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SEAXR (CK), SeAdn@EA/NekE: 72 3 efl . B4 22.5 thm® (FM1 ), SE5 400 FI/NBRE: 3 0 7 Lo, i
WiAE 22.5 thm® (FM2) FIBLERAE 22.5 thm® (F) PR EPHA AR B RIOK . 36 B K s, 4553

. i ek R AL BIER CK i 3 R T H e dh i

BT AT UTABATR Y. 5 CK AL, FM2 4b BR{d

0 ~ 40 cm T AR AR 20.58%; A LB, O, AR . BRI S g N 19.22% . 25.60% ., 27.29% .
19.26%; o P15 7= 5 A T o TR A T /N gl BU 0] A B8 B g 38, FM2 488 CK AR PR 5 21.05%, 345 50l
FM2 AP ARG, UERHRGINLA 3« 7 HLlR & 596 A Am i A/ INER S Sl A N5 S0 e A 88 Bt A A AT i o

fiy, HmHIEAL Ty, fEBEREARAE K, ANRIAZING A F Y.
KGR /NEREE; OCEANE; RO SRk R
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Eb i 38 K )% T B, el - R A B4 A K
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JCEHE G A ZMIERRN T, GERE R R ™ &
HIALJE . EAh, SCA AN AR o /N Bk R
BURYI A R SFY I, ek )Gl e SRR
Rk, bR IOLA MR ERRIE KR, BT
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R — A R AR, Van 1 RS R W BUE
Y Z A AESE S R R, T PRUE— € LA BE A 5]
ORI A, AEAS [ LB £ T 3 AE 5 A A 7 TS
Jiti 24 R R RO B P ST AL, 3 L LA B SORAT 1
BiiE. P, AS SCLAB TR R R T DX 66 R D o)
. SPITLOCEHTE . NEREERG A B A 2 Ak
R, A ST e TR AR RO, 2P
RIS A O R A R R A ROR, DU B
{0 2 R DX R Al 4 ek R AR IR S 5 B
WA o

I RS

1.1 BF5E XA

R T 20224F 6—10 H fE N 5 H iR X 4
IR Z T IR P R A AR A AR DR (109°52" E,
40°29' N ) #47, JE AR AT KRS, A
PSR 6.9°C, AEYIME/K &R 304.2 mm, AEHZELR R
2153.7 mm, FEIKAFEHN DB, FEEPLE 79
H. R XS THRERESREM, HHAEL, T
IO 1.2 m, HEREPERINZ 1 fis.

F1 HEEAER

LR T e it HHL HO e Wi
2 BRI
(em) (g/em’) (%) (g/ke) (g/ke) (mg/kg ) (mgrkg ) (mg/kg )
0~ 20 1.34 28.65 20.86 9.47 98.45 33.35 43.25
20 ~ 40 1.38 33.56 14.58 7.61 77.40 25.33 30.87
1.2 e ®2 AKsE
(R RN L S PN SO N O A e < =B Fre Qb3 i b EFRR
FAAUER AT 2K B N5 BB X SRR 2 ik hds | - oK
. N y AN, 2y R =N
BEAl, TR KRBTSR 89.54%, 2 AME AREAT, P
pH 4 7.26, /K& 9.33%, WAEYEKR (Jed g BB 22.5 thm?
TR P R S22 B BRI TR, pH ol 7.30, A 800 TR 3 S AT NERBE IO 3 1 7, i FM2
= 2x10°CFU/mL; & A% /NERSE, pH N 7.21, MR FF 22.5 vhm
B 2 x 107> /mL) 76 Y30 FIESE 4 WABAT T 22.5 Vhn® F

1.3 et

AGRE R REHL I 153, WA S B
NEWGAS 2R . AR Sk [ 13 ] 256 b SE PR o,
ZEA TR B AR A B it 2 0 R 22.5 vhm® R
IR MR SCHRAIF S I RAS Hh T e A e At P
135 ke/hm® 1, BEOCAANE < /NEREER A Ho
F0:0, 7:3K3:7) 3AKF, 4 A b FEA
REEEAXIR (CK) 5 G « ek 7 : 3 4b3E,
Tt AR A7 B 22.5 vhm® (FM1) 5 SEAE 4 - /hek
B3 TANEE (FM2) 5 BRERAE, AR A
22.5 thm’ (F), W2, HAHEE 3k, 12
AKX, THFLR 54 m® (9mx6m ),

WRERATE T 2022 4F 6 H 3 H Y21 3uiti T Hu e,
FHIEH ALK S 0 ~ 20 em HHEFE MR A 2022
iF6 H 25 H N THEFl, &R BRATFE 40 em x 50
em, WEAMIEELS ~ 35em, E &I (N-P,0~
K,0 & 12-15-18 ) Jifi Jil & & 487.5 kg/hm’, 7£ 14
W R AT AR AR K 1R, HEE A A
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3600 m*hm’, B AR SR G 05, 2818 KR B
100 1%, Fe A= 7 WA SR FH i o9 AR 1 O =t o 4 9K
BV P RN 135 kg/hm®, AN it 0 e 35 A i Ak 342t
S ZEIRK R DX A A B 2 R B
T —2 .
14 3R SRR ISR AR S5 0

FE AU MRAE R B2 R 9 Hk
EFRE NAEERE . ZSRUS, KM RREZE . b
O3 AR FRAT B, RS 7EHER 105 °CR T IR T
WE 6eSCHT BEEMRMGAEY &, E&FFEA
BEOCHE . SO TR Ul ) Bt
HERESL, AR 5 em B FUIRIR A5 RAE, RAE
REEH O ~ 20, 20 ~ 40 emo 185250 5% AL
o PR, — I R EKR, —HRA
FE KGR B R, bR A T RR G, B
At 1 mm G, $5 CREERALT) N BT A
FEEC, AL, A, AR, s kT
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S, RIESERE (TS) N R A A
(SAR) H= (1) (2) 45
7S=3.74 x EC (1)

A, EC I FRME (dS/m ),
Na*

Mg* +Ca’ (2)
2

i, Na*, Ca™ fl Mgz+ PAA7 A mmol/L,
1.5 #dakbrn

K 1 Excel 2010 X 38 56 B 4 JE 47 8 B, X AN
(] Acb 33 1) 0 2 PSR B R R Ty 20 0. 2 LR
(P < 0.05), FIFHAHIS B AW - ed8 b 57 m
DG E, ikt HIEA R . R &Tein S
- 88 o i 22 ] ) T 570G 2R H W R A B s R A SR
PREL, TS TRbR SRR B, W s s ir A 2
BN BANES FERRGE, T e8dEE T
A AR BEG + HERARE R (SQD) MY, AR
SPSS 26.0 5¢ i, Origin 2022 22 il A 56 & 3 . #2 :X
(3) = (5) IHAESEREUE . FatrhlE S SQL,

SAR =

THUREA: F (&) =

(xij_ximin>
( X imax ™% imin )
(3)
FERIpREUA: F (&) =

( ¥ imax _xij )
ima

( x max X imin )

Ah, F (x) N HIEBCEIHN R PR RB A, «;
AR — S B Wi i 7330 ST LY
/ME . FRRAE.

2LC

b, W oAPEPIHR R RIRGE , ¢, R — T N T
LSRR IECRORIER
SQI=X7L K LEL W xF(x,) ] (5)

A, SQI g LIEFRAREL, m Fon EROMEH ,
K N5 j A Mo 977 22 5Tk, 0 FR PR AR
ECH
2 HBRESH
2.1 AL S AR AR R RO K #h . AERY
L2l

S8 R R B S 5 0 b A ) R R A K Y
BB T, AR A PR R AT 0 ~ 40

FEPRALE s W= (4)

em K . ERARCATZ AN 1 R, @SB
KW, FM2, FM1, FAEHH CK M PR AT M 4
A K RILTE T 14.44% . 11.75% . 8.78%; + 3%
TS FEAR T 20.58% . 17.68% . 15.30%; SAR W8 /N T
35.92% . 31.71%. 28.40%. 5 CK AHEL, it
PR P B 5 e A A T el R R 4 RE i i R R K
REJT, BEARIE TS Mo T+, Hi FM2 4k
FRERAK SR B B AR R et

+ B3R A IR RS R, A
]k R AL PR CK ¥4 RAEF B 0 ~ 40 em T
BRI &, W 2 B, FM2 A HRAS
CK ¥4 A B 5T Rk A 280 1 25 152 43 51 R 19.229% il
25.60%., FM2 % FM1 &b B3 0 A5 HL 5 00 i 4 14
&m0 o 15.67% F124.03%., FM2, FMI1, F 4b
FRAE CK 340 38 50w o il ok 27.29% . 21.77% .
18.83%, FM2, FM1. F 4k 345 CK 35 o 25 49 &
A5 19.26% . 13.17% . 11.69%, % % B Bt
R A R T S Tt At A X R 4 4 A

T BRI
2.2 RIS A A T AL ER R AR K AR AR R
S

R 2 3 AT A1, i n e R Re AR E S P AR
K, e s s E, ML, FM2, F 4 H 4 CK
2L BIE N 12.12% . 16.13% . 11.04%, H bk
A5 FM2 A0 B CK 3N 32.72% ., PR
. AR LA CK AR, (HA AP H] 22 7 A8
F. 5 CKAI, FM1, FM2, F 4b 3 7= & 35 1
fn15.81% . 21.05%. 10.56%.

23 LTHEREEN

kR 4 Fow, MPESITRM, AP
PR 2, FHE TS Il SAR 5 AR R R
FERFR, X R R AL T EhmA A, s+
SRS, Pk b R AL T, AR S e
B3 E K TS, SAR. AHLE . Bf#aE . AR
W SRR A SRR Lo b, 3R 5 Rl L
Fi, WA FER BT 78.25% A8 b, PC1 %l
fift B % 52.567%, FEEHIAKKIEM LR,
5 TS Fl SAR HE R KM KR o ET2BIE%EIT
BOSQIME, K/NF £ BN FM2>FMI>F>CK, A
i — 20 W 25 Ab B 5 PR s e, LA T
SQI PR = mZ MR (K 3), &5 SQl
BIEMXR, WAREREKT 09, B &M
B R RAERVIRR,
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[Jexk [)rM1 B FM2 M F

a. 0~20 cm b. 20~40 cm
28 r 28 ¢ a
a aba a a #
a &ab 2l . b ab
2 F a . b i 20 ®aap gpaab
—~ a T b b
< a a abg ab L]
~ i b
%oat ] 144
&1
B
H 7 7k
0 - 0 :
T P PhREFEAER I [ PO ThEOTIEN
c. 0~20 cm d. 20~40 cm
9 @ a op
a
- a M a .
g ab . —_— b
b b a
< 6f b b b b 6 "_i ’ a a ab
%o b a "ab a a
N a 31 g
mm b ab b ab
£
& st 3t
H
0 = o — ob—* - -
Hi A AT WEOTAE A B UL EETFAE R
e. 0~20 cm f. 20~40 cm
164 2 16+
a a 2
12f ab | M 12} a
b (1] a
g ] b b b b ibc P by b : -+ :
% 8 : b : 8t g b bl el b
4 4
0 o~ - 0 -~ o -
T PO TREIER A iG] PO RO
E=EY E=gY
1 BERERSEmASEMEST Tk, Br%m
e B AR R R A —E AR AN B R 1) 25 5 2 (P<0.05). R,
— 130 —

| — ;



| T T

W E S AR 2024 (10)

——

(T

[ Jexk [ rvi N V2 T
a. 0~20 cm a b. 20~40 cm
[ &% 207
a b a
—~ 15+ a T L
S Isp e ab ‘ 15 2.
& a b 1 a, a
S/D b o a g ab a gb b a e
’ | T i b 3
%10 b 102 aa,
& ‘ b
| | ‘ [I
0 : - N
T R EDFE R T P R AU
c. 0~20 cm d. 20~40 cm
100 ¢ a 100 r
a a
a a
a o
75 b 75 F
2
) c a ‘ a
= i a a
= 50 F b 50 - ab @ . :
= d .
= 2 bab
25 25 + E[II
0 : 0 e e E—
W O MR N W BT BRI I
e. 0~20 cm f. 20~40 cm
64 ¢ aba b 64 -
b
~ 4t @ 48t bbaa
on a
= 2 a a I
%o b ab b a4
- —~ b a
32 F 32 F ac a
il B PP
B ‘ i ¢ b
o \ ad g
\ \ b
mw | 16 ~[II
‘ \
! T e o 0 ‘ : _—
T P WROTAER e W PTH REOEIERT
g.0~20 cm h. 20~40 cm
180 ¢ aaa 180
a
a Pt
o 144} ba b . 144+
= 1 abey ) adaa
E108H . 108
= ? I ab a
= 3 b ab b
LSS 3 ¢
5 7 72 c
36 36
Nl |
T PO R AU T O MR N

AT

AT

2 ERESHmAEREN BRI HZm
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x3 BAEEKEREFSE
A H it 25 (mm) PR (em) ENd 7 (t/hm®)
Bl CK 4.34+1.30a 28.52 + 0.65a 0.62 + 0.05a —
FM1 474 +0.94a 3123+ 1.71a 0.69+0.11a —
FM2 4.89+1.19% 3256+ 1.3% 0.71 + 0.05a —
F 479 +1.56a 30.89 +2.29a 0.71 +0.14a —
E Gt CK 8.26 + 0.62¢ 70.20 + 1.69b 1.79 + 0.09b —
FM1 9.88 + 0.64ab 86.35 + 6.27a 220 +0.02a —
FM2 10.97 £0.27a 88.67 + 5.64a 221+0.23a —
F 9.73 +0.73b 83.79+4.17a 2.06 +0.10a —
R TTAE CK 12.41 £0.13b 165.93 + 6.86h 2.47 +0.10b —
FMI 13.91 + 0.92ab 192.72 +2.00a 2.84+0.03a —
FM2 14.41 £0.34a 191.90 £ 2.41a 2.82+0.10a —
F 13.71 £ 0.45ab 185.14 £ 11.95a 2.81+0.24a —
TR CK 12.67 +0.81a 168.83 = 4.53a 2.62+021a 1.88 +0.07¢
FM1 13.63 £0.77a 183.68 £ 11.77a 2.83+0.02a 2.17 +0.08ab
FM2 13.79 £ 0.3% 187.56 = 10.60a 2.86+0.25a 2.27+0.02a
F 13.37 + 1.09% 182.14 £ 10.30a 2.83 +0.04a 2.08 0.14b
T B R AIR/NG FROR R AR B IR E] 22 5 3% (P<0.05).
F4 TEERSEAEEKEBIREEENHEXE
Bzt ey il 7N ANt s
SOM 0.313 0.366 0.554 0.813"
AN 0.466 0.323 0.372 0.608"
AP 0.537 0.474 0.348 0.865"
AK 0.504 0.412 0.412 0.657"
SWS 0.813" 0.575 0.167 0.767"
TS -0.306 -0.298 -0.463 -0.710"
SAR -0.606" -0.566 —0.654" -0.844"

TE: SOM FAEHUT, AN HRfRE, AP AMAIEE, AK MEEE, SWS HEAKR, TS A¥ihi, SAR MMM, TR, *.
0.01 /K- REME,

5 3R 0.05

x5 EMSEH. NE. HIEERTHRER

ks PCl1 &N PC2 A E

SOM 0.894 0.190 0.200 0.065

AN 0.076 0.016 0.966 0.316

AP 0.782 0.166 0.420 0.137

AK 0.581 0.124 0.484 0.158

SWS 0.606 0.129 0.463 0.152

TS -0.947 0.202 0.084 0.028

SAR -0.814 0.173 -0.440 0.144
FHEME 4.442 1.035
B (%) 52.567 25.683
A stEkE (%) 52.567 78.250
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3.1 HENES WA RO K R RN

AW, 5 CKAL, ANEABE ST
TELROKEE ST, BEIRAEFTHI 0 ~ 40 em I TS H
SAR, i, F, FM1 f1 FM2 Zb#R O ~ 40 cm 1 3
PROK R SR Ik #e, 3 3R WA i fin 58 A R 7T el
R BIRLEE A, NG Ky, X5
S0 POV RS A . FM2 AR AR K AR
2, R R TR Y LA R TR A A SR AR R
Y R T MRS, Wbk sE R, RS
T HEFEKEE S, HFML, FM2, F AL CK 19+
B TS F1 SAR Wl BEAR . AR A7 7 h Ca” B4 1- 48
H Na®, FHI#E KR Na™ et 2 T2 - H Na'
AT R T Mg™ >, iR 210 Mg IR T
Na® 4 12 Sfl 26 )2 4 8 10 A A o
B FM2 %5 FMI AL B AR 4 2 TS I SAR, —
JHERTER AT, WA AT 2 0 AR
T o e E N i o o AR 187134
M) AR SN AR A, TR e AR IR . B
R H A Y R, N Nat B HE B 53— i
s WA A B AR A KR TR Y A AR B
B, RS, WSS TG
TV R0 TR E R Na' BORE 1, 38 Na®
M) & B, BRI T SAR AT 3E TS, {H W 3 4% Ab B
ZH LTS Z 2 AR E, RKAT G2 S
FHOER o BB T, (H R BT T T AT - g
Y B o e A LR, o 1 25 R R A B
AR,

A FEAT A [F) Ak PRI 38 - 3 5 K % B¢
fIC TS F1 SAR, 156 BH 1 95 IEE P it OG5 8 554 v
T KO, BRI R, o, FM2

b B REARAE 2, AR TRl - e
=i
3.2 WS B A E S RO HIESR BN

TSR G E R WA Y R K R T 0O
R, TEA[ENE T SR 5 0 R ORI AR 25 5
AT A, RS B i 0 d K AE RN B/ IME S
S BUE B AR R AR, X ATRE R T
FPRECPR T 0 B0 AR 302 A K R B T R =
Ko HCKAME, AFEAHAEFTO ~ 40 em +
AT HIL 5T I AR R A S R s . o FM2,
FMI, F &b BE% CK B A HIL 5T Fl o 0 55 43 b 3% 3
hn, X TR A E A TR A AR
Yyt B i A2 0 PR, B - SRR AR W R VR 2L
4 FM2 B FM b BB B - 5R 4y, — O
& TSR L Bl A . B, Bk By IR
Wi T ARG A T T A AR RN BR O A AR
KU T A L F A M A K ek
A 2 AR R A 20, SRAE ek, P
L HEDRISE R, R B E N Y B0
T B B AR S R e ), AT LU/
BRIER A KR ADE AR, T A LA Bk
(ELZR 25 10 B RIF 5 2 WA a0 3 0 4 5 A 0 o - 35
AU, B R SO 0 o, (HRRAI T R
B, AT RESE F T AR A AR A ()45 B =R
R BT = A ) 25 57 o

A5 ¢ FH AT g NS T il O At A S T A8 R R i
TS A AR ZR 3t , 35 I A R AR R e 1, 3
AL i 7 W 3R 0 4 P B TSR e 8
JE ) A A S
3.3 BN S G A B A B P A BRES A A
Al

AR AL ™ R A AR A K, 1 A
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L BT ARG R AU LA F L
) P N 55 R A 7 T BB R S B I, 4R R 3
K BRI %, o PR i 5 A LT 2 B )
IEMKIER, H5 SAR, TS & B A%
Z, XU T RS A A A SRR
38 vp ER BB R PR TR R, SR AR AR R R RGE
F, IR R R RE R L S P A K T SR Ay, iF
WA T PR, B WA E T
iR FM2 AR PRI S T FML P76, P 5
BB A AR R R R R, —
AAA IR AR, AR A i R
2 /INEREE Y WA PR A Bk ORI
Hb, WATREE A A LA A & it 2, S5
P i A S R AR RS e R, T
M) 7 o R . 3 — T I A R T A
SR AR, PR AR Y A R
et A, AR = e AR W aa R, 3R T /R
TR ERPE 2, AT k3 S B BT, 1 s )
FP R, SQUE SR 2 B E LR, &
A N o R R0 2 T s PR AR RO, AR A
BRA K, B a2 A % RO BRI R
FFEA ZVRIR I, BBOEA R - /NEREE L]
R 3+ 7 Bt 22.5 thm® B BEAT A7 H B R Eh i, (2
AR SCAFFE T oA B I8 A2 BB A %o b i b - 48 77
Sy BRI, A T B K R R — 2
5% o

4 Z5ig

WM 4 AR R K . £h L IR
SO S P A KRR AR S i AR, A5 H DA
ST

(1) fEmek B e 7P, 5 CK
HHEE, FM2 ARFEA MG 0 ~ 40 em +3EAY TS, $2
EAEE R EROKBE RN SE S, WA SO S
A LS ETE

(2) AAbFAE RT3 R AR 1 STk A7 22
&, FM2 AbFEAY SQI fie i, SQI SRR Ay ™= i 2
WBEIEMHIKR,

(3) TR WAL FChE DR H BE A SRR R il £
Hekhay, MR MO, TRy, fEHEE
YA, BRIE, JR BT R T DX R Bl 1) A R0
A, AU - DNEREE R He Gk 32 7,
PR AR AT it A 22.5 t/hm
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The effect of fungal fertilizer and desulfurization gypsum combined application on the quality of saline-alkali soil
and the yield of pacesetter

LIU Xia, ZHANG Huan, HU Yu, WANG Li-ping, QIAO Tian ( College of Water Conservation and Civil Engineering,
Inner Mongolia Agricultural University, Hohhot Inner Mongolia 010018 )

Abstract: In order to explore the improvement effect of fungal fertilizer and desulfurization gypsum combined application
on saline-alkali soil, field experiments were carried out in the irrigation area on the south bank of the Yellow River in
Inner Mongolia. The effects of blank control (CK ), 7 : 3 ratio of photosynthetic bacteria and chlorella, 22.5 t/hm” of
desulfurization gypsum ( FM1 ), 3 : 7 ratio of photosynthetic bacteria and chlorella, 22.5 t/hm” of desulfurization gypsum
(FM2 ) and desulfurization gypsum 22.5 t/hm> (F ) on soil water, salt, fertility and yield of pacesetier during the growth
period were investigated. The results showed that, compared with CK, the treatment with amendment significantly reduced
the soil salt content and increased the soil organic matter and available nutrients. Compared with CK, FM2 treatment reduced
the salt content of 0-40 cm soil by 20.58%. The contents of organic matter, available nitrogen, available phosphorus and
available potassium increased by 19.22%, 25.60%, 27.20% and 19.26%, respectively. The yield of pacesetter increased
with the increase of the proportion of chlorella in the mixture, and FM2 treatment increased by 21.05% compared with CK
treatment. The soil mass index of F'M2 treatment had the best improvement effect, indicating that the combined application of
photosynthetic bacteria and chlorella microbial fertilizer mixed with desulfurization gypsum in a ratio of 3 : 7 could reduce the
saline-alkali barrier, increase soil fertility, and promote plant growth, so as to achieve the purpose of increasing yield.

Key words: chlorella; photosynthetic bacteria; desulfurization gypsum; saline land improvement
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