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PDA B3 973, 5597 3~5 d J5 , UL 1% (M &8 T
HE L PR AR [ 28085 77 v, 28 °C 180 remin™ HR 3%
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IR, ¥t A2.B3.F6.B3+F6 (4452 NP L
X B3 F1F6 TCHEHUME D L CK TR 56 , Hidh A2.B3.
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5.67 mg-L'e 3FRTE T IAA JUR W&, Hodr, F6 7~
TAA 8 J1 5098 , TAA &5 88 24.46 mg-L7', A2 5 B3
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Tab. 1 Functional testing of bacterial strains
[Esg7S [t 5/ (mg - LD TAA F&/(mg- L") B & &/ (mg- L™ HAE &2/ (mg- LD

strain  Nitrogen fixation capacity TAA content Available phosphorus content Available potassium content

A2 4.40 + 0.63a 12.56 + 0.26a 71.33 +4.45a 14.58 +0.99a

F6 7.67 = 0.40b 24.46 + 1.61b 48.10 +5.88b 15.31 = 1.74a

B3 5.67 £0.12¢ 18.36 + 0.68¢c 98.71 + 8.06¢c 28.62 £ 3.41b

VE:A2.F6.B3 73 Sl A% BRI AR, a b e Fon A A AL PR A) 2 7 B2 (P < 0. 05)

Note: A2, F6 and B3 are strains used for innoculation. Different lowercase letters indicate significant difference in the same

index of different treatments (P < 0. 05).

22 MMBEREE R 3T BER 1 R A
B [ 28 DA S TAA I O, 6 6 F6 A B3 Bk — 20
WEFT, DL 34 AR B3 I F6 B vk R Geit (b an bl 1,
PRIEAS B 2: T R F6 20K, B 7 b 22 280K, 1
ViR TR G, T AR AR 14 B A, TR
A5 7k 55 SE (i R 18 A DR g ) 4
ARAAL. B3 BN I, 14 50E W B, e
ANE W, T3S 5 45 i DI 1) TC-52 DUSIEH 2 4

98

NR_112686.1_Bacillus_spizizenit
NR_115063.1_Bacillus_halotolerans
NR_181236.1_Bacillus_rugosus
NR_151897.1_Bacillus_nakamurai
NR_115325.1 Bactllus nematocida

98

NR_102783. 2 B(lLLlluLsubttlls
VR ~075005.2_Bacillus_velezensis

’\IR 112723.1_Bacillus_atrophaeus
Pseudarthrobacter_enclensis
Aspergillus.sp

NR_ 1602541 _Trichoderma_euskadiense
NR_120299.1_Trichoderma_ghanense

F6
NR_120297.1_Trichoderma_reesei

1_Trichoderma_aquatica
103704.1_Trichoderma_saturnisporum
NR 120298.1_Trichoderma_longibrachiatum
NR_120296.1_Trichoderma_pseudokoningii
NR_077178.1_Trichoderma_citrinoviride

1 EHB3FIF6 R L
Fig. 1 Phylogenetic tree of strains B3 and F6

FRRARIL. 22 EEX, F6 NN EE (Trichoderma gha-
nense) , B3 4 VST ZE AT 5 (Bacillus velezensis) »

23 BT ARRIBERR  FEES ORI
AR IR 2 B3 R . AR 2 AT AN, NG
0 T 711 e AT RO a2k K e SRAR R A i v H i
03 B T RN T B . N TR R A AL, KO
Rl KR KA B HOR - KO R i 2 )
BFERT CKALEE, Horb i\ B3+F6 i 77l RUR i
S, B Jo G o A 5T R Y N =R 5 R K
e A5 5 & - SIS O 46 oK e B T D 1R S
33.09%; B3+ A2 FI{R A 1 77 (B3+F6) 4k B CK 4t

&2 B3.F6 2 HI7ELB t“%‘%%%ﬂiﬁﬂhéﬁ“%%tﬂ’]ﬁ;u
Fig. 2 Morphological characteristics of strains B3, F6

a. B3; b. F6

*2 TREFGE N REDERNF

Tab. 2 Effects of different microbial agents on the bioaccumulation of dragon fruit

GO MK em i T FE I N/ g TH&E g HAEFRY em®
Treatment Longest root length Fresh weight Dry weight Root volume
CK 12.60 + 2.29h 66.34 +2.02¢ 10.43 £ 0.19b 7.33 £1.52b
A2 19.47 + 3.58a 80.91 + 6.67ab 11.96 + 1.13ab 8.00 + 0.00b

B3 22.20 + 6.52a 87.55 + 6.68a 12.66 + 0.80a 9.33 £2.31ab
F6 22.73 + 1.56a 73.21 £6.72b 11.19 £ 0.79b 7.67 £2.57b
B3+F6 22.20 +5.74a 88.29 + 5.80a 12.84 £ 0.74a 10.67 + 3.05a

VEia, b, ¢ RARAFIALHLA] 2 55 538 (P < 0. 05) ; CK VTS /K AL HE ; B3+F6 S B3 A1 F6 FTR & B 7 -

Note: Different lowercase letters indicate significant difference in the same index of different treatments (P < 0.05). CK is

sterile water treatment; B3+F6 is a mixture of microbial agents B3 and F6.
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(B3+F6) AL AL CK K ARG B2E 1.
24 EEXTTIEIBAIEN R 3 WA AR
ANTE PR B3 F6 AL HE L CK AR XF $& 7 3 B AL PE R
BRGHABEESES NG T 14.49%.9.9% ; AL

BRI T 104%.16.47%; WA S &EIRE T
25.85%-14.35%; ¥R A B R B3+F6 AL 3 LE CK ik
PR BRI B PR A M BEAE R, Hrh A R AR
HHUR S 25 WIS T 37.02%-12.64% 16.77%.
B3+F6 A3 LE T I A2 Ab 350 2 T 38 F AL 1 B
R, Horh g B 4R T 18.65% , 5 MR 42 7 18.53%
FERN R FI A3 5 CK AL B, pH #8 AS [FI AR
(R BEAEC, FE b PR & 181 1) AL ) pH A 5 B
i, pH FEAIK 1 0.36; 80 Fo AL FAY FZK 0.03,

3 TI_JI??'JLiEXTAiE%ﬁis&%

Fig. 3 The effect of different microbial treatments on

the growth promotion of dragon fruit

BACORRT R EA S E N, HP A B3+F6 1
IR B W&, T B 52 1 23.11%; N IR A T 77

#3 EHRTREBUM RN

Tab.3 The influence of bacterial strains on soil physicochemical properties

AbER R (mg - kg™) T (mg - kg ™) T & (mg-kg™) HHR (mg-kg™)
Treatment Availablephosphorus Available potassium Alkaline nitrogen Organic matter pH
CK 52.32 +0.63d 145.52 + 0.23¢ 10.87 £ 0.51c 10.08 + 0.28b 6.97 £+ 0.05a
A2 60.42 + 1.88bc 163.05 + 4.78b 13.68 + 0.25a 9.93 +0.18b 6.82 +0.01ab
B3 59.90 + 1.96hc 160.66 + 1.09b 11.90 + 1.04bc 10.22 + 0.63b 6.75 + 0.05bc
F6 57.55 + 4.04cd 169.17 £ 2.35a 12.43 + 0.88b 11.92 + 1.10a 6.94 + 0.13a
B3+F6 71.69 + 3.70a 163.92 + 3.68ab 11.24 + 0.41bc 11.77 £ 0.29a 6.61 +0.09¢

Ezas by o dRRANFILERLR) 2253 535 (P < 0. 05D

Note: Different lowercase letters indicate significant difference in the same index of different treatments (P < 0. 05).
25 TREBAMRSAREREBEHEGFOBEXME  BRE. SR WS8R L MK, S
St mRAWH, BEAREES RS AOERER SESKERRK . TRE AR 2R 2
SEMEFEEMX, 5CRTRE SERE. 2 BEREEEMES 5O0RERE R EIEHX,

SRR E EA G LM A S KR RAER A B pHE KRR E B E AR AR
WS R DA HIRANUR S K ERT R, REF R,
T4 DRBUMRS A RREKIEFELME
Tab. 4 Correlation analysis between soil physicochemical properties and dragon fruit growth indicators

Eiz 7 K AR FrE EERE YR sk iskyEEl

Index Root length  Root volume Dry weight Fresh weight Plant total nitrogen Plant total phosphorus Plant total potassium
Available phosphorus 0.243 0.345 0.587 0.605 0.751 0.127 0.819
Eﬁﬁ#% . 0.150 0.150 0.273 0.207 0.566* 0.573* 0.288
Alkaline nitrogen

51

ﬁ*ﬂjf\ 0.265 0.265 0.610%* 0.634* 0.553* -0.170 0.627*
Organic matter
@Qg% . 0.674+* 0.128 0.743%%  0.777%* 0.815%* 0.615* 0.895%*
Available potassium
pH -0.399 -0.174  -0.662*%F  -0.688** —0.753%%* -0.284 —0.832%*

T 7HE 0. 05 M IR AHIRME B3 7 7E 0. 01 U (RUBD AR ME R .

Note: * indicates a significant correlation at the 0. 05 level (two-tailed) ;
(two-tailed).

** means a significant correlation at the 0. 01 level
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e R T U TAA E TR E ARG

BRI R = TAA 1 WL 32 02 B R AR 72 =
A TAA, H T 2 B 78 28 fE AT 1R 7 TAA RUR
BRI, 9 QR B R 2F HOAT B (Bacillus tequilensis)
Ral H 38 % I 2F f AT B (Bacillus aryabhattai)™” s
A= I 2 A P DL B R A A 5 AR R T L A
] 80k A e ok il A1 e 7 AT DR A i A R RS
JE R H R X [ AR P R T X
358 [ R RE P R A D 7EAR PR 3% ep i i
[ S50 A= ) ARG, A L 75 S5 AN 22 AR B
a5 ik HY 2 K B AR [ U GN3 F1GN4, 43 )&
FASTE 1A IR B ], 3K 2 R B A [ 3 9 2 I
TE A K T A E 78 s 2 I 52 14 B3 R F6 1 [ 4
B, 0955 5.67F17.67 mg-L™, BAN, PR IAA & &
.3 535 5] 18.36.24.46 mg-L™'. X i B B3 Fll F6
HAT— 2 B R TAA fig

AR, SR AR A VA ERE /1, Bk
W M PERRIR A R AT M (R A KR
F RTRIE L 2 (AR BrRid B i A 1 K 22 A it 25
Ja o AL R A AR 5 JTAR o - 438 v i g 14 08 it 2
FO IV BERE 1 MBI L, RIS IR 5 d B A it 25 F9
(A BN 457.69 mg- Lo AEZPE&EDIMNAAR T
VRO, R B— R %5 T6 FE 5577 56 8 d I I &
IEFE K, N 90.91 mg- L AR X 7 e 5 i 28 AT
(1 BIF 7 B LR I8 , AR F 72 R0 e ik e B v
B3.F6 Vi i B, 45 R R I B3 (UL SE R 2E f AT 1) L F6
I A B ) 76 5597 7 d i R 7 58 0 531l 6 98,71,
48.10 mg- 1o IXFK ] B3 AR AT BT I i R
AN TE R (B (R e 70 22 K, U L JELERL, T R AN

I P B R X TR — SV R (A FH LN

IR A $ MR B AT A AR AT BRI )
BB, H90% UL E B8 T R ERARAE TR 3R 4
Hh DRI T SN A A A I A RSO A I R R SR FH
AR . 15 AR AR BE IO AU A, I B3 FITF6
R 15 T 0 AT R B 2K OA B 28.62115.31 mg- L.
X5 B3 I R6 X A A 1 B A AT R RAE
UE Ak, 2 S RS A R B,
FRE R XLT-4 %58 N ERZF AT B . X1 BRAEDOHR
FT LS 34 28 7 AT B LXS-N2 [ sh ek , R B0 LXS-
N2 LA AR RE 11 FEAHI 5T A LS 28 F AT 1
PR AR L Ry IR TE 45 SRR T IS .

AR FT LS TR, BEhh ZX-2020 B RR 0 EK %)
B AR A 1 1 54.49% , 5 57 536 0 1.93% , 38 I 57
i 35 R A B AR W R R T3 R4 Re
AT 8 75 ) B AR 2K AT T AR 2 3 1R AT,
i O T SEROIT R AT T AR 0 TR R R 68 R 4 e
T e, bl BR R a9 Al & 3 A DA
o BEAN A B IR 3L Rt B Y
M) , A S 2 B v A R A ', O
HE ARG R — B R e AR R B
U, FEARHE 7T B bR B3 A F6 SE M G , 5 % HE AL AR
EE , K e A B AR AN Jot A 3 2 4 v, AR I
76.19% , 2 5 w38 i1 33.09% . 1% 1t B B AT 1 i
BREERE T I B AR AR ) AR K B — o R
Fl o AW FTIIAE SN 23 B 25 AR B, A 338 v R0
5 5 KO B AR A e o o T R A R
FRor I R AR O, R A 9 45 R
KPR RN FESBHREHETER —ERRR.
DR AT BBy AR R ke SR I R R T A 1 R
Al RE R RN 3 T K R T R IR &R,
IR T KRR A A S

4 & B

T B A TAA RS TR A KR
AR B 338 R T HE R E 1 D BE KT IN AN AR % (F6)
ANZEAIFF IR (B3) , Fe A B A i I RER) Fo A1 B3 &2
& W RE S AT PR K OR R AR &, WKk
R R TR R AR AR . 2o IR
PARE /T b EE R T AL SN S RV IN R R N
TG RAT BT KR E RA UL, £ 854
U 2 FEAE
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Screening of microorganisms promoting rhizosphere

growth in dragon fruit

GONG Wenkun, WU Qiaohui, WANG Gang, YANG Jinmimg, LU Rongting, WANG Beibei
(School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228, China)

Abstract: A strain of Trichoderma and a strain of Bacillus were screened from the rhizosphere soil of dragon fruit
(Hylocereus undulates Britt. &Rose) using nitrogen fixation, phosphorus solubilization, potassium solubilization,
and IAA production media. The growth promoting effect of their fermentation broth on dragon fruit was
determined through pot experiments. The results showed that strains F6 (Trichoderma ghanense) and B3 (Bacillus
velezensis) were screened from the rhizosphere soil of dragon fruit, which had the ability to dissolve phosphorus
and potassium, fix nitrogen, and produce IAA. Among them, F6 had the highest ability to fix nitrogen and
produce TAA, while B3 had the highest ability to dissolve phosphorus and potassium. Inoculation with microbial
agents significantly improved the agronomic traits of dragon fruit. The combined microbial agents (B3+F6) had
the most significant effect, increasing the fresh weight by 33.09% and the dry weight by 23.11%. Inoculation with
microbial agents can improve soil fertility, significantly increase the contents of available phosphorus, available
potassium, and organic matter in the soil. Compared with CK treatment, inoculation with a single strain B3 or F6
increased the available phosphorus content by 14.49% and 9.9%, the available potassium content by 10.4% and
16.47%, and the alkaline nitrogen content by 25.85% and 14.35%, respectively, whereas the inoculation of the
mixed strains B3+F6 increased the contents of available phosphorus, available potassium, and organic matter by
37.02%, 12.64%, and 16.77%, respectively. Correlation analysis between soil physicochemical properties and
growth promoting indicators of dragon fruit shows that under the inoculation with the combined microbial agents
the content of soil available potassium is significantly positively correlated with the fresh weight and dry weight of
dragon fruit above ground, as well as the accumulation of nitrogen, phosphorus, and potassium in dragon fruit. It
can hence be concluded that inoculation with the combined microbial agents (B3+F6) has a significant
improvement effect on the fresh and dry weight of the above ground parts of dragon fruit, as well as the root
system of dragon fruit. The combined microbial agents have a synergistic effect on the accumulation of nutritional
elements, nitrogen, phosphorus and potassium, in dragon fruit, and also has the effect of improving soil fertility.

Keywords: dragon fruit; promoting microorganisms; phosphorus solubilization; nitrogen fixation; potassium

solubilization
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