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Abstract: Problem statement: Plant derived fungicides are now being subjectsnahy research
groups. These secondary metabolites have enormotenti@al to inspire and influence modern
agrochemical research. The study aimed to invdstitge antifungal activity and their potential @se
fungicides in the agriculture of crude extracts amulified compounds derived from plants used in
traditional medicinesApproach: Four medicinal plants including. galanga, C. longa, B. pandurata
and C. odorata were selected and percolated with hexane, ethstate; acetone or methanol. The
extracts were purified and elucidated their chehmtaictures. Disc mycelial growth inhibition was
applied in order to determine their afi capsici activity and the field study was performed to
determine their potential use in controlling fung#kction in chili plants compared with commercial
fungicides such as captan and bio-conffiathoderma virens. Results: All crude extract inhibited
mycelial growth of the fungus performed with simikfficacy. EQ, was equal to 300 ppm. Among
plants studied. pandurata was the most potent agairiat capsici. The proposed active ingredients
were pinostrobin and pinocembrin. In the field stupinocembrin mediated the same dnticapsici
activity as captanB. pandurata can protect chili from infection, thus increasiagp yield of chili
comparable tdrichoderma virens. Conclusion: The results clearly showed that the extracts effdiur
plants studied could be considered as potentiateswf novel fungicides. ParticularB, pandurata has

a very high potential as raw material for develgpthe antifungal molecule of non-petrochemical,
naturally eco-friendly, easily obtainable and rmti¢ to human beings and environment, at least for
use in chili growing.

Key words: Phytophthora capsici, Alpinia galanga swartz, Curcuma longa linn, Boesenbergia,
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INTRODUCTION strategies to control diseases have been investigat

the field such as soil amendments and composts, bio
P. capsici is a soilborne pathogen and a seriouscontrols and applications of chemical fungicides.

threat to production of susceptible crops worldwide Chemical control strategies should be integrated

including many types of squash, watermelon, cucumbewith cultural practices to manage Phytophthorahilig
peppers, chili, eggpldhf!. It is a fast spreading, Chemical control measures commonly involve soil
aggressive disease, capable of causing complefe crarenches early in the season and foliar application
failures. However, epidemics d@®. capsici is largely during the season. Azoxystrobin, dimethomorph,
dependent upon climate and soil conditinsvany  fosetyl-Al and fluazinam were demonstrated as
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potential chemical management tools for Phytoplathor technique method. The most highly efficient extrakct
root and stem rot of chili pepper pldftsHowever, each plant was first subjected to coarse separdtjon
applications of the synthetic fungicides usuallketa column chromatography and crystallization.

long timelines to be degraded completely causirayye

toxicity to human being and domestic anirffhlsin ~ A. galanga and C. longa: The crude extracts were
fact, a variety of different chemical and syntheticPurified in open column chromatography using silica
compounds have been used as fungicides such &§!0f 800 g (No. 7734, Mesh 70-230 ASTM, Merck) as
benzimidazoldd, alkaloid®®!, artemisinif! and the stationary phase. Gradient elution was conducte
essential 0il”. Research into plant derived fungicides initially with n-hexane, gradually enriched with ethyl
for their applications in agriculture is now being acetate, followed by increasing amount of methamol
intensified as these are having enormous potettial €thyl acetate and finally ethyl acetate. Fractiorse
inspire and influence modern agrochemical researciollected (500 mL) and combined on the basis of the
There is a good reason to suppose that the Segonda-FLC.behaV|0r. The solutions were eVaporated util t
metabolites of plants have evolved to protect tfiremm  obtain a powder form.

attack by the phytopathogétts Ancient traditional use
of plants as medicines provide the basis for irtidiga
phytochemicals and plant extracts may be useful fo
specific medical conditions. And plant extracts dav
also been used as topical antiseptics, or have be
reported to have antimicrobial activity*®!

A. galanga, C. longa, B. pandurata andC. odorata
have been used in Thai traditional medicine and th
first three plants are used in Thai cuisine. Cehyai
their pharmacological and toxicological studies énav
been proved. However, the aRti capsici activity has
not been evaluated before. It is important to itigese
those plants which have been used in traditionap

medicines as potential sources of novel fung_icides. obtained from the acetone phase was purified imope
_ Therefore, the crude extracts obtained fromqq) mn chromatography using silica gel of 450 g.(No

different solvent extraction of the plants and7734 Mesh 70-230 ASTM, Merck) as stationary phase.

fractionations of the most potent crude extracteadh 5 agient elution was conducted initially with n-aee

plant were evaluated for their affti capsici activity of o a4ally enriched with ethyl acetate, followed dy
both using disc mycelial growth inhibition and f@ld  j,creasing amount of methanol in ethyl acetate and
study. finally ethyl acetate. Fractions were collectedQ(56L)

and combined on the basis of their TLC behaviore Th
solutions were evaporated until to obtain a powder
form.

B. pandurata: The crude extract oB. pandurata
Pbtained from ethyl acetate was purified in an open
column chromatography using silica gel of 1,30Mg.(
34, Mesh 70-230 ASTM, Merck) as stationary phase.
radient elution was conducted initially with n-beve,
gradually enriched with ethyl acetate, followed by
increasing amount of methanol in ethyl acetate and
inally ethyl acetate. Fractions were collected((50L)
and combined on the basis of their TLC behaviore Th
solutions were evaporated until to obtain a powder
form.

odorata: The crude extract (96 g) df. odorata

MATERIALSAND METHODS

Plant materials: A. galanga (BKF 102287),C. longa

(BKF 128478),B. pandurata (BKF 68909),C. odorata Spectr oscopic char acterization:

(BKF 109181) were collected in Lampang province,5-Hydr oxy-7-methoxyflavanone (Pinostr obin)™*:
Thailand during June and October 2007. A voucheCrystals. Colorless needles from EtOH m.p. 100.8-
specimen is deposited at Herbarium SAAR, Saari101.6°C (Lit. m.p. 100-101°C).

Bangkok (BKF no.). Plant materials were dried amo

temperature. UV AM°" nm (log €): 288 (4.10), 323 (3.83).

Extraction and isolation: Most plants were percolated FTIRu*® cm™: 3449 (O-H stretching), 1647 (€O

max

with kinds of solvents e.g. hexane, ethyl acetatestretching of ketone), 1612, 1580, 1529, 1490, 1303
acetone and methanol. The solutions were filtesdgu 1159,

Millipore paper filter no. 4 then evaporated andde

extracts were stored under, R, atmosphere at-20°C. H-NMR (400 MHz, CDCls): 5 12.03 § 1H, OH-5),

Furthermore, the crude extracts were tested for.45 (1H, m, H-26), 7.42 (1H, m, H-3 5), 7.40 (1H,

biological activity with P. capsici by poison food m, H-4), 6.08 (d, 1H, J = 2.3 Hz, H-8), 6.06 (d, 1H,
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J = 2.3 Hz, H-6), 5.43 (dd, 1H, J = 13.03, 3.01 Hz, (d, 1H, J = 1.75 Hz, H!R 6.93 (d , 1H, J = 8.17 Hz, H-
2), 3.09 (dd, 1H, J = 17.18, 13.05 Hz, H-3a), 2482, 5), 6.48 (d, 1H, J = 17.75 Hz, H-1), 5.90 (br s, H4
1H, J= 17.17, 3.04 Hz, H-3b). 4), 5.80(s, 1H, H-4), 3.95(s, 3H, 0GH).

“C-NMR (100 MHz, CDCl3): & 195.80 (C-4), 168.01 C-NMR (100 MHz, CDCly): & 183.28 (C-3, 5),
(C-7), 164.17 (C-5), 162.81 (C-9), 138.38 (§i-1 147.85 (C-4, 146.79 (C-3, 140.56 (C-2), 127.70 (C-
128.91(C-85)), 126.16 (C-2 6), 101.71(C-10), 95.85 1), 122.89(C-§, 121.78 (C-1), 114.84 (CJ5 101.20
(C-6), 78.29 (C-2). (C-4), 109.63 (C-3, 55.97 (OCH-3).

EIMS m/z (% relative intensity): 270 (M, 76.81), EIMS m/z (% relative intensity): 368 (21.35),

250 (14.31), 193 (100), 166 (26.61), 138.41 (28] 1 350(87.12), 191(100), 177(60.59).
(12.99), 166(26.56), 138(31.09), 110(11.32), 95§2).

77(6.43), 50(5.12). 4-Hydroxy-6, 7, 8, 4-tetramethoxychalcone:

. . Crystals: yellow needles from EtOH m.p. 142.3-
- _7- [14].
5-Hydr oxy-7-hydr oxyflavanone (Pinocembrin)--*: 143.7C.

Crystals. yellow needles from EtOH m.p. 201.7-
202.2°C (Lit. m.p. 200-201°C). UV A™o" nm(log €): 320 (4.43), 228 (4.45), 208

UV AM° nm(log €): 288 (4.10), 323 (3.83). (4.52).

FTIR u®® cm™: 3415 (O-H stretching), 1630 (€O  FTIR Ul cm™ 3351, 3168 (O-H stretching), 1629

stretching of ketone), 1583, 1487, 1467, 1357, 1302C = O stretching of conjugated ketone), 1600, 1548
1089, 1508, 1447, 1245-1151 (C-O stretching), 1019, 861.

'H-NMR (400 MHz, CDCly): & 12.13 §, 1H, 5-OH), H-NMR (400 MHz, CDCl): §13.76 § 1H, 4-OH)

10.85 (brs, 1H, 7-OH), 7.41 (1H, m,'23, 4, 5, 6),  7.84 & 1H, H-1, 2), 7.61 (A/BB, 1H, J = 8.7, 2.5 Hz,
5.93 (d, 1H, J = 2.1 Hz, H-8), 5.90 (d, 1H, J = B4, H-2, 6), 6.95 (AABB/, 1H, J = 8.7, 2.5 Hz, H.35),

H-6) 5.58 (dd, 1H, J =13, 3 Hz, H-2),3.23(d#, J 6.30 § 1H, H-5), 3.93 3H, OCH-6), 3.91 § 3H,

= 18, 13 Hz, H-3a), 2.72(dd, 1H, J = 18, 3Hz, B-3a  OCHs-8), 3.89 §, 3H, OCH-4), 3.83 § 3H, OCH-7).

BC-NMR (100 MHz, CDCl3): 5 195.81 (C-4), 166.63 *C-NMR (100 MHz, CDCl3): 5 192.86 (C-3), 162.64

(C-7), 163.42 (C-5), 162.63 (C-9), 138.61 (-1 (C-4), 161.56 (C-3, 159.95 (C-8), 155.0 (C-6), 143.41

128.44(C-35)), 126.49 (C-2 6), 101.71 (C-10), 95.85 (C-1), 135.31(C-7), 130.5 (C;26), 128.05 (C-1,

(C-6), 78.29 (C-2), 42.07(C-3). 124.05 (C-2), 114.45 (C-8)), 108.79 (C-9), 96.61 (C-
5), 61.93 (OCH6), 61.32 (OCH-7), 56.10 (OCHS8),

EIMS m/z (% relative intensity): 256 (M, 64.73), 55.43 (OCH-4).

255 (100), 238 (29.91), 213 (4.60), 179 (73.29)2 15

(16.92), 124 (25.01), 103(8.14), 96 (11.27), 7848B. ES|-MS. m/z 367.15 [MNa]’ (100%), 367.16
69(11.87), 50(8.83). (28.08%), 345.1694 (5.16%), 280.97 (4.45%), 132.97

. (15.49%), 118 (10.33%).
trans, trans-Curcumin:

Crystals. Yellow needles from EtOH m.p. 185.1- P. Capsici inoculum preparation: The P. capsici

186.2°C. isolated from diseased chili plants in Nan Provjnce
Thailand was used as the pathogen of this studg. Th
inoculums were prepared by transferring the isolate
KBr ye=1 ) from V-8 juice broth to a jar containing vermicalit
FTIR ugi.cm™ 3504 (O-H stretching), 1628 (C = O gmended with 350 mL of V8 broth and incubated at
stretching of conjugated ketone), 1601, 1510, 145924°C for 4 weeks. The vermiculite inoculum contagi
1428, 1280-1159 (C-O stretching), 1029, 961. sporangia and mycelia was placed on a sterile -Petri
disc. The mycelia was cut into small pieces using a
'H-NMR (400 MHz, CDCls): 5 7.59 (d, 1H, J = 15.75 sterile blade and then transferred to a steriletenol
Hz, H-2), 7.12 (dd, 1H, J = 8.17, 1.82 Hz, }-6.05 medium and further incubated at 25°C for 10 days T
85
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isolate was maintained on Potato Dextrose Agar (PDAT6 = Treatment using 1 g't.captan in distilled water

(potato infusion from 200-20 g1 dextrose and 30 mL

15 g L agar) in the dark at 25°C. T7 = Treatment using 2 Brichoderma virens infested
in soil before plant growing

T8 = treatment using distilled water

Effect of compounds on mycelial radial growth:
Mycelial discs (6 mm in diameter) of test fungi gyro ) )
on PDA plates were cut from the margins of the eglo Plants were watered with solutions of the
and placed on PDA plates containing differentcOmpounds only one time immediately after planting
concentrations of compounds (0, 1,000, 2,000, 3,00%ith. The efficacy of the compound was measured by
and 4,000 ppm) and 3,000 ppm captan. After incohati €OUnting the surviving plants at 1, 3, 5 and 7 veeek
at 25°C for 3-10 days, mycelial radial growth was@after treatments. In each test, a completely ramzieoin

measured and activity was expressed as,H@e block design was used. One crop of fresh chilit$rui
concentration required for growth inhibition by 5pag ~ Were harvested and weighed for each treatment. The
exclusively described B§™®. All experiments were Yield of each treatment was compared by using
repeated two times with three replicates. The tesue ~ Duncan’s Multiple Range Test (p<0.05). Three
presented as meang SD. Multiple statistical replicates served for soil sampling for microbietiiety
comparisons were performed using SPSS prografind ten for disease evaluation.

version 11.5 for Window.
RESULTS

Plants and treatments: Seedlings were fertilized with
20-10-20 of N-ROs-K,O (Scotts-Sierra Horticultural
Products Co., Marysville) nutrient solution through
Dosatron® (Dosatron Intern., Clearwater, FL) disgen
at 1:100 dilution until transplanted. Four-week old
seedlings were transplanted to 15 cm-diameterpmbay
(1700 mL in volume) and placed on saucers o
greenhouse benches for 2-4 weeks before used.
Plants were grown in non-infested and pathogen
infested soil and covered with clay plastic mulch.

Raised beds (20 cm high20 cm wide), spaced 50 cm 51 ¢4 plant. The crude contents obtained fromahe
apart (center to center) were manually constructe f all plants were obviously less than those fouind

amended Wif[h composts and soil_amendments, fOllov\_'e_(%lthyl acetate fractions except for odorata (Table 1).
by the application of napropamide (Riedel de Haén; "o antifungal activity of crude extracts obtained

Seelze, Germany). The fractions and pure compounds,y, hexane, ethyl acetate, acetone and methanol

that were found very active agaimstcapsici in culture g tion varied in greatly. Among fractions testéde

system were studied in the field. Plants were grawn ighest activity was the hexane fraction forgalanga

non-infested and pathogen-infested soil and coveregseo, inhibition for 1.000 ppm) the acetone fractfon

with clay _plastic_ mulch. Raised beds were dividei ~ longa (62% inhit;ition for 1,000 ppm), the ethyl

8 groups including: acetate fraction foB. pandurata (74% inhibition for
1,000 ppm) and acetone fraction for odorata (100%

T1 = Treatment using 20 g 'Lacetone fraction of inhibition for 2,000 ppm).

C. odorata in 50% ethanol 60 mL

T2 = Treatment using 20 g'll_hexane fraction of Table 1: Extraction yield of plants. Dried plants,000 g) were
A. galanga in 50% ethanol 60 mL percolated with hexane, ethyl acetate, acetoneetinanol

Isolation of crude extracts and anti P. capsici
activity: Dried plants of 5 kg were ground and
percolated with 18 liters of given solvents (3 rasirof
3-day interval at room temperature). The extrastion
were begun using the solvents by increasing their
olarity such as hexane, ethyl acetate, acetone and
ethanol, respectively. The yield of the extraction
process was monitored by weighing the extracts in
powder form after evaporation. The chemical
composition of plants found in each solvent vafiedn

Weight of crude extract (g)

T3 = Treatment using 1 g ttrans, trans-curcumin in Dried
50% ethanol 20 mL weight Ethyl
T4 = Treatment using 20 glethyl acetate fraction of Z'ags 5(%)00 ;'ze;i”e ;;?:te S’é\cgztone 12"5‘3;';""”0'
. o . galanga , . . . .
B. pandurata in 50% ethanol 60 mL C. longa 5000 20249 479.68 16532  82.25
T5 = Treatment using 1 gt pinocembrin in 50% B. pandurata 5,000 101.84  279.98 54.87 77.89
ethanol 20 mL C.odorata 5,000 148.47 307.96 561.92  288.66
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Control F5{25 ppm) F5{50 ppm) F5[75 ppm) F5{100 ppm] Captane(3,000 ppm}

Fig. 1: Inhibition of mycelial growth activity ofaj: F3 and (b): F5 compounds from the crude extodcB.
pandurata

Table 2: Inhibition of mycelial radial growth (%Y &1, F2 and F3

OCH; H O O H
separated from the hexane fractiorfofalanga H;CO s O X 7~
Percentage of Inhibition &f. capsici radial growth O HO HHHH 0 H
OH O OCH;

OCH;

Fl Fz E 5-Hydroxy-7methoxyflavanone (Pinocembrin) trans. trans-Curcumin
OCH; OCH;3
Treatment X SD X SD X  SD o ® o, [ e OCIff ) oct:
*Control 0.00 0.00 0.00 0.00 0.00 0.00 5
**Check 5.21 3.55 5.21 3.55 521 35 OH ©O oH o H

***Captan 100.00 0.00 100.00 0.00 100.00 0.00 5. 7-Dihyfroxyflavanone (Pinocembrin) 4-Hydroxy-6. 7. 8. 4/- tetramethoxychalcone

100 ppm 2345 817 3434 502 3318 346 _. . .
200 ng 56.02 7.95 6432 1222 4936 813 Fig.2: Chemical structures of the proposed active
300 ppm 64.57 21.74 100.00 0.00 100.00 0.00 ingredients

400 ppm  100.00  0.00 100.00  0.00 100.00  0.00

*. Contains only PDA medium; **: Contains PDA mediuand . ; ;
ethanol (3000 ppm): ** Contains PDA medium, etbBr3000 A. galanga: The F1, F2 and F3 fraction isolated from

ppm) and Captan (100,000 ppm) crude extract of hexane phase revealedrargapsici to
be about 300 fold more efficient than captan as

Purification of the active in-gradients: The most indicated in Table 2.

potent crude extracts of each plant were selected a ¢ |onga: The crude extract of. longa obtained from
submitted to purification by an open column gcetone phase consisted of six fractions, F1, B2F&
chromatography using silica gel as stationary phaseand F5 fraction. All compounds revealed dhttapsici
The columns were eluted by using solution of ethylto be about 300 fold more efficient than captan as
acetate-hexane and methanol-ethyl acetate. Thiadicated in Table 3.

fractions were collected and evaporated and the

inhibition of mycelial radial growth oP. capsici was B. Pandurata: The crude extract oB. pandurata
investigated. Figure 1 demonstrates the typicallies ©obtained from ethyl acetate phase was composed of
of inhibition of the mycelial radial growth ¢f. capsici ~ nine fractions, F1, F2, F3, F4, F5, F6, F7, F8 BAd

of the F3 and F5 isolated from the hexane @luds Al compoun_ds_, revealed ard capsici t'o be a.bout 300

B. pandurata compared with captan. Captan (1, 2, 3, g.fold more efficient than captan as indicated in [@ah

tetrahydro-N-(trichloromethylthio) phthalimide) ised

A ) ' C. odorata: The crude extract of. odorata obtained
to control fungal disease on a wide variety of srapd  from acetone phase was composed of five fractihs,

seeds. It also has a broader industrial applicatton F2 F3, F4 and F5 were separated. All compounds
control_of mould in paints, lacquers and wallpaperrevealed antiP. capsici to be about 300 fold more
pasted], efficient than captan as indicated in Table 5.
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Table 3: Inhibition of mycelial radial growth (%} B:, /, K, R, Fs and k separated from the acetone fractiorCofonga
Percentage of Inhibition &. capsici radial growth

F F R Fs Fs

Treatment X SD X SD X SD X SD X sSD
*Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000. 0.00
*Check 50.89 54.63 50.89 54.63 50.89 54.63 50.89 4.63 58.67 52.88
=*Captan 100.00 0.00 100.00 0.00 100.00 0.00 100.0  0.00 100.00 0.00
100 ppm 30.38 36.36 10.73 9.75 41.91 3.80 60.31 2334.  40.83 17.49
200 ppm 68.36 30.67 95.81 11.04 76.92 17.02 85.00 2.801 71.10 21.52
300 ppm 88.74 15.12 100.00 0.00 100.00 0.00 100.00 0.00 80.70 26.27
400 ppm 95.70 9.05 100.00 0.00 100.00 0.00 100.00 .00 0  100.00 0.00

*. Contains only PDA medium; **: Contains PDA mediuand ethanol (3000 ppm); ***: Contains PDA mediuethanol (3000 ppm) and
Captan (100,000 ppm)

Table 4: Inhibition of mycelial radial growth (%j B., F, R, Fs, Fs, Fs, B, s and kg separated from the ethyl acetate fractioB.gfandurata
Percentage of inhibition &f. capsici radial growth

P R 5] Fa Fs R & R R

Treatment X SD X SD X  SD X sb X sb sb X sD X sb X )

Control* 0.00 0.00 0.00 0.00 0.00 0.00 0.00.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00
Check* 10.26 5.05 10.26 5.05 10.26 5.05 10.26055. 10.26 5.05 10.26 5.05 57.64 13.94 57.64 13.94 42 2.3.36
Captane* 100.00 0.00 100.00 0.00 100.00 0.00 0D0O.0.00 100.00 0.00 100.00 0.00 100.00 0.000.a 0.00 100.00 0.00
100 ppm  11.69 7.13 1826 7.85 16.93 10.76 26.787910 73.96 2.39 46.78 6.92 36.64 1640 2194 1.363.04 3.49
200 ppm  30.36 16.81 29.58 10.68 32.43 6.31 56.5W90 89.91 7.47 6596 4.47 79.93 1448 6195 0.982.27 5.22
300 ppm 7548 7.03 6279 11.89 70.98 9.75 82798612 8581 9.35 87.08 9.53 8506 14.69 6854 3.678.107 16.12
400 ppm 9474 7.81 6220 19.91 9343 9.96 95.7029 6100.00 0.00 100.00 0.00 81.18 19.07 100.00000 76.98 21.83

*. Contains only PDA medium; **: Contains PDA metiuand ethanol (3000 ppm); ***: Contains PDA mediuathanol (3000 ppm) and
Captan (100,000 ppm)

I

Table 5: Inhibition of mycelial radial growth (%j B;, F, R, F, and | separated from the acetone fractiorCobdorata
Percentage of inhibition &f. capsici radial growth

R R Fs F R

Treatment X SD X SD X SD X SD X SD
*Control 0.000 0.00 0.000 0.000 0.00 0.000 0.00 000. 0.000 0.00
*Check 3.066 3.84 3.066 3.848 3.06 3.848 3.06 3.84 3.066 3.48
**Captan 100.000 0.00 100.000 0.000 100.00 0.000 00.00 0.00 100.000 0.00
100 ppm 26.110 7.89 14.910 11.610 36.25 7.240 60.66 6.62 7.890 2.03
200 ppm 65.500 6.38 55.070 3.925 56.48 8.880 98.50 0.00 9.680 2.50
300 ppm 100.000 0.00 100.000 0.000 100.00 0.000 .0000 0.00 92.850 10.68
400 ppm 100.000 0.00 100.000 0.000 100.00 0.000 .0000 0.00 100.000 40.75

*. Contains only PDA medium; **; Contains PDA mediuand ethanol (3000 ppm); ***; Contains PDA mediuathanol (3000 ppm) and
Captan (100,000 ppm)

All compounds isolated from these active compound F4 obtained from acetone fractioof
fractions were very potent antifungal agents paldidy  C. longa was curcumin; compound F3 and F5 of ethyl
against P. capsici comparable with captan. The acetate of B. pandurata was pinostrobin and
concentrations required to inhibit the mycelial ishd pinocembrin, respectively and compound F4 of aaeton
growth of P. capsici by 90% (ER,) were about 300 fraction of C. odorata was 4-Hydroxy-6,7,8'4
ppm for these compounds. It should be noted that thtetramethoxychalcone (Fig. 2).
guantities of some compounds obtained were very
small amounts, not enough for spectroscopic studied-ield test: Figure 3 represents typical results of the
Only four compounds that were abundantly obtainedseries of experiments demonstrating the severitp.of
from rechromatographed and re-crystallized werecapsici infected chili after transplanting in infested-
selected for elucidating their chemical structurBse  pathogen soil. Two sets of control treatments were
spectroscopic study suggested the chemical steictur established; chili plants grown either fiald soil

88



Am. J. Agri. & Biol. i, 4 (1): 83-91, 2009

Table 6: Surviving plants (%) after plantingRncapsici-infested soil
with and without treatments

Survival Plants (%) after treatment

Treatments 1 week 3 week 5 week 7 week
T1 75.28 51.390c 38.89d 33.33b¢
T2 91.94 59.72b 55.56ab 43.61abc
T3 85.28 58.33bc 44.44cd 34.72bc
T4 84.44 55.56hc 45.83cd 38.06bc
T5 88.33 59.72b 51.39bc 48.61ab
Fig. 3: Effects of sporangia and mycelia ff capsici E gg-gg gg-ggbc gg-g;bc gg-giah
HR . : HH . .oba .ova g4a
on chili plants: (a) dead and (b)_ surywal chili T8 93.06° 48.62c% 37 504" 29,16+
plants at 3 weeks after transplanting in infestedcy (o) 10.37 11.01 1246 23.19

pathogen soil without antifungal and (c) survival'T: Mean value of the same column following the saeteer is not
of chili after transplanting in infested-pathogen statistically different when compared using DunsaWultiple Range

soil with single treatment using 2Tgichoderma Test (x0.05); ns =Non statistically difference; *: Statistically
virens difference at g0.05

Table 7: Crop production of fresh chili fruits (ogr raised bed
Weight of fresh chili fruit of one

infested with sporangia and mycelia ffcapsici with

and without 50% ethanol of 60 mL after being treatments crops harvest (g/raised bed)
transplanted into the soil. The first symptom orlich 1 1,014.508
plants in the field is commonly crown rot. A lesion T2 1,407.25¢
girdling the base of the stem causes rapid collapse 13 999.00d
. : T4 1,505.00¢
death of the plant. This phase of the disease lysual | 674754
occurs in low-lying areas of the field. Following T6 2,365.00b
rainstorms, black, girdling lesions form on thenstend 77 2,959.00a

in the extremities of chili branches, resultingwiiting ~ _T8 923.00d _
of leaves and branches. 1: Me_an valge of the same column foI[owmg the sd(_mer is not
.. statistically different when compared using Dunsadultiple Range
The affected plants gradually dRe.capsici caused  1est (p<0.05); CV: 10.15%
severe damage to root and crown rot disease thonigh

all the series of experiments. Figure 3a represente DISCUSSION
typical results of the series of experiments
demonstrating the severity & capsici infected chili The study showed thalP. capsici significantly

after transplanting in infested-pathogen soil. Blan caused an incremental death or a big loss of cielp y
were infected and dead at 3 weeks after plantit@ T after transplanting chili plants in pathogen-inéessoil
infected survival chilies were characterized byt@@“ without treatment Compared with the treated series
plants, yellow leaves and minimal or absent cragdyi uysing extracts, captan @richoderma virens. The study
(Fig. 3b). However, the treatments using antifungalyiso clearly showed that the extracts frdmgalanga,
compounds as well as the known antifungal includingc. |onga, B. pandurata andC. odorata have potent anti
captan and bio-controlrichoderma virens'®?* can  p_ capsici activity atin vitro mycelial growth inhibition
significantly protect plants from infection (Figcl3 It and field study. It should be noted that the rasoftthe
should be noted that 20 g'Lextract of hexane fraction field study were obtained by using only a single
of A. galanga and 1 g L' pinocembrin significantly treatment at the beginning of transplanting ctulithe
increased the percentage of survival chili comparab pathogen-infested soil. Unfortunately, the chemical
with 1 g L captan and 2 @richoderma virens  structure of the expected active ingredient ofdhede
(Table 6). Fresh chili fruits of each series ofextracts cannot be elucidated far galanga. Because
experiments were harvested and weighed as indicatedtle herb consists of a very small amount of active
in Table 7. As expected, for one crops harvest, théngredient molecules, no further characterizatiod a
untreated series gave the lowest and Thiehoderma  chemical structure can be elucidated. Eotonga and
virens treated series gave the highest product yield. AlIC. odorata the amounts of active ingredients were also
fractions tested and captan increased crop yiethidif small but sufficient only for spectroscopic studhe
Among the molecules used, pinocembrin was the mogiroposed active ingredient was curcumin and 4-
efficient for increasing crop yield. Hydroxy-6, 7, 8, 4tetramethoxychalcone faE. longa
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and C. odorata, respectively. IndeedB. pandurata
should be considered as a potential source of didayi

2.

since the active ingredient compounds are abundantl

found in pinostobin and pinocembrin.

The results clearly showed that pinocembrin3.

mediated antiP. capsici activity similar to that of
captan and slightly lower tharrichoderma virens. The
results also suggested that the bio-confrothoderma

virens should be considered as a potential bio-control
agent againsP. capsici, a soilborne plant-pathogenic 4.

fungus.

metabolism through a non-specific thiol
Although it is not a systemic fungicide, adjuvantn
enhance transport of captan through a plant cffficle
Captan is detected in fruit and vegetables duriagket
basket monitoring and total diet studi@s These

signify that captan can cause a serious toxicity fo

human beings and domestic animals.

CONCLUSION

It was reported that captan acts through
inhibition of the fungal process of respiration and
reactant.

5.

6

The results clearly showed good correlation of the

anti-fungal
medicinal plants includingd. galanga, C. longa,
B. pandurata and C. odorata at disc mycelial growth
inhibition and controlling fungal infection in chpplant

activity of extracts of the four Thai

7.

studies. The extracts of these four plants could be
considered as potential sources of novel fungicides

Since B. pandurata consists of high amounts of

pinostrobin and pinocembrin, the proposed active

ingredients. Thus,B. pandurata has a very high
potential as raw material for developing the amiifal
molecule of non-petrochemical, naturally eco-frignd

8.

easily obtainable and not toxic to human beings and

environment, at least for use in chili growing.
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