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/Abstract A

This work focused on the evaluation of antifungal activity of Thymus vulgaris, Cymbopogon citratus and Cupressus semper-
virens essential oils formulations based on cassava starch and corncob biochar against fungi associated with cowpea seeds
(Vigna unguiculata L., Walp) in storage. 200 cowpea seeds were distributed among plastic bottles, 5 g of the starch-based
essential oil formulation, for each dose, were incorporated into the seeds. For the formulation of biochar-based essential oils,
each piece of biochar soaked with an essential oil dose was inserted into the bottles so as to be in the middle of the seeds.
Treated and untreated seeds were kept at laboratory ambient temperature of 25°C + 2 for 70 days. At intervals of 10, 40, 60
and 70 days of storage, fungal infection rates were assessed by using Agar plate method and Blotter technique. The results
showed that 8 fungal species were isolated from cowpea seeds including Aspergillus flavus, A. niger, A. parasiticus, Cercospora
sp, Cladosporium sp, Fusarium sp, and Rhizopus stolonifer and the percentages of seed infection caused by these different
species range from 4 to 51%. Anfifungal effect of starch-based formulations showed that Thymus vulgaris essential oil has the
highest antifungal activity with 1.66 % and 2% of cowpea seeds infection respectively after 60 and 70 days of storage, followed
by Cupressus sempervirens and Cymbopogon citratus at 7ul/g concentration. For the biochar-based formulation, the essential
oil of C. citratus at the dose of 7ul/g was the one that showed the highest antifungal activity with 9% of seeds infected after
70 days of storage. Based on these results, starch and biochar can be used for the formulation of essential oils for the

preservation of cowpea seeds. Thymus vulgaris essential oil is the most effective especially when formulated with starch.
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Introduction

Vigna unguiculata (L). Walp. (Cowpea) is an important
legume of African origin with high protein content. It is
cultivated in tropical and subtropical regions like sub-Saharan
Africa and widely distributed throughout the world [1-3].

The world’s annual production of cowpea is about 7
million tons of dry seeds, of which more than 96% are produced
in Africa and 186,000 tons by Cameroon [4]. Legumes in gen-
eral, and cowpea in particular, make an essential contribution
to food security, health and the eradication of global poverty
[3, 5], especially in developing countries. These legumes are
an important source of proteins, micronutrients and of amino
acids. Thus, they can play a key role in fighting protein and en-
ergy deficiencies as well as iron deficiency anaemia, one of the
most important micronutrient deficiencies in Africa [3]. Many
smallholder famers widely value cowpea and other pulses as dual
use; legumes used as food or income crops; and for animal feed.
However, post-harvest losses due to poor storage are a great

cause for concern in the valuation of these crops by farmers.

Storage ensures the availability of agricultural products
over a long period of time, thus giving farmers the opportunity
to delay their sale and to do it at better prices at the right time
[6]. Storage of seeds is certainly the most important post-harvest
operation but the losses incurred are great. They are often due to
an ineffective control of physical and biological factors, which
result in proliferation of insects, moisture and associated fungi.
Seeds are particularly susceptible to fungal contamination when

stored at high ambient temperature and relative humidity [6, 7].

The damage caused by these storage fungi are exhib-
ited not only by a significant alteration of the aesthetic quality,
the organoleptic quality and chemical characteristics of food [7],
but also by the production of mycotoxins, such as aflatoxins and
fumonisins. These mycotoxins can cause acute or chronic food
poisoning in humans and animals, such as carcinogenicity, im-
mune toxicity, neurotoxicity, and hepatotoxicity [7]. The con-
trol of post-harvest diseases, is generally achieved by the use of
synthetic fungicides [2]. In addition to their high cost, there is a
strong debate on the safety aspects of chemical preservatives due
to their harmful effects on human health and the environment
[8, 9]. For these reasons, consumers tend to be suspicious of
chemical additives and thus the demand for natural and socially
more acceptable food preservatives is growing significantly and

represent a major challenge.

Numerous studies have shown the antifungal activity
of essential oils of certain aromatic plant species, including Thy-
mus vulgaris [10-12], Cymbopogon citratus [13-15] and Cupres-
sus sempervirens [16,17] against some storage fungi. Although
essential oils being a natural products represent an alternative to
synthetic fungicides, there are factors that limit their complete
adoption. In fact, essential oils have a relatively short persistence
in real storage conditions due to their high volatility and the in-
stability of their constituent molecules [18,19]. In order to en-
sure their antifungal activity, additional doses are needed, but

the extraction yield of essential oils is generally very low.

Hence the importance and the need to develop formu-
lations of essential oils that can optimize efficacy at low doses
and thus improve their persistence during food storage, while
maintaining their antifungal property. This study was aimed at
contributing to the improvement of cowpea grains preservation
by the biological control of mold growth using essential oil for-

mulations.

Materials and Methods

Plant material and essential oils extraction procedure

Fresh leaves of Thymus vulgaris, Cymbopogon citratus
and Cupressus sempervirens were collected in January 2020 at
Dschang locality. They were air dried at laboratory temperature
(25°C £2) for five days. The leaves were hydro-distilled for about
5 hours using a Clevenger apparatus in the Microbiology and
Antimicrobial Substances Research Unit of the University of
Dschang. Oils recovered were dried over anhydrous sodium sul-
phate and stored at 4 °C away from light until they were used to
avoid alteration [20,21].

Corncob-derived biochars

The corncob-derived biochars were supplied by the Depart-
ment of Rural Engineering of the Faculty of Agronomy and Agricultur-
al Sciences. They were produced by carbonizing the corncob biomass
using a pyrolysis retort performed at a temperature of 300°C for 6 hours
[22,23], then sterilized with the autoclave at 121°C for 15 minutes and
stored until use. Biochar in particular corncob biochar has the peculiar-
ity of having a relatively high porosity, almost 80% [24]. This property
has justified a particular interest in its use, able to retain essential oils in

its micro porosity and allow progressive volatility over time.
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Starch

Cassava starch (Manihot esculenta) was obtained from
the Dschang market. It was sterilized with the autoclave at 121°C

for 15 minutes and stored until the time of used.

Formulations of essential oils

Starch-based essential oil formulations

For this work, formulations consisted of pre-defin-
ing the mass of powder and the concentrations of essential
oils to be used. Referring to previous work [25], the mass of
5g of starch powder and the concentrations of 3 ul/g and 7
ul/g of essential oils were defined for the preparation of for-
mulations. Once the formulations were made, they were let
to stand for 10 hours to ensure effective diffusion of volatile

elements of essential oil.
Biochar-based essential oil formulations

The essential oils used, at the same concentrations
as previous formulations, were only those of Cymbopogon
citratus and Cupressus sempervirens due to their availability.
The corncorb-derived biochars were cut into pieces of pro-
portionally equal size (1.7 cm long and 1.4 cm wide). Using
a P1000 micropipette, each piece was soaked with a concen-
tration of essential oil and left in airtight plastic bottles for 10

hours before use.
Cowpea seeds treatment

After removing rotten, holed, broken or damaged
seeds as well as debris, 200 of these cowpea seeds were dis-
tributed among plastic bottles. With regard to the starch-
based essential oil formulation, 5 g of this formulation, for
each dose, were incorporated into the seeds. Each bottle was
then stirred to ensure good contact between the powder and
the seeds. As for the formulation of biochar-based essential
oils, only the essential oils Cymbopogon citratus and Cupres-
sus sempervirens were used (due to their availability). Each
piece of biochar soaked with an essential oil dose was inserted
into the bottles so as to be in the middle of the seeds.

Positive control consisted of cowpea seeds coated

with deltamethrin, a synthetic insecticide indicated for the

protection of stored seeds, at the manufacturer’s dose (2g/
kg). The negative control was made up of untreated cowpea

seeds. The experiment was replicated three (03) times.
Effect of essential oils formulations

The treated and untreated seeds were kept at laboratory
ambient temperature of 25 + 2°C for 70 days. At intervals of 10,
40, 60 and 70 days of storage, fungal infection rates were assessed
by using Agar plate method (by using Potato Dextrose Agar) and
also Blotter technique as described in a previous study [26] with

some modifications.
Health status of seeds

To identify the storage fungi associated with cow-
pea seeds for treated and untreated samples, surface-ster-
ilized cowpea seeds (200 seeds) were plated out on PDA
(Potato Dextrose Agar). After 7-10 days incubation at
25 + 2°C and daily observation, fungal colonies formed
around the seeds were collected and purified to identify
them according to standard keys of fungi identification as
described in other studies [27, 28, 29].

Statistical analysis

Data collected, which are fungal infection rates, were
subjected to the separation of means by Duncan’s test at the 5%
probability threshold through the SPSS (Statistical Package for

Social Science) software version 26.0.

Results and discussion

Fungi associated with cowpea seeds and percentage of

infection

Table 1 shows the fungal species isolated from
cowpea seeds and the infection percentage of each. From
these results of health status of cowpea seeds collected in
Dschang, they are infected by eight (08) fungal species of
interest. These are: Aspergillus flavus, Aspergillus fumiga-
tus, Aspergillus niger, Aspergillus parasiticus, Cercospora
sp, Cladosporium sp, Fusarium sp and Rhizopus stolonifer.
The percentages of seed infection caused by these different

species range from 4 to 51%.
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Antifungal activity of different essential oils formulations

The results of the in vivo evaluation of the antifungal
efficacy of starch and biochar-based formulations of essential
oils of C. citratus, C. sempervirens and T. vulgaris are present-
ed in Tables 2 and 3. These results show that all formulations
have an inhibitory effect on the fungal infection of cowpea

seeds. This inhibition varies depending on the type of essen-

tial oil, its doses and the storage period.

Table 1: Infection percentage of cowpea seeds before

treatment with essential oils by isolated fungi

Fungi species (%) Fungal infection percentage
Aspergillus flavus 51.00
Aspergillus fumigatus 4.00
Aspergillus niger 10.00
Aspergillus parasiticus 44.00
Cercospora sp 39.00
Cladosporium sp 12.50
Fusarium sp 32.50
Rhizopus stolonifer 19.00

T- : Negative control; T+: Positive control. Means in each column affected with the same letter do

not differ significantly at P >0.05 according to Duncan test.

Table 2: Fungal infection rates of cowpea seeds treated with starch-based essential oil formula-

tions with respect to storage time.

(%) Seed infection percentage
Doses (ul/g) | days 10 days 40 days 60 days 70
Starch + C. citratus
3.00 95.50¢ 37.00b 18.00° 23.50°
7.00 95.00¢ 42.00¢ 16.00® 23.00®
Starch + C. sempervirens
3.00 96.50¢ 28.00%¢ 43.00¢ 24.00®
7.00 94.50¢ 18.50° 11.50® 16.50%
Starch + T. vulgaris
3.00 87.66° 29.00%< 9.50%® 14.50¢¢
7.00 94.50¢ 23.50%® 1.66° 2.00¢
Control
T 62.50° 62.50¢ 62.50¢ 62.50f
T 85.50° 85.50¢ 85.50¢ 85.508

T- : Negative control; T+: Positive control. Means in each column affected with

the same letter do not differ significantly at P >0.05 according to Duncan’s test.

Table 3: Fungal infection rates of cowpea seeds treated with biochar-based

essential oil formulations, depending on storage period.

Seed infection percentage (%)
10 days 40 days | 60 days | 70 days
Doses (ul’g) Biochar + C. citratus
3.00 97.50¢ 45.334 10.50%® 19.50%¢
7.00 97.00° 27.00%® 12.16® 9.25%
Biochar + C. semper-
virens
3.00 99.50¢ 51.16% 12.00® 27.66°
7.00 100¢ 44.16¢ 12.66%® 25.16°
Controle
T 62.50* 62.50¢ 62.50¢ 62.50¢
T 85.50° 85.50 85.50° 85.50¢
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Antifungal activity of starch-based essential oil for-
mulations

The fungal infection percentages of cowpea seeds
treated with starch-based essential oil formulations are
shown in Table 2. Based on these results, inhibitory effects of
formulations were significantly influenced by storage period,
applied dose and the type of essential oil. The percentage of
fungal infection of treated seeds with essential oils decreased

throughout the storage period.

After 10 days of storage, the infection percentage of
treated seeds were high and ranged from 87.66% to 96.50%.
These average values are significantly higher (p<0.05) than those
of positive and negative control (85.50% and 62.50%), respec-
tively.

After 40 days of preservation, the infection percent-
ages of treated seeds were lower than those of control and var-
ied between 18% and 42%. These values are significantly lower
(p<0.05) than those of the control as well as those obtained after

10 days of preservation.

After 60 days of preservation, the infection percent-
ages of treated seeds that range from 1.66% to 43%, were signifi-
cantly (p<0.05) lower than those of the controls, as well as those
obtained after 40 days of preservation. These results show that
the antifungal activity of the different formulations depends on
the type of essential oil and its dose. To this end, the starch +
Thymus vulgaris formulation was the one with the highest an-
tifungal activity with fungal infection rates of 1.66% and 2.00%
at the concentration of 7 pl /g after 60 and 70 days of preserva-

tion respectively, followed by starch + Cupressus sempervirens

(11.50%) and starch + Cymbopogon citratus (16%) 7 pl /g after

60 days of preservation.

Antifungal activity of different biochar-based essential
oil formulations

Table 3 shows the percentages of fungal infection of
cowpea seeds treated with biochar-based formulations of Cym-
bopogon citratus and Cupressus sempervirens essential oils. It ap-
pears that after 10 days of treatment, the percentages of fungal
infection of seeds range from 97 to 100%, these average values
are statistically superior to those of negative and positive con-
trols 62.50 and 85.50% respectively. After 60 days of preserva-
tion, the infection percentages of treated seeds that ranged from
10% to 12% were significantly lower (p<0.05) than the control,
as well as those obtained after 40 days of preservation. It was
also noted that these percentages of fungal infection observed
after 60 days were also lower than those recorded after 70 days
of preservation (9 to 27%). Lowest fungal seed infection percent-
ages were obtained after 60 days of preservation and there was
no significant difference between applied doses. However, after
70 days of preservation, the biohar + C. citratus formulation
showed a better antifungal activity than that observed at 60 days
at 7 ul /g, with a seed infection percentage of 9% which is better
than that observed at 60 days at 7 pl /g (12%).

Effect of substrate type on the effectiveness of formulated es-

sential oils

Figure 1 presents the effect of substrate type on anti-
fungal activity of Cymbopogon citratus essential oil formulations
at 3pl /g dose. It appears clearly that the influence of substrate

type on seed fungal infection percentages is not statistically signif-

m Starch

100
80
60
40

Infection rate (%)

20

10

m Biochar Cc: 3 pl/g

40
Storage period (Days)

60 70

Figure 1: Effect of Cymbopogon citratus essential oil formulations at the concentration of 3 ul /g depending on the substrate

and storage period. Histograms with the same letter do not differ significantly at the 5% threshold (Duncan’s test)
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icant (p>0.05) at 3ul/g dose. Although at 60 days of preservation
where the lowest percentages of fungal infection were observed
(Figure 1), starch-based essential oil formulations were more ac-
tive, but without significant difference with biochar-based formu-

lations.

Figure 2 presents the effect of substrate type on anti-
fungal activity of Cymbopogon citratus essential oil formulations
at the dose of 7 pl/g. A significant difference (p<0.05) between
starch and biochar formulations at 40 and 70 days of preserva-
tion was noted. The biochar-based formulations had the most
pronounced inhibitory effect on fungal infection of the cowpea

seeds after 70 days of preservation.

Fungal infection inhibition by these formulations
may be justified by the fact that essential oils used contain active
compounds that inhibited the growth of fungi or eventually in-
duce stimulation of the host plant’s defense mechanisms against

plant pathogenic fungi [30].

Indeed, numerous studies on the chemical compo-
sition and antimicrobial properties of essential oils have shown
that they are made up of biologically active compounds such as
terpenes and terpenoids, particularly monoterpenes and sesqui-
terpenes with their hydrocarbon and oxygenated derivatives [31,

32]. These studies have reported the fungicide effects of oxygen-

100 - a a m Starch mBiochar Cc: 7pl/g

2 80
]
£ 60
£ 40
ot
[}
= 20

0

10 40 60 70
Storage period (Days)

Figure 2: Effect of Cymbopogon citratus essential oil formulations at the concentration of 7ul /g depending on the substrate

and storage period. Histograms with the same alphabetical letter do not differ significantly at the 5% threshold (Duncan test)

Discussion

Results from in vivo antifungal tests of essential oil
formulations of Cymbopogon citratus, Cupressus sempervirens
and Thymus vulgaris based on starch and biochar, against fungi
associated with cowpea seeds showed a significant decrease in
the rate of seeds infection by the fungi compared to those of un-

treated seeds and positive controls.

In the case of starch-based formulations, Thymus
vulgaris essential oil had the highest antifungal activity followed
by Cupressus sempervirens and Cymbopogon citratus at 7ul/g

concentration.

As for the biochar-based formulation, the essential
oil of C. citratus at the dose of 7pl/g was the one that showed the
highest antifungal activity.

ated compounds and monoterpene hydrocarbons against a di-

verse group of plant pathogenic fungi [11, 30, 33].

Previous studies [34, 10], have shown that the es-
sential oil of Thymus spp is mainly composed of oxygenated
monoterpenes such as carvacrol, thymol, linalool, geraniol, and
p-cymen. These findings justify the results obtained, and corob-
orate with the work of [35], which demonstrated that in in vitro
conditions, Thymus vulgaris essential oil significantly inhibited
the growth of Aspergillus flavus, A. niger, Fusarium oxysporium,
F. equiseti, Penicillium chrysogenum and Rhizopus sp associated
with cowpea seeds in storage. Likewise, in in vivo conditions,
thyme significantly reduced the total incidence of these fungi on

naturally infected seeds.

On the other hand, it has been shown that the essential
oil of lemongrass has citral aldehyde, p-Citral, geraniol, cis-Verbe-
nol, acetal diethyl citral and nerol as majority compounds, which

are oxygenated monoterpenes, as well as myrcene and a-pinene,
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which are hydrocarbon monoterpenes [36, 15]. Others workers
[37, 38] explained that citral is the chemical component respon-
sible for the antifungal properties of lemongrass essential oil.
The work of [39] showed complete inhibition of mycelia growth
of A. parasiticus by citral. Many other investigations have been
conducted on the chemical composition of the essential oils of
sempervirens species [16,17, 40-42]. According to these studies,
the majority compounds of this oil are monoterpene hydrocar-
bons, among which a-pinene, 6-3-caréne, myrcene and limonene.
They also note the presence of oxygenated monoterpenes in very
small proportion. Its higher composition of monoterpene hydro-
carbons explains why it has the lowest inhibitory activity against
fungi associated with cowpea seeds. The work of [16] showed that
C. sempervirens essential oil moderately reduced the growth of A.
flavus and F. oxysporum. In contrast, the oil was not significantly
active against Rhizopus stolonifer compared to the positive control

(amphotericin B).

To our knowledge, previous work on the formu-
lation of essential oils based on starch and biochar in order to
evaluate their biological activity remains unknown. However,
we think that the capacities of absorption of these two types of
substrates would have an impact on the effectiveness of essential

oils in situation of conservation of the cowpea seeds.

Conclusion

The important reduction of fungal development in
cowpea grains during storage by these starch and biochar-based
essential oil formulations were obtained. The application of
starch-based formulations revealed that Thymus vulgaris essen-
tial oil almost completely inhibited fungi associated with cowpea
seeds up to 70 days of storage at 7 ul/g. This was followed by the
biochar-based formulation of Cymbopogon citratus essential oil
with had an acceptable inhibitory effect after 70 days of preser-
vation. In light of these results, starch and biochar can be used
for the formulation of essential oils for the preservation of cow-
pea seeds. Thymus vulgaris essential oil was the most effective
especially when formulated with starch. It would be interesting
to continue this work in order to provide information on the

persistence of these formulations.

Acknowledgements

The authors are grateful to Professor Kuiate
Jules-Roger, Head of the Laboratory of Microbiology and
Antimicrobial Substances, Faculty of Sciences, University of
Dschang, for allowing the distillation of essential oils. They also
thank Dr DJOUSSE Merlin, Head of the laboratory of Water
Management, Faculty of Agronomy and Agricultural Sciences,
University of Dschang, for providing the biochar and allowing

some of this work to be done in his laboratory.

JScholar Publishers

J Adv Agron Crop Sci 2022 | Vol 1: 101



References

L. Sayeed IVK, Satish S, Ajay K, Karunakara H (2017)
Pharmacological Activities of Vigna Unguiculata (L) Walp: A Review.

International Journal of Pharma and Chemical Research 3: 1.

2. Kpatinvoh B, Adjou SE, Ahoussi ED, Konfo TRC, Atre-
vi B, et al. (2017) Efficacité des huiles essentielles de trois plantes
aromatiques contre la mycoflore d’altération du niébé (Vigna
unguiculata L., Walp) collecté dans les magasins de vente du
Sud-Bénin. Journal of Apply Bioscience 109: 10680-7.

3. Snapp S, Rahmanian M, Batello C (2018) Légumes
secs et exploitations durables en Afrique subsaharienne. Rome,
ISBN: 978-92-5-130332-0: 68.

4. FAOSTAT (2018) Statistics for the year 2018.

5. FAO (2016) Legumes: nutritious seeds for a sustainable
future. ISBN 978-92-5-209463-0: 1-196.

6. Taruvinga C, Meija D, Alvarez JS (2014) Appropriate
seed and grain storage systems for small-scale farmers: Key prac-
tices for DRR practitioners. FAO, ISBN 978-92-5-208334-4 : 52.

7. Guezlane-tebibel N, Bouras N, Ould El Hadj (2016) Myco-

toxins: a public health hazard. Algerian J arid environment 6: 32-49.

8. Abd-Alla MA, Haggag WM (2013) Use of some plant
essential oils as post-harvest botanical fungicides in the manage-
ment of anthracnose disease of mango fruits (Mangi Feraindica L.)
caused by Colletotrichum Gloeosporioides (Penz). Int ] Agriculture

Forestry 3: 1-6.

9. Zhu X, Lin H, Si Z, Xia Y, Chen W, et al. (2016)
Benzothiadinazole-mediated induced resistance to Colleto-
trichum musae ad delayed repining of harvested banana fruit. J
Agri Food Chem64: 1494-502.

10. Vincenzi DM, Stammati A, Vincenzi DA, Silano M
(2004) Constituents of aromatic plants: carvacrol. Fitoterapia
75: 801-4.

11. Vitoratos A, Bilalis D, Karkanis A, Efthimiadou A
(2013) Antifungal activity of plant essential oils against Botrytis
cinerea, Penicillium italicum and Penicillium digitatum. Notu-

lae Botanicae Horti Agrobotanici 41: 86-9.

12. Kritzinger Q, Aveling TAS, Marasas WFO (2002) Effect
of essential plant oils on storage fungi, germination and emer-

gence of cowpea seeds. Seed Science Technol 30: 609-19.

13. Yosef SA (2013) Antifungal Activity of Volatiles from
Lemongrass (Cymbopogon citratus) and Peppermint (Mentha
piperita) Oils against some respiratory pathogenic species of As-

pergillus. Int ] Current Microbiology and Applied Sci 2: 261-72.

14. Yaouba A, Essola LC (2017) Effect of essential oil of
Cymbopogon citratus on seed-born fungi and soybean seeds
performance. Int ] Current Res 9: 50900-5.

15. Premathilake UGA, Wathugala DL, Dharmadasa RM
(2018) Evaluation of chemical composition and assessment of
antimicrobial activities of essential oil of lemongrass (Cymbopo-
gon citratus (DC.) Stapf). Int ] Minor Fruits, Medicinal and Aro-
matic Plants 4: 13-9.

16. Mazari K, Bendimerad N, Bekhechi C, Fernandez X
(2010) Chemical composition and antimicrobial activity of es-
sential oils isolated from Algerian Juniperus phoenicea L. and

Cupressus sempervirens L. ] Med Plants Res 4: 959-64.

17. Amri I, Hamrouni L, Hanana M, Gargouri S, Jamoussi
B (2013) Chemical composition, bio herbicidal and antifungal
activities of essential oils isolated from Tunisian common cy-

press (Cupressus sempervirens L.). ] Med Plant Res 7: 1070-80.

18. Hsieh WC, Chang CP, Gao YL (2006) Controlled release
properties of chitosan encapsulated volatile citronella oil microcap-
sules by thermal treatments. Colloids Surf B 53: 209-14.

19. Fokou JBH, Dongmo PM], Boyom FF (2020) Essential
Oil’s Chemical Composition and Pharmacological Properties.

20. Sessou P, Souaibou F, Kaneho S, Djenontin S, Alitonou
GA, et al. (2012). Bioeflicacy of Cymbopogon citratus essential
oil against foodborne pathogens in culture medium and in tra-
ditional cheese wagashi produced in Benin. Int Res ] Microbiol
3:406-15

21. Rguez S, Naceur D, Imen BS, Ghassen A, Majdi H, et
al. (2018) Cupressus sempervirens essential oils and their major
compounds successfully control postharvest grey mould disease
of tomato. In: Elsevier: Industrial Crops & Products 123: 135-41.

22. Ioannidou O, Zabaniotou A, Antonakou EV, Papaz-
isi KM, Lappas AA, et al. (2009) Investigating the potential for
energy, fuel, materials and chemicals production from corn resi-
dues (cobs and stalks) by non-catalytic and catalytic pyrolysis in
two reactor configurations. Renewable Sustainable Energy Rev
13: 750-62.

JScholar Publishers

J Adv Agron Crop Sci 2022 | Vol 1: 101



23. Liu X, Zhang Y, Li Z, Feng R, Zhang Y (2014) Charac-
terization of corncorb-derived biochar and pyrolysis kinetics in
comparison with corn stalk and sawdust. Bioresource Technol
170: 76-82.

24, Djoussé KBM, Allare SE, Munson AD (2017) Qual-
ity of Biochars Made from Eucalyptus Tree Bark and Corncob
Using a Pilot-Scale Retort Kiln. In: Springer, Waste and Biomass

Valorization.

25. Camara A (2009) Control of Sitophilus oryzae L. (Co-
leoptera) and Tribolium castaneum herbst in rice stocks by the
traditional parboiling technique practiced in Lower Guinea and
the use of essential vegetable oils: Doctoral thesis in Environ-

mental Sciences. University of Quebec, Montreal: 114.

26. ISTA (1996) International Rules for Seed Testing 1996.
The International Seed Testing Association, Zurich.

27. Champion R (1997) Identify seed-borne fungi. Tech-
niques and Practices. INRA, Paris, France : 398.

28. Mathur SB, Kongsdal O (2003) Common Labora-
tory Seed Health Testing Methods for Detecting Fungi, 1st Ed,
Kandrups Bogtrkkeri Publication: Denmart 425.

29. Warharm EJ, Butler LD, Sutton BC (2008) Control of
corn and wheat seeds. Laboratory guide. International Maize

and Wheat Improvement Center Lisboa Mexico : 86.

30. Liu WT, Chu CL (2002) Thymol and acetic acid vapors
reduce postharvest brown rot of apricots and plums. Horticul-
tural Sci 37: 151-6.

31. Tchoumbougnang F, Dongmo PM]J, Sameza ML,
Mbanjo EGN (2009) Larvicidal activity on Anopheles gambiae
Giles and chemical composition of essential oils extracted from
four plants cultivated in Cameroon. Biotechnology, Agronomy,

Society and Environment 13: 77-84.

32. Smigielski K, Prusinowska R, Stobiecka A (2018) Bio-
logical properties and chemical composition of essential oils
from flowers and aerial parts of lavender (Lavandula angusti-
folia). J] Essential Oil-Bearing Plants 21: 1303-14.

33. Regnier T, Combrinck S, Veldman W, Plooy WD
(2014) Application of essential oils as multi-target fungicides for
the control of Geotrichumcitri aurantii and other postharvest

pathogens of citrus. Industrial Crops and Products, 6: 151-9.

34, Thompson JD, Chalchat JC, Michet A, Linhart YB,
Ehlers B (2003) Qualitative and quantitative variation in mono-
terpene co-occurrence and composition in the essential oil of

Thymus vulgaris chemotypes. ] Chemical Ecology 29: 859-80.

35. Kritzinger Q, Aveling TAS, Marasas WFO (2002) Effect
of essential plant oils on storage fungi, germination and emer-

gence of cowpea seeds. Seed Science Technology 30: 609-19.

36. Shahzadi MP (2017) Lemon Grass (Cymbopogon citra-
tus), Grasses - Benefits, Diversities and Functional Roles Inte-

chOpen.

37. Paranagama PA, Abeysekera KHT, Abeywickrama K,
Nugaliyadde L (2003) Fungicidal and anti-aflatoxigenic effects
of the essential oil of Cymbopogon citratus (DC.) Stapf. (lem-
ongrass) against Aspergillus flavus Link. isolated from stored

rice. Letters in Applied Microbiology 37: 86-90.

38. Kakarla S, Ganjwala D (2009) Antimicrobial activity of
four Lemon grass (Cymbopogon flexuosus) varieties. Medicinal

and Aromatic Plant Science and Biotechnology: 107-9.

39. Yaouba A, Tatsadjieu Ngouné L, Jazet Dongmo PM,
Etoa FX, Mbofung CM (2010) Antifungal properties of essen-
tial oils and some constituents to reduce foodborne patho-

gen. ] Yeast and Fungal Res 1: 1-8.

40. Chéraif I, Jannet HB, Hammami M, Mighri Z (2005)
Contribution to the study of the chemical composition of the
essential oil of the twigs of Cupressus sempervirens L. growing

in Tunisia. ] Chemical Society of Tunisia 7 : 75-82.

41. Sacchetti G, Maietti S, Muzzoli M, Scaglianti M, Man-
fredini S, et al. (2005) Comparative evaluation of 11 essential oils
of different origin as functional antioxidants, antiradicals and
antimicrobials in foods. Food Chem 91: 621-32.

42. Emami SA, Asili J, Rahimizadeh M, Fazly-Bazzaz SB,
Hassanzadeh- Khayyat M (2006) Chemical and Antimicrobial
Studies of Cupressus sempervirens L. and C. horizentalis Mill.

essential oils. Iranian ] Pharmaceutical Sci 2: 103-8.

JScholar Publishers

J Adv Agron Crop Sci 2022 | Vol 1: 101



10

and benefit from:

Convenient online submission

Rigorous peer review

Immediate publication on acceptance
Open access: articles freely available online
High visibility within the field

Better discount for your subsequent articles

A -4 -a _-a -a _-Aa

Submit your manuscript at

http://www.jscholaronline.org/submit-manuscript.php

(e . . . )
Submit your manuscript to a JScholar journal

)

JScholar Publishers

J Adv Agron Crop Sci 2022 | Vol 1: 101



