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Burkholderia sp. YQ9 promotes the growth of 7rifolium repens
and improves the soil fertility

LI Chunyan, WANG Qianjin, ZHAO Mengli, QIU Wei, YU Fangbo

Key Laboratory of Soil Remediation and Quality Improvement of Zhejiang Province, College of Environment and

Resources, Zhejiang A&F University, Hangzhou, Zhejiang, China

Abstract: [Objective] Developing plant-microbe combined techniques is significant for addressing
the problem of declining cropland quality in China and enriching the approaches for biological
remediation of degraded soils. [Methods] The plant growth-promoting traits of Burkholderia sp.
YQO were determined by assessing its cellulase, protease, and ammonia production. Subsequently,
a pot experiment was conducted to evaluate the effects of different dilutions of Burkholderia sp.
YQ9 inoculant and culture medium on the growth of white clover (7rifolium repens) and the
physicochemical properties of the rhizosphere soil. Furthermore, high-throughput sequencing was
employed to analyze the impacts of different treatments on the structure of the rhizosphere
microbial community. [Results] Burkholderia sp. YQ9 exhibited plant growth-promoting traits,
being capable of producing cellulase, protease, and ammonia. White clover improved the pH
environment of the rhizosphere soil. Application of the original inoculant of Burkholderia sp. YQ9
promoted white clover growth, significantly enhancing the content of soluble protein and soluble
sugar in the shoots and leaves, as well as the levels of available phosphorus and available
potassium in the rhizosphere soil, thereby facilitating organic matter decomposition. Analysis of
microbial alpha diversity in the rhizosphere soil revealed that both the original inoculant of
Burkholderia sp. YQ9 and the culture medium significantly reduced the richness, diversity, and
evenness of both fungal and bacterial communities in the rhizosphere soil and altered the
composition of the soil microbial community. The correlation analysis further indicated that the
microbial community in the rhizosphere soil was correlated with white clover growth and soil
physicochemical properties. [Conclusion] Burkholderia sp. YQ9 not only promoted the growth of
white clover but also modified the composition of the rhizosphere microbial community and
improved the soil fertility. These findings provide microbial augmentation-based technical support
for enhancing cropland quality.

Keywords: Burkholderia sp.; Trifolium repens; rhizosphere; microbial community
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2 EREGHH

2.1 Burkholderia sp. YQ9 1@ 45 M 94

Burkholderia sp. YQ9 431 H Wi IT._I B8 b
WX, WIRREFR, BABRRAE,
T s o s B Y1 (B 1A); W 2 RE
NGHN, FirGH, EMEE, 23060
1B). 7R H BLEF A R A A 5 TR AR 1 R 0 LT
% J5 ] i A W B (8] 2A . 2B), M 7ERR AT B
FE3E oI B BL(E] 2C), R Burkholderia

) AfGE

e e

1 BESEFERIE T8 Burkholderia sp. YQ9 &
HELBEAE LNREEZEHS. A: Burkholderia
sp. YQOI& B B T Wil ' A B: Burkholderia sp.
YQOTELBY:F i I HVRIEA

Morphology of Burkholderia sp. YQ9

under transmission electron microscope and colony

Figure 1

morphology on LB plate. A: Transmission electron
microscope image of Burkholderia sp. YQ9; B:
Colonial morphology of Burkholderia sp. YQ9 on LB

medium.

sp. YQ9 H A f=4F 4L R B Mk Al e 71, (0

NEEMEte ., Sx ML, EEidE b

T W5 Nessler’s WA IR & 5 A W L L AL (4

(Kl 2D), £ W] Burkholderia sp. YQ9 H. & r= &

HE 7T o

2.2 Burkholderia sp. YQ9 ¥t A =M 4
spA!

AR SRR, 5 CK AL T1-T4 1
T6 AbFR R 54 T H =2t ] Y
SE(E 3A), JUHE T AR, HamteEa s
T CK Ml T4 AR 5IHE I T 40.1% F1 13.0%.
T1-T4 KbFE R ERE T E =M ] &
(&1 3B), T1 AbH(EE I E) Al A & 3% CK
(2l 7K) F1 T4 Ab PR (R 3R 3 ) B E W T
110.3% £ 90.4%.,

1 Frs, i EFI(T1-T3) R 53 3 5
(T4 RENE W T =M fkm, T1 AbBREE CK
1 T4 AbPRRR = 2 3G 0 19.5% F1 7.3%; T1 Al
T4 LhPRE ERE T H =M FEE S, & CK
3N 176.0% F1 148.8%, T1 % T4 HhnT
11.0%; JiHERI(T1-T3) A3 5(T4 . T5)HhE
SN AR, P DL T4 A T1 Ab¥
JiE, AHES CK 35BN 416.7% 1 387.5%.
2.3 Burkholderia sp. YQ9 ¥ B =R R
TIRIBL M BRI

k2 iR, SO6K - HEEAEML, %

2 Burkholderia sp. YQYREFFIE I A A AERMEINAFA; B: 7 E AR C: e

P D =R .

Figure 2 Analysis of growth-promoting characteristics of Burkholderia sp. YQ9. A: Cellulolytic enzyme test

dish; B: Protease-producing test dish; C: Potassium solution test dish; D: Ammonia production test tube.
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Figure 3  Effects of different treatments on soluble sugar and soluble protein content in aboveground parts of

white clover. A: Soluble protein content; B: Soluble sugar content. Different lowercase letters meant significant

difference at 0.05 level.

F1 AEREXNA=MHAREE KISR0
Table 1

Effects of different treatments on growth indicators of white clover

Qb F Treatment R 3= {5 Fresh weight (g/plant)
Root length (cm) Plant height (cm) Hi1 |35 HI
Above-ground part Root
CK 19.20+0.59bc 22.434+0.42¢ 3.71+0.13¢ 0.72+0.11c
Tl 20.57+0.27ab 26.80+0.25a 10.24+0.13a 3.51+0.03a
T2 19.07+0.42bc 24.97+0.68b 3.73+0.31c 1.53+0.08b
T3 18.27+0.44c¢ 24.83+0.32b 3.5740.21cd 1.454+0.04b
T4 21.90+0.75a 24.97+0.38b 9.23+0.27b 3.72+0.22a
T5 20.23+0.52abc 23.67+0.22bc 3.7240.36¢ 1.20+0.04b
T6 19.77+0.98bc 22.40+0.96¢ 2.86+0.32d 0.81+0.10¢

[RIFA R ING PR3 22 57 i 35 (P<0.05).

Different lowercase letters in the same column meant significant difference at 0.05 level.

AFRTR (T4 BRAMI &4 & 7R PR+ 58 pH, Jo
H T2 F1 T6 AbFH, T4 AbFREER N T £1Eg
SR MR CK BN T 3.0 f5; T1 AR FEXT AR PR
A RO A E R AR E B, AR
A T LA S0 $E T 29.4 15 F0 6.6 15, AH
B CK 43Tt 15.5 f5H0 5.4 %, A% T4 AbH
A3 HE T 16.9% Fl 7.2%; 148 CK, T1 Fl T2
A FRAR BRI HLT & o IR T 3.4% A
22%, T1 5 T4 Zb¥E . T2 A1 T5 AbFEAHLIL, A
BT 5 0l i 25 TR 7.1% F11 2.8%.

2.4 Burkholderia sp. YQ9 ¥f B =MH1RFR
IR E R SRR
24.1 BZMRFRLIEHE o ZHMES T
Nk 3 fin, SHECESEM CK AHLL, &b
P = AR B A A5 2 TR A LR I Y R
(Chaol) i K4 2 % A, JUHE T1 M1 T4 4k
F# . Shannon 5§ % #1 Simpson 5§ £ H F #f ¢
FREEr Z MM, Sl LM M A =
it TR RN SR R AR B R T A =
AR B 1 198 v 4 TR RN EC TR B 75 19 Shannon $5
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x2 AREIEA=MRFRTIRIBUE RO
Table 2 Analysis of physicochemical properties of white clover rhizosphere soil with different treatments
Ak pH Hi AR A B e 2R AL
Treatment Electrical conductivity Available P Available K Available N Organic matter
(nS/cm) (mg/kg) (mg/kg) (mg/kg) (g/kg)
Potted soil  4.79+0.01¢ 44.87+0.24c¢d 0.13+0.03d 37.38+0.77¢g 79.06+1.55ab 36.57+0.13b
CK 49740.02b  31.83+9.37d 0.24+0.05d 44.38+0.13f 66.14+3.20d 36.05+0.22bc
Tl 4.86+0.03d  111.70+2.37b 3.95+0.09a 283.94+1.84a 75.71£1.93bc 34.81+0.23¢
T2 5.03£0.01a  40.63+0.72d 0.32+0.04d 54.54+0.65¢ 87.50+0.91a 35.27+0.13de
T3 4.98+0.01b  59.10+2.51c 0.94+0.21¢c 53.76+0.92cd 72.56+2.63bcd 35.89+0.28bcd
T4 4.77+0.00e  126.53+8.43a 3.38+0.09b 264.89+2.63b 71.42+2.37bed 37.28+0.23a
T5 4.93+0.01c ~ 45.27+0.27cd 0.32+0.05d 50.01+0.86de 77.77+1.30b 36.26+0.29bc
T6 5.02+0.02ab  39.10+0.17d 0.28+0.08d 47.30+0.26ef 66.69+5.94cd 35.81+0.10cd

[RIFA R ING Fh:3RR 25 55 i 2 (P<0.05).

Different lowercase letters in the same column meant significant difference at 0.05 level.

*3 B=MIRFFEBEPEESHAESHFNE

Table 3  Alpha diversity of fungi and bacteria in rhizosphere soil of white clover

AbBR E14 Fungi 4l Bacteria
Treatment  Chaol $5%4 ShannonF§%%  SimpsonF& %L Chaol 6% ShannonF5%%  Simpson 5%
Chaol index Shannon index Simpson index Chaol index Shannon index ~ Simpson index
Potted soil ~ 483.31+36.73a  6.14+0.07a 0.965 9+0.001 9a 4 115.56+87.27a 10.92+0.03a 0.998 9:+0.000 Oa
CK 422.79+1.87b  5.82+0.03c 0.949 7+£0.001 Ob 3 682.22+92.50b 10.16+0.09¢ 0.995 8+0.000 5¢
Tl 312.16+3.63de  5.35+0.01e 0.932 6+0.000 6¢c 3 248.30+21.68¢ 9.55+0.04d 0.991 7+0.000 3d
T2 273.21+10.58¢  5.59+0.01d 0.951 7+0.000 4b 3 801.89+148.49b  10.29+0.05bc 0.996 9+0.000 1b
T3 344.76+3.01cd  5.81+0.02¢ 0.952 4+0.001 3b 3 648.63+37.23b 10.29+0.03bc 0.997 2+0.000 1b
T4 303.7443.61de  5.18+0.03f 0.923 5£0.001 9d 3 134.88+47.67¢c 9.50+0.05d 0.990 0:0.000 5e
TS 268.95+18.25¢  5.66+0.05d 0.949 4+0.000 8b 3 794.99+88.12b 10.32+0.03b 0.997 2+0.000 1b
T6 364.52+4.47¢  6.03+0.01b 0.963 5+£0.000 3a 3 670.78+34.53b 10.30+0.03bc 0.996 9+0.000 1b

[RIFIAN G NG 1R 25 57 1 3(P<0.05)

Different lowercase letters in the same column meant significant difference at 0.05 level.

B Simpson 8 %8 .
242 B=MRIETIREERZEM ST
WA 4 Fr7R, 90 d I 4% Ak BRAR PR 4 4 LT
BE V& W ¥ 4 & 1] (Ascomycota) F1 1 + & [']
(Basidiomycota)¥] ML HE ], Hrdr, T1 Al T4
Ab 3N S REA T AR B R TR ) A A N
£ (P<0.05), iS4 T TR TR AR X R
(P<0.05).
WKl s i, 5% & (Penicillium), M2 &

(Aspergillus).  Saitozyma VI N ¥ i % J&
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(Cladosporium)55 M I R HEE LA )R
F%ﬁ%?}%(Humicola)\ Saitozyma. Melanconiella
DL RS 0 85 i A SR A5 AR 38 ) = AR B - g
PR, SHH R AL, AL SRR
F 3 b 7 R R R AR N R R AR (P<
0.05); 5 CK AL, T2 F T3 Ab U % | M Xt
P 0 5 (P<0.05)
243 BAZIRFRTIBMEEESEEM S
WE 6 s, 250 HEAR PR A 45 4 A v b
i K I'] (Actinomycetota). B .}y ]
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Figure 4 Relative abundance analysis of fungal community at phylum level. S: Test soil. The same below.
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Figure 5 Relative abundance analysis of fungal community at genus level.
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Figure 6 Relative abundance analysis of bacterial community at phylum level.
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Figure 7 Relative abundance analysis of bacterial community at genus level.
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Figure 8 Correlation between rhizosphere soil microbial relative abundance at the phylum level and white
clover growth indicators. A: Soluble protein content; B: Soluble sugar content; C: Root length; D: Plant height; E:
Fresh weight of the aboveground part; F: Fresh weight of roots. *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 9 Correlation between rhizosphere soil microbial relative abundance at the phylum level and soil
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