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ABSTRACT 

Cabbage is a leafy vegetable cultivated worldwide for its dense heads. Many insects affecting 
cabbage and posing challenges to cultivation. Yellow sticky traps are adhesive sheets used to attract and 
capture flying insects and help to monitor and manage infestations in gardens and greenhouses. The study 
aims at providing insights on effectiveness of use of yellow sticky traps in cabbage ecosystem. An 
experiment was conducted in a cabbage field using sticky traps (22 cm X 11 cm) over a 12-days period at 
Avathi village, Devanahalli Taluk, Karnataka, India.  A set of 60 traps were installed randomly in the field 
when the crop was at 60 days old.   Five traps were sampled daily and examined microscopically and the 
number of insects trapped were recorded over the 12-day study period.  The number of insects caught 
showed an increasing trend from day 1 to day 7 and almost reached saturation by day 10.  Similarly, the 
number of insects added to the trap decreased from 8 to 12 days after installation.  These trends suggest 
that the 22 cm X 11 cm size sticky traps get saturated by the 10th day resulting in steadily reducing catches 
with further sampling.  On the 10th day of exposure, the cumulative number of Operational Taxonomic Units 
(OTUs) was maximum.  The diversity indices were also found to be maximum on the 10th day.  Marginal 
additions of insects by numbers and OTUs after a 10-days period suggest that sticky traps of the given size 
are ideal for sampling insects only up to 10 days after installation in the cabbage system.  Further, on the 
same logic, from the point of view of pest reduction, continuous exposure of sticky traps for the whole 
cropping period, as is currently being practiced by the farmers, is not a wise practice.  
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1. INTRODUCTION 

 Cabbage (Brassica oleracea L.) is one of the most popular winter vegetables and is widely grown 
worldwide, including India (1).  It is rich in vitamin K, vitamin C, dietary fiber, potassium, manganese along 
with many antioxidant and anti-inflammatory properties (2). Despite its popularity and value, cabbage 
cultivation is fraught with challenges, particularly from insect pests. These pests pose a significant threat to 
cabbage crops, causing substantial yield losses if not managed effectively. On average, insect pests can 
result in up to 52% yield loss in cabbage fields (3).  Among individual pests, severe infestation by 
Diamondback moth (DBM) Plutella xylostella (Linnaeus) has the potential to cause up to 100 per cent crop 
loss (4) and aphid Brevicoryne brassicae (Linnaeus) may cause up to 85 per cent yield loss (5-6). In India, 
the annual crop losses due to attack insect pests in cabbage was estimated to be Rs. 130 crores (6). 
  
 In response to these challenges, various pest management strategies farmers have employed to 
protect cabbage crops. One of such methods is the use of Yellow Sticky Traps (YSTs). YSTs are designed 
to control flying insect pests by trapping them on their sticky surface. In recent years, the use of YSTs has 
gained popularity among farmers in Karnataka State, who have adopted this practice throughout the entire 
cabbage cropping period. However, it is important to note that there is no formal recommendation for the 
use of YSTs specifically for the management of cabbage pests (7). Cabbage ecosystems are not only home 
to pests but also to a variety of natural enemies that play a crucial role in pest control (8-9). Predatory 
insects such as coccinellids (ladybugs), minute pirate bugs and syrphid flies, and parasitoids such as 
braconid wasps are commonly found in cabbage fields and contribute to the natural regulation of pest 
populations (10). However, YSTs, being generalist traps, are likely to trap these beneficial insects along 
with the target pests like whiteflies, aphids, and DBM (11-12). This unintended capture of natural enemies 
raises concerns about the ecological impact of YSTs and underscores the need for careful evaluation of 
their use. 
 
 The effectiveness of YSTs in pest management is influenced by several factors, including the 
duration of trap exposure, the color and shade of the traps, the area and shape of the traps, the number of 



 

 

traps per unit area, and weather conditions (13-14). Additionally, the economic viability and impact on pest 
populations, as well as the diversity and type of insects captured, are critical considerations (15). Given 
these complexities, a comprehensive evaluation of YSTs is necessary to determine their utility and optimize 
their use in cabbage pest management. As a preliminary step towards understanding the role of YSTs in 
cabbage pest management, we conducted a study to evaluate the effect of exposure duration on the 
diversity of insects attracted to YSTs over a 12-days period. This study aims to provide insights into the 
efficacy of YSTs and their potential impact on both pest and beneficial insect populations, thereby 
contributing to the development of more effective and sustainable pest management practices in cabbage 
cultivation. 
  
 

2. MATERIALS AND METHODS 

 The experiment was conducted in a farmer’s field at Avathi village, Devanhalli Taluk, Bengaluru 
rural district, Karnataka State, India, under the eastern dry zone of the state (13.2973° N; 77.724262° E; 
928 m above MSL).  The cabbage grown was an F1 hybrid “Unnati”, from Nunhems India Pvt. Ltd. The 
YSTs (22 cm×11 cm) manufactured by Gumtree Traps Pvt. Ltd. and marketed by Pest Control India Pvt. 
Ltd. were installed in the cabbage field in March 2021 when the crop was 60 days old.  A total of 60 yellow 
sticky traps, were numbered serially and installed randomly in the cabbage field (0.4 ha) at just above 
canopy level on a wooden stick, maintaining a 10 m distance between any two traps.  Five traps were 
collected sequentially every day up to 12 days from 15/03/2021 to 26/03/2021. The traps were placed in 
plastic boxes avoiding their overlap and transferred to the laboratory for observation.  The traps were 
examined under a stereo-binocular microscope to count and identify the species of insects trapped.  For 
easy counting, traps were divided into six grids of 7.33 cm x 3.66 cm on each side and the number of insects 
trapped was counted and recorded. Trapped insects were identified to the nearest taxon and the data were 
tabulated. Data collected from all the grids from both sides were pooled for each trap. Each morpho-type 
was then verified for uniformity based on the external morphology and identified up to the family level 
hierarchy (16).  Each taxon collected was given a unique number based on the morpho-type of the insect 
for easy identification and analysis.  For example, the Diamondback moth was coded as DBM, whiteflies as 
WF, leafhoppers as LH and so on and the taxa that are morphologically different in the same family were 
further divided and coded separately in a numerical order. For example, Chrysomelidae had the unique ID 
of flea beetles (FB) and had two different morpho-types that were named FB1 and FB2 separately.  Each 
such taxonomic unit was considered as an Operational Taxonomic Unit (OTU) as a proxy for species and 
these were used as such for all the analyses.  The data were tabulated according to different orders, 
families, and functional groups of insects that were trapped in YSTs and subjected to analyses to find out 
the abundance and diversity of insects that were caught on 12 consecutive days in the cabbage ecosystem.       
 The species accumulation curve or collector's curve of a population gives the expected number of 
observed species or distinct classes as a function of sampling effort.  However, to simplify this aspect and 
to verify the possibility of a near asymptotic accumulation curve, logistic equations were fitted following 
DeSapio (1978), for both the numbers of insects collected and the numbers of OTUs collected over the 12-
day period.  The number of OTUs observed on each day of the sample period were different as the samples 
were randomly collected from different traps.  Therefore, to overcome this constraint, the OTUs collected 
on the 12-days sampling period were pooled by the corresponding days of sampling, and the logistic 
equations were fitted to check for the potential asymptotic nature of the curve.  Standard regression 
analyses on MS Excel were used to check the goodness of fit of the equations by working out the relation 
between the observed and the expected values.  The equations were in the form of, 

N𝑡 =  
K

1 + C𝑒−𝑟𝑡
 

Where, 
Nt = the number of insects /OTUs trapped 
K= maximum potential numbers of insects/OTUs likely to occur in the ecosystem  
C= constant of proportionality (approximately equal to (K-N)/N) 
r = slope of the regression equation that indicates the relative growth rate per sample  
t = the dates of sampling  

Diversity indices such as Shannon-Weiner Index, Simpson Index, Evenness index, and Margalef’s diversity 
index were calculated manually using the following formulae:  
Shannon Index was calculated using the formula. 
 



 

 

H′ =  − ∑ P𝑖 ln P𝑖

𝑠

𝑖=1

 

Where,  
            H”= Shannon Weiner index 
            pi = Proportion of individuals of ith taxa. 
            ln pi = Natural log of pi  
Simpson's Diversity Index was calculated using the formula: 

D = 1 − (
∑ 𝑛 (𝑛 − 1)

𝑁 (𝑁 − 1)
) 

Where,  
             D = Simpson Index 
             n = Total number of specimens of a particular taxa 
             N = Total number of specimens of all taxa 
 
The value of the Simpson index ranges from 0 to 1, with 1 representing infinite diversity, and 0 represents 
no diversity. Species richness represents a measure of the variety of species based simply on a count of 
the number of species in a particular sample, although it can be expressed more usefully as species 
richness per unit area, ranging from alpha (referring to a certain site) to gamma (for an entire study area) 
level. 
Evenness refers to how close in number each taxa in an environment 

J′ =  
H′

H𝑚𝑎𝑥
′

 

Where, 

           H’ = No. derived from the Shannon diversity index 

           H’ max = Maximum possible value of H’ 

The value of J’ is constrained between 0 and 1. J’ lower the value less evenness and higher the value more 
evenness.  

Margalef's index was calculated using the formula. 

 

Dmg =  
S − 1

ln N
 

Where, 
           Dmg = Margalef’s diversity index 
           S = Number of genera recorded  
           N = Total number of individuals in the sample 
           ln = Natural logarithm. 

3. RESULTS AND DISCUSSION 

3.1 Cumulative and the additional number of insects caught in yellow sticky traps  

The total cumulative number of insects from day one to twelve was ranged from 730 to 5,735 (Table 
1). A total of 43,618 insects were trapped and from the second day of exposure, the additional number of 
trapped insects were 611 and decreased the additional daily catches from the 9th day. The number of insects 
caught in the exposed trap showed an increasing trend from day one to day seven and almost reached 
saturation from day 10 to 12.  Similarly, the number of insects added to the trap decreased from day 8 to 
12 (Fig. 1).  The 22 X 11 cm sticky traps get saturated by 10th to 12th day resulting in a steadily reducing 
catches with further sampling.  This aspect was verified by fitting a logistic equation for the number of insects 



 

 

caught over the sampling period of 12 days.  It was observed that the number of insects caught during the 
12 days followed the logistic equation:  

N𝑡 =  (
5800

1 + 2.82𝑒−0.613𝑡
) 

 
 The goodness of fit was verified by regressing the observed values against the expected values 
and found to match (n=12; r = 0.819; p<0.05). Clearly, this indicates that the sticky traps used are not useful 
in catching additional insects.  Such a situation can arise either due to a lack of space for the additional 
insects to get trapped on the YSTs.  As the first option is unlikely, it can be safely concluded that the sticky 
traps of the size used get saturated by the 10th day.  The logistic equation fitted suggests a saturation of 
space rather than the availability of insects as such.   
 The studies on cumulative and the additional number of insects caught in YSTs in cabbage 
ecosystem indicate that the sticky traps used are not useful in catching additional insects as shown in Fig. 
1 and it can be safely concluded that the sticky traps of the size used get saturated by the 10th day. A similar 
study to address the trap catch pattern by Pavan et al. (17) suggested the saturation time for sticky traps.  
However, considering that the logistic equation could give a very good fit for the present data set suggests 
the optimal time would be half the number expected to be caught in the trap as the most ideal for the best 
trap catch efficiency. As a result, it is ideal to anticipate that the time taken to reach 50 per cent of the 
maximum expected (i.e., K value in the present context) catches would be the most ideal time to replace 
the traps if maximum catching efficiency is the expected outcome.  In the present study this would be 
approximately 5th or 6th day of trapping considering the type of YSTs used.  Corresponding to that 
expectation, the maximum additional catches also matched on the sixth day with an aberration on the eighth 
day.  Given this and the fact that further increase was observed to be marginal beyond the eighth day, it 
can be safely suggested that a maximum of eight-day period of trapping would be ideal to run these sticky 
traps in cabbage fields if yield per day is the criteria of trapping.  In essence, unlike the farmer’s practice it 
is desirable to replace the traps regularly at eight-day intervals for better management of the pests, if that 
is the primary aim. 
 

3.2 Total and cumulative number of OTUs caught in yellow sticky traps in cabbage 

ecosystem 

 Twelve consecutive days of trap exposure in the cabbage ecosystem shows that the number of 
total OTUs ranges from 16-30 and the cumulative number of OTUs were 12- 42 (Table. 1).  The cumulative 
numbers of OTUs caught from day one to twelve were found highest on 10th day (42 OTUs) and there was 
no further addition of OTUs (Fig. 1).  Therefore, an attempt was made to verify the potential saturation of 
taxa in the sticky traps by fitting a logistic equation as outlined earlier.  The attempt yielded the equation  
 

N𝑡 =  
43

(1 + 0.878𝑒−0.410𝑡
 

 
 The goodness of fit was verified by A test of correlation of the observed values against the expected 
values as a measure of goodness of fit indicated a strong relationship (n=12; r = 0.987; p<0.05).  Clearly 
this suggests that, by the 10th day, cumulative number of OTUs were highest and further additions are not 
expected.  Hence, a sampling strategy using the current YSTs can sample most of the trappable taxa by 
the 10th day and exposures beyond are unlikely to help sample additional taxa.  



 

 

 
 

Figure 1. Total, cumulative and additional number of OTUs caught in yellow sticky traps in 

cabbage ecosystem 

 
 
 

3.3. Diversity indices of the insects caught on yellow sticky traps  

 The Simpson, Simpson and Margalef’s diversity index was found highest on the 10th day i.e., 0.75, 
1.72 and 3.36, and the lowest diversity index was seen on the first day 0.52, 1.17, and 2.27. Evenness (J) 
or Shannon evenness index of the insect caught on the yellow sticky traps in the cabbage ecosystem were 
generally low on all days of trapping.  The highest ‘J’ value was observed on the second day (0.21) followed 
by the first day (0.20) and the lowest was for the 8th day (0.11) of the trap exposure.  An average ‘J’ value 
of 0.174 also indicated the high variance for the insects caught in the YSTs (Table 1). 
 

Table 1. Number of insects, OTUs and diversity indices of insects caught on yellow sticky 

traps in cabbage ecosystem. 
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3.4. Abundance and richness by taxa of insects caught on yellow sticky traps  

 The insects caught in the trap were classified up to order level and family level.  The insects 
belonging to seven orders viz., Thysanoptera, Hemiptera, Isoptera, Lepidoptera, Diptera, Coleoptera and 
Hymenoptera were caught in yellow sticky traps in cabbage ecosystem.  Among these Hemipteran insects 
caught maximum in numbers followed by Hymenoptera and least number found in Isoptera (Fig. 2; Table.2). 
The highest richness of the taxa was found in the order Hemiptera followed by Diptera and least found in 
the order Isoptera and Thysanoptera (Table. 2). Many research studies suggest that yellow sticky traps 
catch different insects and are best suited for monitoring of whiteflies, aphids, thrips, psyllids, and a few 
other smaller insects. Yellow sticky traps used to monitor the populations of the seven different species of 
thrips infesting cotton, sunflower, groundnut and soybean (18), whitefly Bemesia tabaci Genn. (Hemiptera; 
Aleyrodidae) in cotton (19), flea beetle Chaetocnema pulicaria F. E. Melsheimer (Coleoptera; 
Chrysomelidae) (20), citrus psyllid Diaphorina citri Kuwayama (Hemiptera: Psyllidae) in citrus. Juillet (21) 
worked on different traps like glass barrier, malaise, rotary and sticky traps and insects captured belong to 
orders Hymenoptera, Diptera, Lepidoptera, Coleoptera and Homoptera. In the present study also YSTs 
captured the insects belonging to the orders Hemiptera, Hymenoptera, Lepidoptera, Diptera, Thysanoptera, 
and Coleoptera in large numbers. In line with these studies, the current study clearly demonstrated that 
whiteflies are the major insect species to be trapped in YSTs.  Other smaller insects and serious pests of 
cabbage such as aphids and DBM were also found trapped in reasonably good numbers in the YSTs (Table. 
3). 

 

3 2329 988 21 4 26 0.58 1.35 0.18 2.58 

4 2460 131 22 3 29 0.59 1.40 0.18 2.69 

5 2606 146 24 3 32 0.55 1.31 0.15 2.92 

6 3686 1080 29 4 36 0.59 1.41 0.14 3.41 

7 3474 212 23 0 36 0.57 1.35 0.16 2.69 

8 4615 1141 30 4 40 0.51 1.21 0.11 3.43 

9 5268 653 27 0 40 0.71 1.60 0.18 3.03 

10 5595 327 30 2 42 0.75 1.72 0.18 3.36 

11 5778 183 25 0 42 0.70 1.54 0.18 2.77 

12 5736 42 26 0 42 0.70 1.52 0.17 2.88 



 

 

 

Figure 2. Percentage and number of insects belonging to different orders caught in yellow 

sticky taps in cabbage ecosystem. 

 

Table 2. Abundance and species richness of the insects with respect to insect orders 

trapped in yellow sticky traps in cabbage ecosystem. 

Order Family Richness Abundance 

Thysanoptera Thripidae 1 343 

Total  1 343 

Hemiptera Aleyrodidae 1 22240 

 Cicadellidae 4 1903 

 Aphididae 1 8026 

 Psyllidae 1 354 

 Pentatomidae 1 1 

 Delphacidae 1 11 

 Lygaeidae 1 120 

 Geocoridae 1 28 

 Miridae 1 41 

 Anthocoridae 1 20 

Total  13 32744 

Isoptera Termitidae 1 1 

Total  1 1 

Lepidoptera Plutellidae 1 1582 

 Gelechiidae 1 23 

Thysanoptera
1% (343)

Hemiptera
75% (32744)

Isoptera
>1% (1)

Lepidoptera
4% (1605)

Diptera
2% (1031)

Coleoptera
>1% (164)

Hymenoptera
18% (7727)



 

 

Total  2 1605 

Diptera Anthomyiidae 1 159 

 Tephritidae 1 15 

 Cecidomyiidae 1 1 

 Agromyzidae 1 541 

 Syrphidae 1 4 

 Culicidae 1 27 

 Muscidae 2 177 

 Chloropidae 1 61 

 Ulidiidae 1 42 

 Calliphoridae 1 1 

 Sepsidae 1 3 

Total  12 1031 

Coleoptera Chrysomelidae 2 21 

 Coccinellidae 2 139 

 Staphylinidae 1 4 

Total  5 164 

Hymenoptera Braconidae 2 7085 

 Encyrtidae 2 611 

 Chalcididae 1 1 

 Bethylidae 1 1 

 Formicidae 1 29 

Total   7727 

 

3.5. Abundance of functional groups of insects caught on yellow sticky traps 

 The total number of insects caught in the Yellow Sticky Traps was 43,618 and they were classified 
into 5 classes based on the ecological function (feeding habit) namely, Herbivores, Predators, Parasitoids, 
Scavengers, and Pollinators and Medically and Veterinary important insects. The insects grouped under 
herbivores were highest in number followed by parasitoids and lowest number found in the group of 
predators (Table. 3). High numbers of whiteflies and aphids that are herbivores of cabbage are abundant in 
the system and there was a relatively high catch of Hymenoptera. However, braconid parasites being in 
abundance in the traps is a matter of concern and needs to be further evaluated to understand their host 
species and their impact on the pests of cabbage wherever the YSTs are used. The YSTs appear to mostly 
capture the phytophagous groups that are pestiferous on cabbage. The present study indicates a generalist 
sampler like the YST may help census a good part of the diversity of insects characteristic of the system 

where sampling is made. Results are in line with the study by Pinto-Zevallos and  Vänninen (22) 

 The study indicated that YSTs can be good generalist sampler of insects accounting for 
many orders. For the given size of 22 X11 cm, the ideal period of exposure of YSTs in the cabbage field 
would be about eight days and any further deployment may not be beneficial.  Thus the current method of 
deploying these traps for the entire cropping period, as is being practiced by the farmers of Karnataka, 
needs to be revised and periodical replacement is for purposes of pest management.  While this can be a 
tentative suggestion, it is also necessary to explore the possibility of removal of braconids and other 
beneficial Hymenoptera from the system due to YST trappings in cabbage ecosystem. Generally, 
technology should be based on sound science, but in the case of YSTs, it appears that technology has 
preceded science and more detailed studies are to comprehensively understand the impact of YSTs on 
various functional groups and the consequent utility in terms of pest management in cabbage and other 

cropping systems. The other studies also highlighted a positive association between diversity and 
equitability, where heightened equitability signified amplified diversity and likely a healthy fauna 



 

 

condition [17]. The yellow sticky traps are a common method for monitoring many pests, but it has 
not been shown whether they could be used as a control method [23-24]. The main reasons for 
the insect number fluctuations in cabbage ecosystem may be due to two reasons, the first reason 
is, that the studies were undertaken right in the farmers field and the farmer grew the crop with 
regular interventions of pest management along with other practices. The second reason is after 
60 DAP the crop moves towards the senescing stage where the populations of insects tend to 
reduce. 

 

 
Table 3. Abundance of functional groups caught on yellow sticky traps 

 
Sl. No. Taxa Order Family Abundance 

1 Herbivores Thysanoptera Thripidae 343 

  

Hemiptera Aleyrodidae 22240 

 

Cicadellidae 1903 

Aphididae 8026 

Psyllidae 354 

Pentatomidae 1 

Delphacidae 11 

Lygaeidae 120 

Lepidoptera Plutellidae 1582 
 Gelechiidae 23 

Coleoptera Chrysomelidae 21 

Diptera Anthomyiidae 159 

 
Tephritidae 15 

Cecidomidae 1 

Agromyzidae 541 

Total 35340 

2 Predators Coleoptera Coccinellidae 139 

  

 Staphylinidae 4 

Hemiptera Geocoridae 28 

 Miridae 41 

Anthocoridae 20 

Diptera Syrpidae 4 

Hymenoptera Formicidae 29 

Total 265 

3 Parasitoids Hymenoptera Braconidae 7085 

  

 Encyrtidae 611 
 Chalcididae 1 
 Bethylidae 1 

Total 7698 

4 Medical & Veterinary pests Diptera Culicidae 27 

  
 Muscidae 17 

Total 44 

5 Scavengers Diptera Chloropidae 61 

  

 Muscidae 160 
 Ulidiidae 42 
 Calliphoridae 1 
 Sepsidae 3 



 

 

Isoptera Termitidae 1 

Total 268 

 
 
4. CONCLUSION 
 The study demonstrates that yellow sticky traps (YSTs) are effective generalist samplers for 
monitoring insect diversity in cabbage ecosystems, particularly capturing herbivorous pests like whiteflies 
and aphids. However, the traps also capture beneficial insects, such as parasitoid braconids, raising 
concerns about their broader ecological impact. The optimal exposure time for YSTs is eight days, beyond 
which their efficacy diminishes. The findings suggest that current practices, such as continuous deployment, 
should be revised to enhance pest management while minimizing unintended effects on non-target insect 
populations. Further research is needed to fully understand the ecological consequences of YST use. 

 

Disclaimer (Artificial intelligence) 

Option 1:  

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, 

COPILOT, etc) and text-to-image generators have been used during writing or editing of manuscripts.  

 

REFERENCES 

1. Anonymous. Area and Production of Cabbage. 

https://agriexchange.apeda.gov.in/India%20Production/India_Productions.aspx?hscode. 

2019. 

 

2. Singh J, Upadhyay AK, Bahadur A, Singh B, Singh KP, Rai M. Antioxidant phytochemicals in 

cabbage (Brassica oleracea L. var. capitata). Sci Hortic. 2006; 8;108(3):233-7. 

 

3. Šamec D, Pavlović I, Salopek-Sondi B. White cabbage (Brassica oleracea var. capitata f. alba): 

botanical, phytochemical and pharmacological overview. Phytochemistry Rev. 2017;16:117-35. 

4. Venkateswarlu V, Sharma RK, Chander S, Singh SD. Population dynamics of major insect 

pests and their natural enemies in cabbage. Ann Plant Sci. 2011;19(2):272-7. 

5. Krishnamoorthy A. Biological control of diamondback moth Plutella xylostella (L.), an Indian 

scenario with reference to past and future strategies. In: Proc Intl Symp.  Montpellier, France, 

CIRAD 2004;204-11. 

6.    Mohan M, Gujar GT. Local variation in susceptibility of the diamondback moth, Plutella xylostella 

(Linnaeus) to insecticides and role of detoxification enzymes. Crop prot. 2003;22(3):495-504 

7.   Sharma P, Kumawat KC, Yadav MK. Seasonal abundance of diamondback moth and natural 

enemies in Cabbage. Ann Plant Protec Sci. 2017;25(2):426-7. 

8.  Lingappa S, Basavanagoud K, Kulkarni KA, Patil RS, Kambrekar DN. Threat to vegetable 

production by diamondback moth and its management strategies. InFruit and vegetable 

diseases Dordrecht: Springer Netherlands. 2004; 357-396. 

9. Waiganjo MM, Waturu CN, Mureithi JM, Muriuki J, Kamau J, Munene R. Use of 

entomopathogenic fungi and neem bio-pesticides for brassica pest control and conservation of 

their natural enemies. East Afr Agric Forestry J. 2011; 5;77(1&2). 



 

 

10. Capinera JL, Cranshaw WS. Cabbage Insect Control, Ft. Collins, Co, 1984. Insecticide and 

Acaricide Tests. 1985; 1;10(1):75-. 

11.  Ngosong NT. Evaluation of six pest management strategies on key insect pests of two cabbage 

varieties (Brassica oleracea var. Capitata L.) in the Ketu South Municipality of the Volta region 

of Ghana (Doctoral dissertation, University of Ghana).2017 

12. Halder J, Seni A. Sucking pests menace and their management on floricultural crops. 

InAdvances in Pest Management in Commercial Flowers 2020;4; 209-232 

13. Kumar A, Satpathy S, Singh TK, Singh R, Pandey AK. Integrated pest management of major 

vegetable crops: A review. J Entomol Zool Stud. 2020;8(5):2271-80. 

14. Rathee M, Singh NV, Dalal PK, Mehra S. Integrated pest management under protected 

cultivation: A review. J Entomol Zool Stud. 2018;6(2):1201-8. 

15. Vänninen, I. Advances in insect pest and disease monitoring and forecasting in 

horticulture.2022. 

16. Triplehorn CA, Johnson NF. Introduction to the Study of Insects, ; Thomson Brooks.2004. 

17. Pavan F, Cargnus E, Tacoli F, Zandigiacomo P. Standardization and criticism of sampling 

procedures using sticky card traps: monitoring sap-sucking insect pests and Anagrus atomus 

inhabiting European vineyards. Bull Insectology. 2021;74(2). 

18. Diraviam J, Uthamasamy S. Monitoring whitefly, Bemisia tabaci (Genn.) on sunflower with 

yellow sticky traps. J Entomol Res. 1992;16(2):163-5. 

19. Nandihalli BS, Patil BV, Lingappa S. Population dynamics of cotton whitefly Bemisia tabaci 

(Genn.). Kar J Agric Sci., 1993;6(1):25-269. 

20. Esker PD, Obrycki J, Nutter Jr FW. Trap height and orientation of yellow sticky traps affect 

capture of Chaetocnema pulicaria (Coleoptera: Chrysomelidae). J Econ Entomol. 2004; 

97(1):145-9 

21. Juillet JA. A comparison of four types of traps used for capturing flying insects. Can J Zool 

1963;41(2):219-23. 

22. Pinto-Zevallos DM, Vänninen I. Yellow sticky traps for decision-making in whitefly management: 

What has been achieved?. Crop prot. 2013;47:74-84. 

23. Lu Y, Bei Y, Zhang J. Are yellow sticky traps an effective method for control of sweetpotato 

whitefly, Bemisia tabaci, in the greenhouse or field?. J  insect sci. 2012 Jan 1;12(1):113. 

24. Patel KG, Raman S. Use of coloured plastic traps to attract aphid, Aphis gossypii Glov. and 

whitefly, Bemisia tabaci Genn. in cotton. 2020. 

 

 

 

 

 

 

 

 

 



 

 

 


