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B A& 30 tthm?) . T6 (BLE G & 45 tthm?, & 45 tthm?) 2 7 AN 52, #F R BLELG B Fody BE A BL 363 138 pH 4.,
BAE AT EMEFREBEERY RABERIAE T AW RILE LR E QBN LEMEN R, 5 CK Lk,
T3 & 2 L AR 2 41K 7.69%, £ ILIR B A= B 8] 4K 5 5142 5 9.69%A= 18.70% ; BLAL & F F=4) HE A AL 3634 0~40
cm : B F AL MR ok BOROR BT, T4 43 0~10, 10~20 cm & +3E pH A5 A& 4& 10.51%. 11.66%, #&fL & 2
HI 1K 56.76%74= 50.27%; T4 432 0~10. 10~20. 20~40 cm & £33 T M 28 5 % F % 32.33%. 52.55%. 3.04%:;
T4, TLREE B Z 2 RESF, 5 CKAML, BRHERZH MRS 61.76%. 43.21%, TH/H =5 5# & 48.80%.
30.72%; 12BLER G B Ay AR B2 KM &k ok, T6 REYBH A /T4 /R 29 A4 CK %1% 19.69%.
10.24%. (£t ] BLARB B Afoby e AR Be 456 A A6 A S TEAK & AL LR a9 HhABUR 2 pH ML, L EATiEREF,
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BE, REMZIRAT ML A IR AR IE R . A B R
WL, TR RIS, 13% pH . EC {4
SO S8 R 110 O S LRTE A 2 (1 N e
B, KERAG MR R IR S, S Ab
8 [ AR RS 05T 50%, pH (4 FI%. LI
EE bt P U B A TR K A 24 £ R SR P 1 P
{H W0t R T A 398 0 B R 0 B B R AT
e/l o DIV GRS ] Ak, e B AR,
T T B P CHERT AR 7 R AL LT, WA
U B8 1 AR R A TG o A 38 5 L 28R
B A K

1 MR5REE

1.1 WIS XA
WA 7 B % B v KM ar ki

(106°23'E, 38°50'N) , HuALTY % 111 < R AR bel )31
%, U BORRE A%, BRI ZE K, sl 2,
ZRRE, AT, LR FRKEN213 mm
KA, FEFIRE2000 mmbl L, ZEBEION10A . F
¥)RIR9.3 'C, =10 CHRIE N3 224 °C . X% /2022
AR BT Ry, WFAIX A HL R KRR N5 mAiE AT,
UK E<3 g/lL, TIREBESHREE. Syt
& 74T (BREREY) » 0~60 em 2 N2,
60~80 cmt 2 Akb+ 2 . +3EpH{E>9.5, Blik E>30%,
J& T AL 5P, K56 FH0~20 cmt R R AL
PR WA L.

1.2 RIe#t

AT G T FH R R R A B A B AR AR, T
202243 H29H W B 7 H T AR Re A TR SR,
HAFEE Kz aebrdE, HIEARMR N2, &3,

k(1 XIm 23E R KL R

Tab.1 Basic properties of the tested soils

DAL Jj]‘]}]\_ﬂ j-ﬁ‘a /[j\ ‘\ﬂ ‘\ﬂ 3 A ﬂ S A ﬂ //:ﬂ
R em oH i ] 4 =/ WALREI% T IERF _Jsﬁfal ﬁmlﬁ_lﬁa/ Jﬁixﬂ(@@f_/ ﬁxﬁ(%ﬂif_/ é%kf/
(9kg™) (gem™) (9%g7) (mg kg™) (mg %g™) (9%g7)

0~10 9.62 8.47 38.21 1.58 6.20 9.61 104.52 0.35

10~20 10.09 5.23 51.36 1.62 4.97 3.77 101.39 0.23

%2 BB B R Atk R
Tab.2 Component and properties of desulfurized gypsum

pH {& AR (g kg ™) TIKE % (g em) CaS0, 2H,0 CaS0, 4/2H,0 CaCOs

7.83 7.18 11.2 1.16 88.7 0.3 6.34

&3 AR AR
Tab.3 Basic properties of fly ash

4 WG F At R B E
Tab.4 Dosage of desulfurized gypsum and fly ash

pHE A TEERR/(g kg™) BT R em®)  FHRI4R/um £z CK T1 T2 T3 T4 T5 T6
11.48 9.27 23 0.01~100 Widif B HE(hm?) 0 30 30 30 45 45 45

1.3 It

i B A B e P 1 B 30 45 tthmP 324K F, #
W B ¥ B 15, 30, 45 thm*3:34NKFE, CKA
ANt F B A B RO SR, RIS R TN b 3 (R4,
AR EL, 214X, BEHLIXHHS] . ¥
FAE R E BB oy A AT N X 3R 2 L,
I HANLAE (30 thm?) , SRIEEHEE, 1k Rk
50~20 cm )2 LR MRA . BAVNXITHEE, HEE
=30 cm. %540 cm, /NXTHF N4 m>d m, 24~/NX [H]
WHEL myr. fHlEY A “hE =57, RA%
&, 1THE30 cm, JFVAIREEA~5 cm, FEFPIRRE N1.5~2
cm, 3EREH22.5 kg/hm?®. T-20224FE4 H 10 H g, 7
H30H WGk, RIGHCR AR, #EBAK NI K, F
YW 1L EE0.758 g/L, FhERET (4H5H) #EKLIK, Fi
HE M F5H19H . 6H12H . 6H29H . 7H15H
IKAVR, FAYREEK &1 350 mihm?. 240~40 cmt )2
TP B K AT H [R)RF 7K 6509 TR K -
60

WY PR B/t hm™2) 0 15 30 45 15 30 45
1.4 MR B K5k
1) IEARER S A FLIR
F20224:8 H 2 H K% 40~20 cm+ 2 -3, KHH®
TREME 3R P, LB s Ry
T IEFLBR = (1- T3 R A E/2.65) =100, (1)
2) 48 ) ek R B,
TIEHEEFKE (%) g )
A moNH Tl E (g); MmO TR T+ 15
& (g); mMtFEHTI+TFLiE (g
3) TIEpHE. AliAMERE . LT
F202248 H2 H X 40~10. 10~20. 20~40.
40~60. 60~80 cmt )= #f, HIEERES A H AT,
e, L1 mmi s, AT oM. SR S220% %
B (m (D) 1V (KD =1:5) J5E - EpH
R, SR BRI - i ] b 2h R,

_my-mp
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% 49 FUER . B SRR R R R A K B
Hm (1) 1V K =1:5AF, RPRGESIF  60~80 cmL/ZHIEREMREHR, M LIFEpHELIH

g, R, RENA0 mLi IR IR, &KIB
ATE, MR ERE, A2 — R FREE
HHEEKEE eSS, HORE-2AtE- kGt
FEVEN NG &, LR K i 2 CECM,
Ak i A
Bk (%) =Na'/CECx100,

4) HiERS

EfE e (20224F4H16H), 77l T EfE 4w
W SHIED. A (6 H1HD . HhAEIA (6 H24H).
FHAE (TH17ED W&k, FA/NXBEHLIEES
R T W b D B OO () 2 B v, T PR

5) EfE ok, SR EMTYRE

1202247 H 30 HAE &> /INX 42 BLL0RK B 7 =K1
By EEM 20224E7 F 30 H AN/ X R T mPKe 32
SIMTE TR MR, DU B T i SRR [R] S0 = TR
105 CAH30 minf5, 65 CHTZIEME, HEEHHE
THI &

(3

, 1 m? B R & (kg) %x666.7m2x15
ﬁ$;ﬁ§(vhm2):mﬁﬁ¥/m g 71>

1000 4

| m?E RS R T R (kg) x666.7 m>x15
TR A (ghm?) =L R R RS ) 06T s,

(5)
1.5 HIELIE
12 FHSPSS 27.013:47 1040 248 Ab BN 8 114347, #)
FOrigin 2018/ .

2 BZERE S

2.1 BRERAE AR R E MR HIRMIE M RAS

FH 5 FTAT, LR A B R A it 2 25 P -
AR, B0 IR FLRR AN (A REK 2, it dg
sERIE, 1R EE K RLE S M, (HEE IR
IR PGB A BN I B R R R . 5
CK #HEL, T2. T3. T6 Ab3E -4 AF i R FEIREON,
SRIEIRT 6.49%. 7.14%. 6.49%. T2. T3. T5.
T6 4B AR AR CK 23 il 0 9.00%. 9.60%.
7.21. 9.00%. M A E AU B A T it ] 4 ey - 458
4K %, T2, T3, T5. T6 &bFE: CK 4» Bk T
17.79%. 18.70%. 17.46%. 16.27%.
2.2 BRERAE MR REC MR TR F M RAE N
221 13 pH A& F @

E LA A IR pHAE . AT S0, Fihs A8 Al
W IR it o] A R P2 1 48pHAE . 0~10 cm )3,
T1. TAREE FIFpHE FETREKR, 73 B CKIEK9.97%.
11.06%. 10~20 cm+ )2, T1. T44bFE -+ IEpHIE FEIE
WK, 2 B CK AL 11.97%. 11.66% .. 20~40. 40~60.

CKHFT T FE.
k5 BLERE F Aok PR AT & H s 2R 2
LR A i ] K F Bk
Tab.5 Effects of desulfurized gypsum and fly ash on
bulk density, soil porosity and field water holding capacity of

cracked alkaline soil

B AR em®)  HHALBUEY  HIERKER Y
CK 1.5430.05a 41.8941.73c 24.28+.63b
T1 1.5040.03ab 43.39+..00ab 25.33+..26b
T2 1.4440.03b 45.66+1.00a 28.60+1.22a
T3 1.4340.04b 4591+ .53a 28.8241.59a
T4 1.4940.04ab 43.77+.51ab 25.6140.82b
T5 1.4640.04b 4491+ .64a 28.524).77a
T6 1.4440.04b 45.66+1.36a 28.2340.59a
W FSIAR/NG FRERR A 2 7 B3 (P<0.05), T,

pH &
(8.0 85 9.0 9.5 10.0 10.5
) T |
e Av ) [ 8
10
€ . > L
20 F
g 30 B". v n
5
2O
Hso = CK M ou
Tl
60 —A-T2
v T3
70 T4 v A obm
TS
80 > T6

Bl &4%EEpHMA
Fig.1 Soil pH of different treatments

2.2.2 3 BN F B RS

AW T 3R T 3%, Na'. COs% . HCO;
JRER R . FHEI2RT AT, B A B RO K L
Al DL 35 PR 2 3B B2, 5 3 pH{E AL 34
FL. 0~10 cm /2, T1. T4, ToAbF IRk %
MR R, 2 Al CKF%/K50.00%. 56.76%. 43.93%.
10~20 cm=t /2, T1—T6ALEE - 3Emdik 5 5CK %R
W3 T1, TARFEFEIRECK, 70 i CKEF{%47.44%.
50.27%. 20~40 cm+t )2, T1. T4. TeALFEREIRAE K,
43y HECKP41%20.61%. 16.03%. 12.86%, 0~20 cm
+IZAAE, i U A B RO KA 2 SR A
B R BUR B %, 40~80 em -2 - 3mf AL 15K T-30%.

BALEE /%

0 10 20 30 40 50 60
0 T T T T
¢ & > n
10
®N A L
20 i
g 30 oo Vi
RO g,
N
+ 50 : $:( ®ey A Mwm
60 A-T2
v T3
70 » T4 o Adm
TS
so L > T6
B2 &4 32 xR aA
Fig.2 Soil alkalinity of different treatments
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223 M EETIEM L FHHH

IR A ARA ORI it ] i g e,
e A 203 B 5 i E MR Ve N TR 3%, Rl
HHEK RG A, BRGSO E A LT CK. H
Bl 3 mrAT, B TIREIIA, HTBAE A K
HES S AR &Ry Bt X Z& KA, 0~10cm L=
IR EY A . 5 CK AL, 0~10 cm 12
Bk T6 Ab3 I v e Sh & BT 4, T1—T5 b3
BIEARRFEERRE, T4 AFEE CK Mg K, FEIC
7 32.33%. 10~20 cm 2, T1—T6 Ab# I nT ik
EhE A CK FA#IK 58.60%- 24.74%.13.46%.52.55%-
51.69%. 24.01%. 20~40cm /2, T3. T4 4b¥H 3%
AlAPESR R CK 2 A FEMIK 7.05%. 3.04%, Hpkb
A S E S m T CK. 40~60 cm 2, Ak
IR AR E R R, T1. T4 AFE CK 43 5 A%
3.38%. 7.02%. 60~80 cm + )2, T1—T6 AbHI¥H:
CK A HTFK, T1AHERERER A, IR T 46.26%.

AL /(gkg™)

0

0 Ay <« _m _»
0} ) =
[} Yy m
20F
=30} ey &
2 AN
B
@ 40 F
= \ 4T,
Hsof LY = CK
7> o TI
o0 F 412
Y v T3
70 b of Wi *—T4
T5
8oL »T6

H3 SR ERETHEML S

Fig.3 Soil soluble salt content of different treatments
2.3 A B RREREN EEE K

It Bt A R R O AR T it A A A R i AN TR
(K 4) . YiHi, T1I—T6 HEE ke 5 CK 257
BE. H, 5 CK HHEL, T4 AhEEEE bR R E
BE N, $EE N 22.86% . ST, 5 CK AHEL,
T1. T4 ACFRETEMR S IR EON, AR 78 b s 1
43508 15.11%. 18.38%, JFALH I 7& Wk g i 4
5illA 9.65%. 14.01%. T6 ALEEFE 4 MEH Wbk m
AR, AETFIEITE i PR e CK BEAIR 4.65%.

L REniE|
55 < H
& i a
50 b > >
> I3 od c
45 i P > > "
40 >
35| a
g a ab ab
Swp 4§ ke ke
Mol
g
20 a
. b b be b b
51 g < < < > < <
01 e a ab a a ab ¢
o= = ™ ] - 8 g
0 T

T T T T T T
CK Tl 2 13 14 15 16
3

A4 BAEEHERS

Fig.4 Alfalfa plant height of different treatments
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2.4 BRRABIMEXRE RS E BN

HHE 6 1T AlL, fERENEF N, Bia E ik
KB P] B S T B AE o BEEL. BT E AT R,
LB A AR A B ARy R AR TC e 7 1 18 0 2 2 14 0 s
FRACAEa3s, T1. T4 W ERE D EERKRZ, 25N
3.27. 3.40 1, B CK 4373 hn 69.43%. 76.17%.
& i U R 5 TR EaA—%, T, T4 408
7 5 5 253 0 B CK 3G N 43.21% 41 61.76%, T4
J B IS CK 14N 30.7206411 48.80%. 4 Mikif1 &
HURY AR It B 25 )9 45 thm? I, 78 4> BES. B
B, TYRESKT CK, B CK 4 HIF#K 3.11%.
19.69%. 10.24%.

%6 FRIAEMNEEIEH. AT THRENYH

Tab.6 Effects of different treatments on tiller number,

fresh weight and dry weight of alfalfa

Ab3R 7 BEH ¢ 57 B/t hm'2) T R hm?)
CK 1.9340.70c 5.2340.80de 1.6620.27cd
T1 3.27+.03a 7.4940.53ab 2.17190.24ab
T2 2.6740.72b 6.7240.91bc 2.0420.23b
T3 2.130.83bc 5.63+.11cd 1.8940.24hc
T4 3.40+.06a 8.460.81a 2.4730.26a
T5 2.5340.83b 6.42140.76abc 1.99149.21bc
T6 1.8740.83c 4.200.70e 1.4910.17d

34 i
3.1 BRERA B AR AR e Xt IR IR A M B RV S
3.1.1 BLERG B Ay i R BLAGT L3R M3 M R 09 % vk
AL L IRTE E R A N, RIS B T
SRINa R A AL N, T4 -3 o R S5 iR ) 7K AL
FERR, AR BON L 2 H Bl HL Ay JE B 38 -5 8
T HE K G I, R IEFLRRA A, FLRR AR
Hig k2l 3, @, w5 B2 ib ki,
Xof - Sg A B o ) e RO LB IR A B AR K
TiCL it RE 08 A 2 R 2 ), T3AbFE LI ARAR T A
CKP#Mk7.14%, LIESLFRIETR 519.60%, HIH#FKZE
$2119.70%. FJREF ARy BEAR Bl /s BLALBRBE i, %
IR R BIRIER, Rk %, 11
AR BRI, AR DL R aE A K, R
WEEI R, BENS AR 1 b bin i 38 7k e < B9
BB A B A SR AR AT DASE e AR A Ty, s n
S ch A MR R R, AT i K R b
AT R, T BAR B 2 LR, AT DA+
AR, fem LIRS AR, TR B AR AR A R
R, XS5 FESg g R 5.
3.1.2 BLALAG B Aoty BE R AT L3R5 MR 697
KT FEFER, JLBR A B RUR A Tt B R AT 2
FEAR - 3 pHAE ABAL - TI—T64E#0~10. 10~20 cm
+ & £ 3 pH 1 % CK 73 71 B# fik 3.50%~10.51%
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AR S BEAE SR KIS B I R R AR KRR

5.57%~11.97%, BlAk 5 5 CK 73 7] F44114.00%~56.76%
26.74%~50.27%. HJRRFTET, —HHRmRAE RS
A (fCa” T LB He it H e ik Na ™™, R,
B 8 T SO, SRR IR, B 21— % 1 v AR Tl
FE8, 55— 5T, Ry AN HLIE AT DL k3 AL
BFLBR S A IE M, LA R/KIgHE, B AU+
HerhNa ke, FRICHCO; &, H#inca®. Mg®.
SO.7 . K &P, Tk E B 2k . 20~80 cm+t
BEHEALM R A ARG R, pHIEMLEECK
TR, PR KRS R A B A O ]
e S A B P Ca” B K A IE B RIRE IR, B
T A A B NG K Mg, AR R P A
KNI HE A

WF 7T X3 R KRR B v . KRR b, 7285 A,
TEBMEEAT, KIRIEH FEORER PR 15
RIEYO ., (H A B ORI M T 5 A 0~20
cm LEAEME SRR, Hd T4 407 0~10cm 2R
ROR e, WA ERICT 32.29%, FERHT
TR T O, K ER AR IRBERE 3G 5E, AT R
G T LIV B . A I B AR B K I it
s, HIENTAEMERR R Bn, T6 AbHE CK
P11 9.54% o 1X 15 B A A B AR B A it F s
A B i SR 1 3R o A7 AR 38 I 3 2k o 1 U, 1IX 5
fiE 2B g 4 SR — %% . Mo, 60~80 cm + 2 i,
TR FLRR R Ry, AT A SR A AR, WTREE S
oy BE K NFE 3, Mg K'Y SO~ CIf
JRE IR RS, AE SR A b RO (58 3 1 Na™ (5 B
BT E s, T BRI BB R
A EAE R E AN
3.2 A EMBEREET B R E K250

BT ARG/ X o B Ar 1 48, g7
BRAREL, H I HRE IS EA S RS
SYEEEL. R EAT YRS RE . ShRAE
FR IR BCRER B ik IR R = PR FLIREE AN
FE (] RE 7K R30I B 8 AR R AR KRS 77,
EfERE . 2 BEEOS I, S RERETIHE, fREH
WIRP S HEBWETRIOR, AR TED IR ST
1, MG IIED =&, X 5442 11 &A1 Nayak
VAR e g B — B, RN, BB A S R
Xt Ca® M, SR T VEMIPLEE, e T IR
Wi, REHEmAERKEES, Kb, T4 LmepFE
AFP 5 &5 8 CK 3N 61.76%F1 48.80%. {HJii
A E A K I =, MR KE =&, T6
Qb R AT R i CK PR 19.69%
F110.24%, XA T E KR SRR E
oy, —UPERAGEZ, S g s ENS, e

MAEKKE, AKEHEREM A HIURA R ERILS .
4 25

1) B JEEAR AN B 1% A B T It S 25 PRI F0 2EA b
LI pH {E L BALEE . W ER R A LSRR
f i R R /KR B AL, RES A RS f A
e IREH

2) By JRE AR AN P A T e e X 2 (R B A AR K
REEESERERTYRE. AT 45 thm® 6
A B F1 15 thm? A KTt X 7 B fe 4l 1 8 1
REREROR I

(fE4 7 B A LR B R R A B0 %)
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Improving alfalfa growth through amending alkalized soil with mixture of
desulfurization gypsum and fly ash
GAO Fudong?, HE Jun***", LI Min®, LEI Mengyuan®, WANG Yan', WANG Yu', WANG Yuegin*
(1. School of Geography and Planning, Ningxia University, Yinchuan 750021, China; 2. China-Arab Joint International Research
Laboratory for Featured Resources and Environmental Governance in Arid Regions, Yinchuan 750021, China;

3. Key Laboratory of Resource Evaluation and Environmental Regulation in Arid Region of Ningxia, Yinchuan 750021, China)

Abstract: [Objective] Soil alkalinization is an abiotic stress affecting agricultural production in many countries.
Amending it by soil conditioners is a technique to ameliorate the adversary effect of alkalization and safeguard crop
growth. In this paper, we study the efficacy of mixture of desulfurization gypsum and fly ash for improving alfalfa
growth in a newly reclaimed alkalized soil. [ Method] The field experiments were conducted in plots which were
amended with mixture of desulfurization gypsum and fly ash at different ratios: 30 thm? of desulfurization gypsum
and 15 thm?® of fly ash (T1), 30 thm? of desulfurization gypsum and 30 thm? of fly ash (T2), 30 t/hm® of
desulfurization gypsum and 45 t/hm? of fly ash (T3), 45 tthm? of desulfurization gypsum and 15 tthm? of fly ash (T4),
45 t/hm? of desulfurization gypsum and 30 t/hm? of fly ash (T5), 45 t/hm? of desulfurization gypsum and 45 t/hm? of
fly ash (T6). The control is without amendment (CK). In each treatment, we measured the changes in soil properties
and plant growth. [Result] Regardless of the mixture ratios, soil amendment significantly improved physical
properties of the soil. Compared with CK, T3 reduced soil bulk density by 7.69% and increased porosity and
water-holding capacity of the soil by 9.69% and 18.70%, respectively. The amendments also improved chemical
properties of the soil, with T4 reducing the pH in the 0-10 and 10-20 cm of soil layers by 10.51% and 11.66%,
alkalinity reduced by 56.76% and 50.27%, respectively. T4 also reduced soluble salt content in the 0-10, 10-20 and
20-40 cm of the soil layers by 32.33%, 52.55% and 3.04% respectively, compared to CK. Alfalfa grew better in T4 and
T1, with its fresh weight increasing by 61.76% and 43.21%, and dry matter by 48.80% and 30.72%, respectively,
compared to CK. It was found that overapplication of the conditioners comprised yield, with T6 reducing the fresh and
dry matter by 19.69% and 10.24%, respectively, compared to CK. [ Conclusion] Amending the alkalinized soil with a
mixture of desulfurization gypsum and fly ash at appropriate ratios can improve soil physical properties and reduce soil
pH, alkalinity and soluble salt content in the soil, thereby promoting alfalfa growth. For all the treatments we compared,
amending the soil with 45 tthm? of desulfurization gypsum and 15 t/hm? of fly ash worked best.
Key words: desulfurization gypsum; fly ash; alkalized soil; alfalfa; yield
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