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« Chlorophyll fluorescence analysis was used to measure pear trees treated with bactericide for fireblight control.
- Results of this study can contribute to bactericide treatment of pear tree fireblight.
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plants, enabling time-series data analysis of pathogen progression and allowing for
large-scale studies. Therefore, this study analyzed inhibitory effects of main active
ingredients in bactericides on fireblight using chlorophyll fluorescence response
analysis. Flowering pear trees (three-year-old ‘Shingo’ variety) were sprayed with control
agents and fire blight pathogens on flowers. Chlorophyll fluorescence responses were

First revised: 28 March 2024 R . .

Second revised: 15 April 2024 then measured at seven-day intervals. Twenty-eight days after bactericide treatment,
Final revised: 29 July 2024 the fluorescence of the O-J transition stage in the untreated group was twice as high
Revision accepted: 2 September 2024 as in the average bactericide-treated group presumably due to inhibition of electron
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transport in the PSII donor side caused by pathogen infection, leading to leaf necrosis.
Additionally, the electron transport efficiency (ET20, RE10) decreased, reducing the
driving force of photosynthesis (DF total ABS) to 20% of the average bactericide-
treated group, indicating chlorophyll damage and reduced photosynthetic capacity. In
conclusion, chlorophyll fluorescence technology can be used to quantitatively evaluate
the efficacy of fire blight control agents during the flowering period of pear trees.

Keywords: fire blight, Erwinia amylovora, pear tree, bactericide, chlorophyll fluorescence
(OJIP)
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Analysis of the effectiveness of bactericide using chlorophyll fluorescence technology
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Table 1. Systematic treatment with each bactericide according to flowering season prediction warnings

Days after 1st inoculation

Treatment® -1d 10*CFU mL™’ 3d
1d 2d 10°CFU mL"" 4d 5d 6d
A [ )
B A ) . ) ) )
1st inoculation 2nd inoculation
C A ) ]
None

*Oxytetracycline 34% (A); Streptomycin 20% (®); Oxolinic acid 20% (=)

#A: Streptomycin single treatment; B: Oxytetracycline + Streptomycin system treatment; C: Oxolinic acid + Oxytetracycline 4+ Streptomycin system treatment;

The inoculation method is spray inoculation.

2.2
A=A P 2A4(0JIP)2 AX T oA A ¢h= &,
Chlorophyll fluorescence meter (FP-100; Photon System
Instruments, Driasov, Czech Republic)2 0]-835}o] 149,
219, 289 F 32| SASHAT Z A2 37AIE dol=
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Zol A8 & g 13 A5 oH, A5t
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A QaollM Qe o] AR Aol #sfi=lo] 2|47} kst
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A A T&g olnjste, AEdA Aol AaT Pl
total ABS®?} DF total ABS+= 838t A5 A4=, Fd
4 AL E grlsl= 242 AFREHT Dlo/RCE &5
g WA B A Rokn 92 £0ES
LRl A4z, 2EdA gl $7F1 Bk (Yoo
et al. 2012). Z} oFA] A 2|72 gloJ8l= oAl FA T &
A2 o] Aqtatsto] B W ST (Parameter (Other

treatments)/Parameter (None treatment)).
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Days after
bactericide None

treatment

A Treatment

B Treatment C Treatment

Fig. 1. Photographs of pear tree treated with bactericide after inoculation with fireblight pathogen. Flowers were inoculated and treated
with Erwinia amylovora and bactericide. None treatment sections showing disease symptoms from day 21 are marked with a red box.
None: Non-treatment; A: Streptomycin single treatment; B: Oxytetracycline 4+ Streptomycin system treatment; C: Oxolinic acid 4+ Oxytetra-

cycline + Streptomycin system treatment.

30 1

20 1 = be

15 4

Ct value

10 4

None A B C
Treatment

Fig. 2. Bar graph showing Ct values of none, ATreatment, B Treat-
ment, and C Treatment. Data of each column are presented as
mean and standard error. Different letters within a column indicate
a significant difference at p<0.05 according to Duncan’s multi-
ple range test. A: Streptomycin single treatment; B: Oxytetra-
cycline 4+ Streptomycin system treatment; C: Oxolinic acid + Oxy-
tetracycline + Streptomycin system treatment.

2]l A E. amylovora’t HZEE] AT (Fig. 2).

Sero 7 9Jo] AL ERIE 7] A HE 149 7, oA
Ao wE A3} s d54 FF A4S Tl )
AoletA o] HF5P3F (V) E vl sk th(Fig. 3). oFAl F
AT Vi 048622 7H kT, CHEITFE 0442, A

Table 2. Relative variable fluorescence at the J-step (V) mea-
sured at 14, 21 and 28 days after bactericide treatment

Relative variable fluorescence at the J-step (V)

Bactericide .
treatment Days after bactericide treatment
14 21 28
None 0.486 a 0475a 0.851a
ATreatment 0.442 b 0.413b 0.399 b
B Treatment 0.396 ¢ 0.387b 0441b
CTreatment 0.434b 0.420b 0432b

*Different letters within a column indicate a significant difference at p<0.05
according to Duncan's multiple range test.

2T 0.434, BA A= 0.396. 22 7P Wof, s o
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o7} ZRI=] 2] ¢r3ITh(Table 2). ©|+= E. amylovora®l 7t
= Aol A 1, 0] Bl SlAlEle] Aol 4
312, 0.7 2lo] BAeIA Baerol Z71e A7 Aot o
2515t (Heyens and Valcke 2006; Vrancken et al. 2013).
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Fig. 3. Comparison of Vop (relative variable fluorescence, Other
Treatment - A Treatment) of fireblight pear trees treated with bac-
tericide. *A: AVop at 14 days after bactericide treatment; B: AVop
at 21 days after bactericide treatment; C: AVop at 28 days after
bactericide treatment.
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RE1o/C 4
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Fig. 4. Comparison of energy fluxes in nursery seedlings by biological stress of fireblight pear trees treated with bactericide. A: Energy
flux at 14 days after bactericide treatment; B: Energy flux at 21 days after bactericide treatment; C: Energy flux at 28 days after bactericide
treatment, Other Treatment/None Treatment.

Table 3. Changes in chlorophyll fluorescence parameters in response to fireblight infection after bactericide treatment

Days aﬁer Bactericide
bactericide treatment ABS/RC TRo/RC Dlo/RC ET20/RC RE1o/RC Pl total ABS DF total ABS
treatment
None 2.169 a 1635 a 0.533 a 0.846¢c 0.508 b 2.006 ¢ 0.363 b
ATreatment 1.908 b 1.468 b 0440b 0.853 be 0.576 ab 5.449 ab 0.709 a
14 B Treatment 1.899 b 1.489 b 0410b 0.900 ab 0.640a 7351 a 0.865a
CTreatment 2140 a 1.704 a 0.436 b 0.957a 0.566 b 3.490 bc 0.535b
None 2134 a 1.668 a 0.466 a 0.874b 0.467 b 2.251¢ 0.333¢c
ATreatment 2.028 ab 1.612 ab 0.416 ab 0.934 ab 0.586 a 5.013b 0.656 b
21 B Treatment 1.896 b 1512 b 0.384 b 0.926 ab 0.656 a 8.193 a 0.910a
CTreatment 2.081a 1679 a 0.402 ab 0.986 a 0.602 a 4622 b 0.656 b
None 3.382a 2.060 a 1.323 a 0.302b 0.257b 2799 a 0.139 a
ATreatment 2.168b 1.715b 0.453 b 0.972 a 0.617 a 4.222 a 0.609 a
28 B Treatment 2.140 b 1.690 b 0.450b 0.941 a 0.617 a 4.705 a 0.643 a
CTreatment 2.007 b 1.634 b 0.373b 0.980 a 0.532a 4.222 a 1.156 a

*Different letters within a column indicate a significant difference at p<0.05 according to Duncan’s multiple range test.
**ABS: Absorption of light energy; RC: Reaction Center; TR: Trapping of excitation energy; DI: Photon flow dissipated as heat and fluorescence; ET: Conversion
of excitation energy to electron transport; RE: Reduction of end acceptors; Pl: Performance index; DF: Driving forces.
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Supplementary Table A1. Information of the tested bactericide for fireblight

Bactericide Active ingredient (%) Recommended dilution
Streptomycin WP 20 2,000
Oxytetracyclinedihydrate WP 34 4,000
Oxolinic acid 20 2,000

*WP: Wettable powder

Supplementary Table A2. Formulas and glossary of terms used by the JIP-test for analyzing fluorescence transient OJIP (Stirbet and
Govindjee 2011)

Data extracted from the recorded fluorescence transient O-J-I-P

Fo Fluorescence at the O-step (50 us ) of O-J-I-P

= Fom Fluorescence at the J-step (2 ms) of O-J-I-P

Fi1= Faoms Fluorescence at the I-step (30 ms) of O-J-1-P

Fo=(Fum) Maximal recorded (=maximal possible) fluorescence, at the peak P of O-J-I-P
F=Fu-F Maximal variable fluorescence

Vi=(F-F)/(Fm—-Fo) Relative variable fluorescence at the J-step

Vi=(F=-F)/(Fm-Fo) Relative variable fluorescence at the |-step

Fvl Fm=1-Fol Fm Maximum quantum yield of primary PSII photochemistry

Specific energy fluxes (per Qa-reducing PS Il reaction center, RC)

ABS/RC=M,(1/V)) (1/pp,) Absorption flux per RC

TRo/ RC= M,(1/V,) Trapped energy flux per RC (at t=0)

ET20/ RC=(M,/V,) (1=V,) Electron transport flux from Qa to Qg per RC (at t=0)
RE1,/ RC=(M,/V,)(1-V)) Electron transport flux until PSI acceptors per RC (at t=0)
Dlo/ RC=(ABS/ RC) - (TR./ RC) Disipated energy flux per RC (at t=0)

Phenomenological energy fluxes/activities (per excited cross section, CS)

ABS/ CSx Absorption flux per CS; ‘x"='Chl’, 0, or ‘M’

TRo/ CSx=pp,(ABS/ CSx) Trapped energy flux per CS (at t=0)

ET20/ CSx= ¢, (ABS/ CSx) Electron transport flux per CS (at t=0)

RE10/ CSx= @geq1,(ABS/ CSx) Electron transport flux until PSI acceptor per CS (at t=0)
Dlo/ CSx=(ABS/ CSx) =(TRo/ CSx) Dissipated energy flux per CS (at t=0)

Performance index

RC P WY Performance index for energy conservation from photons absorbed by PSIl antenna,
ABS 1- 1- to the reduction of Qg
Ppo wa

Plags=

Performance index for energy conservation from photons absorbed by PSIl antenna,

Photatags= Plags  [Ope1,/ (1= 0pen ] until the reduction of PSI acceptors

Driving forces (total driving forces for photochemical activity)

DF=log (PI) Driving force on absorption basis

Technical fluorescence parameters

Vt=(Ft- Fo)/(FM-Fo) Relative variable Chl fluorescence

*F: Fluorescence; V: Variable fluorescence; ABS: Absorption of light energy; TR: Trapping of excitation energy; @PSII: actual PSII efficiency; ET. Conversion
of excitation energy to electron transport; DI: Photon flow dissipated as heat and fluorescence; RE: Reduction of end acceptors; Pl: Performance index; DF:
Driving forces; Vt: Variable technical fluorescence parameters.
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