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ABSTRACT 

Onion occupies a prominent place among all the vegetables grown in Pakistan. 

Despite of high yield potential, its average yield is low in Pakistan due to severe attack of 

Thrips tabaci. In order to control Thrips tabaci in quick and short time, most farmers apply 

broad spectrum insecticides which have created health hazards and environmental pollution 

issues. This situation demands that efforts should be made to develop an alternative 

technonology for Thrips tabaci, which should has less health hazards and more 

environmental friendly. In this regards, a study comprised of cultural, biological and 

selective chemicals against Thrips tabaci management on onion was initiated. The cultural 

practices i.e. intercropping and plant spacing was evaluated in field plots. For biocontrol, 

phytoseiid mites Neoseiulus barkeri was evaluated against onion thrips in controlled 

conditions. While the efficacy of botanicals and synthetic selective insecticides were tested 

against onion thrips in laboratory and field crop. 

Four intercrops (chili, tomato, okra and cotton) were used in onion field crop and 

minimum thrips density (8.21±1.6 in 2011 and 10.72±1.94 in 2012) per plant was recorded in 

onion plots intercropped with cotton during both years of study. The maximum thrips density 

(26.19±5.67 in 2011and 33.15±6.73 in 2012) per plant was recorded in control plots where 

onion was planted as alone. Onion plots intercropped with cotton yielded the highest bulb 

weight and more yield/plot followed by tomato, chili and okra.  

In onion, five plant spacings (10, 15, 20, 25 and 30 cm) were used and minimum thrips 

density (14.85±3.16 in 2011 and 19.55±4.60 in 2012) per plant was recorded in onion plots 

in which plant to plant spacing was 30 cm followed by 25, 20, 15 and 10 cm during both 

experimental years. The thrips density was increased with decrease of plant to plant spacing. 

However, yield per unit area was significantly lower in maximum plant spacing (30 cm) but 

single bulb weight was higher as compared to lowest plant spacing (10 cm).    

Predatory efficacy of phytoseiid mite, Neoseiulus barkeri was evaluated by providing 

different stages of thrips larval instars as prey in combination (choice test) and separately (no 

choice test) in controlled condition.  In choice test, non significant difference in total thrips 

consumption per day was observed. Whlie in no choice test, a significant difference in total 

thrips consumption per day was observed in each prey group. Predatory mite fed more 

number of thrips 1
st
 larval instar as compared to 2

nd
 larval instar and adult in both tests. 
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During both observation hours (12-hrs or 24-hrs) a significant difference was also found on 

preference on immature and adult thrips. However, consumption rate was higher in initials 

hours of observation (12-hrs) and slow down later on (24-hrs), there may be reason of 

aggressive predation initially. 

The effectiveness of selected insecticides (Acephate
®
, Movento

® 
and Radiant

®
) and 

botanicals (neem, datura and kortuma (bitter apple) to control Thrips tabaci was evaluated.  

Bioassay tests were performed using leaf dip and spray methods in the laboratory. During 

both bioassay methods, Acephate
®
 caused 100% mortality of nymphs within 48-hrs of 

treatment. However, Movento
®
 caused 100% mortality at 72-hrs of post treatment. The 

maximum mortality caused by Radiant
®
 after 72-hrs of post treatment was 95.92±2.04%. The 

mortalities caused by neem, datura and kortuma at different time intervals were also 

significantly higher than control. Similar response was observed in adult thrips for all 

insecticides and botanicals  

Three botanical insecticides (neem, datura and kortuma or bitter apple) and three new 

chemistry synthetic insecticides (acephate, spirotetramat and spinetoram) against onion thrips 

was evaluated in experimental field plots. The influence of these botanical and chemical 

insecticides on natural predators and crop yield was simultaneously investigated. All the 

botanicals and chemical insecticides caused significant reductions (45-70%) in thrips 

population. The botanicals gave more than 60% control of thrips while among chemical 

insecticides, acephate
 
was found to be the most effective followed by spirotetramat and 

spinetoram and these insecticides gave better control than the botanicals. The adverse effects 

of the botanicals on predator population were negligible compared to chemical insecticides.   

Study findings showed that onion intercropped with cotton having proper plant 

spacing should be practiced for reducing thrips infestation and obtaining suitable bulb size 

with optimum onion yield. All tested insecticides and botanicals were effective for the 

control of thrips. Therefore, it is recommended that treatment with botanical pesticides or 

chemical insecticides should be used to conserve biological control agents and to keep thrips 

population below economic injury levels until crop maturity. 
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CHAPTER 1 

INTRODUCTION 

Onion (Allium cepa L.) is a very important and highly valuable vegetable crop, which 

has been exceedingly preferred throughout the world. It is mainly grown for its bulb, used in 

different recipes and considered as an essential kitchen item (Hussain, 2001). It can be 

utilized as fresh or cooked foods as well as involve in flavoring of dishes, sauces, soup and 

sandwiches. Onion is rich source of vitamin B, vitamin C, carbohydrate and proteins (Lemma 

et al., 1994). It contains medicinal properties with antibacterial, antifungicidal, anticancer, 

anticholesterol and antioxidant components such as quercetin (Baghizadeh et al., 2009). It 

also contains beta-carotene and lachrymatic compounds that are used for the cure of cancer 

and other chronic diseases (Karadeniz et al., 2005; Jorjandi et al., 2009).  

Onion is the second most important vegetable crop after tomatoes (Lycopersicon 

spp.) throughout the world in terms of income (Griffiths et al., 2002; Mallor et al., 2011). It 

has been originated from central Asia and now cultivated in many countries of the world 

(Hasegawa et al., 2001). Annual world production of onion is about 742.3 million tonnes 

(FAO, 2012) and Pakistan ranked at 8
th

 position in production with an area of 127.8 thousand 

hectares and production of 1661.3 thousand tonnes (GOP, 2014). Being the major 

horticultural cash crop, onion plays a vital role in the economy of Pakistan (Hassan and 

Malik, 2002). In case of province wise onion production, the share of Punjab is 19.9%, Sindh 

41.0% Baluchistan 29.0% and Khyber Pakhtoon Khah 10.1% (FAO, 2012). Average onion 

yield in Pakistan is 10-12 tonnes/hectare, while potential yield is 20-22 tonnes/hectare. These 

differences in production involve various factors including poor agronomic practices, pests 

and diseases problem, lack of quality seed, inadequate availability of water and labor, 

capricious rainfall and gradually decreasing of soil fertility, which consequently reduce its 

yield of about 15 tonnes per hectare (Muendo and Tschirley, 2004; GOP, 2010). 

 Many insect pests such as onion thrips, Thrips tabaci Lindeman (Thysanoptera: 

Thripidae), leaf miners (Diptera: Agromyzidae), onion moth (Acrolepiopsis assectella 

(Zeller), Lepidoptera: Acrolepiidae) and onion maggot (Delia antiqua (Meigen), Diptera: 

Anthomyiidae), have been reported to invade onion crop (Alford, 2000).  Among these insect 

pests, onion thrips are proved to be the most important factor for onion yield reduction 
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worldwide (Nawrocka, 2003; Trdan et al., 2005; Brian, 2006). It is a polyphagous insect and 

feeding about 300 plant species. Primary vegetable hosts of T. tabaci include onion, garlic 

(Allium sativum), leek (Allium porrum), cucumber (Cucumis sativus), Brassica spp., tomato 

(Lycopersicon spp.), bean (Phaseolus spp.) and asparagus (Asparagus officinalis), while 

common field crop hosts include cotton (Gossypium spp.), alfalfa (Medicago sativa) and 

small grains (Cook et al., 2003; Kadri and Goud, 2006; Mound, 2007). 

T. tabaci infestation reduces 4 to 27% total yield and also the bulb size by 28 to 73% 

(Jensen et al., 2002). During early crop stages, its heavy infestation may leads to total crop 

failure and also cause early maturity with subsequent onion yield reduction (Anon, 2004). 

Onion thrips cause damage directly to onion plants by sucking the cell sap, reduces 

photosynthetic ability (Dai et al., 2009; Boateng et al., 2014) and minimize onion bulb size 

(Diaz-Montano et al., 2010; Shock et al., 2013). Indirectly, onion thrips serve as a vector of 

many lethal plant viruses (Orloff et al., 2008) such as Iris yellow spot virus (IYSV) and 

tomato spot wilt virus (TSWV) which cause damage to tomato, tobacco (Nicotiana tabacum), 

pepper (Capsicum spp.) and chrysanthemum spp. (Jensen et al., 2003; Whitfield et al., 2005; 

Thungrabeab et al., 2006). Due to its attack, white patches and silvery lines appeared on 

onion leaves along with tip dieback, leaves curling and reduced bulb size (Nault and Shelton, 

2008). Newly emerging central leaves are preferred food for onion thrips and mostly 

observed at the base of these youngest onion leaves (Alston and Drost, 2008). Under 

crowded conditions, thrips move toward leaf tips for the feeding purpose. T. tabaci 

population mostly overwinter in the soil and also in crops and weedy vegetation within or 

near onion fields (North and Shelton, 1986; Larentzaki et al., 2007). In case of severe thrips 

attack plant death may occur ultimately. 

Thrips management in onion is of utmost importance in order to avoid crop from pest 

attack and to get healthy, large bulb size with maximum yield. Several control strategies have 

been adapted throughout the globe in reducing thrips damage. Mostly onion growers used 

different conventional insecticides in repeated intervals to manage thrips population, but 

performance of these insecticides are affected by several reasons such as, small thrips size, 

cryptic nature, sheltered between narrow leave spaces where proper spray coverage is 

difficult to accomplish, many overlapping generations, lacking of natural enemies, several 

http://jipm.oxfordjournals.org/content/6/1/6#ref-6
http://jipm.oxfordjournals.org/content/6/1/6#ref-79
http://jipm.oxfordjournals.org/content/6/1/6#ref-72
http://jipm.oxfordjournals.org/content/6/1/6#ref-72
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alternative hosts and pesticides resistance problem (Rueda and Shelton, 1995; Allen et al., 

2005; Alimousavi et al., 2007).  

Conventional insecticides, mainly pyrethroids, cause various problems in onion field 

therefore other environment friendly control options such as cultural practices should be 

invigorated. Integration and application of different control measures is the best way in 

suppressing and controlling the thrips population in onion (Workman and Martin, 2002; 

Simon and Victor, 2005; Malik, 2005). 

  In case of cultural pest management, intercropping/mix cropping is carried out in 

various vegetable growing areas of the world. The principle aim of polyculture is the 

reduction of insect pests through increasing plant diversity and to provide fewer acceptable 

hosts to feed or breed (Risch, 2005). Intercropping also increases the natural predatory fauna 

(Hooks and Johnson, 2003; Cai et al., 2010). It is adopted to reduce and manipulate different 

key pests of very important crops (Andow, 1991), increase crop yield (Maluleke et al., 2005; 

Issac et al., 2010) and discourage insect desirability to host plants (Finch and Collier, 2000). 

Proper plant spacing is also considered as another effective cultural way of reducing 

the severity of insect and disease attack in many important vegetable crops. Increase plant 

spacing reduces insect infestation (Arif et al., 2006; Asiwe and Kutu, 2007; Kalaichelvi, 

2008; Akinkunmi et al., 2012). Plant spacing provide healthy plant growth and development 

as well as ability to affect food searching behavior and proper egg laying sites for many pests 

(Anyim, 2002; Ferro, 2002). Increase plant spacing could reduce thrips infestation (Malik et 

al., 2003a), enhanced onion bulb size and weight but decreased total yield (Rashid and 

Rashid, 1978). 

Due to difficulties in chemical control of T. tabaci and for avoiding the negative 

effects of used broad-spectrum insecticide in recent years, focus of many researchers is to 

introduce biological control agents as pest management strategy (Fekrat et al., 2009). 

Various predators are naturally available that feed on thrips. Green lacewing, Chrysoperla 

carnea (Stephens) feed on soft boded insects including thrips (Gurbanov, 1984; Khan and 

Morse, 1999; Sattar, 2010) and it can be successfully used as component of IPM program 

(Rashid et al., 2012). Predatory anthocorid bugs found to be very efficient natural predators 

of thrips (Bosco et al., 2008; Bosco and Tavella, 2008; Salehi et al., 2011; Ballal et al., 

2012). Predatory mites of family Phytoseiidae is a good addition in beneficial control of T. 
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tabaci especially in onion. These predatory mites efficiently feed on thrips (Van-Houten et 

al., 2005; Messelink et al., 2008; Wimmer et al., 2008; Arthurs et al., 2009).  

1.1 Need for project  

Use of chemical insecticides has been proved to be very reliable and cheaper way of 

controlling thrips in onion field but unplanned use of theses conventional and broad spectrum 

insecticides has not only polluted the environment but also created many health related 

issues. The repeated application of such synthetic insecticides led to resistant problems in 

onion thrips. 

 In Pakistan, pesticides are considered the only solution for the control of thrips 

population but it alone could not produce the satisfactory results and also creates insecticides 

resistance problem. Insecticide residues are another factor which produced many 

environmental threatening conditions not only to humans but also for the animals and natural 

biological control agents. Therefore, it becomes very necessary to adopt various other 

alternative pest management techniques that would be very effective and safe to environment 

and human health. Non-chemical control methods such as cultural and biological control 

strategies are crucial in insect pest management and are very important components of 

integrated pest management in various crop plants. 

Naturally, a large number of predators are available which feed on T. tabaci but in 

onion it remains protected from the predators due to its cryptic behavior as lies between the 

onion leaves, only few species have been explored and being mass reared economically in 

laboratories. But instead of rearing, scientists are also working on the conservation of natural 

enemies through the use of botanicals and selective/new chemistry insecticides against onion 

thrips. These insecticides effectively control insect pest, encourage natural predatory fauna, 

and also act as eco-friendly management practices in onion.  

The present studies were aimed to evaluate environmental friendly pest management 

techniques against onion thrips including cultural practices, use of bio-control agents and 

application of some selective safe insecticides and botanicals. The use of botanicals and 

selective pesticide can suppress thrips population with minimal or no adverse effect on 

ecosystem. Findings of present studies may improve the effective use of bio-control agents to 

reduce T. tabaci infestation. Studies are also warranted for mass rearing and release of 

potential bio-agents in vegetable growing areas.  
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1.2 Objectives 

1. Finding the impact of different cultural practices on onion thrips, Thrips tabaci 

Lindeman (Thysanoptera: Thripidae) population  

a. Impact of different intercrops on onion thrips population 

b. Impact of different plant spacing on onion thrips population 

2. Determination of the predatory potential of phytoseiid mite, Neoseiulus barkeri 

Hughes on T. tabaci in laboratory conditions 

3. Evaluation of the toxicity of botanicals and selective insecticides to T. tabaci under 

laboratory conditions 

4. Evaluation of the impact of botanicals and selective insecticidal sprays on T. tabaci 

and predators under field conditions 
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CHAPTER 2 

REVIEW OF LITERATURE 

Onion (Allium cepa L.) is an important commercially cultivated vegetable crop 

worldwide that belongs to family Alliaceae. This family also includes shallot, common 

garlic, leek and chive (Griffiths et al., 2002). Onion is a cross pollinated mono cotyledon 

crop which is considered as the oldest vegetable and also mentioned in Holy books. Onions 

have been originated from central Asia and now cultivated in many countries of the world 

(Hasegawa et al., 2001). 

2.1 Importance of onion 

Onion is the world‟s second most important vegetable crop after tomatoes in terms of 

income (Griffiths et al., 2002; Mallor et al., 2011). It is the source of earning, as large 

number of human labor is involved for agronomic practices of onion crop including 

cultivation, product storage and marketing. Onion fresh green leaves, immature and mature 

bulbs can be directly consumed as salad and also used for the preparation of different dishes 

(Straub and Emmett, 1992; Fidan and Koc, 2001; De-Lannoy, 2001). It is the rich source of 

carbohydrate, protein, vitamins, niacin, riboflavin, thiamine and ascorbic acid (Hanen et al., 

2012).  

Onion possesses many health benefits, therefore, its consumption is significantly 

increasing day by day (Havey et al., 2004; Wang et al., 2006). It naturally contains sulfur 

compounds, flavonoids and alkyl cysteine sulphoxides that are usually used in reducing the 

cholesterol levels, lowering the blood pressure, preventing heart and many other human 

diseases (Gareth et al., 2002; Havey et al., 2004; Javadzedah et al., 2009). It contains 

antioxidant, antibiotics, anticancer, anticholestrol having beta-carotene and lachrymatic 

compounds that may be used for the cure of cancer and other chronic diseases (Karadeniz et 

al., 2005; Jorjandi et al., 2009; Baghizadeh et al., 2009). 

2.2 Origin and distribution of onion thrips 

 Onion thrips was originated in the Mediterranean region and firstly found in Hawaii 

in 1915. It is a cosmopolitan species and commonly distributed throughout the onion growing 

area of the world including Central and South America, Europe, Africa, Australia, Asia, 
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Mediterranean basin and Canada (Brian, 2006; Funderburk et al., 2007; Diffie et al., 2008; 

Sparks et al., 2011).  

2.3 Host plants of onion thrips 

T. tabaci is a polyphagous insect species and it move to large number of host plants 

depending upon environmental conditions and stages of cultivated crops (Bailey, 1938; 

Shelton and North, 1986; Shelton et al., 1998; Modarres, 2001). Being polyphagous in 

nature, onion thrips feed on multiple plant families (Nault et al., 2014). Its preferred hosts 

includes different vegetable and ornamental plants (Fauziah and Saharan, 1991; Mound and 

Azidah, 2009) like onion, garlic, leek, cabbage, tomatoes, micro propagated herbs, 

chrysanthemum, carnation (Dianthus caryophyllus), cereals especially wheat, Triticum spp. 

(Kadri and Goud, 2006; Mound, 2007), small grains (Cranshaw, 2004; Shelton et al., 2008), 

cotton (Cook et al., 2003), tobacco (Brunner et al., 2004) and weedy plants (Diaz-Montano et 

al., 2011; Smith et al., 2011). 

2.4 Biology and life cycle of onion thrips 

 T. tabaci is a minute, slender-bodied free moving insect. Adults have seven 

segmented antennae and a pair of wings with long fringed hairs. Gray pigmented ocelli 

present in onion thrips with two short hairs between the ocelli while other thrips species have 

red pigmented ocelli (Moritz et al., 2001). T. tabaci can also be distinguished from other 

thrips species by having rows of closely spaced microtrichia on the pleurotergites (Moritz et 

al., 2004). Body color may vary according to prevailing temperature from pale yellow to 

light brown (Murai and Toda, 2002). Immature/larval stages are almost similar to the adults 

except lighter in color and absence of wings.  

T. tabaci complete its life cycle including eggs, two larval instars, prepupa/pupa and 

adult stages and many researchers studied its biology (Malais and Ravensberg, 2003; Pourian 

et al., 2009; Fekrat et al., 2009; Patel et al., 2013). Onion thrips female lay white, kidney or 

bean shaped eggs in leave tissues that change to yellow or orange as proceed toward hatching 

stage (Bagheri et al., 2002; Arrieche et al., 2006). Under laboratory conditions, egg hatching 

takes place within 2 to 3  days (Pourian et al., 2009) while under cold field conditions, 

hatching occur in 5 to 10 days (Alston and Drost, 2008). On garlic the average incubation 

period observed to be 4.52 days (Changela, 1993) while 4.97 days average incubation period 

was observed on onion (Fekrat et al., 2009). Similarly, Patel et al. (2013) reported average 

http://jipm.oxfordjournals.org/content/6/1/6#ref-77
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799398/#b5-tlsr-23-1-45
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799398/#b18-tlsr-23-1-45
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3799398/#b18-tlsr-23-1-45
http://jipm.oxfordjournals.org/content/6/1/6#ref-14
http://jipm.oxfordjournals.org/content/6/1/6#ref-97
http://jipm.oxfordjournals.org/content/6/1/6#ref-8
http://jipm.oxfordjournals.org/content/6/1/6#ref-17
http://jipm.oxfordjournals.org/content/6/1/6#ref-17
http://jipm.oxfordjournals.org/content/6/1/6#ref-100
http://jipm.oxfordjournals.org/content/6/1/6#ref-87
http://jipm.oxfordjournals.org/content/6/1/6#ref-3
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incubation period of 4.52 days on onion. Hassanzadeh et al. (2003) indicated the pre-

oviposition period of 3.60±1.28 days and Bagheri (2000) observed pre-oviposition period of 

2.50 days on onion at of 25°C. The post oviposition period was found to be 2 to 5 days with 

average 3.51±1.10 days (Patel et al., 2013). First instar larvae are dull white in color which 

later on change into yellowish white and it lasts for 2 to 3 days (Pourian et al., 2009; Patel et 

al., 2013). The second larval instar is yellow in color and it takes about 3 to 4 days to shift 

into other stage (Changela, 1993; Fekrat et al., 2009; Pourian et al., 2009; Patel et al., 2013). 

The pre-pupae are whitish-yellow and nonfeeding stage of onion thrips which lasts for about 

1 to 3 days (Patel et al., 2013). Pupae are inactive and nonfeeding stage and similar in color 

as pre-pupae and take about 3 to 4 days to become adult (Changela, 1993; Fekrat et al., 

2009). While the pupal period lasts for 3 to 10 days amongst different geographical areas 

(Patel et al., 2013). Females of T. tabaci preferred to overwinter in soil (Rueda and Shelton 

1995; Bagheri et al., 2002) but under laboratory conditions, the larva pupate on the side of 

the rearing glass tubes (Fekrat et al., 2009). Bagheri (2000) reported 13.58 days average 

developmental time of T. tabaci on onion at 25°C. 

Adult female longevity was found to be 11.5±1.8 days (Arrieche et al., 2006).  Adult 

longevity was also mentioned as 14.4±3.13 days and T. tabaci complete its total life span 

from 18 to 21 days (Pourian et al., 2009). Brian (2006) indicated that the entire thrips life 

cycle from egg to adult was completed in 19 days. Onion thrips development time from egg 

to adult was found to be 20 days (Bessin, 2004). The average life span of adult thrips requires 

16.15±7.58 days to be completed (Hassanzadeh et al., 2003). Bagheri (2000) performed 

laboratory experiments at 25°C and revealed that thrips females lived for about 17.27 days on 

onion. The average adult longevity was observed 27.97±6.01 days (Patel et al., 2013). 

Changela (1993) mentioned total adult life period of 16 to 42 days when reared on garlic 

while Fekrat et al. (2009) reported that adult thrips lived 12 to 30 days on onion. Complete 

life cycle of onion thrips lasted for about 38 to 62 days with an average of 49.66 ±5.79 days 

(Patel et al., 2013). 

 In New York, Hoffmann et al. (1996) observed 6 to 8 thrips generations per season 

and similarly, in Kentucky, 6 to 8 generations per year was also mentioned (Bessin, 2004). In 

North Carolina, 5 to 8 generations per year was found (Carter and Sorenson, 2013) 

 

http://jipm.oxfordjournals.org/content/6/1/6#ref-87
http://jipm.oxfordjournals.org/content/6/1/6#ref-87
http://jipm.oxfordjournals.org/content/6/1/6#ref-85
http://jipm.oxfordjournals.org/content/6/1/6#ref-89
http://jipm.oxfordjournals.org/content/6/1/6#ref-89
http://jipm.oxfordjournals.org/content/6/1/6#ref-5
http://jipm.oxfordjournals.org/content/6/1/6#ref-36
http://jipm.oxfordjournals.org/content/6/1/6#ref-5
http://jipm.oxfordjournals.org/content/6/1/6#ref-10
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2.5 Damage and losses caused by onion thrips 

Onion and other related Allium crops are attacked by different diseases and many 

arthropods are involved in reducing crop yield and quality (Lorbeer et al., 2002). Onion 

thrips was reported as a key pest of onion crop (Kendall and Capinera, 1987; Nawrocka, 

2003; Trdan et al., 2005; Alston and Drost, 2008). Both adult and larvae prefer to feed on 

plant sap using beak-shaped mouthparts having tooth like enlarged mandible and due to the 

removal of chlorophyll, the feeding sites become white to silvery in color. 

About 39% onion yield reduction was reported at low infestation and 57% reduction 

in case of severe thrips attack (Raheja, 1973). Kisha (1977) also noted 41% yield reduction 

caused by thrips attack. Rueda and Shelton (2000) observed up to 66% onion yield losses due 

to T. tabaci feeding. In the field during Rabi season ~50% losses in onion and garlic yield 

has been recorded due to thrips infestation (Juan, 2002; Diaz-Montano et al., 2011). Onion 

yield losses due to thrips attack may be in range of 4-85% (Jensen et al., 2003; Bekele et al., 

2006; Waiganjo et al., 2008) with reduced onion bulb weight (Rueda et al., 2007). 

2.6 Diseases caused by onion thrips  

In addition to direct damages by sucking the plant cell sap, T. tabaci also serve as 

vector of various onion plant diseases such as Iris yellow spot virus (Cortes et al., 1998; 

Kritzman et al., 2001; Doi et al., 2003; Hsu et al., 2010; Srinivasan et al., 2012), tomato spot 

wilt virus (Wijkamp et al., 1995; Wilson, 2001; Chatzivassiliou, 2002; Cabrera-La Rosa and 

Kennedy, 2007) and tomato yellow fruit ring virus (Golnaraghi et al., 2007). Iris yellow spot 

virus is not transmitted through seed (Gent et al., 2004) nor transmitted easily by mechanical 

means (Gent et al., 2006) and T. tabaci is the major carrier of this disease. When attacked by 

thrips and inoculation of its vectored disease, the leaves become dry and irregular, diamond 

shaped or straw to white in color with elongated lesions on leaf edges and seed stalk 

(Schwartz et al., 2002; Du Toit et al., 2004; Gent et al., 2006). Disease infection also cause 

reduction in bulb size (Gent et al., 2004) and its severe attack may lead to 100% crop loss 

(Pozzer et al., 1999). 

2.7 Economic threshold level of onion thrips 

Threshold level is a key indicator for insect pest suppression in onion crop (Coviello 

et al., 1993) and it depends upon crop stage, prevailing climate and location.  In Michigan, 

suggested ETL was 3 thrips/leaf (Quartey, 1982), 5-10 thrips/plant in Ethiopia (Tsedeke et 

http://www.nature.com/hdy/journal/v111/n3/full/hdy201339a.html#bib35
http://www.nature.com/hdy/journal/v111/n3/full/hdy201339a.html#bib36
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al., 1985), in Canada, the recommendations are 0.9 thrips/leaf during wet season while 2.2 

thrips/leaf during dry season (Fournier et al., 1995). In New York, the threshold of 3 

thrips/leaf has been recommended (Shelton et al., 1987) and 15-30 thrips per plant ETL was 

recommended in Utah (Alston and Drost, 2008). The threshold level may also be varied on 

different onion varieties, i.e. 3 thrips/leaf for most of the onion cultivars and 1 thrips/leaf 

have been reported for Spanish and green bunching onion (Hoffmann et al., 1996). The 

recommended ETL can also be changed with respect to treatment application time, 1 

thrips/plant at initially and 5 thrips/plant for the succeeding treatments (Hatfield, 2003). At 

crop development stage thrips ETL also changed, for 2-6 leaf stage, it was recommended as 

4-10 thrips/plant and 10-15/plant for 6 leaves to full grown plants (Bird et al., 2004), Nault 

and Shelton (2010) recommended 1-3 onion thrips per/leaf.  At mid-season of plant growth 

for synthetic insecticides a threshold of 30 thrips/plant found very successful in controlling 

thrips population (Shiberu and Mahammed, 2014). To keep the thrips population at 

manageable level, the early bulbing stage of onion crop is considered as best time to adopt 

control measures (Coviello et al., 1993). 

2.8 Insecticide resistance in onion thrips 

Insecticides are widely used for T. tabaci management in onion and mostly their 

multiple applications are very necessary (Nault et al., 2013). Therefore, non judicious and 

repeated application of chemicals belonging to same group is not recommended against 

onion thrips due to the development of insecticides resistance problem (Shitole et al., 2002; 

Martin et al., 2003; Herron et al., 2008; Morishita, 2008; Lebedev et al., 2013). The 

resistance of the onion thrips to a wide range of insecticides both in greenhouses and field 

crops was reported in the United States (Shelton et al., 2003a), Japan (Murai, 2004) and 

Canada (Allen et al., 2005). 

Insensitivity of conventional pesticides such as organophosphates, carbamates and 

pyrethroids group reported in some onion cultivated areas because of resistance issue in 

thrips population (Shelton et al., 2003a; Allen et al., 2005). Lambda-cyhalothrin, 

deltamethrin and diazinon which initially gave excellent suppression against onion thrips but 

later on thrips population shown resistance to these insecticides (Shelton et al., 2003b; Allen 

et al., 2005; Shelton et al., 2006). Methomyl (Lannate) remained effective in controlling 

onion thrips however, bioassay studies of this product revealed that some genes for 
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methomyl resistance were existing in some population of T. tabaci (Shelton et al., 2006) 

which is warranting to apply eco-friendly chemicals as crop protection measures. Onion 

thrips has developed resistance against deltamethrin, diazinon, dichlorvos and endosulfan so 

it is advised to not include these insecticides for onion thrips control (Martin et al., 2003).  

2.9 Management of onion thrips 

T. tabaci is polyphagous, multivolatine and highly fecundative pest of onion that 

reduces plant productivity, involves in flowers and fruit shedding and also transmits many 

lethal plant viruses (Reitz et al., 2011). It is a cosmopolitan pest which could cause up to 

50% reduction in onion yield (Fournier et al., 1995). In order to avoid the economic loss of 

onion crop the management of onion thrips is very necessary. Thrips management tactics 

involves the use cultural control practices (Finckh and Karpenstein-Machan, 2002; Malik et 

al., 2003a) including resistant onion varieties (Malik et al., 2004; Karar et al., 2013), 

conservation and release of natural thrips enemies (Bosco and Tavella, 2010; Jafari et al., 

2013; Jayanthi Mala and Nighot, 2013) and application of eco-friendly safe and selective 

insecticide at proper time (Nault and Shelton, 2010; Waters and Walsh, 2010; Nault and 

Shelton, 2012; Nault et al., 2013) 

2.10 Cultural control 

Cultural control practices play very effective role in management of thrips population 

and produce higher crop yield (Cheema et al., 2003; Msuya et al., 2005). Different 

sustainable practices are being carried out globally in order to manage thrips population in 

many vegetable crops. Cultural practices enhance natural thrips enemies, minimize number 

of pesticide application, reduce injudicious use of broad spectrum insecticides and manage 

insecticide resistance problem in insects (Martin et al., 2003; Rueda and Shelton, 2003; Ullah 

et al., 2007). 

2.10.1 Effect of intercropping on thrips population 

Intercropping is considered as sustainable method of pest‟s control that includes 

growing two or more crops in close association (Srinivasa-Rao et al., 2004; Risch, 2005; 

Songa et al., 2007; Kabura et al., 2008; Hassan, 2013). Benefits of intercropping includes; 

reduction in insect population, affect biological interaction of crops, reduce weeds pressure, 

increase grain yield, enhanced soil fertility, sustain plant health and more economic returns 

(Trdan et al., 2005;  Blaser et al., 2007; Sarunaite et al., 2010). 

http://jipm.oxfordjournals.org/content/6/1/6#ref-41
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 Coaker (1990) found that mix cropping has a potential for insect pest reduction. 

Sharaf EI-Din et al. (1993) reported that onion and cotton intercropping cause reduction in 

thrips (T. tabaci), aphid (Aphis gossypii) and whitefly (Bemisia tabaci) population. 

Intercropping with clover (Trifolium spp.) reduces onion thrips infestation in leek and onion 

crops (Hildenhagen et al., 1995; Theunissen and Schelling, 1998). Significant thrips 

population reduction was reported when leek intercropped with strawberry clover (Trifolium 

fragiferum L.) as compared to monocropping (Den-Belder et al., 2000). Kucharczyk and 

Legutowska (2002) also reported suppression in thrips incidence in case of leek intercropped 

with carrot (Daucus carota) and clover with French bean (Phaseolus vulgaris) intercropping 

system. Trdan et al. (2006) indicated that white clover (Trifolium repens) intercropping 

reduces thrips damage in onion with higher yield. Chilies intercropped with garlic and onion 

consistently reduce pest infestation with maximum yield (Aswathanarayanareddy et al., 

2006). Reduced pattern of aphid population was observed when mustard (Brassica spp.) 

intercropped with onion and garlic (Sarker et al., 2007). Chikte et al. (2008) indicated that 

intercropping cowpea (Vigna unguiculata) with cotton suppress thrips and whiteflies 

population. Pankeaw et al. (2011) indicated that single cropping system hosts much number 

of thrips population as compared to the mixed cropping system. Gachu et al. (2012) found up 

to 45.2% and 21.6%, reduction in thrips population when onion was intercropped with spider 

plant (Chlorophytum comosum) and carrot respectively. 

2.10.2  Effect of plant spacing on thrips population 

  Plant spacing is a very effective cultural method of pest management that affects food 

searching behavior and proper egg laying sites for wide range of insect pests (Ferro, 2002) 

and also provides healthy plant growth and lower down insect/disease attack (Anyim, 2002). 

Inverse relation was found between the increased line/plant spacing and insect population 

(Malik et al., 2003a; Asiwe et al., 2005; Ihejirika et al., 2008; Sarwar, 2008; Akinkunmi et 

al., 2012).  

Among five onion row spacing (20, 25, 30, 35 and 40 cm), 30 cm row to row and 20 

cm plant to plant distance was found to be most suitable in suppressing onion thrips 

population (Malik et al., 2003a).  Asiwe et al. (2005) determined gradual increase in aphid 

infestation on canola (Brassica spp.) with increase in plant spacing. Arif et al. (2006) found 

highest jassid (Amrasca biguttula) population with minimum plant spacing (12.5 cm) and 
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lowest jassid population with maximum plant spacing (38 cm). Sarwar (2008) used three row 

spacing (20, 30, 40 cm) with 9 cm plant to plant distance against aphid population on 

Brassica napus L. and highest aphids infestation was observed at 20 cm while least aphids 

population was recorded at 40 cm row spacing. Kalaichelvi (2008) studied the effect of 

cotton plant spacing on pest infestation and reported that closer plant spacing had more pest 

population.  

2.11 Biological control 

Biological control agents like predators, parasitoids and spiders naturally provide 

excellent control against various insect pests (Sigsgaard, 2002; Schmidt et al., 2004). Many 

predators are involved in controlling thrips such as anthocorid bug (Orius spp.; Anthocoidae: 

Hemiptera), lacewing Chrysoperla carnea Stephens (Chyrsopidae: Neuroptera), ladybird 

beetle (Coccinellid spp.; Coccinellidae: Coleoptera), hoverfly and predatory thrips (Kirk, 

1997; Sabelis and van Rijn, 1997). Ceranisus spp. also reported as successful parasitoid of 

thrips (Loomans, 2006). 

Anthocorid bugs are considered as efficient predators of thrips (Tommasini and 

Nicoli, 2002; Tommasini, 2004; Blaeser et al., 2004; Bosco and Tavella, 2010). Minute 

pirate bug, Orius laevigatus Fieber (Anthocoidae: Hemiptera) and predatory mite, 

Amblyseius cucumeris Oudemans (Phytoseiidae: Mesostigmata) were introduced together in 

reducing thrips damage (Budai et al., 2006). Aeolothrips intermedius Bagnall (Thripidae: 

Thysanoptera) and Orius niger (Wollf) evaluated in separated and combined way in 

controlling onion thrips which showed that O. niger consumed more prey as compared to A. 

intermedius (Fathi et al., 2008).  

Chrysoperla carnea (Stephens) is generalist predator and a key component of 

integrated pest management (IPM) modules against wide range of soft bodied insect pests 

including thrips (Saxena, 1975; Rashid et al., 2012). More than 95% population reduction 

(Gurbanov, 1984), 60.32% population reduction (Sattar, 2010) of thrips can be obtained by 

using C. carnea as a bio-control agent.   

The ladybird beetles of family coccinellidae are voracious feeders of most of soft 

bodied insect pests in horticultural crops and reduce a good number of pests in natural 

conditions (Omkar and Pervez, 2000; Khan 2001; Khan et al., 2013, Khaliq et al., 2014).  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2999400/#bibr10
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Along with other onion thrips predators, predatory thrips also play a vital role in 

management of T. tabaci especially on onion (Fok et al., 2014). Bosco and Tavella (2010) 

indicated efficient feeding potential of predatory thrips of the genus Aeolothrips against 

onion thrips. The major natural enemies (>80%) were parasitoids reported in India against 

onion thrips in onion and garlic rather than predators (16%) and mostly Ceranisus menes 

(Walker) feed on thrips in onion (Jayanthi Mala and Nighot, 2013). C. menes and C. 

americensis (Girault) were used against thrips in greenhouse crops found very effective to 

suppress thrips population (Loomans et al., 2006). C. menes parasitized onion thrips but 

during the cropping season the range of parasitism reported to be varied from 2 to 18% 

(Saxena, 1981). 

2.11.1 Predation of phytoseiid mites on onion thrips population 

Predatory mites belonging to family Phytoseiidae are distributed worldwide and 

considered as an important bio-control agent of soft bodied insects, preferably phytophgous 

mites and thrips (Easterbrook et al., 2001; Weintraub et al., 2003; Colfer et al., 2004; Moraes 

et al., 2004; Jafari et al., 2010).  Amblyseius cucumer has been successfully used for the 

control of thrips (Cuellar et al., 2002; Opit et al., 2005). Biological control of T. tabaci 

population with Amblyseius mckenziei was reported by Tashpulatova et al. (2008).  

A. swirskii preferably feed thrips larvae as compared to phytophagus mites (Xu and 

Enkegaard, 2010) and provide long-term control of western flower thrip (Frankliniella 

occidentalis) on sweet pepper (Kutuk et al., 2011). An adult female of Amblyseius fallacies 

consumed an average of 21.43 and 26.86 T. tabaci as a prey at 20°C and 30°C respectively, 

during its life span (Abdel-Karim and Abd EL- Wareth, 2012). A pair of mites, A. cucumeris 

consumes an average of five 1
st
 instar thrips/day while older/adult stages of thrips were rarely 

consumed due to their larger size. The female of another species A. barkeri consumed about 

89 1
st
 instar larvae of thrips during its total life span of 30 days (Riudavets, 1995; Sabelis and 

van Rijn, 1997). 

2.11.2 Genus Neoseiulus against onion thrips population  

The feeding potential of Phytoseiids (Neoseiulus) has been evaluated against thrips 

and was found successful predator to control thrips (Hansen, 1988; Bonde, 1989; Hewitt, 

2013). These mites are also used commercially as a bio-control agent of many pest species 

(Gerson et al., 2003). Three predatory mites, Phytoseiulus persimilis, Neoseiulus cucumeris 

http://jipm.oxfordjournals.org/content/6/1/6#ref-23
http://jipm.oxfordjournals.org/content/6/1/6#ref-41
http://jipm.oxfordjournals.org/content/6/1/6#ref-91
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and Neoseiulus californicus  were evaluated against T. tabaci and Aphis gossypii (Glover) 

and it was observed that N. cucumeris provided excellent control of both tested pests (Magdy 

et al., 2009).  N. cucumeris preferably feed on early instars and consumed an average of 2.7 

thrips/per day (Arthurs et al., 2009). 

N. barkeri and A. cucumeris were used against T. tabaci and results indicated that 

both species preferred to feed more numbers of initial instars of the prey (Bakker and Sabelis, 

1989). N. barkeri feed on western flower thrips (Fan and Petitt, 1994), coconut mite, Aceria 

guerreronis Keifer (Moore, 2000) and citrus psylla, Diaphorina citri (Fang, 2013). 

Phytoseiids (N. barkeri) successfully developed on 1
st
 instar thrips and consumption of these 

mites was observed as 2.70, 3.57 and 75.85 thrips by protonymphs, deutonymphs and adult 

female mites respectively (Jafari et al., 2013). 

2.12 Chemical control 

T. tabaci reported as a key pest of onion which can reduce >30–50% bulb yield 

(Fournier et al., 1995; Rueda et al., 2007). Onion bulb yield loses due to onion thrips 

reported ranged between 10-85% (Merene, 2005; Bekelle et al., 2006). Therefore, control of 

onion thrips is of much importance for better production and profitability of crops (Diaz-

Montano et al., 2011). Karar et al. (2013) reported that yield loss due to onion thrips was 

63.0% if remain unchecked.  

Generally various control methods such as cultural, biological, mechanical and 

chemicals are being used for the management of onion thrips. But success rate of these 

control measures are judged through consequence and the most acceptable control strategy is 

that which provides suitable suppression of target organisms and timely save the crop. 

Mahmood et al. (2009) used chemical method of onion thrips control and produced 

successful results. Despite of their availability of numerous classes, different  modes of 

action, knock down effects, ease of use the rapid development of insecticides resistance to 

insects remained a key problem (Herron et al., 2008; Lebedev et al., 2013). Many of the 

earlier registered products used against onion thrips are losing control efficacy but still 

insecticides have the primary mode to control T. tabaci in onion field (Morse and Hoddle, 

2006).   

 Chemical control is the rapid method of pest control and a key component of 

integrated pest management programme to overcome losses caused by insect pest to crops 
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(Sarfraz et al., 2005). There is no doubt that chemical control is the best strategy for 

management of insect pests but it should be used as the last option (Korejo et al., 2000). Bio-

pesticides and synthetic insecticides have been used intensively in the past for the 

management of onion thrips in different parts of the world and got a considerable knock 

down effects (Singh et al., 2012). 

Synthetic pesticides and chemicals along with their environmental and health hazards 

(Shah et al., 2000) could not be avoided because of their quick knockdown action and 

epidemic condition.  The conventional or non-conventional insecticides were used against T. 

tabaci exhibited a high efficiency in controlling the insect pests (Mousa and Taha, 2001; 

Abdel-Aziz, 2002; Khattak et al., 2006). Use of botanical insecticides is ideal for organic 

farming and is safe for both the environment and human health and is affordable where the 

materials are locally available (Ibrahim et al., 2015). Application of safe management tactics 

with botanicals and new chemistry insecticides are the way forward to fight against onion 

thips (Mallinath and Biradar, 2015). 

2.12.1 Use of botanicals against onion thrips 

Farmers are practicing extensive use of insecticides for crop protection but 

injudicious use of these chemicals is developing resistance in insect pests. The best way to 

overcome these issues is to add plant-based natural products for pest management in 

vegetable crops (Gupta et al., 2002; Devi et al., 2003; Bhandari, 2003). Plant extracts have 

been applied against different insect pests worldwide which are economical, easily available 

and effective (Jang et al., 2002; Cavalcanti et al., 2004; Abdel-Ghaffar, 2004; Wanderley-

Teixeir et al., 2006; Mohammad, 2009). These bio-pesticides such as neem extracts are not 

only toxic to insect but also act as repellent, antifedant, sterilant, anti-reproductive and insect 

growth regulator (Singh and Doharey, 2001; Anis et al., 2010; Vethanayagam and Rajendran, 

2010). Onion thrips show retarded growth when treated with Azadirachatin as seed extract 

(Klein et al., 1993). 

  Dadmal et al. (2001) reported 28% reduction in thrips population with application of 

3% neem oil and 61.37% reduction by 5% neem seed kernel extract (NSKE). Ayalew (2005) 

used ethanol extracts of neem seed powder to suppress onion thrips field population. Khattak 

et al. (2006) used 2% neem oil and 3% neem seed water extract which significantly reduced 

sucking insect pest‟s complex of cotton crop including thrips up to 7 days after treatment. 
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Use of neem oil @ 3.5 liter/ha is effective for controlling onion thrips and these botanicals 

are preferred over the conventional practices for thrips management as these are cheap and 

posess no side effects on environment (Mishra et al., 2007). The 54.2% thrips (Scirtothrips 

dorsalis) population infesting chili crop can be reduced with the application of neem 

pesticides (Mandi and Senapati, 2009). Treatment with 2% neem seed kernel extract 

suppressed 74.37% population of S. dorsalis (Jagdish and Purnima, 2011).  

Gami et al. (1994) observed 96% mortality of thrips after application of Humicola 

spp. The use of Capsicum spp. powder against thrips provides good control (Onu and Aliyu, 

1995). Bekele et al. (1996) used fresh leaves, inflorescence and tender stems of Ocimum 

suava against onion thrips. Plant extracts such as Azadirachta indica, Phytolacca 

dodecandra, Nicotiana tabacum and Chrysanthemum cinerariaefolium were used for onion 

thrips management (Stoll, 2000). Plant extracts of Calotropis procera, Dhatura alba and 

Citrullus colocynthus provide 42.67%, 17.23% and 6.77%, mortality of onion thrips 

respectively (Malik et al., 2003b). Cymbopogon citrates and Parthenium hysterophorous 

proved to be effective against onion thrips (Dodia et al., 2008). The biopesticide especially 

pyrethrin if added in place of synthetic pesticide, it would be safer and gave economical 

control of thrips (Chandra et al., 2010).  

 Datura (Datura alba) significantly reduces T. tabaci population followed by neem oil 

and if garlic and eucalyptus plant products applied twice, even than datura and neem 

provides more thrips suppression (Khan et al., 2013). Root extract of Parthenium 

hysterophorous reduced onion thrips at 1
st
 day but tend to decreased within 7 days after 

application (Shiberu, 2013).  

2.12.2 Use of synthetic insecticides against onion thrips 

Synthetic insecticides remain the primary choice for the growers to control T. tabaci 

and some time it also require multiple applications of the insecticides (Shelton et al., 2006; 

Nault and Shelton, 2010). Up to 32% and 40% increase in onion yield was observed when 

treated with chemicals as compared to untreated control (Uvah, 1984; Ibrahim and Adesiyun, 

2010). 

Synthetic insecticide methamidophos (60 SL) produce more than 80% reduction in 

thrips population in onion field (Hazara et al., 1999).  Abamectin used in onion crop against 

Liriomyza sativae (Blanchard) and T. tabaci suppress their population with maximizing 
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onion yield (Kawate and Coughlin, 1995). T. tabaci was managed with synthetic chemicals 

showed that methamidophos gave excellent results followed by dicrotophos and endosulfan 

while monocrotophos and cypermethrin were comparatively less effective (Hussain et al., 

1997). Cloyd and Sadof (2000) recommended acephate and spinosad for better thrips control. 

Ludger and Jean (2005) reported lower thips population in onion with application of lambda 

cyhalothrin altered with different insecticide class. Onion crop treated with Ripcord 

(cypermethrin), Lorsban (chlorpyrifos), Thunder (dichlorvas) and Laser (cypermethrin + 

dimethoate) provide 66.46-93.29% thrips mortality after first application and 82-92% thrips 

mortality after second application (Yasar et al., 2006). More than 85% thrips mortality in 

onion was observed with the use of acetamiprid and spinosad (Shelton et al., 2006). 

Significant reduction in onion thrips population was obtained with the application of 

imidacloprid, acetamaprid and emamectin benzoate (Kadri and Goud, 2006). Onion crop 

treated with cypermethrin showed least number of T. tabaci population with higher onion 

yield (Asencio and Velez, 2008).   

Mixture of triazophos and deltamethrin used in onion reduce onion thrips 

significantly with increased onion yield (Patil, et al., 2009). Acetamiprid and thiamithoxam 

provide 93.3% and 89.93% thrips mortality respectively (Mandi and Senapati, 2009). Use of 

synthetic insecticides, thiacloprid and chloropyrifos and botanical, neem (azadirachtin) 

against thrips population revealed that synthetic pesticides lower down thrips significantly 

than neem product (Nderitu, et al., 2010). Following insecticides, triazophos, dimethoate, 

fenpropathrin, imidacloprid, acetamiprid, spinosad and eco-neem against sucking cotton 

insect pests including T. tabaci and observed that dimethoate followed by imidacloprid  and 

triazophos gave excellent suppression of T. tabaci (Shivanna, et al, 2011). Mixture of 

deltaphos and confidor reduce T. tabaci population for 168 hours after application followed 

by cypermethrin and confidor combination (Awan and Saleem, 2012). 

New chemistry and selective chemicals used in onion field that manage T. tabaci 

population in a very effective maner and also minimize number insecticide application (Nault 

and Shelton, 2010; Nault et al., 2013). Application of imidacloprid 17.8 SL @ 0.5 ml/liter of 

water and fipronil 5 SC @ 1 ml/liter of water gave 68.47% and 76.96% T.tabaci mortality 

respectively, in garlic crop (Verma et al., 2012). 
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 New product, spinetoram provide 95%-97% thrips mortality in New York (Nault and 

Hessney, 2006, 2008). Both in laboratory and field conditions, four lethal concentrations (Lc 

10, Lc 20, Lc 50 and Lc 90) of spinetoram were tested against onion thrips and green peach 

aphid (Myzus persicae) and concluded that adult stage of both insects were found more 

susceptible to spinetoram than nymphal/larval stages (Mahmoud et al., 2009). It has been 

reported that Radiant® (spinetoram) and Lannate® (methomyl) provide excellent 

suppression of onion thrips while Movento® (spirotetramat) and Agrimek® (abemectin) 

were found moderately effective (Waters and Walsh, 2010). In addition to spinetoram, new 

chemistry product, spirotetramat, abamectin and cyantraniliprole showed good suppression 

of onion thrips population (Nault et al., 2010).  

Contact toxicity of spinetoram (Radiant®), spirotetramat (Movento®), formetanate 

(Carzol®) and spinosad (Tracer®) was evaluated in the laboratory using glass-vial test 

against nymph/larvae and adults of onion thrips and it was observed that spinetoram 

(Radiant®) and spinosad (Tracer®) performed better even at low lethal doses (Greenberg et 

al., 2012). The efficacy of spinosad, abmectin and chlorpyrifos was evaluated under 

laboratory conditions against thrips and results revealed that all tested insecticides were more 

toxic to nymphal/larval instars as compared to adult thrips and spinosad was found relatively 

more toxic than other insecticides in leaf dip method (Yarahmdi et al., 2009). Vial and spray 

table bioassay techniques were conducted in laboratory against adult thrips of Frankliniella 

spp. treated with dicrotophos, methmidophos, spinosad, thiamethoxam and imidacloprid and 

it was concluded that spinosad  remained highly toxic in both methods (Lopez et al., 2008). 

Commercial recommended doses of new chemistry product i.e, Radiant® (spinetoram), 

Movento® (spirotetramat) and Confidor
®
 (imidacloprid) were produced more than 95% 

cumulative mortality of Citrus psylla in laboratory conditions (Khan et al., 2013). Efficacy of 

spinosad, lambda-cyhalothrin and acibenzolar-S-methyl were also tested against thrips 

population in laboratory bioassays (Mautino et al., 2012). Toxicity of tested insecticide 

depends upon the size and stage of insects to be used in bioassay experiments but no 

significant change was observed in 2
nd

 thrips instar and adults against spinosad susceptibility 

(Shelton et al., 2003a). 

Bio-rational chemical products such as spinosad, neemix, mectin and biofly reduce 

onion thrips population and also have minimum effects on natural predatory fauna 
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(Mahmoud and Osman, 2007). Very promising results of spinosad and neem extract was 

observed in Colorado and Oregon (USA) for the management of thrips population in onion 

(Jensen et al., 2003, 2004)  Neem insecticides provide 54.2% thrips reduction while BT as a 

microbial pesticide gave 43.43% thrips control (Mandi and Senapati, 2009). Spinosad 

provide significant suppression of thrips population on onion and other crops as well 

(Funderburk et al., 2000; Reitz et al., 2003; Mahmoud and Osman, 2007; Srivastava et al., 

2008).  

2.13 Integrated pest management of Thrips tabaci 

Extensive uses of pesticides produce negative impact on human and environmental 

health. So there is demand for an alternative pest management technique. Integrated pest 

management is an ideal way that not only improve onion yield but also have less or no 

environmental and human health hazards with low production costs (Ahmed et al., 1997; 

Kannan, 1997; Musa, 2008; Abdel- Reman and Hamid, 2013). Integrated pest management 

technique includes, the use of straw mulch (Momol et al., 2004; Gent et al., 2006; Larentzaki 

et al., 2008), intercropping (Trdan et al., 2006; Gachu et al., 2012), row spacing (Malik et al., 

2003a), onion cultivars resistant to thrips (Malik et al., 2003a; Diaz-Montano et al., 2010), 

use of biological control agents (Tashpulatova et al., 2008; Bosco and Tavella, 2010; Hewitt, 

2013), treatment with new chemistry insecticides and botanicals (Koschier et al., 2002; Yasar 

et al., 2006; Patil et al., 2009; Nault et al. 2013) against T. tabaci.  

Being low risk and eco-friendly insecticides, spinosad and neem were used on many 

crops as IPM and organic plant protection tools throughout the world (Hines and Hutchison, 

2001; Grisakova et al., 2006; Burkness and Hutchison, 2008). Mautino et al. (2012) 

recommended spinosad and acibenzolar-S-methyl as an alternative insecticides to preserve 

natural enemies rather than conventional insecticides. Integrated control measures were used 

against onion thrips in Balochistan, Pakistan and results indicated that Chiltan-89 variety 

performed better as compared to other onion varieties while row to row distance of 30 cm 

and plant to plant distance of 20 cm suppressed T. tabaci and the botanical insecticides 

Calotropis procera Latex infusion and selective insecticide, monocrotophos provide 43.88% 

and 77.65% thrips control (Malik, 2005). Integrated pest management methods were 

implemented on onion against T. tabaci by using wood shaving mulch in combination with 

profenfos, lambda-cyhalothrin and azadirachtin and it was concluded that wood shaving 
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mulch and lambda-cyhalothrin minimize onion thrips ultimately with higher onion yield 

(Simon and Victor, 2005). 

In Italy, Bosco and Tavella (2010) used environment friendly method to control T. 

tabaci infesting leek (Allium porrum L.) and results indicated that biological control agents 

and selective safe chemicals preserve natural predators, reduce thrips infestation and increase 

yield.  Integrated pest management approaches were used against onion thrips and it has been 

concluded that imidacloprid and spinosad control thrips population but also have negative 

impact on natural predators while YR015, an organic insecticide, cannot reduce thrips 

population effectively but found to be non-toxic against natural enemies and they also 

recommended that in IMP programmes, the natural predators should be added in the presence 

of selective and safe insecticides that conserve and enhance their population in onion field 

(Workman and Martin, 2002). 
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CHAPTER 3  

 STUDY 1: IMPACT OF CULTURAL PRACTICES ON POPULATION OF Thrips 

tabaci LINDEMAN (THYSONAPTERA: THRIPIDAE) 

3.1 Abstract 

To evaluate the impact of cultural practices on onion thrips population, four 

intercrops (chili, tomato, okra and cotton) and five plant spacings (10, 15, 20, 25 and 30 cm) 

were used in onion field crop. Minimum thrips density (8.21±1.6 in 2011 and 10.72±1.94 in 

2012) per plant was recorded in case of onion and cotton intercropping during both years of 

study. The maximum thrips density (26.19±5.67 in 2011 and 33.15±6.73 in 2012) per plant 

was observed in control plots with no intercropping during both experimentl years. Onion 

plots intercropped with cotton yielded highest bulb weight and more yield/plot followed by 

tomato, chili and okra. No difference in mean bulb weight of control (without intercropping) 

and onion intercropped with okra was recorded in current study. However, bulb weight of 

onion in both of these plots was significantly lower as compared to onion plots which were 

intercropped with cotton. 

 In case of plant spacing, minimum thrips density (14.85±3.16 in 2011 and 

19.55±4.60 in 2012) per plant was recorded in onion plots where plant to plant spacing was 

kept 30 cm followed by 25, 20, 15 and 10 cm during both experimental years. The thrips 

density per plant was increased with the decrease in plant to plant spacing. Further, single 

bulb weight with 30 cm plant spacing was significantly higher as compared to lowest plant 

spacing (10 cm). In both years, onion plots with minimum plant spacing (10 cm) produced 

more yield/plot but with lowest bulb weight and vice versa. Therefore, it was concluded that 

cotton should be intercropped with onion as a trap crop and medium onion plant spacing 

should be practiced for reducing thrips infestation and suitable bulb size with optimum yield. 
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3.2 Introduction 

Thrips tabaci is a key pest of onion and cosmopolitan in distribution (Lorbeer et al., 

2002; Nawrocka 2003; Jensen et al., 2003; Waiganjo et al., 2008). It is causing much 

economic losses and also vector of different diseases. Cultural and agronomic practices play 

a vital role in onion thrips management and to produce better onion yield (Cheema et al., 

2003; Msuya et al., 2005). Several sustainable practices are being used worldwide in 

reducing thrips infestation of many vegetable crops. These practices are helpful in reducing 

injudicious use of broad spectrum insecticides and also manage insecticides resistance 

problem in insects (Martin et al., 2003; Rueda and Shelton, 2003; Ullah et al., 2007). 

Intercropping and plant spacing are very important cultural techniques that keep thrips 

population at economic level on onion crop (Finckh and Karpenstein-Machan, 2002; Malik et 

al., 2003a). Intercropping contain wide range of benefits including, suppression of weeds, 

improvement in soil fertility, conservation of natural predatory fauna and higher production 

(Trdan et al., 2005; Trdan et al., 2006; Blaser et al., 2007; Kabura et al., 2008; Rao et al., 

2012).  

Intercropping is a traditional practice but has been placed as an important component 

of crop production system in developing countries (Sodiya et al., 2010). Onion and clover 

(Trifolium) intercropping cause reduction in onion thrips population and higher onion yield 

(Hildenhagen et al., 1995; Trdan et al., 2006). Chilies intercropped with garlic and onion 

consistently recorded lower pest infestation level with higher yield (Aswathanarayanareddy 

et al., 2006). A significantly higher population of thrips was observed in the single or mono 

cropping rather than mixed-cropping (Pankeaw et al., 2011). Up to 15.7% thrips reduction 

was achieved when onion intercropped with spider plant (Gachu et al., 2012). 

Reasonable plant spacing can change the pest behavior by reducing appropriate egg 

laying sites and suitable shelter for insects which ultimately provide healthy plant growth and 

lower down insect and disease incidence (Anyim, 2002; Ferro, 2002). It has been observed 

that more plant spacing reduces insect pest infestation (Asiwe et al., 2005; Ihejirika et al., 

2008; Sarwar, 2008; Akinkunmi et al., 2012). Row to row distance of 30 cm and plant to 

plant distance of 20 cm distance reported to be most suitable to suppress thrips population 

and produce better onion yield (Malik et al., 2003a). Saud et al. (2013) reported significant 
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increase in onion average bulb weight as higher plant spacing help in bulb expression and 

also minimize competition for nutrient and light. 

 Keeping in view the importance of cultural practices, present study was carried out to 

find out the impact of some intercrops and different plant spacing for the management of 

thrips population in bulb onion. 

3.3 Materials and methods 

3.3.1 Effect of intercropping on thrips population 

The study was conducted at University College of Agriculture, University of 

Sargodha, Sargodha, Punjab, Pakistan during 2010-2012. The intercropping of onion with 

four intercrops i.e. chili (Capsicum annum L.), tomato (Lycopersicon esculentum L.), okra 

(Abelmoschus esculentus L.) and cotton (Gossypium hersutum L.) was studied to check their 

impact on thrips population. Fifteen plots [three for each treatment (4×3=12) and three 

untreated controls] were utilized for each experiment. The size of each plot was 800 cm long 

and 180 cm wide having six alternate rows of intercrops and onion. In each row the count of 

plants were 50 onion and 25 plants of intercrops. In all treatment plots, row to row distance 

was maintained 30 cm while plant to plant distance between onion and intercrop was 15 cm 

and 30 cm respectively. A distance of 90 cm was maintained between each experimental plot. 

Randomized Complete Block Design (RCBD) was used. Plots were irrigated using canal 

water on weekly basis during early three irrigations, while the duration was prolonged to 10-

14 days afterward keeping in consideration the moisture requirement of soil apparently. The 

total required fertilizers were applied in three split doses (i) at sowing, (ii) seedling 

transplantation and (iii) onion bulb formation time. The recommended fertilizers doses 

(kg/ha) of Nitrogen, Phosphorus and Potassium at a ratio of 35:35:25 were applied. 

3.3.2 Effect of onion plant spacing on thrips population 

Onion seedlings of 10 weeks old were shifted from nursery to experimental field plots 

during mid of January. Impact of five plant spacings (10, 15, 20, 25 and 30 cm) was observed 

on onion thrips density. In total, 15 experimental plots [three for each of four treatments 

(4×3=12) and three untreated controls (15 cm) were utilized for each experiment. Distance 

between experimental plots was same as in intercropping experiment. In each plot, there 

were three rows of onion seedlings.  In row one, there were 75 plants and plant to plant space 
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was 10 cm. In the 2
nd

, 3
rd

, 4
th

 and 5
th

 row the numbers of plants were 50, 38, 30, 25 and plant 

to plant distance was 15, 20, 25 and 30 cm respectively. In all treatment plots row to row 

distance was 30 cm. A distance of 90 cm was maintained between experimental plots. The 

design used was a Randomized Complete Block Design (RCBD). Irrigation and fertilizer 

application patterns were same as described in intercropping experiment. 

3.3.3 Data collection 

Fifteen plants were randomly selected (5 plants/row) from each experimental field 

plot for thrips population estimation. The adults and larval thrips population per leaf was 

visually counted on weekly basis after nursery transplantion to crop maturity by using 

magnifying hand lens (4X). The weight of single bulbs (g), five plants were selected 

randomly from each plot and weighed. Then average was calculated. For plot yield, all the 

plants of a plot were harvested and weighed by digital balance and then yield was converted 

to yield/hactare (tonnes). Yield from control plots were also recorded. 

3.3.4 Data analysis 

Normality of the data was checked before analyzing the data. Parametric tests were 

performed on normal data. Analysis of variance (ANOVA) and Tuckey‟s test was used to 

compare means among treatments. Pearson correlation was performed to find out the 

relationship of thrips density and plant spacing. Results were considered significant if P 

value was less than 0.05. All statistical analysis was performed using SPSS (version 16) and 

Minitab (version 14.1).  

3.4 Results 

3.4.1 Intercropping  

 Non-significant difference was found between data of two years, therefore it was 

pooled together for statistical analysis. Minimum thrips density was recorded in onion plots 

intercropped with cotton followed by tomato, chili and okra, respectively (Table 3.1). The 

maximum thrips density was recorded in control plots i.e., 26.19±5.67 (2011) and 

33.15±6.73 (2012). Statistically significant difference was found in the thrips densities 

among treatments (F4, 250 = 7.79; P< 0.001 for 2011 and F4, 250 = 9.77; P< 0.001 during 2012). 

Onion plots intercropped with cotton yielded highest bulb weight followed by tomato, chili 

and okra, respectively. No difference was recorded in mean bulb weight of control and onion 

plot intercropped with okra. However, bulb weight of onion in both of these plots was 
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significantly lower compared to the onion plots intercropped with cotton (Table 3.1). When 

the onion yield (tonnes/hectare) was compared among treatments, no difference was found in 

the onion plots intercropped with chili, okra and tomato. However, yield of control plots 

(without intercropping) was significantly less compared to the onion crop intercropped with 

cotton. Over all, there was significant difference among treatments for bulb weight (F4, 14 = 

5.19; P< 0.01), yield/plot (F4, 14 = 5.15; P< 0.01) and onion yield tonnes/hectare (F4, 14 = 5.17; 

P<0.01). 

3.4.2 Plant spacing  

Minimum thrips density was recorded in onion plots in which plant to plant space was 

30 cm followed by 25, 20, 15 and 10 cm plant spacing, respectively (Table 3.2). The thrips 

density was increased with the decrease of plant to plant space (Table 3.2). Statistically non-

significant difference was found in the thrips densities between plots with 10 cm and 15 cm 

plant spacing. Similarly, there was no difference in thrips density between the plots in which 

plant to plant spacing was 20 cm and 25 cm. However, the thrips density in the plots with 30 

cm plant spacing was significantly lower compared to the all other treatment plots (F4, 250 = 

2.62; P= 0.036 during 2011 and F4, 250 = 1.88; P= 0.11 was observed during 2012). There was 

significant negative correlation between plant spacing and thrips density (Pearson 

correlation= -0.997; P< 0.001). Similarly, onion plots with 30 cm plant spacing yielded 

highest bulb weight. There was non-significant difference in mean bulb weight of onion plots 

with 20, 25 and 30 cm plant spacing. However, these plots differed significantly from the 

plots with 10 cm plant spacing (Table 3.2). Maximum onion yield tonnes/hectare was found 

in plot with 10 cm plant spacing followed by control plots with 15 cm plant spacing. 

However no significant difference was observed in yield tonnes/hectare among treatments 

with plant spacing 20, 25 and 30 cm. Over all there was significant difference among 

treatments for bulb weight (F4,14 = 6.55; P= 0.007), yield/plot (F4,14 = 9.19; P= 0.002) and 

onion yield tonnes/hectare (F4,14 = 9.2; P= 0.002). 
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Table 3.1 Effect of intercropping on onion bulb weight, yield/plot and yield tonnes/hectare (MSE±) 

 

Treatments 
Mean thrips density 

(MTD) 
Bulb weight (g) Yield/plot (kg) Yield (t/ha) 

 

2011 2012 2011 2012 2011 2012 2011 2012 

Control 26.19±5.67
c
 33.15±6.73

d
 45.18±2.2

a
 40.98±2.2

a
 6.77±0.32

a
 6.14±0.52

a
 9.72±0.47

a
 8.82±0.51

a
 

Chili 19.42±4.26
 b
 23.03±4.4

b
 50.82±2.9

ab
 48.51±2.1

b
 7.62±0.43

ab
 7.27±0.47

ab
 10.15±0.62

ab
 10.44±0.86

ab
 

Tomato 18.01±3.97
 b
 20.75±3.98

b
 51.38±3.04

ab
 49.73±2.64

b
 7.70±0.45

ab
 7.46±0.39

ab
 11.06±0.68

ab
 10.70±0.55

ab
 

Okra 23.68±5.1
c
 29.25±5.96

c
 46.66±3.25

a
 43.71±3.03

a
 7±0.48

ab
 6.55±0.43

ab
 10.04±0.69

ab
 9.41±0.78

ab
 

Cotton 8.21±1.6
 a
 10.72±1.94

a
 55.45±3.64

b
 53.51±2.41

c
 8.31±0.54

b
 8.02±0.59

b
 11.93±0.78

b
 11.52±0.73

b
 

 

Note: Values in the column having different superscripts are significantly different. 
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Table 3.2 Effect of plant spacing on onion bulb weight, yield/plot and yield tonnes/hectare (MSE±) 

 

Note: Values in the column having different superscripts are significantly different. 

 

 

 

 

 

 

 

 

Treatments 

Mean thrips density 

(MTD) Bulb Weight (g) Yield/plot (kg) Yield (t/ha) 

2011 2012 2011 2012 2011 2012 2011 2012 

Control (15 cm) 22.68±4.76
c
 27.66±6.21

c
 59.66±2.5

ab
 45.25±2.3

ab
 5.96±0.33

b
 6.78±0.31

b
 12.84±0.48

ab
 9.74±0.56

ab
 

10 cm 24.31±5.07
c
 30.56±6.78

c
 50.81±2.97

a
 37.86±2.67

a
 7.62±0.57

b
 8.22±0.63

b
 16.40±0.82

b
 12.22±0.72

b
 

20 cm 19.64±4.15
b
 24.31±5.50

b
 66.46±3.04

b
 51.07±2.84

ab
 4.98±0.34

a
 5.71±0.31

a
 10.73±0.49

a
 8.21±0.44

a
 

25 cm 17.28±3.67
b
 21.82±4.95

b
 71.57±2.14

b
 58.68±2.11

b
 4.29±0.27

a
 5.28±0.24

a
 9.24±2.55

a
 7.52±2.16

a
 

30 cm 14.85±3.16
a
 19.55±4.6

a
 73.29±2.55

b
 59.93±2.35

b
 3.66±0.19

a
 4.49±0.16

a
 7.89±0.27

a
 6.45±0.24

a
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3.5 Discussion 

Integrated insect control method has a key role in enhancing onion yield with 

minimum costs and low risks for human health and environmental hazards (Ahmed et al., 

1997; Kannan, 1997; Musa, 2008; Abdel Reman and Hamid, 2013). Among these methods, 

cultural practices such as intercropping are very important component of eco-friendly 

management of many economic pests. In present study, thrips population reduction in year 

2011 was observed as 68.6%, 31.2%, 25.8% and 9.6% when onion was intercropped with 

cotton, tomato, chili and okra, respectively as compared to control. Almost similar trend was 

observed in 2012. These findings are in agreement with Gachu et al. (2012) who observed up 

to 45.2% and 21.6%, reduction of onion thrips density when onion crop was intercropped 

with spider plant and carrot, respectively. Present results are also in accordance with Afifi et 

al. (1990) as they reported 80% reduction in onion thrips infestation by intercropping of 

onions and garlic with tomato in Egypt and in England, Uvah and Coaker (1984) observed 

50% decreased in onion thrips population with mixed planting of carrot and onion. 

Legutowska et al. (2003) and Kucharczyk and Legutowska (2002) also found significant 

decrease in T. tabaci population with carrot and leek intercropping.  

When onion was intercropped with cotton, the thrips population moved towards 

cotton seedlings.  Faircloth et al. (2002) also reported that cotton seedlings are more 

susceptible to thrips attack. So cotton can be used as trap crop in onion and when thrips 

population reached to a certain level, the trap crop should be sprayed with insecticide (Alston 

and Drost, 2008). Sharaf EI-Din et al. (1993) also recorded less number of sucking pest‟s 

infestation including T. tabaci in onion intercropped with cotton.  

In addition to reduction in thrips population, intercropping also showed positive 

effects on onion yield. Trdan et al. (2006) reported thrips suppression and higher onion bulb 

yield when onion was intercropped with white clover but Lacy phacelia intercropped in 

onion reduced onion yield. The reason behind this reduction in onion bulb yield could be 

competition between intercrop for nutrients, light and water (Trdan et al., 2006). Similarly, 

Kabura et al. (2008) revealed that onion and pepper intercropping did not affect bulb size and 

also recorded higher total and marketable onion yield in monocrop onion than intercrop. 

Gombac and Trdan (2014) found least thrips damage to leek plants when intercropped with 

http://jipm.oxfordjournals.org/content/6/1/6#ref-1
http://jipm.oxfordjournals.org/content/6/1/6#ref-1
http://jipm.oxfordjournals.org/content/6/1/6#ref-107
http://jipm.oxfordjournals.org/content/6/1/6#ref-3
http://jipm.oxfordjournals.org/content/6/1/6#ref-3
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birdsfoot trefoil (Lotus corniculatus L.) but significantly lower yield was obtained as the 

intercrop remained pretty competitive with leek plants. 

Proper plant spacing leads to healthy plant growth and also reduces insect pest‟s 

infestation (Anyim, 2002). In present study, inverse relation was found between plant 

spacing and thrips population in onion field crop. Almost similar pattern was observed in 

many crops against different insect pests (Ihejirika et al., 2008; Sarwar, 2008; Akinkunmi et 

al., 2012). Present study showed 13.40% reduction in thrips population and 11.39 % increase 

in onion bulb weight when plant to plant distance was increased from 15 cm (control) to 20 

cm in year 2011 and same trend was observed in 2012. Similar results were obtained by 

Malik et al. (2003a) and they recommended 30 cm row to row and 20 cm plant to plant 

distance for thrips suppression and also produced better yield. Asiwe et al. (2005) and Sarwar 

(2008) also reported gradual decrease in aphid infestation with the increase in plant spacing 

in canola. Similarly, Arif et al. (2006) found lowest jassid population at highest plant 

spacing.  Abdel-Rahman and Hamid (2013) suggested that onion seedlings transplanted on 

ridges at 10 cm distance ensured better onion bulb size and ultimately produced better yield. 

The increase bulb weight by increasing plant spacing in current study is an agreement 

with the results of Saud et al. (2013) who noted significant increase in average bulb weight 

with higher plant spacing. The same result was observed by Farrag (1995) who mentioned 

that single onion bulb weight increased with low plant density. Increase plant spacing  

provide more space to bulb for expression and reduce competition for nutrient and light 

(Saud et al. 2013) affect food searching and egg laying behavior of insect pests (Ferro, 2002) 

and reduced pest damage with increase in plant spacing (Anyim, 2002). 

The lower plant spacing produces more yield per plot and ultimately enhance total 

yield because of more number of plants. Stoffella (1996) and Kahsay et al. (2013) found that 

onion yield increased with higher plant density but at the expense of smaller bulb size. 

Asaduzzaman et al. (2012) recommended wider plant spacing for quality onion seed 

production. Similarly, Khan et al. (2003) reported that wider plant spacing gave larger onion 

bulb size which was not better for storage purpose and for consumer demand while closer 

spacing produced small bulb size which was not suitable for consumer choice. Therefore, 

medium bulb size with optimum plant spacing is recommended in onion to minimize the 

thrips density, maintain the bulb size and with better ultimate yield.  
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CHAPTER 4 

 STUDY 2: SUITABILITY OF Thrips tabaci L. (THYSONAPTERA: THRIPIDAE) AS 

PREY FOR PHYTOSEIID MITES, Neoseiulus barkeri H. (ACARI: 

PHYTOSEIIDAE) 

4.1 Abstract 

The predatory efficacy of phytoseiid mite, Neoseiulus barkeri was evaluated against 

onion thrips in controlled conditions. For this purpose, different stages of thrips larval instars 

and adults were provided as prey in combination (choice test) or separately (no choice test).  

In choice test, non significant difference in per day total thrips consumption by predatory 

mite was observed. But in both observation hours (12-hrs or 24-hrs), a significant difference 

was observed between the feeding of immature and adult thrips. In no choice test, when we 

confined predatory mite N. barkeri to feed on specified diet (1
st
 instar, 2

nd 
instar or adults 

separately) of T. tabaci. a significant difference in total thrips consumption per day was 

observed in each prey group. In both tests, predatory mites feed more number of thrips 1
st
 

larval instar as compared to 2
nd

 larval instar and adults. However, consumption rate was 

rather higher in initials hours of observation (12-hrs) and was slow down later on (24-hrs), 

this may be due to aggressive predation initially. As predatory mites feed more on early 

thtips instars so it is recommended that predators should release during early pest outbreak in 

the field to keep pest population below economic injury level. 

4.2  Introduction 

Biological control involves the use of natural bio-control agents against certain insect 

pests to keep their population below the level at which economic plant loss would occur 

(Heinz et al., 2004). The main objective of biological control is to introduce species, 

conserve or manipulate existing natural enemies to regulate the density of the pest population 

(Pedigo and Rice, 2009). Cost effectiveness and performance of natural enemies are 

perceived barriers to success of any biological control program (Buitenhuis et al., 2007). Due 

to cryptic nature, onion thrips lies between onion leaves, so adults or even immature of large 

sized predators such as ladybeetles, lacewings, syrphidflies rarely reach to feed them. 

Therefore, small active predators are required to maintain thrips population below economic 

injury level. 
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Predatory mites of family Phytoseiidae are minute but very active predator that 

control phytophagous mites and T. tabaci especially in onion (Van-Houten et al., 2005; 

Messelink et al., 2008; Wimmer et al., 2008; Arthurs et al., 2009). Riudavets (1995) and 

Sabelis and van Rijn (1997) reported that a pair of phytoseiid mites,  Amblyseius cucumeris 

fed on an average five thrips larve/day and prefer 1
st
 instar, while A. barkeri prey about 89 

first instar thrips larvae in its complete life span. The predatory mite A. cucumeris 

successfully used as effective predator for the control of many thrips species (Cuellar et al., 

2002; Opit et al., 2005). Neoseiulus cucumeris reduced 89.21% T. tabaci population on 

cucumber plants (Hassan et al., 2008). A. swirskii prefer to feed on thrips larvae as compared 

to phytophagus mites in laboratory condition (Xu and Enkegaard, 2010) and also provide 

long-term management of western flower thrips on sweet pepper (Kutuk et al., 2011).  An 

adult female of Amblyseius fallacies fed an average of 21.43 and 26.86 T. tabaci as a prey at 

temperature of 20°C and 30°C respectively during its life span (Abdel-Karim and Abd EL- 

Wareth, 2012). 

Neoseiulus barkeri H. (Acari: Phytoseiidae) is an oligophagous predatory mite and 

reduce Tetranycus urticae and T. tabaci infestation on cucumber and pepper plants (Karg et 

al., 1987; Hansen, 1988). N. barkeri used against T. tabaci, reported to fed on more number 

of initial instars of the prey (Bakker and Sabelis, 1989). It can also feed on western flower 

thrips (Fan and Petitt, 1994). N. barkeri female produced 1.9, 2.1, 2.3 eggs per day by 

feeding on nymphs of T. urticae, T. tabaci and eriophyid mites, respectively (Momen, 1995; 

Metwally et al., 2005). 

As phytoseiid mites efficiently control T. Tabaci in onion, therefore, the present 

experiments was conducted in laboratory condition to find out suitability of N. barkeri 

against different stages of T. tabaci as prey. The findings may produce a base line for an 

efficient and eco-friendly management of onion thrips. 
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4.3  Materials and methods 

4.3.1 Insects colonies and experimental conditions 

The experiments were conducted at Department of Agri. Entomology, University of 

Agriculture, Faisalabad, Pakistan during 2012.  

4.3.2 Predatory mite culture 

Neoseiulus barkeri (Acari: Phytoseiidae) was collected from onion field crop and 

brought to Acarology research laboratory, University of Agriculture, Faisalabad, Pakistan for 

experimentation. Its colony was reared on stored grain mite Rhizoglyphus tritici (Acarina: 

Acaridae)  in a growth chamber (Model: GC-180-SD, UTS, Pakistan)  at controlled condition 

with 65+5% relative humidity, 28+2°C temperature and 12:12 (L:D) photoperiod. N. barkeri 

culture was kept in arenas having soaked foam with water in petri dishes to avoid its escape. 

The predatory mite culture was examined regularly to avoid from danger of any external 

contamination. Threads were kept in petri dishes for oviposition purpose. Eggs laid by 

predatory mite were collected and used for further experimentation. These eggs produce 

homogeneous aged population.  

4.3.3 Stored grain mite culture 

Rhizoglyphus tritici were collected from infested grains with the help of Berlese funnel and 

reared on wheat germ placed in jars containing porous lids for aeration and ventilation 

purpose. Rearing jars were kept in growth chamber with 65+5% relative humidity, 28+2°C 

temperature and 12:12 (L:D) photoperiod. Immature stages of stored grain mites were used 

as the food source of predatory mites.  

4.3.4 Thrips tabaci culture  

Thrips tabaci colony was maintained on cotton (Gossypium hersutum L.) plants in 

glass house at 25±2°C temperature, 60±5% relative humidity and light and dark cycle of 

16L: 8D. The cotton plants (variety CIM-496) were grown in pots under semi-natural 

conditions in the green house of University of Agriculture, Faisalabad, Pakistan. Onion 

thrips, T. tabaci collected from onion released on potted cotton plants to establish their bulk 

population. Cotton leaves heavily infested by T. tabaci were collected and nymphs were 

obtained from the reared culture used for predation experiments. 
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4.3.5  Feeding tests (choice and no choice) in laboratory conditions 

The choice and no-choice tests were conducted for adult predatory mite. The 1
st
 and 

2
nd

 instar and adult thrips were used as prey. In choice test, prey were provided in four 

groups or combination (Group-1 (1
st 

+ 2
nd

 instar) Group2- (1
st
 instar + Adult) Group-3 (2

nd
 

instar + Adult) Group-4 (1
st
+2

nd
 instar + Adult). Prey ratio of 15:15:10 was kept for 1

st
, 2

nd
 

instar and adult thrips respectively. In case of no-choice 15:15:10; 1
st
, 2

nd
 instar and adult 

thrips were given separately. Adult females of predatory mite (N. barkeri) were obtained from 

reared colonies and kept starved for12-hrs before used in experiment and singly placed into the 

experimental arena. 

The immature stages of T. tabaci were easily collected from infested cotton leaves but 

as the adults are flying so they were collected with aspirator and temporary deactivated by 

placing them at -4°C for 5 minutes. The required amount of prey and predators were 

transferred into test arena which consists of 2 plastic sheets 7×7 cm. The upper plastic sheet 

had 4 rearing holes with 2.5 cm diameter and 1.2 cm depth. A piece of blotting paper was 

placed between two plastic sheets. Fresh cotton leaves were also spread on blotting paper. 

One small hole available on lower plastic sheet in which piece of cotton was fixed and other 

end was dipped in beaker containing water to provide moisture through capillary action. The 

each rearing cell of arena was considered as one replication. There were total eight 

replications each for both choice and no choice tests. Test arena was covered with slide to 

prevent insect escape. The prey consumption was recorded after 12-hrs and 24-hrs intervals.  

4.3.6  Statistical analysis 

ANOVA followed by Tukey‟s test was used to compare the consumption rate of different life 

stages of thrips by predatory mite. Data is described as means ±SE. (SPSS
®
 IBM

®
 Version-

20, 2011).  
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4.4 Results 

4.4.1 Choice test 

For all combinations of prey/predator the consumption by predatory mites was higher 

on 1
st
 and 2

nd
 instar, at the same time more prey were consumed during early observation 

time (12-hrs) as compared to observation taken after 24-hrs (Table 4.1). 

 

Table 4.1 Mean (+ SE) Thrips consumption by N. barkeri in choice test 

Group Treatments Mean consumption + SE 

         12-hrs                24-hrs                     Total 

   

Group-1 

 

1
st    

+ 

2
nd 

Instar 

1.88 + 0.29 

1.25 + 0.25 

1.0 + 0.27 

0.5 + 0.27 

2.88 + 0.51 

1.75 + 0.25 

4.63  + 0.38 

Group-2 

 

1
st
  Instar +  

Adult                 

1.75   +  0.31 

0.13  + 0.13 

1.38 + 0.18 

0.25 + 0.16 

3.13+ 0.40 

0.38 + 0.18 

3.51 + 0.29 

Group-3
 

 

2
nd

 Instar +  

Adult                            

1.63 + 0.26 

0.25 + 0.16 

1.0 + 0.27 

0.25 + 0.16 

2.63 + 0.26 

0.50 + 0.19 

3.13 + 0.23 

Group-4 

 

1
st
 + 

2
nd

 Instar +  

Adult                                                                            

1.50 + 0.27 

1.0 + 0.27 

0.25 + 0.16 

0.7 + 0.25 

0.37 + 0.18 

0.25 + 0.16 

2.25 + 0.25 

1.38 + 0.36 

0.38 + 0.18 

4.01 + 0.26 

 

4.4.2  No choice test 

A significant difference was recorded for no choice test of predation. Prey 

consumption of N. barkeri remained higher on 1
st
 instar followed by 2

nd 
instar and adults of 

T. tabaci. Similar to choice test, the consumption rate was higher during first 12-hrs as 

compared to final observation period of 24-hrs (Table 3.4). 
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Table 4.2 Mean (+ SE) Thrips consumption by N. barkeri in No choice test 

Treatments Mean consumption + SE 

 12-hrs 24-hrs Total 

1
st
  Instar 3.38±0.56

c 
1.63±0.38

 b
 5.01±0.40

 c
 

2
nd 

Instar 2.25±0.37
b 

1.25±0.31
 b
 3.50±0.27 

b
 

Adult 0.25±0.16
a 

0.5±0.19
 a
 0.75±0.11

 a
 

 

Note: values in the column having different superscripts are significantly different. 

 

4.5 Discussion 

In present study, mean consumption by the adult female Phytoseiid mite (Neoseiulus 

barkeri) was observed as 5.01±0.40, 3.50±0.27 and 0.75±0.11 for 1
st
 instar, 2

nd 
instar and 

adult thrips per day respectively. Mean consumption of younger instars were significantly 

high as compared to adult thrips showing younger instars as preferred prey. These findings 

are in accordance with Jafari et al. (2013) who observed average feeding of 3.76 1
st
 instar 

thrips larvae per day by adult female of N. barkeri while another species of genus Neoseiulus 

(Neoseiulus californicus) female fed 3.19 thrips larvae per day (Walzer et al., 2004). 

Farazmand et al. (2013) reported mean consumption of 1.82 and 0.96 1
st
 instar and 2

nd
 instar 

of thrips per day respectively. Neoseiulus cucumeris preferably fed early instars and 

consumed an average of 2.7 thrips/per day (Arthurs et al., 2009). Similar results were 

obtained by Riudavets (1995) and Sabelis and van Rijn (1997) that pair of phytoseiid mites, 

Amblyseius cucumeris consumed an average of five 1
st
 instar thrips larvae/day and A. barkeri 

consumed about 89 larvae of thrips during its 30 days life span. At temperature of 20°C and 

at 30°C, adult female of Amblyseius fallacies fed average 21.43 and 26.86 thrips respectively 

during their life spam (Abdel-Karim and Abd EL- Wareth, 2012). 

It was also observed in current study that first larval instar remained the preferred 

food of adult female phytoseiid mite, (N. barkeri) both in choice and no choice test and 

consumption rate for 1
st
 larval thrips instar was rather higher in no choice test. These results 

are in accordance with Jafari et al. (2013) who reported significant preference of 1
st
 instar by 

N. barkeri.  Almost similar results were reported for other phytoseiid mites feeding on thrips 
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(Sabelis and van Rijn, 1997; Walzer et al., 2004; Wimmer et al., 2008; Arthurs et al., 2009; 

Rahmani et al., 2009; Farazmand et al., 2013). Amblyseius swirskii showed clear preference 

for 1
st
 thrips instar as compared to protonymphs and deutonymphs of spider mite and about 

twice as many thrips as spider mites were consumed (Xu and Enkegard, 2010), 

similarly, Van-Maanen and Janssen (2008) observed more preference for 1
st
 instar thrips 

larvae as compared to whitefly eggs. 

In both choice and no choice tests, starved female of N. Barkeri consume significant 

more number of 1
st
 and 2

nd
 thrips larval instars in early observation hours (12-hrs). Similar 

findings were indicated by Bakker and Sabelis (1989) who reported that starved predators N. 

barkeri and A. cucumeris remained more successful in seizing or capturing the initial larval 

instar of T. tabaci than lateral instars.  

In comparison between choice and no choice tests, relatively more adult thrips were 

consumed by N. barkeri in no choice test while adults were not preferred when immature 

thrips were available in choice test.  These findings are in agreement with results of 

Riudavets (1995) and Sabelis and van Rijn (1997) who reported that older/adult thrips stages 

are rarely attacked by mites due to their larger body size and defensive behavior. Arthurs et 

al. (2009) also performed laboratory studies and also produced similar results that A. swirskii 

and N. cucumeris found to be less effective against adult chili thrips, Scirtothrip dorsalis and 

rarely consumed in choice tests compared with 1.1 to 1.7 adult thrips per day in no choice 

tests for both phytoseiid predators. From the results of current studies it can be concluded 

that Phytoseiid mite (Neoseiulus barkeri) are efficient predators of T. tabaci and prefer to 

feed on younger instars as compared to adults. Further, this predator can be efficiently used 

to control onion thrips where larger predators are unable to reach the breeding/feeding places 

of onion thrips.    

Due to its availability and more feeding potential against onion thrips, phytoseiid mite 

species was chosen for this study. Further, it can be mass reared in laboratory on large scale 

for the control of Thrips tabaci. To conserve the population of phytoseiid mites in field 

condition, judicious use of target based selective insecticides and botanicals should be used. 

 

  

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3016914/#bibr46
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CHAPTER 5 

 STUDY 3: USING SELECTIVE INSECTICIDES AND BOTANICALS FOR THE 

MANAGEMENT OF Thrips tabaci L. (THYSONAPTERA: 

THRIPIDAE) IN LABORATORY  

5.1 Abstract 

In the present study, effectiveness of selected insecticides (Acephate
®
, Movento

® 
and 

Radiant
®
) and botanicals (Neem, Azadirachta indica, Datura, Datura alba and Kortuma or 

bitter apple, Citrullus colocynthis) to control Thrips tabaci Lindeman was evaluated.  

Bioassay tests were performed using leaf dip and spray methods in the laboratory. During 

both bioassay methods Acephate
®
 caused 100% mortality of nymphs within 48-hrs of 

treatment. However, Movento
®
 caused 100% mortality at 72-hrs of post treatment. The 

maximum mortality caused by Radiant
®
 after 72-hrs of post treatment was 95.92±2.04%. The 

mortality caused by neem, datura and kortuma at different time intervals were also 

significantly higher than control. Similar response was observed in adult thrips for all 

insecticides and botanicals.  It is concluded that although all insecticides and botanicals are 

effective for the control of thrips but insecticides are more toxic and effective for the control 

of thrips.  

5.2 Introduction 

Onion thrip, Thrips tabaci L. (Thysanoptera: Thripidae) is a key foliage-feeding pest 

of onion worldwide (Smith et al., 2011). It prefers to infest new growing central leaves of the 

plants, leading to the reduction in their photosynthetic ability (Jensen et al., 2003). The 

infested leaves become wrinkled and silvery in appearance. The yield losses due to thrips 

may range from 18 to 60% (Waiganjo, 2004). This pest also causes significant reduction (28 

to 73%) in onion bulb size (Jensen et al., 2002). If the crop is attacked by T. tabaci at early 

stages, the yield loss may reach as high as 90% (Anonymous, 1984). 

T. tabaci has a wide host range and its population switch from one crop to another in 

search of suitable environment (Ibrahim and Adesiyun, 2010); hence, the attack of onion 

thrips is relatively unpredictable (Gangaloff, 1999). T. tabaci can directly damage the crop by 

sucking cell sap as well as it is also a vector of many serious plant viruses (Thungrabeab et 

al., 2006). 
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In Pakistan, onion is an important vegetable crop grown in an area of about 110 

thousand hectares (Malik et al., 2003b). To improve the crop yield and profitability, it is 

desirable to introduce sustainable pest control measures. Numerous control measures have 

been practiced for the management of thrips; however, use of chemical insecticides remains 

the major control strategy. The frequent use of synthetic chemical insecticides may develop 

resistance in the target pest population and also cause mortality or escaping of naturally 

occurring bio-control agents (Shah et al., 2000). The most severe constraint to realize the 

potential of natural enemies in field crops is their disruption through widespread use of 

insecticides (Naranjo et al., 2002). Extensive and frequent use of broad spectrum chemical 

insecticides in agricultural sector often lead to the development of genetically resistant pest 

population that are no longer affected by some commonly used pesticides (Gameel, 2004). 

Onion thrips population has been developing resistance against many synthetic chemical 

insecticides used for its control (Lebedev et al., 2013). In view of these problems, 

biodegradable and selective chemical pesticides could be used as alternatives (Raguraman 

and Singh, 1999) and warrant strategic exploration (Hogsette, 1999). Plant-based new 

insecticide‟s chemistries have proven to be effective against targeted pests and also are safer 

to ecosystems (Stark and Walter, 1995). At present, some botanicals and new insecticidal 

chemistries are available in the market that are cheap, eco-friendly (safe for the natural 

predators and parasitoids) and also have least adverse effects on human health. In the present 

study, the effects of three botanicals (neem, datura and kortuma) and three synthetic new 

insecticidal chemistries (Acephate
®
, Movento

®
 and Radiant

®
) were evaluated against T. 

tabaci population using leaf dip and spray methods in laboratory conditions.  

5.3 Materials and methods 

5.3.1 Rearing of thrips colony 

Thrips tabaci colony was maintained on cotton (Gossypium hersutum L.) plants 

(variety CIM-496) in glass house at 25±2°C temperature, 60±5% relative humidity and light 

and dark cycle of 16L: 8D. The study was conducted at University of Agriculture, 

Faisalabad, Pakistan. Thrips population collectect with aspirator from onion field and 

transferred on potted cotton plants.  
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5.3.2 Preparation of botanicals solution 

For the preparation of botanical solution, neem (Azadirachta indica A. juss) and 

datura (Datura alba Nees) dry leaves were ground in blender and 100 gm powder was mixed 

in one liter of water to prepare 100% solution. This solution was kept in glass bottles at 4°C 

to prevent any contamination (Khan et al., 2013). For kortuma or bitter apple (Citrullus 

colocynthis L.), fresh fruits were washed, sliced and dried under shade for about one month. 

Dried fruits were then ground using a blender (Anex-176GL) and 100 gm of the dried fruit 

powder was mixed in one liter of tap water to prepare 100% solution.     

  Table 5.1 Insecticides and botanicals used in the study 

Product Active ingredient Application 

(per lt. water) 

Company name 

Acephate
®

 Acephate 2.50 g Sun Crop 

Movento
®

 Spirotetramate 1.25 ml Bayer Crop Science 

Radiant
®

 Spinetoram 0.40 ml Dow Agro Sciences 

Neem
®

 Azadirechtin 20.00 ml Self-Made 

Datura
®

 Tropane 20.00 ml Self-Made 

Kortuma
®

 Colocynithin 20.00 ml Self-Made 

Control  --- --- --- 

 

Per acre commercially recommended doses of insecticides and botanicals @ 2% were 

used (Table 5.1). Synthetic insecticides were obtained from registered pesticides dealers of 

respective companies. 

5.3.3 Leaf dip application method 

Cotton leaves were dipped in prepared solution for 2-3 seconds and immediately 

placed at paper towel to suck up the excess solution from leaves. The leaves were air dried 

and put into 100 ml snap cap vials.  After that 7 thrip nymphs and 7 adult thrips were 

released in each vial and covered with perforated parafilm for ventilation.  The mortality of 
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thrips (nymphs and adults) was recorded after 24, 48 and 72-hrs of treatment. Adult thrips 

were disturbed with camel hair brush and nymphs with needle to confirm the mortality. 

5.3.4 Spray method 

A total of 245 adults were divided into 7 groups (6+1) with 7 replicates and placed in 

falcon tubes and placed in freezer at -4°C for 5 minutes to immobilize them.  The adults were 

sprayed using mister sprayer for each of the solution and were released in 40 dram ventilated 

snap cap vials. A fresh washed cotton leaves were also provided in each vial as a food 

source. Mist sprayers were calibrated prior to application and recommended doses of 

insecticides were used as mentioned in Table 5.1. The bioassay tests were repeated for three 

times and the individuals considered dead if they did not move when prodded with needle.  

5.3.5 Statistical analysis 

 Kolmogorov Simonov test was used to check the distribution of the data. Mortality 

was corrected for control (untreated) by using formula (Abbott, 1925). Generalized linear 

models (GLM) procedure under one way Analysis of Variance (ANOVA) was used to 

analyze the data. During analysisthrips mortality rate was kept as depedent (response) 

variable and application methods and time interval was as independent variable. Tukey‟s test 

was used for multiple comparisons. The differences were considered significant if P value 

was less than 0.05.  Data are reported as percent corrected mortality (Mean±SE). Software 

SPSS (version 16) was used for statistical analysis.  

5.4 Results 

5.4.1 Mortality of T. tabaci nymphs in spray method 

A significant difference in mortality of T. tabaci nymphs between treated and control 

groups was observed at post treatment interval of 24-hrs, 48-hrs and 72-hrs (F= 118, 140, and 

113 for 24-hrs, 48-hrs and 72-hrs respectively and P<0.001 (Table 5.2). The mean mortality 

at 24-hrs of post treatment against Acephate
®
, Movento

® 
and Radiant

®
 was 91.84±2.88, 

91.84±2.88 and 87.76±3.72% respectively. The mortality became 95-100% for these 

treatments at 72-hrs of post treatment. The observed mortality in nymphs against neem, 

datura and kortuma was 35-40% at 24-hrs of post treatment, which was increased from 

59.18±2.88 to 65.31±2.74% after 72-hrs of post treatment. All the treatments showed 

significantly higher mortality of thrips as compared to control (2.04±2.04%). Mortality 

among the treatments (neem, datura and kortuma) was not significantly different.  
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Table 5.2 Percent mortality of thrips nymphs treated with Acephate
®
, Radiant

®
, 

Movento
®
, Neem, Datura and Kortuma at observation time of 24, 48 and 

72-hrs by applying spray method (MSE±) 

 

Treatments 24-hrs 48-hrs 72-hrs 

Acephate® 91.84±2.88
c
 100

c
 ----- 

Radiant® 87.76±3.72
c
 97.96±1.00

c
 100

c
 

Movento® 91.84±2.88
c
 95.92±2.04

c
 95.92±2.04

c
 

Neem 34.69±4.24
b
 55.1±3.72

b
 65.31±3.72

b
 

Datura 38.78±2.63
b
 53.06±2.63

b
 65.31±2.74

b
 

Kortuma 40.82±3.72
b
 48.98±2.58

b
 59.18±2.88

b
 

Untreated 2.04±2.04
a
 8.16±4.24

a
 10.2±4.08

a
 

Note: Mean values in columns with the same letters are not significantly different (P>0.05). 
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5.4.2 Mortality of T. tabaci adults in spray method 

Significantly more mortality was recorded for adult T. tabaci at intervals of 24-hrs, 

48-hrs and 72-hrs treated with botanicals or selective insecticide as compared to control (F = 

95.8, 136, 136, for 24-hrs, 48-hrs and 72-hrs respectively and P<0.001 (Table 5.3). The 

percentage mortality against Acephate
®
, Movento

® 
and Radiant

® 
was 79.59±2.56, 

77.55±4.24 and 75.51±4.08 respectively at 24-hrs of post treatment.  After 72-hrs, the 

mortality was increased to 95-100%. The mortality caused by neem, datura and kortuma 

(botanicals) was 34.69±2.67, 36.75±2.78 and 32.65±2.63% respectively at 24-hrs of post 

treatment. The mortality was increased to 57.14±3.1174, 59.18±2.04 and 59.18±2.39% 

respectively after 72-hrs of treatment. All the treatments showed significantly higher percent 

mortality of thrips as compared to control (8.16±2.19%). Mortality among the treatments 

(neem, datura and kortuma) was not significantly different. 

Table 5.3 Percent mortality of thrips adults treated with Acephate
®
, Radiant

®
, 

Movento
®
, Neem, Datura and Kortuma at observation time of 24, 48 and 

72-hrs by applying spray method (MSE±) 

 

Treatments 24-hrs 48-hrs 72-hrs 

Acephate® 79.59±2.56
c
 100

c
 ---- 

Radiant® 75.51±4.08
c
 95.92±2.63

c
 95.92±2.63

c
 

Movento® 77.55±4.24
c
 95.92±2.63

c
 97.96±2.04

c
 

Neem 34.69±2.67
b
 48.00±5.06

b
 57.14±3.11

b
 

Datura 36.75±2.78
b
 46.94±4.08

b
 59.18±2.04

b
 

Kortuma 32.65±2.63
b
 43.54±6.08

b
 59.18±2.39

b
 

Untreated 0.00
a
 4.08±2.63

a
 8.16±2.88

a
 

Note: Mean values in columns with the same letters are not significantly different (P>0.05). 
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5.4.3 Mortality of T. tabaci nymphs in leaf dip method 

The observed trend of mortality during leaf dip methods was similar as observed in 

spray method (F = 26.7, 101, 66.20, for 24-hrs, 48-hrs and 72-hrs respectively and P<0.001 

(Table 5.4). At 24-hrs of post treatment 53.06±2.63, 44.9±3.72 and 42.86±4.40 percent 

mortality was observed against Acephate
®
, Movento

® 
and Radiant

®
 respectively.  However, 

at 72-hrs of post treatment 90-95% mortality was recorded.  The observed mortality against 

datura, neem and kortuma was 50-55% at 72-hrs of treatment.  

 

Table 5.4 Percent mortality of thrips nymphs treated with Acephate
®
, Radiant

®
, 

Movento
®
, Neem, Datura and Kortuma at observation time of 24, 48 and 

72-hrs by applying leaf dip method (MSE±) 

 

Treatments 24-hrs 48-hrs 72-hrs 

Acephate® 53.06±2.63
c
 91.84±2.88

c
 95.92±2.63

c
 

Radiant® 42.86±4.40
c
 89.8±4.08

c
 95.92±2.63

c
 

Movento® 44.9±3.72
c
 87.76±3.72

c
 91.84±2.88

c
 

Neem 18.37±4.08
b
 51.02±2.88

b
 55.1±2.04

b
 

Datura 26.53±3.72
b
 48.98±2.88

b
 51.02±2.88

b 
 

Kortuma 16.33±3.72
b
 53.06±2.63

b
 53.06±2.63

b
 

Untreated 2.04±2.04
a
 4.08±2.63

a
 12.25±7.90

a
 

Note: Mean values in columns with the same letters are not significantly different (P>0.05). 
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5.4.4 Mortality of T. tabaci adults in leaf dip method 

A significant difference in mortality of adult thrips against insecticides and botanicals 

was observed in leaf dip method (F = 12, 74.7, 95.6, for 24-hrs, 48-hrs and 72-hrs 

respectively and P<0.001 (Table 5.5).  The observed mortality at 24-hrs of post treatment 

was 38.78±2.857, 30.61±4.041 and 22.45±2.02% against Acephate
®
, Movento

® 
and Radiant

®
 

respectively. The mortality was between 85-95% for these treatments at 72-hrs post 

treatment. The observed mortality at 72-hrs post treatment was from 40-50%. All the 

treatments showed significantly higher mortality of thrips as compared to control. 

 

Table 5.5 Percent mortality of thrips adults treated with Acephate
®
, Radiant

®
, 

Movento
®
, Neem, Datura and Kortuma at observation time of 24, 48 and 

72-hrs by applying leaf dip method (MSE±) 

 

Treatments 24-hrs 48-hrs 72-hrs 

Acephate® 38.78±2.85
d
 87.76±2.60

c
 93.88±2.02

c
 

Radiant® 22.45±2.02
c
 81.63±1.84

c
 89.8±2.85

c
 

Movento® 30.61±4.04
cd

 81.63±1.84
c
 85.71±2.18

c
 

Neem 6.12±2.97
b
 44.9±2.60

b
 48.98±2.02

b
 

Datura 16.33±4.04
c
 42.86±3.08

b
 44.9±2.60

b
 

Kortuma 6.12±2.02
b
 38.78±2.85

b
 40.82±2.60

b
 

Untreated 0.00
a
 4.08±2.02

a
 6.12±1.84

a
 

Note: Mean values in columns with the same letters are not significantly different (P>0.05). 
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Figure 5.1: Cumulative percent mortality of thrips adults and nymphs at 72-hrs of 

observation treated with Acephate
®
, Radiant

®
, Movento

®
, Neem, Datura 

and Kortuma by applying leaf dip method. 
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5.5 Discussion  

Both spray and leaf dip methods produced significantly higher mortality of Thrips 

tabaci nymphs and adults compared to control. There was gradual increase in mortality with 

the passage of time. Acephate
®
 showed 100% mortality for both nymph and adult thrips in 

spray method at 48-hrs of post treatment.  However, Radiant
®
 and Movento

® 
caused 95% -

100% at 72-hrs of post treatment. 
 
It was also observed that 

.
the percent mortality of T. tabaci 

nymph was higher than adult thrips after 24-hrs for all the insecticide applied in both spray 

and leaf dip method. Yarahmdi et al. (2009) performed the laboratory experiment to evaluate 

the effect of abmectin, spinosad and chlorpyrifos and observed that all the insecticides were 

more toxic to nymphal instars (1
st
 and 2

nd
) as compared to adult thrips. They also reported 

that spinosad was relatively more toxic as compared to other insecticides in leaf dip method. 

  Different insects may have different responses against different insecticides. The 

toxicity of insecticide could also be influenced by the size and stage of insects.  Shelton et al. 

(2003) observed non-significant difference between 2
nd

 larval instar and adults of T. tabaci in 

susceptibility of spinosad. Greenberg et al. (2012) conducted glass-vial test to evaluate the 

contact toxicity of spinetoram (Radiant®), spirotetramat (Movento®), formetanate (Carzol®) 

and spinosad (Tracer®) against immature and adult onion thrips, T. tabaci in the laboratory 

and reported that new chemistry spinosyn products spinosad (Tracer®) and  spinetoram 

(Radiant®), gave better control for T. tabaci in onion even at low lethal doses. 

Cloyd and Sadof (2000) found acephate and spinosad very effective in controlling 

thrips. Lopez et al. (2008) conducted laboratory experiments to compare organanophosphate 

(dicrotophos and methmidophos), spinosyn (spinosad) and neonicotinoids (thiamethoxam 

and imidacloprid) against thrips of Frankliniella spp. infesting cotton crop and found that 

spinosad remain most effective and toxic insecticide against thrips for both methods. Sparks 

et al. (1999) reported low mammalian toxicity for the spinosyn products which are broad 

spectrum and target specific insecticides. Sadozai et al. (2009) evaluated the efficacy of 

lambda cyhalothrin, endosulphan, imidacloprid and profenophos and observed 61.6, 86.6, 

51.2 and 97.6% mortality respectively after three days of insecticide application. 

Khattak et al. (2006) demonstrated that neem based insecticides caused more 

reduction of the insect population even after 168-hrs of spray as compared to the reduction 

observed after 24-hrs of spray. This difference in mortality might be most probably due to the 
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anti-feedant and deterrent effect of neem which would force the whiteflies, thrips and jassid 

to leave the locality. Mandi and Senapati (2009) reported that acetamiprid and thiamithoxam 

were most effective in controlling thrips and caused 93.3% and 89.93% reduction 

respectively in thrips population. Nault et al. (2013) observed that plots treated with 

spinetoram had lower thrips larval densities instead of those plots which were not treated 

with spirotetramat but found non-significant difference. Subramanian et al. (2010) also 

reported the effectiveness of selected insecticides (acetamiprid, thiamethoxam, dichlorvos 

and triazophos) and botanicals against thrips. They further elaborated that all the chemical 

insecticides used in the study were superior to botanicals in reducing the population of thrips. 

Among the chemical insecticides, acetamiprid was the best against thrips followed by 

thiamethoxam.  
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CHAPTER 6 

 STUDY 4: FIELD EVALUATION OF SELECTED BOTANICALS AND 

COMMERCIAL SYNTHETIC INSECTICIDES AGAINST 

Thrips tabaci L. (THYSANOPTERA: THRIPIDAE) 

POPULATION AND PREDATORS IN ONION FIELD PLOTS 

6.1 Abstract 

 The effectiveness of three botanical insecticides (neem, datura and bitter apple) and 

three new chemistry synthetic insecticides (acephate, spirotetramat and spinetoram) against 

onion thrips (Thrips tabaci) was evaluated in experimental field plots at University of 

Sargodha, Pakistan. The influence of these botanical and chemical insecticides on natural 

predators and crop yield was simultaneously investigated. All the botanicals and chemical 

insecticides caused significant reductions (45-70%) in thrips population; the botanicals gave 

more than 60% control of thrips, while among chemical insecticides, acephate
 
was found to 

be the most effective followed by spirotetramat and spinetoram and these insecticides gave 

better control than the botanicals. The adverse effects of the botanicals on predator 

population were negligible compared to chemical insecticides. All chemical treatments had 

significantly a higher yield compared to the untreated control. The botanicals and chemical 

insecticides became less effective after 7 days of treatment. Therefore, it is recommended 

that treatment with botanical pesticides or chemical insecticides should be repeated 

consecutively on weekly basis at least three times to keep thrips population below economic 

injury levels until crop maturity. 

6.2 Introduction 

Onion thrips, Thrips tabaci Lindeman (Thysanoptera: Thripidae) is a key foliage-

feeding pest of onion worldwide (Lewis, 1997; Smith et al., 2011). Immature stages of T. 

tabaci prefer to live in the central leaves of onion plants and reducing their photosynthetic 

ability (Jensen et al., 2003). The infested leaves become wrinkled and silvery in appearance. 

Yield losses due to thrips may range from 18 to 60% (Waiganjo, 2004). This pest also causes 

significant reduction (28 to 73%) in the bulb size (Fournier et al., 1995; Childers, 1997; 

Jensen et al., 2002). If the crop is attacked by T. tabaci in its early growth stages, the yield 

loss may reach as high as 90% (Anonymous, 1984). T. tabaci has a wide range of hosts and 

its population switched from one crop to another in search of suitable hosts (Ibrahim and 
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Adesiyun, 2010). Therefore, attack by onion thrips is relatively unpredictable (Gangaloff, 

1999). T. tabaci can directly damage the crop by sucking cell sap or indirectly serve as a 

vector of many serious plant viruses (Jensen et al., 2003; Whitfield et al., 2005; Thungrabeab 

et al., 2006).  

In Pakistan, onion is an important vegetable crop grown in agricultural land areas 

amounting to nearly 110 thousand hectares (Malik et al., 2003b). To improve crop yield and 

profitability, it is desirable to introduce sustainable control measures. In this regard, 

numerous control measures have been practiced for population management of thrips; 

however, use of chemical insecticides remains the major control strategy.   

The frequent use of synthetic chemical insecticides against thrips can cause 

development of resistance in the target population as well as ecosystem disturbances. It may 

also lead to insecticidal residues in onion bulb and mortality or escape of bio-control agents 

(Shah et al., 2000). The most severe constraint to realizing the potential of natural enemies in 

field crops is their disruption through widespread use of insecticides that have a broad range 

of toxicity to both pests and their natural enemies (Naranjo et al., 2002). Extensive and 

frequent use of broad spectrum chemical insecticides in agriculture often leads to the 

development of genetically resistant pest population that are no longer affected by some 

commonly used pesticides (Gameel, 2004). Onion thrips population has been developing 

resistance against many synthetic chemical insecticides used for its control (Lebedev et al., 

2013). In view of these problems, biodegradable and selective chemical pesticides can be 

better alternatives (Raguraman and Singh, 1999) and warrant strategic exploration (Hogsette, 

1999). In this regard, plant-based and new chemistry insecticides have proven to be effective 

against targeted pests and also are often safer to ecosystem (Stark and Walter, 1995). At 

present, some botanical and new chemistry insecticides are available in the market that are 

cheap, eco-friendly (safe for the natural predators and parasitoids) and also have minimal 

adverse effects on human health. In the present study, three botanical insecticides (i.e., neem, 

datura and bitter apple) and three synthetic insecticides (acephate, spirotatramat and 

spinetoram) were evaluated against T. tabaci population in experimental onion field plots. 

Also, the possible adverse effects of these botanicals and synthetic chemical insecticides on 

population of naturally occurring predators, such as lady beetles (Coccinelidae), hoverflies 

(Syrphidae) and lacewings (Chrysopidae) were investigated.  
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6.3 Materials and Methods 

6.3.1 Study area and experimental design 

The study was conducted at the College of Agriculture, University of Sargodha, 

Sargodha, Punjab, Pakistan during 2010-2011 and 2011-2012. For the study, the onion 

variety Phulkara, was raised in the nursery starting in mid-November. Seedlings (10 weeks of 

age) were transplanted into experimental field plots in mid-January in 2011 and 2012.  In 

total, 21 experimental plots [three for each of six treatments (6 x 3 = 18) and three untreated 

controls] were utilized for each experiment. Each plot was 800 cm long and 90 cm wide.  In 

each plot, onion seedlings were planted in three rows with each row containing 50 seedlings. 

The distance between the adjacent two young plants rows and between two adjacent plants in 

each row was 30 cm and 15 cm respectively. A distance of 1.5 meter was maintained 

between experimental plots to avoid cross contamination by spray draft. The design used was 

a Randomized Complete Block Design (RCBD).  Plots were irrigated using canal water on 

weekly basis during early three irrigations, while the duration was prolonged to 10-14 days 

afterward keeping in consideration the soil condition. The total required fertilizers were 

applied in three split doses i.e. at sowing, seedling transplantation and onion bulb formation 

time. The recommended doses kg/ha of Nitrogen, Phosphorus and Potassium with ratio of 

35:35:25 respectively, were applied. 

6.3.2 Preparation of insecticidal spray solutions  

 The solutions of botanicals, neem (Azadirachta indica A. juss) and datura (Datura 

alba Nees) were prepared according to Khan et al. (2013). Fresh fruits of bitter apple 

(Citrullus colocynthis L.) were washed, sliced and dried under shade for about one month. 

Dried fruits were then ground using a blender (Anex-176GL) and 100 gm of the dried fruit 

powder was mixed in 1 liter of tap water to prepare 100% solution. Detail of the products 

used and their application rates are given in the Table below: 
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Table 6.1 List of chemical insecticides and botanicals and their application rate used in 

the experimental field plots 

Chemical  

Insecticides/Botanicals 

Active ingredient Application rate/ 

liter of water 

Manufacturer 

Acephate
®
 75SP acephate  2.5 g Sun Crop 

Movento
® 

240SC spirotetramat  1.25 ml Bayer Crop Sci. 

Radiant
®
 120SC spinetoram  0.4 ml Dow Agro Sci. 

Neem azadirachtin  20.0 ml n/a 

Datura tropane  20.0 ml n/a 

Bitter apple colocynithin  20.0 ml n/a 

 
Note: Per acre commercially recommended doses of organics were used. For all insecticides, 

one liter solution was prepared in glass flask separately for each treatment.   
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6.3.3 Field applications (treatments) 

Field applications of the experimental materials were made to the field plots when the 

pest population reached the economic threshold level (ETL) i.e. 15-20 adults and larvae per 

plant. Before the applications, checks were made to ensure that the pest population was 

equally distributed and were above the economic threshold level in all experimental plots. All 

field treatments were made with a Champin Poly sprayer (hand-held garden sprayer) with a 

Turbo T-jet wide-angle spray tip nozzle. The control plots were sprayed with tap water. 

Treatments were applied three times in 2011 (11 March, 2 April, 26 April) and 2012 (6 

March, 29 March, 23 April). 

6.3.4 Data collection 

Samples were collected from plants before treatment (24-hrs) and 3, 7 and 14 days 

after the last insecticide was applied. Fifteen plants were randomly selected (5 plants/row) 

from each experimental field plot.  The abundance (larvae and adults) of T. tabaci and larvae 

of lady beetle, hoverfly and lacewing were estimated using hand lens by visually examining 

leaves until all the insects on each observed plant were counted. The weight of single bulb 

(g), five bulbs were harvested randomly from each plot of a replication and weighed by 

digital balance and then average was calculated.For plot yield (kg), all the bulbs were 

harvested and weighed and then yield was converted into tonnes/hectare.  

6.3.5 Data analysis 

Data from the two years were combined as no statistically significant difference was 

observed between the two years. Normality of the collected data was determined using a 

Kolmogorov-Simonov test. One-way ANOVA followed by Tukey‟s test was used to 

compare the larval/adult population densities of T. tabaci among the experimental field plots. 

ANOVA was also used to compare the overall yield of control and experimental plots. The 

statistical package [SPSS (version16)] was used for the statistical analysis.  

6.4 Results 

6.4.1 Effect of insecticides on T. tabaci population 

There were no significant pre-treatment differences in T. tabaci numbers during both 

years of observation [F6, 14 = 0.49; P = 0.8 for 2011; and F6, 14  = 0.32; P = 0.16 for 2012], 

(Table 6.2). However, 3 days of post treatment, density of T. tabaci in control plots was 

significantly higher (F6, 14 = 56; P < 0.001for 2011; and F6, 14 = 63; P < 0.001for 2012) 
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compared to all treated plots. Results of the Tukey‟s test showed that although all treated 

plots differed in the thrips densities compared to control plots but the difference amongst all 

treated plots was not statistically significant (Table 6.2). The lowest density of thrips post-

treatment was recorded in the acephate treated plots followed by spirotetramat and 

spinetoram treated plots. 

Statistically significant differences (F6,14 = 33.60; P < 0.001; for 2011; and F6,14  = 

41.10; P < 0.001; for 2012) in densities of T. tabaci between control and treated plots was 

observed at 3 days post-treatment. Results of the Tukey‟s test showed that at 7 days post-

treatment, population trends of thrips in the treated and control plots were similar to the ones 

observed at 3 days post-treatment but the densities of thrips were much lower compared to 

those at 3 days post-treatment.  The Tukey‟s tests further revealed that population densities 

of thrips in the acephate treated plots not only differed from the control plots but also with all 

other treated plots, with the exception of spirotetramat treated plots. Densities of thrips 

increased after 14 days of treatment in all plots. After the 2
nd

 and 3
rd

 rounds of pesticide 

treatment, the general trend of thrips densities amongst experimental plots was same as after 

the 1
st
 treatment (Table 6.2). 
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Table 6.2 Differences of thrips density per plant at 24-hrs pre-treatment and 3, 7, and 14 days after treatments (DAT) using 

synthetic chemical insecticides and botanicals (MSE±) 

 

Treatments Pre-treatment 3 7 14 

2011 2012 2011 2012 2011 2012 2011 2012 

1
st
 Application 

Control 19.71±2.36
a
 17.37±2.41

a
 21.10±2.26

b
 20.61±2.76

b
 21.93±2.60

e
 26.86±3.50

e
 29.99±1.62

c
 33.92±1.44

c
 

Acephate 15.12±2.16
a
 16.64±1.97

a
 2.44±0.72

a
 2.86±0.82

a
 1.86±1.09

c
 1.72±1.26

c
 7.09±1.54

b
 5.61±1.94

b
 

Spinetoram 16.64±1.17
a
 18.03±1.23

a
 3.20±0.83

a
 3.10±0.73

a
 2.60±0.98d 1.92±0.67d 9.05±1.82

b
 5.39±1.35

b
 

Spirotetramat 18.16±1.82
a
 15.43±1.62

a
 3.00±0.54

a
 2.92±0.64

a
 1.96±0.95

c
 2.52±0.84

c
 8.80±0.99

b
 6.46±1.29

b
 

Neem 17.53±2.28
a
 16.60±2.47

a
 6.17±1.35

a
 6.10±1.41

a
 5.20±1.30

b
 6.05±1.40

b
 13.26±1.12

a
 9.95±1.88

a
 

Datura 15.80±2.23
a
 18.16±3.19

a
 5.93±1.78

a
 5.61±1.24

a
 5.93±0.11

b
 5.99±0.59

b
 11.30±1.34

a
 10.66±2.14

a
 

Bitter apple 16.18±2.00
a
 17.08±1.90

a
 6.30±2.09

a
 7.10±1.99

a
 6.53±1.02

a
 8.08±1.41

a
 13.91±2.46

a
 11.70±2.01

a
 

2
nd

 Application 

Control 33.50±2.05
 c
 40.14 ±1.14

 c
 36.36±1.35

c
 42.54±3.13

c
 46.65±6.41

 c
 58.13±5.21

 c
 57.13±3.48

c
 64.35±4.78

c
 

Acephate 15.06±1.25
a
 14.74±1.62

a
 1.97±0.52

a
 3.1±0.47

a
 4.11±1.58

a
 2.19±0.98

a
 9.00±1.36

a
 6.83±1.12

a
 

Spinetoram 13.16±1.20
a
 15.52±1.41

a
 2.77±0.44

a
 3.05±0.62

a
 5.34±0.78a 2.56±0.83a 9.00±1.95

a
 5.97±1.63

a
 

Spirotetramat 14.86±0.97
a
 15.44±2.17

a
 2.67±0.72

a
 2.92±0.62

a
 5.22±0.88

a
 2.74±0.74

a
 10.66±0.76

a
 6.61±1.06

a
 

Neem 18.10±1.22
a
 19.98±1.62

a
 6.77±0.85

b
 7.79±1.15

b
 7.68±2.60

 b
 6.61±2.3

 b
 14.67±0.87

 b
 12.84±2.03

 b
 

Datura 20.83±1.64
b
 17.66±1.89

b
 7.37±1.36

b
 7.02±1.61

b
 8.16±0.2.85

b
 6.64±1.74

b
 14.76±0.76

b
 12.35±1.32

b
 

Bitter apple 20.40±0.85
b
 20.45±2.53

b
 7.92±0.90

b
 8.06±0.87

b
 9.18±2.54

b
 7.80±1.61

b
 16.48±0.73

b
 13.02±0.93

b
 

3
rd

 Application 

Control 62.78 ±4.07
b
 75.60 ±6.13

b
 68.00±2.9

 c
 76.53±5.91

c
 73.95±3.65

 c
 80.60±4.41

 c
 78.43±3.88

c
 92.23±5.17

c
 

Acephate 16.00±2.00
a
 14.70±1.44

a
 3.16±0.39

a
 3.20±0.46

a
 4.84±1.04

a
 2.26±0.23

a
 8.03±0.85

a
 7.1±0.81

a
 

Spinetoram 15.55±2.69
a
 14.03±2.74

a
 3.67±0.26

a
 3.43±0.76

a
 5.45±0.24a 3.06±0.36a 9.1±1.35

a
 6.44±1.12

a
 

Spirotetramat 16.56±2.39
a
 16.40±2.14

a
 3.45±0.65

a
 33.40±2.55

a
 5.36±0.18

a
 2.96±0.51

a
 8.86±1.67

a
 7.76±1.56

a
 

Neem 19.67±2.17
a
 20.50±2.64

a
 7.65±1.06

b
 8.43±1.46

b
 10.06±1.23

 b
 7.89±1.64

 b
 12.51±0.85

a
 13.30±1.33

a
 

Datura 20.34±1.57
a
 22.36±2.17

a
 7.80±0.4

 b
 9.12±1.41

 b
 8.78±0.47

b
 9.12±1.97

b
 11.99±0.65

a
 13.03±1.24

a
 

Bitter apple 20.63±1.30
a
 20.90±3.11

a
 8.04±1.32

 b
 9.03±1.72

b
 11.02±2.87

b
 10.57±2.36

b
 14.76±0.77

b
 13.26±1.41

b
 

Note: Values in columns have different superscripts are significantly different.
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6.4.2 Effect of insecticides on onion bulb weight/yield 

 

Significantly higher weights of single bulbs compared to controls (F6,14  = 11.04; P < 

0.001; for 2011; and F6,14 = 13.21; P < 0.001; for 2012) was noted in all treated plots.  The 

highest bulb weight was recorded in the acephate treated plots (Table 6.3). Results of the 

Tukey‟s test showed that the weight of single bulb amongst different treatments was not 

statistically significant (Table 6.3). Comparison of two years data revealed a significant 

difference (F1,28 = 12.90; P = 0.001). Similar trends were observed in yield/plot  (F6,14  = 

9.98; P < 0.001; for 2011; and F6,14  = 13.19; ; < 0.001 for 2012) and  for the two years data 

comparison [F1,28 = 9.25; P = 0.005 (Table 6.3)] as well as  for yield/hectare (F6,14  = 9.97; P 

< 0.001for 2011; F6,14 = 13.2; P < 0.001 for 2012 and F1,28 = 9.21; P = 0.006) for the two 

years data comparison (Table 6.3)]. The population density of T. tabaci was found to be 

strongly negatively correlated with the weight of a single bulb, yield/plot and yield/hectare (R 

= -0.95, P < 0.001). 

6.4.3 Effect of insecticides on biocontrol agents population in onion field 

Acephate adversely affected population of lady beetles, hoverflies and lacewings 

(Figure 3.2 A, B, C) more drastically than the other new chemistry insecticides and 

botanicals. Overall, there was a significant difference between densities of lady beetles (F6,14 

= 506.67; P < 0.001), hoverflies (F6,14 = 175.42; P < 0.001) and lacewings (F6,14 = 35.91; P < 

0.001) between treated and untreated plots. However, the post-hoc tests showed that these 

differences were due to varying effects of the chemical insecticides. 
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Table 6.3 Effects of different treatments (botanicals and chemical insecticides) on single bulb weight yield/plot and total     

yield/hectare (MSE±) 

 

Treatments 

 

Overall mean number of thrips density 

(OMTD) 
Single bulb weight (g) Yield/plot (kg) Yield /hectare (tonnes) 

2011 2012 2011 2012 2011 2012 2011 2012 

Control 23.80±2.31
a
 24.69±3.63

a
 46.12±4.01

a
 39.23±1.46

a
 6.91±0.43

a
 5.88±0.14

a
 9.93±0.93

a
 8.44±0.31

a
 

Acephate 6.25±3.01
b
 6.94±3.39

b
 73.25±3.01

b
 67.69±2.95

b
 10.98±0.41

b
 10.15±0.29

b
 15.75±0.89

b
 14.57±0.63

b
 

Spinetoram 7.16±3.16
b
 7.11±3.71

b
 69.09±3.60

b
 64.50±2.63

b
 10.36±0.34

b
 9.67±0.26

b
 14.87±0.74

b
 13.88±0.56

b
 

Spirotetramat 7.46±3.71
b
 6.94±3

b
 71.73±4.8

b
 66.06±3.97

b
 10.76±0.41

b
 9.90±0.39

b
 15.44±0.90

b
 14.22±0.85

b
 

Neem 9.93±2.81
b
 9.69±2.48

b
 63.60±2.42

b
 58.44±3.89

b
 9.54±0.27

b
 8.76±0.38

b
 13.69±0.58

b
 12.58±0.83

b
 

Datura 9.29±2.33
b
 10.11±2.92

b
 65.04±2.46

b
 61.07±3.49

b
 9.75±0.27

b
 9.16±0.34

b
 14.00±0.58

b
 13.14±0.75

b
 

Bitter apple 9.94±2.32
b
 11.01±2.25

b
 62.18±0.23

b
 57.90±3.88

b
 9.32±0.23

b
 8.68±0.38

b
 13.38±0.5

b
 12.46±0.83

b
 

Note: Values in columns having different superscripts are significantly different 
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Figure 6.1: Effects of botanicals and chemical insecticides on the density (per plant) of 

lady beetles (A), hoverflies (B) and lacewings (C). Data presented as 

means±SEM. 
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6.5 Discussion 

 This study revealed that the tested botanical and chemical insecticides were highly 

effective against onion thrips. In the past, the efficacy of plant extracts against insect pests of 

agricultural crops has been evaluated by many researchers. For example, Malik et al. (2003b) 

reported 42.7%, 17.2% and 6.8% thrips mortality with extracts of milkweed, datura and bitter 

apple, respectively. Similarly, Kadri and Goud (2006) recorded significant reductions in 

onion thrips with neem extracts. Similar results of neem toxicity against thrips were reported 

by Mishra et al. (2007). In the present study, datura, neem and bitter apple caused more than 

60% reductions in population of T. tabaci up to 7 days post treatment.   

 The present study revealed that acephate was most effective synthetic insecticide 

against thrips, followed by spirotetramat and spinetoram. Kadri and Goud (2006) studied the 

effectiveness of imidacloprid, emamectin benzoate and acetamaprid against onion thrips and 

discovered that these insecticides significantly reduced thrips population. Waters and Walsh 

(2010) found that spinetoram was effective against onion thrips; however, only spirotetramat 

provided adequate control of thrips. Yasar et al. (2006) investigated the efficacy of four 

synthetic insecticides, Thunder (dichlorvos), Lorsban (chlorpyrifos), Ripcord (cypermethrin) 

and Laser
®
 (cypermethrin + dimethoate) against onion thrips and found 66.5-93.3% mortality 

after first round of spray and 82-92% mortality after the second round. Methamidophos 60 

SL was also found to be highly effective against onion thrips giving more than 80% 

reduction of the pest.  

Hazara et al. (1999) and Sadozai et al. (2009) evaluated the efficacy of 

lamdacyhalothrin, endosulphan, imidacloprid and profenophos against thrips and observed 

61.6, 86.6, 51.2 and 97.6% mortality of the pest respectively, three days after insecticidal 

application. Mandi and Senapati (2009) reported that acetamiprid and thiamithoxam were the 

most effective in controlling thrips infestation giving 93.3% and 89.9% control, respectively, 

whereas neem-based pesticides and Bacillus thuringiensis microbial pesticide caused 54.2% 

and 43.4% thrips reduction, respectively. Nault et al. (2013) observed that the field plots 

treated with spinetoram had lower thrips larval population densities compared to the plots 

treated with spirotetramat but these differences were statistically not significant. 

Subramanian et al. (2010) evaluated the efficacy of chemical insecticides and botanicals 

against thrips and reported that all tested synthetic insecticides and botanicals were effective.  
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The present study showed that onion yield/hectare was significantly higher in the 

plots treated with chemical insecticides as well as botanicals compared to controls during 

both study years (Table 6.2). Neem extract can increase the yield of onions by up to 13.8% 

(Mishra et al., 2007). Similar results were reported by Farmanullah et al. (2010) while testing 

endosulfan, imidacloprid, spinosad and acetamiprid against thrips. Jensen et al. (2003) 

recorded 4-27% onion yield reduction due to insect attack while Ibrahim and Adesiyun 

(2010) reported 40% increase in onion yield when crop was managed through the use of 

pesticides. Kisha (1977) indicated that light infestation of thrips can cause 39% yield losses 

while in the case of severe thrips infestation, 57% onion yield reduction can occur. High 

yield loss (41%) was also observed by Raheja (1973) due to attack of thrips in onion plots. 

Uvah (1984) reported up to 32% increase in onion yield when treated with insecticides as 

compared to control. Sometimes severe thrips infestation can cause 66% onion yield loss 

(Rueda and Shelton, 2000). Hoelmer et al. (1990) discovered that a commercial neem 

insecticide was not toxic to adult coccinellid predators. Azadirachtin was virtually nontoxic to 

larvae of C. septempunctata exposed to direct sprays in the laboratory (Banken and Stark, 

1997). Jones et al. (2005) observed that bacterial and neem-based insecticides were harmless 

to natural predatory fauna. However, Tunca et al. (2012) commented that no pesticide is 

100% safe and non-toxic to natural enemies. Nevertheless, the margin of safety for botanical 

pesticides is generally much higher than synthetic chemical pesticides. The results of the 

present study are in agreement with those of Tunca et al. (2012) reporting that new chemistry 

insecticides and botanicals are relatively safe for the natural predators.  

To keep population of T. tabaci under check, the use of insecticides at three times 

over the cropping season of onion is of high importance. At the same time to have a friendly 

environment for beneficials and human the use of safe chemistries is needed. The findings of 

present investigations showed less impact of treated chemicals on bio-control agents in 

addition to suppression of T. tabci population. Higher yields of onion were obtained from 

treated plots compared to untreated controls. 

Moreover, the judicious use of specific target based insecticides not only reduce the 

number of spray but also economical. Use of botanicals were found to be effective and cheap 

source as farmer can prepare its extracts very easily and their application keep onion thrips 

under economic injury level with no environment and human health issue. 
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CHAPTER 7 

SUMMARY  

 

 
Onion, Allium cepa is an important vegetable crop grown in various parts of the 

world. Onion bulb is the rich source of vitamin B, vitamin C, carbohydrate and proteins. It is 

considered as an essential kitchen item of daily use. Onion also has medicinal properties, 

containing antibacterial, antifungal, anticancer, anticholesterol and antioxidant components. 

Thrips, Thrips tabaci is a major threat toward healthy onion production. The onion infested 

with thrips reduces yield (4 to 27%) and also the bulb size (28 to 73%). During early crop 

stages, heavy infestation of thrips may leads to total crop failure and also cause early 

maturity with subsequent onion yield reduction. Onion thrips cause damage directly to onion 

plant by sucking the cell sap, reduce photosynthetic ability, minimize onion bulb size and 

also indirectly serve as a vector of some lethal viruses such as Iris yellow spot virus (IYSV) 

and tomato spot wilt virus (TSWV). 

Use of synthetic chemicals are proved to be very reliable and cheaper way of 

controlling onion thrips but injudicious use of theses broad spectrum insecticides have not 

only polluted the environment but also created many health related issues. A large number of 

predators are available which feed on T. tabaci but in onion, thrips remain protected from the 

predators due to its cryptic behavior as it lies between the onion leaves. Only few beneficial 

species have been explored and being mass reared economically in laboratories. Instead of 

only rearing, scientists are working on conservation of these natural enemies through the use 

of botanicals and selective insecticides against onion thrips. These insecticides effectively 

control insect pest, encourage natural predatory fauna and also act as eco-friendly 

management practices in onion.  

The present study was aimed to introduce environmental friendly management 

techniques against onion thrips including cultural practices, use of bio-control agents and the 

role of some bio-pesticides to maintain the olericulture friendly for biocontrol agents. The 

use of organics and selective insecticides can suppress thrips with minimal adverse effect on 

ecosystem.  

Experiments were performed to evaluate intercropping and plant spacing practices as 

management tool against T. tabaci. Onion plots intercropped with cotton showed minimum 
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thrips density per plant during both years of study (2011 and 2012). The control plots with no 

intercopping exhibited maximum thrips density per plant during both experimental years. 

The highest onion bulb weight was recorded when onion was intercropped with cotton 

followed by tomato, chili and okra. In case of plant spacing, onion planted at 30 cm spacing 

showed lower thrips density per plant and relatively higher single bulb weight followed by 

25, 20, 15 and 10 cm during both years of study. Although, maximum crop yield was found 

at 10 cm plant-plant distance at the cost of reduced bulb size. But for suitable market valued 

bulb size, optium plant spacing is necessary. 

Predation efficiency of Phytoseiid mite, Neoseiulus barkeri was also investigated 

against onion thrips under controlled conditions. Different stages of thrips larval instars were 

provided as prey in combination (choice test) or separately (no choice test).  In choice test, 

non significant difference was observed in total thrips consumption per day. Predatory mite 

preferably fed more number of thrips 1
st
 larval instar as compared to 2

nd
 larval instar and 

adult. In no choice test, a significant difference was recorded in total thrips consumption per 

day. During both observation hours (12 or 24-hrs), a significant difference was also found on 

preference of immature and adult thrips in both choice and no choice tests. However, higher 

consumption rate was noted during initial hours of observation (12-hrs) and was slow down 

later on (24-hrs). There may be reason of aggressive predation initially. 

Efficieny of selective insecticides (Acephate
®
, Movento

® 
and Radiant

®
) and 

botanicals (neem, datura and kortuma) to control Thrips tabaci in the laboratory was also 

investigated using leaf dip and spray methods. During both bioassay methods, Acephate
®
 and 

Movento
®
 caused 100% mortality of nymphs within 48-hrs and 72-hrs after treatment 

respectively. Radiant
®
 showed 95.92±2.04% mortality at 72-hrs after treatment. In case of 

botancals, significantly higher mortality rate was observed by neem, datura and kortuma at 

different time intervals as compared to control. Similar response was observed in adult thrips 

for all insecticides and botanicals. It is concluded that although all insecticides and botanicals 

are effective for the control of thrips but insecticides are more toxic. 

The effectiveness of above mentioened botanicals and new chemistry synthetic 

insecticides was also evaluated in experimental field plots. The impact of these botanicals 

and selective chemical insecticides was investigated on natural predators and crop yield 

simultaneously. All the botanicals and chemical insecticides significantly reduced thrips 
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population, however, chemical insecticides provided more effective thrips control than 

botanicals. Among chemical insecticides, acephate
 

was most effective followed by 

spirotetramat and spinetoram. There was a negligible adverse effects of botanicals was 

observed on predators population as compared to chemical insecticides. All onion plots 

treated with chemical insecticides gave higher yield compared to the untreated (control). 

Findings of present study may improve the effective use of bio-control agents to reduce T. 

tabaci and its vectored diseases but also warranted for mass release of these potential bio-

agents in vegetable growing areas.  

SUGESSTIONS FOR FUTURE RESEARCH  

Open field releasing of N. barkeri and other predators of thrips should be evaluated 

for their establishment in vegetables and other agro-ecosystems and their impact on thrips are 

needed. These predators are also needed to be mass reared on commercial basis to introduce 

them against a wide range of insect pests in horticultural crops. Government agencies are 

required to establish laboratories through research and extension workers and make these 

predators available to farmers. Further, it is also suggested to encourage „Organic Farming” 

of vegetables by ensuring the use of safe, plant based bacterial and selective insecticides as 

integrated pest management. 
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