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Abstract: Both biological seedling-raising substrates and biological organic fertilizers can optimize the rhizosphere

microbiome  through  the  plant  growth-promoting
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thizobacteria ( PGPR) they contain, thereby promoting

crop growth. This study aimed to explore the effects of a

logical organic fertilizers) , so as to provide technical sup-

port for the development of facility agriculture. The pot ex-
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periment was set up with the following four treatments; ordinary seedling-raising substrate + ordinary organic fertilizer ( 0S-
OF) , ordinary seedling-raising substrate + biological organic fertilizer (OSBF) , biological seedling-raising substrate + or-
dinary organic fertilizer ( BSOF) , biological seedling-raising substrate + biological organic fertilizer ( BSBF). The results
showed that compared with the OSOF treatment, the OSBF treatment had no obvious impact on watermelon growth and rhi-
zosphere bacterial communities. The BSBF treatment altered the diversity of rhizosphere bacterial communities, optimized
their structure and composition, and significantly increased the plant height, aboveground biomass, and underground bio-
mass of watermelon plants. Under the BSOF treatment, the relative abundances of several potentially beneficial bacterial
taxa, such as Sphingomonadaceae, were significantly increased, or were predicted as key taxa for this treatment by the ran-
dom forest model. Among them, Sphingomonas sp. was identified as an important factor for predicting the growth-promoting
effect on watermelon. The PICRUSt2 functional prediction results revealed that compared with the OSOF and OSBF treat-
ments, the relative abundances of functions such as cofactor and vitamin metabolism, other amino acid metabolism, mem-
brane transport, and signal transduction in the BSOF and BSBF treatments were significantly increased. In conclusion,
when applying the dual-species PGPR inoculant for the first time, the biological seedling-raising substrate strategy should

be given priority, as it can more efficiently optimize the rhizosphere bacterial community structure and promote watermelon

growth, and the effect is even better when combined with biological organic fertilizers.
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Venn Diagram ( http ://bioinformatics. psh. ugent. be/
webtools/Venn ) 221, F F 43 #r A [5) Ab B 21 (8] L5
R R T P S0 AE SR (ASV) o R R (i
A 4.1.3) 1Y pea pREGHEAT E RS0 (PCA) |, LA
WAL B ZREE AR A, ANTREVE B AR AP S A B T
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GUAH MW 2) Jrid, BT 16S rRNA ZER 44 T 4%
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TEXY ASV AT 2550 73 BT RiT, So Xt HttAr A iidt
AbFE SR 5 QUME JI AR I BB group-significance.
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TG B WAL A PR B H 22 BAE VS A=
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FH 3 1 AT, 7F OSOF .OSBF #ZhFH T | 75 JIVAS #k
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8T 21.4%, EWE RS AYAPUIEES
FHI% BSBF b ¥R SRR A R8UR , 5 OSOF 4k
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Table 1 Effects of different nursery substrate and organic fertilizer treatments on the growth of watermelon plants

i) PR (em) ZEH (mm) SPAD fH Mo AR A (o) WA (g)
OSOF 50.70+3.41b 3.76£0.25a 37.83+3.30a 25.94+3.46b 2.01+0.09b
OSBF 51.37+4.50b 3.87+0.24a 40.43+1.37a 28.84+5.06b 2.15+0.41b
BSOF 61.535.30a 4.10£0.38a 37.10+2.49a 37.78+6.60ab 2.50+0.48ab
BSBF 65.136.19a 4.02+0.33a 38.1720.23a 41.45+8.89a 2.95£0.15a

0S . Tl B AL BS A W & v BL 5 OF - AN 38 A HUIE ; BF . A= W04 HLIE ; OSOF . 4% 0S 4l B3k % OF vk B 4% b ; OSBF . 4% 0S 4 %
. ZF BF o B -3 ; BSOF 4 BS 41 AR E OF Mt B 1456 ; BSBF .44 BS 41 iti B4R & BF sk B H3Erh . RFEER BT A R/INE T 1R b

P22 5 3 (P<0.05)

22 FREAMENFRRAREESS o SRR
R Z T 22500, V5 RAR By - 820 B E 75 1)
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0.05) , MiAZ A AL FE R 1 B2 (P>0.05)
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FEFEEL( Chao 1 #8480 ACE $8%0) BAMET 0S 4b#
20 (OSOF 4b¥ OSBF 4b¥H), 5 OSOF 4bBHAH .,
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LIRSS IR W A W) B O o XL Fel
PGPR T2 77 2 M AR 7 TR o 200 B B 1 2B, (HL
PR A S, BSBE Ab [ 74 TR B 41 B R 3 8
RS Z R O A T A A B I AR, 5

BSOF #bFEAH L , BSBF AbFEAY Shannon $8BU%AK , H.
JEME— i KT OSOF AL 3, k& A WA
BUIE S5 A=W/ i B o B G it H 2= S 3 R T, 2
FEPEREAR, IRZE AR BAR sl F AE W0 A7 L
HE X 20 TR TS AR R i A R B A E S A
e 2 B I HH B 25 7 A — 2 ARV
2.3 AEAERFRMAER ASV HXES

HE 1 ATLLE 1, 4 DA 609 A3 [H Y
ASV, 5 ASV EB(8 8891) Y 6.9% , OSOF kb
1700 A A9 ASV, 1 BSOF 4bBE BSBF AbFE)
Fefg B R 2 9 e OSOF AL BRI /0 T 6.0% .
18. 1% (K 1A) . HE 1B A LLFE Y, %} OSBF Ab3H
5 OSOF AbBRAY Fb A4 BSOF 4b 5 OSOF 4 3 ()
Fe#4H (BSBF 4b ¥ 5 OSOF Ab B e 4l AT Heds
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KB, OSOF AbFHERA (1) ASV it Ak vk 1 | i 5 H
AR I0 2 AT B ASV B0 (1 12674 .1 040 4,982
A B HAB R AR A 1Y ASV £ (2 054 4~ .1 901
1676 ) WL, ARG REN], 5 OSBF
AEFRAR e, BSOF 4B BSBF Ak B X AR 5 40 5 7E 7%

R2 ARLERFEAFEEEN o SHM

ASV ZHRURRIE (AL 545 ASV K IEF ASV) 521
BT, BSBF AbHLE R B o Y ER R IR A%
AIRe TAEZGH T, H 3R aUfm kG, 5
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Table 2 Alpha diversity of rhizosphere bacterial communities under different treatments

o ZREPERRRL
Qb
Chaol £ JEHEHL ACE F& BI85 Shannon ZHEPEFE 5L Simpson ZHEMHEFE %L
0SOF 1 414.42+£49.02a 1 415.91+£49.24a 6.75+0.06a 0.998 3+0.000 2a
OSBF 1 414.40+106.46a 1 415.29+107.74a 6.76+0.08a 0.998 3+0.000 la
BSOF 1 270.36+247.08a 1 271.11£247.40a 6.56+0.14ab 0.997 6+0.000 4b
BSBF 1172.67+49.52a 1 172.95+49.79a 6.49+0.03b 0.997 3+0.000 2b

08 HHl B 55T BS AW E W ELTT; OF . @ A AU  BF . A YA HLAE ; OSOF . 8% 0S 4 M A% 2 OF et B -4+ OSBF % 0S 4 %
FE BF i B -4 BSOF . f BS 41 AR 2 OF Bt K 1 ; BSBF ¥ BS 41 Bk £ BF st K+ ; ACE . e T B A9 35 R A1, [F51

Bl S5 A ARl NG R R R AL PR E] 22 57 135 (P <0. 05)

BSBE 1598

1134

OSBF OSOF

2 0547

AN
1126|2068|

BSOF  OSOF BSBF  OSOF

AR RZ AT ASV R ASY 2L B &S0 45 X B LU AR 4 JELIRT . OSOF 838738 75 1 B 5T (0S ) 41t % ARk 22 W 353 A AL

JIE(OF) &t K 41 ; OSBF i 0S #h B Bk i LA HUIE (BF) 8¢ R+ 38 BSOF A 2E 9 1 3

BSBF . 4% BS 4 iti# 4% 2 BF s R L3,

Ji(BS) 4 AR = OF sk B LI,
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Fig.1 Analysis of the number of shared and unique amplicon sequence variants ( ASVs) of rhizosphere bacteria in different treatments
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Z X 43 e W A, e4h, OF 4k 32H (0SOF 4k
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PR AR B 0 A B BV 2R 2 AR KR (PC2, Nk
10. 75% ) X B ke, B HAL (PERMANOVA) 44
SRR TERRIAb BRI, HR R 20 TR A 7 4k 22 57 1 3%
[P 2B (RY)=0.318 83,P=0.034], AT
4L %, OSOF Ab 3 OSBF Ab H A3 A ] 5l AH i1
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Fig.2 Results of principal component analysis (PCA) (A) and cluster analysis (B) of rhizosphere bacterial communities under different

treatments
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JE 1] ( Proteobacteria) (4% 25 B ] ( Chloroflexi) | fig
FFHE ] ( Acidobacteriota) | i £& 7 '] ( Actinomyceto-
ta) ZFHMO TR ] ( Gemmatimonadota) , iR 5 4~
BT AL 4 ) o 23.0% ~ 32.5% . 16.4% ~
20.6% . 15.6% ~ 19.5% ., 7.8% ~ 10.4% , 4.4% ~
7.4% . 5 OSOF AL BHAR LL, BS AL BH4H $2 5 1 & TP
BT TROAR XS = B, o BSBF Ab B A9 H2 55 1% i 3k
FKF(P<0.05), X HAKFR o Hrh &2 T
SRR L, Q& 3B Bizs, BS 4b B4
1A 58 25 /R 5 5 H ( Burkholderiales ) B9 41 X} = & #¢
OSOF 4bFfLHH i 14 fin, HL BSBF Ab B 1 14 i 1k & 3%
K- (P<0.05) , fEITKF- BRI, OSBF 4b 2
HOR K& BLEE OSOF Ab BEBH 3 g 4 i 26 /. 1
AR, AW v B ] RS R e e
L] AN R EE H A, 54
A HUAC IR T RE 7™ A= 125 A0 5 S0

N TR YR R A A HLIE XS
FiE AN ZEHE ASV JKF-HUS2 I i AR 7R T 39
ANFER = BETEAN [ b 3L (8] A7 72 22 5719 ASV (&1 4)
R FH PR 3R T 22 53 A He B b BT 1) 22 S, R FOBUIEAL

RTINS A HUIE R S BEARR] 4N
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FAERE B ( Defluviicoccaceae ) JHAT FFF ( Microbacte-
riaceae ) , 1 EK 7 Bl ( Pedosphaeraceae ) B2 T
ASV RN 2 B ek 3 st . 35 2 Tt BSOF Ak B e
J& T MR B B} (Rhizobiaceae ) | 9 22 B #1 Jfd 1 7
( Sphingomonadaceae) . " B! %& 18 £ ( Methylophilace-
ae) Z175 il B Bl ( Roseiflexaceae ) . FF M- Ak 78 [G B
( Beijerinckiaceae ) S 2594 K K # B+ ( Nocardioidace-
ae) SR Z A~ ASV AN = B2 3 s W 3
A, BB AR MRS B — 20 H ASV435 AR B A
( Rhizobiaceae ) Fll ASV279 ¥ 2 B 5. {4 /& £} ( Sphin-
gomonadaceae ) T 2 BSOF &b B i 5C B 45 fiE 11 7
(Kls),
2.6 RERGEY 5 E R £ R KRBT

SR I BEAILARARAE L R0 55 P4 TR A= 2800 AH I 1Y
KRR PP B S . HEA4HT 10 A28 ASV
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Fig.4 Heatmap of amplicon sequence variants (ASVs) exhibiting varying relative abundances among different treatments
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Fig.5 Key bacterial groups predicted by the random forest model and their relative abundances in different treatments

EEME
O~ N Wh U I

lnnnnoao

a b c d e f g h i
2
a:ASV3 YL LT & (g_Sphingomonas) ;b: ASV102 KM JE
(g_norank) ;c:ASV255 K4+ J5E (g_norank ) ;d: ASV533 A3
J& (g_norank ) ;e: ASV351 A 432 )& (g_norank ) ;f: ASV383 K%
R (g_Agromyces) ;2: ASV767 A 5325 )& (g_norank ) ;h: ASV251
WA B (g_Gaidella) ;i: ASV580 44328 J& (g_norank ) ;j:
ASV4 $5 5 5 M 1 & ( g_Sphingomonas) . ASV . ¥ 1l T ¢ 51| A8
Sk,
EHe6 FAMRREVENIERNEFEEH

Fig.6 Importance of major predictors of watermelon root biomass
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