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Abstract: The aim of this work was to expand microbial fertilizer strain resources and develop rhizobial agents
suitable for Sesbania cannabina cultivation in saline-alkali soils. To this end, Rhizobium strains were isolated from
the root nodules of S. cannabina growing in a trial planting area in saline-alkali land in Kashi, Xinjiang. The isolates
were identified based on 16S rRNA gene sequences amplified by polymerase chain reaction, and by phylogenetic
analyses. The effects of the isolated strains, alone or in mixed combinations, on the growth of S. cannabina and the
properties of salt-alkali soil were determined. A total of 17 strains were isolated, belonging to the genera Ensifer,
Enterobacter, and Brucella, with Ensifer being the dominant genus. The strains Ensifer sp. B-3-1, Ensifer sp. C-3-
2, Enterobacter sp. A-5-1, and Brucella sp. C-4-1 exhibited the ability to solubilize both organic and inorganic

phosphorus. Inoculation of Ensifer as single strains or mixed with other strains positively affected the growth of S.
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cannabina; the plant height, stem diameter, aboveground dry weight, chlorophyll content, and root dry weight were
increased by 21.2% —56.2%, 22.3%—67.8%, 4.5%—43.5%, 26.8% —149.5%, and 18.2% — 100.0%,
respectively, and the number of root nodules was also significantly increased (P<C0.05). The properties of salt-
alkali soil were also improved by Ewnsifer strains, alone or in combinations; the pH value and total salt, total
phosphorus, and total potassium contents were decreased by 2.4% —4.1%, 23.6% —39.1%, 23.3% —69.4%
and 2.2% —21.2%, respectively, and the available nitrogen and available phosphorus contents were increased by
63.5% —98.4% and 0. 1% —9. 0%, respectively. After inoculation with Ensifer sp. B-3-1, the available potassium
content in soil was lower than that of the control group, but inoculation with other Ewnsifer strains increased the
available potassium content in soil by 8.4% —99.7%. Among the various tested combinations, the combination E
(Ensifer sp. C-3-2, Ensifer sp. B-3-1, and Brucella sp. C-4-1) had the best effect. The strains re-isolated after
inoculation were highly homologous to the inoculated strains B-3-1 and C-3-2, demonstrating their successful
colonization of the host. The Rhizobium strains obtained in this study have potential applications in developing
microbial fertilizers suitable for reclamation and ecological restoration of saline-alkali land.

Key words: rhizobia; Sesbania cannabina; saline-alkali land ; Ensifer; microbial fertilizers
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Table 1 Salt and alkali resistance tests of the strains

Wk G5 NaCl % & Sodiumchloride content pH
Strain number 4% 5% 6% 1% 8% 5 6 7 8 9 0 1
C-4l + ¥ + T ++ 4+ A+ A+ A+ 4+ + + o+
B-2-1 ++ o + -+ o+ ++ + o+ + - -
B-3-1 ++ ++ T e S S N S A
A-2-1 ++ + + T + o+ + o+ -
B-5-1 ++ o o+ o+ A o+ o+
Al ++ ++ + + -+ 4+ 1 ++ o+ -
A-5-1 ++ ++ F+ o+ o+ HH FH A+ o+ o+ F
B-4-1 + ot + o+ o+ o+ + + + - -
C6:1 ++ ++ + + - 44+ A + + + o+
C-3-2 ++ ++ e
11 + ot + -+ o+ + + + - -
B11 ++ ++ + + -+ o+ + o+ + + - -
A1 ++ ++ e e N o+ -
B-6-1 + o+ + + + -+ o+ ++ + 4 + - -
c21 ++ 4+ A+ o+ = 4 A+ + o+ + + o+
501 ++ ++ + + -+ 4+ ++ ++ o+ -
A-6-1 + + 4+ o+ -+ o+ ++ + 4 + + -

+ 4 FEIRODg o N 1 OLL L5+ +3IR 0D N 0. 5~1. 05 +38/R8 ODgoy N 0~0. 5; —FIRMWHE AR EK . + + + means ODy, is above 1. 0,

—+ + indicates that ODg, ranges from 0. 5 to 1. 0, + indicates that ODy, ranges from 0 to 0. 5, and — means the colony is barely growing.

800 - 30
Q
i 2~ | a @ a
22 600} a g, 50 -
H]‘B}HE —I— = E |
o o g S £ 20 b
R 2 2
=82 400 b =8%
Rgs s E
E28 ¢  ®SE10f
9 o = 7
22 200F =8
5] 2
0 0
C-32 B-3-1 A5-1 C-4-1 C-3-2 B3-1 A5-1 C4-1

B Pk Strain
B1 ®EHkmEuise NINE
Fig.1 Determination of phosphate-solubilizing ability of strain

AR INE FHEFIR 22 573 8.3 (P<<0.05) , N [A] . Different small letters indicate significant differences among the treatments at P<Z0.05, the same below.
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Z E AU bR ZERL M 1T AR RE R TR A R C AL SR R R f K

B2 A Ab PR R T T R AR R MR B (P<<0. 05) o X HR 41 7E B AN IR 06 R ) P9 LT JC R I A, HF AR
Je AR R T T O, 1 B TR A A A AR R AR R ORI AR B RS K L DUR A T E A B e 2 AR (EA 77,5
Ao BRIGZ AN, FEA b 31 AR T AL R B RRRVE T, G A 18, 206 ~100. 0%, LUR A &R F A R K. 25
BB IR T R EXEH W% 2E KA 2 AR



ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 6

\?ﬁ)
s = 3
w
2% T S &
% 2 & $
= S & L
= o &
% % % § &
02 % S &
N N ¢
25 2323 Sy g
< & N2
%y e % 3 % P e S
L § & &8
& % % R i £ u
42% <, < s @ o 71@ é,Q O ")cb
2 % ° 2 % LTy A 8 R &
by %, T % % foeaird 88 & >
oy, Y, 2, 9B B Ol fir o T e W
¥, ¥,
M, e, T LS e APt
e, 3 I R T & DN N K X
ﬁoéq % e /\);)\J », —q 3 ) @/\ » @“ g& K- SQS‘O A\
oy ey, G 0‘;‘{"/) . RS e VE\@’@@ Ww WW \36%55
" dig- s g, Ajff)\?f{e\;l X\ <% A 2 P%\Y@f @\@ o )
Wlitpgy . acy 2342780 N N\ 5P N S B
e 3 5, &) s A0 1
. Lhntey, e /c’/ e pr As 30 3 /: r;\f‘,\ for 3 s 81165
= Pan €@ aggy, e by 4§83] 99 : S @\%E\Y\% Ensifer ! s KUBTT644
. om, 4 ; en
[mﬁmf’%‘fﬁfﬁmuce/la inter;rZsMK82527957 423:44 > 5 30 \S?s%%fiﬁ% Ensifer adhae” 1
edia ON35809¢ —47 Vi e ; MH90016
e _ : 6 S Ensifer sp.
SPIRVHE EE Brucella intermedia MW538324 — 1%, P 5 G Ensifer sp. MK824684
e T Ila intermedia PP349628 20 L C-5.1
v i i KRl Bruce dia ON3 2071 100 N 5 P25 oy
i Brucella inter™e’! 1377 I g 4 ol oy Ver adha,
s VA PR i intermedid N A = % 0= g g T ORs9429,
5 ce a %Q 9 2 (] - aey,
dmim%%% pre dan“qf\%m%g SIESS, < 5//‘5‘1 7851, e””X524431
inte meT D(’LD“J‘;, By GNPz Ly Creny o
cell S O - 5 W Ry, T P364s,
=y Br wa WS ’]Df ch Re) oy W 5y \‘;\f// o ®@‘ 2. 8.
o (W ob® BN 3NN b 5,65 . VS &
m\aﬁ&” @OCW o sﬁ'byg’zb\% Y s, LE j%;@« 5, Ge. ony 1035,
o\ o0 Y DL o BTG K, B,y o,
A g ol OO I . e LTS e Ty, Yy,
g W w‘“g & SEFTNE Voo L8 LT en8 2, %32 »
R S R AE T IR A "{]ﬁfqy % g,
AW ST M N ENOISLEY B KT % 35 9 J >,
EONGI R S O S uRQ FLRES B g, Y 8,
%f@ %‘“ $\§S By Na & ég Q/“"’lnoog W e RETE T @ @ 33
R LW : o 3 BT % % D
® O V@QW& & N é$$ 8985% T %%‘%% '9‘@)%0%}% 7
Q R RO RIS S f 2 2 T 8 %o T &
PR OO B B AR
3 & F 9§ 8§55 =288 2>
B N & N FSS 3% T e T R
T T Fe IFTTTI 0LRER
X SS9 SE 2% %S
& N5 FFA 5 3 7
L‘) X — A= [
S === EN
= = = = %
R S = (S
4 P V) S
 FEE = o
= = = ?/P‘
3,
. {
[o3]

2 EFHEEKRIGS rRNAERMNZZLEW
Fig. 2 Phylogenetic tree based on 16S rRNA gene of the isolated rhizobial strains

2.3.2  REFPAR R TR R S 1 ST Y 5 e Xof 4 KK J 1 FE 5 R B SR B AT I B BTR  TE AR AH
BT B X e A S R ) (R 2) o BR B AR AL FE U RS T pH A A S, o IR
T 2.4%~4.1%.23.6%~39.1% .23.3%~69.4% F12.2%~21.2% . IRE W R D A X+ 3 pH 595 1 &
0 5 A, AR B ALK 4 O S A R BT . B P BT B AL S SO B B A T X
SRR o R 1 A e

o
SR W A

MR G W &R C4lN 2

H(—20.8% ), HAtb ab BE A (R /R #2817 8. 4%0~99. 7% , LLLIR G W A F 4
TR0 T SIS A R 63,590 ~98.4% F1 0. 1%~9. 0%, LIIR A B 2 E 41 %) 1 18 5 5% &

AR TR AR ZE X R B A A R A R AR W, B B — 2T R RN

N
pea

il



55 35 B 6 W Ol 2E 3] 2026 4F 161

B3 REEDENBFERERKHPIN

Fig. 3 Effects of rhizobium inoculation on the growth of S. cannabina

A S5 A B.C.DEF HUA IRZH Y H 35 42 AR JOR B LC B4 iR A 1 E 4 R0 B ZH A 31 A AR R 455 0 . Figure A showed the growth-
promoting effects of S. cannabina in A, B, C, D, E, F and the control group. Figure B and C showed the root nodulation treated with combination E and

CK, respectively.
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Fig. 4 The growth-promoting effects of different treatments on S. cannabina
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Table 2 Effects of rhizobium inoculation on soil properties in S. cannabina cultivation
b # pH L A ol AR X U
Treat Soil salinity Available nitrogen Total potassium  Available potassium ~ Total phosphorus ~Available phosphorus
ment (g-kg " (mg-kg ") (g-kg ") (mg-kg ") (g-kg ) (mg-kg ")
A 8.05+0.02¢ 1.0240. 04c 37.30+£0. 85¢ 12.2040.81b 288.50+42.19d 2.14+0.29d 14.95£0.73b
B 8.1140.03b 1.02+0. 14c 42.83+1.32b 11.90+0.61b 210.75+29. 3% 1.10+0. 12e 15.56+0. 63ab
C 8.1340.02b 0.9840.02¢ 41.99-+0. 88b 14.00+0. 82a 296. 25+44.02d 2.8040.33b 15.794+0. 89ab
D 7.9940.02d 1.10£0. 06¢ 42.15+1.02b 15.55+1.18a 379.00+£59. 23¢ 2.7640.43b 16.29+1.11a
E 8.0340. 03¢ 1.07+0. 06¢ 45.26+2.71a 14.55+1.71a 429.00+48. 46hc 2.7340. 70bc 15.73+0. 31ab
F 8.0240.01c 1.23+0.05b 43.27+1.74b 11.73+1.41b 531.75+68. 94a 3.60+0. 50a 15.454+0. 70ab
CK 8.3340.04a 1.61+0.03a 22.81+1.13d 14.88+0. 56a 266.25+23. 84de 2.7040. 14bed 14.94-+0. 49b

[ 51 AR [/ /B B 3% R Ab B R 25 7 8 3% (P<<0.05) . Different small letters within the same column indicate significant differences among the
treatments (P<Z0.05).
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aa! %m@# H ﬁﬁ\ﬁ?ﬁ‘*ﬁ@%%% 2 AR E 5 5 Table 3 Re-isolation of rhizobia from S. cannabina root nodules
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