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Abstract: In order to study the effect of amendments on infiltration characteristics and water and salt
distribution of saline-alkali soil in Hetao Irrigation District, soil column experiment was carried out under
five experimental conditions: control group and two contents (1% and 2%) of two modifiers (biochar and
desulfurized gypsum). The results showed that; (1) Compared to the control group, 1% biochar made the
infiltration time delay 8.9% , inhibited water infiltration, and reduced the amount of cumulative infiltration
on the same time, while 2% biochar firstly inhibited and then promoted the process of infiltration, and it
made the infiltration time shortened by 35.6%. Both desulfurized gypsum made the infiltration time
shortened by 91.1%. They effectively promoted water infiltration and increased the amount of cumulative
infiltration on the same time; Only 2% biochar significantly increased the final cumulative infiltration by
62.7%. (2) There was a power function relationship between the migration distance of wet front and time.
Kostiakov model described the relationship between cumulative infiltration and time better than Philip model.

(3) Compared to the control group, only 1% biochar reduced the soil moisture content by 2.7% after
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infiltration, while the other treatments had varying degrees of increase. The two application rates of biochar

significantly reduced the soil salt content by 28.5% and 52.0% , respectively. However, the two contents of

desulfurized gypsum significantly increased the soil surface salt content by 184.3% and 403.7% , respectively.

The 2% application rate significantly increased the overall average soil salt content by 73.0%. By comprehensive

consideration of the infiltration characteristics, soil moisture content and desalting effect of each treatment,

biochar under the content of 2% is more suitable to improve saline-alkali soil in Hetao Irrigation District.

Keywords: Hetao Irrigation District; saline-alkali soil; biochar; desulfurization gypsum; infiltration model;

soil water and salt distribution

Wi 5 0 Ak 2 0 U I R R T KOG K U 1) 7 R
Hzsdgm, MEEKAENKE 3 MEREEXZ—,
T B R SR AR 7 e, H R K B R 90 % DL
o ARAEY A K . B R K e TR S DR
T ERE X AR 5 K M 5.2 X 10° m® Il & 4 X 10°
m® W DK G R A B N IR . 5 R, K
R A AV N b A v 1 2 R LR A 2 - R
B A R U A Ak ™ L D LB R $h Ak 1 L Ak
WA+ RATE AL R e Ak o R R A A )
2 R AR L 2 R T AR 69 Yt T
DXL B K ) b P 7, k5 b TR R AE S
P AT AL K5 U e i B - R ER AR Ak 2 A ) M B
2924 Rl 1 2 R P LR AT 2 X K - R
CRIARESE .,

NGRS K o Ko BT B 1 B 2R
A LATE—E R E 520K B 5 0 ) AR B ik ke 13 v
PRI T v B ok v o ke 1) — R 37 Il i, PR b, SR BB it
e K A B RE T, A T DXl v R 2
RIBWARGER ., Ho A R 2 R 4 BERe 4
o IR K RE T R R — o R el 1 S R
FERREETY SR BT EWE XK 9 IR AR 1 s
o AW AT AR R E 0 R R
AT MRS AR EE R VR T Iz | ¢ 60 30 08 45 5 N, Jfe il 28
Ut S RS Z HmAUN, fE e B 4
AARK WS A B0 4 2R T N

Az Wy i e — i i B O Ak AR B s i [ S
P A= ) 5 A TE v TR R G R R A SR 1 T S e A i
BACTE T . T Ak RE R E R A L
FURLAR 20 B, B 1 o+ 0B K M B2 K e
JIRY R R R RE X R AR A A B R A E
SR RE MR . = 5 T ZEWRSE 6 AR W ke U i it
Xof IR 53 A B B 5 e 5 B A e A I A -
ey e & BRRAG &, WG AW 5 3 im0 1 K
T T A 3 A8 2 R 0 % AR B e B s R R B AR
b B ST AN [ 48 o 14 A ) e X S Vg R L JROK A B
FRAE 9 52 ) B ¢ 0, B B A 00 ¢ U TN 6 18 31 K T T
Bam B I RS A, A8 3R AR, OF HAE W) ok 0y it in

WRABIE R IS KGR ZER 0 m T i
B s Cui % WF5E 2 B, 25 9 o mT L ol 5 66 o 4 14
BT, B e IR B ) BRAR R VR R . el L
A= W) 1 AE AN TR) it FH 2 T 6 = 48 1 A8 R R K R 4y
A3 7 A R 5 W A ] X6 AN [R) 48, AR e UK A A
BAATEAE SRS 2 FhoAH R 9 4E M . B H BT TE e R 32
B 4 AH DG B 5 v, R AR W e R At 2l R 5] A X L
W T AR 2

TR L A B A K B AR IR T A R S R
SRR TRE £ A N = = X N I B 4| e S = G SN
BN R CaSO, il CaSO,™, FFH B A B R+
s+ 20 g 90 AR, AmFoe i 4 EE 2R+
e, i HOO B A 0 e R SR A TR R B B
JR A A A B R ) R B e A A R Cat T S
3 Na© (152 3, AT 2o 36 55 B+ 19 25 44 il e 5
BN A K PE , Zhao ZET BIFSE A4 Rl )
A 5 %o PN 5 oty i DX R 3 1 S5 %) e A B L G
A B A 35 4 e 5 30 AR SO AR I Y
5 Fh AR A it HH e T R LK A A BRI Y
SO 2 R BT, WA A T AR 5 %038 i He i T B g i
TV Vg M X R Bt P K 4338 B 5 A 2 A AR B 5
Bt A0 B X IR AT ER A K R A B 3 R 5 i & B
A A B 5 5 AT AR B b K A A R 1 i
LA, o 1.5 %0 1 2 96 it & X IR AT B e R
AP RIRCRE . AT DL B A E R R T
AT (14 BF 9 32 A vh A A ()it ] RUBE | i /S
TR A8 2 AR AR ] B AR R 2 A -
B i ER RO AR, HAH G s b

i e DT NE /b ) ek = & K (E)
EN T e = I e sl o g A P e 3 A
ZEHUAHAR AR Ji LD oy 45 X v 2 6 - A e
R s LA S —F AN ) it 5 B X6 21X b B b i+
TR AB FKER 73 A B RACR B9 XT He o3 B, PRk, A
FEil it aE P HR AR — 4 e K Sk R BB L ARl
RSB BRAB S RS K E R 11
T Eh o AR IR S TR 9T A W e R A A B A S [t T
S IR X Y] 2 9 X e B R il = A 9B R I R K R 4 A Y



298 K PR R

o537 %

S, I3 AT Kostiakov #5581 Philip #5711 &
P, B 724 o0 & 38 1 o0 R 390 B0t &, i &
TR DX AR B Y ol R AR R AR FI R 2%
1 MRS gk
1.1 ks Rl

MU EE T N 5 A YA IXCE i R T I X
BB S (40°46'NL107°24' E) & kA H 5 g/ L MU
IKHEWE 3 AR5 AL FEAY 020 cm #F)Z SRS I BURE 1
HEATER A, R HEEUA S [ AR T 38 2 mm i, 25 BR AR
A UL ZR 5 4 5 J5 B0 T B Ak . - A
e+ CGRIRE, R, R Y % 1 53 90l 7.69 %6, 62.38%4
29.93%) A H R 1.4 g/cm’ . HLFHH 0.903 mS/cm, pH
815, HIEESA A 5.08 mg/ke AR 9.12
mg/kg, 2R & 0.49 g/ kg AL E & 9.58 g/kg.

e AR Y ok B 1L T & FR AR TF & A BRA
Al DL E KA FT M IERE, 7E 450~600 “CF #E4T A 1
# R 5 mm i IR A A& L I pH Oy 8.86,
PG A1 F S PN 52 A Sk T RS B R R R A
H.pH & 6.93, H F %Wl 4> & CaSO, - 2H, O,
CaSO, &t > 85%.,

1.2 REiEit

FEWRE T 2021 4F 10 H 71 B Ol KAk A
5+ K TR 2R B+ HEY 5 VR ) L mh S0 56 = R AT
DAYAT 5 3 DX 32 43 A 1 v B R e Sk 461 R AT 5
FREFE 1 e AR 53 bR B J o0 b o 0K B H K B Y
3 A A A R R e R T A R 7E BT E R R
U NaCl 2 20 b Eh adt + i B2 4 (1.67 mS/em),
e S WA B RS T R E A
LYo 25 M asn b i 5 - HEEAT B 5 R AL 4 B
e 43 50 A0 24 F 15,30 ¢/hm? A4 H 8] 3 56 it FH
W E 5 AL B AR AR+ (CKO | BE 2R A £ 7R
1% A= e (B (H FE FR A - s 0 2 %6 AR 1 ik (B2) .
rhRE ER R TR 1 Y0 BER AT (G v B e S
2U MR A (G2 AR 3 AMEE ., EHNRE
F RS BRSNS 9 emL FEEN 60 cm 1Y
A DL 2 - m S 40 em, PRI AT TE
PR T A ML bR LA B Lk A RE ONE , FE A I
BOLJZUEAC I 200 HEYJE ML JKFBIEA 5 cm 9
PR Yk 3k ) A SR A ) R BB AT 5 5 020 em +
FER T HERE RS 1.4 g/em’ B LA ERZE 5 cm
A PR S RS ERTITE.

x1 TEHFAUEENSRE
b B D 1 R L Gl A .
I /em fhit/ % (i%ifw Sedhit/ % (mf%iiw Sethit/ % (mf%i{I)
0—20 0.20~0.40 0.70~1.24 0.40~0.60 1.24~1.77 0.60~1.00 1.77~2.85
20—100 0.15~0.18 0.57~0.65 0.22~0.79 0.76~0.94 0.40~0.65 1.24~1.92
FAFEA RS RN 7 em. 50 em 9 — kO
PO T - AT IR o K Sk o P
R 2 o, T AR 68 I A9 B 5 B4 - TS 4L L
"N b e 1 e 1 e e A e HLE /EEEJFE
N ANFLIEAT 35 45, DA/ 26 2 A 1B I 0 B wE  WE
WA R 1 00 6 449 W 45 20 190 984435 ) AR / [ wsm
JRU, AT o i 5% 269 3 S B Y 0 T [ L \ P
R 00K 37 200 B2 5 LG BT A8 5 4 00 98 4 1 3 4 TR - , et
TR AB SRR, ABERE fr LAERE 24 b Wi ﬂ
5 A A JE R W5 K 4 B A i 1L P > gl
E K R A A B, AR TR LI 1, 4 Bk Ls;
1.3 MEmMBEA* +3
SBUATS BEIOIISE 0 R0 B AR ) A5 ] 5]
7 UK (5 7 LA B S A o - {
[(t)=A,(H,—H)/A, (D Sem ] .

AP TONEIEABREFHABE (cm) ;A FIA, %
SR T EC A A A R AR A Cem®) s H R H , 43531
Ay G A A B I TE] Y K A7 R R R AT AR K A

B C(em),

BH1 RREXETE
D 109 5 1 A% R R A I S - A2 U T I I 4% IR
SR B R 7 bR N B OO O
SRCARI R IS B] 10 s R B R . iR AR P R R



519

22 IBUT A AN ) R AR 2 DX R 0 A R KK R 4 A 1 5 299

FE I 4 A7 1] 43 512 IO 1 4 52 A B S O B
EIMEAE R e LR B R B . MR s B R
BAE] 40 cm B, AB I BREEH AF 1R 0 SR .
A TR A I E « TR D i i K
SR A A FRER 10 g KT R4 K £
o5 1A 50 mL &8 oK, 78 15 i I8 3% & N L
180 r/min % 4R 30 min J5 . FIRE G 19 £ 250X
(SG23 B E B R (EC) , FREF L G R 540l & £h
i, HARFE AL 2 O
2=2.160EC+0.303 (2)
Hf.e FEEEEE (g/kg);EC 2 25 C /KL
5+ 1B HERERAHEFFEME(mS/ cm),
1.4 NSHEE
R T VAR S [R) 2B W e e Fd kAR it AR
AB R A 5E PR, AR 3% B Kostiakov & Y Al
Philip £ BRI 4 3K 43 A B 2 .
(1)Kosiakov ABHERI NN .
I1(t)=K¢" €))
AH TONTIEABEBRABE (cm);K WABZ
B R WABIEEG e I AB B (min)
(2)Philip ABEIRIANAR .
I()=5t""+ At 4)
AH TONTIEABERABE(cm) ;S N IR
BR(em/min™ ) ;A HEEEAB R (em/min) ;¢ A A
BIFHE (min) .
1.5 #HELE
JIT AR ¥ R 3 Uk B A RS- Y (E L R 56 B 1 B
i3 Hr ¥ 7E Excel 2021 F1 SPSS 13.0 48+ %k 4 o ik
17,38 3 Excel 2021 3 FXF 4 58 A 8 F7F 2 FK £
3 A R AT M o B e 4: 1L HE SPSS 13.0 B
SR FH B PR T 28 40 A 1 6 A ) Ak 38y =X 1 B8 a0 AT
B EME RN,
2 HHE N
2.1 AEMRFLIEXNRDESHEHEIE
Wi REABSE D E YT R+ LR
T BB EDUR B W 5 /R R 1) 18K 5338 SRR AE
25 kb B ) TR B A2 RS RRAE . i IR 2 R, B AOR
25 Ab B ) T 5 S IR I T ) SE G T3 K L i RS
T I Y V) A A B R R O T e L H 4%
Qb 31 32 78 1% 0 B I R) 28 AR RRAE A T ARl . CKLUBL,
B2.G1 F G2 Kb B 1% 1% 108 8 31 3K 4 F 5 B F A [a]
4351k 8 100,8 820,5 220,720,720 min, Bl &b 3 4H
H CK Ab B 3400 8.9% , B2 &b 38 AH Hh CK &b B 47 45
35.6%,G1 Fil G2 Ab3AH b CK Ab#EER 46 % 91.1% .
MABEE R 720 min B, CK.B2.G1 Fl G2 43

B E BB /9 17.35,17.68,40,40 cm, B2,
G1 A1 G2 b FEAH X F CK AR BRA 534 T 1.9%6,130.5%
F1130.5% , BLEE G1 FI G2 kb B p 2 9 £ B 20958 7 2|
B 59 o 0 e w3 ol N 2 SR TR DR B (S
B2 AbFEAI CK ZbBRAE 720 min 2Z 1 A4 1 18 45 35 # B0
B M IR A AR L, 2 A B B EFE 720 min J5, B2
AbFRAE CK AL FE A AR MR s B E A . X R,
AR A AE 100 2 00 BTSN T AR AR K AR i K 43
T, H 2 Fits B 22 AN AE B 25 L 2 VO U i
(8 A 0 ¢ A6 B TR 0 B R BB o R 0 A P AN
KABTEAB 5 0E 3) — & 2 S AE T, X —F A8 K
HERERERFRGZM RS, NEARKE .,
AH TRV B[] P, B Ah B9 382 108 45 52 6 I g L A 76 B A
AB BN T CK AL, X UL AE Y A 1%
TR B R oK TS
A ¥ B 6]/ min
0 1500 3000 4500 6000 7500 9000

B 2 R0 ) 0B A I 38 $% 45 7 BE B A 0

E— 20 X #3278 E B 5 I ) YOG R AT 4
BRI EHTE RN R RSB,

H=at’ (5)

K. H WBEEZHEERE (coDst HABEHE
(em)sa b NABWSEEH Y,

r 2 2 P, S oA IR G A DA () e R R 2%
Jiti FH R SR Ak A B I A s R I A, B R E R B
(RO IR T 0.98,
2 FMARMRAEHECBEESASHENER

H=at’

Ab B ;

a b R?
CK 1.7445 0.3487 0.9984
B1 0.7361 0.4194 0.9853
B2 1.6589 0.3654 0.9926
G1 0.7847 0.6025 0.9989
G2 2.0259 0.4503 0.9984

22 AEAMRFILEWNERNEENT N
FRABEEA B i i £ A 3R m A
(K A28 A i B S8 I A K B AR E AR R
ABRFKFR LB RS, B & 3 A, B
) B 4 B, 25 Ak B %) SR AR 15 R 2 g 5 I
il / I BRI S TS [] o5 R R0 3 B 2 R B B



300 K PR R

o537 %

WA AATE . ABEHAI<<120 min B, 452 KA
ImE e N B RBA B E, ABEHTE 120
min J5 . MR E N G1 f G2 A3 BFRA B B
T CK 4B, HAE 720 min I 1k 3 % K, H iR & B
ABEYS CK ALH AL, H 2 B4 &%) Jo i i 22
S, SRIMAE 120~720 min Wy B, A0 [ B[] Py B1 Al
B2 b H i 2R AB AT CK LB, 7E 3 420
min i}, CK.B1 il B2 4b B HFLA B =4 5]k 11.10,
8.05,19.76 cm,B1 AL HEAHXT T CK 4 #E k> 27.5%
B2 b #AR X T CK 4 HEHE fn 78.0% , v] WA B J5 1)
Bl 23 BB BT CK 42, iy B2 4By
ERABRE CK A#BA RN, XFW, 1% M
2 0 S A 1 AR A1 B AR RE N PR A3 B A B U 16
TN 0 08 A2 0 e A K 3 R AL o B A2 B AR L T 2 %%
TN 0 i 04 A2 ) e AE N BT K 5y A8 A8 JE
B A2 K o AB I BE . 78 A B 45 AT, CKLBL,
B2.G1 MG2 ZbH i RN B 55518 14.50,14.19,
23.60,14.78,14.19 cm, H:Hp B2 % CK Ab PR & &
B SR 62.8 03k W], 2 6 U 2t 1) A W) 7k g
BB 3 RRA B &, RGBT RAAB
AKX,

24

=N
N O

ARANEE/cm
o

15I00 30I00 45I00 60I00 75I00 90I00
A5 1H/min
B3 FMARKRAMEBRNEBHEM
23 FAEMRFALETEEHEEBEEN

BRI EZ REAB ® M A BN IFE
M, - B A B RN T £ s B I AR BE
P TE) (7% 7 PR B e AR T L 3 Bl I8 I ) AR AL At 3
FEAAA , B AHEWT — H AT SRR, T &5
Brw & O & Pt B TG

H=cl+d (6)
KfH BB HEBEZHER (m) ;T HRHRABG
(em)se.d HILESEL,

M2 3 AL AR E RECRD R T 0.96,
CK.B1.G1.G2 b H iy ok & R AL (R TE 0.99 LA |,
HALIE o (HIKTF 0, HBR B2 AbFEAL , 45 4k 2 1) #0175
SR W B8 BIAE 2.67~3.06, 142 &} F k5 3

[~
R e

ZEM

i X UL R A2 B RS BB B B Z AT AR R
U PO IE AR DG 2P O AR, 4% A BB ) SR A
B2 Kb B AU R AT B 2%, 02 IR Oy 2R Wy v R
K BUAE b R L B2 A DT 5 i 3 1 £ 02 B
HE S RRAB R Z AR RAR,

£3 TARRALETEHEERERSRANSENLR

H=cl+d
Ak B
¢ d R*

CK 3.0538 —5.3275 0.9968
Bl 2.8669 —0.0415 0.9955
B2 1.4935 4.8654 0.9637
G1 2.6791 1.4358 0.9992
G2 2.6958 42.8725 0.9944

24 AEMRFLETNSHEIPE ST
O H Y R A TR BB AR LA 5
IKAF ANB I & Tl A B BRVERA A [ 3k . Sk
HE— LR R T AR S S, AW 58 43 51 %
Kostiakov A3 Al Philip 242200 3 BRA B /A B
Af ] Z [8] 1 5 R AT IS 0T U S A5 R LK 4,
T4 2HMABARSHNEER
Kostiakov 74 3¢ Philip A3
k n R? S A R?
CK 1.6980  0.2287 0.9912 0.3445 —0.0023 0.9514
Bl 0.2436  0.4287 0.9820 0.1392 0.0001 0.9917
B2 0.2238 0.5434 0.9933 0.2540 0.0013 0.9957
Gl 0.0976  0.7866 0.9910 0.3298 0.0084 0.9973
G2 0.3511 0.5582  0.9977 0.3879 0.0055 0.9988
FI A Kostiakov 23 2 & A Rl AL B3R 58 + A B 3
T, HuE RBRHILE 0.98 LUE AR A
oK (ERE 1A B R R I A B K/NEE
B P e K R g | i i) 3 L R s b Bl £
B K BRI BG AN, b P L JoT A R B E, n  BR
K, K HK/PNELEN CK>G2>BI>B2>Gl,n fH
K/NFKZFE N G1>G2>B2>B1>CK, o] Wk B
e K HE/NF CK A3, n H KT CK 4B, X
Wi T 0 R R RR A L A A K A AL B R AR
) R DB R B B AR, S R K A A B R
Philip A ZUHIA 45 8 L B CK AL PR B 2 R4
(R*)H 0.95 Ab, H A 45 Ab BEAY B 5 R EL(RDO #R T
0.99. MEH R R, AXHH S KRB R, KBt
R AB B TT, US I AE W ok 23 0B SRR AR TR
PIBEAR A7 B R W 2 85 i /0N, R i B A8 ) 3
Bl #1 B2 &b BRANHIK 4 A B fE LT GL A G2 4
BXTKAABWRSERRNHBHRL., A BB
AR, B 3R B AR R 9 A8 R it N 2l B S AR
BARYRT CK AR, 36 i FH o B R e 3 o + 5 s

b




519

22 IBUT A AN ) R AR 2 DX R 0 A R KK R 4 A 1 5 301

W B B ERE . G1 AT G2 Ah BE % 1 F A 38 R B 2
KT Bl Al B2 Ab B, 3 02 W6 A 7 5 4 W) ok b PR s
A B EAFE 22 R . {3 CK AR B {8 R 8K,
5 SEBRRAF B Philip BB TE I 10 2 5 X 3L
K5 A B TR R
25 AEAMRFILEMNEFLESKENZI
Bl 4 N AB SR G A F AL 24 1 )2 1AK%
ARG Bl 5 R FLA EHEEA B S L5 L2 &
KEERTFIRZES KK, £ 020 cm + )2, 45402
() - 38 5 K R A A LA AR AL, B 2 R R R 2
AL AR AT H, CK LB, B2.G1 Al G2 4b B ()24 %
IKFESHIN 21.0%,20.7%,21.7%,21.1%, 21.5% , 4 &b
PRI 22 57 (p=>0.05) . FE 2040 cm £ )23, e
YR ) IS KR A AL S 020 em )2 AR .CK.B1.,
B2.G1 1 G2 b3 5 K 245351 16.6%6,16.0%
18.8%4,20.3%,20.8% , A WL, G1 Fl G2 4bFifig W F 4R w5
TR Z & K F(p<<0.05), CK.B1.B2.G1 Fil G2 &b
PR TR A2 5 K 25351 Ry 18.86,18.3%6,20.2%4
20.7%0,21.2% . BMAIF , A Bl Ab#EAB 5 T 588k
SRR CK AR T [ 2.7 %6 HAaxAb 3843 51l %¢ CK
QPR 7.4%6,10.1%.12.8%

EKRE/ %
10 15 20 25 30
0 T T T 1
10 }
g
2 .
\ 20 - CK
S —— Bl
il —o— B2
Hogo L —o— Gl
—— G2
40 -

B4 FAMARKRAETREKEREN

26 AEMRFILGEMASZELESHENTMN

TSR R EY A K EER R,
SHABERIEARIMIES +E L EES BN
AL , [ T L) 4 5 9 55 2k s ) 4 5 b
(3.91 g/kg), £ 0—20 cm +J2,CK.B1.B2.G1 #i
G2 Ab PRy 78 % $h = 43 0 o 1.08,1.10,1.07,
3.07,5.44 g/kg.Bl Fl B2 Ab3 5 CK 4b ¥ TG i 2% 1
ZR(p=>0.05),G1 Fl G2 kb BE4» Bil%E CK Ab BR i 3%
PR 184.3 %1 403.7% (p<<0.05), 7E 20—40 cm
JZ2.CK.B1.B2.G1 fl G2 4b ¥ + 3 - 35 & +h & 4
MN 4.54,2.92,1.63,2.73,4.27 g/kg,B1.B2.G1 Hl
G2 Wb H g CK AL B4 Bk /N 35.7%,64.1%,39.9%
F1 5.9 %, XU B 2 Bt FH S 09 A2 B R B A A R
REFRAE LIEVR 2 & 3h & . Bl FI B2 4k B A4 1 3 k& fk

TR R 2.01,1.35 g/kg, 8 CK AbFR 1 1
HERARS A b (2,81 g/ke) 43 9 i FEAIK 28.5%
F152.0% (p<C0.05) . HH LT UL, Az 9 ik i £ 1= 46
IR ER AR, HL 2 Y0 A e U o JBE R AR T
G1 Fl G2 AbFREY IR AT 35 B Eh i 431 2.90 .4.86
g/ kg, B CK LB I (A7 18 5 3h i (2,81 g/kg) 43
S 35 3.2 001 73.0 %0 (p<<0.05) » A I it FH B 4
A1 AR R B A A ) L DA G B R 35
e E 4,

é‘ﬁki/“ (g*kg")

0 8
0 T T T 1
—»— CK
g ol D\ T Bl
@ Ht —o— B2
% 20 | —— Gl
]IiH —— G2
i —
P
40 -

Bs5s FMARAYMRAESLIESHETL

3 W

PRIy e W L B L IN L LAL
TEAEESEPE . TR 196 2 ) 5% fl Wk 28 2 1 6 10 325
R ELE G 2 A S it 3 15 28 0 % 00
OB TR 126 6 FF Rk 1 2 ) % 4 0 F T A5 45 38
e — 30 1 9% 1 TR TR AT O e 2 L 2 9L M i 0k
Ty Bl T IS W 82 (EL BB B - 8 10 o AL SR D I A
LR 2 3R 5 RS R R A L A
16 T AE IR, B 00 B 4 0 M L 3 7T ik 5 BOK 4 G
I3 S 0 S5 T 2 %6 2 K A
5N I I 0 S R TR T K R 4
BUAB L B — 0 5 250 75 450 R T 38 460 1 5%
LRI — 5 58 PR T B S - HEK 0 T 2 9 D
bR AR I o WA T 5 0 AT 50 o 2 e o
Tk 8K 5 P K 53 9 L BB L £ K 4
A RE S T W L T AT 52 P 24 2 4 3¢ ST B3 1) 2. %6
[N o S22 b 2 S L R RS R R A R R
7 H LM KR ) T B 7 A £ 3 R 0% ) %
K4 3 LR 4 58 1 6 G 39 - A AL R 3o
KU T R 5 A0 P K T 43 8L b ) 5 B 4 T
K43 A BRI S B4 S K ) B A8 T R, K
TR I A B B B AR L LR A 8 R 00 5% S
B2 4b A R 8 Ak T B Ab A9 5B R 2. VR N
1951 2.9 2 Wy b BI85 1 - 4 Ak A AL L
RV 0 5G5S T 0 2 b - J52 45 g 1 S 7 A4 A
BHE K. MM A 0 R O



302 K PR R

o537 %

X5 Zhang %1l Duan 5 1 BF 58 45 S 48 o —
B XS BT AE Wk 0 W B e B, b A R 4y
T W o ) HL 2 v AL v AR AR B TR HER
R B

JEEBRATE TE 1200 2 %6 Rt H B T #RRE IS R A B K
R R EOK R E B s R A AL B
PRI A BRE ). ORI AR A Y Catt
AR ER AR - i Na ™ 8 40 ok, 2l st DR 254, %
Na™ BORLEK L T & Ca™ BEORLBL K , 4819 37 7K P R 1
R, FLRSS BT AR A LA AL B b DO 00 32 7
I BEBR AT J5 RERCAS IR R C*  MTAT AN S3E K 43
T BHER, A BRI AL R P G A1 G2 4
PGB R K T HAb AL B B &R A 7 A0 i fif
BABRWN SR, X 50 AFR MY
WX R T AE PR 2 5 B0
IR A A 2 oK P AR B B N, K A A
Bl R AR L b — 3 43k A Bl bk v o i 4 4
IEE B RS e LR S I
4 45

CIHA X HR 2L 1 %6 A 2 96 8 in 2 9 JBE i A1
B AT AIAE HE N B T B R, 5 5 AH [R]85 18] R 1Y
ERAB R %I a0 A Y e RE D IR B T R
1L AR BEARAR B I ) R i RBAB &L 2 Y% i
(9 A= ) ekt RS A Se i AR 2E Y 2 5 4 41
A B AT 2 06 VS iR 1 A ) i R 2 R B
SRR 18 T, LAy 4% A B I T A R

(2) AN [r) it JFH 2 10 2 90 o 0 B8 A 5 B R 2R 1 T
- R A 2 RS BB 5 A R AT A T BRI B &R 5 Kos-
tiakov A B 15 A1 BE 3¢ 47 L 101 5 B2 BB B AN [R] A
KR BRI AF T Philip B,

OMEEF XTI, B 19006 F 2 09 2 9 e fili A
BG I 3 K R 2.7 HL AT 4 b B43 5 4 4 3
KB 7.4%,10.1% ,12.8% 3 1 % Fl 2% it FH & 19 4
Wy <53 Vo - 9 A R B RRAIG 28.596,52.0 %0,
2 0 Tit FH A 3T 1 o Ak R T W S LT 1 0 F 2 26 it
FH B 0 i A B (0 b AT 38 ko A i) e AR
B 3.2%,73.0% A+ 020 em )2 & ER 0
E T 184.3%,403.7%

ZEAXTHL 5 ML AN B R A BRI LS
IK L R RO L 2 96 il FH 0 2 ) e B 5E T T £
T DX P R 0 R, AR AR ST 2B I R [ it 1
A ) D R B A T X T 2 T LXK R K o A B R
KoK ER 43 A B 52 W, AH 56 45 R 5 ) IR L A T 22
5t AR S5 A TR — 25 T R S B 0 IE

SE

[1]

[2]

(3]

[4]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

X AT 50 45 R ) & HE X AE W) M 0K U Bl AR o #E S
AT HFSE RS LD]. BV 4 % VL AR MR K2, 2015.
T, S R AN S A X — 5 — i
TR AR L BRI BB AL ] KB 23k . 2020,
31(6):832-842.
FR P NS I X AL B s s R i S
[J0.5h K F,2019(15) : 40-41.
WAL IRIE, B R, SRR T R B X 4
43 o3 A B AR A i s ma [T ] 40l TR %4 L 2018,
34(1):102-109.
P T AH SRR koL A5 T B X S I X IE AR
A B sgmat 5E [T 1. 44, 2020,52(4) :802-810.
FEAAE, BRI, BIEE, 5B INA2E S R 0 b Bk 1
ABFHERIRTFFE ] K LR 55244, 2014, 28(1) : 31-35.
b J 0l O B TR R R Y e 2 2 3R X U g e b K B 43 A
5 /NE KB [D] Y% 74 % 8 TR, 2021,
X TR0 U A 0 e o h et e IR B 4 /N A2 AR KRR AIE
Wil (4 BfF 58 (DL VG 4« 74 242 30 T K 4%, 2021.
TR EE S B IR T Rk RAE I OF R [D].
o E R B B Y A B (AR b b 25 ARl AR A B O
) .2012.
TR RIS L BRI 5L AL B R e 4 4B v X A K
ISR E ER AR M), b E 35 AR 2019
(2):83-90.
Murtaza G, Murtaza B, Kahlon U Z, et al. A compar-
ative study of different amendments on amelioration of
saline-sodic soils irrigated with water having different
EC: SAR ratios [ ] ]. Communications in Soil Science
and Plant Analysis,2017,48(22) :2630-2641.
BB A 5 T A TR R R B R
[ A A - 9 52t Rl K3, 2018,
AR RS L R e B S AR R YD N B AR K
VAR K E KR L] B HE K 2=, 2021, 40
(9):17-23.
i O G SRR 5 I YA N R = G 1 5 2 -2
SRS BT ] R M (AR B RO . 2022,
62(4):735-745.
X% BB AR AW i 7E L i R v i 1
HERELT T K AR 5241, 2021,35(3) 1 1-8.
Wang S J, Chen Q, Li Y, et al. Research on saline-al-
kali soil amelioration with FGD gypsum[ ] ].Resources,
Conservation and Recycling,2016,121:82-92.
AR i B MG 55 A 5 IS kg 1 B v A 5
X K I3 A8 B d ok vy 2w [T ], 435 4 . 2018,
49(6) :1326-1332.
VEAE, A4 304, 2578, A AR W) ) 0T HE - K 2338 B



519

22 IBUT A AN ) R AR 2 DX R 0 A R KK R 4 A 1 5

303

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

R[] 35 K HEBE . 2015(12) : 64-68.

Kumari K G I D, Per M, Marcos P, et al. Effects of
biochar on air and water permeability and colloid and
phosphorus leaching in soils from a natural calcium
carbonate gradient[]].Journal of Environmental Quali-
ty,2014,43(2) :647-657.

S TR, A 0, A5 A [R) A W e S n ek L g K gy
15 35 R 1 5 i S AR S L) ] b R R A K A K R,
2021(9) :134-140.

X ER B0 58 SR S R0 AR W R O U T R 5T b R
KB FEAE R A 58 [T, i [ A 25 ARl 2 4 (rh 3
3),2022,30(3):1194-1202.

Cui L Q, Liu Y M, Yan ] L, et al. Revitalizing coastal
saline-alkali soil with biochar application for improved
crop growth[]J]. Ecological Engineering, 2022, 179
el06594.

e | i SR E o R T = ) A N L o ]
PRBERON [T K 2R3, 2017,31(2) : 317-321.

B I BB A B N A I R RS (DR HE R
HERH R, 20009,

Oster ] D. Gypsum usage in irrigated agriculture: A
review[ ] |.Fertilizer Research,1982,3(1):73-89.

ZEVE kR A, PR SF. - S H el KR xT B e Ak
Ak RACR ], 45 417 . 2019,50(2) 1 414-421.
Zhao Y G, Zhang W C, Wang S ], et al. Effects of soil
moisture on the reclamation of sodic soil by flue gas
desulfurization gypsum [ J]. Geoderma, 2020, 375:
e114485.

A3 SCHS 2% e Th, FLAEMT , 55 B0 A 7 T P A X 35 i
ORGP HSE L] ] R BT, 2021,43(9) : 110-114.
K7 EIMAG VSR 0R 45 BB A X O T R R K
AR IR [T ] 5 AR #F 5, 2021, 39
(3):179-183.

S b K R ER AT A% 5 1Y K I B R A Y
(ML AE ST A R R K L AR AE L 2011,

TRARLL, AU, TR, AE U K AGE T N A B Eh
B8 K 5332 Bl AR AE B 52 M L) 10K - R4 2 4K . 2016, 30
(4):130-135.

XU 2 L A A A A Al e R 7 ik o h B Bk
HIBEBHBCR R [T T B X AL #F 5T, 2020, 38
(6):183-191.

ATTE T - NV 518 7 ST @ =5 11)) § i B0)
FRALHE X Ak EE KRB B R (] K 1 R FE
R ,2020,34(6) :369-376.

FfE A T AR L S NG L SR W R EE AR K Ar A B R
R PERE I S M [T ] M BR PR 8% 24 4R . 2016, 7(1) :65-76.
R I R WIPE ARG A5 A R RS FF A W e k) 1 gk

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

S ANBFNZE R W L] ]k LR FE A4, 2021, 35(1)
294-300.

HH L BRER 5 288, A5 AN [R) oK B vk i Tt + A i 72
BRI ARFAEL) ] 232247, 2021, 58(4) : 911-920.

XU A B, 9 B 4%, S5 PE SO R K 4 A B
B R B A8 B TS PR PR AN (T, b B 3R 3R R 2
2022,42(4) :1795-1802.

kbR, 2K L 2 R K . e i A T PR 0 - S B
PERFFE L) P E OB ,2014,47(22) :4453-4462.
AEONFR, E BT, W A8 A it T O 5 B e g
KAFAB G HE R [T] 4l TR %4, 2016, 32
(14) :135-144.

AR AR o B, B 42 A ) 288 AL IR - 398 45 K AE T (9
WL ] A TR %4 . 2013,29(19) :105-111.

L5 e T R SCEE L SF S AR AR W R X Ky A B
B R R A LT AR SRAO B2 . 2021.58(7)  1217-1224,
T B, BRI B ARG , 55 AN [5] A= W it fn 4 79 L 2
KA A B H 4y A e v [T ] A4l T A2 2% 4, 2016, 32
(8):113-119.

Zhang P, Bing X, Jiao L, et al. Amelioration effects of
coastal saline-alkali soil by ball-milled red phosphorus-
loaded biochar[]].Chemical Engineering Journal,2022,
431:e133904.

Duan M L, Liu G H, Zhou B B, et al. Effects of modi-
fied biochar on water and salt distribution and water-

stable macro-aggregates in saline-alkaline soil[ J].Jour-

nal of Soils and Sediments, 2021, DOI. 10. 1007/
s11368-021-02913-2.
T35 A T R WO A IR R BT A BE T i 1 i 0

WL ] HE K 241, 2009, 28 (6) - 46-49.

FE AT VIR ZE A5 B A B T U X Ak R A
B RS FsE B 5 ) ). - 4R . 2017, 48(5)
1210-1217.

JA) B R M B A A T X O T e A BT K K A
AR IR [T, 10 PY AR B2, 2022,50(3) : 386-390.
Zhao Y G, Wang S J, Liu J, et al. Fertility and bio-
chemical activity in sodic soils 17 years after reclama-
tion with flue gas desulfurization gypsum[]J]. Journal
of Integrative Agriculture, 2021,20(12):3312-3322.
Wang ] M, Yang P L. Potential flue gas desulfuriza-
tion gypsum utilization in agriculture: A comprehen-
sive review[ ] ]. Renewable and Sustainable Energy Re-
views, 2018,82(3):1969-1978.

Li Y B, Xu QT. Yan S G. The study of improving sa-
line-alkali soils by means of the application of desulfu-
rization gypsums in Baicheng[ ] ]. Advanced Materials

Research,2013,864/867:1219-1225.



