G 5, A HEAK Y R v
W, KA BHEEA; HPAME A
£#0.06%0 1 ZHA B T, BIPEGungor
ﬂ]Karaoglan[u]ﬁﬂ:%, M PAMIE K, Ay
A Na I FETE 23 I/ NPAMUK B TR G T PR, AT
i LKA B HERR N, ABEHRE, PAM
Jifi 0. 0.02% . 0.04% F10.06% X K (1) 183 {4 -
PR & KB4 90 50.278 7. 0.321 6., 0.332 0,
0.313 5 cm’ em™, PAMIifi#£0.02% . 0.04% . 0.06%
AFDGF 2R it i P A M T AR B B K, 2 s 1
15.40% . 19.13%H112.52% , PAMIii 5t 7E0.04 %}
PROKBOR Bl o X2 A MPAM M E T + 545

¥ PAMACZE RN BENE Note: PAM stands for polyacrylamide

1

P AMJii e X fRURK A B R 1 5 0

Fig. 1 Effect of PAM amendment rate on characteristics of brackish water infiltration in soil
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(O e o= R o W S NG TR VA S [ e e T B
PRI AR, S NFLBRIG I ), BRI A
B, RS ABELL), BEZHWKS BT LR
o, SO TR AR R RK . B AROK M S
HAEREEE L,
2.2 PAMEEX N EZRESHE N
WRAG I g, A FHPhilip & Kostiakov A B 5
RGN BEWE, ZRLEL X2PABAHE
FORIARGYF, YoE RECEYAEIR$10.98LL 1, #F—2
SrHTPAMIE B 5 &% AB S B R, MPhilip AR,
BEPAMJ L3R, B RSN G K, e

10.04%M}, W5 Ik H/ME0.547 ¢cm min 7,
UL IMPAM, B4 % 38 v K 4 1 W AR ik
55, Z0FT R AT AE T PAMBS N E) 3 b LS
) 7K B8 S K ) Rl iy M ORI 5, AT BB 48
FTIXP K BB BRI 55, TEPAME #0.04 %, &
B X A K B IRCRE 1B/ s X Kostiakov
ANFC, BEE PAMIG B IN, 4800 5 5K 5 PR S
AINJE R A F T 28 56 4 BB B 1 KR /)N
B, TEPAMH0.04% 0}, 25 2B K Fe /N i
LR AR IL B R, XRYIPAMG50.04%01 ,
TP ABEE RN, THEABR IR/

R NERBESHHUE

Table 1 Fitting of parameters of infiltration models
Philip#%i %4 Kostiakov #&7
Philip model Kostiakov model
PAMJifi - - . ’ ;
LS ES P R HL 200 R AL ZUIREL TR
PAM amendment rate
Soil sorption rate S Determination Empirical coefficient Empirical index Determination
(em min %) coefficient R K s coefficient R
0 0.742 0.986 0.625 0.460 0.985
0.02% 0.635 0.985 0.561 0.475 0.986
0.04% 0.547 0.988 0.502 0.484 0.983
0.06% 0.600 0.984 0.532 0.476 0.984
2.3 PAMIJitt £ % Brooks-Coreyt& 2! £ £ 1 2 HHRIR2,

RAEACFI B IR R, B RRABRY
MR BRI . A5 3 R A 110 {8 R LA L T
J7 S A Z A A R 2 T IR 2,

AL R T7 3% 7 i G 2 8a . bFIc,

hER2MZ 2 WL, BRABESRIEERE .
N5 G T (480 B AR ST D 5 e ] =2 ]
HARIFLERR, £SHIE e R
0.99 I, BEHAXIUAMEIER . TS 8a. b

K2 RERABRSEIEE . AS RSNG00 08 LR e 05 5 18] 52 ] R 8L il 2k

Fig. 2 Curves of linear regression fitting between cumulative infiltration and wetting front, infiltration rate and inverse wetting front,

square wetting front and time
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Table 2 Linear regression and determination coefficients of linear regression fitting curves among cumulative infiltration (1),
infiltration rate (i) and wetting front ( x;)
. 2
I=ax, i=b/ x; x;=ct
PAMifi Z¥a TTE RAL ZHb TTE RAL e TIE RAL
PAM amendment rate Determination Determination Determination

Parameter a Parameter b Parameter ¢

coefficient R coefficient R coefficient R

(T

0 0.287 0.994 2 1.066 0.9957 3.693 0.999 7
0.02% 0.286 0.9959 0.682 0.994 5 2.310 0.999 7
0.04% 0.312 0.996 6 0.634 0.994 6 2.104 0.999 7
0.06% 0.285 0.995 8 0.640 0.995 4 2.453 0.999 8
*3 A FEPAMJE=R T HIBrooks-Coreyt& E! S 4
Table 3 Parameters of the Brooks-Corey model relative to PAM amendment rate
PAMIifi fit i B ko Mgk ) AN LR AR

PAM amendment Residual water content

Saturated water content

Intake suction Shape coefficient Empirical coefficient

rate 6, Cem® cm™) 0, Cem® em™) hy n m
0 0.007 8 0.387 9 83.23 0.572 3.503
0.02% 0.007 8 0.408 6 71.33 0.634 3.438
0.04% 0.007 8 0.413 4 106.1 0.548 3.563
0.06% 0.007 8 0.402 6 88.09 0.621 3.551

Flc, T3 Brooks-CoreyfEHI S H, ¥ F %3,
HR3ATLLEH, BEEPAMIG & AN, £
TR R B 7K B 5 B3 K5 o Ny, it Ry
0.04% I 1 FIAFUE K B e I, AR TR R i
BN T 6.47%, X J& T PAME N3] 1 35 J5 5 20 i
RLAS A BRI RAR, B T 3L BR A, i
FEUHL RN 5 KA BN . 7EBrooks-Corey 5 Y H
h RS T, 2 HIEFF IR HE A B I B0 (e, %t
TR E, WK, THERKEE
U BEEPAMGE G380, #ER ) h e K e

I/N A, PAMIE B 0.04% 8}, #EA ) A
TN T 25.97%, +HERFKPERE B &R .
TE AR 2 Bn 575 P A Mt 50.04 % 5 A9 1% T B3 K 3t
FRANER, HAYE B8 X BEAL L, {35 PA MG &
] 6 RN E . FEPAMAEG & N mlE R E,
IPAMXS R Em P E A, SPIELE3.S5 AL
2.4 PAMEEX TIEK DT BERF M

TS 8afb, THE LMY BORD M S5
L, 9T 3R4,

i, ANFEPAMAtiEE T SRR HeR 0, -

R4 AEPAMIESE TRIEFT BED IS L

Table 4 Water diffusivity D_ and parameter L of saturated soil relative to PAM amendment rate

PAMJifi# PAM amendment rate

28 Parameters

0 0.02% 0.04% 0.06%
AT HE D,
0.0752 0.0559 0.045 6 0.050 7
Water diffusivity of saturated soil Dy
ZH0L Parameter L 2.061 1.491 2.333 1.596
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PAMJii 20 D=0.5519 (6-0.007 8 ) > HHEI3A] I, Tt P A MO 4 3 7K ) S50 i i

D=0.218 6 (9-0.007 8 ) "**
D=0.2233 (6-0.007 8) '

PAMJifi #0.02%
PAMIiti 70.04 %
PAMJii 5:0.06%

K3 REIPAMIG S A LR A HeR
Fig. 3 Water diffusivity of unsaturated soil relative to PAM

amendment rate

. EREEBREKEHEWEL T, NHEPAMIE
it 5 USROG R SR A FIK S 0RO E
R RO R IR > 0.02% > 0.06% > 0.04% ., PAM
Jiti i 4 0.04% 88, KA BN, KA A Ee
5], XHEHABLIER K.

2.5 PAME & T 1HEKkE S HIFERTI

AN TR P A M f T 38 55 /K i Bl 2 TR 1 AR
e BUMEAL R, WK LORE, RELES
KRR, TR, WAL K R AR, 1
BLUF KRR G &K . LR &K EREPAM
Jit %) 3 I 2 R S B RS RN S, P A M iR 7
0.04%MF, T2 EHKER K.

FE SCPAMAL I — 5 + 2 TR N 3 7K it 5 180
AR B8 B 7Kk i 2 22 5USUK R IR S K R o £
BB SRR AR, & BRI AR AR
WS, RSATH, HHEREKROR I + 2R 1 Y
T, A )220 ~ 30 cmiAE K. PAM

K4 AFEPAMNEE Tt e K &5 5 Eh i oA

Fig. 4 Distribution of water content and saline concentration in soil relative to PAM amendment rate

AT, R BORKNAT, PAMIE RE0.04% 1)
Rk R e, 78 LR TE20 ~ 30 emBFRARIK
$28.36%

R5 ARIPAMiEE T X EHFKBE

Table 5  Soil holding water capacity relative to PAM amendment rate

+ERE PAMJii it PAM amendment rate

Soil depth
0.02% 0.04% 0.06%
(em)
0~10 12.59% 14.72% 12.36%
10 ~20 16.82% 21.37% 15.04%
20 ~ 30 20.66% 28.36% 16.50%

ANTAI P A Mt i T A 58 5 R i BE R R 0 AR Ak
FNEAG R . WA B, & Eh it bl +
Ko ABim L2 WA TR, TEIREELRE,; 16
BUKABFMUET, 30 em )2 NIEAR F AT HEERE
I, Xt TRBKEMLGFEIr, KITKBERE T3
i, B S B 2 M R B AL . it N
PAMBE % 10 35 52 e + 83k 73 3 A, 48 5 BUROK Y
VEERAOCR o TERUBUK AB T, XS AR PAMJ i
S5OSO BE I, fEMF 2R E, BEPAM
it T 3G N, g R e S S KR N AR Ak
R R FL RSy BT 4 P AMAL 3R] £ 43 1 78 Ak R AE
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VAR - A B i A v AR 2 R B R (8 L R oy

[2]

Ak, € Rkt E Y 2 A B R S R

o BER2ZE,

Ve L

MR, R ARSI
56, HIFE6M , BEPAME G5 & + 2

PR R 7 bR O e S ST RS s N, PAMit HE
0.04%f, FhIPMBE RO, SR MUERCR etk

Table 6

%6 FEPAMMKEE T + £k 4 it B (3]

Salt leaching rate relative to PAM amendment rate ( g kg™ )

TIREE

PAMJiti 52 PAM amendment rate

Soil depth

(em)

0 0.02% 0.04% 0.06%

0~10
10~ 20

20 ~ 30

-2.28 -2.84 -2.87 -2.64

-1.38 -2.16 -2.56 -1.81

[4]

-0.59 -1.18 -1.61 -1.38

Uk

=+
Z

“_7 FEIMTE Note: “=”

stands for lessivation

%

MOBKAB T, HinPAMBENS RS + 1A B

R KPERES IR . PAM I 0.04% 0, {FK

[5]

WORBRAE . BEPAMGE R A AN, Philip A B #5810
BRSTWUNG K, TEME0.04%0, WiBESik

F 1% /IME0.547 e¢m min™"’; Kostiakov A B A 22 516

[6]

R KPS/ N G R AR, L6 BpE M
SRS N A E, EPAMI 5 0.04% 0, 256
FE K/ N A S8 BpiL B e K. Rli% PAMJit &

3,

LR AR SRR KR

e N 0.04% B AVARF S K ok, XS
FXTHREEIN T 6.47% ;5 HEW J1h A2 50 K i/

P Sk
RS

, PAMJiti 2 }0.04%},  #ES W IJ AR T XF
T15.30%, TIEFREKPERED EHH S PAM

JtiteE N 0.04% 0, KDY HEREN, Koo A

TP AMAE RS B B4R 5 R A KR L8]

PR UK R ROR , (et 0.04%0), £ )2

FRARRCR e, Fhr ek

2 % XM
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Effects of PAM on Characteristics of Water and Salt Movement in Soil under
Brackish Water Infiltration

WANG Qanjiu  ZHANG Jihong TAN Shuai
( Water Conservancy and Hydropower College, Xi’an University of Technology, State Key Laboratory Base of Eco-hydraulic

Engineering in Arid Area, Xi’an 710048, China )

Abstract It is of great significance to use soil amendment in combination with brackish water irrigation
in rationalizing the exploitation of brackish water, improving saline soil structure and promoting crop growth.
Polyacrylamide ( PAM ) , a kind of organic polymer material, is regarded as an effective soil amendment
because of its strong water holding capacity. In this paper, ponding infiltration experiments on one-dimension
vertical soil columns and absorbing infiltration experiments on horizontal soil columns were carried out for
investigation of effect of PAM application rate (0, 0.02%, 0.04% and 0.06% ) on water and salt movement
in soils with brackish water. Results show that ( 1) PAM reduced soil infiltration rate and enhanced soil water
retention capability in the soil under brackish water infiltration, and the soil amended with 0.04% PAM was
the highest in soil water retention capability; (2 ) PAM application significantly affected the parameters
of the Philip and Kostiakov infiltration models and the soil amended with 0.04% PAM was the lowest in soil
sorption rate S and empirical coefficient K, but the highest in empirical index f; in the Philip model soil
permeability rate fell at first and then rose again with increasing PAM amendment rate; and the infiltration
rate in the soil amended with 0.04% PAM was 0.547 ¢m min *’, which was the lowest; (3) In the soil
amended with 0.04% PAM, the soil saturated volumetric water content reached the maximum; and the intake
suction &, increased by 15.30% in the Brooks-Corey model, as compared with the control, which indicates
that PAM can enhance soil water-holding capability significantly in soil under brackish water infiltration,
minimize soil moisture diffusion rate and make water the most evenly distributed; and (4) PAM amendment
significantly improved water-holding capability of the soil and salt leaching efficiency as well. The highest soil
holding water capacity and the highest salt leaching rate t was found in the soil amended with 0.04% PAM.

Key words Brackish water; Polyacrylamide ( PAM ) ; Soil water and salt movement; Soil hydraulic

parameters
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