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(FPEHAFEALBELSRLASHAHZERRLESEEMALE, & 130102; *PEAFRKRE, 7T 100049)

B OE AudntRARBUENSERGMAARENYEER, ML S LEHE M
FAATERITFERENEERE, FAOERIERAEREIRBAYETRRSAA
MERAWEREEA, B, TARBCFREATRTEAE R R A G0 LA
SEARFEHG A AATEREE L L FRR G0 R TR A & LR
M, Hik, AFRERRE T DL AINEE K ZEFH KR —F LR R
HMEMBERRMEES MNARSFELEWERTNEMHATTHE, EREN, T HE
B R4 M3 T B3 B vm 4T % L W B U(P<0.05) B R R34 T LA
HE1K(0~40 cm) (L3 A S NB R F F 3 n(P<0.05)  £EA b4 E M X3 o, T 464

SEMNMARED  576H BA NI AL HE X L W3R BT R, AR 5A 0 A — 5 Xt &
%%ﬁﬁﬁ%%ﬁﬁ%ﬁ%kuMﬁMﬂﬁ@iﬁﬁﬁ HEMEERNEERRER
2, ARB IR AR R 74T 3R 6 R 5 AR SR Ot 2R A BodE Uae

RBW  FATERA L KRS, DEAEER

Effects of different ameliorations on the physical properties of saline-sodic soil on the
Songnen Plain. YANG Hong-tao'*, AN Feng-hua', ZHANG Lu"?, ZHAO Dan-dan'’*, ZHU
Wen-dong'?, YANG Fan', WANG Zhi-chun'® (' Key Laboratory of Mollisols Agroecology,
Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun
130102, China; *University of Chinese Academy of Sciences, Beijing 100049, China).

Abstract: Soil salinity-sodicity is a major factor leading to tremendous yield losses in many arid
and semi-arid regions around the world. It is well recognized that saline-sodic soil is the most dif-
ficult to ameliorate and utilize. Extreme physical properties of saline-sodic soils, in most cases,
result in soil conditions unsuitable for crop growth. Amelioration of saline-sodic soils can be
accomplished using various methods. The dynamics of water and salt movement have been well
documented in literatures. However, changes of soil physical properties of saline-sodic soils after
ameliorating for several years have rarely been evaluated. A field experiment was conducted to
evaluate the effects of five years amelioration by growing rice in conjunction with different physi-
cal/chemical materials, including desulfurization gypsum ( GR) , sand soil (SS), organic matter
(OM), and an amendment (TJ, developed by Da’ an sodic land experiment station), on the
Songnen Plain, Northeast China. The results showed that physical properties of saline-sodic soil
were significantly improved by the selected amelioration methods ( P<0.05). Soil clay particles
were reduced significantly, while sand particles were significantly increased. Additionally, soil
bulk density was significantly reduced and water infiltration rate was significantly increased. TJ
showed the best effects in improving soil physical properties, then followed by OM. Furthermore,
SS showed the lowest amelioration effects on soil physical properties. These findings would pro-
vide basic data support to saline-sodic soil management.

Key words: saline-sodic soil; amelioration; soil physical property.
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TH S Rl P 1 6 0 b 18 AR =5 38 1.0% 10" hm?,
24 i i b 10 ARG 259 , o 4 it SRR M 1 R Y 76%
(Malcolm et al.,1998) , FAME J5 2 38 [ 75 47 £ 35t
TP AT 2 K HA RS R
MR KBRS 2R R R B
S (XK 28,2014 ; Yang et al.,2016; Wang et al.,
2018) . H 20 2 Rt LUk, i TR Bl m &k
JE 5N T SRR SRR BT R SR iz <
i H 1 5, S5 B0 BT T 4k 351 A L DL A 4R 2
1.7% FY T JSE 3G N CPRAE 4245, 1999) . R &eit, H Al
AAICP b 5t AL - M R TR R 294 3.93%10° hm? (2%
Ie3HESE ,2005) . TIEER B FECE S IREUERAL, R
Pl DX JSC R T ARUR] A (B AT ) B R R e )™ B
BELRSHAL T JE DX sl (9 PT 5 2 J ie  PRLUtG , k35
A = M A SR XS T AE R AT i DXl T p e S
HAESEZEE L (GRKH,2014) , infl ek R A £ &
(R L B — R X AR TR R RIS G
TERME SR, AT R AR —Fh B 20 T
BRI, R PR SR CH — 308 PIAT 55

TATERS b & ERENE Y (floooc,
2017) , VTR A 4 K& Na, CO, T NaH-
CO, FAAE , 5 30 - 807 W) I3t 52 s el P 1% 52 Wi T 9%
itk 2 AR AT S8 BRSNS TR 0 1) A A ™ i
JE W ( Zhang et al.,2010; Jogaiah et al.,2014; Hashem
et al.,2015) , TIEELTIIL FH YA D, S
Jfa s T A A - B L P Ah A R S R
b+ s R SR IF R T K& AR TAE, 31
T2 RIE 5771 (Qadir et al.,2002; Akhter et
al.,2004 ; 5Kk #1425 2005 ; Padmavathiamma et al.,
2007 ;Lu et al.,2014; FHBREE 2017) , H4TEhm H 1)
T U R S RS pi ke 1 IR R o AT BEAR A
THER GBI 28,2014 17 W55, 2014 ), [N I 38 5 7536
B ESRECUE BOUT4ERF B3R 2 IRCE AL,
HIBGIEURIE R I ENE S JINEAY e {5 R WD RS 1 N R
oA R SR R TSR Z AR SC AR 7R
JE A R AR ERBE KR ER B K 257 ok Rz
R LA, LA 3K 7335 7% A0 9 T 2% i+ €
AR RE (T2, 1993 TR IEAE , 2011) , A=) 5k
BRI ER 0D I K b 2 — IR ) A A R £ B
AT I (PR IGERB , 20115 UM AE,2017) o BFSERM,
Jita A AL 5 ) Joi b R i 1 R 3 1t - BOR I 1
b, DR e ) ‘D O A 7 7 5 T R A ) FE kS 3
Pz A B FH AR (£ 5E 1993 ; Ahmad e al.,2013;

Muhammad et al., 2013; Li et al., 2014; #& T 4§,
2018) o JEAY it I A A0 B LA B A AL B A ek R
JEIRFTER B LA A T 70t i, I H 3K
Sy FNFRIPIRBLE AT 15 3] — R 2 B2 1 03, AR AR
KA B 258 (X124 1, 2001 ; KK F5,2003;
Srivastava et al.,2014; # W%, 2014 ; Muhammad et
al.,2018),

FABCF B IR AT $h it 1 e R S5 FH], 78 L3 Ak
PEBUEA R T 58 B A K& A 0F 5 IF UG T F A
S UEFHFM (2002) FRBERE (2011) 5K (2015) A
S FIRK R T B AT R SR R T R L
XFIRFTERIR LM &, i T S A i s i STl
H A pLRER 7B &M TR EAE SRR
R =R E IS A Y S B BT F] X A )
77 A LR 00 ) B BRI 2 5 4T R0+ 3
SEia p A SR, SR A ) Bl R At 4 &
FFeT i R A B IR AT R V5 T 24 a1y R IR v B
AL R e DA TE PR, AN RS e R R IR T
ARG LU Z R RSS2 R LA S B
R AT IRAT R 5T b S BRI S5 A A2 AL, B 5T 4
SREAT Sy A8 BT J R T k35t - e R B 8 2 el A i
BEN

1 #RERFZ®

1.1 il iR

T b R Ay v R A 5 TR 2 ik A 2 4 4
(45°35'58"N—45°36/28"N, 123°50'27"E—123°51'31"E ),
AN T AR BT D57 PG g b Ak S BT ST R v s 1 R
T2 R, 2 v B R B 3 4T 35 1 i LRGSR IX
B, KT b A vl R Rl 2R KX IR
T W 1) o TR A P M AR R K
413.7 mm, HZF/VW,BEKFEELEPT 7—8 A4
¥I75 Rk 72 1800 mm , F M e K75 & 29 AR
B0 6 54 E, 1 2000 F1 2001 45 (1) 7K H 4391 K
375.5 1 315.1 mm, 78 K &K F] T 1791.6 1
1876.5 mm, 4RI 4.3 C, SENCHTEL, T
FEIAIR 137 d, H BEEFEGA 3014 h, =10 °C YA 50
T 2935 °C, Kt #hint 4w AR i 2 S AR Y
59% , g A T A G R AR 77% , B A
TSI A bR Aol 4 0 IR AT B R 3 (AR A
% ,2006; Wang et al.,2018) ,

T 2009 AFEAE H R B K2 il A= A 56
B 4% T R el A T A ARSI L 45 A W B i o
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Table 1 Amelioration methods in this study

G4 HE FES

I CK TeAbF BIANT F AT o] 23 1R 55
AHHLAL oM Y b S (JEAESS)
iEiAE GR AR AT E , T AL R
JERP SS 44 XUED £

it —5 TJ B P55+ A+ R A

R IRTER R 7 e R, 150 /) X5 ih A
DIz LA S B BERR 8 3 o SR RS ol R A o0 1) o
(1) E LR YR 1) AHUIER R (5
S A B SR (SR B E A ) R
— S (R A R s 8 R B R TR
Psel KA DL B (e R , BB R A
MR 3 W, KRR G19,

TR RE R 7K U5 A 2 R K (R BE>100 m) , 7K
JEULER 2, 2014 ARk R (] U BRORE 5 03 T
1B, BB 3 R, I E 1 A 358 4 B o
4G T e | HK I AB AR DU S 5
IRk

o R AL

(1) X FRAL A AR el B, N T HEK 2
W HE K DLIESTR

(2) B BT 3 kg - m™2, SR )5 N TR
& 20 em, #1E 24 h 5, HEoK, FREK, FRBER, FRHE
K FREK DU S AR

(3) FEAP AL FEHL R TS 10 em WD 4 [7] L4
1E;

(HHHLIE (BEE) LB 6 kg - m™, YEHE 2 Ik
Ja  EAE WL, BE KI5 DT e f Ak

(5) BB —S4bFE 6 kg - m™2, W5 AN THE IR
J& 20 em, # 1k 24 h JEHEK, B, FREOK  UIE G
Bk,

I HIKFE RN G19, /NXBEHLIX 41HES1, 3
WHEE ,/NX 2 mx5 m=10 m*,

1.2 REESHL
T 2009 4 (357N X it TR ) SR 4R 4 SR dh

%2 REKLPERSHE AN RE

T RIS, B T A E | LK
JE AR DL - N U AL AL, - HERFRIREE
0~100 em(5 2, 70524 0~20,20~40 .40 ~ 60 .60 ~
80 F1 80~100 em) . AHFFE 1 ERAE 5 A B & Bt
[E] 28 2014 4ERKZ K R E] 10 K5, LU B2
TR PR LA, TR T8

THERE T (V=100 cm® ) BUFUIR + | RFETR
JEA 0~20 F120~40 cm, FEHE/NXCREEH A 1
W RHEAK S FRAE i 2R W 7 P AR A (0 &
FegBe i ut T HERT ST BT) BEATINGE . 1 Je PR JTHUR
R RBEEEE R 0~20 em, BB /MK EE —
UK, SBORE S FHR 3 S A S 5 AN [R) W (B 2% 7 1
R AR,

IR A R OB N B AL (KA ELAE N 40
em, /N EAEHN 20 em, W H Tur-Tec International 2y
A WSE B S min THEC—K, BN/ XL —
U, I B] RS BEAR— 2L

IR REHE R FH K 57K 50 A8 R BT G 7K Ak 2
FEARUNZE 2 7R, pH st | B A%, K b LR TR
R AR IR S AR R T UEUK

- AL AR AL B R F 38O b E A ( Malvern MS-
2000 FOCRLEE BT ) SEATINAE | SR CRAR e
BRI E Y (LY/T 1225—1999) #4748 %% . 4
HERFERIE R 0~20 em, SRFEJG H T ERFEBE 4L
b P55 b A S SR I A B U O I SR
Hli,

2 ZER59H

2.1 RER/N X Y BT

T 2008 4 R 50 i B A R e 4 ey B Y
SO, FEWE T LA E LB PR S
FIFRRGE BARZE R LR 3,

H 2 3 AT, /N AE E AT B R T, 0~ 10 cm
(IR T 1.45~1.61 g - em™, BI{EH K 1.54
g - em” ,%‘%%ﬁ*Tﬁ'iﬁi%ﬂﬂ%gﬁﬂg%élﬁ H +1%
FLBRBETE 39.25% ~45.28% , ¥4 {H N 41.89% ; + 3
W kL Y (E M 22.06% , kL 25 i 8 37.57% , FhokiL

Table 2 Backgrounds of the experimental water and the amelioration materials

BH 30 K

b

pH EC  CO;* +HCO;" I 50,%

Ca® +Mg?* Na® K WAL Bk R

(dS - m™) (mmol, + L) (mmol, - L’l)(mmoll‘ - LY (mmol, + L") (mmol, + L") (mmol, + L") (%) (%) (%)

ZHH  8.55 0.90 9.00 1.05 0.12

3.71 5.15 0.05 84.44 10.68 4.87
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Table 3 Soil physical backgrounds in this study

733 wE - fLEE PR GiiE A Eo0 TR ORI
(em) (g (%) (%) (%) (%) IES
em™) (mm - d7")
0~20 1.61 39.25 23.26 39.14 37.60 0.22
20~40 1.61 39.25 24.58 35.45 39.97 0.14
40~60 1.56 41.13 18.28 40.04 41.68 0.17
60~80 1.45 45.28 21.45 35.35 43.20 0.13
80~ 100 1.47 44.53 22.71 37.87 39.42 0.11
0~100 1.54 41.89 22.06 37.57 40.37 0.15

it R 40.37% , LA BR ] 3 9000 AT f ok AT
Y E O EERL - R MR AT 1 AR R S KR AE
0.11~0.22 mm - d™",¥{H°4 0.15 mm - d™', FHILA]
UL, A o AT A9 95 AT $h 30t = 4 0 MRS B, K
P2,
2.2 AN[A]RA R IR AT ER 5T 4 - AN A5
TR AR — A FEA Y Y P, X+
e Sk B SRR T DL RO 0T B A AR
AEBEW, ARG AN R 5 RS TR
TS E,KZ(0~20 em) TIER AR F/IMKIK
g2 X6 BES AP > A — 5 > HUIE > A A1 8, 76
FJZ(20~40 em) K E/IMEIR g - % BE = i A 7
ST ESHHUIE =B —5, AR RALBE T,
I A A B ) b MRS T AE S SRAE IR AR
S RBRK 15 5.08% ; X B AL B () - 8 25 7E
AR T 2 5 R BN, 0.55% (B 1) o
AN e AR FE A T Y A FH AR E (0~20
em) M EZE (20~40 em) W HERIGG &1 F B9 1458
REAEAR,; P 7ER )2 (0~20 em) BUBLAT A1 B L R
SRR T A E AR, HA 1.37 g+ em™ AHILT
WG S5 T Y A B AEREAR T 14.9% , M1 LT XF

1.65

a

0~20 I 20~40
HE (cm)

E1 ARYRAEEGTLIERE

Fig.1 Soil bulk density of different amelioration methods

HEIRAR T 8.67% ; X HRALFE A F F I H IR T
HAbALFE 355 1.50 g - em” M TR 54 F RY
A EFFAK 6.83% ; £ R)ZE (20~40 cm) B HE—
S FRSAF T A AR L TR S T B
RERM, A 1.43 g - em™ ML TWASETHY
TR FEREART 11.18% , AH L T X HEFEAR T75.92% ,
R, AT ATA A, S [R) A B Ak 359 T o8 A1 4 B 45 o
L DA A B AL B A5 T PSR B o AR JL 0~
20 em 7% 5 AR L T 00 45 25 5 R0 BB AR 14.91% F11
9.87%.
2.3 RIAIR R A B R AR

ARMFFEIRE T AS ) B B 15 e T oA ke R i g
HFTERE KA A B BRI RZ ], S5 R 2 iR,
2ot AN A R A B AR RS A RS, 5T R k4
ABHRLERILE 2, i T X BB K o3 A B 5
A%, B TR B8 4 20 min, BEAR— 5 A HLIE Bisk
OB S50 IR T PG K AB R 5,
PR e At Ak A ke 4 SR DT 4R 30 min J5 97K 70 A B
AR,

wmE 2 pros, B —5 A VUL i A F S50
+Ab PR S A IRFT ER 5 4 ) R A B R AE
FF46 50 min J5 38 B A X R E , 10X FEUAE 100 min
JEIR B RR A RAS . ERE e R AR SR T3
MO RS NS R R B —
SRS A B MR A B 3R 4 A 14.50 A
11.40 mm - 47", BCH HUIE -5 a4 B AL B 1 95 4T
R E AR R R 154% 1 100% , A HLIE
55 IERR A B B R AL B S O FR G A B Rl 5.70
mm - d”', AR EAAR)E, S0 PAH TR
R E A B ORI v T BRI AR
K(0.30 mm « d7), HBERT UL A AN ] R A
PInl i R T H B A R e A B R H
T LB — 5 AN AL FR A BOR e
2.4 ORI[AIC R X A SEHLAS A AR 5

ARWFFEH M E T AS R g R AR B A5 1T, 0~ 20
em SFFTERE HAUA BB % 1 (<2 um) HPRLE
T (2~50 pm) AR (50~ 1000 wm) , HARZE
R 3, St 2R R S5FAREE, 4T85 6L
DR B HH R 2 S ARG, A AILAE ek R Ak 3
ZRAE T R R R B R AE 8.50% , B B R I
NIRRT - RRL S BB AR T 77.39% ; b KLY 5 &
T 38 BN 125.75% , A48 A0 R R 1) A 1842 1) o o
YT TS IR+ At ZAERIRE S AR
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Fig.2 Water infiltration rate of different ameliorations

SEFRAAE R B RIS L AT DL A5 e R AL

FRIYRE A 1T A e B 3 T, e A

A HLAE B, — = 1SR B B

2.5 R[EISRAAFEAAET KRR M 4
MK BT S K ) 5 3 K A

5, e R 87K A R AE 1l £k (soil water char-

acteristic curve) ;ASHFZE N E T A6 2 B AL 3 4%

=

90
80
701
60

50t
40t

F YL R (%)

30F
201
101

0
TJ

Ab 3
3 TEMRAMEZMHT T EIM AR

Fig.3 Soil mechanical composition of different ameliora-

CK

BG

oM GR SS

tions

250

300 350 400 450 500 550

B} [A] (min)

T 0~20 em T 3ERKARRAE M 2R, AR SS SR An &l
4 IR,

W 4 Jis , AEW IIEN 0~0.9 MPa I, Xf #R
REBRZEAE T 1) IS K B AE 29% ~31% , W& = T
HE AL A IS K, WS EAE 0~0.9
MPa B, B A% — 5 4b B 5% 4 T 13 % i AE 24% ~
27% , BEW A 1) AR AR B 550N T Mot A B A B A%

32.5r —#— OM —— GR —&—SS

—¥—TJ ——CK

30.0

FEEKE (%)

17.50 Ol.l 0j2 013 0j4 015 016 0j7 018 019 liO
% J1 {8 (MPa)
E4 AEHURALIE 0~20 cm IR 45T 2k

Fig.4 Soil-water characteristic curve of different ameiora-
tions at depth of 0—20 cm
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F4 HAWAEEETHITHRRLYWESR PCA 55
Table 4 PCA scores of soil physical properties of different
ameliorations

JOSL PCA
T) 0.68
oM 0.59
GR 0.55
SS 0.50
CK 0.48

P 0 35 K = Bt 7 1 8 Al R BN 19%
HNE 27%, WAtk BE H R RRKEE I TE
ARG R 5, A ALIE o B 5 a9k g ) &
s, HUCA I — S A B H IR ERKRE T, HLb
AL UL Aok A S RE A 2R 4T $h 35t L A K R AR &
A A R DB —5 I RICR B R BEAR, K
R A

2.6 AR ANE SR T ER T A R TR T A

K F 153 73 H (PCA) X & B0 R AR BRZSFF
I T R B Wy B T Y B2 AT T 25 A T M
(%£4),

W3 4 Fs 420 AL FRT S4TSR B 3 iR
SEMIZE G 15 50 I 2R YA  TI>OM >GR >SS >
CK. PR, A HF A i R AR B, B8 — 5 X 95 4T
AR T W EE T ) R R AR de R A LR, i
0 X6 3T R 35T A B S A e R Ak SR M B —
5 A S A2,

3 i

3.1 AN[EER R AEIE X K A B RS 5K
AYREAE [ 28 0 5 1]

+HON S AE K TR K 5 3R SRR T
W T I AR AL, - AR B BT e 5t 1
BRGNS 25 AL B A 35, 08 i BELAS -
255K (So et al.,1993) . HHEKIP AB
— 5 HEE T = AR i /K 2, 2 I 4= 9847
T A 5 o — 7 T, SR - 3 K i, v
M 4 ] ) P ) = A ROK & 1, i — 25 XHE Y
4 B EY I (Epstein e al.,1966) , 3K A
B EEZRG S KR R | A S
HESHWEN, KEXTAES HEABHEREDY
WFFE R, 25 T A8 KW A B 3 R 48 /N (Singh et al.,
2003 ; B B 45 ,2006) , R, 50 A AN E
[FIEEt X 387K 73 A8 P AR5, A, 5T AN [
() 138 HALBUR S WAAAER R 22 5, i 58K

SSABHEEEHRNER, BEER N, A
NBHE S5 (AR 2245 2006) 535 SR (X1)2% +
2001 ) SF4RF i, AP R 93 4T 3857 ol R A AT 20
iz — . AWFIE P — T 5P AP A Nt
HRE AN B BRI O BT S5 A MUIE B AT
+HEK o AB R 154% F1 100%, 75 ik B
JE IMATEIR WK ABRCR R, 8 HL R 2D
A B HA RAFE5 R, B e RS ) 95 4T £h
03 A IR I3 A B R 5 T BB — 5 1) 32 S
HEAAYUIE B aE S50+ A HUIE ] (- 575
AL, RS RRAL, LB A I, 3
ok e S m (X1 2% +, 2001 ; # & 545, 2010) ; it
WA B Y Ca® ] e + 3 g B Nat, AT ek
PR M (B RAAR, 1997) , W kR A
LB = K AB HOR . HIL, AT DA
W5 (AT AL S A ) il ik—8
PEm BIERK T AB R,

K AR AR AT R e LB A A IR B
BRI & B (RRHA 2245 2006 B 5 5 45,2010 ; Mat-
lan et al.,2014; B2 A& 55,2017) , WFoR R, 41
J b AT AILAE DL B - 498 25 1 5 PR R - 58K 4 R AE
ek HA B 25w (BR T8 5%, 20165 kIl 4
2018) , ANHFFTH, X B8 4 3 A 7K 43 T AE 45 )
B T RAR R T RS K E, R R
SR IS K RAE 0~0.9 MPa S, Hiflik B
AP I K R B2 T B i 22 5, i R
B IR S R, —BIE T, Bk
i 1Y A TEAR AT R S K AR T,
X F2 R PR Ay s 2 T B K EL R B i 1) R h
MALBRE 2, K I RE W 548 22 1 7K 43 (BB A 42 5
2006) , X — 2 I T A 5T O [A] 0 K AL B Y
A DARRAR L AR sl AL & i, Wb +p, K
LBRE Z KB G HE S, ORI AR 1) 7K 4344
ARG B FLBR 3 A 34 4] HRFLBR R 2, R Y
W Ty BTN, 398 2 K s N
3.2 AN[A]ek AT 32 T S PR AR 5 )

Rt S PLEASE A TR LYPLE S V@R IL |
PR &R R HEK AR GO i AR 5, A
ST 250 AP S DS R A AR R
AN TR AE 2 VA OC, At g, ALK
S i A BT TR A E (R E A, 0~
20 em) SR A, I — SRz MHHZ LT
(1) 3 (20~ 40 cm) WU LR AR — 5 FA HLIE 4 2 R



3422 ERFIE 385 F 11
SR B BRAR ) X B T R — 5 LS TR (R I AT sE M AL B . ARG, AR FT R

(WEmEA 8 ) SAMUIEA 3, W esi 4 8 i £ 2845
A CaSO, , AL AR 58 TR B AIE T Ca™ 54 HLAE XS
HATERT A EA EEE I, B R, — 05
AT ARSI - SR AAR ) o3 e, A s = BHES
AT ARG - 498 e 4 1) 43 1501 (R B 2245, 2006 ; 5 5
BFAE,2010) , %t F 5 P Al al L 52 AR = 1 95
FTER A (B 22 25 1993) |, 7K 43 ] fufi - 392 it 4% i
Ji A 4 58 53 1 28 O A5 (BB B AF,2010) , ST
e E N 3 o S R TR A, E T XA
() H T DR AR R 0 A K R R A (AL 4, 2014 )
WA R HEAEAERE A, A6 R FEY A K
KA R AR w5t AL R R A%
PIFHOC X+ HE A R AR K RN R A A E 25
), 380 A MU & A AT RS I RS
FaE PE (Nimmo et al. 2002 ; 32 241855 2004 ; Bronick
et al.,2005;00 et al.,2013) , FEHJFAN, FTEEHT
AHLTOTE R R A HLE 2577, A i 4 38 v R 1A
RARBTE L, it TS5 (Puget et al.,2000) , I
A LT 53 ik 2k AR R AT 7= A B v RN - e
(A HILIR , PR A A0 R DT SR 5t 0 2E = S e, T
A 8 BB A S5 MUIE AT A R 53 T 3wt
TR E

+- AR AL B 1 5 — AR Y H AR R
IR DU AL 3 EE b2 A R b EL
A R VE T (R AREE,2007) . S50 RIFr +
Heim KRR BERE RAF RS IR EE TR
SRR, BB BAE(2010) Ak, - RIBORDRL AR A9
AN ATl SRR K i R RO FKE S
EERKERIN, (0 038 S 5B KR T R,
AWFFEIAG T AHALZS B B AT HLAE 5 i 5 — 5 b 3t
AT AR - SFEMUARZEL 1l 0 0L 9 B et %o 1 5T Hl 7
WCEVE R B BH 5 ARJUT JE N, 48 %) JIURE 21 1 5 5
MR — N AEXT R OE Y FE bR, ABESE T, T IEAYFLER
P PR ML AE R RO A ) AT 380, A e 2 A
VEEE /K 0 gk A FE I I a2 5 b - ek R R
S ARD B3N, s 3 AR R A, PRI, A
TRRI At A B R 248 5 B 5T T 3hi5t 1 - e ghr
D AR Fr s B, PR, w3 i B 4 1
AHUIE S R s T,

T AT MR K5 A B R 5K 3 REE
il 2 X0 T ) 4 S e - AL R | DR, R
IR K ABHRE MU RS K SRR i

+ 2t R RAC TR |, 37 AL K A
SR LA S MU B A 1 0 i R B e
R 5 A A3 2 T 38, 125 RS Tejada %
(2008) 5 0o % (2013) WA FE 45 A, LAk, &
RO AT S5 W, AT MU XS I3 47 £k 35 1 FL B 1 Y
WCEVE FH B RSt 45022 | 18 A A~ 25 SR BV AL
P 5 2R Y

4 & it

TRATER T T R P T R AR, H™
O 5 22 HEER AL PR A it AS B9 ) 0
I AT R TR R R R S AN Rl b A e R AR
FAES G0 = AR B B 5 4R 5 10 R DR T $h 5
YRR AR AT TS, AR B T LA RS
W2 1) AN ] B B A B I 4T ER 958 1 4 3L B 11 5 e
EREE;2) L R ] B AL AR A
65% ~77% ki & 1IN 91.10% ~ 125.75% ; FEAIX
TR 6.1% ~12.41% ; M LL T XF HR, 3K 0 A
B BRI RN 5 K R I AR 25 SRR AR L
TXF R A R — = AP S A LIS AT
T BERSL IR BRI & B A 3) LR B R A Ab
BT -y PR 51 5 ), ASBIE 5T R B — 5 X
- e T R RO S AT, FLOCH A LR iR
XS TRAT R0 - B B A A SR AR X T At Ak
PRRAIL

% 0k

WHEAR. 1997, Ze At X £8 5 1 1% Bl PR B He vl K 3 e
WAL 224, 18( 1) ;. 73-76.

BT, IR ARHRR. 2016, Ridedd H K MERE IR, A0
FE TR, 35(7) : 1475-1482.

BRS, WEBW, £ B, % 2017. 2% &K R A B
ERE 4 A AR UK £ R B 4 1 O vk, KR 2 i
20(17) ; 534-542.

X, B, PEIEAR. 2006. HE KL AR 2SR 5 v
XA A 5. UET, Bheg ikt

w7, AR, A W, ZE 2018, B KAk Bt
TR Y. P ER R T4, 20(4) : 147-153.

e oWk, A, BRRTE, 4. 2018, ZEE XA L A HOK
FRAE M ZE A0 R . S5Ok FEE, (10) . 5-8.

WE T, AN, 2010, B3 Jent, P ERD B I

FLIGIT. 2017. BRI B L RAAA T K ER B 56 K 25
FIEAR (A0 . KE . B

ZEIREAHE, TR SC. 2005, TR KZTTIE 50 4F 4 Mk Gl 1k i)
RN KRR, SRR, 27(3) . 92-97.

MAEE % T, TER, %1999, KL ULk S



45 < AN TR A A T 54T 8358 - W BV J ) 52 )

3423

Fe AL, SEDULHEST, (5) . 448-454.
X% 4. 2001, PAECE FGRfE s Sl & . dbat . B
22 AL,
BB, BRI XETE. 2006. 75 8 % - S FIK 498 8
SRR, K B, 20(3) ¢ 154-157.
e, % ak, BHEE. 2004, HHEAHLERIE S LIRSS
FEMR RN R IR, 2R, 41(4) . 618-623.

BRHAZE , T4, %At 2006, 32 Lo, E%EE
fiskk.
REEF, T &, B fh. 2003, FAWOEF w4k 54 25

Hskib2E, dbat. Bleg i At

OBk, Bk TR, O, 452017 RO ESR R EETT
A LR 7J<iﬁ%i%ﬂi 31(2); 317-321.

FERBR, RBBeR, 2RI, 2 2007, TERURAAS [F MRS 1138
mméﬁm&/ﬁ\ﬂﬂﬁ%& RO R R 2B AR
Bl2gpa, 27(1) . 70-76.

T o0, F R, BT, 5. 2017, RS A R AR N S A
R SRR R i 5. - 3968 37, 48(2) : 460-
466.

THEMK. 2002, wHHE L FBLES
33(2) . 94-95.

TSR, 1993, HEERE . Jb5T. BlaE Rt

FEeRE. 2011, FHFT iRk M iRIb T2 HHER Y B 1L
2 KRR (B A A E ) K FARRI K
-

oW, B4, TEE. 2014, FACT b A X K $h s
A S LBE. dbat, o B Rt

ik ME 2015, FAME VI FT ShH R AT o R ML S A
KRR AR (20830 . K HRl .

e WRZR, H4 R, S5, 2005, THFRE s % U K Lk
ORI B FEAHE . /K - ARFFTFSE, 12(6) ; 28-31.

LYy, B TEEL, T HAY. 1993, kA T HE IR
KR L. 4624k, 30(3) . 267-273.

RXEE. 2014, FHMHRAVEEERD 25 2SS RN R
ST (2008 30) . KR P EBE G5 B (h
Rl B 2R AL B b A ST )

Ahmad S, Ghafoor A, Akhtar ME, et al. 2013. lonic displace-

ment and reclamation of saline-sodic soil using chemical

R 43 4R,

amendments and crop rotation. Land Degradation & Deve-
lopment, 24. 170-178.

Akhter J, Murray R, Mahmood K, et al. 2004. Improvement of
degraded physical properties of a saline-sodic soil by recla-
mation with kallar grass ( Leptochloa fusca). Plant and
Soil, 258, 207-216.

Bronick CJ, Lal R. 2005. Soil structure and management: A
review. Geoderma, 124. 3-22.

Epstein E, Grant W], Struchtemeyer RA. 1966. Effects of
stones on runoff, erosion, and soil moisture. Soil Science
Society of America Journal, 30: 638-640.

Hashem A, AbdAllah EF, Ahmad P. 2015. Effect of AM fungi
on growth, physio-biochemical attributes, lipid peroxida-
tion, antioxidant enzymes and plant growth regulators in
Lycopersicon esculantum Mill. subjected to different concen-
tration of NaCl. Pakistan Journal of Botany, 47 327-340.

S, Ramteke SD, Sharma J, et al. 2014. Moisture and

salinity stress induced changes in biochemical constituents

Jogaiah

and water relations of different grape rootstock cultivars.
International Journal of Agronomy, 2014 789087.

Li YB, Xu QT. 2014. Study on the effect of the use of FGD gyp-
sum into the alkalization soil to improve soil property.
Applied Mechanics and Materials, 448 . 482-487.

LuJ, Yan X, Ma YF, et al. 2014. Impact of salinity on treat-
ment of saline wastewater by sequencing batch biofilm reac-
tor process. Journal of Central South University, 21. 1989-
1994.

Malcolm E, Sumner RN. 1998. Sodic Soils-distribution Proper-
ties, Management and Environmental Consequences. New
York: Oxford University Press.

Matlan SJ, Mukhlisin M, Taha MR. 2014. Performance evalua-
tion of four-parameter models of the soil-water characteristic
curve. The Scientific World Journal, 2014. 1-12.

Muhammad AZ, Khalil A, Hafeezullah R, et al. 2018. Effec-
tiveness of compost and gypsum for amelioration of saline
sodic soil in rice wheat cropping system. Asian Journal of
Agriculture and Biology, 6. 514-523.

Muhammad S, Muhammad A, Abou-Shanab RAI. 2013. Ame-
lioration of salt affected soils in rice paddy system by
application of organic and inorganic amendments. Plant,
Soil and Environment, 59 227-233.

Nimmo JR, Perkins KS. 2002. Aggregates stability and size dis-
tribution// Dane JR, Topp GC, eds. Methods of Soil Ana-
lysis, Part 4. Physical Methods. Madison,
USA : Soil Science Society of America: 317-328.

Oo AN, Iwai CB, Saenjan P. 2013. Soil properties and maize

Wisconsin,

growth in saline and nonsaline soils using cassava-industrial
waste compost and vermicopost with or without earthworms.
Land Degradation and Development, 26, 300-310.

Padmavathiamma PK, Li LY. 2007. Phytoremediation technolo-
gy: Hyper-accumulation metals in plants. Water, Air, and
Soil Pollution, 184 105-126.

Puget P, Chenu C, Balesdent J. 2000. Dynamics of soil organic
matter associated with particle-size fractions of water stable
aggregates. European Journal of Soil Science, 51: 595 —
605.

Qadir M, Qureshi RH, Ahmad N. 2002. Amelioration of calcar-
eous saline sodic soils through phytoremediation and chemi-
cal strategies. Soil Use and Management, 18, 381-385.

Singh S, Kumawat BL, Khem CN. 2003. Effect of soil compac-
tion on physical properties of loamy sand soil. Agricultural
Science Digestion, 23: 95-97.

So HB, Aylmore LAG. 1993. How do sodic soils behave? The
effects of sodicity on soil physical behavior. Australian Jour-
nal of Soil Research, 31 761-777.

Srivastava PK, Gupta M, Shikha, et al. 2014. Amelioration of
sodic soil for wheat cultivation using bioaugmented organic
soil amendment. Land Degradation & Development, 27.
1245-1254.

Wang MM, Rengasamy P, Wang ZC, et al. 2018. ldentification



3424

EREAE OE3IRE FE 11

of the most limiting factor for rice yield using soil data col-
lected before planting and during the reproductive stage.
Land Degradation & Development, 29 . 2310-2320.

Yang F, An FH, Ma HY, et al. 2016. Variations on soil salinity
and sodicity and its driving factors analysis under microto-
pography in different hydrological conditions. Water, 8.
227.

Zhang HX, Irving LJ, McGill C, et al. 2010. The effects of

salinity and osmotic stress on barley germination rate: Sodium
as an osmotic regulator. Annals of Botany, 106. 1027 —
1035.

EEENT Wik, 53,1989 4FA4 11 SR THRE LR S
FF ., E-mail; yang_ht_ucas@ 126.com
BEHE WP




