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Abstract Receptacle browning issues arise during the storage and transportation of cut chrysanthemums,
leading to a decline in both ornamental and commercial values. Given the recurring nature of this issue in
batches, it is hypothesized to be caused by pathogenic bacteria infection. To investigate the causes of this problem
and find solutions, we analyzed the receptacle browning phenotype in ‘Jinshan’ summer chrysanthemums, isolated
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and identified the pathogenic bacteria following Koch’s postulates, determined the species through whole-

genome sequencing analysis, screened high-efficiency inhibitors through agar plate inhibition assays, and validated

their efficacy using cut chrysanthemum treatment experiments. The results indicated that receptacle browning led

to an annual loss of approximately 10% in summer chrysanthemum production. The identified pathogenic bacterium

was Bacillus altitudinis, which optimally grew at pH=7.0 and 42 C. Among the 15 commonly used ecofriendly

and low-toxicity antibacterial agents evaluated, 80% ethylicin emerged as the most effective, with a 1 000-time

dilution significantly inhibiting receptacle browning in two other chrysanthemum cultivars. In conclusion, this

study successfully isolates and identifies the pathogenic bacteria responsible for receptacle browning in cut

chrysanthemums, and screens ecofriendly, low-toxicity, and high-efficiency antibacterial agents, thereby providing a

theoretical basis and technical support for addressing receptacle browning issues in cut chrysanthemums.

Keywords cut chrysanthemum; receptacle browning; isolation and identification of pathogenic bacteria;

screening of antibacterial agents; ethylicin
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Fig. 1 Receptacle browning phenotypes of the cut chrysanthemum ‘Jinshan’
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Fig. 2 Isolation and identification of pathogenic bacteria causing receptacle browning in cut chrysanthemums
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PR DNA %25 R BLAST 2% 751
Strain No. DNA identification result BLAST reference sequence

1 Bacterium L7 168 ribosomal RNA gene, partial sequence KU221416.1

2 Paenibacillus sp. strain SR266 16S ribosomal RNA gene, partial sequence MZ026419.1

3 Bacillus pumilus strain IP10 16S ribosomal RNA gene, partial sequence KY621526.1

4 Bacillus sp. SRI 178 16S ribosomal RNA gene, partial sequence JQ247010.1

5 Bacillus aryabhattai strain 16S ribosomal RNA gene, partial sequence KJ009510.1

6 Priestia aryabhattai strain P4-13 16S ribosomal RNA gene, partial sequence OP035945.1

24 REEHEDFFE
241 ARRIBEAMNABAEKG A

ESURH ()4 52 R A (R0 4 AR P TR 9 U AT P AR gk AT
BEFR I« v b O AT R BRI PR AE 28 ~42 CIREE RN 8
AR, Ho 7E 42 CHEE T AE KR s T 55 CEk
KT 16 CHI BV A K32 2R Z 6| (Bl 4A) . 1E
42 “C ISP K P AE B e (IR 4B, 156 WA 7E 1% 36 5 3R
BRPAR B AR R R, RaR g R UL, St
ZFHAT AR BRE AE KIRE N 42 C L FEEER
TRIAEE N2 5 KA R

242 TRF pHALN 7R E A K693

55 7R FLAE pH<<3.0 I ANRE [l 4k, TEikH T
LI 2 T AE A O, Hod £ pH AE 5.0~ 11.0 347
o G55 B 4C) KB« i b 2F AT 1 B R 7E pH<
9.0 FY ¥R 8 T A Ae A A, I £E pH=7.0 ) Hh VR 5%
5 EA KA 75 pH=5.0 U5 37 2 |, W&
KA A ] ; 75 pH=9.0 [y 3% 7 5 b ) 52 ) BF 2 4
il < 10 24 pH=11.0 I} , B F= B (o W) AR 21, HJGTd
WK, MAIEG T IR IR 2K EE N 0. Giit 4
(E 4D 3 F7 7 _FIR 2518« 18 ¥ 7F pH=7.0 {1 15 77



142 Wi R 4 4 AR RS R 51 %
20
18
16}
14
‘a
2 1t
52
=
#E B 10F
W S
2 .20
s 8F
(o}
@]
6k
4k
1 HH H \H gy
0 1 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95
EHE
Contig number
KEER T 10 kb TSR 14
Distribution chart of contigs with the lengths greater than 10 kb.
B3 3SEMEFRAHKER
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Table 2 BLAST results for different contigs
T HEH HEH2 EEH3 HEH4 EEHES
No. Contig 1 Contig 2 Contig 3 Contig 4 Contig 5
| Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis
CES-OCE-19 11-1-1 CHBI19 CES-OCA-19 VUMSI
) Bacillus altitudinis Bacillus altitudinis Bacillus sp. Bacillus altitudinis Bacillus altitudinis
P-10 CHBI19 FS02 SCU11 W3
3 Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis
NC3 47 P-10 SCU11 NC3
4 Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis
™2 VUMSI Cr2-1 BA06 HQ-51-Ba
5 Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis
6WW6 FD48 Bal449 ABT GLB197
6 Bacillus pumilus Bacillus cellulasensis Bacillus pumilus Bacillus altitudinis Bacillus altitudinis
Cc4 NJ-M2 TUAT1 1817 Bal449
7 Bacillus altitudinis Bacillus cellulasensis Bacillus altitudinis Bacillus altitudinis Bacillus pumilus
HM-7 NJ-V 6WW6 ws31 TUAT1
p Bacillus altitudinis Bacillus cellulasensis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis
VUSM1 NJ-V2 1943r2al CMF5 CES-0CA-19
9 Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis Bacillus altitudinis
W3 ws31 CMF5 Bal449 1943r2al
10 Bacillus sp. Bacillus altitudinis Bacillus altitudinis Bacillus aerophilus Bacillus altitudinis
FS02 UKM RBI11 SCU11 KJ82 ws31

VeI 5 BB REZEAT BLAST Z0HT, JF- 4 Hh 1 RiT 10/1SAHBLE fre s B 4 14
The top 5 contigs were chosen for BLAST analysis, and the table lists the top 10 bacteria with the highest similarity.
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Dilution times of the antibacterial agents
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Inhibitory effect images of three typical antibacterial agents with
the best (80% ethylicin), good (30% cupric nonyl phenolsulfonate),
and low (15% cuaminosulfate). The larger the inhibition zone, the more
significant the inhibitory effect of the antibacterial agent.
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Fig. 5 Representative phenotypes of inhibitory effects of

different antibacterial agents against B. altitudinis
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Table 3 Inhibition zone results of 14 antibacterial agents against B. altitudinis

BT £ P 7
Average diameter of inhibition zone/mm
= q (=]

Antibacterial agent Regression equation

Dilution times of the antibacterial agents

10 100 1000
40% < H <M BEfiE Difenoconazolespyraclostrobin 40% SC 20.54+1.54 13.75+0.66 10.57+0.78 y=17.701—0.007x
80% 5% 80% ethylicin 48.61£1.47 35.64+0.78 7.57£0.77  y=44.405—0.037x
0.3% PU#EZ 0.3% tetramycin 32.76+0.85 27.43+0.48 13.16£1.00  y=31.182—0.018x
8% % Kanamycin 39.11+£1.95 32.99+1.18 22724120  y=36.961—0.014x
30% - B4l 30% cupric nonyl phenolsulfonate 29.71£2.76 9.32+0.92 3.22+0.32 y=20.983—0.019x
40% T #% 40% chlorothalonil 12.4241.34 7.84+0.72 7.19£0.40  y=10.424—0.003x
45% Wit i 45% prochloraz 16.16+0.18 15.29+1.47 11.20£0.90  y=15.999—0.005x
72% FE Nk *4%4¥ Cymoxanilemancozeb 72% WP 13.95+1.20 9.81+0.88 9.05£0.91  y=12.154—0.003x
27% 75 TG 27% kasugamycinebromothalonil 26.28+0.93 21.95+1.40 832+1.16  y=25.111—0.017x
4% %75 « P £ 4% kasugamycinezhongshengmycin 17.07+0.61 9.04+0.39 0
10% JREFHEENE 10% cyantraniliprole 13.61+1.81 0 0
33.5% WEMKHE 33.5% oxine-copper 20.58+0.95 6.51+1.17 0
1.26% - ARG RRER 1.26% xinjunan acetate 18.74+1.45 10.28+0.86 0
15% 25340 15% cuaminosulfate 14.60+0.91 0 0

v AR B 5o 2500 RE AR AR . JC Il 5 AR AR 24 50 I G 8 SR AR AV 250 55 2 1 A S, B ke = il
y: Diameter of inhibition zone; x: Dilution times of the antibacterial agents. The lack of a regression equation indicates that the inhibitory

effect of the antibacterial agent diminishes significantly with dilution, resulting in insufficient statistical data.
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Fig. 6 Validation of the antibacterial effect of 80% ethylicin on the cut chrysanthemums
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VIR I — RO AR AR 25, A )i R w AR
Mo CarRBEHZBENH 2 M RN E, /N R
J& 99 LR 8k ) B (Fusarium graminearum) <) J& 2
(Pythium spinosum) « § J& & i 8 B (Bipolaris
sorokiniana) ] ®" AN F& 5 9% [ 78 I 9% 1 (Magnaporthe
grisea) 1% . Ligp ik T B B T Wk
I, FCATLHILE T 4001 1205 JER T A% B AR D RE AN 2 1R
AU, AT A1) 2 B 5T ) RE R T 22 AR G F T
FRE LTI R A Y, AN R EER, L5
A EAR PR ) E R (Fusarium) M 5 )&
(Phytophthora) 1 A=W 3= B, [7] I e/ AL ) & A
LT, IR L P S IR T BRACAH S
GECAR FEE RN - 3 IR Wl v M, i 2% 3 35 (I RN 42 1 2
AR RS, BTN E AR E R EEN, &
T OB ME MR . WO REEA R
et t E A9 B (Xanthomonas oryzae pv. oryzae)
7| 2 P 20 A P A P 5 3 S e 1 A R £ [ A
fifg P P 2 2R B B R A 1200 IR R I EE . R, &
i3 L REA RS0 BT A R 5 R R A Bk B AR
1 (Pseudomonas syringae pv. actinidiae) J& 45| L1
TR A A T A ot e 5 B e e PR )20 TR B R
BRI 2 TR FR) 4 LB 10 ) A4 0 I £ TR s of A0 |
2 SR G T AR, LR R RERE W 401
T S A T e ML 2 SR R B, A RUE G2 A 0o
AR EARE -INLHIEANE RE A 1R — 2P 7T .
FEAE T A BTG R AR YR I T
Beo SR, w2 20 2 9 N Ta R FEPEER
K, HAEAR G IR , I3 80w 5w - gt
piegs a2 S AR S IDNLN 5 RN = i 1 P
R BA WA A S Al FHEEZ T A&
MR, N RIMEAE B & b &4, BA TG
B AT YIRS 5y P FE B PE SRR A DR AR
RGO (HA Y AR 25 A7 A WAE S 1
I [) o A0 N2 R VO B 72 S AN R . S T AR S A A
MR KGNS, —FIRA L T 5 2 7] 1 2
ROR . B, AW AR 2 4 T SR AE B (Metarhizium
anisopliae) CQMad21 5 &AL 5 R 21 B , B2 &L
By 45 T oK H (8] 5 30 53 0k (Spodoptera frugiperda)
TEPR DA 25 50% FE R LT 5 R KF R A
HE AR, RAHET M HAMEY . A S M
BRIE 58U B 00 BB i6 o, AE AR 2 Rk 2 R 25 TR
e R B AL T B — 2550 A ROR ™. R UITE S

FEL B AL R R, AW FE R LA A 24 i o — T
A7 BT I6 25780 R R AT st 2D ik v A AR 2
5 LR AL, RS AR Bva RCR -

4 H

AT 5T I T RRRE U, S A O PR IR )
“ar bR VIR AT 1O IR R A B S E , R AT T2k
DRI ZEL > e 2EL 36 , W e 1 12009 Ji R A e b F LT 1A
(B. altitudinis) . W3T 15 B A A5 5 F pH B, K&
BL42 "CHM pH=7.0 I B e il B AL DR, 4%
il 6k 5 A1 R 5 PR 85 1 iR B2 AT pH R AT 7 458 1200 55
WG, 3 7 346 BB 5 12005 S B 1) 4 IR 2 L = AU
2577 L35 2% HAE F A S AP AE 3G TR IR E 1 3
B A, VIR K 5 160 4K ) 351 (1) 7 6 2 ik
THRZ A%
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