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Microbial screening of saline—alkali soil remediation agents

ZHANG Mi', ZHAO Wenjing', ZHAO Yanan®, WANG Qi’*, ZHANG Lixia"

(1. Sino Green Agri—Biotech Co. Ltd, Beijing 102101, China; 2. China Agricultural University, Beijing 100193, China)

Abstract: In this study, salt and alkali resistant plant growth promoting rhizobacteria were screened to provide high quality strains for the
restoration of saline—alkali soils. The rhizosphere of saline—alkali plants was sampled to screen the strains with growth—promoting effect,
saline—alkaline resistivity, ability to produce exopolysaccharides, and solubilize phosphate and potassium. The final strains were identified
based on their morphology, physiology, and biochemistry. A sunflower experiment was carried out in saline—alkali soils to investigate
whether the screened strains were effective. Plant growth and soil indexes were collected as indicators. B25 and B43 were screened and
identified as Bacillus megateriumde Bary and Bacillus amyloliquefaciens, respectively. In the sunflower experiment, the plant height, stem
diameter, grain weight, seed setting rate, and yield of treatment group were higher than the control group by 1.53%, 8.44%, 7.23%, 3.40%,
and 12.37%, respectively. Soil pH was found to be lower by 0.4. The content of the organic matter, total nitrogen, and the available
phosphorus and potassium in the soil were reported to be higher by 42.48%, 15.04%, 41.52%, and 31.13%, respectively. Salt content of the
treatment group was lower by 1.76%. In conclusion, B25 and B43 have strong ability to produce exopolysaccharides, can promote sunflower
growth, and repair saline—alkali soils, while also acting as good quality strains for saline—alkali soil remediation.

Keywords : growth—promoting bacillus; saline—alkali soil remediation; exopolysaccharide; phosphate solubilizing; potassium solubilizing
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- B R B B R AR Ol B A B T
A4 e BRI S, E IR B R AT A 1) H 25 32 1) H 28
R FR R, LR AN 358, T/ 52 5%
il T 74 [ R B AR R T 135, 4 CARAF
1.2 FEEFE

IR IR R FINA B R RGP RE S ¢,
SAbAN S o, B 10 g, 7K 1000 mL, pH 7.0,

Y P G R LB [EMARR: 95 56 AR 11 10 g, %
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Figure 1 Standard curve of exopolysaccharide content
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B, 7 BRAE A2 ZEF0FT 1R 76 pH 4~8 [IE Bl N K AR
4. FHB25.B43 . B6OMTHMLIE RAF, Ko B25 . B6O Table 2 Comparisflifﬁlﬁﬁiﬁiﬂfﬁiﬁing ability among
e AT AR AZ pH ol 11 PR RS 57 5k, B43 5y AT 7E pH
10 BB PERE TR AR
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T A% Strain fift W HE /1 Phosphate—solubilizing ability/(mg-mL™)

2.4 REFHITEERLE BI8 1.80+0.00Cc
A TR AR e 2 A TCHLBR IR AR B R v, e B 57 B21 0.610.02Dd

Je , DAS AT AR i (3R 2) , FLAR IR Bk B25 f i RE ) B25 6.80:0.06Aa
ok, B T HAM R bR, TTIA% 6.8 mg-mL, B43 fift 543 3:43£0.338b
BERE S . 345 mg-mL. B56 0.41+0.21Dd
BS8 1.91+0.01Ce

2.5 RAEFHITHMBHEN B60 0.80+0.08Dd

[ I] AR VAR VA = = = ‘T" 2z 1 N k A~
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L R LE 5, B43 K BE P rT MR B S R (P<0.01), T,

= T E IR = A~ B e Note: Different lowercase and uppercase letters in the same column
RN 7@ 7.82 me L= Iﬁ B25 T{ﬁ f*%ﬁa %% E E%E% indicate significant differences among treatments at P<0.05 and P<0.01
%j‘%’i , ﬁ%%‘%ﬁﬁ% =i ﬂ:‘,ﬂ\:’ﬁlj%*ﬂio levels, respectively. The same below.
251
- 7.82
800 7.69
201 S0
IHE 6.00f
1.5 pu. g
8 =l
: A
a 3]
<10 t§§ £ 400}
£
=2
0.5 xr
=2 200F
[=9
0 s J =
12 3 4 5 6 7 8 9 10 11 12 = 0
pH 2 BI8 B2l B25 B43 B56 B58 B60
e BI§ & B2l - B25 © B43 - BS6 - B58 © B60 i1k Strain
B2 BT 5 Es5 AIAtHBFEE
Figure 2 Comparison of alkali resistance among the strains Figure 5 Soluble potassium ion content

&1 EAKRMER LR

Table 1 Comparison of salt tolerance among the strains

DMk Strain - NAO  NA1(1%) NA2(3%) NA3(5%) NA4(7%) NA5(9%) NA6(11%) NA7(13%) NA8(15%) NA9(17%)

B18 Hkek Hekesk sk Hk ke * — — — —
B21 Hkk Hk sk * * * E - — — —
B25 sokk ok ok * * * - — — —
B43 ok Kok Hk ok * * e — — —
B56 ok gk Hk ok * * - - — —
B58 ok ks okk ok *k * e — — —
B60 ok ok * * * *— — — — —

TE R BRRAE IC R, 3R BRI 32 B BRI , 3 7R TR I S W I8 2 BB, +— A p AR I (A A 2 3 T IR, — 3R
BFIMRARLE R R

Note: *#* means bacteria grows well, ** means the growth of bacteria is slightly limited , * means the growth of bacteria is obviously limited , *— means
the growth of bacteria is severely limited ,— means bacteria do not grow.
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FEUGFEW 5 BFL T BER A] 24 527k
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AN W TV, R EDHLRS , A kS , s e AN, 22 1R
Yt BB s AR Th B IR, BT RN A 2
16, WG RDE , miumdlil5 , 2R3 AR
2.7.2 B25 B43 Az FRA AL ERE

4 B25 B43 BARTE LB {37 3k — 85 3% )5 , iR
P A ZAS AR TR 485 T v 0 A B A ARSI 5 3%, X%

223222518270
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iEAEZlenTis
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B Pk Strain
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Figure 6 Comparison of exopolysaccharide production capacity

among the strains

b
d
7 B25 BA3EE SEEHELS
Figure 7 Morphology of colonies and cells of B25 and B43

1% WHART]

PR T A B AR AR PRI G 25 R R 3 s . B25 4%
fil T BH A AN RE DR 8 AR K, Lk Y L H B (V-P) 1L
Bk . B43 V=P i B , i R i It il 46 B Pk, 2R
TR 2 i o 2 A Vs i 1) SR B o

3 B25.B43 £ A LIFME
Table 3 Physiological and biochemical properties of B25 and B43

FEAIE Property B25 B43
HE/i i Contact enzyme + +
A Anaerobic reaction - +
V=P S VP reaction - -
i %5 B Dextrose T +
AW Xylose N .
T & Mannose + +
K Gelatin + +
JEK Amylum + +
FriE iR £ Citrate reaction + +
RN AR & Jif Phenylalanine deaminase + -
FHPR £ 148 J5 S Nitrate reduction test reaction + -
5[0 2 )i Indole reaction - -
pHS5.7 + +
pH6.8 + a
7%NaCl A= K JZ i 7%NaCl growth reaction + +

55 CAK LI 55 °C growth reaction - -

2.7.3 B25 B43 5 U E

B25 R k4 PCR*F 168 rDNA ¥ 3153 81 17— Btk
¥, Y I 5 NCBIEUH 4 £ 1T Blast HOGF . il H]
MEGA 5.0 F P44 1 19 R 48 % & W ILIET 8a, B2S TR bR
S5k Bacillus megaterium 1AM 13418"  Priestia mega-
terium BHSI  Priestia megaterium YB-8B(MT081301.1)
F Priestia megaterium FORT 10(MG561340.1) [a] J51:
B, WM I3 32, 454 B2S BRI 2R AE Rl
AP A A S AR kR B25 TR R B ZF A
FFiF

B43 F k4 PCR X 168 rDNA Fll gyrA F BEEE R 5
BEAS BN P4 T 5 55 NCBL AU 2 4 T Blast LU XY,
{ifl FH MEGA 5.0 ¥ # £ ) 28 58 % 77 1 L ] 8 Al 1]
8c, B43 I ¥k 5 155 =X B Bk Bacillus amyloliquefaciens
NBRC 15535". Bacillus amyloliquefaciens MPA 1034"
Bacillus amyloliquefaciens BCRC 11601 Fl Blast H X} 45
R Bacillus amyloliquefaciens pfn41 Fll Bacillus amylolig-
efaciens HZ-6-3 B [il— 4332, 55 606 26 S A A
A PR AR E AR, HE— AR B B43 TR O A B 2
AT

EA BRI, B AU R A 3R ik 2
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a

Priestia megaterium BHS1 (MT033060.1)
88| Priestia megaterium YB-8B (MT081301.1)

100 Priestia megaterium FORT 10(MG561340.1)

100

—
0.005

B25
Bacillus megaterium 1AM 134187 (D16273.1)

Bacillus cereus ATCC 14579 (NR_074540.1)

L et ve

Bacillus amyloliquefaciens BBR-1 (KX518657.1)

Bacillus velezensis FZB42" (NR_075005.2)

_| Bacillus subtilis IAM 12118 (NR_112116.2)
911 Bacillus subtilis DSM 10"(LN681568.1)

Bacillus amyloliquefaciens NBRC 15535" (AB325583.1)
8 Bacillus amyloliquefaciens MPA 1034" (HQ231913.1)
STV Bacillus amyloliquefaciens BCRC 116017 (EF433406.1)
51
73
B

B43
Bacillus vallismortis NRRL B-14890 (NR_116186.1)
acillus velezensis BCRC 17467" (EF433407.1)
Bacillus mojavensis BCRC 17124" (EF433405.1)

59| | Bacillus subtilis DSM 10T (LN681568.1)

811 Bacillus tequilensis KCTC 13622 PRO1 (MN598645.1)

Bacillugereus CCM 2010" (DQ207729.2)

0.005

100

Bacillus amyloliquefaciens pfn4l (MW316631.1)
00 Bacillus amyloliquefaciens HZ-6-3 (MH704745.1)
B43
FZB24" (MK608728.1)
QIBI18 (MK775696.1)
Bacillus amyloliquefaciens KCTC 1660T (AF272015.1)

Bacillus velezensis

98'— Bacillus velezensis

Bacillus mojavensis NRRL B-14698" (AF272019.1)

0.02

Bacillus subtilis KCTC 31357 (AF272021.1)

8 B25 . BA3EHR ARG AL B
Figure 8 Phylogenetic tree of B25 and B43 strain
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Table 4 Effects of soil remediation agent on sunflower
growth indexes
T
T A[LI;IE L H **h? Stem Grain Seeds  Production/
reatment SECN Jiameter/em weight/g  setting/% (kg-hm™)
CK 227.65b 35.17b 218.24b 84.82h 4 622.25h
T1 231.14a 38.14a 234.02a 87.70a 5193.9a
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Table 5 Effects of soil remediation agent on soil

physicochemical indexes

AP 2R ARE B S
Ab¥f Organic ~ Total Available  Available  Salt
pH . .
Treatment matter/ nitrogen/ phosphorus/ potassium/ content/
(g-kg") (g-kg') (mg-kg') (mg-keg') (g-kg)
CK 8.7 16.22 1.13 14.21 271.93 3.98
T1 83  23.11 1.3 20.11 356.58 391
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