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Abstract: Seed borne diseases are important constraints to maize production. Investigations were carried out
to identify fungal infection of maize seed and determine its effect on seed germination. Studies on the effects
of fungicides and essential oils from aromatic plants on the level of seed-borne F. moniliforme and its seed to
seedling transmission were also part of the work. Blotter method was used for seed health testing while
germination in sand was followed for seed germination test. Maize seed samples identified with low infection
(1-10%), medium infection (11-30%) and heavy infection (<30%) of F. moniliforme showed a germination of
93%, 98% and 85% respectively proving that heavy infection of this fungus reduces significantly the
germination and should be controlled. Seed treatment with 3 fungicides i.e Apron star, Benlate and Marshall
resulted into a significant increase in the germination only in the heavily infected category. It could be
concluded that seed lot identified as low and medium F. moniliforme infection can be sown without any seed
treatment. The control of F. moniliforme in seeds was achieved at 90% in all the 4 cultivars tested using the
essential oils extracted from O. gratissimum and C. citratus. Improvement of the germination was recorded from
the treatment with the essential oils. The control of seed to seedling transmission of F. moniliforme was
achieved at 47% for the essential oils O. gratissimum and 31% for C. citratus. These control effects of the
essential oils from O. gratissimum and C. citratus on F. moniliforme in maize seeds as well as the improvement
in the germination disclosed the potential use of the 2 essential oils studied as seed treatment against fungi
in maize.
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INTRODUCTION

Control

The systemic infection of F. moniliforme results into
symptomless plants, the reestablishment of the fungus in
the kernel and mycotoxins accumulation during its
development. Others effects of F. moniliforme are loss of
production in the field, post harvest losses, mycotoxins in
grains and in the subsequent crop, loss of germination,
seedling blight, stalk and ear rot disease [5-10].
These effects have been studied on seed, at seedling
level and plant tissues. However correlations between
different levels of natural infection of F. moniliforme in
seeds and their effects on the germination and
germination components, emergence of seedlings is not

Ear rot of maize is caused by many fungi among
which F. moniliforme is the most important. From
previous studies conducted in Denmark from 1993-1995,
this fungus was found prevalent in maize seed samples of
Cameroon with heavy infection of up to 80% in the tested
samples [1]. This level of infection of F. moniliforme has
also been recorded in other samples tested from 1995-2000
[2]. The fungus is seed-borne and seed transmitted with
a transmission rate of 1:1 [3, 1]. Systemic infection from
seed-borne inoculums has been demonstrated [4, 5].
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well understood. Antifungal and antimicrobial properties
of essential oils have been demonstrated by [11-15].
Despite this knowledge the use of these essential oils as
seed treatment to control the seed-borne F. moniliforme
and its seed to seedling transmission had been very
limited. This study was planned to investigate different
levels of seed borne infections of F. moniliforme and their
effect on seed germination and possibility of seed to
seedling transmission.
Studies on the effects of fungicides and essential oils
from aromatic plants on the infection of this seed-borne
fungus and its seed to seedling transmission was
another objective of this work..

Three fungicides were used, Apron Star promoted in
Cameroon for seed treatment by Novartis international,
Benlate (benomyl) manufactured by Dupont France and
Marshall (carbofuran) distributed to farmers in Cameroon
by Sodecoton.
A total of 200 seeds in 4 replicates of 50 seeds were
tested from each samples and for each of the 4 treatments
defined. The treatment was performed by dusting at the
dosage of 0.1% (w/w) [16, 17] and 2 drops of water was
mixed with the seeds before addition of fungicides
based on the suggestion of Novartis International.
The germination test was performed in 4 replicates of 50
seeds following the sand method described by [18].

MATERIALS AND METHODS

Screening of Essential Oil Rate of Application Efficient
Against F. Moniliforme and Harmless to Maize Seeds
Germination Capacity: Maize samples cultivars CMS
8704, registered with DGISP number 43903 and 44443 were
used. They were both identified with 100% infection of
F. moniliforme during seed health testing. Two essential
oils extracted from the aromatic plant Ocimum
gratissimum and
Cymbopogon
citratus
by
hydro-distillation with the Clevenger apparatus were
used to treat the seeds [12]. Three concentrations of
each essential oil, 10%, 7% and 5% for O. gratissimum

Effects of Low, Medium and High Infections of
F. Moniliforme on the Germination of Maize Seeds and
Their Control Using Fungicides: Sixteen maize seeds
samples registered with DGISP accession number
were used. They were selected based on their level of
F. moniliforme infection recorded during seed health
testing, 8 samples with high (above 30%) level of
infection, 5 samples with medium (11-30%) infection
and 3 samples with low (1-10%) infection (Table 1).
Table 1:

No

Effects of low, medium and high infections of F. moniliforme on the germination of maize seeds and their control using 3 fungicides (Apron star,
Benlate and Marshall).

DGISP number

Germination
---------------------------------------------------------------------------------------------Non treated
Apron star
Benlate
Marshall

Infection F.moniliforme

1
2
3
mean 1

43910
44138
44192
4%

2%
5%
5%
c
93%

99%
95%
84%
92%

100%
93%
83%
91%

100%
94%
78.5%
87.5%

92%
83%

4
5
6
7
8
mean 2

43902
43975
44151
44172
43977
17.8%

14%
14%
14%
23%
24%
b
98%

99%
97%
97%
99%
97.5%
99.10%

100%
99%
98.5%
100%
98%
99.26%

100%
99.3%
99%
100%
98%
99.25%

99
98
100%
100%

9
10
11
12
13
14
15
16
mean 3

43994
44136
44189
44145
43905
43985
43904
43912
68%

33%
54%
54%
59%
73%
73%
96%
100%
a
85%

83%
54%
94%
74%
94%
87.5%
97%
92.6%
90%*

91%
60%
98%
84%
97%
91%
97%
99%
88%

87%
58%
99%
78%
97.5%
91%
100%
91%
86%

90%
58%
98%
87%
96%
-

(-) Not tested due to sample size
The numbers in the table are means of 4 replications of 50 seeds
(*)Denote statistical differences between the germination percentage in the row ( = 0.05)
Different letter denote statistical difference between the germination of infected seeds in the column ( =0.05)
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and 3%, 2% and 1% for C. citratus were screened for their
control effect on F. moniliforme in seeds and inhibitor
effect on the germination of the treated maize seeds.
Efficient and harmless concentrations were selected for
subsequent seed treatment. The essential oil was
suspended in an agar-based solution following [19] and
the treatments were carried out at the ratio of 50µl/g of
seeds, modified by [20]. The germination test was carried
out as described above. One hundred seeds were tested
for each essential oil and each concentration. The harmful
effect was determined as reduction in germination in the
treated seed compared to none treated.

as the percent difference between the treated and
untreated.
Data Analysis: The data were subjected to statistical
analysis to determine the significance of differences
using Sigmat Stat at 97% level of confidence [22].
RESULTS

Control of F. Moniliforme Infections in Maize Using the
Essential Oil from O. Gratissimum and C. Citratus:
Four maize seed samples of different cultivars were
used, CMS 9015, CMS 8806, CMS 8704 and CMS 8501.
The samples were registered with DGISP number 44445,
44444, 44443, 44440 and identified with 60%, 70% 100%
and 76% infection of F. moniliforme respectively.
Four treatment were evaluated, control (untreated),
positive control (treated with benlate), treatment with the
essential oil from O. gratissimum and treatment with
essential oil from C. citratus. The Treatment with the
Essential Oil Was Performed atThe ratio is 2% for
C. citratus and 6% for O. gratissimum. The essential oil
carrier was prepared from Agar following [19]. The Benlate
fungicide was applied as described above. After
treatment, the sample was divided into two groups one for
the seed health testing and another for sowing. The
treated seeds were tested in 4 replications of 50
seeds for F. moniliforme using the deep freezing
blotter method of [21] and the experiments were
repeated twice. The infection was the mean percentage
of infected seeds over the total number of tested seeds.
Control of Seed to Seedling Transmission of
F. Moniliforme in Maize Using the Essential Oil from
O. Gratissimum and C. Citratus: The fraction of seeds
maintained from previous section from any of the four
cultivars and treatments was germinated in sterile sand,
following the Rules of the International Seed Testing
Association (ISTA). Two hundred seeds in 4 replicates
of 50 seeds were tested in each treatment and for each
cultivars and the experiment was repeated twice. Seedling
evaluation was performed after 10 days. Data on
germination were taken and the seedlings were assay
for F. moniliforme following the method described by [1]
in 3 replicates of 25 seedlings. The reduction in the seed
to seedling transmission of F.moniliforme was calculated

Effects of Low, Medium and High Infections of
F. Moniliforme on the Germination of Maize Seeds and
Their Control Using 3 Fungicides
Effect of Low Medium and High Infection of
F. Moniliforme on the Germination: Data in Table 1
showed that in untreated seeds, 93% germination was
recorded in the less infected samples (1-10%), 98% in the
medium infected (11-30%) and 85% in the heavily infected
(>30%) samples. A difference of 5% was noted between
the germination of less infected samples compared to the
medium infected
samples, the former having
germinated less and the later having germinated higher.
This difference however was not statistically significant
at 95% level of confidence. Between the less infected
samples and the heavily infected samples, a difference of
8% was noted, the less infected having germinated
higher and this was statistically significant at 95% level
of confidence. The medium infected and the heavily
infected showed a difference of 13% germination, the first
having germinated higher and this was statistically
significant at 95% level of confidence.
Effects of Fungicides Treatment on the Germination of
Low Medium and Highly Infected Seeds: After the
treatment of less infected seeds with 3 different fungicides
Apron, Benlate and Marshall, no improvement of the
germination was recorded (Table 1). With the medium
infected seed samples, the same 3 treatments resulted
in a small improvement of about 1.5% in the germination.
With the heavily infected samples, improvement of 1%
was recorded from Marshall treatment, 3% from Benlate
and 5% from Apron star. The improvement from Apron
star was statistically significant at 95% level of
confidence.
Screening of Essential Oil Rate of Application Efficient
Against F. Moniliforme and Harmless to Maize Seeds
Germinative Capacity: Seed treatment with the essential
oil from O. gratissimum at the rate of 10% eradicated
F. moniliforme but also inhibited the seeds by increasing
the number of dead seeds from 7.5% in the untreated
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Table 2: Efficiency of essential oil against F. moniliforme and their effect on maize seeds viability
Dead seeds

Germination %

F. moniliforme in seeds

Non treated

92.5

0

7.5

92.5

100%

0

Og 5%

92.5

2.5

5

92.5

25%

75%

Og 7.5%

62.5

2.5

35

62.5

5%

95%

Og 10%

27.5

2.5

70

27.5

0%

100%

Treatment

Normal plants

abnormal

Control

Cc 3%

97.5

2.5

0

97.5

7.5%

92%

Cc 2%

95

0

5

95

5%

95%

Cc 1.5%

95

2.5

2.5

95

2.5%

97%

Og = Ocimum gratissimum CC = Cymbogon citratus
Table 3: Control of Fusarium moniliforme in maize seeds treated with Benlate systemic fungicide and 2 essential oils.
Maize variety

Benlate (0.1%w/w)

O.gratissimum (6%)

C.citratus (2%)

Non treated control

CMS 8501

0

5

7

85

CMS 8704

3

12

6

76

CMS 9015

0

8

10

67

CMS 8806

0

3

6

56

Mean

0.75±1.5

7 ±4

7.25±2

71±12

control of seed-borne infection

99a

90b

90b

0c

The numbers in the table are per cent infected seeds recorded after 7 days incubation. The experiment was repeated 2 times. Different letter denote significant
difference.
Table 4: Improvement of the germination of maize seed treated with the essential oil from O. gratissimum and C. citratus
Maize variety

Benlate (0.1%w/w)

O.gratissimum (6%)

C.citratus (2%)

Non treated control

CMS 8501

95

93

93

87

CMS 8704

94

95

93

90

CMS 9015

93

91

92

87

CMS 8806

95

90

94

90

Mean

94.25

92.25

93

88.5

The numbers in the table are per cent germination recorded from the second count after 7 days. They are mean of 4 replications of 50 seeds and the
experiment was repeated 2 times.

seeds to 70% (Table 2). At the rate of 7.5%, 95% control
of the fungus was obtained with an increase of 27.5% in
the number of dead seeds compared to the non-treated.
The same treatment at the rate of 5% provided 75%
control of the fungus and 92.5% germination of the seeds.
With the essential oil from C. citratus applied at the rate
of 1.5%, 2% and 3%, a control of 97%, 95 and 92% was
recorded respectively (Table 2). No phytotoxicity of the
oils to the seeds was expressed at these concentrations.

statistically different compared to Benlate. Differences
were observed between the responses of the 4 cultivars
used, however they were not statistically significant
(Table 3).
Improvement of the Germination of Maize Seed Treated
with the Essential Oils from O. Gratissimum and C.
Citratus: Different levels of improvement of the
germination were recorded between the 4 cultivars tested
as a result of treatment with the essential oils (Table 4).
The mean germination obtained for each treatment was
92.25% for the essential oils from O. gratissimum, 93% for
C. citratus, 88.5% for the untreated control and 94.25% for
the control treated with Benlate. These were not
statistically different.
In addition to the increase in the germination percent,
the treatment with the essential oil improve the health of
the seedling in term of greenness, vigour and root mass
based on visual observation.

Control of F. Moniliforme Infections in Maize Seeds
Using the Essential Oil from O. Gratissimum and
C. Citratus: The data in Table 3 shows a mean control of
90% infection of F. moniliforme in all the 4 cultivars
(CMS 8501, CMS 8704, CMS 9015 and CMS8806) tested
by the essential oils extracted from O. gratissimum and
C. citratus whereas Benlate control 99%. These control
effects of the two essential oils were statistically
significant compare to the non-treated control, lower and
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Table 5: Control of seed to seedling transmission of Fusarium moniliforme in maize seedlings after treatment with Benlate systemic fungicide and 2
essential oils.
O.gratissimum (6%)

C.citratus (2%)

Non treated control

CMS 8501

2±2.8

48±14

60±13

100±0

CMS 8704

6±3.7

53±36

74±16

98±2

CMS 9015

3±3.0

56±22

76±23

100±0

CMS 8806

0.8±2.0

50±18

63±38

95±4

Mean

3±2.0

52±3.5

68±8

98±2

97a

47c

31c

0e

Maize variety

Benlate (0.1%w/w)

control of seed to seedling
transmission

The numbers in the table are per cent seedlings recorded with the growth of Fusarium moniliforme after 7 days incubation. They are means of 3 replications
of 25 seedlings and the experiment was repeated 2 times. Different letter denote significant difference

Control of Seed to Seedling Transmission of
F. Moniliforme in Maize Using the O. Gratissimum
and C. Citratus: Different levels of control of seed to
seedling transmission of F. moniliforme were recorded
between the 4 cultivars tested as a result of treatment with
the essential oils (Table 5). The mean control level
recorded for each treatment was 47% for the essential
oils from O. gratissimum, 31% for C. citratus and 97% for
Benlate compared to the untreated control (Table 5).
These control effect were statistically significant (P<0.01).

whereas the same treatments
produced important
increase in the germination of heavily infected seeds with
the effect of Apron star statistically significant (Table 1).
It could be concluded that, in cases where only the
germination is considered, seed lots identified with low
and medium infection of F. moniliforme can be sown
without any treatment and seed lots with heavy infection
sown only after seed treatment.
Although treatment of maize seed have been
investigated and documented by [16, 25, 1,17] the type of
speculations investigated here were not achieved before
and this result is a scientific information that could
support organic agriculture.
In some individual seed samples, increase from
the treatment improves the standard of the seeds
from the unacceptable standard to the acceptable
according to the International Seed Testing Association
[23].
In the present study the screening of application
ratio of the essential oil from O. gratissimum shows that
this essential oil should be applied within the limit of
5% and less than 7.5% of the oil carrier to control
F. moniliforme and maintained high viability of maize
seeds. The essential oil from C. citratus could be used
without any inhibition of the germination at the rate of
1.5%-3% to achieve a good control F. moniliforme in
seeds. Similar effect on the viability of maize seeds was
recorded earlier by [14] after using a ratio of 10% of
Dimethyl sufoxide to treat maize seeds. The use of
appropriate ratio to apply the essential oil is a key factor
to obtain a good germination and a better control of
F. moniliforme in maize seeds. The ratio of 6% and 2% for
O. gratissimum and C. citratus respectively were selected
and used in the subsequent. The negative effect of higher
concentration of essential on the germination has also
been recorded by [26]. These authors noted that thyme
oil used for onion seeds treatment at concentration
higher than 0.25% adversely affect the germination.

DISCUSSION
Maize seed samples identified with low infection
(1-10%), medium infection (11-30%) and heavy infection
(<30%) showed a germination of 93%, 98% and 85%
respectively (Table 1). The difference between the
germination of less infected, medium infected and the
heavily infected categories were statistically significant
at 95% level of confidence. The germination of the heavily
infected seed samples was also low compared to the
standard for germination of the International Seed
Testing Association [23]. This showed that heavy
infection of F. moniliforme affects significantly the
germination and should be control. Although many
studies have earlier focussed on the effects of
F. moniliforme on seed, seedling, plant and plants
tissues [5-10]. The effects of different level of this
pathogen on the germination of seed lots were not well
understood. These effects have been clearly
demonstrated in the present work and this strongly
underline that that speculations earlier made by [7, 10, 24]
are not valid. Consequently high attention should be
given to seeds lots having heavy infection in the
samples tested.
Seed treatment with fungicides, Apron star, Benlate
and Marshall did not produced any significant increase
in the germination of low and medium infected seeds
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Furthermore a mean control of 90% F. moniliforme
was observed in all of the 4 cultivars (CMS 8501, CMS
8704, CMS 9015 and CMS8806) treated with the essential
oils extracted from O. gratissimum and C. citratus
whereas Benlate control 99%. These control effects of
the two essential oils were statistically significant
compare to the non treated control, lower and statistically
different compared to Benlate. Although earlier
investigations of [14] demonstrated the eradication of F.
moniliforme in maize seeds using the essential oil
extracted from O. gratissimum, the treated seed were not
viable and the authors in their subsequent investigations
focused more on the control of fungi and the limitation of
mycotoxins contamination [15]. Study on the effect of
essential oil from Dacus carota on seed-borne
Aspergillus flavus in Guar seeds were investigated by
[27]. The essential oil from C. citratus has been tested
against Aspergillus flavus, Macrophomina phaseolina
and Pseudomonas sp. by [20]. Other essential oils were
investigated against Botrytis cinearea by [28]. In the
present study, the control of F. moniliforme using the
essential oil from O. gratissimum and C. citratus are
integrated in the perspective of using the essential oils as
seed treatment and this has earlier been attempted by
[29, 26]. These authors studied the effect of different
concentrations of thyme oil against seed-borne bacteria
and fungi of cabbage seeds.
On the other hand different levels of improvement of
the germination were recorded between the 4 cultivars
tested as a result of treatment with the essential oils
(Table 4). The mean germination obtained for each
treatment was 92.25% for the essential oils from
O. gratissimum, 93% for C. citratus, 88.5% for the
untreated control and 94.25% for the control treated
with Benlate. In addition to the increase in the germination
percent, the treatment with the essential oil improve the
health of the seedling in term of greenness, vigour and
root mass based on visual observation.
Such observations were not made before and this
lead to thought that
the essential oils from O.
gratissimum and C. citratus have a very positive effect on
the germination of maize as well as its development.
This illustrate the potential used of the 2 essential oils to
improve the standard of seed lots and also stressed the
need of further investigation to improve their application
and understand their action on the physiology of maize
plant. Improvement of the germination of rice seeds
using essential oils as seeds treatment was also
achieved by [30].
Moreover; the treatment with the essential oils
controlled the seed to seedling transmission of

F. moniliforme in all the 4 cultivars tested (Table 5).
The mean control level recorded for each treatment
was 47% for the essential oils from O. gratissimum
and 31% for C. citratus. These control from the
essential oils although lower compared to Benlate
were statistically significant compared to the untreated
control (P<0.01). This result is in the same line with
that of [30] who recorded an improvement of 4-8%
germination in rice seeds after treatment with the
essential oils from O. gratissimum and C. Citratus. These
results, elucidates again the potential use of the 2
essential oils studied as seed treatment against
F. moniliforme in maize seeds. The need of further
investigation to better understand the mechanism and
also determine better application method is stressed.
This is in the same line with the recommendation of
[26]. These authors mentioned very clearly that many
governments should support research on organic seed
treatments and underlined the need of collaboration
between private and public institutions both on the
national and international level.
CONCLUSION
Seed treatment with 3 fungicides, Apron star,
Benlate and Marshall resulted in a significant increase in
the germination only in the heavily infected seeds.
Referring to these results it could be concluded that
considering the germination, seed lot identified with low
and medium infection of F. moniliforme can be sown
without any treatment. The control of F. moniliforme in
seeds was achieved in all the 4 cultivars tested using
the essential oils extracted from O. gratissimum and
C. citratus. It could be concluded that seed treatment is
not cultivar dependent. Improvement of the germination
was recorded from the treatment with the essential oils
along with the control of seed to seedling transmission of
F. moniliforme. These control effects of the essential oils
in maize seeds as well as the improvement in the
germination disclosed the potential use of the 2 essential
oils studied as seed treatment against fungi in maize.
Such essential oils are potential bioactive compound
useful for seed treatment.
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