CHAPTER III

RESULTS AND DISCUSSION

The in vitro antifungal activity of 40 benzoic acid cerivatives and related
compounds and 50 cinnamic acid cerivatives were thoroughly investigated against
phytopathogenic fung, stich as Alternaria porri, Fusarium oxysporum, Pestalotiopsis sp.
and Phytophthora parasitica, In orcer to cefine a possible structure-activity relationship.
The influence of chemical structure of tested compoundl on their antifungal activity wes
also discussed. The evaluation of antifungal activity wes performmed by the agar medium
assay acoording to the procecre cescribed in Chipter 11 When the potent antifungal
compound hes heen selected, not only the antifungal activity, but also the phytotoxicity
and stalility shouldl be taken into consickeration. Based on tht, the phytotoxicity against
seed germination and stability In acoelerated cegracktion tests on of selected compound
Was Cecicled to examine.

3.1 Fungal growth inhibition by benzoic acid derivatives and related compounds

The selected compounas as snown in Table 31 were incorporated into PDA
mecium  After transferming the mycelium of fung, the tested plates were incubated a
room termperature. \Ahen the mycelium of fungl- reached the edges of the control plate,
the antifungal percentage wes calculated. Their antifungal activity wes tested against four
selected phytopathogenic fungi at the concentration of 5 mM The results are displayed in
Fig 3.1. However, the results obtained from the agar medium assay should be assessed
critically such s the reture of dissolved test sulostance in agar medium, since the
dissolution of active compound in agar mecium hes a profound effect upon fungus
(Chavarin, 2002)
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Table 3.1 (continued)
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Fig. 3.1 Structure-antifuncel actlvlty of benzoic acid certvatives and related compouncs
assayed a 5 mMfinal concentration on the mycelial growth of A. porri,
F. oxysporum, Pestalotiopsis Sp. andp. parasitica
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The mycelial growth inhibition percentages of these compounds were calculated
and it wes found that the most effective cormpound wes cinnamelcéhyde, which exhibited
100%o0f mycelial growth inhibition on all tested fungi at 5 mM (Rg. 3.1, no24).

The screening for mycelial growth inhibition activity against A. porri revealed
thet fourteen compounds (Table 31, o2, 10:12, 1415, 22, 26-27, 29-32 and 34)
exhibited complete inhibition. Twwelve compouncs (Table 3.1, noll, 9, 13, 1821, 23 25,
28, 35, 38 and 40) exhibited medium mycelial growth inhibition more than 50% Tuwelve
compouncss (Table 31, no.3, 58, 16-18 24, 33, 37 and 39) exhibited slight inhibition
(less than 50% innibition) and two compounds (no.4 and 36) did not show significant
Inhibition activity.

The antifungal activity against F. oxysporum revealed tht eight compounds
(Table 3.1, no.l, 13 26-27 and 29-32) exhibitedl complete inhibition. Sixteen compounds
(Table 31, 02, 912, 14, 15, 18 20, 2, 23, 25, 28, 33, 3 andl 38) exhibited mockrate
mycelial growth inhibition (more than 50% inhibition) and fourteen compouncs (Table
31, n038 16, 17,19 21, 24, 34, 36, 37, 39 and 40) displayed slight inhibition (less than
S%inhibition)

The antifungal activity against Pestalotiopsis sp. revealed that four compounds
(Table 3.1, no.15, 25, 27 and 40) exhibited complete inhibition. Fifteen compounds
(Table 3.1, nol, 2, 9-14, 22, 26, 28, 30-32 and 3) exhibited mocerate mycelial groath
Inhibition (ore than 50% inhibition). Fifteen compounas (Table 3.4, no.3, 5, 1621, 24,
29 and 36-39) dlisplayed slight inhibition (less than 50% Inhibition) and six compounds
(Table 3.1, no4, 6-8, 23 and 34) dlid not show significant inhibition activity.

The antifungal activity against p. parasitica revealed that twenty four compounds
(Table 31, no.l, 2 9-16, 1923, 26-32, 34 and 40) exhibited complete inhibition. Six
compounds (Table 3.1, no.17, 18, 25, 35, 38 and 39) exhibited mockerate mycelial growth
Inhibition (more than 50%inhibition). Nine compounds (n0.3-8, 24, 33 and 37) exhibited
slight inhibition (less than 50% inhibition) and one compound (n0.36) did not show
significant inhibition activity.

Although, A. porri, F. oxysporum andlPestalotiopsis sp. are three representatives of
higher fungi, they are susceptible to distinct compound. The cata derived from Fg.3.1
manifestly showed thet Pestalotiopsis sp. Wes more resistant to antifungal agents than A
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porri adF. oxysporum. Inackition, p. parasitica revealed more susceptible to chemicals
InmediumthanA. porri, F. oxysporum and Pestalotiopsis sp.

3.2 Chemical structure-antifungal activity relationship of benzoic acid derivatives
and related compounds
The results given in Fg. 31 also indicate a potential relationship between the
chemical structure and the experimentally cetermined antifungal activity of the tested
compounas against four prytopathogenic fungi. The functional group and the position of
the functional group in aromtic ring were also shown to play an important role in the
antifungal activity of tested compounds.

3.2.1 Effects of the substituent on the benzene ring

The cata from Fig3L pointed out thet the addition of a Supplementary
hydroxyl group in various positions on the benzene ring of benzoic acid (Table 3.1, no.2-
4) suppressed the artifungal activity on all tested fungi (except for salicylic acid (Table
3.1, n0.2), which completely inhibitedl mycelial growth of A. porri). Further study upon
the addition of two or three hydroxyl groups (Table 3.1, n0.5-8) did not significantly
Improve the effectiveness. On the contrary, the addition of a chlorine in the 2 or 3
position (Table 3.1, n0.9 and 10) increased the mycelial growth inhibition on A. porri and
Pestalotiopsis $p. The addition of a trifluorometiyl or a methyl in the 3-position (Table
3.1, no. 1 and 12) did not inprove the mycelial growth innibition on F. oxysporum and
Pestalotiopsis . but completely inhibited mycelial growth of A. porri.

The 4-methoxy cenvative (Table 3.1, no.13) showed a similar activity to
benzoic acidl The 3 4-methylenedioxy derivative (Table 3.1, no.14) had a low inhibitory
effect on mycelial growth of F. oxysporum and Pestalotiopsis Sp. Interestingly, 2
naphthoic acid (Table 3.1, no.15) completely inhibited mycelial growth of A porri,
Pestalotiopsis S. and p. parasitica. This intriguing point wes certainly called for further
Investigation.



21

3.2.2 Effects of chain length and functional group

Increasing the length of cartoon chain andl introcuction of a double bond in the
aliphatic cartbon chain bearing the carboxylic acid function as incinnamoyl moiety (Table
31, m.16 ad 17) reduced the efficiency of the molecule as antifungal agent
Modification of carboxylic acid function to an aloehyce (Table 3.1, no.19-21, 26 and 27)
Increased the biological activity of the original structure, for example, the antifunggl
activity against A. porri, F. oxysporum and Pestalotiopsis sp. of cinnamic acid (Table 3.1,
0. 16) wes less than 50% inhibition, while tht on all tested fungi of cinnamalohyoe
(Table 3.1, n0.27) wes 100%inhibition. In contrast, allyloenzene and 4-allylanisole (Table
3.1, n0.36 and 37) exhibited poor antifungal activity. Interestingly, lipaphilic compounds,
such s esters of 4-hyaroxybenzoic acid (Table 3.1, n0.29-32) dramtically increased the
biological activity of 4-hydroxybenzoic acid by completely suppressed mycelial
cevelopment of A. porri, F. oxysporum and p. parasitica. This findling, however, wes
dlifferent from thet reported in 2002 thet methyl esters of salicylic acid andl 3-enzoic acid
did not show biological activity against Eutypa lata (Aborabe et al., 2002).

3.3 Further study on antifungal activity of cinnamaldéhyde

Further evaluation of antifungal activity of cinnaeldéhyce on all tested fung
Was cetermined by agar medium assay and their IG" were calculated. Cinnarmalcéhyoe
was diluted to the firel concentration of 0.5, 1, 25 and 5 mvl Amycelial disc inoculated
In the center of each Petnt aish, and the fungi were allowed to grow. The results are
presented in Table 32
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Table 3.2 Effects of cinnamal céhyce & a function of concentration on the mycelial
growth of phytopathogenic fungi on asolidl culture mecium

Fung tested Growth inhibition (%9 (650
o5mM  10mM  256mM  5mM (MW
A, porri 14 40 100 100 109
F. oxysporum 0 4 100 100 146
Pestalotiopsis 0.~ 0 0 % 100 2.02
D. parasitica % 100 100 100 0.3
aInhibition percentage of each concentration was calculated as icso Using Pronit
analsis program

Cinnarralghyce exhibited high antifungal activity. It completely Suppressed A
porri, F. oxysporum adl p. parasitica at 25 MM and nearly completely suppressed
Pestalotiopsis sp. & the same concentration. The 1Cao values of cinnameldehycle against
A porri, F. oxysporum, Pestalotiopsis sp. and p. parasitica Wwere 109, 146, 2.02 ad
0.36 MM respectively.

Cinnarmalcéhyce has heen reported to have antifungal property against several
phytopethogenic fungl. Dipping tlip buls in an agueous solution of 39 MM
cinnamaloghyce gave a 40-foldl recluction of the fungal population but treatrrent of tulip
bulbs with cinnamelcényde hed o effect on the total stalk length or the flowering
capecity of tulip bulbs (Smid et al,, 199). In aodtion, 30 ppm cinnamaloghyce
completely innibited mycelial growth and germinetion of coniclia of Botryodiplodia
theobromae, ~ Colletotrichum  glocosporioides ~ and  Gliocephalotrichum
microchlamydosporum Which cause the postharvest cliseases, stemend rot, anthracnose
and brown spot, respectively (Sivakumar et al., 2002). Moreover, treatrrent of tomatoes
with an aqueous solution of 13 mMI cinnamaloehyce recluced the nurrer of bacteria and
fungi by one orcer of magnituce within 10 and 30 min, respectively. With tometoes thet
hadl been treated for 30 min with cinnaeldehyce, visible mould growth wes celayed by
seven days ourng storage Under modifiedl atrmosphere conalitions at 18°c (Smid et al,
19%).
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3.4 Further study on antifungal activity of esters of 4-hydroxybenzoic acid

In continuing search for artifungal agents, methyl, ethyl, propyl, butyl, hexyl,
octyl and dockecyl 4-hydroxyhenzoates were tested against A porri, Pestalotiopsis $p. and
p. parasitica, In orcer to investigate the structure -activity relationship on the length of
alkyl chain. The esters (hexyl, octyl and dockcyl 4-hyaroxybenzoate) were synthesized
by refluxing 4-hydroxybenzoic acid with corresponding alcohols as cescribed in Crepter
II. In acition, the antifungal effect of esters of 4-hydroxybenzoic acidl wes clearly
onserved when applied at a concentration of 1 raM The results are presented in Fig 32

1 methyl 4-hydroxybenzoate
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4hydro nzoate
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Fig. 3.2 Effects of esters of 4-hyaroxybenzoic acid assayed at 1 mMfinal concentration
onthe mycelial growth of prytopathogenic fungi on a solid culture medium
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In tems of stncture activty relationship, among seven tested 4
hyaroxybenzoates, butyl 4-hydroxybenzoate showed generally good activity against all
tested fungi. The inhibition percentage of butyl 4-hyaroxybenzoate was 87%for A. porri,
AM%for Pestalotiopsis 0. and 100%for p. parasitica, While the inhibition percentage of
dockcyl 4-hydroxybenzoic acid was 0%for all tested fung.

The length of alkyl group in 4-hydroxybenzoate wes associated with their antifungal
activity, similar to those found in the esters of gallic acid, which found that the potency of
antifungal activity of the gallates against microorganiss cepend on their alkyl chain
length (Fujita andl Koo, 2002). On the besis of the results obtained, it appears that the
fungicial activity of 4-hyaroxybenzoate was cistinctly increased for every additional
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CH2 group. The antifungal activity clsappeared after the alkyl length reached the
mexirum, and the dodecyl group in dockcyl 4-hydroxybenzoic acid is beyond this point.
On tre other hand, propyl group in propyl 4-hydroxybenzoate Is not long enough to
Incluce the best activity

3.5 Fungal growth inhibition by cinnamic acid derivatives

From the resuits given in Fig.3.1, cinnamic acidl exhibited slight mycelial growth
Inhibition. Thus, It wes interesting to test whether the antifungal activity could be
improved if the initial cinnamic acidl structure wes modified. Therefore, the effect of
cinnamic acid cervatives (Table 3.3) on mycelial growth was studied by screening test at
the concentration of 5 mV with the agar mediumassay using PDA s the growth medium
for all tested fungi and the results are displayed in Fig 33

Table 3.3 Cinnamic acid derivatives used in this study

Ri
o AN

R4
- compound R 2w n R R R
4 cinnamic acid CH=CH-COOH H H H H  H
s 3Hluorocinnamic acid CHCH-COOH H F H Ho A
s Afluorocinnamic acid CHCH-COOH H H F H o H
s 2-Chlorocinnamic acid CHCH-COOH cl H H H o H
+5 3Chlorocinnamic acid CHCH-COOH Hoo ol H Ho H
s d-chlorocinnamic acid CHCH-COOH H H cl HoOH
2 2-hromocinnamic acid CHCH-COOH B H H H o H
s Fpromocinnamic acid CHCH-COOH H Br H H o H
s dbromocinnamic acid CHCH-COOH H H Br H o H
so 24-dichlorocinnamic acid * CHCH-COOH clH cl H o H



Table 33 (continued)

M
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4-phenoxycinnamic acid
methoxy-4-outyloxycinnamic
a0
-methoxy-4-hexyloxycinnamic
ad
Fmethoxy-4-octyloxycinnamic
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3 4-dimethoxycinnamic acid

3 5-dimethoxycinnamic cid
34 5-tnmethoxycinnamic acid

R

CHCH-COOH
CH=CH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH

CHCH-COOH
CHCH-COOH
CHCH-COOH

CHCH-COOH

CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH
CHCH-COOH

cl

cl

OCH,

ar»> I I I I T =T

OCH,
OCH,
OCH,

OCH,

OCH,

OCH,

OCH,

OCH,

OCH,
OCH,
OCH,

OCH,
0C4H9
OCfH,
OC*HT
OBn
OPh

0CH)

OC(,Hi,

OC*HT

OBn

OCH,
OH
OCH,

OCH,

IIIIIIIIIIIa

T

OCH,

OCH,
OCH,

25

o I I T I =T



Table 33 (continued)

no.

12
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76
1
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83
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3 4-methylenedioxycinnamic acid

2-nitrocinnamic oid
nitrocinnamic acid
Anitrocinnamic oid
2-chloro-5-nitrocinnamic acid
nitro-4-chlorocinnamic acid
2-nitro-5-chlorocinnamic acid
4-methylcinnamic acid
dvocpropylcinnamic aoid
4H/<g-butylcinnamic oid
Atrifluoromethylcinnamic acio
4-cyanocinnamic cid

(M7l ethylcinnamic acid
alpha-methyl-trans-
cinnarmalcehyce
cinnamonitrile
2-methoxycinnanaloehyce
cinnamamice
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Fig. 3.3 Structure-antifungal activity of cinnamic acid cerivatives assayed a 1 mM final
concentration on the mycelial growth of A. porri, F. oxysporum, Pestalotiopsis

S0, andp. parasitica
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The resuits of the screening test indicate that only one compound (Table 3.3
10.85) exhibited complete inhibition andl twertty compounds (Table 3.3, no.44-53, 61, 72,
16-79, 82, 84, 87 and 90) exhibited strong mycelial growth inhibition (more than 7%
Inhibition) in the case of A porri, While eighteen compounds (Table 33, no42, 43, 54-
o7, 62, 63, 66-68, 70, 73-75, 81, 83 and 89) exhibited moderate inhibition and eleven
compounds (Table 33, no41, 58-60, 64, 65, 69, 71, 80, 8 and 83) exhibited slight
mycelial growth suppression (less than 40%inhibition).

The screening for mycelial growth inhibition activity against F. oxysporum
revealed that five compouncs (Table 3.3, no61, 75, &), 8L and 8b) exhibited mockrate
Inhibition, while twenty cormpouncs (Table 3.3, no44, 47, 5055, 57, 0, 62, 63, 77, &
and 86-90) exhibited slight inhibition and twenty five cormpounds (Table 3.3 no.41-43, 45,
46, 48, 49, 56, 59, 64-74, 76, 78, 79, 82 and 83) did not show significant inhibition
activity.

The antifungal activity against Pestalotiopsis 90 revealed thet only one compound
(Table 3.3, no.51) exhibited complete innibition. Five compounds (Table 3.3, no.6L, 77,
80, 8L and 85) exnibited strong mycelial growth inhibition. Tiwenty four compounds
(Table 33, no42, 43, 45-47, 49,50, 52, 53, 57, 60, 62, 63, 70, 72-76, 78, &0, 81, &7 and
90) exhibited moderate innibition and twenty compouncs (Table 3.3, oL, 44, 48, 54-56,
58, 59, 6469, 71, 79, 83, 84, 86, 88 andl 89) exhibited slight inhibition.

The antifungal activity against p. parasitica revealed that sixteen compounds
(Table 33, no41-49, 51-63, 56, 72, 79 andl 82) exhibited complete inibition. Tuenty
one compouncs (Table 33, no0, 54, 55, 61, 66-71, 73-78, &), 81, 83, 84 and 87)
exhibited strong mycelial growth inhibition. Four compounds (Table 33, no. 57, 62, 8
and 89) exhibited mocerate inhibition. Seven compounds (Table 3.3, n0.58-60, 63-65 and
86) exhibited slight inhibition and two compounas (Table 3.3 no.88 and 90) dlid not show
significant inhibition activaty
3.6 Chemical structure-antifungal activity relationship of cinnamic acid derivatives

In orcer to cetermine the most efficient compouncs in this chemical family
expressing antifungal properties, a study cealing with a structure-activity7 relationship of
various molecular arrangements wes carmied out. Followang this screening, involving the
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determination of the antifungal efficiency of 43 compounds, some structure features have
emerged which affect the antifungal properties against the tested fungi.

3.6.1 Effects of the substituent on the benzene ring

Accoraing to the resuits obtained in Ay 33, it was dlisclosed thet the
substitution of various groups on the benzene ring was also shown to play a vital role in
the antifungal activity on all tested fungi of cinnamic acid cervatives. Chlorinated
cerivatives also showed strong activity and may be suitable compounds for an application
to plants. In particular, 2,4-clichlorocinnamic acid, 2 6-ciichlorocinnamic acid and 34-
dichlorocinnamic acid (Table 33, no.50-52) could be put forward as candicktes. 2,6
Dichlorocinnamic acid inceed induced a 86% growth inhibition on A, porri and
completely suppressed mycelial development of Pestalotiopsis $p. and p. parasitica. In
adlition, the aadition of second chlorine atom wes found to increase the biological
activity compared with other chlorocinnamic acid cerivatives (Table 33, no.44-46).

The sulstitution of other halogen atom stich as fiuiorine and bromine atomon the
berzene ring also increased the biological activity of original structure (Table 3.3, no.42
43, 47-49, 53). In agreement with this, (Narasimhan et al., 2004) have shown thet
dibromo cinnamic acid exnibited strong antibecterial activity against Gram positive and
Gram negative becteria and good antifungal activities on Candida albicans and
Aspergillus niger. A methoxy in 2-position (Table 3.3, no.54) showed more activity on A
porri, F. oxysporum and Pestalotiopsis $p. thana methoxy in 3 and 4-positions (Table 33,
n0.55, 56). Octyl group (Table 33, no59) in the forth position of the aromatic ring
strongly decreased the antifungal property of a compound in comparison with other
OXygen-containing compounas as methoxyl, butyloxyl, hexyloxyl, benzyloxyl and
phenoxyl group (Table 33, no56-58, 60, 61) & the same position. A cecreasing
inhibitory action of 3:methoxycinnamic acid on A porri and Pestalotiopsis Sp, from
S%to Sand 5 to 2% respectively followed the acition at the 4-position by oxygen
contajnir;g oroup in the seres butyloxyl > hexyloxyl > octyloxyl > benzyloxyl (Table 33
N0.62-65).

The addition of a second methoxyl group reciced the biological activity of 2-
methoxyl cerivative on A. porri, F. oxysporum and p. parasitica (Table 3.3, n0.66-68).
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Similarty; the adoition of a second methoxyl group also recuced the biological activity of
methoxyl derivative on A. porri. Compared to nitro derivatives (Table 3.3, no.73-75),
the cerivatives bearing anitro group and a chlorine atom (Table 3.3, no. 76-78) exhibited
more inhibitory activity against A porri and Pestalotiopsis p. Interestingly, 4-
trifluoromethylcinnamic acid (Table 33 n0.82) exhibited the strongest activity against A
porri amongst the fifteen cinnamic cerivatives, which obtained by substitution of various
Oroups in -position on the benzene nng

3.6.2 Effects of other functional groups

From the results of the moaifications on aliphatic chain in cinnamoyl moiety
(Table 33 no.84-90), it Is evicknt thet a/pia-methyl-tram-cinnameloehyce (Table 33,
n0.85) completely suppressed mycelial cevelopment of A porri and exhibited good
antifungal properties on Pestalotiopsis Sp. andl F. oxysporum. On the other hand, it is
surprising that modification of the carboxylic acid function recticed the biological
activity onp. parasitica of the originel structure. Ineed, both cinnamamice (Table 33,
n0.83) and tram'-l-cinnamyi piperazine (Table 3.3, n0.90) did not show biological
activity.

3.7 Further study on biological activity and stability of 2,6-dichlorocinnamic acid

Following the general antifungal screening tests, it wes obviously indicated with
sufficiently encouraging effect tret 2,6-dlichlorocinnamic acicl was a potent canclidéte &s a
new emerged antifungal agent. Thus, this compound wes selected for an extensive
evaluation of its biological effects and stability.

3.1.1 Effect of 2,6-dichlorocinnamic acid on the mycelial growth of A. porri,
Pestalotiopsis sp. and p. parasitica
Furtrer evaluation of antifungal activity of 26-dlichlorocinnamic acid wes
cetermined by agar medium assay and the 1cso Was calculated. Each tested compound
was dliluted to the final concentration of 0.1, 05 and 1 mM The results are tabulated in
Tables 34 and 35.
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Fig 3.4 The mycelial growth inhibition of 26-dlichlorocinnamic acid
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Table 3.4 Effects of 2,6-dichlorocinnamic acid and two stangard fungicioes as a function
of concentration on the mycelial growth of A. porri, Pestalotiopsis $p. and p.
parasitica ona solicl culture mecium

Conpound Fgitsted  Growth inhibition (94 m‘
01mM 05mM 1
2.6-Dichlorocinnamic acid A, porri 405 860 88 014

Pestalotiopsis . 2860 7449 10000 0.8
D. parasitica 8130 8972 10000 007
captan A porri 5% 3131 7397 070
Pestalotiopsis 0.~ 963 6762 7703 052
p. parasitica Ul 4808 8L26 056
Iprociione A porri 8028 10000 10000 003
Pestalotiopsis 0. 47.15 4797 7389 032
D. parasitica 25 bR HA 14

Innibition percentage of each concentration was calculated as icso Using Probit
analysis program

2,6-Dichlorocinnamic acid undoulotecly possessed fungicical properties, resuiting
from corsickerable icso observed In A. porri, Pestalotiopsis 0. and p. parasitica. The
conventional chemical fungicide captan and iprodione wiere used &s the reference
compouncs. The icso of 2,6-clichlorocinnamic acid wes 0.14 mMfor A. porri, 0.28 mM
for Pestalotiopsis 5p. and 0.07 mM for p. parasitica. Compared to captan and iprodiore,
26-dlichlorocinnamic acid is much more efficient and therefore can be a superior
antifungal agent, particularty to control Pestalotiopsis Sp. andp. parasitica.

3.1.2 Effect of 2,6-dichlorocinnamic acid on the mycelial growth Pythium sp. and
Colletotrichum gloeosporioides.
Antracnose (C. gloeosporioides) and Damping-off (Pythium sp.) are the major
dliseases of awick variety of hosts in Thailand (Nongnoot, 2004). Further evaluation of
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antifungal activity of 2 s-clichlorocinnamic acid on both fungi was determined by agar
mediumassay and the ICso wes calculated.

pythium . [+

C. gloeosporioides

s X :

t/ { e
% ',:I’ |
A

<

N

Conrol  OLmM  05mM  LmM
Fig 35 The mycelial growth inhibition of 26-lichlorocinnamic acid on Pythium sp. and
C. gloeosporioides

Table 3.5 Effects of 26-dichlorocinnamic acid as a function of concentration on the
mycelial growth of Pythium $p. and C. gloeosporioides on a solid cuiture
medium

Frgtsed  Growthinhibition (94 (ﬁ%
0L 05mM 1mv

Pythium . AU w0 100 012
¢. glogosporioides 1879 7879 10 033

alnhibition percentage of each concertration wes
calculateal as 1Gso using Pronit analysis program

2,6-Dichlorocinnamic acid at L mM completely inhibited ragial mycelial growth
of both fungi. On the ather hand, 2,6-dichlorocinnamic acid showed artifungal activity
against Pythium $p. andc. gloeosporioides with 1Gso of 0.12 andl 0.3, respectively.
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Acoordling to the resuits obtained in Tables 34 and 35, 1t is clear thet 26-
dichlorocinnamic acid has infibitory effects against A. porri, Pestalotiopsis S, p.
parasitica, Pythium 0. and C. gloeosporioides in vitro.

3.1.3 Effect of 2,6-dichlorocinnamic acid on spore germination of Pestalotiopsis

$p.
The antifungal activity on mycelial groath and spore germination greatly
affects the costs and benefits of fungal disease control. If 2,6-dlichlorocinnamic acid wes
active for inhibition of both mycelial growth and spore germination, it would then be able
to conttrol all the Subseguent steps inthe disease cycle.

Pestalotiopsis Sp. are parasitic or endophytic on living leaves and twigs but are
often isolatedl from ceadl plant ratter and even soil, because the spore infest in plant
ckoris or contaminate In environment can stay alive as resting spore when the condition
optimized, resting spore will germinate germ tuioes, attack host andl cause plat disease
(Chavarin, 2002). Therefore, 26-dichlorocinnamic acidl wes further evaluated for spore
germination of Pestalotiopsis 0.

To test spore germination, 100 pi of the suspensions (5x103 spore per ml) were
streaked aseptically on PDA plates, Supplenented with dirfferent 2,6-clichlorocinnamic
acid concentration (0, 0.1, 0.5, 1miVA). The plates were inculoated at room tenperature for
48 h Following inculoation, fungal colonies originated from germinated Spores wiere
enunerated in orcer to evaluate the percentage of inhibition of spore germination. The
results are tabulated in Table 36.

Table 3.6 Effect of 26-dichlorocinnamic acid on spore germination of Pestalotiopsis 0.
concentration (M) %anhibition of spore germination

0 0
01 100
05 100

1 100
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Fig 36 Effect of 26-clichlorocinnamic acid at different concentrations on spore

germination of Pestalotiopsis 0.

Accoraing to the results obtained in Tables 36, 26-clichlorocinnamic acid
completely inhibited spore germination at a conentration of 0.1 mMl From this study it
gopears that 2, 6-dlichlorocinnamic acid treatment inhibited in vitro both spore
germination and mycelial growth of Pestalotiopsis $p.

3.14 Phytotoxicity of 2,6-dichlorocinnamic acid
For phytotoxicity bioassays (according to the procecure cescribed in
Chapter 11), Chinese mustard {Brassicajuncea (Linn.) Czem et Coss.) seeds were used
The effects of 2,6-clichlorocinnamic acid on relative root growth were analysed and the
resuits are displayed inFig 3.7

a,b

a,b |pr(xi|0m
® 1 2 6:Dichlorocinnamic acid

a

Concentration (mM)
o
=
W

0 20 40 60 80 100
Relative root growth
Fig 3.7 Relative root growth for Chinese mustard. Different letters (a, b) are significantly
different at the level of p<0.05 according to the Scheffe test.

tmo A
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Inall the cases, the percentage of germinated seecs with respect to the control was
100% However, seed germination has been regarced s a less sensitive method than root
elongation when used as a hioassay for the evaluation of phytotoxicity (Smidlet al., 19%).

As shown In Fig 37, conoucting the growth in the solutions of 26-
dichlorocinnamic acid (0.05 and 0.1 mVA) for four cays dlid not significantly alter the total
root length of the seeclling, while the relative root growth dotained with the solution of
lprociione (0.1 mM) wes lower than those ootained in the control. Therefore, it can be
concluced that Uncer the expenimental conditions, 2,6-ciichlorocinnamic acid has potent
antifungal effects but no evicent phytotoxic effects

315 Stahility of 2,6-dichlorocinnamic acid
2,6-Dichlorocinnamic acid was evaluated uncer oven conditions & &0 oc,
daylight and 256 wavelength u v light for aperiod of 8 h Samyples were removed at 0, 2
4 and 8 hfrom the tested condlitions. DVISO solutions of the each collected sample were
prepared & concentration of 05 mM Aosorbance was measured with UV-Vis
Spectrophotoneter at 279 nmand the results are displayed in Fg 38

12 |
N l:
o\ 08 -
- daylight |
o o 256 Wavelengthu light
| 02] oven condlitions at ace
0 ) 4 b 8

Storage time (h)
Fig 3.8 Effect of oven conditions at 80° ¢, daylight and 256 wavelength uv light on the
staility of 26-dlichlorocinnamic acid
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The results of stability tests (Fig 3.8) clearty showed thet at each condittion, the
Aorg clid not clecrease with tine. 1t can be concluced tht 2,6-clichlorocinnamic acid hed a
higher thermral and light stability. The bicactivity and stahility of 26-ichlorocinnamic
acicl Suiggest that it may present interest for use as fungicice.
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