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Abstract: Plant rhizosphere bacteria play a crucial role in plant nutrient uptake and utilization, and the active functional
microbial communities in the rhizosphere are closely associated with high yield of crops. This study aimed to isolate,
screen and identify functional bacteria from the rhizosphere soil of super high-yield rubber trees to identify beneficial
strains that could potentially enhance rubber tree productivity. Using gradient dilution plating and selective medium, 60
strains of functional bacteria were isolated from the rhizosphere soil of super high yield rubber trees in Mengla Farm,
Yunnan province. The isolated strains were characterized for the abilities to solubilize phosphate and potassium, fix
nitrogen, and for the plant growth-promoting traits, including the production of indole-3-acetic acid (IAA), siderophores,
ACC deaminase, and acetoin (3-hydroxy-2-butanone). 16S rDNA sequence analysis showed that the isolates could be
classified into 12 genera, including Burkholderia, Paraburkholderia, Caballeronia, Cupriavidus, Dyella, Pseudomonas,
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Silvania, Enterobacter, Escherichia, Raoultella, Pantoea and Bacillus. Among these, Burkholderia was the dominant
genus, comprising 40 strains (66.67%). Pot experiments with rubber seedlings demonstrated that the strain Enterobacter
sp. SYK24 exhibited significant growth-promoting effects, with increases in whole plant fresh weight, aboveground dry
weight, belowground dry weight and root length by 12.89%, 23.24%, 22.81% and 28.30%, respectively, compared to the
control. The SYK?24 treatment showed 5.01% and 18.98% reductions in total phosphorus and available potassium, re-
spectively, compared to the control, while no statistically significant differences were observed in other soil nutrient
contents. The strain Burkholderia sp. SYN37 did not promote biomass growth in rubber seedlings during the experi-
mental period. SYN37 inoculation substantially depleted soil nutrients, resulting in reductions of soil organic matter by
31.39%, total nitrogen by 22.73%, and available potassium by 13.03% compared to the control. This study preliminarily
established a small-scale functional bacterial strain library from the rhizosphere of super high-yield rubber trees, vali-
dated the growth-promoting effects of two functional strains through pot experiments, and would provide a scientific

basis for the further development and application of microbial inoculants specifically tailored for rubber trees.
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Tab. 1 The information of isolated strains
R Eibk R ' it _ ” %ﬁﬁi ﬂ%lﬂ;’f ACC 53 *Ei!i)%ﬁ* *E{LME NCBI &35
No.  Strain P.SOh.lbl- K sol_ubl- N fixation Sidero- LR ACC Q&?com- Relative Similarity NCBI acces-
lization  lization phore IAA position genus /% sion number
1 SYPDO02 + - - - + - Bacillus proteolyticus 99.52 PV424380
2 SYPDO3 + - - + + - Sivania hatchlandensis 99.70 PV424381
3 SYPDO5 + - - + + + Pseudomonas sesami 99.59 PV424382
4 SYKO1 + + + + - - Burkholderia orbicola 99.48 PV424342
5 SYKO04 - + - - - - Caballeronia terrestris 97.77 PV424343
6  SYKO08 x x x + x + Para_bur kholderia gin- 99.41 PV424344
sengiterrae
7  SYKI1 + + + + - - Burkholderia ambifaria 99.89 PV424345
8 SYKIS + + + - - + Burkholderia pyrrocinia 99.65 PV424346
9 SYKI6 + - + + - + Cupriavidus agavae 98.74 PV424347
10 SYKI17 + + - + - + Burkholderia orbicola 99.48 PV424348
11 SYKI19 + + - + - + Burkholderia orbicola 99.48 PV424349
12 SYK21 + + + + - + Burkholderia orbicola 99.41 PV424350
13 SYK22 + + + + - - Burkholderia pyrrocinia 99.51 PV424351
14 SYK23 + + + - - + Pantoea allii 98.83 PV424352
15 SYK24 + + + - + - Enterobacter huaxiensis 99.64 PV424353
16 SYK25 + + + - - + Burkholderia pyrrocinia 99.51 PV424354
17 SYK26 + + + - - + Paraburkholderia sabiae 99.65 PV424355
18 SYK29 - + + - + - Escherichia hermannii 98.24 PV424356
19  SYK31 + + + - - Burkholderia ubonensis 99.09 PV424357
20 SYK32 + + - - - Paraburkhol deria gin- 98.30 PV424358
sengiterrae

21 SYK36 + - + - - - Dyella marensis 99.72 PV424359
22 SYK39 + - + - x - Dyella japonica 99.17 PV424360
23 SYK43 + + + + + + Burkholderia orbicola 99.55 PV424361
24 SYNOI + + + + - + Burkholderia orbicola 99.48 PV424362
25  SYNO2 + + + + - + Burkholderia orbicola 99.55 PV424363
26  SYNO3 + + + + - + Burkholderia pyrrocinia 99.40 PV424364
27  SYNO0O4 + + + - - + Burkholderia orbicola 99.48 PV424365
28  SYNO06 + + + - - + Burkholderia orbicola 99.48 PV424366
29 SYNO09 + + + + - + Burkholderia orbicola 99.55 PV424367
30 SYNII + + + + - - Burkholderia orbicola 99.48 PV424368
31 SYNI2 - + + - - + Burkholderia orbicola 99.48 PV424369
32 SYNI8 + - - - - + Caballeronia concitans 99.09 PV424370
33 SYN22 + + - - + - Burkholderia territorii 99.51 PV424371
34  SYN25 + + + + - + Burkholderia orbicola 99.63 PV424372
35 SYN26 + - + - - + Caballeronia grimmiae 99.37 PV424373
36 SYN28 - + + + - - Burkholderia stabilis 99.44 PV424374
37 SYN351 - + + + + - Burkholderia orbicola 99.48 PV424375
38 SYN352 x + x + - + Burkholderia aenigmatica  99.51 PV424376
39 SYN36 + + + - + + Slvania confinis 99.55 PV424377
40 SYN37 + + + + + + Burkholderia pyrrocinia 99.58 PV424378
41 SYN43 - + + - - - Burkholderia sola 99.71 PV424379
42 SYPPOS - + + + - - Burkholderia sola 99.89 PV424383
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Tab. 1 The information of isolated strains (continued)

Fa gk TR MRS . BRME ﬂﬂlﬂz“j ACC 5t gy AT HR{UE NCBI B3

No.  Strain P.SOh.lbl- K_ sol_ubl- N fixation Sidero- LR ACC (_igcom- Acetoin Relative Similarity NCBI acces-

lization  lization phore IAA position genus /% sion number
43  SYPP06 - + + - - - - Burkholderia sola 99.70 PV424384
44 SYPPO7 + + + - + + - Slvania confinis 99.46 PV424385
45 SYPP09 - + + + - + - Burkholderia orbicola 99.48 PV424386
46 SYPPI1 - + + - - - - Burkholderia sola 99.63 PV424387
47 SYPP13 - + + + + - - Burkholderia orbicola 99.48 PV424388
48 SYPPI1S + + + - + + - Burkholderia orbicola 99.63 PV424389
49 SYPPI16 - + + + + + - Burkholderia ambifaria 99.77 PV424390
50 SYPP17 + + + - + + + Raoultella ornithinolytica  99.59 PV424391
51 SYPP18 + - - - + + + Pantoea ananatis 99.49 PV424392
52 SYPP19 - - + - - + - Paraburkholderia steynii 99.79 PV424393
53 SYPP20 + + + + - + - Burkholderia pyrrocinia 99.90 PV424394
54 SYPP23 - + + - - + - Burkholderia paludis 98.90 PV424395
55 SYPP24 - + + + - - - Burkholderia orbicola 99.58 PV424396
56 SYPP27 + + + + + - - Burkholderia paludis 99.39 PV424397
57 SYPP30 + + + + - + - Burkholderia stabilis 99.61 PV424398
58 SYPP31 + + + - - + - Burkholderia ambifaria 99.09 PV424399
59 SYPP37 + - - - - - - Burkholderia anthina 98.83 PV424400
60 SYPP52 + + + - + + + Burkholderia cepacia 99.57 PV424401

T+ AR - IR RN s xFRTERI AR T AR B A K

Note: + indicates postive; — indicates negative; x indicates no growth detected under assay conditions.
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Fig. 1 Colony morphology of strain SYK24
and strain SYN37
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Tab. 2 Physiological and biochemical identification

of strains
WiH Item SYK24 SYN37 | HWiH Item SYK24 SYN37
kL + + [CIEVR(ER 1 + -
2% 2 + + | A - -
R + - R i - -
AHE + + fil§ iR £k + +
Heems + - W B WA + +
JULEE - - 3l 71 2 + -
M + - | VP Rz + +
N - - g + +
HiAT b + - fm At & + +
4=l + - 557 R + +
Frig iR i + + Wi + +
Ak - - RN R - -
LLbE + + A AL - +
TEHE + - it AL A + +
il + +
T AR PPN ;3R B 0

Note: + indicates postive; — indicates negative.
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Fig. 2 Salt and pH tolerance of strain SYK24 and strain SYN37
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Fig. 3 Phylogenetic tree of 16S rDNA of strain SYK24
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63 SYN37
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0.0010 4|—68‘— Burkholderia ubonensis CIP107078 (EU024179)
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Bl 4 SYN37 E#H) 16SrDNA REXEH
Fig. 4 Phylogenetic tree of 16S rDNA of strain SYN37
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Tab. 3  Effect of bacterial strains on the growth of rubber seedlings
b IR FUb Rk LR MR LR AR 7B RN URESEIS
Treatment Initial plant Initial ground Final plant Final ground Plant height Ground diameter
height/cm diameter/mm height/cm diameter/mm increment/cm increment/cm
CK 18.57+1.43* 2.65+0.03" 54.45+0.98° 5.06+0.14° 35.88+1.57° 2.4140.17°
SYK24 18.30+1.97° 2.58+0.13* 57.52+2.72° 5.76+0.12% 39.22+0.76* 3.18+0.23*
SYN37 18.63+0.93° 2.76+0.11° 49.23+2.27° 5.42+0.16° 30.59+2.17° 2.66+0.23°
WS E/NG FhERR A Bl R) 22 5 2 (P<0.05 ),
Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).
x4 EHRMBESEEVENTZMN
Tab. 4 Effect of bacterial strains on biomass of rubber seedlings
4 Bk fef T H b EB T R AT M3 L MHER R SR
JOBL] . .
Treatment Whole-plant Dry weight Dry weight Root shoot Chlorophyll
fresh weight/g aboveground/g underground/g ratio content/(mg-g ")
CK 28.08+1.73% 2.84+0.41° 4.69+0.16" 1.65+0.18° 39.01%5.09°
SYK24 31.70+0.68* 3.50+0.24* 5.76+0.70° 1.65+0.10° 40.52+1.28°
SYN37 26.12+2.39° 2.9240.16™ 4.71£0.14° 1.61+0.08* 37.56+1.85°

T [FBIARF/NG F iR AL BRE] 22 5 .2 (P<0.05 ).

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).

B 5 SYK24 70 SYN37 B#k &R 4 £ KB

Fig. 5 Growth-promoting effect of SYK24 and SYN37
strains on rubber tree seedlings

232 SYK24 F= SYN37 B k4L 22 5F 4 8% 4 3 4
ZEEWHm SYK24. SYN37 WEA R

W RRFWIEN. SYK24. SYN37 AbBH 144 e
45 ) BT AR R S K 40 O (1587.91+
164.15) . (1531.52+100.80)cm, 43 5% % 18 14 K
28.30%. 23.74%. SYK24 ., SYN37 [{JH & M 1h
RS RS T CK, HARIAF B EMEKT
(%£5)

2.3.3 SYK24 #= SYN37 Btk 33t 2 B AL 4
BEE Ry Hw LEFESTEMELSRE
B1, SYK24 Ab3R) 7k - HERR ik . MR 4K
CK 7 BIFEAE 5.01%F1 18.98%4k, X Hifth % +
HESE Ay S BRI E R . SYN3T i FH U S i B 7Y
FET RHEmA, HAAGI AR . A
HACER 3 CK FRET 31.39%. 22.73%Fl1
13.03% (£ 6 ).
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Tab. 5 Root scanning data analysis
ih ki Rl e TR KK

Treatment Total length/cm Surface area/cm’ Volume/cm® Average diameter/mm Root tip number
CK 1237.69+68.73" 470.53+18.47° 31.82+2.98° 1.22+0.47° 1899.72+77.87°
SYK24 1587.91+164.15° 623.07+£136.42° 44.45£15.92% 1.23+0.90° 2242.96+660.12%
SYN37 1531.52+100.80° 561.79+28.68" 33.63£3.08" 1.15+0.04° 2160.23+232.01°

T B F/NG B R Ab 21 E] 22 5 .25 (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).

*6 TEEUERSHT
Tab. 6 Analysis of soil physical and chemical properties

e o L 2 e L
Treatment SOM/(g-kg™) Total nitrogen/(g-kg™) Total phosphorus/(g-kg™) Total potassium/(g-kg™)
CK 5.60+0.02° 12.52+0.64* 0.22+0.01° 72.40+0.53* 1.17+£0.07°
SYK24 5.57+0.06 10.23+1.55% 0.190.03* 68.77+0.95° 1.07£0.01°
SYN37 5.53£0.04° 8.59£1.31° 0.17+0.02° 70.40+0.21% 1.19+0.11°
qb g IK AR AR SR AW A
Treatment Hydrolyzable Nitrate nitrogen/ Ammonium nitrogen/ Available Available
nitrogen/(mg-kg ™) (mg-kg™) (mg-kg™) P/(mg-kg™) K/(mg-kg™)
CK 96.13+9.83" 2.95+0.62° 2.70£0.51% 19.81+2.91° 175.49+12.59°
SYK24 100.80+0.00" 2.88+0.34° 3.53+0.54° 16.71+1.68" 142.18+4.62°
SYN37 91.47+5.83" 7.05+4.44° 2.38+0.38" 17.17£1.71° 152.63+11.83°

E: FFIAR/NG PR AR 22 57 23 (P<0.05),

Note: Different lowercase letters in the same column indicate significant difference among treatments (P<0.05).
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TEFTA B 60 PRAZIH AR brmT 55 52 D fig
4ER 1, Burkholderia 7 40 4, Mtk 66.67%. 4
B 1Yy Paraburkholderia,Caballeronia.Caballeronia
5 Burkholderia [F]J& Burkholderiaceae &}, iZF} 5
HRILTE 48 Bk, 5 43 BI R IY 80.00% . Burkholderia
Ko i G5 AR A AR o 18 v 1) T B8 440 TR 1) 4
XL #EHE  Burkhol deria 41 B X FR 1 5544 BAA #¢
YRR B2 ERT ) SRR RIARPR . AEARPR R
B i W RN 2 R 5 B 2R i
TR Y, BRI L R RS
BIRRALRE AN, I HA P EREIR . TAA, ACC
M, SER . EREAVEEY (VOCs ) 4%
MY E P RER T, &% WHEY i
ATEZEREP, B R Slvania, Escheri-
chia, Raoultella, Pantoea #1 Enterobacter [r]/&
Enterobacterales F}, WHREEILIT 8 #, &b
13.33%, =W RMSE Z RICHERE. Hi,
Enterobacter ZH )z /34 /KA . +3E . MR
INIPNES R AL EZ8 L S YE i N A = s
PR AR ORI ERIE N . PrEk e

CR BRI SIE 3 2 R T D0 ) €T VAN
AP R E P HRECOSE LR ) L R A
IR U i e de T B B R R .
JKFEMBR 7B E. asburiae D2 RHRAUEE T 1K
TNV TEER UM 30 AT A2 0%, AR PR L AR
H T T o e RN M T o R S A IR K
18.1%~34.7% . 25.9%~57.1% . 57.1%~150% FlI
17.3%~50.4%"7, #RFREA4 1 E. cloacae Rs-2 B TH
TR A RSN, VT R AE AR XS 3R
FRIFR IR TR L 500 AR it D,

AR RR R W B A 250, T
LI 3 AR R R S v B KA S . A LR
RIVIR . EIERR . W . 28y, sy DY,
T R A B 2 T RO AR B A i, ARSI
T AR PRIE PSR T R X ks,
RS R i AR MR o 57 36 1) A2 A4 T8 A X6 i S )
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FE F BRI XA TR . = S G R I 1
Ho X2t SR AR IR AR PR A AR B X HIE pH L
A —E Wi 3258 1, MR IS A g b ip 28
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sp. SYK24, 7£ pH 4~10 Z[f], NaCl ¥ & 5%LL T
FAFYIRENS RIFA K, RBASIE N 24U R EAT
HEMEE . SYK24 TR EA s . fen . BA. 7
IAA FI7= CARIREE R AR 1 o At uE i |
SYK24 AhBR A S 4 T 1Y 4R e 5 i . b LR T
Jo i RN ML F T BT A A3 A R K 12.89% .
23.24%H1 22.81%, XPHIMRA: K EA KA 3k
H, BABGEN T
Burkholderia sp. SYN37 AR &b B %45 i 4
AR REEHARIEEN, e TRALKE,
{EAF PR b, b 2T 3R 4 o AR 2R 5 0k BEOME B T 2
25, MPAEAEREENEERNE, BAKS
i KAERKHER, FEMREMYRPR Y . HE
YRI5 W0 53 i R AR S ) A SR AMIR A VR L TR A
PEAT R IR DB YRR S e, Ak
IS A RIRIE . RIR Y LA AR 2 7oK
BF, DR I AE v R R A DU AR R B
SYN37 AbFHP) AP . HIESA S LR
T BRI B R, FR B A PR T A A i G
PR, KEIHFE T 135500, SON MR KAEEARF
SO o JRAEZEAR R AR . R A R
. 77 TAA F1 ACC il S A= Re 1, WHEARR &
REWA—EIEHEVER B 5 A5 L i i A
RNV AE ] B e T A R RS AR R

4 #ig

A 5 7= A AR B - 18 4 B Al AL B R 60
PR, XA B TR A | AR . EARE T LA K
TAA . FERE R | 77 ACC B BEA ™ ZAB IR AT A
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