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MRER B NS IE e ST A T, R EOREME
JH 2 8 B3 - M Ak 2 5, K A2 - M8 AR fole 25
Hay, DT AR - SR 5 B B R A )y A7 T R

AR 5 1 SRk RN BERE - TCHLE
AR B S mR AL, B RoK A
TR RBAIMERT . 3 PR R 2 M B DL

Peft, vRBHRRVEN, R AT ok 4 e e i *2,
R 1 SHREMK T RN R
Ak e EREB TN (emol - kg™)
pH {E -1 2- - 2- 24 2+ + +
(%) (g-keg') CO,4 HCO, S0, Mg Ca Na K
9.40 4925 9.67 0.05 0.48 12.12 171 2.01 1.73 10.50 0.07
K2 AEEBFE B EMER 1.3 5Tk
AR ARSI R 3 FhE BB R LB A H R IR A S, 3
RUBBRATR R (R A (FFOERR., R ER. ZEailh 28, 22, 20
;’; fmf(‘ :5':231 me e em) HOIBRHE A . B bR A R IR (45 8%
I (g - ke . 34. — - . Se vt .
B (mg - k) e o 2647 ), JE 48 h R AR H 2, ﬁ]?fj%ﬁ6*i, i
B (mg - kg) 0.38 7.62 1.27 *EW H %Eﬁlﬁj":’ FY361, /I\ALI\EELQ‘ 5 /I\EE ( 5
B (mg - kg) 50.4 147.1 249 o WEARBERRIE (26£25) C, &ERE

1.2 it

AMFFIT 34147 R, SRAMRA NG
B EERR . KR 3 R R [F] LB s 2
AN A TFRIECT . LA H SRR T2 P ki
55, WFSEANEIE A PRGNy it X 5 pH (B,
PRI Adh | EREEE . TR K. RERE K )
H2E iR r g, I g 14 b, Ak
P SANER . 3 FREEREL (T JSNiAE  H:
JEBERR  S: PRAKGR)) AEASALIR A it P AR 3.
*3 BSHRAERESRAENSLBERMEEAE

(kg * hm™)
TR R

A NS,
o :gg W gokn OR
T,H,S, 0.0 0.0 0.0 0.0
T H,S, 0.0 774 516 1290
T,H,S, 1290 774 516 2 580
T,H,S, 2 580 0.0 516 3096
T,H,S, 2580 387 516 3483
T,H,S, 2 580 774 516 3 870
T,H,S, 2580 1162.5 516 4258.5
T,H,S, 2 580 774 0.0 3354
T,H,S, 2 580 774 258 3612
T,H,S; 2 580 774 774 4128
T;H,S, 3870 774 516 5160
T,H,S, 2 580 387 258 3225
T,H,S, 1290 774 258 2322
T,H,S, 1290 387 516 2193

PREFTE (18 1.5) Co AT, &M 5 d#EfT—Ik
Dok (MR LK, M%), Pl 10d G T
KRGt P 40 d J5EA T A 3R I i S 3R
R B 250 ¢ 2247, MR HEEAEE A
SRT, B IS 3 Sl 0 (20 0.15 mm ), HEMNE
MR LSRR .
1.4 DEFeR SOk

OpH B - FREETHE (5:1KEH); 43 -
M BAREE - SN KA

QN\KBE T - I (5:1KEE) s
BT BT RGN BT BT
H EDTA W TR &+ H EDTA [H4#E4% 57
FEM FE T FER AR T IR S T BRIR
SR FHORUHE 75 55) o R 52 7

@+ HEA ML - 55 R B A R e B
fift A - B AR YT WO A AOEE -NaHCO, 12 4, 4H
BRYU I (0 HALHR -NH,0Ac 128, kM6
By BMESOKE - ML Tk b R R R
ME .
1.5 Bdnabsm sy Hr

IRIEEHEZE Excel 2010 2535, SR H SPSS 20.0
A X B #E AT 7 22 53 B (one—way ANOVA ),
It Tukey 35 PE47 22 5 W & PERG 56, Wb 3 1k /K
W E N P=0.05, [a] I & FH SigmaPlot 10.0 %% 4 i
TR, 2 BT b it I AS TR] e B R A< 7 A
O A3 VR B 6T R e e R RICR Kt H SR T Y
RN
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2 HRE5NH

2.1 B4 B NE X 3 pH (. L A4tk
A

X AN ) B 5] Tc it AR <8 B B L T R R
KR e R ER R - PO ST, 4% b B - 458 pH
(R R e g e e < B | S W TN )
M(THS, ) T3 pH(E M 9.42, #4403 + 3% pH {H
£ 8.63 ~ 897, SXTHEMILL, £5-40BE 1 pH (HIY
TR (P<0.05), BEIRIEEEA 045 ~ 0.79, F
R R B B AR TLHLS, b B, [RIEE AT DA

9.6

E J63 B8 PR A0 AR KRGt LA AR R L, 8
pH (I B 4R 2 JBE % 45 5 Bt A ST B8 0 (ToHLS,,
TH,S,, T,H,S,, T;H,S,) E&#i Ff% (8.97 ~ 8.65)
B A AR A R DR K R I L AN AR
A 0, e pHL (D88 R T K P 4 4
(T,HS,, THS,, THS,, THS,) 5 5% #i T k&
(8.84 ~ 8.63) ¥, PHULAIHN, + 4 pH fHFEAT
AR BB £ R R R A A e R X B
(ToHS, ) HIEBRALIE Ty 59.86%, 45 b B+ SEhd AL g
TE35.97% ~ 65.62%. SXTHEAHLL, T H,S, AbFH + 1%
BRI B F AR, TREIREE R 39.9% (P<0.05 ),

(a)

abc abe

T abc

20 -

WAL (%)
o ES
(=N

abed abed abed L
T T T cod

ab a (b)
l abc

T—?‘0107 ¢ . 2, ke
2t

4L

2,

0

ab
abc ? abc % abc  abc

N (\%"v SV SV \%'\/ %’\/
S STE

& Ky A\ KV A\
AR

N

v = N & &Y fg qc::,\ %
TS Y

Qv

B ESEmAERE/RREFEAMERLT pH B, WAENEERm
T AR NI NG FRZORE P=0.05 AT F 2B, T,

XTI (THS,) 34 &8 N952g- ke,
BB A A RAERTS ~ 1348 g kg B
T,H,S, 1 T;H,S, A F AL, HoAx & Ak B 4 3 4 R 5
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i (TH,S,, TH,S,, T,H,S,, T:H,S,) & & I I}
(875 ~ 13.48 g - kg ) #a#; MiZEMR DR, L
it EEAIAS AR B 0, 38 4k 0 Bt J 1 1 R £
JRFNBCHE AT 3 M AS AL AR AN, PRIeeT T, &
e SR G IN 3 2 S R AR A B AT G
2.2 A VRIESR it FE G 3R 3 B A5

X A [) L 48] e it 0 A M A R L S A R R
KFN G LR LB 7 E AL b T oA, &4k
P K PEBA H B AR b N3k 4 FioR . X id
(TH,S,) T3 K" & 58 0.12 cmol « kg™, 45403
+3Erp K S EAE 0.10 ~ 0.17 emol + kg™, B TH,S,.
T\H,S, Ml T,H,S, Ab B4, LA 4 Ab ¥+ 3 KT
HOREIRR BRI, (HERRER E KT (P>0.05),

X R 3R Na® 5 50 11.82 emol + kg™, HATAb B
+ 4k Na* & H#7E 9.44 ~ 10.67 cmol * kg, 5%
M TR T 97% ~ 20.1%, H P T,HS,. T,HS,.
T,H.S,. T,HS,. T,H,S,. T,H.S,. T;H,S, fl T,H,S, &b
PR Na' & i34 0 E PR (P<0.05 ), %R+ 4%
b Ca” &4 4.03 emol - kg;1 , HAAb PR 4 Ca™
SRR 580 ~ 14.98 cmol - kg, 5% IERAR LI T
439% ~ 271.7%, HI& THS, LbFRAN, HAKbHE +
Herp Ca™ YR ERIN (P<0.05), %I 1k
Mg2+ ErH M 2.09 emol - kg_1 , HAAb PR A g Mgz+
SHRAE 2778 ~ 527 emol - kg™, SXFHRAH LI AN T
33.0% ~ 152.2%, H T,H,S,. T,H,S, Fl T,H.S, &b
- MR Mg S ERN (P<0.05),

x4 WEERBASEHESRENERAX LERESTHRM (emol - kg™)
IR EBH B KA BT
i

K* Na* Ca™ Mg’ cl S0, CO,"+HCO;
THS,  0.12+0.00ab 11.82+0.34a 4.03 £0.12¢ 2.09 +0.27c 1244 £02labed 03200l 0.56 +0.05a
THS,  0.10+0.01b 10.67 = 0.44ab 5.80 + 1.31de 2.78 +0.20be 9.73 £ 0.41d 0.40 £ 0.02¢ 0.44 +0.01b
THS,  0.12+0.02ab 10.24 = 0.47ab 9.05 +0.10c 3.45 + 0.62abc 11.20 0.75bed 1.74 £ 0.11cde 0.45 +0.01ab
T,HsS,  0.15+0.00ab 9.92+0.22b 12.87  0.45ab 3.61 +0.01abc 11.97 +0.24abed  3.61 +0.27bed 0.47 £0.01ab
THS,  0.12£0.0lab 9.67 + 0.47b 14.11 £0.12ab 3.12 +0.31abc 10.08 = 0.90cd 3.39 £ 0.23bed 0.43 =0.01b
T,H,S,  0.14+0.0lab 9.50 +0.28h 13.80 = 0.33ab 3.48 + 0.27abc 11.43 £ 1.29bed 3.49 £ 0.65hed 0.41£0.01b
T,H,S,  0.13+0.00ab 9.53 £0.25h 13.96 + 0.27ab 4.48 +0.34ab 10.81 = 0.88cd 3.46 £ 0.25hed 0.39 = 0.02b
T,HS,  0.13+0.02ab 1020+0.22ab  12.91 +0.66ab 3.28 + 0.23abc 1252+ 1.02abed ~ 3.86+0.51bc 0.44 = 0.02b
T,HS,  0.15+00la 9.98 +0.27b 13.50 = 0.36ab 3.97 + 0.34abc 1359 1.16abed  3.79 + 0.24bed 0.45 +0.02ab
T,HS,  0.17+00la 9.66 +0.27b 13.19 = 0.80ab 4.95 +0.48ab 10.88 = 1.04cd 4.07 +0.41be 0.44 = 0.02b
TH,S,  0.14 £0.02ab 9.44 1 0.37h 14.98 + 0.36a 527+ 1.14a 1192+ 048abed  9.09 +1.29a 0.42 +0.02b
T,H,S,  0.13+0.0lab 9.81 +0.38h 12.24 +0.32b 4.27 +0.29abc 13.84 + 0.45abc 4.87 +0.49h 0.46 + 0.02ab
THS,  0.14+0.00ab 10.49 = 0.25ab 9.36 +0.15¢ 3.29 + 0.45abc 15.65  0.14a 1.37 £ 0.12de 0.47 +0.02ab
THS, 0.16+0.0la 10.54 = 0.39ab 7.64 £0.52cd 2.91+0.11be 15.08 = 0.46ab 1.77  0.06¢de 0.48 + 0.00ab

TE: SV S A NG TR AR B2 9] 22 5 0.2 (P<0.05 ),

X 8 A e CI & i oA 12.44 emol - kg, HA
AP A3 Gl A EEAE 9.73 ~ 15.65 emol - kg,
RER T,H,S,. T,H,S,. T,H,S,. T,H,S, il T,H,S, kb3
Ah, FISRAACIE LY CI & AR REAL, H
WIARIE B E K (P>0.05), X 8Erh S0, &
5N 032 cmol - kg!, A AL BE 4 3 SO, A A
1£ 040 ~ 9.09 cmol + kg'c SXFIEMI L, BR THSS,.
T\H,S,. TyH,S, 1 TH,S, AbHEAh, HAs & AbHE + e
SO SEMWERI (P<0.05), XFHE+Hd CO>+
HCO, &4 0.56 cmol + kg™, #4bFE + 3 O™+

HCO;, &5 7E 039 ~ 048 emol + kg, S5XFRAHEL T
M T 143% ~ 304%, Hrh THS,. T,H,S,. THS,.
T,H,S,. T,H,S,. T,H,S, Fl T,H,S, &b ¥ + 3 f CO,> +
HCO;, & &3 B FEAL (P<0.05), BEKRE, &
R 7K~ it FH AR S A o L SR S, A A3
+ 3 ca®™. Mg™ 1 SO, R [EIRR EE MG I, i 45
H1 Na* Fl CO,>+HCO, A [ BRI
2.3 A TRBRIRG A A MU R A R )
XS [A) LA Bt KR SOe A 8 . BE R R K
5 3o A AR AT o BT (&1 2), X IR
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(ToHSy) HHEAPLREE R 1002 ¢ - ke, #5403+
BANUR SRR 1141 ~ 2197 ¢ - kg ZIAEfL, 5
FREAH G, BEIIIEEE 13.9% ~ 119.3%. HAd, T,HS,.
T,H,S, F TsH,S, 4b B+ 35 A B o7 & 12 1 1 25 3
(P<0.05), %8 (THS,) - HEm % 2 & itk 27.86
mg + kg, A% Ak I A S R SR R AE 30.39 ~ 72.20
mg « kg Z AL, SINIERE 91% ~ 1592%, Hof
BR T.HS,. T,H,S, #1 T,H,S, Ab HL Ak, HAx & Ak 21+
e A A Y I (P<0.05 ), KRR (THS, )

80

ab abc
60 - abe = —
def
40 ;

WA (mg - kg™)

T A R AR 5.93 mg - kg, ASALEE+IEATRL
W& AE 515 ~ 780 mg « kg Z A8 4k, Hid R
T,H,S, A HEA), HAAE IR 5% BT LI 0 1 2 25 57
XiF B8 (ToH,S, ) - SR 5 212.39 mg - ke,
25 b PR - HEHUS R B BEAE 218.39 ~ 239.77 mg - ke
Z AR Ak, 4% Ak B 5 x5 BEORE L 2 0 W 2% S
(P>0.05). GAKE, Tt FARAB A 8 52 5

PR —E RS T R A LB AR A A S e, T
X A RO RN O 5 SRR BN

(a)
ab abc T abc

ef

B (mg - kg™)

abc bec be be

R (mg - kg™!)
2

ab

HYUF (g - kg™)
=

W
T

abc  abc

Q

&Q &‘3‘ &\ Y &:«2\

il

B2 ESBRmEEREEAEE GRS AR RERF SR
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2.4 A VRERFR X A BEK 43R EE Y 5 0
XA H B AR SRR A R . S FERR ALK
Je IS K A B AR Ak i T o b (81 3), KRR
(TH,S,) THEE KRR 114%, & 55 ki
FE11.9% ~ 13.7% Z 0784k, SXTREAHLL, BEmiRRE
44% ~ 202%, A, THS,. THS,. T,HS,. T,H.S,
FITH,S, AP 448 FoK 45 & 19 i (P<0.05 ), ]

20

abe abc

FIEEAKE (%)

BT LA, R BR £ B RN P R T LL (AN AR
ORI S o 52 & 4 S =R 7 Sl [ Y B s OB
(T,HS,, T,H,S,, T,HS,, T,HS;) 5 & #f I T s #
(119% ~ 137% ). %18 (TH,S,) M A 200.0
kg + em”, £5A0FE - HEREEEAE 867 ~ 1733 kg + em”
ZIAA, SXTREAALY, A3 IR ) b R
(P<0.05), TFEIREE 13.4% ~ 56.7%

(a)

abc  be

——— abc

200

wn
(=}
T

100 -

+IEREE (kg - cm™)

w
(=}
T

ab b

(=]

&

'\a w

2.5 B2 VRBR GG AT ) H 2% R AR

X AN [) L A8 it 0 A M A R B T R AR
KGR 1) H 25 R AR T oA (1 4)e XF
FRO(ToHS, ) In] H 2810 1 2R 6.7%, AN ] Lb £ i
Jit =8 A A B TR A A R B ) H 2K R AE
20.0% ~ 66.7% Z[8ZE4k . SXTREAHLE, BR TH,S,.

80

&S

PV
"7 \

b
B3 HESHRAEREESHENEAXN LIESKSMEENIIG

T HS,. T,HS,. T\H,S, F1 T,H,S, &b B 4, H A%
AbFRTE H 5 R B E TS (P<0.05), Hrbil
B R AH X 5 1 Y Ak B R TLHLS, (63.3% ) . T,H,S,
(66.7% ). [FIEFAT AR, 76 5 58 R RO 7K 50 it
HCBIAARIESL T, ) H 2% H R B SBRAF
Bt K S 0 2 SR N5 R

a
b
T T
__60F
s bed abed  20°
i‘g 40 - cde
=) cde cde
il ’J_‘ |j_‘ ﬁ |J_‘ ﬁ ’j_‘
e
0 I%il S S S ik S ek
&I S
QbR

B4 WMSEMASERESFIEFEAXEHZEH R
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3 e

3.1 HHEpH (. B0 A A SR X5 A R B it
P4 M 1

Bl Ak e v pH (E 3 B A2 - SR A A
Na® FIZK %M HCO, +CO> Ml ), ABF5E K
AN [R) B A8 i FH AR <R A B T8 0 5 VR B ) U
pH {E Y5 0 EFEAR . X — 25 R R 2405
i, B9 EERARR S G HERIE
HEMERR, BERD A RENIEEREA (R
5. WAL B, BRI AR ), Hmtk
S, AT ER AR R R — e VHRRER, RIS R A
TSP BT acHe i, fRHE TR AR AR L Na®
e, B —E R e
VLA S R PRt B B, SRR A
Jnn] i 25 A 4 pH ECRNER I L. ok, BE
R FER o A K SR A B AR S PR S B, P E
e IR ) Na®, B RHEE AN, AR
&, [\ ca®™ 7] 5 + 4 b HCO, A1 COy S AR il
MES AR, A TTREAR 38 pH (S AnmR AL RE 0 1t
A, B FE R A BCEE AT LN &2 A R BRI AR A A AR
BB, TN Ca™ % A Na® 114 46
VE, AHT 15 pH (EABRALRE FIRRAE 2 Awt
FER IR, R Tc it ot - 398 pH (R R M AR X 4
/N, Rajpar 25 "7 1E68 4 0 Bt B b R I,
TINR P EERT + 35 pH (AL EE A AR N

e AR AR T Rl T R X R A R )
BRI T Bolan 28 " S LB, T AR
fift, HHETUKEEME Ca™ S0, S B R,
FF ] P - J9EER 23 nT REH BRI . Yang 25 ) 1 AR
SRR ATE XS PG T S IX R AT TR, WS
s BUIR S BEBR AT B A e A T R Ca® R SO,
S PE R A R I, AT R B,
38 A B B S BERALA EY CE L9 %) 18 i v
. AR RSB AT NS RIEM, £+
S 4 kb B SRS ()R 0, {HL 3 e A R A S
He G T B S /NI Na,SO,, PRI X A 4 8 iy
M AT E /N, Zhao 45 U TH BB 41 X
A I S A 4T B AR /R 22107 D Ak £
fTTECR, WFoE & B0+ 3 R | Na™ B ca™ &
e 2) FHOKB WG, EHEAKERT AR TiE8E
W, RZHESEHEDE TR, fonl A, XfE
BT IO FER T RS R AR A BV i i, (R
— 198 —

B 5 ok KBS (R] (R HERS , FERE KRR K IVE T £
HERUER S BB RAIK . ASIIFITIA & IR 5 R B it xof £
e R ErE RN, X 0T RE S T A R P A
I T KA AT B P AR, LR Bt BRI T 445
HE, WNTEHELMBEN, AFT R
Wk 2,

3.2 A HEERIL B XA A R LR it e

AHI 5T & IRAS ] L 3] it FH 00 A< A T
BIHEFE, AAbHT Nat B EESA —E T
B ERMAE A B T A VR B R
SR, FEr=AE0 Ca™ AT LUE T+
BEE AR I Na®, 7EHEKIPETT . B AT Na" M
AR O R, B R B4 T I T — s
P R RH B T ac e b, DT 2 i £ 57X Na®
B, B7E—E R FRR T AR Na® /Y
g " Yazdanpanah 25 2 BORFSE R B, 11
INE Ca™ Wt IR |- Nat A B HAEH, Mt
JRE AR B K B3 T 4k AR, AU A B Y
VA AT LI 8 Ca®t B v D ARG g
FUFARIAG LSS, RIE3ER Ca™ W REMR SBaA1 E
Fctsiti FL B ARG g n . WATiA KB, I Mg™
R JE BN S DR A B Bt 2 TR,
X—S5 R R B AP . B, WA
BRI R Ca™, AT LLUE H IR A I R Y
Mg™, MM S8 Me™ 78 B P AR, Hak, &
I ARG A B S R, RS
A Mg P,

AT KB, AN H it B AR S A AR
ARG, o SEA—E FREEE, X
F2 R T AR TR R B B i Tk
TBENE, AT CU ke 2, SR A
B R AT A VR B ) S O T e S0,
i, VR R AT A T A AR A S B
B ¥ 5% 2 W AL R AR 128 —F %o A VE 00 1) s 3 AR G 4
N AR TR R, N[ROSR
BEAHBRLHE, H3ETd co +HCO, Sy
AN TR R B AR . HH B X — & SR A0 SR = AT
it HAE, MARMEATE IR S, R
FEAERY Ca® Al 5 4R €O, I HCO,™ [ 7= A M
WY, MWIRRRRRIR SR B T & 0 L I
A G T R O T 38 i T 4R 1O Ca™ VR B,
P23 T 43 cO R HCO, B 1 — 480 1k ik
R4 7,
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3.3 HHER P S GERSE S A R B it Y
M )3

THEABLET . SEACERA R g A
JifabR, XA A HE R L, BORE,
ASTR] it FH A B B B R A A R 3 — e
FEde S T HIEAVURAESA N T, XFESE
£ R R e S A AT O N I R R AN A AT
DA R ARALE SR, X R fh2e A
Witk A R e, X R T KT ek S Ay
AEEEN L R EIEF TR, B—
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Study on the optimum formulation selection of compound conditioner for saline—alkali soil in Hetao area

WANG Dingl' R Yue-jin]' | Qing-chunI , WANG Dan-lan', YU Ya-jingI (1. College of Grassland, Resources
and Environment, Inner Mongolia Agricultural University, Hohhot Inner Mongolia 010019; 2. Inner Mongolia Key
Laboratory of Soil Quality and Nutrient Resource, Hohhot Inner Mongolia 010018 )

Abstract: Taking the typical saline-alkali soil in Hetao Irrigation District of Inner Mongolia as the research object, the
comprehensive improvement effects of compound conditioner formulations made by different proportions of flue gas
desulfurization (FGD ) gypsum, humic acid and super absorbent polymer on saline-alkali soil in the root zone of crop growth
were explored by pot experiments. The soil pH, alkalinity, total salt, water-soluble salt ions, nutrient contents, moisture,
hardness of saline-alkali soil and the germination rate of sunflower were compared and analyzed. The results showed that:
(1) After applying FGD gypsum compound conditioners in different proportions, the soil pH was significantly reduced
by 0.45 ~ 0.79 units, and the content of Na" and C032’+HC03’ were reduced by 9.7% ~ 20.1% and 143% ~ 30.4%,
respectively. (2 ) Soil organic matter, available nitrogen and water content increased by 13.9% ~ 119.3%, 9.1% ~ 159.2%
and 4.4% ~ 20.2% respectively, soil hardness decreased by 13.4% ~ 56.7% after applying FGD gypsum compound
conditioner in different proportions. (3) Sunflower germination rate increased from 6.7% to 20.0% ~ 66.7% after applying
FGD gypsum compound conditioner in different proportions. By analyzing the comprehensive improvement effects on saline-
alkali soil and the germination rate of sunflower, the optimal formula of FGD gypsum compound conditioner was FGD gypsum
2580 kg + hm™, humic acid 774 kg * hm™, super absorbent polymer 516 kg *+ hm™.

Key words: saline-alkali soil; FGD gypsum; humic acid; super absorbent polymer
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