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Effects of Polymer Compound Film on Physical Properties and Water Evaporation in Saline
Soil

GAO Haochen'?, JIAO Aiping®, CHEN Cheng®, LIU Guangming'®, ZHANG Fenghua®, WANG Xiuping®

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 Wanjiang College of Anhui Normal University, Wuhu, Anhui 241008, China; 3 Yellow River Conservancy
Technical Institute, Kaifeng, Henan 475003, China; 4 Shihezi University, Shihezi, Xinjiang 832003, China; 5 Institute of
Coast Agriculture, Hebei Academy of Agriculture and Forestry Sciences, Tangshan, Hebei 063200, China)

Abstract: In this study focusing on 3 high polymers, i.e. polyacrylamide (PAM), chitosan (CTS) and hydroxyethyl cellulo
(HEC), the effect of polymer compound film (formed by spraying polymer compound solution onto soil surface) on the basic
physical property and evaporation of water in saline soil was studied. The results indicated that: the above 3 high polymer
compounds reduced water evaporation in soil to different extents, improved soil water retention, and significantly inhibited salt
accumulation in topsoil. According to principal component analysis, the dosage of PAM 20 kg/hm?, CTS 80 kg/hm? and HEC 80
kg/hm? led to the best evaporation and salt control in soil. Therefore, membrane formed by spraying polymer compound solution
onto the surface of salt-affected soil truly can play a positive role in salt-affected soil improvement and utilization.

Key words: Macromolecular compounds; Saline soil; Water evaporation; Salinity control
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TR RS RVESEA, (HERA R, RIVE7Edh
IKIRGE T A —E B PRKPERE , EAORE X Lm0 1
G W —LE R A AR SR 57 T R R A R By
—RERTE ST, TR HARR AL GE R M B e, Anfe s 0
TAE YT R ERINAS | DRSSO, Tels
AR A AT LADEHEL AR, 200 T R A R
FBL LA BRI R BCR A B  (E
LRI PARE i A B ] T st T S LAY
WFFEARR R, PRIAIFSE LA e ER 35T o B 5E %t
G, I AE RN R o> TS YRR, XK
BRABIEATIRER , s,
Oy TG Yk KBRS R MR

1 #REFE

1.1 kst 1

WY & FAea o NI %
(polyacrylamide, PAM). 7% M (chitosan, CTS). &
L FEEF 4 K (hydroxyethyl cellulo, HEC), H:r PAM
MBS TR, STk 800 Ji, CTS KPHE F#,
Sy FHh 30 U7, HEC HAEE FRUKIEHREY, 7
Fihy 37 75 BT CTS B 1% BEIRVA

Je 5 177 B, PAM F HEC ¥ 3 R 25 58 /K e il i g,
AR 85 53 T B Vs TR T TRV BT 2 2 S 4
K, MEFBERLE, I &S T A YRR N
PAM 0.2 g/, CTS 10 g/lL, HEC 5 g/L; 3 BT
AR H A B, BRI 1T
VA B B AR 35% BT, BEJE T LA BE
PRGNS 2 BN = 50 T B Wk oK GRE S A2 7K Hh AH
LRGSR, TEIMA RS TR YR A R i
AW, EERR) H bR, Sk S 25
523 P B33 N 1 1 3 BN i B O 179 <L S o s
SRR R AT I A dh i, KASRE . i
SRR, HIEARBAL PR W 1.

1.2 Rt

121 @ Faya EEsetE g i
53 ok A+ HERE IR R AR = A A T
AR R R R B R SE e R,
IR PAM. CTS. HEC 3 FiEsr+F1bdt, &
PR TA DR R 5 A EHHE (1 7K () il
o T A W T AN TR R 7T, X5 foft PR AH ) e
MR, AL T — X B ORI = 4 A B I )
316 b, FEAEFEES 3R, HARILEE 2.

F1 i HIEAEERWER

Table I Physicochemical characteristics of tested soil

it H Foxiy J5T b pH HL 3% EC ok A BT B fiee 2L H AT
(g/em’) (dS/m) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
5 (i 1.46 b A 8.56 1.38 4.81 6.01 18.75 20.34 74.65
F2 TEEFHRELEZIT
Table 2 Design of soil culture experiment
i Qb3 i Qb3 T Ab PR
P1 PAM 2.5 kg/hm? K1 CTS 10 kg/hn? H1 HEC 10 kg/hm?
P2 PAM 5 kg/hm? K2 CTS 20 kg/hm? H2 HEC 20 kg/hm?
P3 PAM 10 kg/hm? K3 CTS 40 kg/hm? H3 HEC 40 kg/hm?
P4 PAM 20 kg/hm? K4 CTS 60 kg/hm? H4 HEC 60 kg/hm?
P5 PAM 30 kg/hm? K5 CTS 80 kg/hm? H5 HEC 80 kg/hm?
CK ANPEAT AL B

T BT AR E N PAM 0.2 g/L, CTS 10 g/L, HEC 5 g/L.

RN TIRE T, /20 cm > 10 cm x 6 cm
H BB VE G IR AR, I A S o « KK
IR R 0 2 mm B, LA 1.36 g/lem’ (O
PEATHEI, BRI ZR AR 1.36 kg 3, BEH5EEER,
FRPE A5 AL B o FAL A P 2838 5 T B (R E 2)7F
T HERIZBEN S ARG Y . RN SEREE H AR CE
60 d, FCEIHFEFERE 10 d 76 TR m B 200 ml

EETK, HEBHN 5 K.

122 &S0 FREDERN Lz g Em iR
5k AL, SRR 5 2RI, K56
AR | AR AN L3 SR 1 MR, BT AN
35 cm. AME 10.5 cm, BEJE 0.5 cm BYA MLBEEAHE,
FEIEHS K PR, VAR TCIRE A . 150 T
P 1L AARAT . BB )E L 2 mm 0, SR)E 502
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B A BTN 1.49 g/em’ HEHGS AP AR S cm
JESE—IFP RN, AN RS EE R 25 cm,
BETEHESS , FER EAEIHEA 2 g/L 8K 900 ml,
UK R NaCl:Na,SO,=1:1 ¥, T IR ot &5
A 5 R AT BB A AL 1T, 45 4% 48 h,
TF 3R IK o3P0 A I e TE R AR A A 2 2 s Ab
Y & o T A 2RI 5 A, 76 A R 2w
A TEWER, BEE A7k 23 d.
1.3 HmHMRXESSH

RIS —FEIEFRES G, SR T THORE , D
FLALBREE | A FoKR B R R SR A A TR+
HEaswlctE , KBRS 1 mm 5, FT5E pH.
EC. HHOKEMHEERS SRS Em. W =& kot
i, FAER LA 10:00 (FAREENER—HAH
R R RIS AT |, X A T 2 BORE (g
5 cm —2)IFE S KA, RN L AAE ST
AT, BERE, & 1 mm i, W pH, EC. HHIKHE
PR I pH SRR L S5 1(V : myizdRALA
BESE s ECRIK A 5 1 1(V - m)IR Akl & 5
GrEh R BRI A s LB SR FH e ) e 5
FIF AR HDRER TIN5 o LA B )y vk2 18 LY/T
1215—1999 { #Rbk 3K s bk Js iy sz ) 171
LY/T 1218—1999 { FAk 1B kR pmE ) ', (£
ekt ) U (s Ak i ik ) 20

2 GRS

21 BIEARSHFHLEWMBRBERX LEYIE
4 SR B 22 M
2.1.1 X148 EC 5 pH 520 RS RN
TN e A AR . i AT AL, T T
B FACE G , A AR L 5 5 0] R T i 22
o TEEH PAM fOAbERH, ML SoREEE M TS
Py P P B4 TN T 2R TR R, A5 A B H S R A ) A
1 0.94% ~3.12%; TE(EH] CTS ks, Hi G
AL S PAM AHZERL, K1, K2, K3 AbHEAYH
SRR BRI T 1.81% ~ 3.16%, 1M K4, K5 4b
PRI A3 0 PR B8 T 0.53% 15 2.75% ; E4di Fil HEC
SRR L SIS B SR R o WU S KT S 5 IKE S Sl 28
XFRAFEAR T 1.27% ~3.12%. MZEFKF, PAM B
HBAE TR, AR S R i B T (AN Ca™)
e A%, H) PAM-Ca> 1, gEififdi£5 4398 v BH 25
Fb, (Bl FAFR G FA BN ES, L
Na', K" R FZHE FREEEEE LEP, PAM X}
FREAR 3 TR E AN & CTS th T A B3 T

AU, FERRYERS W 2y ), PRI e & 3 fin e] g
S RO SR PN W HEC /RN —FhER
T IR KBS LF 4 Rk, X T -5 rb 1 25 1 Jo W Fff g
Jo BIRKRE X 3 Mis /s T A I A S8
B AR R EOREUE , HoRHERIVE I TE 2 1 ) B id
PO K iz g, SR e I S

3.00 ¢
g 2P abed ab & b o a
% 2.50 +
7@_/ 225+

0> 2.00 |
B 5]

abc a
d cd ped d bed d bed ped

5
CK P1 P2 P3 P4 P5 K1 K2 K3 K4 K5 HI H2 H3 H4 H5
by

(Bl /N SR AS ) 2R b FH R 25 57 1835 (P<0.05), T E[H])
E1 FAEAS?FUENMTIEBSENEZMN
Fig. 1 Effects of different polymers on soil electrical conductivity
2 R N[ e 43 F A G % - HE pH B952 I . H
EIAT N, #54b3H P1 fe iy 8.50, KS ffikhy 7.93,
TE§ ] PAM BB, P1. P2 1Y pH 8O0 BR 4511 T+
HT0.83% 5 0.59%, HERARE, HALEEN
WA T 0.83% ~ 1.67%, Forb P3. P5 3K T 1R
M CTS fAbsi, H pH B CTS H =R in
ST R LR S, Hirh K4, K5 [RX] 25 5
L, BNEALT 3.44% 5 5.93%, TWHAIE S X
M 225 e HEC nukbBRd, H pH Z8fk
A S CTS tH2SL, Hoep HI, H2, HS 5XEER
B, FEIKT 1.30% ~ 4.03%, 1 H3. H4 550 R
AEE, HERANBE.

9.00
b
860 [be & R g de boa D food 2

g 4 e
gh h
% 8.20 i
7.80
7.40
7.00

CK P1 P2 P3 P4 P5 K1 K2 K3 K4 K5 HI H2 H3 H4 HS
pisEl

2 FEESFUREWX LR pH BTN
Fig. 2 Effects of different polymers on soil pH

212 X REALBUEREN K3 AR T
PP 1AL B EE RS20 oty [RTRT RN, e ] PAM
AabEE, B P1. P2 RUEFLEREE . BESLBEMT
XHARSL, HAVE A B AL | BEALBRSIEBE AL
B Ry TR LU S AR A SLBR R S B
PAM FIERYIEIN, LSRR &S, mEs
FLBEZREST PAM FHIR ASEIZ B in; P4 Ak BEAY &
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FLBRBE(47.51%) 53E BB FLBRE (21.72%) i K, T PS
HEEILEER K, N 2591%, 7Ef#H CTS RALHE
o, IR SALERE | B SAEEE LIRS
CTS IR, SerbhiaReis, (B3 e, 1
o K3 MEFLBREE . BAELRE SAEBRESLBRER R
K, B HRA RN T 9.84% . 4.95% 5 16.37%.
FEfH HEC Ryb3Er, JLRfLBE S B LB W
LA S PAM AL, Hoh H3 i R FLBRUE
HEEBEL R, 53518 49.16% 5 26.87%,
B IEAIN T 11.50% 5 17.95%; HS5 fAEBEfLER
JERR, H 22.37%, BATHEMEINT 18.38%. T 3
Flms AL S BAT R R R B B EH AR T+
HOKFR M B RAR I TE B, SE 3 n LB 5 B4
FLBRER ) BAKE, BRPL. P2 AN AL B Y
AL B o0t B R, 3 A TR B ITE
AR T T LB B T — e PR, it
B T HEC>CTS>PAM, Hirp H3 AR R AL

60.0 odEBEILE o BELLKR
50.0 gfgeceecabchdcdababC
=>\° 40.0
(30,0
£ 900
™ 100
0.0

CK P1 P2 P3 P4 P5 K1 K2 K3 K4 K5 H1 H2 H3 H4 HS
SO

B 3 ARSHFHEYNLIEFLEERF N

Fig. 3  Effects of different polymers on soil porosity

2.1.3 X EHEAMSARNER K 48 10 C
TR FACEYIE R 1 A T KR
AL, FE(E ] PAM BUAREEAR, IR K R bl
PAM JH 38, e hn s BRI, P2 35 3 e K AE(0.39
mm/min), FXFREIEINT 12.05%, HEFBFH . EF
F CTS b, 8 S/KRREE CTS HHE
BN, SeRRARSE BN, (0 45 b B 5 ) 2R RN B
Hor K2 K3 RO B FITRRAIG, K3 A B ARE S 0.31
mm/min, HAYALBEY ST IR . £ HEC Ryab 3
R SRR CTS AR, 3
SRR T CTS BYAALI;  HA AL ARG K 33
TR RO BB AT 0.03% ~ 17.17%, b HI f%
K, 7040 mm/min, HIREEHAE, MG
Pkt F I GRS R AR R,
PAM (i rf, AXFE 5 kg/hm? B s 7 S 7k 356
RO A s, R R ST, BB
AN IR AN GRS AWIBEAL; 1 CTS 5
PAM, 7EHEET 40 kg/hm? i 31 A G K R L%

WA, (EH S T 40 kg/hm? 5 3RO FI Sk %
) it 5 P 2 A 38 T i 0 T = . A B R A RS R
&, PAM @0 FALAWRES I KB, 4
HAE K T—@m ARG, 2T L i ok
BRI AB ST, IR, 25 m
e R TR DA B R R A A ok
RN BT,

= 050
é 0.45 abe feh odef bcdef abcde
£ 0.40 et e defgheg gdefgh de‘gh abcd
H 035F% gh

s

[]2 0.30

2 0.25

& 020

CK P1 P2P3P4P5K1K2K3K4 K5 H1 H2 3 H4 5
SOEL]

4 FEBSFUREYXTIRIEINSKERZ I
Fig. 4 Effects of different polymers on saturated soil hydraulic
conductivity

22 BBAAESHSFUEYBARBEI LEKS

EEWFI

K5 R 1 H 28k 5 5 BRUE R o
BRI, FEREA 78 R R O IRl A B H 78 ki bl 4
A [R] AAE RS X B Uk i R B, 7EZE R R T+
HE KRR A AN PR ] H 28 & 25 S R, JF HL
BT EBAL B H 25 & h i TR, X AT REE PAM,
CTS. HEC it il )2 1 58 &k s Tt g
R e (2% e i Ae K (HAEZR R G ], M3R)2 11
K KEZRRIG, TEERZ KNG, &4k
B I 25 B BSCR T R W

PAM AbHEF, Y78 & HEAT R 10 K54 HEK
TR H 2L BT (E SA) . WA ZE R
P BPZE KBk E (K 5B), % Pl ALBRAN, Hi4kab
PR R K AE 11 d JF ¥R F X IR, i P1AREEf)
FRZELEIES 19 RIGAMRTXR, R4 23d 2%
KI5, PARREPZEREM, H46.5 mm; Pl ffH,
559 mm; #AbRIEE KN K CK>P1>P2>
P3>P5>P4, HHH T X MR 45 ab 3 B ZE & AR T
2.8% ~20.4%,

CTS 4b¥Y5 HEC Ab3F Ay L350 H 28 & i (B
5C. SE)5RHZELE(A 5D, SFAL#EEYE PAM
ACFRARZEAL , TEZE A HT I A5 AL B H 28 A i 22 S 3K
AN, AL REZK R R A R R, SR Ab
XTI HZE R I 4 T 2k XL, L i
CTS A FTESS 10 K5, HZEREHICTXI;
it 23 d AfRZEL, K5 M RBZE A a i fik, 24 51.0 mm,
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6 60
St _ 50t
z g
E 4t E 40}
= g
0 3t 4 30
& %
® ool = 200
m i
1} 10t
0 T T S SR S AR s 0 . e
0 2 4 6 8 1012 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24

IR (d)

HZ8 &t (mm)
W

0 \ . . . \ \ \ . . Ml =
0 2 4 6 8 1012 14 16 18 20 22 24
i) (d)

HZ% & & (mm)
N w ~ wn @) 2

0 2 4 6 8 10 12 14 16 18 20 22 24
Y EINE))

[T
T

IR (d)

B AR (mm)

6 8 10 12 14 16 18 20 22 24
B (d)

ABEE AR (mm)

O N n n n n L L L L L n n )
0 2 4 6 8 10 12 14 16 18 20 22 24
B (d)

(A, B PAM AbBE; C. D CTS 4b¥E; E. F & HEC AbHE)
5 FTRABHSFHEYMLTIEAZASERNEALASHEM

Fig. 5 Effects of different polymers on daily evaporation and accumulated evaporation of soils

K1 ik 54.3 mm; #5AbHY BAZE & w58 x)
HE(57.6mm), #8425 i B tp A Ab H Y RERZE R BN
CK>KI1>K2>K4>K3>KS5, HHE T Xt a4 4b 3 B 7%
KAEFFIKT 5.6% ~ 11.4%. i HEC AbBE T, HS i 5
TE R A%, b 48.0 mm, HI f%/&, N 54.6 mm,
BAb P BARZE KRN CK>H1>H2>H3>H4>H5, #HAE:
TX A b P B R AR T 5.2% ~ 16.6%. EMA
KFE CTS 5 HEC fEA R it N 44— 178 KAl
SO, H R 2R 55 T PAM,
23 BAAESHSFUEYARBES LES

wa it ab-A

TR A 5 HOK R IE BRI R YT,
1o 43Tk B W 11 2 T G X 0 ) 9 A K o 2 R L
H—E BRI F IR -2 B 52 sk 2

s AR R A oI 6 ok 3 R TR A
AbFRZE R 5E NG 45 R AR > B o IR AT,
TR TFREYHSLIAE O ~ 5 cm £2A9E
BT CK, PAM 4bF%y 7.38 ~ 14.62 g/kg. CTS
AbEESA 9.22 ~ 14.38 g/kg. HEC AbHH 9.81 ~ 13.41
g/kg, b P4 bFHER)ZE - SEER Rl 7.38 g/kg,
FHAL CK BN T 55.1%. #4035 ~ 10 em + 213
IR 2R, B P2, P4, PS YR AR T
FT CKAN, AR AR Eh o0& 55 CK M,
ZFARE HTIE 7M1 FRER, 10~25cm
T E A5 AL ER Sy Y BE R A TR A N S B
T EAEd

SERRE, 3 s o TS s s 7e 138k
10X T A0 AR i 1) BRI — e VR ks
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181 (A) ol 18r B —=—Kl1
= 16 —0— ~ 16} ——K2
i —a—P2 iy
> 14 3 14+ —x—K3
2 —x—P3 ) Ka
g 12 e = 12t ks
oy —o— iy L
&0 kB 10 —+—CK
E%é 8 #® 8r
H 6 - 6t
4 1 1 1 ) 4 1 1 1 1 J
0~5  5~10 10~15 15~20 20~25 0~5  5~10 10~15 15~20 20~25
L2 (cm) L2 (em)
18 ©)
_ 16} —o—HI
) —aH2
2 14 ¢ —x—3
o2 —x—H4
et —o—H5
&1 101
B ——CK
H 8
6_
4 1 1 1 1 )
0~5 5~10  10~15 15~20 20~25
F 2 (em)

(A.PAM 4b34; B. CTS 4bBf; C. HEC 4bBH)
B o6 FTRBHFHLEYXLIELESNHAIEM

Fig. 6 Effects of different polymers on soil salt distribution

0 ~ 10 em LR EE, BB ERACR N -
P4>P5>K4>H5>P5>H4>H2>K1>P3>H1>P2>K3>K2>

H3>Pl1,
24 ETERDHEIAIZE.

ZEA RN

M v 70 1AL G W S B R B A U K

MY

W, X+ pH, EC. A& . BEILBE.

BEHZERE, 0~5cm. 5~10cm HEFEHEMGK

*3 EIMHSET

e

R PEAT L4 4 BT (principal component analysis ,
PCA), XJ&FP 2550 F 10 & W KA [R] Y FH &K OF
A A R B8O AT VAN o X6 3 i A ol A 5k e 46 Ay 1
Fabn, IR H Z-sorce X 45 IR HE HEA TR EAL R AL
T BCE R, AR PR O 0 3 R R, R
R A7 A = N o1 v R = 0

HAE PR AR5 OL LR 3. AR sr FIHE

ZEESMHER

Table 3  Factor score of principal components and comprehensive score and ranking

PGB Fl F2 F3 F4 RAF e
CK -1.19 -1.77 -1.57 0.74 -1.15 16
P1 -1.00 -1.21 -1.12 -0.70 -1.02 15
P2 0.01 —0.55 0.81 -2.62 -0.25 11
P3 0.12 0.01 —0.11 ~1.54 —0.12 10
P4 1.85 -0.56 0.96 0.70 1.13 1
P5 1.02 -1.05 0.04 0.89 0.46 4
K1 -0.80 0.36 0.22 0.11 -0.32 12
K2 -1.01 0.66 —0.14 -0.07 —0.45 14
K3 -1.04 —0.23 0.64 1.26 -0.36 13
K4 0.59 1.06 —0.89 -0.51 0.31 5
K5 1.75 1.03 -1.97 0.23 0.84 2
HI1 -0.32 1.46 —0.40 0.16 0.05 8
H2 -0.25 0.94 -0.01 0.59 0.10 7
H3 -0.88 1.02 1.41 0.85 0.04 9
H4 0.15 0.18 1.32 —0.52 0.28 6
H5 0.99 -1.34 0.80 0.43 0.46 3
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2R A A A A 0 A A S R AR LT
CK. i PAM [Ab3E, P4 SR A, CTS Ab3
o KS SR i, HEC b HS R fefd . Aok
F, AW R AR S ML Y . P4, KS, HS,
P5. K4, ¥ hmHEmabsE,

3 #ig

1)PAM, CTS, HEC iX 3 Fi 4 FAL & W RES $2
RSB, R R R S K S, HFERX 3
Pl oy FAL B IR B RS0 A el s SR A & e
A i 2R, HO T SR B S T 2 1 i
1 A R K S Bl 1T R i A R
HE 8 55010 .

2) WG /55 43 Ak A W SR e 8 1 o K
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IR 7% K i CK FRAR T 2.8% ~ 20.4%; CTS 5 HEC,
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[F] FH T A K sy 28 R o il # CK FEIR T 5.6%
~11.4% F15.2% ~ 16.6%.
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