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Table 2- Identified compounds in essential oil of Neem (Azadirachta indica) leaves and effect of the
identified compounds in concentration of 3000 parts per million on the percentage inhibition of mycelia

growth of F. graminearum and F. culmorum

Row Compound name Retention index”

The percentage inhibition of mycelia

1 5-elemene 1338
2 a-copaene 1377
3 B-elemene 1391
4 caryophyllene 1419
5 y-elemene 1437
6 y-muurolene 1452
7 a-humulene 1455
8 germacrene D 1485
9 germacrene B 1561
10 phytol 2113
- Total -

Abondance % growth
F. culmorum F. graminearum

5.8 25.3£0.02 b 20.5+0.0b
0.4 040 f 040 f
27.2 10040 a 10040 a
15.9 10040 a 10040 a
11.2 17.1+0.01 ¢ 8.8+0.05 ¢
1.3 0+0 f 0+0 f
0.7 0+0 f 0+0 f
13.1 13.54+0.02 d 5.3+0.02 d
6.5 2.8+0.01e 1.5+£0.05 ¢
15.3 100+0 a 1000 a
97.4 - -

*Compounds are listed in order of elution from a DB-35 column and based on retention indices. Data are means
+ standard error. Different letters indicate significant differences according to Tukey's test at the level p < 0.05.
The experiment was repeated three times with similar results.
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Table 2. Antifungal activity of the essential oil and its main constituents compared to synthetic fungicides
against mycelial growth of F. graminearum and F. culmorum

Fungi
Treatments
F. culmorum F. graminearum
Essential oil ICs0 (ppm) MIC (ppm) I1Cs0 (ppm) MIC(ppm)
Neem 698 d 1579 d 752d 1898 d
Compounds
B-elemene 1125 f 2305 f 1359 f 2530 f
caryophyllene 833e 1812 e 914 e 2174 e
phytol 362 a 756 a 429 a 795 a
Fungicides
Tilt® 650 c 1300 c 750 c 1500 ¢
Altocombi® 400 b 800 b 500 b 1000 b

MIC — minimum inhibitory concentration; IC50 — inhibitory concentration 50. Means within a column
indicated by the same letter were not significantly different according to Tukey's test at the level p < 0.05. The

experiment was repeated three times with similar results.
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Table 3- Probit analysis to determine IC50 values for different treatments of F. culmorum and F.

graminearum

Fungi Treatments 1C50 Standard Lower  Upper Chi- Slope£SE
(ppm) error square

c Neem 698 42.1 618.9 786.2 128.6 5.240.4
] B-elemene 1125 50.1 1030.4 1228.5 161.7 6.7+0.4
2 caryophyllene 833 53.8 733.5 947.6 117.4 4.7£0.5
é phytol 362 22.9 318.4 409.4 31.2 5.9+0.4
x Tilt® 650 43.6 569.2 743.2 60.9 4.9+0.2
Altocomb® 400 27.5 348.9 458.8 48.9 5.4+0.3
= Neem 752 36.7 681.3 826.5 101.8 6.5+£0.5
> B-elemene 1359 61.4 12445 1487.7 158.5 6.4+0.4
. §  caryophyllene 914 40.9 836.1  997.7 88.8 6.9+0.4
o= phytol 429 25.5 380.7 4823 40.1 6.5+0.4
o Tilt® 750 50.1 658.9 859.6 84.2 5.2+0.6
= Altocomb® 500 36.5 434.4 581.5 73.6 5.3+0.5
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Figure 1. Effects of different concentrations of essential oil and its main constituents on the mycelial
growth £ SE of F. graminearum and F. culmorum.
Different letters indicate significant differences according to Tukey's test at the level p < 0.05.
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Table 4. Effects of various concentrations of essential oil of neem leaves and its main constituents on
inhibition of sporulation and spore germination of F. graminearum and F. culmorum

Percentage inhibition of sporulation

Fungi Concentrations Essential oil B-elemene caryophyllene phytol
Control 0.2+0.019 (a) 0.1+0.02 g (b) 0.1+0.01 g (b) 0.1+0.01f (b)
c 1xMIC 100+0 a (a) 64.630.28 a (C) 73.22+0.39a (b) 1000 a (a)
= 0.1xMIC 11.15+0.85 ¢ (b) 6.78+0.23 ¢ (c) 11.02+0.35 ¢ (b) 15.98+2.77 ¢ (a)
é 0.01xMIC 4.21+0.39 e (b) 2.05+0.14 e (d) 3.24+0.11e (c) 7.48+0.32d (a)
g 1x1C50 43.89+1.59 b (b) 25.0120.77b (d)  34.91+2.31b (c) 50.09+3.09 b (a)
w 0.1xIC50 5.44+0.19d (b) 3.53+0.03d (d) 4.52+0.17d (c) 8.04+0.35d (a)
0.01x1C50 0.42+0.05f (a) 0.19+0.02 f (b) 0.25+0.08 f (b) 0.42+0.01 ¢ (a)
Control 0.1+0.03 g (c) 0.1+0.01 g (c) 0.2+0.02 g (b) 0.3+0.03g (a)
1xMIC 100+0a (a) 68.71+0.55a (c) 78.36+0.32a (b) 100+0a (a)
g 0.1xMIC 13.37+0.59 ¢ (b) 7.45+0.09 ¢ (c) 12.72+0.62 ¢ (b) 17.5+3.25¢ (a)
E 0.01xMIC 4.55+0.07 e (b) 2.07+0.02 e (d) 3.85+0.06 e (c) 7.66+0.35 ¢ (a)
3 1x1C50 44.11+1.42b (b) 27.47+3.32b (d)  36.64+2.69b (c) 50.23+4.48 b (a)
- 0.1x1C50 6.89+0.14 d (b) 3.89+0.11d (d) 4.76x0.24 d (c) 8.55+0.37 d (a)
0.01x1C50 0.46+0.06 f (a) 0.12+0.01f (c) 0.28+0.02f (b) 0.47+0.06 f (a)
Percentage inhibition of spore germination
Control 0.1+0.019 (a) 0.1+0.02f (a) 0.1+0.03¢g (a) 0.1+0.01f (a)
e 1xMIC 100+0a (a) 62.42+0.33a (¢) 73.05+0.18a (b) 100+0a (a)
= 0.1xMIC 13.98+0.36 ¢ (b) 8.72+0.45 ¢ (c) 10.15+0.48 ¢ (b) 15.76+0.14 ¢ (a)
% 0.01xMIC 4.55+0.98 ¢ (b) 1.98+0.68 ¢ (C) 4.08+0.43 e (b) 8.15+0.52d (a)
g 1x1C50 42.77+1.44 b (b) 30.25+2.35b (c)  38.79+2.87 b (b) 51.11%1.07 b (a)
L 0.1x1C50 6.71+0.5d (b) 3.88+0.37 d (d) 5.07+0.39d (c) 9.09+0.89 d (a)
0.01xIC50 0.56+0.07 f (a) 0.1+0.06 f (b) 0.38+0.12f (a) 0.55+0.05 e (a)
Control 0.2+0.04 g (a) 0.1+0.01f (b) 0.2+0.05f (a) 0.1+0.02f (b)
1xMIC 1000 a (a) 72.65+0.15a (c) 84.27+.45a (b) 10040 a (a)
€ 0.1xMIC 15.55+0.79 ¢ (b) 9.85+0.3 ¢ (d) 12.33+0.17 ¢ (c) 18.27+0.36 ¢ (a)
‘_;’ 0.01xMIC 5.17+0.32 ¢ (b) 2.62+0.09 e (c) 4.78+0.6 d (b) 8.98+0.33d (a)
L‘:-:’. 1x1C50 46.05+3.25 b (b) 31.42+¢2.77b (d)  42.65+3.14b (c) 52.73+2.39 b (a)
0.1x1C50 7.25+0.66 d (b) 4.21+0.17d (d) 5.36+0.42d (c) 9.43+0.25d (a)
0.01xIC50 0.11+0.02 f (b) 0.5+0.28 ¢ (a) 0.63+0.08 e (a)

0.630.05  (a)

MIC — minimum inhibitory concentration; IC50 — inhibitory concentration 50. Means within a column (row)
indicated by the same letter were not significantly different according to Tukey's test at the level p < 0.05. The
experiment was repeated three times with similar results.
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Table 5. The fractional inhibitory concentration index (FICI) of constituents of essential oil of neem

leaves against F. graminearum and F. culmorum

Fractional inhibitory

Fungi Compounds S Activity
concentration index

B-elemene x caryophyllene 1.753 indifferent

F. graminearum B-elemene x phytol 0.797 additive
caryophyllene x phytol 0.372 synergistic
B-elemene x Caryophyllene 1.695 indifferent

F. culmorum B-elemene x phytol 0.624 additive
caryophyllene x phytol 0.138 synergistic
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Figure 2. Effect of essential oil leaves of Neem, B-elemene, caryophyllene and phytol on pectinase (a) and

cellulase (b) activity of secreted by F. graminearum and on pectinase (c) and cellulase (d) activity of

secreted by F. culmorum.

Data are means + standard error. Different letters indicate significant differences according to Tukey's test at

the level p < 0.05. The experiment was repeated three times with similar results.
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Abstract
Background and Objectives
The genus Fusarium has a worldwide distribution and many of its species, especially
Fusarium graminearum Schwabe and Fusarium culmorum (W.G. Smith) Saccardo can
infect a wide range of host plants and cause a variety of economically important diseases.
The aim of this study was to identify the constituents of essential oil from leaves of
native neem tree (Azadirachta indica A.Juss.) and their effect on growth performance
and activity of cell wall degrading enzymes produced by these pathogens.
Materials and Methods
The leaves of neem tree were obtained from Iranshahr region of Sistan and Baluchestan
province and dried in the shade. The essential oil was extracted by hydrodistillation using
a clevenger apparatus and its major constituents were identified by gas chromatography-
mass spectrometry.
Results
The major constituents in the essential oil were B-elemene (27.2%), caryophyllene
(15.9%) and phytol (15.3%), which have antifungal effects against F. graminearum and
F. culmorum. The results showed that although the pathogenicity of F. culmorum was
lower than F. graminearum, but the minimum inhibitory concentration of essential oil, [3-
elemene, caryophyllene and phytol against F. graminearum was higher than F.
culmorum. Sporulation and spores germination of Fusarium spp. were completely
inhibited by essential oil and phytol. Synergistic effects of the main constituents of
essential oil showed that combining phytol with caryophyllene induced a synergistic
activity against Fusarium spp. and in combination with B-elemene caused an additive
effect. Activities of cellulase and pectinase, as main cell wall degrading enzymes were
decreased by essential oil and its main constituents at low concentration without affecting
mycelial growth of fungi studied.
Discussion
The findings of this research showed that there is a possibility of using neem oil and
phytol compound to control diseases caused by Fusarium species.

Keywords: Neem, Fusarium spp., Synergistic effects, Minimum inhibitory
concentration, Pectinase, Cellulose, Phytol



