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Abstract: Yellow sticky traps are generally used for the monitoring of insect pest, but still it is unclear that
whether yellow sticky traps can be used to control whitefly population in the citrus orchard. The effect of
yellow sticky traps on population dynamics  of  citrus  whitefly,  Dialeurodes  citri  (Ashmead)  in  citrus
orchard was investigated during 2008-2010. The research data revealed that yellow sticky traps significantly
lower down the population increase of both adult and immature citrus whiteflies. Our findings strongly suggest
that yellow sticky traps can be used as an effective control measure against citrus whitefly in the citrus orchard.
In future this research could be helpful to design non chemical control strategies and integrated pest
management strategies such as use of insecticides along with yellow sticky taps to control citrus whitefly.
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INTRODUCTION thrips  and other insects in greenhouse and field [7–11].

The Citrus whitefly, Dialeurodes citri (Ashmead) (Kuwana) were trapped by yellow sticky traps than by
(Homoptera: Aleyrodidae), is a very important pest of other color traps such as green, red, blue, fluorescent
citrus orchard in China. It originated in Southeast Asia yellow, white and clear traps in citrus orchard [6]. More
and has also been found in other regions such as North Bemisia tabaci were caught on yellow sticky traps
and South America, Europe, Russia and the compared with green, red, blue and white sticky traps [12].
Mediterranean basin[1–3]. It has 30 different families Rodriguez-Saona et al. [13] reported that white sticky
around the world[4]. It causes serious damage to citrus by traps were more attractive to thrips compared with blue or
sucking plant juice. The promotion of sooty mould which yellow sticky traps. 
caused by D. citri inhibit respiration and photosynthesis In recent years, yellow sticky traps have been widely
of the fruit, thus impair production and aesthetic value of used in pest control. For example it has been proven to be
the fruit [1]. an effective control strategy against B. tabaci in various

Many different chemical  insecticides  have been crop systems [14,15]. In green house yellow sticky traps
used to control D. citri. Due to the extensive use of the along with parasitoids has proven to be an effective
chemical insecticides, D. citri has become resistant to control measure for B. tabaci [16]. Abdel-Megeed et al.
many commonly used insecticides[5]. Thus it becomes [7] also reported that yellow sticky traps can significantly
difficult to control D. citri through chemical insecticides. lower down the population of B. tabaci in the field.
Physical control methods have been widely adopted According to our knowledge no study has been
around the world [6]. Colored sticky cards have been used conducted to find out the effect of yellow sticky traps on
for monitoring of population of whiteflies, leafminers, population  dynamics  of citrus whitefly. I It is unclear that

It  was  observed  that more Parabemisia myricae
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whether yellow sticky traps can control population of D. RESULTS
citri in citrus orchard and moreover all mentioned studies
were done in single growing season of crop and the
duration of the study was too short to give strong
suggestion that whether traps are effective to control
whitefly or not. Thus we conduct this research to
investigate the impact of yellow sticky traps on
population of D. citri in the citrus orchards for three
consecutive years. 

MATERIALS AND METHODS

Study Site: The experiments were conducted at farmer
field at Multan, Pakistan, during 2008, 2009 and 2010. The
citrus trees were planted with 3×4 m in 1999 and
approximately 220cm in height. All studies were carried
out in the same place and no insecticides were applied
throughout the studies.

D. citri, Host Plant and Yellow Sticky Traps: Yellow color
sticky cards of 24×20cm were used as sticky traps. All
sticky traps were hanged vertically. Citrus plants (Citrus
reticulata Blanco, rutaceae) were used as host plant of D.
citri.The experiments were carried out with two treatments
(field with traps and field without traps) and three
replications,and each treatment plot was 100 meter apart
from each other. The yellow sticky traps were fixed on
sticks and placed at the height of 120 cm above the
ground. Each treatment area was 20×30 m. sixty yellow
sticky cards were placed in each 600 m . The similar area2

without placement of yellow sticky cards was considered
as the controls.

Sticky traps were checked every 7 days from 15 April
to 2 September during 2008, 2009 and 2010. After every
seven days data were collected and traps were replaced
by new one. Number of D. citri adults was counted
quickly and carefully on 100 randomly selected leaves.
After counting the adult leaves were cut away and taken
into the laboratory for immature counting. We considered
eggs, nymphs and pupae as immature. Nikon
stereomicroscope (SMZ1500) was used in the lab to count
the immature.

Experimental Design and Data Analysis: We used
completely randomized design to arrange experimental
treatments and replications. The data were averaged after
getting from each treatment on each checking day. We
used t-test of two independent samples to analyze the
significance between the two treatments of the each
checking day. The data were statistically analyzed by
using Statistica software (StatSoft Inc.,
www.statsoft.com).

Effect of Traps on Population Dynamics of Adult
Whiteflies
First  Year  Trail:  Yellow  sticky  traps significantly
lower down the population of Adult whiteflies in the
citrus field. (Figures A, B, C). The first field trail started
from 15 April to 2 September 2008 (Fig. A). In the first
month of trail (from 15 April to 6 May) Population
densities of whitefly were significantly decreased as
compared to control except the first week (p15/4 =0.05,
p22/4 < 0.05, p29/4 < 0.05, p6/5 < 0.05) Trail date i.e.,
day/month in which sample collected is indicated by
subscript values. In the second month of trail ( from 13
May to 3June ) population densities of whitefly were not
significantly affected in the first and the last week, but
traps significantly lower down the population in the
middle two weeks of the month (p13/5 =0.05, p20/5 < 0.05,
p27/5 < 0.05, p3/6 =0.05).

Population of whitefly significantly decreased as
compared to control in all the four weeks of the third
month (from 10 June to 1July) of trail (p10/6 <0.05, p17/6
< 0.05,p24/6 < 0.05, p1/7 <0.05). It was observed that
yellow sticky traps significantly lower down the
population of whitefly adults in the fourth month (from
8July to 29 July) of the experimental trail except the
second week (p8/7 <0.05, p15/7 =0.05, p22/7 < 0.05, p29/7
<0.05). The data of the last five weeks (from 5 August to
2 September) of the year 2010 reveled that sticky traps
could not significantly decrease the population of
whitefly except the first and the third weeks (p5/8 <0.05,
p12/8 = 0.05, p19/8 < 0.05, p26/8 =0.05, p2/9 =0.05).

Second Year Trail: In order to observe the effect of
yellow sticky traps on population dynamics of whitefly,
we started the second year trail from 15 April to 2
September 2009 (Fig. B). We observed that population
densities of whitefly were not significantly affected than
control in first three weeks of the first month (from 15
April to 6 May) of the trail, but there was significant
decrease in population in last week (p15/4 = 0.05, p22/4 =
0.05, p29/4 = 0.05, p6/5 < 0.05). It was observed that
population of whitefly greatly affected by traps in the
second month (from 13 May to 3 June) of the trail,
significance level was higher (<0.01) in the first and the
last week, and in the second week population was also
significantly (<0.05) reduced, but in the third week
population reduction was not statistically significant
(p13/5 <0.01, p20/5 < 0.05,p27/5 = 0.05, p3/6 <0.01). In the
third month (from 10 June to 1July) of the experimental
trail,  significant  decline was seen as compared to control
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in the population of whitefly adults except the last week 6 May),there was no significant population decline
(p10/6 <0.05, p17/6 < 0.05, p24/5 < 0.05, p1/7 =0.05). In the observed in first and last week of the month, but
fourth month (from 8July to 29 July) trail, significant reduction in population was observed in middle weeks of
population decreased was seen in all the four weeks, the moth ( p15/4 =0.05, p22/4 < 0.05, p29/4 < 0.05, p6/5 =
reduction in population was <0.01 in the second week and 0.05). Statistically higher significant difference was
significance level was < 0.05 for the other three weeks observed (p < 0.01) in second and fourth week of the
(p8/7 <0.05, p15/7<0.01, p22/7 < 0.05, p29/7 <0.05). second month (from 13 May to 3 June) trail and significant
Significant decrease in population was observed in the (p < 0.05) population decline was observed during first
first two weeks of the last month ( five weeks from 5 and third week of the month (p13/5 <0.05, p20/5 < 0.01,
August to 2 September) of trail, but there was no p27/5 < 0.05, p3/6 <0.01). During the first and the last week
significant change in population observed in last three of the third month (from 10 June to 1July) of experimental
weeks ( p5/8 <0.05, p12/8 <0.05, p19/8 = 0.05, p26/8 =0.05, trail, statistically higher (p < 0.01) population decline was
p2/9 =0.05). obtained and significant (p < 0.05) population decrease

Third Year Trail: The last year trail started from 15 April reduction in population seen in third week. (p10/6 <0.01,
to 2 September 2010 (Fig. C). In the first month( from 15 p17/6 < 0.05, p24/6 = 0.05, p1/7 <0.01). The data of the
April to 6 May) of trail,we observed that whitefly fourth month of trail ( from 8July to 29 July) showed that
population was not affected in first three weeks, but in the sticky traps effectively control population of immature
last week traps significantly lower down the population whiteflies in the first three weeks of the month, but there
(p15/4 =0.05, p22/4 = 0.05,p29/4 = 0.05, p6/5 < 0.05). was no significant control seen in the last week of the
Population decline was observed in the first two and the month (p8/7 <0.05, p15/7 <0.05, p22/7< 0.05, p29/7 =0.05).
last weeks of the second month (from 13 May to 3 June), In the last five weeks( from 5 August to 2 September) no
there was not significant decrease in population was significant   decrease   in   population   observed  except
observed in second last week (p13/5 <0.05, p20/5 < 0.01, in second week ( p5/8 =0.05, p12/8 <0.05, p19/8 =0.05,
p27/5 = 0.05, p3/6 <0.01). Field trail data of the third moth p26/8 =0.05, p2/9 =0.05).
(from 10 June to 1July) reveled that sticky traps
statistically decreased the population of whitefly in all Second Year Trail: We started second year (2009) trail
four weeks (p10/6 <0.05, p17/6 < 0.05, p24/6 < 0.05, p1/7 from the same dates (15 April to 2 September) as
<0.05). Highest decline in population of whitefly was described previously. In the first month (from 15 April to
obtained in fourth ( from 8July to 29 July) experimental 6 May) of the trail we observed great reduction in
trail, in which highest decrease in population (<0.01) population, significant reduction (p < 0.01) in population
obtained in last three weeks of the month (p8/7 <0.05, was observed in the last two weeks of the month and
p15/7 <0.01, p22/7 < 0.01, p29/7 <0.01).The data of the last population was also significantly (p < 0.05) decreased in
five weeks ( from 5 August to 2 September) of the trail the second week, but no significant decrease seen in the
showed that,sticky traps decline the population of first week of the month (p15/4 =0.05, p22/4 < 0.05, p29/4 <
whitefly in the first week and in last four weeks there was 0.01, p6/5 <0.01). Yellow tarps significantly control
no significant reduction in population ( p5/8 <0.05, p12/8 whitefly immature in first two weeks of the second month
=0.05, p19/8 = 0.05, p26/8 =0.05, p2/9 =0.05). (from 13 May to 3 June) trail, but no significant difference

Effect of Traps on Population Dynamics of Immature p20/5 < 0.05, p27/5 =0.05, p3/6 =0.05). 
Whiteflies In case of third month (from 10 June to 1July) of trail
First Year Trail: The population dynamics of immature we observed population control in all the weeks except
whiteflies was quite similar to that of adults as previously third (p10/6 <0.05, p17/6 < 0.01, p24/6 = 0.05, p1/7 <0.05).
described (Figures D, E, F). Three years data revealed that In the fourth month (from 8July to 29 July) of the
yellow sticky traps were also statistically most effective experimental trail we observed decrease in population in
against immature whiteflies in the citrus orchard. We all weeks except third (p8/7 <0.05, p15/7 <0.01, p22/7 =
started trail from 15 April to 2 September 2008, to 0.05, p29/7 <0.05). We observed no significant change in
investigate the effect the yellow sticky traps on population with control in last five weeks ( from 5 August
population of immature whiteflies, we continuously collect to 2 September) of trail ( p5/8 =0.05, p12/8 =0.05, p19/8
the data for 21 weeks. In the first month ( from 15 April to =0.05, p26/8 =0.05, p2/9 =0.05).

was observed in second week of the month, no significant

in population seen in the last two weeks (p13/5 <0.01,
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Fig. A: Population dynamics of D. citri Adult on citrus plant from 15 April to 2 September 2008 (Asterisks (*) indicate
statistically significant difference  between  the  two  treatments,  n = 2: *p < 0.05, **p < 0.01, n.s. = not
significant).

Fig. B: Population dynamics of D. citri Adult on citrus plant from 15 April to 2 September 2009 (Asterisks (*) indicate
statistically significant difference  between  the  two  treatments,  n = 2: *p < 0.05, **p < 0.01, n.s. = not
significant).

Fig. C: Population dynamics of D. citri Adult on citrus plant from 15 April to 2 September 2010 (Asterisks (*) indicate
statistically significant difference  between  the  two  treatments,  n = 2: *p < 0.05, **p < 0.01, n.s. = not
significant).
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Fig. D: Population dynamics of D. citri Immatures on citrus plant from 15 April to 2 September 2008 (Asterisks (*)
indicate statistically significant difference  between  the  two  treatments,  n = 2: *p < 0.05, **p < 0.01, n.s. = not
significant).

Fig. E: Population dynamics of D. citri Immatures on citrus plant from 15 April to 2 September 2009 (Asterisks (*)
indicate statistically significant difference  between  the  two  treatments,  n = 2: *p < 0.05, **p < 0.01, n.s. = not
significant).

Fig. F: Population dynamics of D. citri Immatures on citrus plant from 15 April to 2 September 2010 (Asterisks (*)
indicate statistically significant difference  between  the  two  treatments,  n = 2: *p < 0.05, **p < 0.01, n.s. = not
significant).
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Third Year Trail: In the last year of trail (2010) the trend Yaobin et al. [19] used yellow sticky taps in the field
of the population dynamics of immature whiteflies in and green house, to investigate the effect of traps on
treated and control plots were also same as described population dynamics of whitefly on eggplants. They
previously. In the first month ( from 15 April to 6 May) of reported that yellow sticky traps can effectively control
the trail,data revealed that there is no significant whitefly population in green house but they were not so
difference in population of first two weeks, but we effective in the field. Our three years finding negate this
observed significant decrease in population of last two research and found that population of whitefly adults and
weeks ( p15/4 =0.05, p22/4 = 0.05, p29/4 < 0.05, p6/5 <0.05). immature can be significantly reduced by using yellow
In the first and the last week of the second month ( from sticky traps in the citrus orchard.
13 May to 3 June ) of the trail there was no significant There may be a factor due to which yellow sticky
difference between control and treated plots, but the traps could not significantly control whitefly population
second and the third weeks showed significant reduction in the field of eggplants, because plant to plant difference
in population of immature whiteflies ( p13/5 =0.05, p20/5 < of eggplants were not so large as compared to citrus and
0.01, p27/5 <0.05, p3/6 =0.05). The trail data of the third the flight distance covered by the whitefly in eggplant
month ( from 10 June to 1July) showed that yellow sticky field may be less as compared the citrus field and
traps lower down the population of immature whiteflies in ultimately chances to capture whitefly adults on yellow
first two weeks of the month and in the last two weeks sticky traps decreased. 
there was no significant difference between the Although yellow sticky traps significantly lower
population ( p10/6 <0.01, p17/6 < 0.05,p24/6 = 0.05, p1/7 = down the population of whitely in the citrus orchard, but
0.05). In fourth month (from 8July to 29 July) of trail There in most cases population density of whitefly was
was no significant difference in populations was seen, relatively higher than economic threshold level. Thus in
except the second week (p8/7 =0.05, p15/7 <0.01, p22/7 = order to keep the population density of whitefly below
0.05, p29/7 =0.05). In the last five weeks (from 5 August to economic threshold level in citrus orchard, yellow sticky
2 September) there was no significant difference observed traps can be used with other control measures such as,
between the population of control and treated plots (p5/8 biological control, cultural control and chemical control.
=0.05, p12/8 =0.05, p19/8 =0.05,  p26/8  =0.05, p2/9  =0.05). Insecticides are considered as main control method of

DISCUSSIONS whitefly has been reported worldwide [20]. So to manage

For many years yellow sticky traps have been important to decrease the spray of insecticides. Our
extensively used as control measure of whiteflies in the present research will give a clue to reduce the application
field and greenhouse. About all the prior studies were of insecticides and in future it will be helpful to develop
carried  out  only  a  short  period  of  time.  For  example integrated control strategies against citrus whitefly. It is
Gu et al. [17] reported the affect of yellow sticky traps on important to study the effect of yellow sticky traps with
population dynamics of B. tabaci. The duration of their combination of insecticides in the citrus orchard. 
experiment was 40 days (from 18 July to 22 August 2005). In the field different factors such as temperature,
Strong recommendations on the bases of field trail data relative humidity, rainfall and natural enemies play
required long duration of research. Our three years study important role in population dynamics of whitely [21]. Due
revealed that yellow sticky traps can significantly to the climatic factors and population fluctuation of
decrease the population of whiteflies adult and immature natural enemies, the trend of population dynamics of
in citrus orchard. According to our knowledge, to date no whitely in three years were not similar.
data has been published, about the affect of yellow sticky
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