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Abstract: In order to reveal the effect of forage grass planting on improving saline alkali land and better

develop and utilize the reserve land resources, the coastal saline alkali land in the Yellow River Delta was

taken as the research object, using the methods of plot experiments, field sampling and indoor tests, we

investigated the dynamic changes of physical, chemical and enzymatic activities of saline soils planted three

annual forage grasses (Sorghum bicolor X sudanense, Sorghum bicolor ‘Dochna’, Purus frumentum)

during a growing period, and comprehensively evaluated the improvement effects based on the soil quality

index. The results showed that: (1) Soil water content, pH and conductivity showed a decreasing trend with

the increasing of growth time, and the most significant reduction in soil pH was observed for Sorghum

bicolor X sudanense and P. frumentum during the vigorous growth period, and the best reduction in pH was

observed at the harvest stage of Sorghum bicolor ‘Dochna’. The soil conductivities of all three forage grasses
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were significantly lower than that of CK, and the reduction effect on 20—40 cm soil layer was better than
that on 0—20 cm soil layer, among which P. frumentum was the best. (2) Planting of different forage
grasses significantly improved soil nutrient content, and the content of soil organic matter, avail nitrogen and
avail phosphorus increased significantly, but had little effect on soil avail potassium content. (3) The three
forage grasses had different effects on soil enzyme activities at different growth periods. During the vigorous
growth period, the soil enzyme activity was the strongest, and activities of soil catalase, sucrase and urease
significantly enhanced. Sorghum bicolor ‘Dochna’ had the greatest effect on activities of catalase and sucrase.
(4) There were differences in the contribution of different forage grasses to the improvement index of saline
alkali soil. Taking soil physical and chemical properties, nutrient content and soil enzyme activity as soil evaluation
indexes, the soil quality after planting different forage grasses from high to low was Sorghum bicolor ‘Dochna’ >
Sorghum bicolor X sudanense > P. frumentum > CK. The research coud provide theoretical basis and important
reference for the phytoremediation technology of saline alkali land in the Yellow River Delta and the screening and
introduction of salt-tolerant plants with high ecological and economic benefits at home and abroad.

Keywords: forage grass; saline alkali land; biological improvement; soil quality evaluation; Yellow River

Delta

ST T UK (B RE R 5t L R K THAE AHE KA
W 55 22 DR 3R B R MR T 5 | DX Jsl 4 S R 353 4, i) =
PN A i £ AR R B9 £ B 0 B9 T a0 A
DX ER it Al B TR 2 o5 A DAY 5026 1. Ao
TRBEAL T R e EE 7 AGE SRR 22 i AR L
Serb G E Y AN R T S B EOC R AR, S ECE
EH S0 L T AW B 0 s A A S W AR ) 114 A
A A, SRR B SR B X — Jim bl B TR A Y
PERE . B = A AR BT IR B R A, R T AR Y R B
A G A L BT T 5 BT e (H L SR R
1B 2E AR TR A AR . TS B
TRR R A 27 e R A I AR A AR T L R AR AN
e R BRAE R AE AN 2, T A ) 15 i B AT ol o o 3
AR A ) R L B i S A W v B A
T S B T AR ™ T A R L O AT E S U AR M b
SRR 22 00 A AR L e Fh i % (T S 5 AT B 45
AABI R i 2 — . 3 ok 55 B (O T O
2022 AT HEDE 2 IR A TAE B ) AR
SRR AT A S B R 4 IS A BT IR B AR O R
poR; 52 /R o3 PO ER R L 4fE B0 el 2 2 PR
b3 AR W 1) B 22 1 T Sk AR W) 3 07 R R e
A PRI R A | A R AR R i S
A AT A 5™ e S A0 L P TS R A ) A R
R T T = A U R 0 B R R B Ak 1 A R
Ao Bk R A5 T S M R BTk R 2 XA AR B
g O 5 o 3 B DR b A A L

R BAT AR D A RE D 0 HLAE R R Y
Mo N ARZE AR RBR IR L B TR b ON B T i
S AR TR R g, AR R RS

i b, A L A T I R R A S Al T
SL R ] R E Ol SR A R B RER . R AR R
A Sy R0 A FH A SR B A . R b AR S G P
(Sorghum bicolor X sudanense) | it & % (Sorghum
bicolor ‘Dochna’) Fll 85 V4 & £ K ¥ (Purus frumen-
tum) 3 P —4F LR i R BB (4~ 6 g/kg) L BESRE
R R R TR RRAE MBS MRS AE 1 MR BN
) B AR DA B AR O ) T 0 g 3 A v i S Tl
T PR B AR B OC 2R L JF AR A0 - 38 5T i 25 5 18 BT A [F]
OB Y A e R, DA Sy v T = A D b DX R B
SRR /N CF=I5 N B s v a5 o P = WP S = A S
2R 55 M T ER A P B AL S Kl B S %
1 BRHS5i%
1.1 HREREHR

AR M A T 10 R 8 AR 8 T 1 XL 2R 48 ARl
BEA B 5T B 1 56 3 M (37°54/47"N, 118°35'02'E), J& F
IR k2 P ) A o e 2 XL X, 4R 2 R 12.3 °C
SR RGE N 3.1 m/s, FFFEIKE 692 mm, FELE
IR R Z 28 R EKVAEYZE K E 1 500 mm, {50
HiL Sy ¥ TA) = A Y U VA £ e L 2R RO S Ak -
R KL 1.5 m, & R 5o (3.78£0.25) g/kg. N
VR I RE AR
1.2 MiIRF*
1.2.1 #HREZELHERE 202144 H 16 HEE
T2 30 b A 1A AP R AR B, R 1 AR AR R AR R T AR
WORE A AR G (R FHED L G2 GRE B 38 L G3 (&
P A FOKFD A1 CK (ERBE R ) 4 b B, B A~ b 2E 3
HES I 12 DR BN RY T A 10 m®



396 K PR R

o536 4%

(2 mX5 m), FEM S5 A 2Z (B [ B 1 m, R I TF LR
HIC4 HD R AR RE I (7 D Flicki i (1o A 7
A /INIX SR R AR R 0—20,20—40 cm
20 A AR K RIS 4 R SR A B R B
R SR A MR PR A 3, T A - SR O el S
HEAT H AR T 1 ORI RO 0% 43, AR 1 T N AT R
Al J5 B Bl R () I e,
1.2.2 w2k b HEREM W E SRR TR K
Pos RS KSR T RR B L I R A LR &
I R R B TR AR AL A ik s £ 18 pH R A
MREE (b s KN 1 2.5); HIEH SRR B S
5 s TORCR S R O 7 300 00 5 5 A0 W R
FHBR IR S IR 32— 43 6 BTk s H B & R
F CRER AR — JOEE T 1 A AU R B
R4 (0.1 mol/L KMnO,) Jifi % i, B 3G £ LL4AE 24 h
W 5 g - TH FE a4 R B A 2 8508 5 IR I 37 PR SR
KB — R AR LAk B AL 24 h 5 5 ¢
dorh NH, —N B2 5o 807 5 FEME G R ] 3,5— -/
FOK R kI e B PELL 24 h J5 5 ¢ R
A= S BB mg BERIR .
1.3 #HEAE

SR SPSS 24.0 B, iz FH B H 2R 5 25 5 ik
(ANOVA) X T3 48 bR it 47 22 514 He B R Origin
2019 AT 5 33 FH Pearson AH 3¢ 23 Mt 58 + HE il
VRS T e o 2 B) 9 OC & 5 B SR R BT 3 45
FEAR SRR AR 45 6 7 20 B X &5 8 An B (E 2E 1 7 b
HEAL AL PR 38 30 A5 HE AL 5 I BUE 64T FE 18053 4 B 1H
IR LA TR A SQLL S Jm DAHEREY 3 iR Xof U2 it
AR Bk, A 38 o Y o R AT 2R B UYL IR E R OR, 3R
W) 4 e 25 6 0T o ey 0 R AIOR BT

WA 25 F8 b5 5 18 0T AR S A9 0 67 A OGP Ok
JE SR BE R A IR F SRR B eR B0 T A 4R
b i SR (.

TGy i REA R F (o) =

(& = X imin)
(Izmax 7Izmin)
x  Lij )

(X ima
%ﬂ%ﬁ@ﬁﬁﬁfun:a?————

max L imin )

Ay S AR B — R A S R R R —dR AR
I 5 AE 5 2 e HEE @ R AR I B KA s i N R
AR FR 0 e/ IMEL

NG e N o 0 = = i s NS i
BRI REARN .

W.=C,/3".C,
SQI=X7 K, [ W, X f(x)]

KW, RoRTERE — F o 8 ¢ A 58 5 & TP

FEPRIAE s C, RRTERE — F M e i A~ R
EVEA A8 bR T 38 B B 5 0 R AN AS )4
AR RIS m HERS B E K, N
% A ERITRYIT 2 DTERR £ (e )RR @ W
J A VAN G AR SR JE (R W, SRR FE S — sk
550 WA HE T TN FR AR I ACE .

2 #R50Wr

2.1 AEMREITE A= M e R A 1 R R

HE 1 ArAL 5 CK A EL, 3 & it R A 4 )2
R A A A [ R s, TR SR A A KA
A R S S AR AEE 2R . AR TR
0—20 em 2, H S K E  pH FIHL 53R b A K
)5 B TE 2040 em )2, BES K E
A pH Bt Az 4 3 52 e 30 5 D ke B, 4 el T R
A, TE A I B YL O R R AR R 020
em HHEF KB CK M H 34 8> (p<<0.05) , 4%
AR 15.8%.7.7% A1 15.9% 3 {H 20—40 cm + )2
G1 # CK WBEH N (p<<0.05).G2.G3 % CK L E k%
I T FE USRI N 25 578 B35 (p =>0.05), 3 Fl 4
FE R[] £ 38 pH A BEARSCR AR L G Rl G3 78
AR HE X + 58 pH By B AR SOR Fe W W G2 UK
PIABEAR pH (1 8RS b7 . AN A R AE TR — A= K
WX I SR A 2 R EA KR, A
[R5 CK A L R R 22 T A K, fENOR T,
0—20 cm £J2F 3 MR CK 1 3 SR 1
FREAR(p<<0.05) , 43 I BEAR 6.890,7.1%,4.5% ,{H
AR Z [ 2 F R K 32040 cm L2 3 Flifh B85
CK 4 8 F FAK (p<<0.05) , 23 HI A 20.6%,11.1% .
22.4% i G3 FUR R W ..

2.2 AEMHEIEAN =AM ER SR T

MNE 2 UEFEH.0—20cm 2 HEFRSSTE
BT 2040 em )2, NREHCETE 1A K FE
WA LT & R AR, A A K G2,
G3 BERMEH MM EHE .M Gl M., 7
ARKEE 020 cm L2, 5 CKAHLIL,GL B+
AP S B E HN (p<<0.05), T G2 H1 B & W
B (p<C0.05)3;20—40 cm 2 H,G1 AL & &
2 CK BEM(p<<0.05),.G3 # CK BE W/ (p<<
0.05), TEWCEEM . 0—20 cm T2 3 M H & CK
R E RN (p<<0.05) . KN G2>G3>G1,

FE A A T N AN [ 4 3 5 A AR AR
FOREL,0—20 ecm HJ2 G1.G2 B e 5 8 m iy
FHLG3 B /D BTE 20—40 em )2 G1 B #T
Wb, G2.G3 e b E . AEAE K RS, G2 b



% 6

Sz 15 i A
TR

&N SF

o A0 R REL O BT A W R e 39 e RSCIR B gl A M B R RN

397

PR 020 om0 8% 0T B R T b AR B
FEMSCAR I, 020 em 3 B P 55 A0 BT 4 SR S

20 r Aa (a) 0—20cm
18 F A a2 & A
i Ab
] L | L% L
<14 H i | b
B 2 e B B
%10 a8l BV s =
4u e £ = a5
8 Mg gy [ -
w5 VR £ =
H s TEY R BT = i
4 HE RS VR = e
R S S aht
2 HED RS B =
o =74 EVRA = &= .
CK Gl G2 G3
& =
10 ¢ (c) 0—20cm
A ;_37 ca A Bacpb A Bb ¢ A Bece
L |—] =+, ] ] il ]
STEL BA 3::7 = =
o6 M e = =
& R = =
ol e i
R = 3
R I =
2 HE A 1 o -
R 5 3
A I =
0 P %‘C | iy | iy [ i J
CK G1 G2 G3
& =
350 () 0—20 cm
[ A A A A
00 TemBe = =B =
‘B@' 250 :::::% ::::: Ba :::::?7 ::::: Ba
g 200 HE= :5:5:7’ [ 7
w150 ) S = oo [ Jov [ o
oo = = = =
e = N e
o L= i FE e ;
CK Gl G2 G3
L
4A )

BREST CK,EZH N G1>G2>G3,HTE 2040
em H)EZEMBMHE S, N G3>G2>CK>G1,

fg [ (b) 20—40 cm
< 16
=14 :
T
® i b =5
N 10 st K
4u 835 oo
8 ale! oot
3 850 o
6 ale! e
+ o Satel
4 ale! ool
g o
2 o e
0 P’"‘C 1 - - 0“ J
i
10 (d) 20—40cm
B Ba Aa A Bb Ac A BcAbc A B, Ab
EVE ER EVR BV
A= = s s
s 2 = = =
H 4 H =] =] =]
2 HE = = -
o L= = = L= |
CK Gl G2 G3
@ 20 &%oﬁ
— cm
350 A A A A
00 [ Eae  Flm Fae
e e el - ==
20 7] B ] B
B 200 FEY M ca [ [ =
B == = e [
B 150 o Ce [ A Ce
RRUNE = = =
s = = e
o L LB LB B |
CK Gl G2 G3
Ui
78 EZZ] 10H

- B R R K S B RS ) A A B D 18] 25 53 0 2 (p<<0.05) s A [RI/ING 7 BE R TR 405 ) 25 57 B 2 (p<<0.05) . T I,

B 1
AN [P Ab 38 A I A S R A Y i
TFAKIEEY (p<<0.05), FEAKEEY,0—20 cm
+ )2 H S S G R G3 % CK A EE 8 3 3
(p<<0.05),20—40 cm + 2 3 FIE B E & T CK
(p<<0.05), FM A G2>G1>G3, FEWHRE . 0—20
em +JEH G2 B3 T HAB A FE (»<<0.05),20—40
em LR G2.G3 ¥yl 2w T HAMAL P (p<<0.05) .
N TRBCRE A A I P A 9 R e S S AR
Ji YN e A, AE WO OB Y o e 3 T A A
W} (p<<0.05), FEAKIEEY 020 cm -2 L HEH
AR FEM A G1>G3>CK>G2,20—40 cm +
EHR G2>G1>G3>CK, fEWHRIN, 0—20 ecm 12
TG A B A) TG & 2 22 5% (p >>0.05),20—40 cm FH
Ry =R R B 2 T CK(p<<0.05)
2.3 ARMEIEN=fiMERE T EEHE %N
- S TG O AR AR T ) — NI AR AR

AEHEAE L EEBL RN

H &3 AT AR 1 A KA BT Y. 4 B gk R B A A K
IE % A+ RGO R R B . A L AR, 3
ol P e ) - e AR Ak Sl T M A R S S AR Y
B AE AR BRI A B e . FEA KRG, 0—20
em HEH 4 LB TER FH 2 R,20—40 cm )2
G1.G2 5 CK M B FEAIK (p<<0.05) . TEW AR I,
0—20 em I AACEIRIE HE RN G2>G3>G1>
CK,20—40 cm £ ¥ K G2>G1>G3>CK,

- SRR O A A AR FE 020 em +
JEH G G2 Rl A K I Ta] B 38 2 Sl 3 S e
P G3 RIS G A B FG7E 2040 em 12
rf S AT N R B AR A RE R AN [ SR X
- S E E SE 0E AS [R] 0—20 em 2 G1 I G2
A CK M B8 (p<<0.05) AR A G2>G1,
fH G3 % CK ALk 12 F B (»<<0.05) ;2040 cm +
JERASTRAL B 22 8] 25 R R, IR, 020 em



fi 36 &

P RTET 2T
beS505e5e 50555505

Aa

T

PPPPPPPPPPPP

AT T T
{55
AT,

G3

AT

g

1 A

T TR
B, 0, 30 30 30 30 30 30 B0 MR a0
ol

Aa

K A PR AR

398

[F) A e ) 4 il 3 RS W N R 020 em )R

R 3 R W A CKOR L e 2 0

R A G3>CK>G1>G2,20—40 cm + 2
HMHNG2>G1>CK>G3, TEW IR B, 3 Fh i 2 %

(p<<0.05), RIHK G2>G1>G3>CK;20—40 cm

T2 G2 % CK B (p<<0.05) .

K (p<<0.05), R A G3>

TR S B E R T C

G1>G2,

MIEL 3 i BT AN [R] Ak BT o 8 R T 3 1 2
Wi A P TR] 2 50 19 ek A R H . A AR RO RN, A

(b) 20—40cm Aa

(f) 20—40 cm

Aa

Aa

(a) 0—20 cm

o o < o~ (= msososo

(39 8) /W4 &

Bb
G3

30
5

v oo o n o

Aa

Telsiaieleiteleliateielatyl

(e) 0—20cm

Ab

fcianetahetetasdteseted
o000 5050505050500

(-

=]
o

Fij

Yo

v © »n O
N N = -

Bu) /4 0% e

G2

Gl

G2

Gl

CK

i H

ab

Aa

(h) 20—40 cm

100 r
7R
TRARELEXN T EFSFENRIE

]

Aa
-
!
!
!
!
!
!
!
!
!
!
!
A
!
!
5
G3

Aa Aa

(g) 0—20cm
Aa

200
180

& 2

W] -t M Jot S

TEREITEN

2.4

FIH] SPSS A 73 Hr % - 4 o 4 458 4

AT L3 BT R PR, Horh 4

i b it

e BOICR 4 3 8

Gr o T NP AR A 32 o BT 22 BTk R L Rt T
75 TR A LA LA [ 4 w5 Ff A b 38 o i A4 45 4

Tit R A L JOR T SR D T B4 o3 A R s B8 pHLL L

& ERA R BT E . 2 A TR RO 22 BTk
FGEH] 79,6549 BT 2 A E RSP AW T 114

i1 4

7N

Ir A PR, XA A R

125 1R R A
THECR A E s A A7 18, 308 B (iR, 3%



55 6 ] S 08 A5 < PR AR 0T ST A U R ok RO Y B 2 T K 4 S T 399

FEARIT S W) BN AT DUADRRAE B 922 B OGR D AAS T 000 B 8r (E 45 1. 2 A s Al
k. LA = 9006 B 46 AR o pHLL L5 A BIL IR L 8 5

Xb A T 4 B B R b S R AT SR AR B0 R T RO R AL | S 4 Tk S A R I s >80 26 1Y
s o 23 ) 5L RS AR AR AE AN ] O AL R AR D IR =60 00 YR AR O K

1.4 (a) 0—20cm 14 (b) 20—40 cm
_ Aab Aab Ab 4, Aa ~ Aa Ab Aab
12 b - _ % 12 b -
? 7 e 77 7k 2 7 7 7
w 1.0 F ] w 1.0 F
g % & g Bb
=08 ] ot 0.8 c Bbe
& st get 8 ° ]
w06 & o W 06 & o
) 25 ) )
204 t 5 - <04 | 5 5
it {2 L &5 {2 {2
002 | e o 02 F e e
e (5 2 = (5 (5
0 ‘." L L L ..“ J 0 L ’." L L ’." J
CK Gl G2 G3 CK Gl
A B i B
09 r Aa 0.12 Aa
08 - (c) 0—20cm 7 (d) 20—40cm
cort - 0.10
< 0.6 < 0.08
on o0
0.5 Bb
g E 0.06 F Ac
< 0.4 <
ﬁ g Ba Ad
s 0.3 C 2 0.04 Ba
# 0.2 e B B B B
s 0.1 *0.02 I Ba ] Ba
o . . o [EA B = = \
G2 G3 CK Gl G2 G3
i B B
Aa 0.6 r
(e) 0—20cm (f) 20—40 cm Aa
0.5
Ac —
‘0 0.4 |
Bb Fos %
] >y
¢ oo 202 mE
d VS B B Bc
x g,:,: 0.1
@ et -
1 :“ >’0.C 1 J 0 ] L |
CK Gl CK
% B
44 7 1R
B3 ARHELEMNEFRETERIENZD
£1 IRAFHEMIERBERONE F s - e 2R B R B0 T A L 2456 5 m B AT
+ B FRES % 552 EASY FOMENLIERELSGIRSQD LK 2, 5 CK
fi b5 Dfirst  BE SmrR ARG B IR B o T R AT BB 0 LB L 3 R
&K —0.688 0.078 —0.377 0.170 NI a . B T~ B ], ~ I
AKE AR P B B R LA 3 T 0 > S
% —0.405  0.046 0.089  0.040 e . _
wm 7 PO RF B KR, SQI 20514 5 55.7%0,42.5%6,41.9%,
H —0.963 0.110 0.161 0.073 " . .
P %2 AENEMTERBESAER
SR —0.223  0.025 0.939  0.424
HHLE 0.975 0.111 0.077  0.035 F - AR
A 0.919 0.105 0.009  0.004 K ol Gz o3
- R B ' ’ 51 E W 0.3440 0.4961 0.5621 0.4971
TR 0.903 0.103 - —0.048  0.022 o 2 FRS 0.4563 0.6105 0.5306 0.5868
AL 0.931 0.106  —0.150 0.068 R AR 0.2855  0.4069  0.4445  0.4051
i A Ak S 0.970 0.110 0.017 0.008
3 Wi
R 0.932 0.106 0.168 0.076
IR Tt 0.858  0.098 0.099  0.045 3.1 HWEFMEX T EEAERK D
U I 69.420 10.234 T IR G MY 2 [0 A7 AE 2 200 28 BRN » + AL

AT B 69120 0.6 e 1 2 A1 8 A 00 2 A 3 9 A )




400 K PR R

o536 4%

Xof 0 B A R A O B S ER AR 1S - R W
FBGETG R 42 1 R A0 i A . A BR 0kl - A
A L el e A AR AR 1S B B okE L A R T
S5 RE R S ELAN (] A 4 2 78 %) 8 1 48 JB ) 2 i)
R ESS . A YR BB R Y X £ Fhois 55
JE B R A LR A5 A B R B U0 A O A
HEZ AT DL A WA BILIR B AIK + 4% pH., ASBF5E L 8L,
A A T S M 0 pHLL 3 AR 020 em 12
3 pH RN YL T 2040 em, 2040 cm
+ 3 pH RATER YLK IE B B PR AL,
IR VG RF oK A A K RE I 3 pHL B R AR R
S W, e SR ORI R AR pH SO SR . A
Wy it B A R Y R SR A RO 3R P O R R
R )E g ER 4y () o 396 b 3R 4 55 BE L A W 25 s AR
BT R MR R Y L AR
o AL A0 T A R ORI K i B K (R 2
TR, 3 F P 0—20 em )2 T iEd %48 CK
AH P S 2 B AR, v i v B RO e 45 20—40 em &=
B PRV R EORACR R B X 5 R E SN
TNy (8 ol R T 5 A ) X 3R 2 5 B It ) ot R Ak
R—F, BEYEEFNRZ L ESL T
K" .Ca"" . SO,* Ml NO,~ N FE, 4 K BE KW Na® 1
Mg™" it 55 e Ui B X JLFP B T 45 5 7 HIERZ
S0 A T ER AR T LI B AR 1 R
EFR AR THEFAES & LERZHE BFREREZE L
BRI R AR . R A KR S B S SR A AN A A B
Z IR R — A, FER T R SR
Ky BT [R]E 32 1 22 A PR 3R B 520, A T
TR T M e 25 & it AH AR R K DL B AN [l
PRI A . AR R, o Ph L I 5 A VY F
EHATES> 3 102.22,583.96,99.15 g/ bk, ¥ 3815 4%
1R R A A 2 B AR BR T R B B ) AN R AL
(14385 o7 M o LB P RE EOK AR 97 i I Rk 25
LRI 5E 2 A, 7 T T T R AR A v P R
i T S ) T P e A T RF ROK AT R R B 2%
PRI SR G MNIEREERGT LA 2SR
R 5 v PH TR BT RN B AR R R 43 ok 3 I T
AR T 5 T VA M X R PR R R R R R
15 B PG B K 7 Sk S AR AR R A 2 AR
FERY S RFEAR — B,
3.2 HEMEXTEFINZMm

fif shAE A AR P W R R R R A
K e BOR B T A RIFAS —2 . ARHESE R,
FEA R CE % - 3 55 40 & A W 203, 020 em

+EFSEEHEEST 2040 cm, Hoph LA HL
T L K R L AR A AR T L (A [R) AR Ak B
Xof S TR RS I RO O B L AN TR Rk A
LT A 1 B0 A AS TR) B30 1) R BB AN TRD 35
B LE A A IR B 0 - A B B i ek B L 3
T P50 AR WA AR B X - 3 HIL R I B E
o R R R A AR R K B A 3R I - R
BB CK A ANRIER B2 B3, 23 513 n 83.7 %6,60.8 %%
1 34.5 Y0 s U B 5 43 I HE I 15.626,49.0 %6 1 8.9%4 5
PR AR AN K X T O ST A5 Y R
NyPa o o fi $2 7+ + HE 40 & 5 9 i 5% 45 1 — 3L
A A B B Rk SR S L I S R
R
3.3 BN+ IERE AR

- A R A AR L S A PR A AR B
s 7 7E RS R G0 W TG PR RN B U 3l 7 1
WA EE A A, T AL SR — A bR L
Xof 48 v iy o R RE i Ak R A G EEAE A L LR T RN
A DL FRAE 4 56 7 Ak i B A AL R B L 7 —
FEEE BT DISRAE H 300 U, HIEREEEG = 5 + ik
EFA LT P T LA e 4 M8 HILRR AR 2R L A i AN o Ak
(R, B R RAE 0 B R .+ IR 7R A
G A AL E A B R S EEAEH. A
[vi) A 0 6T 4 ST P 1) S A AR AN TR AR
FSE B ] DL e ) AU SRS M T
HIFEAR T AL SR TS PES . 2R R RE R i
Wl DR 6 | £ A 3% O B R O M KB
EUURIESE K B, TSR 6 5t i v M T L
Fdie g 3 TR B 4 7 DT 4 v IO I R R
PERIRCR e ol W . DAFE RO 5E 0 1R & B, 7E A W)
FA AR R VT 9 il 3% e 1 A8 B BAOAS ) L [ e A
B A R O 1 ZE AR R e AR R Y AR BESE
Fof b g R S R BB VY B R OK RS, £ Sk
ST R il R R 6 TS 1 21 B4R T X 020 em +
2 R B KT 2040 em )2, 3 HIEAR
Az I PN T O O TR 7R 2R K RE S B Tl T A A B A
[N ST =R R I F=PR G ok UK =R (=31
P T TR T R e . RS M RN AR
a3 BE AR ZE 1 AR A A I B R 2R R
RS SR 4 R — 5,
4 45

) PR O J5 %ok 4 32 B8 AL 5T 7 A 45 R R i
B K R pH ORI T 3R B AR K DG i 2 TR
PRI R AT 0—20em 3 pH BB B AL T 20—



% 6

S 08 A5 < PR AR 0T ST A U R ok RO Y B 2 T K 4 S T 401

40 cm, g P B R S8 VY BF B OK B AR R E RS A X 1 4
pH H R 5 B, i e S AR ORI RO B b, 3 A
WO+ F R 4 CK 3 8 3 B A, % 2040 em £
JZ RO T 0—20 em + )2, Hip 8B 8F £ ok
ROR BT

(2) R AN [) S0 B0 4 8 3% 43 % 1 A ) b ko
0—20 em HJZFCRM T 20—40 em )2, Hip + 1%
AL A RO A W AR T (B R
RO s IR, o il S A AL BT A
TRRGCRE B 1) 10 A Al R ROR SR B T e P
O b 58 30 A SRR S A RO B A

(3)4 P AL B AR AN (] A 30T PN X 4 8 il 0 M 1) e
e AN ) 6 A5 4 B B 40 4 498 i 0% 1 e i L A P X )2
IR KT R 2 L 3 MR AR CK 8
P E IR T b S AR Ak S | TR DR 1 1 3
S e v R gk A Ak S R R I T S e R K

SR b, 3 Bl R AR B0 0 i 1A £ e - 18 2 A B
P 0 R AR, ELASTR] i 0T R B 1 Y e R OR A
W 2 S, ELAR SR B A i ey 3 > ey PR > AR U B ROK
LS R,
5% 3

(1] AECEC R 08 S 3 = A w5 T
TREFIE R RAFFE L] 3254, 2017, 54(6) : 1377-1385.

(2] bk BESRIL, EAHF, S p BB R F 5T i A B
W5 R[] HHE2H,2022,59(1) :10-27.

(3] OME, BT 5, S50, 45 36 VA1 = 1 I R B i AS [) g o A5
SR R Bk N [, 8 R AR B . 2020, 31 (4)
1323-1332.

C4]  rptbrpge B 45 . vh 3 op e ([ 55 B8 6 T AMUAF 2022 4F 4
T HEHE 2 A PR % 8 TR /Y 3 WL LEB/OL . (2022-02-
22)[2022-04-01 . Hp 3 e [ 55 Bt L 2022.

(5] FrHafs, T A 8. NyPa 55 X 52 i 55 5 Hh + 5ok R 200
T[T ], E e £ iz, 2021,37(24) : 67-72.

(6] HHPAE, PLB B, 45 A b £h e DX A AR PR - S8 35 14k 12
TE M REVE AR [T, 58223, 2020, 57(1) . 217-226.

(7] BAZE RN, R A 58, 55 JF B 41 BT 3 T = £f i 45 i
My - 398 BT & s e [T, H A= iR . 2020, 57 (4) 1 824-833.

[8] Xie X F, PuL J, Wang Q Q, et al. Response of soil

physicochemical properties and enzyme activities to

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

long-term reclamation of coastal saline soil, FEastern
Chinal J . Science of the Total Environment,2017,607/
608:1419-1427.

Zhao Y G, Li Y Y, Wang J. et al. Buried straw layer
plus plastic mulching reduces soil salinity and increases
sunflower yield in saline soils[ J]. Soil and Tillage Re-
search,2016,155:363-370.

BEY, EEFE IR B LB RUEgRE R oA S L
Pk AR B R [T ] AR 522 2475, 2013, 32(9) : 2245-2249,
Peng J L, Lei W J, Huang ] C, et al. Effects of straw
covering and different types of potassium fertilizer on
salinity accumulation in surface layer of tobacco-plan-
ted paddy soil[J]. Agricultural Science and Technolo-
gy+2013,14(6) :905-910.

T S U T M U DA [ R Y i % A R T R 1
W [D ] g AT g AR KA, 2011,

XUHMENRE , T 758 00 B, 48 g 4k 11X 4 Fif e TR it 65 A
Yy B TR BARFAEL) ] 1, 2017,49(4) . 782-788.
TR, TR UL A8 BT S5 U U U b XA [ AR B 1
TR R A B B0 FE P K Y R A L. A M A
2012,20(2):318-323.

Yang H J, Xia J B, Cui Q, et al. Effects of different
Tamarix chinensis-grass patterns on the soil quality of
coastal saline soil in the Yellow River Delta, Chinal J].
Science of the Total Environment,2021,772:e145501.
W LG OV L SR R B b A [R) T R R AR A
TSR S A AR L] E AR 2 4, 2015, 31 (18)
168-172.

R Je s B A, SRR IR L A5 AN TR I 25 OGS R 58t AR PR
SRS S WCE R IR R [T RS
2F 4% .2017,37(5) : 1659-1666.

B R I ORS8N R R e - O
it 5% R I S IO B 2 AR B S me L DL 0 T A S
#.,2020,31(12) :4243-4250.

BB, B [ ST, AR UL L A B S RS R RIRI 5 R X A
- it A Al T S O A R e [T . b [ R b
#2,2014,36(5):95-100.

T T I & 0 4 L g A, A T 4k R i 2 A ) R
Vi LG VRO ST LT 1K b AR RR 4. 2015, 29 (4)
311-315.

TR, S I RRAR AP DB M e R ) - g R
GyZeAr g A nma pE LT R M 2R, 2020, 42 (1)
127-134.



