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TABLE 1. Effect of fumigant toxicity from Citrus maxima essential oil on inhibiting mycelial growth of 8 plant fungal pathogens

Diluted folds of Inhibition rate (%)

essential ofl GBSI-104°  GBS393  (SG7-3’ PAO!’ Co-51° pCt PG6-3° Cmepl-3*  CPY-0IA®
1 10000.0d°  927464d  287¥27a  759t44d  283f193a  377839a  252f17a  -3288246a 469%38b
10 430880c  530897c  84%25ab  309457c  08#32ab  -10.083.1d  89%25hc  -69¥208a  S7Hda
20 203%60b  200830b  65H04c  207430b  77#0ab  33%1.0cd  10.04#50b  03t50a  8.8487a
50 01%44a  -23%37ab  -21#32c¢  -104H44a  97H25b  S4¥20cd  -S3#38d 83#82a -2.6428a
100 444322 -18H48ab  25108c  32831a  80457b  -173tLlc  01%l7bc  -59f46a  46439a
Tween 20 42142 -l11424a  -15828c  -32431a  -55845b  -L1#30b  06+7bc  -173t125a 09+1.8a

" Essential oils from C. maxima were serially diluted with tween 20 (0.01%).
? Inhibition rate (%) = (CK-Treatment) / CK x 100.

* Plant pathogen isolates used in this experiment. GBS1-104, GBS3-93: Botrytis cinerea; CSG7-3: Colletotrichum gloeosporioides; PAOL: C. higginsianum;

CO-51: C. orbiculare;, PC: Phytophthora capsici; PG6-3 Pestalotiopsis sp.; Cmepl-3: Penicillium digitatum; CPY-01A: Fusarium solani.
 Means in each column followed by the same letter are not significantly different (P>0.05) according to Tukey's HSD (Honestly Significant Difference).
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TABLE 2. Effect of fumigant toxicity from Eucalyptus citriodora essential oil on inhibiting mycelial growth of 8 plant fungal pathogens

Diluted folds of Inhibition rate (%)

essential oil GBSI-104  GBS3-93°  CSG7-3° PAOL® Co-51° pCt PG6-3° Cmepl-3*  CPY-01A®
10 1000500 ¢ 100.0£00b  96.6+3.3d  100.00.0c  100.00.0d  100.0£0.0c  96.8455d  100.0£00c  100.040.0¢
50 1000£0.0c  933#83b  20.6t54c  884%105¢  68.7499c  88.0%16.1c  45.0#20c  SLOXI06b  687499Db
100 76.8t108b  80.0t4.4b  152124b  39.8t122b  29.6%57b  29247.1b  28.6%89b  -182489a  20.6%5.7a
Tween 20 -6.2%7.4 a -6.8%5.0 a -1.2826a 4.5%12.2 a -5.219.2 a -0.6%4.1 a 11.247.1a -20.518.7 a 09t1.8a

! Essential oils from E. citriodora were serially diluted with tween 20 (0.01%).

? Inhibition rate (%) = (CK-Treatment) / CK x 100.

® Plant pathogen isolates used in this experiment. GBS1-104, GBS3-93: Botrytis cinerea; CSGT7-3: Colletotrichum gloeosporioides, PAOL: C. higginsianum;
CO-51: C. orbiculare; PC: Phytophthora capsici, PG6-3 Pestalotiopsis sp.; Cmepl-3: Penicillium digitatum; CPY-01A: Fusarium solani.

* Means in each column followed by the same letter are not significantly different (P>0.05) according to Tukey's HSD (Honestly Significant Difference).

Fe= ~ BEEREINION TR FERE YRR B R R 44 R 2 HHISER
TABLE 3. Effect of PDA medium added with Cirus maxima essential oil on inhibiting mycelial growth of 8 plant fungal pathogens

Diluted folds of Inhibition rate (%)

essential ofl GBSI-104°  GBS3-93  (SG7-3’ PAO!’ Co-s1° pCt PG6-3° Cmepl-3'  CPY-0IA®
100 8LIFLSbH  734%L1b  55.8428c  89.8#5.1b  172#51b  77.9%34b  69.1#40b  486+177c 355t19c
1,000 387409ab  348%65a  102f54b  287¥97a  S2tlda  301#69a 253292  -333832bc  7.9%22ab
10,000 19.1437a  342475a  84%¥43a  267¥88a  9.8#40ab  375%28a 2851022  -17.5%8.1ab  8.0#6.0b
Tween 20 17.1465a  205t50a 374352 84%68a  31#40a  428158a  318%09a  -64%f19a  -35%77a

! Essential oils from C. maxima were serially diluted with tween 20 (0.01%).

? Inhibition rate (%) = (CK-Treatment) / CK x 100.

* Plant pathogen isolates used in this experiment. GBS1-104, GBS3-93: Botrytis cinerea; CSG7-3: Colletotrichum gloeosporioides; PAOL: C. higginsianum;
CO-51: C. orbiculare;, PC: Phytophthora capsici; PG6-3 Pestalotiopsis sp.,; Cmepl-3: Penicillium digitatum; CPY-01A: Fusarium solani.

* Means in each column followed by the same letter are not significantly different (P>0.05) according to Tukey's HSD (Honestly Significant Difference).
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TABLE 4. Effect of PDA medium added with Eucalyptus citriodora essential oil on inhibiting mycelial growth of 8 plant fungal pathogens

Diluted folds of Inhibition rate (%)

essential ofl GBSI-104°  GBS3-93  (SG7-3’ PAO!’ co-s1° pC* PG6-3° Cmepl-3®  CPY-0IA®
1,000 100.0£0.0¢* 100.040.0b  100.030.0b  100.00.0c  100.030.0b  100.00.0b  842¥122¢  722%143b  100.0+0.0b
10,000 3L6)17b  336£57a  825¥23a  269%f115b  S52482a  S63tldla  17.0467a  -182480a  -19*2.la
100,000 2024132 3158322 95#3.1a  100¥46a  3.6823a  436848a  277412ab  87#80a  02473a
Tween 20 1714652 295450a 374352 84468a  126f123a 4284582  318109b  -64%19a  -35477a

" Essential oils from E. citriodora were serially diluted with tween 20 (0.01%).

? Inhibition rate (%) = (CK-Treatment) / CK x 100.

* Plant pathogen isolates used in this experiment. GBS1-104, GBS3-93: Botrytis cinerea; CSG7-3: Colletotrichum gloeosporioides; PAOL: C. higginsianum;
CO-51: C. orbiculare;, PC: Phytophthora capsici; PG6-3 Pestalotiopsis sp.,; Cmepl-3: Penicillium digitatum; CPY-01A: Fusarium solani.

 Means in each column followed by the same letter are not significantly different (P>0.05) according to Tukey's HSD (Honestly Significant Difference).
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C. gloeosporioides CSGT-3 ~ F. solani CPY-01A } Pestalotiopsis
sp. PGO-3BEMRTE T35 27 » HIH1245/075292.6%-99.7% - FitE100£%
TR AT EIC. higginsianum PAOL ~ B. cinerea GBS1-104
C. gloeosporioides CSGT-3 ¢ Pestalotiopsis sp. PG6-3% B AT
B JIHIRNHY70.9%-98.6% o SARMIZEGA - il T HE ¥ P.
digitatum Cmepl-3BHRSL 38 S FRANHIBOR - LA (e 4 2
HYRER -

B MO M I 2 SRR MRS FR - MilE500:%

FIL ~ MR P i L R 5 o ST

TG kg R AT B, cinerea GBS1-104 ~ F. solani CPY-01A ~
Pestalotiopsis sp. PG6-3F.C. gloeosporioides CSGT7-3% itk
AT EFIEI8.2% ~ 98.3% ~ 99.0% 5:100.0% : ¥tP. digitatum
Cmepl-381C. higginsianum PAO1EPRALF 5 S HIHI R A By
80.1%5182.7% - MitE 1,000 (% 5 MR M AT HNHIB. cinerea
GBS1-104H1C. gloeosporioides CSGT-3 kAT 2% 5 %399.6%
£1100.0% ; ¥tF. solani CPY-01A ~ P. digitatum Cmepl-3 ~ C.
higginsianum PAQ1 ¢ Pestalotiopsis sp. PG6-3 % H T2 ZE 41
IR F583.5% ~ 83.3% ~ 68.2%5259.8% » FRFE1,500 1% 5 b
A ETHIHIB. cinerea GBS1-104 BC. gloeosporioides CSGT-3E
PRIGT-382F > HIIHIREE08.6%H188.4% + ¥fF. solani CPY-01A
P. digitatum Cmepl-3 ~ C. higginsianum PAQ1 K Pestalotiopsis
sp. PGO-3EIRIE T3 R HIHI 2 F84.9% ~ T4.5% ~ 72.1%)¢59.0 -
FRFE2,000 etz ke ks i o] HIIB. cinerea GBS1-104 ~ F. solani
CPY-01AF.C. gloeosporioides CSGT-3E IR T-E52£3£97.3% ~
78.5% K 78.5% + ¥tP. digitatum Cmepl-3 ~ F. solani PAO1 J%

TABLE 5. Effect of Citrus maxima essential oil on inhibiting spore germination of 7 plant pathogens

Diluted folds of Inhibition rate (%)

essential oil' GBS1-104° CSG7-3° PAOL® co-s1° PG6-3° Cmepl-3° CPY-01A®
10 98.9%1.1 ¢' 98.21.1b 100.0£0.0 ¢ 100.010.0 b 99.540.9 b 70347.52 100.040.0 d
20 98.6%0.6 ¢ 9831.5b 100.0£0.0 ¢ 97.6+3.0b 100.0£0.0 b 8464542 98.741.5 cd
50 933434 ¢ 98.142.1b 99.740.6 ¢ 99.4+1.0 b 97.542.8 b 654+123 a 92.6%1.2 be
100 709143 b 98.6+1.6 b 7524174 b 50.6t21.8 a 97.5¢44b 2164295 b 87.545.6 b
Tween 20 2.5t16a 0.1#20a 20t12a 3274422 144762 52430b 2.0%1.8a

! Essential oils from C. maxima were serially diluted with tween 20 (0.01%).
? Inhibition rate (%) = (CK-Treatment) / CK x 100.

® Plant pathogen isolates used in this experiment. GBS1-104: Botrytis cinerea; CSG7-3: Colletotrichum gloeosporioides; PAO1: C. higginsianum; CO-51: C.

orbiculare; PG6-3 Pestalotiopsis sp.; Cmepl-3: Penicillium digitatum; CPY-01A: Fusarium solani.
* Means in each column followed by the same letter are not significantly different (P>0.05) according to Tukey's HSD (Honestly Significant Difference).
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TABLE 6. Effect of Eucalyptus citriodora essential oil on inhibiting spore germination of 7 plant pathogens

Diluted folds of Inhibition rate (%)*

essential ofl GBS1-104° CSG7-3° PAO!’ CO-51° PG6-3° Cmepl-3’ CPY-01A’
50 100.0£0.0 b 98.240.4 d 82.77.0 ¢ 100.0£0.0 d 99.0+1.7 ¢ 80.146.3 b 98.3+1.5d
1,000 100.0£0.0 b 99.6%0.7 d 68.2+12.5 be 100.0+0.0 d 59.8£1.0b 83.347.9 b 83.541.2 cd
1,500 98.61.2 b 88.4+1.2 ¢ 72.149.1b 903439 ¢ 59.042.5 b 745%5.1 b 84.944.4 be
2,000 97.340.5 b 78.542.5b 51.843.1b 67.0t1.6 b 4535129 b 6874152 b 78.5+4.8 ab
Tween 20 -2.5t1.6a 0.1¥2.0a -3313.1a 32742 a 14176a 52%3.0b 2.0%1.8a

"Essential oils from E. citriodora were serially diluted with tween 20 (0.01%).
? Inhibition rate (%) = (CK-Treatment) / CK x 100.

* Plant pathogen isolates used in this experiment. GBS1-104: Botrytis cinerea; CSG7-3: Colletotrichum gloeosporioides; PAOL: C. higginsianum; CO-51: C.

orbiculare; PG6-3 Pestalotiopsis sp.; Cmepl-3: Penicillium digitatum; CPY-01A: Fusarium solani.
 Means in each column followed by the same letter are not significantly different (P>0.05) according to Tukey's HSD (Honestly Significant Difference).
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TABLE 7. Efficacy of two essential oils on control of strawberry leaves gray
mold caused by Botrytis cinerea GB1-104

Essential oil  Diluted fold' Disease severity (%)°

1 hr before inoculation 1 hr before inoculation

C. maxima 50 72.2£29.3 be' 30.6£12.7 abe
100 77.819.6 ¢ 50.0%25.0 abc
E. citriodora 500 66.7£22.1 be 25.0%16.7 abc
1,000 69.4129.3 be 16.748.3 ab
Tween 20 72.2%29.3 be 71.8+17.4 ¢
CK® 0.0£0.0 a 0.020.0 a

" Essential oils from C. maxima and E. citriodora were serially diluted with
tween 20 (0.01%).

? Disease severity (%)=(3 number of leaves in each scale x scale number) /
(total leaves x max scale)

* CK: Not inoculated.

* Means in each column followed by the same letter are not significantly
different (P>0.05) according to Tukey's HSD (Honestly Significant
Difference).
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TABLE 8. Efficacy of essential oils on control of strawberry fruit gray mold
caused by Botrytis cinerea GB1-104

Essential oil  Diluted fold' Disease severity (%)°

1 hr before inoculation 1 hr before inoculation

C. maxima 50 79.2+14.4 ¢ 41.7£14.4 be
100 54.2%19.1b cd 33.3£14.4 abc
E. citriodora 500 83.3%19.1d 25.020.0 ab
1,000 41.7%14.4 be 29.2%7.2 abc
Tween 20 62.5%12.5 cd 87.5£12.5d
cK’ 0.0£0.0 a 0.0+0.0 a

! Essential oils from C. maxima and E. citriodora were serially diluted with
tween 20 (0.01%).

? Disease severity (%)=(X number of leaves in each scale x scale number) /
(total leaves x max scale)

* CK: Not inoculated.

* Means in each column followed by the same letter are not significantly
different (P>0.05) according to Tukey's HSD (Honestly Significant
Difference).
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Fig. 1. GC spectrum of C. maxima. The limonene (96.27%) is major compound of pomelo essential oil.
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Fig. 2. GC spectrum of E. citriodora. The main compounds include Citronellal (43.63%), Citronellol (17.06%), Citronellyl acetate (12.56%), Caryophyllene (4.5%)
and unknown (8.91% and 6.25%) in E. citriodora essential oil.
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ABSTRACT
Huang, C. J., Chung, W. C., Chung, W. H. 2021. Evaluation of two

essential oils on mycelial inhibition of fungal pathogens and control
of gray mold in strawberry in Taiwan. J. Plant. 63(3): 19-30.

“Corresponding author, E-mail: wenchung@nchu.edu.tw

Two essential oils extracted from pomelo (Citrus maxima)
and lemon eucalyptus (Eucalyptus citriodora) were evaluated their
inhibitory effects on mycelial growth of 8 plant fungal pathogens.
The fumigation test showed that the pomelo essential oils (PEO)
without dilution had best inhibitory ability to mycelial growth
of Botrytis cinerea by 92.7% for isolate GBS3-93 and by 100%
for 1solate GBS1-104, whereas mycelial growth of Penicillium
digitatum isolate Cmepl-3 was induced. The lemon eucalyptus
essential oil (LEEO) with 10-fold dilution could inhibit mycelial
growth of all fungal pathogens by 96.6~100.0%. In PDA medium
added with essential oil test, 100-fold dilution PEO showed the best
growth inhibition by 81.1% for isolate GBS3-93, by 89.8% for isolate
GBS1-104 and by 73.4% for Colletotrichum higginsianum isolate
PAO1, respectively, while mycelial growth of Cmepl-3 was induced.
All of fungal pathogens were inhibited by 1,000-fold dilution LEEO.
In spore germination test, the 50-fold dilution PEO could inhibit 5
fungal pathogens more than 92.6% and induce spore germination
of Cmepl-3 more than 65.4%; meanwhile, LEEO could inhibit the
germination more than 80.1% under 500-fold dilution. Spraying
PEO and LEEO at 1 hr after B. cinereal pathogen inoculation in
a greenhouse showed significantly control efficacy compared with
pathogen inoculation only. The GC-MS analyses demonstrated that
major compounds were limonene (96.27%) for PEO and citronellal
(43.139%) and citronellol (17.06%) for LEEO, respectively.

Keywords: essential oil, pomelo, lemon eucalyptus, control



