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LT, SR T — i BRI R T R A 2k
RBEHRZ, JHREG T —E e RACR MBS
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FUROE B 7EEhBRBE AN | BRA I A L8 1Al
o X TEE RS . BT B2 7 bR PE
SATERI TS, O 7 RS S A ik B2 AT AL
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W R R RS — . T T A0 52 5 el R AR
FEARZ DI R WARIE . R, ASSOR A2 A 4
A7, Tl BCE R . B . AR 3 R 3K
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AT ER I R AR HE—E R BE A, R
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1.1 P45

b 3R 3 R T R R R A
H RN IRFT AR Ok £, HURERT (]Sl 2018 4F 5
Ay, PRt 2 ICAT (A P A 4 0 5 R D54 TEh B
FHEATEHRE, BCEIREEN 0 ~ 20 em, - AfEFLAH
B ¥ pH 9.25, HLF 38 (EC) 1.67 mS/em, 3¢
ek BH B - 21.9 emol/kg, B8ALE 63.1%, £ HLE
17.62 g/kg, BHfRA 26.59 mgkg, AR 13.01 m/ks,
AN 146.72 mg/kg
1.2 Akl

AR H I A & PR M T R S
JE B SR L Ay M AR 85% . A EK T 10% . TLHHR
3%, £15 1%, AR 1%, R8I ERETEIR N &
K 31.15%, pH 7.13, 2% 0.43%, 4 0.35%,
4800.03%, FHLR 57.31%, Bk J5 T V074 e
ML T AN, Say 98%. FEHERRIET 1S
IRBEAL SR A SR R A IR TR AR, ARG
RN ) 71.85%, CHRAER 5 i 48.62 g/kg, ZCHME
BN 0.53 g/kg, pH 4.42, iR FT FHVEY) 9 ) el
X, MR AR

1.3 gt

FRALE F 201846 H 12 HE S H 11 Hilt
1, RH 3 RZE 3 KPR IEsSGR IS ik, Hh
MR H B9 10, 20, 30 o/ke; B
HAHI 2, 6. 12 oke; JEEMRA ST HIN 4, 8.
16 g/kg. 734 B ICI R A X AL 14>, &
H 10 MAbFE, AR 3 R ER, KA H R
MR FHE W 1. ZARMAPEZEER 17 cm, &
12 cm, B7%0d 2 mm TR IR FT 308 E 1 ke,
B RAE RIRAWAEHE, e M R i KR K
Y 60% MAXEFK, T8 2 48R 100
W 2 P I AR IR R T, AN TS A6
WHETE SR, RBERE N R 25C, KL 15C,
25 SIRIE N 55% 0 PRIIE AR DE /K I 45 A BR A 25
TAHEAMRE . Ji9F 60 d JSUeak, I e 1tk
f. BEE, T CRELEE, X, iR
Je HEAT A SR R AN AE o

xR ZLEYURFIAZ (g/kg)
Ab3m [l Bl B LR
C, 10 1 2
C, 10 3 4
Cy 10 6 8
C, 20 1 4
Cs 20 3 8
Cy 20 6 2
C, 30 1 8
Cg 30 3 2
C, 30 6 4
CK 0 0 0

L4 I FER B oA ik
AERM I pH R ETHIE (KL
1:25); EC R AOME (LK 1:5); AL
JERH KyCr,00— AMIAAZS B s B 2R P B0
ek s AR R NaHCO,- SHE6 P L (a7 3l
PR NH,OAc— KIACREED:; HE FAcHim . 28
PR T RGBT R T BRIk,
H10 d R ZERIF T/ IERFF 720 x 100%; £k
o oA DA AR 30 AT ok A S e A R R B i
BT RPN TERA TR E, R
e E Y FE HEAR P 105 °C B IR R 10 min, J5
TETSCRIRAMT, ST 24 h i, HE
fH
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ME 2 0] PIFH, CKALPEAR) pH & 10.08, Jiff
AR RAG, B TR C, i) pH b 9.05, HAy
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FEf K, 4 8.05, 5 CKAMHAHLLFEAR T 20.58%,
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FEAE A BILIR A - 4 R 2R R AL (R VR AR T
4 pHo ME 2 FTLUE Bl G fi FH 2 3 i
3 pH RS, ULBET X FREIL - pH A
EEH.

2 EABRFIILEE pH BRI

23 EEUMERXIRFTER L EC. 83tk 4l Aok
1LBE (ESP) B30

14 EC 2 /B - bl i v S 1) 4
br, EHOKEHEE R — M kirE, d&
) EC BERS IR IMED A . 7E— B MR BEJE I,
WA RS EC BIEMSE, X T35 M 7EHE 5
FTERm AU, Bt bt ik 32 i - 8P Y Na,CO,
FI NaHCO, P8, BT P& ESE, HE
pH. ZCH AN AY & Bt Sl R, 0 R X RE 1Y R Bl
+, TV R Na,CO, (I TH B, fifi e 1a) e 3
eSS I A

P2 JETRAR . AR AR A AN TR AR AT
Ot EC. PRGN ESP ARSI, it FH Bl B )
AR CK A HE, +3EEC & TR, Hbbc, it
) EC 5 CK A BEAH FLFEAIR 2%, MR 2 AT LA
A A BRSNS R ESP 5 CK AR FEA
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BN ESP SEMEE K, 5 CK AbTRAH b A B sg e k4l
AR RE T 56.45% F1 63.78%, ESP 5 CK 4k ¥ AH
AR R T 62.54% F1 63.99% .

x2 EGURFIXNFFTERLE EC. ZHAIEIAFI ESP ST

AbF EC (mS/em)  Z&Hutk4l ((emol/kg) ESP (%)
o 1.69 £ 0.01b 6.20 +0.81ab 4401 £4.13a
C, 1.71+0.11b 6.99 + 0.88a 37.85+521ab
G, 1.97 +0.06a 5.58 + 0.85ahc 26.75 + 3.34c
o 1.50 +0.07¢ 6.47 +0.83ab 38.75 + 4.00ab
Cs 1.55 +0.09¢ 5.26 +0.81bc 28.06 = 3.39¢
Co 1.69 +0.07b 4.29 +0.84cd 18.98 +3.29d
G, 1.02 +0.06d 6.91+0.81a 35.97 £3.07b
Cy 1.25 £ 0.06d 4.62 +0.86cd 2441 +3.54cd
Co 1.47 +0.08¢ 3.56 +0.84d 18.25 +3.62d
CK 1.64 +0.10d 9.84+0.81a 50.67 +2.73a

TE: ARVNGFREFORA BN 22 5 B3 . R,

2.4 EAURFIRT IR TEER AT T A5

T AL A R SR AR LS IR AR
R, ORI BRI IR BT, SN
B EEE T, WL 3 TTLIEL, FEE. mifi
TRV JE 2 1 it A AT L v R e 4% A P A A AL
FT. BAERAE . AR RIEAE S . 5 CK AR FEA
b, 4 5030 10.6% ~ 63.0%. 19.6% ~ 83.7%.
32.9% ~ 161.0% F124.5% ~ 124.5%., Hd C, ib3
AL . B RURA A S B N 2, U G,
S BN ISR E I i . X EERRIN R Ak
RAARGSHREAPR . AR AR, B
TGRS, T TS I EA R, 1R
e AR AL AE R

*3 ESAURFMEELTTEERERS M

e EER NG TR AR A
(g/ke) (mg/kg ) (mg/kg) (mg/kg )
C, 2491+136d 18.16+1.66e 15.80 + 0.46e 99.57 +2.57¢
C, 21.02+0.82f 2448+2.71d 2546+1.28c 109.00 + 1.64f
C; 21.98+0.27e 24.65+2.75d 26.17+0.71c  140.63 +6.57¢c
Cy, 2028 +1.84f 2540+3.01d 18.79+0.39d 132.27 +2.95d
Cs 2691+237c 43.00+2.83b 29.00+0.59b 175.90 +2.79a
Ce 28.06+1.92bc 26.35+328d 27.88+0.88b 126.00 + 1.41e
C, 29.87+38la 4893+273a 31.02+0.6la 179.43 +2.50a
Cs 2921 £0.49ab 31.84 £445¢ 17.93+0.65d 105.83 + 0.35f
Cy 27.97+227bc 43.08 £2.12b 27.97+0.55b  170.27 +2.00b
CK 1833+1.85f 26.63+220d 11.89+0.74f 79.93 + 2.00h

2.5 EAUEFIXT IR TER A A 085 A K 52
YEP A= 0 R0 2 A 56 52 A e B 591 0T 8 ik = i
RACR M R AEfebr, o XY MEE, £
BonlREY AR TR GiERYAIZ,
W IE H 8 IR WO 1 B S AL G, R
AR EERIEYIET . K 4 SR AR f6T
18 42 5 0 R R BE AR K s . R 4 T LR
th, BRT Gy Cs ARG T CK Ab3E, HAthsb
PR ER I T CK AN, CK AP (1 5 ek £
KZE, ARG, SRR EERET-. K4
ABER, C. G Cou Co ALFRAIB TSR T
HAbAbEE, Co AbBRATHT & AR bRy e, MR R
169 cm, #EH N 114.00g, THE N 03 g, HAEHAD
AEFRPIRR T 2555 W K. b3 Gy Csy G FUBR
PRI, MR RETOCE . PRI EE G,
Cs. C, MBS MR B Bk S T P BCE R & 2F i

F4 EEYURFIXEF ERKHZIN

B REE (%) BRE (em)  AHBREEE (g) MEHERTE (g)
G, 240+2.6c 143 +28ab 59.00 + 6.20b 0.15+£0.01b
G, 29.3+1.5b 6.8 £0.7de 2.66 +2.50d 0.00 + 0.00d
G, 6.3 +3.5e 39+1.2e 333+4.10d  0.01 £0.01d
Cy 27.0+3.6bc  7.1+£0.2de  35.60+1640c 0.09 +0.04¢c
Cs 6.0 +2.0e 3.8+0.9e 1.66 £2.80d  0.00 = 0.00d
Ce 583+6.0a 16.9+0.8a 114.00 + 6.10a 0.30+0.01a
(0% 20.6 +4.0c 53+ 1.5e 7.66+7.30d  0.02+0.02d
Cq 28.0+3.6b  12.5+4.9bc 57.00 £ 13.70b  0.15+0.03b
Co 41.0 £4.0b 9.5+1.5¢d  38.30x3.10c 0.10+0.01c
CK 14.3 £3.0d 0 0 0

3 RS

PR, B AR G R A A TR T ER bR
TR AT AR LA, &AM ES AR
%, HiC A EE MR, 5 CKAML, &
I T 22.38% . & Aol K50 FR AR A 4 25 1 04 it R mf
AESE: FMEHLAA Z2 1L, (EE R AR R R 4L A
RRRAR 2R AR K SR R ] e 3K . B
SMEEEARRRYE, AT LA Y - ROk 3R ST
—ie, JERUKRMERR 2R, E— e 4 A
WL L5 R WIE o i FH 26 e R 500 A B 4T B AR AIK £
e pH, Co AbHEAY pH T B IR B i K, R 8.05, #H
Ft CK Ab B FE AR T 20.13%. pH FEAK &Y 54 7T B
& WS AR R AE AR, g BE Rl
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DL RUER B - B, BRAK -4 pHL 3 4h, Fhe
- 58 v R 1 A8 A S B TRRE TP A S AR
BT okRJE, S T /K1 Na,SO, #E A +3EK
W, BEAKHES £33, MREAR 3 pH;  Bihd
KA R E I E R T R LA 1Y, B AE
A bt R R S — 8,05 — 8,00 — 80,7,
A, NTTREAG 4E pH, RREARBIME ; 2l K7
(%) 65 ML I A LA S R M, R AT S e Y
PEAS B PR, it FH GRS [R] A Rl R AIG T 1
pH, ¥INT EC, XrIReSmimitA 35, +1
Hig SO; SETFEA XK, XSHEERE M Wang
2 U R A R —

AL B A e WA AN ESP A A [RIRLE Y%
i, Hod . Co A XS 4 3852 e 1 4 F1 ESP 51
K. BALBRAZ AN AN ESP FEARA T REJRIA . AR
T RS AR R S S e A VR P LA I S, B 28K
fift 5 2o AR TR IS, 5 AP rPOUE A A 1) B TR S SN
A T A R R I B RS, - 3 A B v MR R,
53 e 7 R A AR, W DIRAROR T T Eh A 1
SEHAEGH RN ESP 0 5 B MR R — R A T AR
A, RERELIF—Mr BHE T, Mt Rk S5 F e
B, M0 EMERGE A, DTN+ R R
WA FINEVE 2, R AR R S 1
Herp s g TR AR R O, I EYIAR R i A PEAE
FIE B - A R 454, DN st 30454, A
TR 2 RHEAHUR . AR ARk
AP AEFR A A AR R A3 I, X AT RESE T
RA M RA TR RS AL R B A
RO, $ETEFRAT S s AR R I BF 5 40 16 1k 1 43¢
WIRZH oo, wk. B, 85, 564, flixdtoe
FIARER G, Mfide s 3 T, SEAE
WY FR A T,

HAMRRIEA TG, BSR4 5
PIRTF CKALBE, C). Co. Cq. Co AbBH Y2 KRR
BoAf, o Co b BRAECE R AR 25 T H8 A5 5 L Ath Ak 3
PIAR| T B EER . Gy Cs. C B & 2
AL, JFHAMHE N, MR EFEIOEE, nTREE
T AR o o T RCE R T A AR K
CK AbBEFR 0T LLR 25, (HRARBEAE, PIfEZ CK
WA REHRSNHE, RS TFHEE
CREBIJE Na*) FziEiihit, SEEYAETR . 4
FERPIL . SR IEH B IR, el
CK Kb HRBIFAE AR 4 3BA0 T, Ehil LA B SR
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Effect of compound modifier on the improvement effect of soda saline-alkali soil

MA Lie, LIU Jin-hua', YANG Jing-min’, ZHANG Zhong-qing, SU Hong-ge ( College of Resources and Environment, Jilin
Agricultural University, Changchun Jilin 130118 )

Abstract: In this experiment, bacterial bran, sulfur and humic acid were used as the modified matrix. The combination
of Auricularia auricula bran + sulfur + humic acid was mixed with saline-alkali soil, saline-alkali soil was used as control,
and its effects on physical and chemical properties of saline-alkali soil and the growth and development of puccinellia were
studied. Physical index, chemical index, nutrient index and growth and development index of soda saline-alkali soil were
analyzed. The results showed that the bulk density and soil pH decreased by 22.38% and 20.13% compared with the CK
treatment. The effect of compound modifier on soil exchange sodium and exchange sodium percentage was 63.78% and
63.99% lower than that of CK treatment, respectively. The compound modifier increased the content of soil organic matter,
alkali-hydrolyzed nitrogen, available phosphorus and available potassium, and significantly promoted the growth index of alkali
fescue plants. The application of compound modifier to soda saline-alkali soil improved the physical and chemical properties
of soil, promoted the growth of alkali fescue and increased the hiomass. Based on the data of soil physical and chemical
indexes and crop growth indexes, the best improvement effect was the treatment of Cq, which included 20 g/kg bacterial bran,
6 g/kg sulfur and 2 g/kg humic acid.

Key words: black fungus bacterial bran; sulphur; humic acid; compound modifier; soda saline-alkali soil
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