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Table 1. Molecular characteristics of the Alternaria isolates in this study

GenBank accession numbers
ITS EF-1la Altal RNA polymerase 11
Alternaria alternata (BCRC FU31170) MK880426 MK862259 MK862260 MKS862261
Alternaria brassicicola (BCRC 34176) MK&880427 MKS862262 MKS862263 MK862264

Isolates
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T‘l‘?fEﬂT’E%L%fﬁﬁﬁfrrﬁ s $#f#A. brassicicola BCRC 34176/ F M ~ HAEHP
- HERFTAHEA L 2B R ORI ER KW - (€ = TEE VIR b 8 & AH 8 B BTS2
B REHL RS A, brassicicolafE R HHE > HITSFEFIIRELA. brassicicolal R EHFARE - R
brassicicola BCRC 34176 7] & i@ 1L 75 (LM ~ HAEARSE ~ HEESE +FAERHEY) SR BBt

o> B oK A

~ B AT B BUR E E A R Z YK ER
SVEAEPI KBRS A, alternatabfi 45 £ R Z R BEERFF MR - HYP/KFREBIER IR



6 SR RS AR S — T =

R HYKE R RN EESRER IR

Table 2. Effect of plant extracts on mycelial growth of Alternaria alternata

Radial growth rate (mm/day)®

Family Common name Scientific name Part N

Filter Autoclave
Acanthaceae Britton's wild petunia G2E#])  Ruellia brittoniana L! 7.55+0.10 7.82+0.27
Agavaceae Common dracena (K ££) Cordyline fruticosa L 2.79+1.13 6.15+0.06
Anacardiaceae  Mango (f5#5) Mangifera indica L 7.67+0.30 7.72+0.28
Apiaceae Culantro (Fl|5¢3) Eryngium foetidum L 3.91£0.65 2.94+0.18
Apocynaceae  Periwinkle (H H#&) Catharanthus roseus L 3.57+0.17 5.99+0.52
Apocynaceae  Mexican frangipani (4f1ig) Plumeria acuminata L 7.59+0.68 9.14+0.05
Clusiaceae Common garcinia (f§/K) Garcinia spicata FR 5.29+0.68 3.64+1.87
Combretaceac  Madagascar almond (/NEEf& (™) Terminalia boivinii L 6.24+0.48 7.76+£0.64
Compositae Pilose beggarticks (KAGEE EL) Bidens pilosa FL 5.52+0.07 6.95+0.73
Compositae Asiatic wormwood (37 Ef) Artemisia indica L 7.27+0.31 7.13+0.20
Euphorbiaceae  Autumn maple tree (%) Bischofia javanica L 8.01+0.90 8.51+0.23
Euphorbiaceae  Chinese tallow tree (5F9) Sapium sebiferum L 4.47+0.13 6.89+0.98
Fabaceae Butterfly pea (8 5.1E) Clitoria ternatea L 3.60+0.23 8.86+0.22
Labiatae Basil (ZE5)) Ocimum basilicum L 2.74+0.37 8.01+0.60
Lauraceae Camphor tree (15f8}) Cinnamomum camphora L 7.34+0.33 6.86+0.33
Leguminosae  Golden shower tree (fa72/f) Cassia fistula L 8.34+0.39 8.16+0.40
Malvaceae Chinese hibiscus (41%) Hibiscus rosa-sinensis L 8.01+0.26 7.65+0.27
Moraceae Marabutan (#515}) Ficus microcarpa L 7.71+£0.46 8.98+0.43
Moraceae Botree (%) Ficus religiosa L 8.86+0.43 8.59+0.47
Myrtaceae Guava (B L) Psidium guajava L 8.43+0.21 9.00+0.08
Oleaceae Sweet osmanthus (f£{£) Osmanthus fragrans L 7.36+0.15 8.57+0.40
Poaceae Lemongrass (F>F) Cymbopogon nardus L 6.37+0.47 7.67+1.07
Portulaceace  Purslane (5 &) Portulaca oleracea L 6.92+0.08 7.76+0.38
Rutaceae Common jasmin orange (=B &) Murraya paniculata L 7.08+0.18 7.23+0.53
Rutaceae Pummelo (ff1 ) Citrus maxima FR 7.00+0.07 7.56+0.35
Rutaceae Sweet orange (HIf&) Citrus sinensis FR 1.84+0.24 4.94+0.07
Sapindaceae Balloon vine ({Z[#.§%) Cardiospermum halicacabum  SL 6.93+£0.27 8.15+0.16
Solanaceae Chilli (i) Capsicum annuum F 1.75+0.19 0.11+0.07
Umbelliferae  Celery (F§J£)7) Apium graveolens SL 7.16+0.33 8.08+0.33
Verbenaceae  Golden dewdrop (555 (E) Duranta repens L 6.79+0.57 6.22+0.26
Verbenaceae Common lantana (F&42F}) Lantana camara L 7.03+£0.77 8.05+0.08
CK (PDA) 8.194031  8.35£0.28

LFL: flower, L: leaf, F: fruit, FR: fruit rind, SL: stem and leaf.
% Radial growth rates (mm/day) of 4. alternata on PDA treated with different plant extracts after 8 days inoculation.

The values are the means + standard deviations.

3 "Filter" means the plant extracts were filter-sterilized; “Autoclave” means the plant extracts were autoclaved and
then added in PDA medium. The final concentration of plant extracts was 2% (w/v) in the medium.
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Table 3. Effect of plant extracts in various concentrations on the mycelial growth and conidia germination
of A. alternata and A. brassicicola

Plant extracts Conc. Radial growth rate (mm/day) Conidia germination rate (%)
(%) A. alternata A. brassicicola A. alternata  A. brassicicola
Chilli 2 4.84+0.06 ef’ 4.59+0.35 bed 8849 efg 2545 cdef
5 4.74+0.45 ef 3.51£0.30 b 96+4 g 24411 bede
10 3.31+0.46 cd 1.11+0.59 a 80+14 cdefg 7+6 ab
20 1.49+0.59 ab 0.00£0.00 a 48+13 a 746 ab
Culantro 2 7.514£0.16 1 6.35+£0.24 f 70+8 abdef 56+10 hi
5 6.12+0.15 fghi  6.00+0.39 ef 61+11 abc 4246 fgh
10 6.10+0.41 fgh  5.77+0.82 def 55+9 abe 22+6 bede
20 6.10£0.09 fgh 4.50+0.51 be 63£8 abd 2246 bede
Common garcinia 2 4.53+0.68 de 5.56+0.19 cdef 84+7 defg 39+7 efgh
5 5.60+0.62 efg 3.66+0.43 b 66+8 abcde 32+12 defg
10 2.57+0.89 be 0.85+0.74 a 61=£13 abced 9+4 abc
20 0.50+0.12 a 0.00+0.00 a 67+10 abce 8+6 abc
Sweet orange 2 7.08+0.04 hi 4.99+0.34 cdef 94+7 g 48+14 ghi
5 6.60+0.28 ghi 5.49+0.32 cdef 9248 fg 16+7 abed
10 5.78+0.53 efgh  4.58+0.38 bed 7517 bedefg 10+6 abe
20 2.5+0.69 bc 0.00+0.00 a 84+£10 defg 2+3 a
CK - 9.10+0.78 j 6.08+0.13 ef 95+4 g 65+111

! The values are the means + standard deviations; Different letters indicate statistically significant differences
between columns at P = 0.05 (ANOVA, post-hoc Tukey-HSD test).
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Fig. 1. Effect of plant extracts of chilli, culantro, common garcinia, and sweet orange on the extracellular
conductivity of (A) 4. alternata and (B) A. brassicicola. Error bars: standard deviations. Different
letters indicate statistically significant differences between results at P = 0.05 (ANOVA, post-hoc
Tukey-HSD test).
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Fig. 2. Effect of plant extracts of chilli, culantro, common garcinia, and sweet orange on the release of
cellular materials (Absorbance 260 nm, OD,¢) from (A) 4. alternata and (B) A. brassicicola.
Error bars: standard deviations. Different letters indicate statistically significant differences
between results at P = 0.05 (ANOVA, post-hoc Tukey-HSD test).
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Fig. 3. Effect of plant extracts of chilli, culantro, common garcinia, and sweet orange on the conidial cell
viability of (A) A. alternata and (B) A. brassicicola. Error bars: standard deviations. Different
letters indicate statistically significant differences between results at P = 0.05 (ANOVA, post-hoc
Tukey-HSD test).
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Fig. 4. Effect of plant extracts of chilli and common garcinia on Alternaria leaf spot disease severity of
cabbage seedlings. (A) Preventive experiment (B) Curative experiment. Error bars: standard
deviations. Different letters indicate statistically significant differences between results at P = 0.05
(ANOVA, post-hoc Tukey-HSD test).
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Effects of Plant Extracts on Inhibition of
Alternaria spp.'

Yi-Jia Lin?, Ying-Hong Lin’ and Yuan-Min Shen*’

ABSTRACT

A total of 31 plant extracts prepared by soaking the plants in water were evaluated
for the inhibitory effects on Alternaria spp.. The autoclave-sterilized extracts of chilli
(Capsicum annuum) fruits, culantro (Eryngium foetidum) leaves, common garcinia
(Garcinia spicata) fruit rinds, and sweet orange (Citrus sinensis) fruit rinds inhibited the
mycelial growth of 4. alternata and A. brassicicola. The conidia germination rate of A.
brassicicola decreased by the four plant extracts whereas that of A. alternata only
decreased by the extracts of chilli, culantro, and common garcinia. An increase in the
concentration (up to 20%) showed better fungal inhibitory effects. After plant extracts
treatments, increasing extracellular hyphal conductivity, inducing cellular material release,
and decreasing conidial cell viability of Alternaria spp. were demonstrated. The evidences
may explain some of their antifungal mechanisms. Application of chilli and common
garcinia extracts on cabbage seedlings produced comparable prevention and curative
effects on black spot disease caused by A. brassicicola. The application of using chilli and

common garcinia extracts on plant disease management would be studied in the future.

Key words: crucifers, plant pathogens, botanical pesticide, plant disease
management, Alternaria
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