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ABSTRACT

Curly chili is a horticultural product with high nutritional value, greatly demanded as a distinctive complement or flavoring 
for dishes due to its unique taste and aroma. Despite the increasing demand for chilies, production has not followed suit, 
mainly due to disruption caused by viruses transmitted by Bemisia tabaci and Thrips sp. This study aimed to investigate the 
effect of tobacco extract on the growth and development of viral diseases in curly chili. Conducted at Kwangsang Village, 
Jumapolo District, Karanganyar Regency, from September to December 2021, the research was designed using a completely 
randomized block design, with treatment doses of tobacco extract at 0 mL/L, 1 mL/L, 2 mL/L, 3 mL/L, and 4 mL/L, labeled 
J0, J1, J2, J3, and J4, respectively. The results indicated that the variabels, i.e. plant height, number of leaves, number of fruits, 
and fruit weight per plant, were significantly affected by the tobacco extract. Similarly, the disease incidence and severity of 
viral infection were significantly influenced by the tobacco extract application. The yield decrease in curly chili was attributed 
to virus infection by Bemisia tabaci and Thrips sp., which caused chlorosis and mosaic symptoms on the leaves. Although 
the affected plants did not die, they experienced a yield reduction. The application of tobacco extract significantly reduced 
the percentage of incidence and severityof virus infection on curly chili. The highest disease incidence was 35.42% (J0) and 
disease severity was 70.92% (J0), while the lowest disease incidence was 14.58% (J4) and disease severity was 20.58% (J4). 
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INTRODUCTION

Chili (Capsicum annuum L.), a member of 
the Solanaceae family, originates from America 
and was introduced to Indonesia by the Portuguese. 
It is classified into three types: big chili, curly chili, 
and cayenne pepper. Curly chilies, characterized by 
their (Herison et al., 2018), are significant for their 
suitability for cultivation in Indonesia (Nurjati, 2021).
As a strategic commodity with high economic value, 
chili is used in cooking, the food industry, medicine, 
and herbal remedies, containing vitamins A, C, B6, and 
potassium (Kumar et al., 2020). The consumption of 
spicy foods has been found to increase brain activity 
(Zhou et al., 2019) due to chili’s spicy flavor, which 
comes from biochemical compounds such as capsaicin 
and the antioxidant α-glucosidase inhibitor, beneficial 
in managing diabetes mellitus (Lu et al., 2020). 

According to BPS-Statistics Indonesia (2022a) 
the harvested area of curly chili in Indonesia increased 
from 82,804 ha in 2021 to 95,564 ha in 2022. 

Additionally, BPS-Statistics Indonesia (2022b) reports 
that production rose from 8.60 million tons in 2021 
to 10.17 million tons in 2022. Despite this increase, 
the production has not yet met the domestic needs for 
chili. The Center for Agricultural Data and Information 
(2020) has projected that national chili consumption 
will rise from 1.297 million tons in 2022 to 1.340 
million tons in 2023. Moreover, Indonesian chili 
imports from countries like India, China, Malaysia, 
Spain, and Australia reached 27,800.02 tons in 2021 
(Putri, 2021). 

Currently, the increasing demand for chilies 
in Indonesia has not been met, partly because the 
plants are suffering from pathogenic disorders 
caused by viruses.  This infection is characterized 
by leaves turning pale, followed by the leaf blade 
turning yellow while the veins remain green, and 
eventually, the leaves roll and spread to healthy ones. 
Viral infections are transmitted by Bemisia tabaci 
and Thrips sp., necessitating the control of these 
intermediary pests (Rodríguez-Verástegui et al., 2022). 
Control of this virus vector has been reported using 
various techniques, including the use of plant extracts. 
The efficacy of tobacco extracts has been tested for 
reducing pest populations, including the coffee berry 
borer (Hypothenemus hampei) (Haryuni et al., 2019),  
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the rice weevil (Sitophilus oryzae) (Kanmani et al., 
2021), and the apple pest (Grapholita molesta) (Sarker 
& Lim, 2018). 

The application of tobacco extract is expected 
to affect the activity of Bemisia tabaci and Thrips 
sp. which interfere with chili plants. Tobacco extract 
contains bioactive compounds with antioxidant, anti-
inflammatory, and antifungal properties (Banožić et 
al., 2020). Numerous researchers have reported various 
groups of substances in tobacco, including alkaloids 
(including nicotine) (Li et al., 2015), fatty alcohols, 
phytosterols (Liu et al., 2010), limonene, indole, pyridine 
(Gozan et al., 2014), aroma and bioactive compounds 
(Popova et al., 2015), polyphenols, terpenoids and 
essential oils (Zou et al., 2021). The content of these 
compounds acts as a poison for virus-mediating pests 
that infect chili plants. The purpose of this study was 
to determine the effect of tobacco extract on the growth 
and development of virus disease in curly chili.

 
MATERIALS AND METHODS

Research Site. The research was conducted in 
Kwangsang village, Jumapolo, Karanganyar, Central 
Java, 7°41’43.4”S 110°58’25.5”E from December 
2022 to February 2023. The soil type is Latosol, with 
an altitude of 511 m above sea level.

Research Design. This study was designed using a 
completely randomized design (CRD) with 5 treatments 
of tobacco leaves extract doses (0 mL/L, 1 mL/L, 2 
mL/L, 3 mL/L, 4 mL/L) referred to as J0, J1, J2, J3, and 
J4, and each treatment having 3 replications. Disease 
symptom transmission was not initiated in this study; 
these symptoms typically manifest when the land is 
planted with chili plants. 

Preparation of Tobacco Leaf Extract. Tobacco 
leaves were extracted using the Extended Heat Reflux 
Extraction (EHRE) method (Sentosa et al., 2019). The 
extraction was carried out by the research group of the 
University of Indonesia and PT Zekindo, located in 
Bekasi Recency, East Java Province, Indonesia with a 
production capacity of 1.5–2.0 kg per day. 

Preparation of Planting. The curly chili seeds used 
in this study were hybrid curly chili Lado F1 (PT East 
West Seed Indonesia). Land preparation was carried 
out two weeks before planting, involving two stages 
of processing. The first stage included turning the land, 
while the second stage involved plowing and leveling 
the land. The distance between the beds was set at 60 

cm, with each bed measuring 0.5 m in length, a month 
before planting. The planting space for chilies was 
designated as (60 × 50) cm. Once the land was prepared, 
it received 20 tons/ha of cow manure (Masriyana et al., 
2020) and was left for 7 days. After this period, basic 
fertilizer comprising Urea 60 g, TSP 60 g, and KCl 
30 g was applied, and the land was left undisturbed 
for another 7 days. Seedlings were then transferred to 
the field 21 days after sowing, following the method 
described by Hardiansyah et al. (2017) and Soedjarwo 
& Tjokrosumarto (2017).

Application of Tobacco Leaf Extract. This tobacco 
leaf extract is sprayed onto chili plants according to the 
treatment. Spraying is carried out 8 times when the plants 
are 2 weeks old, with the frequency of application being 
once every 2 weeks.

Incidence and Severity of Virus Disease. Disease 
incidence was calculated six weeks after transplanting 
using the formula provided by Mohamed et al. (1999).

P
v

n
100%#=

P = Disease incidence (%);
n = Number of affected plants;
v = Number of observed plants each plot.

Disease severity which indicates the number of plants  
affected by pest attacks based on category, description, 
and visual symptoms, was calculated using the formula 
from Wongpia & Lomthaisong (2010).

DS = Disease severity (%);
n = Number of chillies infected by virus;
v = Disease category scale;
Z = Scale value of the highest disease category; 
N = Total number of chillies observed.

The symptoms caused by a Bemisia vector and a Thrips 
vector cannot be differentiated because they both occur in 
the same location. To estimate the diseases on chilli fruit, 
a 0–5 scale was followed as proposed by Reang et al. 
(2018) and Steel & Torrie (1980) based on the following 
symptoms. The disease score was determined based on 
visual symptoms in plants from Selangga & Wiyono 
(2021), as shown in Table 1. This scoring observation 
was carried out to determine the severity and presence 
of symptoms of viral diseases in chili plants, as depicted 
in Figure 1. 
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Growth Observation. The growth variables include 
plant height, number of leaves, number of fruits, and 
weight of fruits per plant. The plant height and the 
number of leaves were observed from 2 weeks after 
planting up to 70 days after planting, at 2-week intervals. 
The number of chilies and their weight were recorded 
starting from the first harvest, which occurred 70 days 
after planting, followed by 8 subsequent harvests, at 
one-week intervals.

Statistical Analysis. The data were analyzed using 
analysis of variance (ANOVA) followed by the Duncan 
Multiple Range Test (DMRT) at the 5% level (Gomez 

& Gomez, 1995).

RESULTS AND DISCUSSION

Incidence and Severity of Virus Disease. Treatments 
of tobacco leaf extracts at 1 mL/L, 2 mL/L and 3 mL/L 
did not show significant differences, but significant 
differences were observed in treatments of tobacco 
extracts at 0 mL/L and 4 mL/L (Table 2). As the extract 
dose increased, disease incidence and virus infection (as 
shown in Figure 3) decreased. Plants not treated with 
tobacco leaf extract (0 mL/L) experienced the highest 
attack, significantly different from plants with tobacco 

Table 2. The effect of tobacco extract on disease incidence and severity of virus disease

Treatment
Virus disease of chili

Disease incidence (%) Disease intensity (%)

J0 35.42 a    70.92 a

J1 22.92 b 63.58 a     

J2 20.83 b 36.92 b      

J3 18.75 bc      28.57 c      

J4 14.58 c     20.58 d     
The number followed by different etters in the same column are significantly different according to the Duncan 
test at the 5% level. J0= Tobacco leaf extract at 0 mL/L; J1= Tobacco leaf extract at 1 mL/L; J2= Tobacco leaf 
extract at 2 mL/L; J3= Tobacco leaf extract at 3 mL/L; J4= tobacco leaf extract at 4 mL/L.

Table 1. Disease severity scale

Category Description Visual symptom
0 No symptom Symptomless
1 Symptoms of disease 0–24% Part yellow of leaves
2 Symptoms of disease 25–49% Yellow and curly on the leaves
3 Symptoms of disease 50–74% Yellow and cupped with curved leaf edges up or down, 

it looks curly

Figure 1. Differences in symptoms in plants based on category, description and visual symptoms.

Category 0 Category 4Category 3Category 2Category 1
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leaf extracts at 1 mL/L, 2 mL/L, 3 mL/L and 4 mL/L. 
In treatment 0 mL/L, all plants were infected with the 
virus, while 4 mL/L. 

This is due to the presence of nicotine and 
alkaloids in tobacco extract, which function to repel 
insects (Prommaban et al., 2022), including Bemisia 
tabaci and Thrips sp. which have potential as virus 
vectors. Tobacco has also contain chlorogenic acid, a 
phenolic compound with antioxidant properties and 
insect-fighting abilities (Prommaban et al., 2022). 

Symptoms on chili plants occur due to infection  by 
viruses transmitted by insect vectors. Once inside plant 
tissue, viruses spread from one cell to another through 
special pathways called plasmodesmata (Mandadi & 
Scholthof, 2013). The symptoms indicate a disturbance 
in cell metabolism. These viruses assemble or engage in 
inclusion bodies through host cell activityand are only 
active inside living host cells. When the virus reaches the 
phloem tissue, it spreads rapidly and invades the leaves.

Symptoms can be recognized by green lines, 
spotting patterns, changes in the shape of leaves that 
curl on the shoots, and stunted plant growth, especially 
in newly formed organs such as narrow strands (Sumbria 
et al., 2021; Rodríguez-Verástegui et al., 2022). 

This condition in chili plants leads to degradation of 
chlorophyll pigments, changes in chloroplast structure, 
decreased chlorophyll content, changes in electron 
transport rates, disruption of photosynthetic reactions, 
and decreased carbon dioxide fixation (Zanini et 
al., 2021; Zhao et al., 2016). Additionally, it affects  
carbohydrate and chlorophyll metabolism (Ananthu & 
Umamaheswaran, 2016), resulting in a decrease in the 
rate and efficiency of photosynthesis (Lei et al., 2017).

Growth Observation. The dosage of tobacco leaf extract 
at 4 mL/L resulted in significantly different plant height, 
number of leaves, number of fruits, and fruit weight 
compared to 0 mL/L, 1 mL/L, 2 mL/L and 3 mL/L 
(Table 3). Potassium content in tobacco extract is elastic 
and hard, rich in oil, and plays a role in increasing cell 
elongation (Iqbal et al., 2017; Hu et al. 2019). Research 
conducted by Cheng et al. (2021) showed that increasing 
nicotine also increases soluble starch, soluble protein, 
vitamin C, cellulose, free amino acids, total phenolics, 
choline, total flavonoids, and procyanidin. The increase 
in these compounds contributes to plant growth (Jassbi et 
al., 2017; Zou et al., 2021). Additionally, tobacco extract 
increases the NPK element in plant tissues, thereby 

Figure 3. Symptoms of yellow leaf curl disease on Curly red chili. A. Mottle; B. Yellowing.

Figure 2. Viral infections are transmitted. A. Bemisia tabaci; B. Thrips sp. 

A B

A B
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enhancing the resistance and health of vanilla (Haryuni 
et al., 2020). 

The results of this research revealed that tobacco 
extract can be used to control the spread of Bemissia 
and Thrips, thereby reducing plant virus infection. This 
finding provide valuable information on controlling viral 
disease in red-chilli pepper.

 CONCLUSIONS

The decrease in the yield of curly chili was caused 
by a virus transmitted through infection with  Bemisia 
tabaci and Thrips sp., resulting in chlorosis and mosaic 
symptoms on the leaves. Affected plants do not die 
but experience a decrease in yield. The application of 
tobacco extract significantly reduced the percentage of 
incidence and severity of virus attacks on curly chili. 
The highest disease incidence was 35.42% (0 mL/L), 
and disease severity was 70.92% (0 mL/L), while the 
lowest disease incidence was 14.58% (4 mL/L) and 
disease severity was 20.58% (4 mL/L). Future research 
needs to observe chlorophyll levels and the number 
of vectors causing symptoms of viral disease in curly 
chilies.
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