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Abstract
Ginger has a large number of essential oils, zingiberene is the major substance found in it, which may be linked to the in-
secticidal activity of the plant. Therefore, it can be a viable alternative to replace the use of pesticides for pest control. The 
objective of this work was to evaluate the use of this ginger-based extract in hydroponic lettuce as an alternative to thrips 
control. The experiment was carried out in a randomized block design, with five treatments and four replications. The treat-
ments used were the concentrations of 0 %, 20 %, 40 %, 60 %, and 80 % weight/volume of aqueous extract. After 45 
days of sowing, the ginger plant extract was applied to the lettuce plants every seven days. A population of thrips was moni-
tored using adhesive traps attached above each experimental plot once a week until harvest. In addition, fresh mass weight, 
shoot height, and incidence of direct damage to the crop were evaluated. Regarding thrips monitoring, no differences were 
observed indicating the uniformity of the population level among the lettuce parcels. For the evaluation of weight and fresh 
mass, no differences were observed regarding the treatments. However, from the concentration of 60 %, it was observed 
the lowest averages of plants with direct damage, showing that the higher the concentration of the solution the lesser in-
sect feeding. Accordingly, the use of ginger plant extract in hydroponic lettuce becomes a promising alternative for reducing 
thrips feeding on lettuce.
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Introduction

Lettuce (Lactuca sativa L.) is considered 
the leafy vegetable with the highest consump-
tion by the world population, with widespread 
cultivation in several countries around the world 
both in cultivated area and in productivity (LOBO, 
2018). Among the largest producers, China 
stands out followed by the United States, India, 
Spain, Italy, Japan, Iran, Belgium, Mexico, and 
Turkey (FAO, 2019).

In Brazil, lettuce has great economic, so-
cial, and nutritional relevance. According to the 
Brazilian Horticulture Yearbook (2018), the na-
tional volume produced in 2018 was 575.5 
thousand tons, in an area of 86,800 hectares. 
The cultivation is usually carried out by fami-
ly farming, which gives it social relevance with 
the creation of jobs and income during the year 

for the families, increasing the local purchasing 
power (AGUIAR; DELGROSSI; THOMÉ, 2018). 
Regarding nutritional importance, the daily con-
sumption of lettuce provides the intake of several 
nutrients with low caloric value (SUINAGA et al., 
2013), preventing cardiovascular diseases and 
cancer (SILVEIRA, 2018).

Nevertheless, during the development of the 
crop, there are several phytosanitary problems 
caused by pests. Thrips (Thrips tabaci) is con-
sidered one of the main agricultural pests and on 
lettuce, it is one of the main vectors of viruses. 
The virus transmission occurs during thrips feed-
ing, in which the infected plants present wrinkled 
leaves and, consequently, the commercial deval-
uation of the product (BRANDÃO FILHO et al., 
2011). The attack of this pest can also increase 
the susceptibility to the penetration of fungi and 
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bacteria due to leaf lesions, in addition to making 
seed production unfeasible (CARVALHO, 2017; 
ZAWADNEAK et al., 2015).

Currently, the phytosanitary management of 
thrips in the lettuce crop is based especially on 
intensive applications of chemical pesticides to 
reduce the insect population level, even though 
its indiscriminate use generates numerous prob-
lems (MARANGONI; MOURA; GARCIA, 2012). 
Consumers are increasingly concerned about the 
management of pests and diseases in agricultural 
crops, and the constant search for more sustain-
able production strategies is important.

Therefore, the integrated pest management 
(IPM) emerged in response to the use of pesti-
cides aiming at the simultaneous use of various 
managements in an economical and harmonious 
way with the environment through less exposure 
of farmers to insecticides and, consequently, re-
duction of rates of toxic residues in vegetables 
(PEREIRA; PINHEIRO; CARVALHO, 2013).

Within the IPM, the use of plant extracts 
is an old practice and becomes an important 
control strategy. The extracts are obtained from 
renewable resources, and they have favorable 
toxicological properties, cause less effect on 
non-target organisms, rapid degradation in the 
soil, not accumulating in the environment, be-
sides offering greater safety for the consumer 
(VASCONCELOS; GODIM; BARROS, 2006).

Plant extracts have the possibility of being 
produced by the producers themselves, reducing 
production costs, in addition to being accepted 
within organic production systems. Despite the 
great diversity of existing plants in Brazil, which 
makes the country prosperous in identifying natu-
ral sources for the development of new products, 
there is a lack of characterization given the high 
number of species.

The species belonging to the Zingiberaceae 
family have great insecticidal potential (ALMEIDA, 
2012). Among the plants of the family, ginger 

(Zingiber officinale roscoe) is a plant that has 
the ability to produce essential oils in large quan-
tities. Ergo, it has the potential as an insecticidal 
plant to be used in production systems (LOPES 
et al., 2011).

Accordingly, it is extremely important that 
selective insecticides are used for a particular 
pest promoting the preservation of species that 
are beneficial to the agroecosystem and environ-
mental interactions. Despite its importance as 
a natural control alternative, currently, there are 
few studies on the use of these compounds in 
agricultural crops.

The use of an alternative defensive made 
from ginger can be an option for the control of 
thrips in hydroponic lettuce, which allows the 
reduction of agrochemicals, with more sustain-
able production, in addition to generating higher 
quality food and less contamination.

Thus, the objective of this work was to evalu-
ate the use of different concentrations of aqueous 
extract based on ginger in hydroponic lettuce as 
an alternative to thrips (Thrips tabaci) control.

Material and methods

The work was held in the Horticulture Sector 
of the Federal Institute of Education, Science, and 
Technology of Minas Gerais (IFMG) - Campus 
Bambuí, between July and October 2018. 
The institution is located in the municipality of 
Bambuí-MG, in geographic coordinates, latitude 
20°02’13” S, longitude 46°00’34” W, and alti-
tude 681 meters (GOOGLE EARTH, 2021).

The experiment was accomplished on plants 
grown in an NFT (Nutrient Film Technique) hy-
droponic system and a greenhouse. The nutrient 
solution had a pH between 5.5 to 6.5 to maxi-
mize the absorption of nutrients by the lettuce. 
The composition of the nutrient solution and the 
adjustment solution are reported below as shown 
in Tables 1 and 2.
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Table 1 – Quantity of salts for the preparation of 2,000 liters of nutrient solution.IFMG – Campus Bambuí. 
Bambuí/MG, 2018.

N° Fertilizers Nutrients g/ 2,000 L

1 Calcium nitrate N, Ca 2,500

2 Potassium chloride K 760

3 Monoammonium phosphate - MAP N, P 300

4 Magnesium sulfate Mg e S 800

5 Micronutrients B, Cu, Fe, Mn, Mo, Ni e Zn 50

B = Boron; Ca = Calcium; Cu = Copper; Fe = Iron; K = Potassium; Mg = Magnesium; Mn = Manganese; Mo 
= Molybdenum; N = Nitrogen; Ni = Nickel; P = Phosphorus; S = Sulphur; Zn = Zinc.

Source: Furlani (1997).

Table 2 – Nutritional adjustment solution. IFMG - Bambuí Campus. Bambuí/MG, 2018.

Solution Fertilizers Nutrients g/ 50 L

A
Calcium nitrate N, Ca 3,000

Micronutrients B, Cu, Fe, Mn, Mo, Ni e Zn 75

B

Potassium chloride K 4,500

Monoammonium phosphate - MAP N, P 1,000

Magnesium sulfate Mg e S 1,200

Source: Furlani (1997).

The purchase of ginger took place on a fam-
ily farm, near the municipality of Bambuí – MG. 
The collection of rhizomes was carried out week-
ly, every seven days. To prepare the plant extract, 
600 grams of crunched ginger were placed in 
two liters of distilled water. The solution was 
sieved and diluted at concentrations of 0  %, 
20 %, 40 %, 60 %, and 80 % weight/volume, 
using distilled water. The plant extract was stored 
in dark-colored glass containers for one day.

The experiment was implemented in a 
randomized block design, consisting of five treat-
ments, four replications, and 20 plants per plot. 
The treatments tested were the concentrations: 
T1 – 0 %, T2 – 20 %, T3 – 40 %, T4 – 60 % and 
T5 – 80 % weight/volume. Each plot received an 
adhesive trap in the central part attached 20 cm 
above the plants to capture adult insects.

Lettuce seedlings of the Vanda cultivar were 
produced in styrofoam trays with 128 cells, con-
taining Maxfertil commercial substrate that has 

composted pine bark, vermiculite, and basic fer-
tilizer. About 30 days after sowing, the seedlings 
presented good vegetative development, relat-
ing to the aerial part and root system. Thus, the 
lettuce seedlings were transplanted to the hydro-
ponic system and an adhesive trap was implanted 
per experimental plot (Bio Trap Adhesive Plates 
- Blue), with a dimension of 10 cm x 12.5 cm, 
centered in the plot and fixed above the plants 
by a ribbon.

The traps were placed to quantify the insect 
population during the development of the culture, 
in addition to observing the population increase 
in a certain stage of the culture. Accordingly, sev-
en days after transplanting a quantitative survey 
of the initial incidence of thrips in the lettuce crop 
was conducted, in which the traps were removed 
by manually counting thrips in each experimen-
tal plot. Then, new adhesive plates were placed 
and these were not removed until the moment of 
harvesting the lettuce.
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The application of the ginger plant extract 
was performed, after transplanting, every seven 
days with the aid of a spray bottle spraying on 
all lettuce leaves until full leaf coverage by the 
product, totaling 21 days. Before each applica-
tion, the thrips population was manually counted 
to assess the increase in pest incidence during 
the production cycle.

The evaluations were undertaken during har-
vest, analyzing only the central plants, totaling six 
plants per plot. The analyzes consisted of quan-
tifying the number of thrips in the traps during 
vegetative development, fresh mass weight (g), 
plant height (cm), and the incidence of direct 
damage from thrips feeding on the leaves.

To determine the fresh mass weight, a 
precision scale was used. As for the height as-
sessment, the measurement was performed from 
the base of the plant to the maximum point of the 
lettuce head, with the aid of a graduated ruler.

The evaluation of thrips incidence consist-
ed of counting plants from each useful plot that 
showed direct symptoms on lettuce leaves due to 
thrips feeding. Subsequently, the average num-
ber of plants with symptoms per treatment was 
performed and the values transformed into a per-
centage of incidence, following the methodology 
used by Borges (2006).

Data were subjected to analysis of vari-
ance. The significant variables in the F test were 

submitted to regression analysis at 5 % proba-
bility, using the statistical program SISVAR 5.6 
(FERREIRA, 2014). In addition, Pearson’s cor-
relations between the means of all evaluated 
characteristics were estimated. The hypothesis 
that the Pearson correlation coefficient is equal 
to zero (H0: P = 0) was evaluated by the T-test. 
Correlations were performed using the computer 
program GENES (CRUZ, 2006).

Results and discussion

In monitoring the quantification of the number 
of thrips present in the adhesive trap, the average of 
the four counts during the experiment was 252.75 
insects. The values obtained from the insect pest 
population in each count can be seen in Table 3.

It is observed that, when performing the first 
count of thrips in the traps to analyze the pop-
ulation present in the greenhouse, there was an 
average initial population density in the treat-
ments of 140.10 insects.

The mean values obtained in the second, 
third, and fourth counts were 164.30, 326.40, 
and 380.20 medium insects, respectively. There 
was no significant difference between the plots, 
indicating that the thrips infestation rate was uni-
form within the experimental area.

During lettuce vegetative development, 
thrips can be found in all phenological stages and 

Table 3 – Average number of thrips regarding the treatments assessed in the lettuce considering different periods 
of assessment. IFMG – Campus Bambuí. Bambuí/MG, 2018.

Treatments 1st Count 2nd Count 3rd Count 4th Count

0% 130.00 159.25 303.75 401.75

20% 122.25 132.50 307.50 361.25

40% 124.75 135.00 309.50 346.50

60% 171.25 212.25 389.50 414.75

80% 152.25 182.50 321.75 376.75

Average 140.10 164.30 326.40 380.20

CV (%) 32.86 45.72 29.23 25.18

Source: Authors’ elaboration (2021).
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it is important to monitor the area to observe the 
insect population. However, there are few works 
related to production in a protected environment 
which demonstrate the level of control of the in-
sect pest (GAERTNER; BORBA, 2014).

For the fresh mass height and weight vari-
ables, the application of different concentrations 
of the ginger-based extract had a similar behav-
ior when subjected to analysis of variance, which 
can be seen in Table 4.

Table 4 – Averages of the variables analyzed regarding 
the treatments tested in lettuce during the harvest. 
IFMG – Campus Bambuí. Bambuí/MG, 2018.

Treatments
Hight
(cm)

Weight
(g)

0 % 31.70 287.08

20 % 31.54 268.33

40 % 31.42 297.49

60 % 30.91 271.66

80 % 32.70 301.66

CV (%) 6.76 10.24

Source: Authors’ elaboration (2021).

Regarding the variable height, the aver-
age of the plants was 31.65 cm, ranging from 
30.91 cm to 32.70 cm. While the average 
weight of fresh mass was 285.24 grams, in a 
range of 268.33 grams to 301.66 grams.

Shoot fresh mass data were superior to those 
found by Patekoski and Pires-Zottarelli (2010) in 
which Vera lettuce presented 158.8 g in an exper-
iment carried out in the spring and 182.2 g in an 
experiment conducted in the summer. However, 
the results of the experiment corroborate those 
obtained by Santos et al. (2010), who working 
with Vera lettuce in a hydroponic system found 
an average of 244.78 g at 47 days after sowing 
for the plants.

In the greenhouse, it was not possible to 
observe lettuce plants with viral symptoms, a 
result of indirect damage, with virus transmis-
sion. According to Domiciano, Ota, and Tedardi 
(1993), the incidence of damage caused by 
thrips and the lower production of a crop is 
changeable according to factors that interfere in 
the insect-plant relationship, such as cultivars, 
climatic conditions, phenological stages, season 
of planting and infestation level.

In the analysis of direct damage, the results 
demonstrate the efficacy of the ginger-based ex-
tract with a concentration of 80 % and 60 % in 
the control of thrips in lettuce, having an average 
of 54.16 % and 70.83 % of plants with symp-
toms, respectively, according to Figure 1. In this 
way, by using the solution from a concentration 
of 60 % weight/volume ,the farmer can obtain 
beneficial results in the control of thrips in lettuce.

Figure 1 – Direct damage incidence by the thrips attack in lettuce plants according to the application of different 
concentrations of the ginger extract. IFMG – Campus Bambuí. Bambuí/MG, 2018.
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Hamada et al. (2018) found that from the 
concentration of 50 % of ginger extract there is 
a reduction in egg viability, interference in the 
development of pupae, and the fertilization of 
Spodoptera littoralis.

Pearson’s correlation was performed to prove 
the relationship between the studied characteris-
tics. The data obtained can be observed in Table 5.

Table 5 - Pearson correlation estimates between the 
variables evaluated in lettuce plants sprayed with gin-
ger plant extract. IFMG – Campus Bambuí. Bambuí/
MG, 2018.

Pearson’s Correlation

Contrast Estimate

CG vs AL 0.50

CG vs PE 0.55

CG vs DD -0.95*

AL vs PE 0.67

AL vs DD -0.53

PE vs DD -0.40

CG – Ginger extract concentration; AL – Height (cm); 
PE – Weight (g); DD – Direct damage. *Significant at 
5% probability by t-test.

Source: Authors’ elaboration (2021).

In the present study, the estimated correla-
tion of ginger extract concentration and direct 
damage was -0.95 and significant (TABLE 5). 
This correlation is negative or inverse and indi-
cates a reduction in the direct damage due to 
the increase in the concentration of ginger ex-
tract solution. The other correlation estimates 
obtained were not significant.

The reduction of direct damage can be ex-
plained by the occurrence of antixenosis or 
non-food preference, characterized by a plant 
resistance process, induced by chemical or mor-
phological factors. The cultivated plant is not 
used for feeding, due to the fact that the method 
makes it difficult to locate the insects, especial-
ly in insects with sucking habits, reducing the 
selection of the host plant and the place where 
the insect normally feeds (GALLO et al., 1988).

The application of ginger extract may have 
influenced the antixenosis process in lettuce 
plants, which consequently promoted the repel-
lence to thrips during feeding and caused the 
lowest levels of damage to the crop. The effica-
cy of non-food preference to a given insect can 
be caused by the bioactivity of the compounds 
of the plant extract commonly found in greater 
abundance in the solution (MEDEIROS, 2017; 
CRUZ, 2014).

Zingibereno is the main constituent sub-
stance of ginger, identified in high levels in plants 
and may be linked to the insecticide activity of 
the vegetable (NEIVA; MALUF; MACIEL, 2013). 
Nevertheless, the concentration of bioactive 
compounds in rhizomes may vary due to factors 
such as age, cultivation conditions, environmen-
tal factors (ABDULHAY; YONIUS, 2019).

Several results show a link between the in-
secticide activity and the higher concentration 
of ginger plant extract. Merlotto et al. (2018), 
when evaluating the effect of insecticide of dif-
ferent hydroalcoholic extracts of plants on aphid 
Myzus Persicae in scarlet eggplant culture, veri-
fied that ginger extract was the one that showed 
the greatest potential for insect mortality when 
compared to other extracts.

Rohde et al. (2013) evaluated the effect of 
extracts prepared with different fresh and dry 
vegetables on larvae, pupae, and adults of C. 
capitata, he verified that chinaberry and ginger 
had an insecticide effect on adults of C. capitata.

Chaubey (2011) found that fumigation 
with ginger essential oils significantly reduced 
the oviposition potential of adults and inhib-
ited the development of larvae for pupae and 
adult pupae of Tribolium castaneum. In an-
other study, Chaubey (2013) found that the 
essential oils of ginger and P. cubeba caused tox-
icity both by fumigation and by contact in adult 
Callosobruchus chinensis.
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The use of ginger has also been reported as 
an ingredient of biopesticides along with other 
medicinal plants. Arora et al. (2012) evaluated a 
biopesticide formulation containing onion (Allium 
cepa) and ginger (Zingiber officinale) regarding 
the efficacy against Helicoverpa armigera and re-
corded a control of 70 % to 80 %, in addition to 
an increase in production in plants treated with 
the formulation compared to untreated plants.

Gomes (2016), when evaluating the effects 
of essential oils of fresh and dry ginger, found 
that the highest concentrations showed the best 
results for repellency and oviposition of the mite 
T. urticae. This data corroborates the hypothesis 
that the higher the concentration of the extract 
the greater the number of bioactive compounds 
in the solution and a high propensity to insecti-
cide activity of the vegetable.

Madreseh-Ghahfarokhi et al. (2018), when 
evaluating the effect of ginger essential oils on 
Culex theileri, verified that the treatments had 
both insecticide and repellency effects, being 
promising substitutes for chemical pesticides.

Therefore, despite the high population lev-
el of thrips in the conduction of the experiment, 
the solution that had the highest concentration 
of bioactive compounds obtained beneficial re-
sults, preventing the insect present in the area 
from feeding and, consequently, reducing direct 
damage. Given the assumption, the results ob-
tained in the present study indicate the promising 
potential of the use of ginger extract through the 
lower attractiveness of the crop, enabling the re-
duction of thrips feeding in lettuce cultivation 
and, consequently, reducing the transmission of 
viral disease.

Conclusion

The use of ginger extract with concentrations 
higher than 60 % weight/volume proved to be 
effective in reducing thrips feeding, as it reduced 
direct damage to lettuce culture. On the other 

hand, it did not promote the greater development 
of plants in relation to the height and weight of 
the fresh mass.
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