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Bacillus aryabhattai on Saline Alkali Soil in Xinjiang
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Abstract: To improve the soil salinization and alkalization problem in the Bayingolin Mongol Autonomous Prefecture of
Xinjiang, and to explore appropriate control methods, in this study, the improvement effects of humic acid and microbial agents
on saline—alkali soil were studied and analyzed. Four fertilization treatments were set up: conventional fertilizer(CK, 15-15-15
compound fertilizer 750 kg/ha), conventional fertilizer+microbial fertilizer(T1, 15-15-15 compound fertilizer 750 kg/ha-+
microbial fertilizer 75 kg/ha), conventional fertilizer-+humic acid(T2, 15-15-15 compound fertilizer 750 kg/ha-+humic acid
150 kg/ha), and conventional fertilizer+microbial fertilizer-+humic acid(T3, 15-15-15 compound fertilizer 750 kg/ha-+
microbial fertilizer 75 kg/ha-+humic acid 150 kg/ha). The physical and chemical properties, soil enzyme activity, and microbial
count of different soil layers were determined. The results showed that the treatment of conventional fertilizer-+ microbial
fertilizer+humic acid(T3) had the most significant improvement effect on soil. Compared with CK, the nitrogen content,
available phosphorus content, available potassium content, organic matter content, the activity of sucrase, urease, catalase and
alkaline phosphatase, and total microbial quantity in the 0-20 c¢m soil layer increased by 15.9%, 42.6%, 45.1%, 79.0%,
37.6%, 43.9%, 118.3%, 74.4% , and 136.7% respectively. pH, EC, and bulk density decreased by 11.7%, 14.2%, and
10.9% respectively. Compared with the indexes in the 0-20 cm soil layer, the improvement effects of soil fertility, soil enzyme

activity, microbial biomass, and soil physical properties in the 20-40 cm soil layer were slightly lower. Correlation analysis
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showed that each index of soil fertility was positively correlated with soil microbial biomass and enzyme activity, and negatively

correlated with soil pH value, EC value and bulk density.In conclusion, the combined application of humic acid and microbial

fertilizer had the best improvement effect on the 0-20 cm and 20-40 cm soil, and it was one of the effective means to improve

saline—alkali soil.
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Tab.1 Application amount of base fertilizer in saline alkali soil improvement experiment kg/hm*
fib 3 HAIE(15-15-15) A B IR
Treatment Compound fertilizer Microbial fertilizer Humic acid
CK A 0 0
T1 Ry iR e G/ ) 75 0
T2 B AN+ R 0 150
T3 A2 N A A 0 T I - T A R 75 150
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Tab.2 The effect of increased application of humic acid and microbial fertilizer on soil nutrient content

FEHE/em YOS LA &/ (mg/kg) A 8w & 5t/ (mg/kg) AL B/ (mg/kg) AP E i/ (g/kg)
Depth Treatment Total nitrogen content  Available phosphorus content Available potassium content Organic matter content
0~20 CK 689.82£21.73¢ 95.59+£13.47¢ 235.58+£9.17¢ 10.5140.49b
T1 719.11+£26.60c 102.394+11.35bc 255.76£16.34b 10.8041.50b
T2 751.14+23.94b 119.344-29.71ab 295.95+6.16b 15.4940.81a
T3 799.77+£25.71a 136.34+18.34a 343.69+£12.65a 18.8240.99a
20~40 CK 668.45+12.05d 75.74+£2.91c 212.94+16.66¢ 5.04+0.44c
T1 689.74+22.35¢ 82.41+4.04b 233.20+12.16¢ 5.99+1.28¢
T2 718.26+15.37b 83.17£5.87b 281.36+19.34ab 7.42+0.30b
T3 736.07+24.63a 96.78£7.94a 304.83+21.15a 8.58+2.36a

TE < [ 81 H A ) /N 7 B 2 7 A [e] Ak B ] 2 53 8 3% (P<<0.05) .

Note: Different letters in the same column indicated significant differences among different treatments(P<<0.05).
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Different lowcase letters indicated significant differences among different treatments(P<20.05). The same as below
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Fig.1 The effect of increased application of humic acid and microbial fertilizer on soil physical properties
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Fig.2 The effect of increased application of humic acid and microbial fertilizer on soil enzyme activity
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Fig.3 The effect of increased the application of humic acid and microbial fertilizer on soil microorganisms

2.5 AREEEFHTLEWEER.EEES B BN VL R Y 2 6 R S 7 A 45 8 4
EMMBEN SR EZ BEX TS KIPR.
A [ it A 6 18T b e B AR L - AT )

®3 FAEBEZFGTIEYEER. ERH T EHEEFEURTEMENSEZEHEX TSR
Tab.3 Correlation analysis between soil physical properties, soil fertility, soil enzyme activity

and soil microorganisms under different fertilization conditions

PE  Element X1 X2 X3 X4 xs X6 Xz xs X9 %10 X1 Xz Xis
b 1
%o 0.997™ 1
%3 0.996"  0.999™ 1
b 0.997"  0.997"  0.993" 1
X5 -0.959"  -0.949  -0.958" -0.933 1
X6 -0.951"  -0.955" -0.965" -0.930  0.985 1
X7 -0.960"  -0.965" -0.974" -0.942  0.984"  0.999" 1
Xs 0.943 0.926 0.937 0.913  -0.996" -0.967" -0.965" 1
Yo 0.900 0.932 0.931 0.915 -0.819 -0.886 -0.899  0.768 1
Y10 0.986° 0.908 0.921 0.891  -0.993" -0.966" -0.961" 0.998" 0.750 1
ben 0.972° 0.988"  0.987°  0.977° -0.914 -0.946 -0.957" 0.879 0.977°  0.862 1
Y1z 0.925 0.995" 0.992" 0.9937 -0.915 -0.932 -0.945  0.886 0.957°  0.864 0.994™ 1
Y13 0.931 0.942 0.953"  0.911 -0.968" -0.997" -0.995" 0.945 0.901  0.945 0.946 0.923 1

TE % 76 0.05 7K 1 8 35 AH 5 % E 0.01 2K PRk B AH G o . R B 5. B LB 5 bk 5 o BURICHR 2 ik 55, WL A & 5o pH s -
EC ;. BT 5. FLIBLE 5o BB 50,0 WRIE 5,0 AR B TR I8 5 500 0 S0 AL S50 5 3. B W R

Note: *. significant correlation at the 0.05 level. **. extremely significant correlation at the 0.01 level. ;. Total nitrogen content; y,. Or-
ganic phosphorus content; y,. Content of available potassium; y,. Organic matter content; ys. pH; ys. EC; %;. Bulk density; ys. Porosity; y 4. Su-

crase; ;. Urease; ¥ ;. Alkaline phosphatase; y,,. Catalase; y 5. Total microbial count.

72



ST A <5 R IR 5 ] 25 6 T I X 0 R A B R ORI S

M3 LLE W, 2R & A0 A
S TR IN S A UE A R TE Y P
(P<C0.05) . A% & & 5 R 5k o 1R il 0 1 2
] 5 2 1 M 6 (P<<0.05) s A & & 1 5 A Ak
SR B B R TS MR B W O A DG (P<C0.05) 5
TR O O R I TR M L R U T M
oA R R 5 R 3 IE M DG (P<<0.05) 5 43 BLE & it
55 0001 W R o AR b A T R R O A G
(P<<0.05). pHIH 54 % & & AU & & e
Wy R R 3 SO 56 (P<20.05) , 5 LB B 5 R iy
TR B A G (P<<0.05);EC 52 E & & A
SO B  RCRR i FLBRE DR TE M MR
MR FEMME(P<0.05);AESLASTE.
AR AR A U SR FLBRE IR
it 0 T B TR T A A ) R 2 3 M
X% (P<<0.05),

3 #Ziw5itit

B 5 A I 1 T Y, A 2 R TS Y A
— ZR A ) R A 8t | FE Rt ) 23 4 e 2 R
R 4w RSy Y, KR R AR i
FVRAE W R TR A5 0 D, AT AR A 3R 40 A %, 48
e R BEAR RE 01 R R A2 A T W B A AT LA
P R AL RS A FR LR & L ek
O TC A ORI ™. R AR R R B,
BT A LY AR R R AR A AR W TR Rt A L AT
WA - e AV BT, AR 1 3 pHAE, 2 1
et oy at o Bt BEORHC it AT B AR 4 e dh B =
P IR 43 R T B St S R 5 o, Sk Bl S R
B VD Ak - 39 B Ak o RS 3 B R R A

BN 1 IR N i 7 [ Sl N o 2
FLBBE 22 S5 W1 0, JHG o RS AT R B2 A R R A B
X} 0~20 em + 2 19 %5 5 ALFL BUE ol i o B B
(] B, 364 it )65 A R R0 A 2R ) TR IE 5 b R T
ER IR SR IN Nl T i b I S P R 1]t
JZ B JE R IR T LA S AR AR 8 T R, DA T e
e gk by, FEAR A T, (7)o R A S0 0 B 4
e ZUNE R 25 8 e AE 1 58 v 09 B 7 AL ok B TR
Bl MBI TR, 105 b B TR R 5 B R R E IR L D 3R 4
PO o T A P TR IE S 5L ARAE W R R AILAE 9 XL
RV, BT EG 25 A FT T MB35-5 B 5 0 1 i 1k fiE
JI T RS S LTS REETAS P
BREBR R R SR AR E LA W, I B 4 3 R v A

Jie g b v R ROK A R TR IR £
e Pt AR M, o I RUE W RE VR S R
B UL AT L R TR S 2R Y IR T A iR RT A ek
S+ HELER B EEh  E A 1 R R E RS AL
+HEM EC A pH B, [ B, 3 58 1 4 WK e fg
71, G2 ik A A 8 R B Ak 1 i B R A iR L A E
Bt 7= R

- M A YR B A 3R o S R
RE AL 0 A, R ) 5SS I R AR R A
TR B2 R AH R B 23 5 A Y O
AT A R S0 R B i AR
HLIE A A Bl R 4 18 (4 5 R0 il © 459 3135 38 TA 1T
AW A R IR AT LR A LA R A S A
o3 M W A R B A Y A W R
PR, 6 R R AR VR T AR R A R R R G
oA W BE R 25 R B v 1 DA A R R
it () 355 1 AR 2 9 A 0 M RN 3R A R AR
o5 Hp R R IR B A T R G G, RT3 B
0~20 cm + 2 H I A TE R LAY R R U
T - M M it R G Lo R Ak U L e R G 1Y
Tk o TR R S A R IR A, P B
AW T 2 REPE R R S TS, TR R a1
HEmE 0 S L . IRES RS S kA
SEVRIF I ROR — 2L

AR BIF 5% 38 2k %o T 90 O b X i 9 Ak S e 14
it B 2 0 R LS A R L R AN [ A 2R 1 Ak
LRGSR A W B DL AR
B A O 43 B 2R BH 55 Bt AH LG A IR AR
BRI A (14 506 A5 i FHT AT DA B3 6 - g Ak
B ) B 25 4, 6 - HE v AL A R R
RO A AT BT, Y R R L S
B B ANME TR o ZE LTI R R R G 2
FELAT TR TC it T A Shy A% 4 8 R A 1) R AT ARG AR
Z— B[] B A7 FE A A B it S R X A K
FEBR N TR AS 2 45 ) 8, R L, 4 4 HE il &=
P A Bt L4815 FH 7 SR AT A RR R AR

SE

[1] BXZEAS , FH N, AN, 45 . A A= 0 A X v s 56 Al 7y o0 R AL
R BB, 2023,32(4) :678-686.
ZHAO W B, TANG L,WANG S, et al. Improvement effect of
two biochars on coastal saline-alkaline soil[J]. Ecology and En-
vironmental Sciences, 2023,32(4) :678-686.

[2] YANG F,TANG C Y,ANTONIETTI M. Natural and artifi-

«73.



W PG B 22 2025 4R 45 53 455 3 1)

[}

wl

—

[}

[l

s

cial humic substances to manage minerals, ions, water, and soil
microorganisms[J]. Chemical Society Reviews, 2021, 50(10) :
6221-6239.

ASGHAR H N, SETIA R, MARSCHNER P. Community
composition and activity of microbes from saline soils and non-
saline soils respond similarly to changes in salinity[J]. Soil Biol-
ogy and Biochemistry,2012,47:175-178.

GONG H Y,LIY F,LIS J. Effects of the interaction between
biochar and nutrients on soil organic carbon sequestration in
soda saline-alkali grassland: a review[J]. Global Ecology and
Conservation,2021,26:e01449.

T - BTN YR T, R AR AR - A A D B R - A
B85 R R 2R S AR Y PSSR (D). R
ARG, 2021,37(10) : 225-233.

ABUDUROUSULI D L R B,AOSIMAN M Y S E, ROUZI
Z L HM E, et al. Research progress on microbial diversity and
biological improvement in saline alkali soil[J]. Biotechnology
Bulletin, 2021,37(10) : 225-233.

B TGN, E TR, A RS R R A H OB IR E & i
TR A R B KA M X R s D). eI R, 2013(9) -
52-54.

LOU C R, HE Z G, WANG X J, et al. Effect of different
amounts of straw on tomato soil salinization and microbial flora
[J]. Northern Horticulture,2013(9) :52-54.

i 5T A U L SR L A5 /N Al A W s i AT 5 U
[ P Al FL 2, 2025,53(2) :45-46.

RU J N, HAO B Q,JI X Q, et al. Research progress on re-
sponses of wheat to abiotic stresses[J]. Journal of Shanxi Agri-
cultural Sciences, 2025,53(2) :45-46.

Ji A%, AT ARG, L A AR RR R R PR AT R R L
R ONELT]. i A S R, 2021(4) - 77-82.

GU X,REN C M, WANG L N, et al. Effects of humic acid ap-
plication on soda saline-alkali soil in Daqing[J]. Soil and Fertil-
izer Sciences in China, 2021(4):77-82.

LIU M L, WANG C, WANG F Y, et al. Maize (Zea mays)
growth and nutrient uptake following integrated improvement
of vermicompost and humic acid fertilizer on coastal saline soil
[J]. Applied Soil Ecology,2019,142:147-154.

[10] NASIR S,SARFARAZ T B,VERHEYEN T Vet al. Struc-

tural elucidation of humic acids extracted from Pakistani lig-
nite using spectroscopic and thermal degradative techniques
[J]. Fuel Processing Technology,2011,92(5) : 983-991.
SR BH .S B R B WL R X O AT A oAk B 1 e A
BEAFFE[D]. Jb e v B2 B R, 2022.

NIE Z Y. Study on the effect of humic acid based organic ma-
terials on soil improvement in soda salinization and alkaliniza-
tion cultivated land[D]. Beijing: University of Chinese Acad-
emy of Sciences, 2022.

BRI SRR SRV AF B G2 AT R MB35-5 fiff iERE )
Ko T i) i FHACR A SELT ], w5 AR, 2021(5) - 140-143.
HUANG ZH,WU G L,ZHANG T,et al. Quantitative analy-
sis of the ability of Bacillus aryabhattai MB35-5 to dissolve
silicon using incubation and field expriments[J]. Soil and Fertil-
izer Sciences in China, 2021(5) : 140-143.

[13] A& WM, B 4%, 45 . B [ 2 S0 T B 5 I AF 8 i R (). A=)

74

[}

[

[}

AR, 2018,28(3):302-306.

XIONG Y,OU X,JIA R, et al. Research progress in applica-
tion of Bacillus aryabhattailJ]. Biotechnology, 2018, 28 (3) :
302-306.

4 H AR A AT IMD. 3 AR . b mT s i RO R A
2000.

BAO S D. Soil and agricultural chemistry analysis[M]. 3rd ed.
Beijing: China Agriculture Press, 2000.

XY, E 2 BT AR T ER D bR A AR R
HE[T]. +HEE AR L 2021,52(1) :55-61.

LIU M, WANG S J,FAN J, et al. Rapid in-situ determina-
tion of soil evaporation with cutting ring method[J]. Chinese
Journal of Soil Science, 2021,52(1) :55-61.

AT . SR S LT EE M. b Al R, 1986.
GUAN S Y. Soil enzymes and their research methods[M].
Beijing : Agricultural Publishing House , 1986.

WEME R, ¥ B 5 LR W A 3 RO SR R M. b
AR A R, 2006,

YAO H Y,HUANG C Y. Soil microbial ecology and its ex-
perimental techniques|[M . Beijing : Science Press, 2006.
LR 70 ) G R = N N O S G s /BT e 4 S S S
5 A N TR R UL TR XS, 2011, 28(2)
328-334.

NIU SQ,YANG T T,LIJF,et al. Seasonal trends of micro-
bial functional groups in saline-alkali soil and their relationship
with soil physicochemical factors in the east Hexi Corridor[J].
Arid Zone Research,2011,28(2) :328-334.
ZEMEAR IR cA A LR A BRI R L 5 B I TR X 2R el
S T R G A 7 A L AR R (D], A R S MR, 2018
(1):121-126.

LIPC,SUXD,WANG JJ,et al. Effects of humic acid fertil-
izer and biological fertilizer on soil properties and grape yield
and quality[J]. Soil and Fertilizer Sciences in China, 2018(1) :
121-126.

VIR U 1 2, X BE A5 R IR A2 6 TR W R X s I
A B 2R el L ol R R R S A B (], AR b A 24, 2018,
33(3):167-175.

KUY L,XUG Y,ZHAO H,et al. Effects of humic acid com-
pounded microbial fertilizer on soil improvement and fruit qual-
ity of elderly kiwifruit orchard[J]. Acta Agriculturae Boreali-
Sinica, 2018,33(3) :167-175.

KA REMRE, SRR oR L AE AN ] - 9 B %) R Bt £ 4
A 5T R KR A A 52 L], % BOR A B, 2011, 39
(11):6491-6494.

ZHANG Y H,GUI L G, YIN Z R, et al. Effects of different
soil conditioner on the chemical and physical properties of soil
in saline land and rice yield[J]. Journal of Anhui Agricultural
Sciences, 2011,39(11) :6491-6494.

R 2C , 2 /N3, 52 30, 45 A R 5 A LIS TR 3 K e 28 7
et A it TS M B H e AR D). AR A R IR A 4R, 2019, 28
(11):2231-2238.

CHEN L M,LIX Y,YUE X W,et al. Effect of mixed appli-
cation of bamboo charcoal and organic fertilizer on yield and
quality of red pitaya and soil amelioration[J]. Ecology and En-
vironmental Sciences, 2019,28(11) :2231-2238.



ST A <5 R IR 5 ] 25 6 T I X 0 R A B R ORI S

[23]

[24]

[25]

[26]

[27]

[28]

[29]

WRAE  XUWE L Wk 108 75 , 45 . o8 IR B 0 o ™ X e 30 A 1 o 7
PRALLT]. v gl B2, 2025, 53(1) : 90-100.

CHEN H,LIU N,YAO X Q,et al. Optimization of soil physi-
cal and chemical properties in coal mining areas by improving
matrix[J]. Journal of Shanxi Agricultural Science, 2025, 53
(1) :90-100.

P, 2% 2220 WK . 6 A 1R 2k S TR T X AN TR 4 vt Al e
BN 7R RVECR A TR SE (], o e S R, 2021
(2):123-132.

YANG L,LI X H,HU B. Effects of humic acid enhanced ef-
fect compound fertilizer on wheat yield and nitrogen utilization
in soil with different salinization degree[J]. Soil and Fertilizer
Sciences in China,2021(2) :123-132.

EPRIR, KA, AR, R R XS 1 R
FIH S5 W ORI I 5 ma (D). R R S IR R, 2012, 18
(1):249-255.

WANG Z 7Z,7ZHANG C,SHI C Y, et al. Effects of Ha-K fer-
tilizer on potassium content of soil and absorption and utiliza-
tion of potassium in sweet potato[J]. Plant Nutrition and Fertil-
izer Science,2012,18(1):249-255.

ST N L A A L RETR R A W AR 6 K R e
P IR T, AP A, 2015(6) £ 121-125.

SHI X H,SUN T,LI S, et al. Impacts of silicate microbes on
silicon content and yield of paddy rice[J]. Crops, 2015 (6) :
121-125.

W, 4o, o I, A AR A R g i R R) X e 1
e HE R RCR B[] RUR L B2, 2010, 38(4) £ 1931-
1932.

YANG Y,JIN Q,LU G Z, et al. Study on the effect of bio-
chemical fulvic acid soil amendment on soil improvement in sa-
line alkali vegetable fields[J]. Anhui Agricultural Science,
2010,38(4):1931-1932.

BONANOMI G, ANTIGNANI V,CAPODILUPO M, et al.
Identifying the characteristics of organic soil amendments that
suppress soilborne plant diseases[J]. Soil Biology and Bio-
chemistry,2010,42(2) : 136-144.

A, B0 A AR S AL A5 P AR
A W A W R R AIE A5 A R A D] P RO B2, 2017, 50

[30]

[31

[32

[33

]

]

]

—

(6):1067-1075.

WANG C J,XIAO J,CAI A D, et al. Capacity and character-
istics of soil microbial biomass under various climate and fertil-
ization conditions across China croplands[J]. Scientia Agricul-
tura Sinica,2017,50(6) : 1067-1075.

- AR v it T O KO0 R A A 2R KRR B B3 A
FEVE S 1520 (DL W BH < 2 B AR K 4%, 2020.

MA Z Q. Effects of biological microbial fertilizer application
methods on the growth and rhizosphere microbial community
structure of continuous cropping peanuts[D]. Shenyang:
Shenyang Agricultural University, 2020.

J7 WL, R RTINS, A TR R R bk VR X o < T e
T W RE I S R B ST ] ROl 3R BEFE 2 22 4L, 2023, 42
(5):1061-1070.

FANG M Z, TANG S Q,SUN Y C,et al. Study on the effect
of humic acid leaching on the microbial community structure
of heavy metal polluted soil[J]. Journal of Agricultural Envi-
ronmental Science,2023,42(5) : 1061-1070.

XUPE, 5, AR A, A5 R AR IR R B IE 1 B RO B 5T
ZER[I). R ,2016(2) - 1-5.

LIU D, HUANG Z B, LI K, et al. Summary on synergistic
mechanism of humic acid to nitrogen and phosphorus fertilizer
[J]. Humic Acid,2016(2) :1-5.

EAAE A ENHS SR VT, S A7 R AT R e X T R
DX A M o R R i AR AR s [T). 3, 2020, 52(2) -
327-332.

WANG X P,YANG J S,ZHANG S J, et al. Effects of com-
bined application of gypsum and humic acid on improvement
of saline-alkali soil and cotton growth in arid areas[J]. Soils,
2020,52(2) :327-332.

TRHT RO A G, A5 R R R T A ) R IE
X Bt 3 F A R A R S RACR BT ], P L S5
HH,2021(3) : 264-271.

ZHANG L, WU W Q,WANG W R, et al. Study on the effect
of soil conditioner and combined application with microbial fer-
tilizer on the improvement of secondary salinized soil in veg-
etable field[J]. Soil and Fertilizer Sciences in China, 2021(3) :
264-271.

«75-



