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Biological efficiency of Ocimum basilicum L. hydroalcoholic formulations against
whitefly, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) on tomatoes and their
effects on a ferruginous soil microorganisms, in Burkina Faso.
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Abstract

A biological efficiency study of different doses of Ocimum basilicum L. hydroalcoholic formulations against whitefly, Bemisia
tabaci which causes big damage to tomato has been done at the Kou Valley, in Burkina Faso. The experimentation was a randomized
block design of five treatments: untreated control, K-optimal (Lambda-cyhalothrin (15 g/L) + Acetamiprid (20 g/L)) at 1 L/ha; O.
basilicum at 78.12 L/ha; O. basilicum at 156.25 L/ha and O. basilicum at 260, 42 L/ha in four replications. The insect counting
has been done using transparent cages to catch white flies on tomatoes in each useful plot. The soil microorganism’s number was
evaluated on agar media culture. Between the different rates of O. basilicum formulations, the rate of 260.42 L/ha resulted in a
similar mortality to K-optimal at 1 L/ha. Its efficiency coefficients varied from 3.25 to 75.70 in comparison with the untreated
control. The efficiency coefficients of 156.25 L/ha varied from 2. 36 to 69.76 and those of the 78.12 L/ha varied from 1.46 to 64.76.
However, if the O. basilicum formulation at 260.42 L/ha inhibited the number of ammonifying bacteria by 78.80%, on the other
hand it stimulated the nitrifying bacteria by 234.41% in comparison with the untreated control at this stage. All of these factors
allowed to obtain for O. basilicum at 260.42 L/ha formulation a yield increase of 17.53% in comparison with the untreated control
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Résumé
Efficacité biologique de formulations hydro-alcooliques d’Ocimum basilicum L. contre 1a mouche blanche, Bemisia tabaci (Gennadius)
(Hemiptera: Aleyrodidae) de la tomate et de leurs effets sur les microorganismes d’un sol ferrugineux, au Burkina Faso.

Une étude sur I’efficacité biologique de différentes doses de formulations hydro-alcooliques d’Ocimum basilicum L. contre la mouche
blanche, B. tabaci qui cause des dégats énormes sur la tomate a été conduite dans la Vallée du Kou, au Burkina Faso. Le dispositif
expérimental a ét¢ un Bloc de Fisher a cinq (05) traitements répétés quatre (04) fois : Témoin non traité ; K-optimal (Lambda-
cyhalothrine (15 g/L) + Acétamipride 20 g/L)) a 1 L/ha; O. basilicum a 78,12 L/ha ; O. basilicum a 156,25 L/ha et O. basilicum a
260, 42 L/ha. Le comptage des insectes a été effectué avec des cages cylindriques transparentes placées sur des plants de tomates dans
chaque parcelle utile. Les microorganismes du sol ont été évalués sur des milieux de culture gélosés. Entre les différentes doses d’O.
basilicum, la dose de 260,42 L/ha a entrainé une mortalité similaire au K-optimal a 1 L/ha. Ses coefficients d’efficacité ont varié¢ de
3,25 a 75,70 par rapport au témoin non traité contre 2,36 a 69,76 pour la dose de 156,25 L/ha et de 1,46 a 64,76 pour la demi-dose de
78,12 L/ha. Cependant, si la formulation d’O. basilicum a 260,42 L/ha a inhibé le nombre de bactéries ammonifiantes de 78,80% elle a
par contre stimulé les bactéries nitrifiantes de 234,41% par rapport au témoin non traité au stade maturation. L’ensemble de ces facteurs
ont permis d’obtenir a la formulation O. basilicum 260, 42 L/ha un surplus de rendement de 17,53% par rapport au témoin non traité.

Mots clé : Ocimum basilicum, Bemisia tabaci, tomate, microorganismes du sol, Burkina Faso
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INTRODUCTION

Tomato (Solanum Ilycopersicum L.) is one of the most
important vegetable crops in the world (Naika and al.,
2005). In 2017, it was the first vegetable crop in terms of
production and was cultivated in 179 countries (FAOSTAT,
2019). In Burkina Faso, market gardening plays a vital role in
agricultural policy as it helps to diversify population’s diet but
also to generate significant financial resources and to reduce
seasonal unemployment in rural areas (Tourigny, 1993). The
burkinabé market gardening generates more than sixty (60)
billion CFA francs annually in added value (MAHRH, 2007)
and among the most produced vegetable speculations, tomato
ranks in the second place after the onion bulb (MAAH,
2017). Tomato plays a very important socio-economic
and nutritional role and the total value of tomato sales was
estimated at 17,469,073,587 FCFA or 21% of the market
turnover gardening in 2008 (MAAH, 2011). In Burkina Faso,
the importance of the crop is seen in the tremendous growth
in its production, which increased from 50,158 tons in 2004

to 157,086 tons in 2008 (DGESS, 2014).

However, many constraints hamper the development of tomato
sector in Burkina Faso and we have witnessed in recent years,
a drop in yields from 12.5 tons / ha in 2012 to 10.07 tons /
ha in 2017 (FAOSTAT, 2019). Among constraint factors,
damages are caused by weeds (Cyperus spp), insect pests and
pathogens such as fungi, bacteria and viruses (Ouattara et al.,
2017). Among the diseases, bacterial wilt caused by Ralstonia
solonacearum led to a lot of damage (Kambou et al., 2018). As
of harmful insects, we have Tuta absoluta which has wreaked
havoc in recent years in Burkina Faso (Son ef al., 2017) and
the whitefly, Bemisia tabaci which causes several damages on
tomato crops especially by the introduction of viral infections
(Hanafi, 2000; Gnankine, 2005).

Several control methods have been developed to reduce the
harmful effects of B. tabaci.

Among these, there is the research for resistant or tolerant
varieties (Channarayappa et al., 1992) and the inoculation
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of bacteria like Rhizobacteria in tomato to increase its
resistance (Shavit et al., 2013) or the use of chemical products
such as synthetic pyrethroids (cypermethrin, bifenthrin),
organophosphates (malathion, pyrimiphos), chloronicotinyls
(imidacloprid, acetamiprid) and Thiadiazines (buprofezin)
(https://www.bio-enligne.com/lte /216-aleurode-insecticide.
html). Among all these methods, chemical control seems to be
the short-term method most effective and the most commonly
used. However, phenomena of resistance to chemicals such
as pyrethroids, organochlorines and organophosphates have
been observed on insects in West Africa (Houndété et al.,
2010; Agboyi et al., 2016).

According to the phenomenon of resistance making chemical
control sometimes ineffective, it is worth mentioning that
chemicals are rarely selective, thereby resulting in the
elimination of many natural enemies of pests such as predators
and parasitoids (Amoabeng et al., 2014).

It is also necessary to emphasize the danger of chemical
pesticides on users, consumers and the environment. The use
of chemicals is a source of water and soil pollution. In Benin
for example, endosulfan, DDT and endrin have been detected
in different soil samples (Assogba-Komlan et al., 2007).

The presence of residues of metamidophos, endosulfan and
dimethoate in water in agricultural areas in Senegal was
highlighted (Ngom ef al., 2012) and according to Ashraf et
al. (2010), the use of polluted water for irrigation not only
degrades the quality of groundwater, but also poses serious
dangers to human and animal health.

These harmful effects of chemical control are especially
favored by the illiteracy of the majority of our agricultural
producers and pesticides sellers. This is why, research on
bio-pesticides is more than necessary nowadays, in order to
preserve the environment as well as human and animal health.
This research already carried out by some authors (Kambou
and Guissou, 2011; Kambou and Nair, 2015; Yadave and
Mendhulkar, 2015) have been concluded and attested that
some plant extracts are good insecticides to control B.
tabaci. Biological control is more and more developed.
For example, Aslam et al. (2004) concluded in a study that
essential oils of O. basilicum are potentials control agents
against B. tabaci under greenhouse conditions. Bouchelta et
al. (2005) inMorocco used alkaloids, saponins and flavonoids
extracted from Capsicum frutescens L. to control B. tabaci.
Their results were interesting because on eggs, the mortality
ranges from 35% to 59% while on adults, it is between 29%
to 86%. Song et al. (2010) and Dross (2012) introduced the
association of aromatic plants with tomatoes to control the
pest. The basil cultivars tested reduced he abundance of B.
tabaci larva up to 1.8 meters away. Dossa (2018) in Benin
republic showed that the aqueous extract of O. basilicum
associated with O. gratissimum better controlled the density
of B. tabaci on tomato production than the other insecticide
treatment. Ouédraogo et al. (2019) explained the best
insecticidal activity of the methanol extract of O. basilicum
in comparison to the hexane extract of P. biglobosa against
B. tabaci of tomato in laboratory conditions. This is why
for the first time, the present study deals with the biological
efficiency of hydro alcoholic extracts of Ocimum basilicum
on whiteflies and its effects on the biological properties of a
ferruginous soil were studied in Burkina Faso.
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MATERIAL AND METHODS
Plant material

The plant material consisted of tomato, Petomech VF variety
susceptible to whitefly. The leaves of O. basilicum were
collected from the Farako-ba areas (11° 06’ north, 4° 20 west).

Animal material

The animal material on which the study has been done was
the white fly’s B. tabaci (Gennadius) (Hemiptera: Aleyrodidae)
which have infested tomato in the field. Transparent cages were
used to catch whiteflies on 20 tomato plant in each useful plot.

Insecticide product

A chemical, K-Optimal (Lambda-cyhalothrin (15g/L) +
Acetamiprid (20g/L)) was used as a control product. A sustained
pressure backpack sprayer was used for the phytosanitary
treatments and graduated cylinders for the dosages. Phytosanitary
treatments took place three weeks after the appearance of
whiteflies and were done every ten days.

Methods
Experimental Design

The test was conducted on a site on the rice plain in the
Kou Valley, located about thirty (30) kilometers from Bobo-
Dioulasso. This site presents a ferruginous soil with clayey-
silty texture, characterized, in general, by their low content
of organic matter with a pH between 5.5 and 6.5 and a
high concentration of exchangeable bases (Wellens and al.,
2008). The experimental was a Fisher Block design of five
(05) treatments in four (04) replications (untreated control;
Lambda-cyhalothrin (15 g/L) + Acetamiprid (20 g/L) at 1 L/
ha; O. basilicum hydro-alcoholic formulation at 78.12 L/ha;
O. basilicum hydro-alcoholic formulation at 156.25 L/ha and
O. basilicum hydro-alcoholic formulation at 260, 42 L/ha).
The elementary plot was 8 m x 4 m or 32 m? The cultivation
technics were those applied in the area. To prepare the
seedbed, plowing followed by all motorized harrowing was
carried out. A manual leveling was accompanied to level the
ground well before the staking which was done manually with
a spacing of 40 cm between the plants and 80 cm between
the lines. Two manual weeding were carried out to control
weeds. Organic fertilization has consisted to an application of
organic matter at the rate of 20 tons/ha as background manure
and mineral fertilization has consisted to the NPK fertilizer
(15-15-15) application, at the rate of 300 kg/ha at the 15" day
after transplanting (DAT) and 200 kg/ha of urea (46 N) in two
fractions (at the 30" DAT and 45" DAT).

Preparation of O. basilicum hydro-alcoholic formulations

On the basis of the results obtained in the laboratory against B.
tabaci, a hydro - alcoholic formulation has been developed:
one kilogram of O. basilicum leaf powder is macerated in ten
(10) liters of ethanol 96 ° for 48 hours, and 3.25 g of CITEC
soap powder were added to the filtrate as an adjuvant per liter
of porridge.

Biological efficiency and coefficients of O. basilicum
hydro-alcoholic formulations against tomato B. tabaci.

The whiteflies were caught in transparent plastic cages on
twenty (20) tomato plants at the rate of five (05) plants per
row, diagonally. The efficiency coefficients of the extracts
were determined by the formula of Afanasseva et al. (1983):
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(=100 * ((A-B) / A- (a-b) / a))

With: C: efficiency coefficient

A: number of whiteflies before application on the treated plot.

B: number of whiteflies after application on the treated plot.

a: number of whiteflies before application on the untreated control plot.
b: number of whiteflies after application on the untreated control plot.

Effects of O. basilicum hydro-alcoholic formulations on
soil microorganisms

Soil samples were taken with the auger on two blocks at
the depth of 0-20 cm before tomatoes transplanting, and
by tomato phenological stages. The microorganisms were
evaluated on agar media cultura (Starch-Ammonia-Agar
for nitrifying bacteria; Meat-Pepton-Agar for ammonifying
bacteria; Czapek-Dox for microscopic fungi; Getchinson (G)
for cellulolytic bacteria) according to the method of Tepper et
al. (1987).

Effects of O. basilicum hydro-alcoholic formulations on
tomato yield

The yield was evaluated by counting the number of tomato
fruits and by weighing tomatoes expressed in kilograms per
hectare (kg/ha).

Statistical analysis of the data

The data on the average number of whiteflies per plant was
transformed by the formula \x + 1. Two software programs
have been used for processing these data and others: Genstat
Discovery edition 3 for descriptive and then variance analysis
(ANOVA) following by the Student-Newman-Keuls test at the
5% threshold.

RESULTS

Biological efficiency of O. basilicum hydro-alcoholic
formulations at different doses on B. tabaci population density

Before applying the different insecticides, there was no
significant difference between the different treatments on B.
tabaci population density (Table 1).

Table 1: Effects of different doses of O. basilicum hydro-alcoholic formulations on B.
tabaci populations (average number of white flies / plant).

Days after treatment (DAT)

0 1 21 31 41
Treatments

after after after after after

Vx+1

without ‘without without

vx+1

transf. transf.

‘without

transf. transf.

Untreated control

22440  15.01a 195.55  14.01a 4111 6492 1735 4.28a 1153 3.54a

Lambda +Aceta. 1.00L/ha  193.80 13.96a 20.79 4.67d 1453 3.94d 5.55

O. basilicum  78.13L/ha 20440 14332 45.74 6.83¢ 3146 570Db 1001 3.32b 751 292b

O. basilicum  156.25L/ha  207.00 14.42a 36.00 6.08 b 23.30 4.93d 6.98 283¢c 5as 2.60c

O. basilicum  260.42L/ha 19240 13.90a 2247 4.84d 15.14 4.01d 4.83 2424 3.63 2.15d

Mean 1433 7.28 5.01 3.08 2.62
CV (%) 5.10 4.20 5.20 6.90 510
ETR (ddi=12) 0.82 0.20 0.17 0.10 0.08

ETM (S%) 0.41 0.10 0.09 0.05 0.04

N. B: The means of the same column assigned to the same letter are not significantly different from each other

at by the STUDENT NEWMAN-KEULS test at the 5% threshold.

At the first day after insecticides application, the average
effect of the insecticides (5.61 whiteflies/plant) is a reduction
of 56.96% in comparison with the untreated control. Between
the different doses of O. basilicum, the high dose (260.42
L/ha), which is not different from Lambda-cyhalothrin +
Acetamiprid, shows a reduction of 65.45% in comparison
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with the untreated control. The dose of 156.25 L/ha and the
half-rate of 78.12 L/ha, resulted in respective reductions of
56.60% and 51.25% in comparison with the untreated control.

At the 21* day, the average effect of insecticides (4.65
whiteflies/plant) is a reduction of 28.35% in comparison with
the untreated control. The high dose of O. basilicum (260.42 L/
ha) and the average dose (156.25 L/ha) which are not different
from each other and with Lambda-cyhalothrin + Acetamiprid
showed a reduction at least 39.40% in comparison with the
untreated control. The half-dose (78.12 L/ha) resulted in a
reduction of 12.17% in comparison with the untreated control.

At the 31% day, after insecticides application, the average effect
of the insecticides (2.78 whiteflies/plant) is a reduction in the
population density of the whiteflies by 35.05% in comparison
with the untreated control. The lowest densities are found in O.
basilicum (260.42 L/ha and 156.25 L/ha) which are not different
from Lambda-cyhalothrin + Acetamiprid applied at 1.00 L/ha.

At the 41 day, after the 4™ application, the average effect of
the insecticides (3.28 whiteflies/plant) is a reduction of 7.34%
in comparison with the untreated control. Between the doses
of O. basilicum, only the high dose of 260.42 L/ha which is
not significantly different from the control product Lambda-
cyhalothrin + Acetamiprid at 1 L/ ha resulted in a reduction of
39.27% in comparison with the untreated control. O. basilicum
at 156.25 L/ha and 78.13 L/ha show reductions of 26.55% and
17.51% respectively in comparison with the untreated control.

Biological efficiency coefficients of the different doses of
O. basilicum hydro-alcoholic formulations

The efficiency coefficients of the different formulations doses
varied from 1.46% to 76.42% during the different observation
periods (Table 2). Between the different doses of O. basilicum,
the efficiency coefficients of the high dose varied from 3.25 to
75.70 with an average of 24.22 in comparison with the untreated
control. The plots treated with 156.25 L/ha dose showed
efficiency coefficients from 2.36 to 69.76 with an average 21.12
in comparison with the untreated control. As for the half-dose,
efficiency coefficients ranging from 1.46 to 64.76 were recorded
with an average of 18.23 in comparison with the untreated
control. The efficiency coefficients of the Lambda-cyhalothrin +
Acetamiprid at 1 L/ha varied from 3.76 to 76.42 with an average
0f 23.97 in comparison with the untreated control.

Table 2: Biological efficiency coefficients of O. basilicum hydro-alcoholic
formulations doses.

Days after treatment (DAT)

Treatments
1 21 31 41 Mean
Untreated control - - - -
Lambda +Aceta. 1.00 L/ha _ 76.42 10.82 487 3.76 23.97
O. basilicum ~ 78.12 L/ha _ 64.76 360 310 146 18.23
0. basilicum ~ 156.25 L/ha B 69.76 774 462 236 21.12
0. basilicum ~ 260.42 L/ha 75.70 11.13 680 3.25 24.22

Effects of O. basilicum formulations rates on ferruginous
soil microorganisms

According to cellulolytic bacteria, before application, the
average number of cellulolytic bacteria in plots to be treated
with insecticides (48.43 10° bacteria/ 1 g dry soil) is a
reduction of 34.55% in comparison with the untreated control
(Table 3). The plot to be treated with Lambda-cyhalothrin +
Acetamiprid showed a decrease of 35.01% in comparison
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with the untreated control. Between the doses of O. basilicum
formulations, the lowest dose is in the plots to be treated with
the high dose of formulation 260.42 L/ha and is 56.81%. When
compared to the period before application, a general increase
is noted at maturation in the treatments based on O. basilicum
formulations, i.e. from 29.54% at 78.12 L/ha to 61.70% at the
high dose of 260.42 L/ha. The increase is only 10.74% for the
untreated control. The chemical causes an 8.10% drop.

According to microscopic fungi, the average number of fungi
in the plots to be treated (2.59 10° fungi / 1g dry soil) is an
increase 0f202.34% in comparison with the untreated control.
The largest number is for control product treatments and the
high dose of O. basilicum. After application, the average effect
of insecticides (49.52 10° fungi / 1g dry soil) is an increase of
18.78% in comparison with the untreated control. Among the
doses of O. basilicum, the dose of 260.42 L / ha stimulated
these microorganisms by 150.06% in comparison with the
untreated control. It is followed by the control product. The
other doses of O. basilicum were indistinguishable from the
untreated control. The number of fungi at this stage is higher
than with the period before insecticides application.

Table 3: Effects of O. basilicum hydro-alcoholic formulations different doses on
soil microorganisms.

cellulolytic bacteria (10° microscopic fungi (10°  ammonifying bacteria _nitrifying bacteria (10°

bacteria/ 1g of drysoil)  fungi/lgof drysoil)  (10° bacteria/ 1g of dry bacteria /1g of dry soil)

Treatments soil)

Before  Complete  Before  Complete  Before  Complete  Before  Complete

2815.00 b
1317.00d

74.00 a 81.95a 128¢c
44.19b 243b

2.54b

41.69 ¢
5245b

1651.00 ¢
3007.00 b

64420 ¢
903.20 b

Untreated control 82420 ¢
893.50 ¢

669.90 d

Lambda +Aceta. 1.00L/ha  48.09 ¢

O. basilicum  78.12L/ha  59.30b 76.82a 40.19¢ 1711.00c  1107.60a 2567.00 ¢

966.10 b
272.00d

O. basilicum  156.25L/ha  54.35 be

31.96d

54.62b 1.65¢
51.68b 3.74a

42.89 ¢
62.56 a

1655.00 ¢
3288.00 a

3360.00 a
963.00 e

1065.40 a

0. basilicum  260.42 L/ha 942.90 b

Mean 53.54 61.90 233 47.95
CV (%) 8.50 8.00 8.90 7.70 3.70 6.00 2.10 6.60
ETR (ddl=8) 453 495 021 371 83.80 46.40 46.50 57.60

2262.00 779.00 2204.00 879.00

ETM (S%) 2.61 2.86 0.12 2.14 4838 26.79 26.85 33.26

N. B: The means of the same column assigned to the same letter are not significantly different from each other

at by the STUDENT NEWMAN-KEULS test at the 5% threshold.

According to ammonifying bacteria, before application,
the average number of bacteria in the plots to be treated
(2415.10° bacteria / 1 g dry soil) is an increase of 146.29% in
comparison with the untreated control. The greatest number
is located in the plot treated with O. basilicum 260.42 L/
ha. At the full maturity, the average effect of insecticides
(812.23. 10° bacteria / 1 g dry soil) is an increase of 126.08%
in comparison with the untreated control. However, strong
inhibition of bacteria of 57.78% appeared at O. basilicum
high dose of 260.42 L/ha. The number of bacteria at this stage
is less than during the period before treatment.

According to nitrifying bacteria, before insecticides application,
the average number of nitrifying bacteria in the treated plots
(2,051.75 .10° bacteria/ 1 g dry soil) is a reduction of 27.11%
in comparison with the untreated control. Only the plot of O.
basilicum 156.25 L/ha shows a surplus of nitrifying bacteria
(+19.36%) in comparison with the untreated control. After the
application of insecticides, the average effect of insecticides
(892.93.10° bacteria / 1 g dry soil) is an increase of 108.34%
in comparison with the untreated control. At this stage there is
a reduction in the number of nitrifying bacteria in comparison
with the period before application. However, the O. basilicum
formulations at doses of 156.25 L/haand 260.42 L/ha stimulated
the nitrifying bacteria by 129.26% and 114.40% respectively,
in comparison with the untreated control.
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Table 4: Effects of O. basilicum hydro-alcoholic formulations different doses
on tomato yield

Untreated control 94952800 b 33212.00b
K-Optimal 1,00 L/ha 1026419.00 ¢ 108.10 36418.00ba  109.65
0. basilicum 78,12 L/ha  969058.00bc  102.06 34675.00b  104.41
0. basilicum 156,25 L/ha 100421500 bc  105.76 35897.00ba  108.08
0. basilicum 260,42 L/ha 1197678002  126.13 39035.00 a  117.53
Mean 1029380.00 35834.00
CV (%) 3.40 5.00
ETR (ddI=12) 36641.80 1267.70
ETM (s5) 18320.90 633.85

N. B: The means of the same column assigned to the same letter are not significantly different from each other

at by the STUDENT NEWMAN-KEULS test at the 5% threshold.

Effects of different doses of O. basilicum formulations on
the components of tomato yield.

According to the number of fruits, the average effect of
insecticides (1,049,342.5 fruits /ha) represents an increase of
10.51% in comparison with the untreated control (Table 4).
Between the different doses of O. basilicum formulations,
only the high dose of 260.42 L/ha showed a net increase of
26.13% in comparison with the untreated control and 16.69%
in comparison with Lambda-cyhalothrin + Acetamiprid
at 1 L/ha. The dose of 156.25 1/ ha was not different from
the control product and resulted in an increase of 5.76% of
tomatoes in comparison with the untreated control.

For the yield criteria, the average effect of insecticides
(36,506.25 kg/ha) represents an increase in yield of 109.92%
in comparison with the untreated control. Between the doses
of O. basilicum formulations, only the high dose of 260.42
L/ha shows a net increase of 17.53% in comparison with the
untreated control.

Correlations between some studied factors

The regression line indicates a strong negative correlation
between the numbers of B. fabaci at the 42 day after
treatment and the tomato yield (figure 1). An infestation of 50
white flies per plant for example will lead to a tomato’ yield
loss of 10 948.98 kg per ha.

43000 -
Y= -567.66x+39331.98
41000 r=-0.92
p= 0.025
39000 + . sd=3.52
237000 +
35000 4
23000 |
=
31000 +
29000 +
27000 | :
0 5 10
Number of B. tabaci /plant

Figure 1: Correlation between the numbers of B. tabaci at the 42™ day after
treatment and the tomato yield
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DISCUSSION

The dynamics evolution of Bemisia tabaci population density

was characterized by a continuous decrease over time during
tomato development. Nzi et al. (2010) in Ivory Coast pointed
out that the decline in the number of insects at the end of the
cycle was linked to the senescence of the plants which are no
longer palatable by insects. In this study, in addition to the
senescence of the plants, this decrease is likely mainly related
to the influence of the climate because insects are very sensitive
to high temperature (Ohnesorge ef al., 1981) because while the
plant was getting older, we moved towards the warm period
which is not favorable for the development of B. tabaci.

The application of the different insecticides resulted in a
decrease in the number of B. tabaci in comparison with the
untreated control. Thisefficiencyisrelated notonly to the active
ingredients contained in it, butalso to their mode of action, their
persistence, the mode of application (doses, frequency, etc.).
The control product consists of the use of lambda-cyhalothrin
that fights against tomato moth (Helicoverpa armigera) and
acetamiprid against sucking biting insects including whitefly
B. tabaci. Acetamiprid, which belongs to the neonicotinoid
family, acts by contact and ingestion against whiteflies and
has systemic properties. It acts on the central nervous system
of insects by disrupting the transmission of nerve impulses at
the synapse level (Acta, 2014). During this experimentation,
this efficiency was highlighted as evidenced by its efficiency
coefficients and its persistence, of which the number of
applications made it possible to cover the tomato phenological
stages. The efficiency of O. basilicum extracts, shown by
Ouédraogo and al. (2019), is linked to the presence of several
chemical constituents in this plant species. These authors
have demonstrated the presence of chemical compounds
(anthraquinones, sterols / triterpenes, flavonoids) which are
responsible for this insecticidal property. Other authors, such
as Ntonga and al. (2012) have also already shown that O.
basilicun had insecticidal properties against Anopheles
funestus, the vector of malaria. These authors pointed out that
O. basilicum contain hydrocarbon monoterpenes (56.20%)
and that oxygenated monoterpenes and / or the combination
of phenolic compounds with terpene are responsible for this
efficiency. The number of whiteflies decreased when the
rates were higher but also the number decreased when the
plant got older. This indicates that high rates would therefore
have more insecticidal effects on whiteflies and this may be
linked to the high content of active ingredient in it. Nadio
et al. (2015) achieved the same results with increasing
rates of the essential oil extracted from Ocimum sanctum
against the insect Dysdercus volkeri. This is why during this
experimentation, the formulation of O. basilicum at 260.42
L/ha exhibited the best efficiency and also induced the best
yield. The higher the number of whiteflies on the plant is, the
higher their devastating effect is, and vice versa. This finding
is similar to that of Hanafi (2000) who found that the damage
associated with whiteflies on tomatoes (and therefore on
yields) is linked to the level of infestation.

Nadio er al. (2015) have already pointed out that some
insecticides inhibit the development of bacteria or have a
repellent or bactericidal effect. The increase in the number
of cellulolytic bacteria at maturation in the other treatments
of the trial may be linked to the good presence of organic
matter (because of the old tomato leaves fallen on the ground
and also from the burying of herbs through weeding), a food
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source for cellulolytic bacteria (Jones and Wild, 1975). The
increase in the number of microscopic fungi in the treatments
of O. basilicum in comparison with the period before
application shows that the formulations of O. basilicum
behaves like a nutritious diet which can stimulate the
development of these fungi especially when the applied dose
is high. The large number of microscopic fungi at maturation
could be explained by manual weeding which incorporates
carbonaceous substances for the fungi (Kambou and Millogo,
2018) or by the good soil cover by the tomato plants which
created favorable conditions to their multiplication. The
very low number at the start of cultivation may be linked to
plowing, which has led to the destruction of soil aggregates
(Caesar-Ton That et al., 2007) as well as fungal hyphae (Six
et al., 2000). Bunemann et al. (2006) underlined for this
purpose that chemical fertilizers, by stimulating plant growth,
stimulate root exudation or the return of plant residues thus
promoting microbial activity. Bacteria all require special
conditions (neutral pH, average humidity, cool temperature).
Thus the decrease in the number of ammonifying and
nitrifying bacteria at maturation in comparison to the period
before application is probably linked to the inhibition of
cellulolytic bacteria by the toxicity of insecticides, except for
the half-dose (78.12 L/ha) of O. basilicum formulation which
seems less toxic. However, this did not prevent the stimulation
of nitrifying bacteria in comparison with the untreated control
at maturation, at the dose of 156.25 L/ ha and the high dose of
260.42 L/haof O. basilicum thus reflecting a good absorption
of nitrogen in its ammoniac and nitrate form, increase the best
yield of tomatoes obtained at the rate of 260.42 L/ha.

CONCLUSION

The application of hydro-alcoholic formulations of O.
basilicum at the dose of 260.42 L/ha resulted in an efficiency
coefficients against the whitefly, B. tabaci which varied
from 3.25% to 75.70% equivalent or superior to lambda-
cyhalothrin associated with acetamiprid applied at 1 L/ha.
Hydro-alcoholic formulations of O. basilicum did not affect
the dynamics evolution of soil microorganisms, promoting
good absorption of soil nutrients. This rate led to a tomato’
fruits increase of 26.13% and a yield increase of 17.53% in
comparison with the untreated control. In tomato production,
hydro-alcoholic formulation of O. basilicum applied at 260.42
L/ha could be included in an integrated control program
against whitefly, B. tabaci preserving consumers’ health and
the environment.
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