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ABSTRACT

Abundance

Influence of different cotton sowing dates on densities of pestiferous thrips Frankliniella occidentalis
(Pergande) and its predators Orius spp. [Orius niger Wolff and Orius laevigatus (Fieber)] is not clearly
understood. The aim of this study is to find best sowing date of cotton to manage populations of thrips
and to find out prey-predator interactions in cotton flowers by use of plastic mulching technique. Field
experiments were conducted in the Çukurova region of Turkey during the years 2008-2009. Cotton was
sown on 1st - 5th March (early sown), 15th - 16th March (early sown), 29th to 30th March (early sown), 15th
to 16th April (normal sown) and on 28th April (normal sown). Result of the study suggested that, thrips
and its predators shown significantly higher population densities in normal sown than those on early
sown cotton (P < 0.05). On the other hand significant and positive relationship was reported between
thrips and Orius numbers on early-sown cotton (1 March or 5 March) (P < 0.05). Numbers of thrips per
Orius were very low in most of sampling weeks in June-July period particularly in early-sown cotton
(less than 15 preys for one predator) which indicating that, F. occidentalis has a high predation risk by
Orius attacks in early-season cotton. Furthermore, higher and significant yield was obtained from earlysown cotton with the plastic mulching technique. Considering the consistent suppression of F.
occidenatlis by the Orius spp. and significantly high cotton yields, early-mulch-sown of cotton at the
beginning of March seems to be a good agricultural practices.
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Influence of Cotton sowing date on the abundance of western flower thrips (Frankliniella Occidentalis) and its predatory bugs Orius spp. In Çukurova Region of Turkey

1 Introduction
Cotton as many other perennial crops is affected by various
climatic conditions such as extended heavy rain falls, wild winds
which prolong growing season and delay harvesting. If these
undesired climatic factors occurred at late growing season or
harvesting time have significantly higher negative effect on cotton
yield and quality (Cetin & Basbag, 2010; Huang, 2016; Sawan,
2017). Therefore, early cotton cultivars have advantage to avoid
low temperatures at sowing time, developmental stage of cotton
fibers and rainfalls in harvesting time (Ngugi, 1994), and also
escape damage of late season pests such as cotton boll worms
(Jost & Cothern, 2001). While, sowing of cotton in late season
reduces cotton yield significantly in Turkey (Çopur et al., 2001;
Gür et al., 2001). One of the main problems of cotton cultivation
in Turkey is rainfall at harvesting time (mostly in September).
Rainfall reduces cotton fiber quality and thus, causes cotton price
to be low. Recently, sowing of cotton by plastic mulching
technique has increased in cotton production in European
Countries and China (Dong et al., 2003).The main goal of using
this technique is to form a suitable media by providing favorable
temperature for development. This system also helps in solving
problem associated with the germination of cotton seeds, due to
low temperature occurring inside the soil after sowing (Marguez,
1993; Wenging et al., 2017). Plastic mulching technique provides
optimum temperature and humidity for quick emergence of cotton
seeds, earliness of cotton, and effective control of weeds in
naturally grown cotton rows (Fereres & Goldhamer, 1991; Xue &
Qin, 1992; Ahmad et al., 2015). Additionally, this technique have
significant contribution in the growth of cotton plants as
compared to conventionally grown cotton (Wendt, 1973; Colomer
et al., 1998). Further, plastic mulching increases cotton yield and
quality by 10–30% (Stathakos et al., 2006; Mahajan et al., 2007).
Mulch technique has been used in 80% of the cotton land in the
irrigated areas of Spain due to favorable advantage of this sowing
system (Robledo de Perdo, 1995). In Turkey, there are few
scientific studies carried out on the advantage of plastic mulching
technique (Bilgi & Gençer, 2008).
In Turkey, usually cotton is sowing of in April because in early
March soil temperature is very low and this is not allowed to
germinate cotton seeds. Early sowing of cotton by using plastic
mulching is not yet commonly used practice in Turkey. Sowing of
cotton by using this plastic mulching technique at different time
may influence abundance of the cotton pest insects and cotton
development in the region.
The western flower thrips, Frankliniella occidentalis (Pergande)
(Thysanoptera: Thripidae) was reported for the first time in 1999
from the cotton fields of Çukurova region of Turkey and quickly
dispersed overall the regions of Turkey. Mostly, Frankliniella
flower thrips individuals feeds upon cotton flowers and cause
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abscission of immature fruiting bodies, causing silver tissues
(Atakan & Özgür, 2001). In Turkey most of the cotton growers
frequently used insecticides with high doses; after this also they
could not control the population of Frankliniella flower thrips
(Kuşdemir et al., 2000). According to Immaraju et al. (1992) and
Zhao et al. (1995) uncontrolled application of pesticide, local
biotype of F. occidentalis has gained resistance against large
numbers of commonly used insecticides. The management of
thrips is highly difficult because of their vast spreading in most of
the cotton growing areas, high reproductive rates, having large
numbers of host plants, moreover, insecticides are not effective
against pre-adult stages, excluding larvae, because eggs are laid
by females into a plant tissue, pre-pupa and pupal stages being
mostly in soil or protected sites (Mound, 2009). Therefore,
alternative management strategies such as cultural and biological
control of F. occidentalis in various crops including cotton are
often regarded as an important element of integrated pest
management strategy (Bournier, 1994). Selection of optimum
sowing time is a well-known agricultural practice used to prevent
harmful insect’s attacks in diverse crops (Saeed & Razaq, 2014;
Devi & Ram, 2018).
Sowing date may affect the density and abundance of
Frankliniella flower thrips and their natural enemies (predatory
bugs). Further, cotton flowers are short-lived; thus, flower number
and flowering status of plants may influence the population of
Frankliniella thrips and their predatory bugs Orius spp. [Orius
niger Wolff and Orius laevigatus (Fieber)] which are effectively
controlling the flower thrips in non-sprayed cotton fields (Atakan
& Özgür, 2001; Atakan, 2006). According to Micinski et al.
(1990), sowing of the cotton between April and Mid-May in
Mississippi Delta region, USA did not affect the density of thrips
(mainly Frankliniella spp.) and cotton yield was also significantly
reduced due to the thrips infestations. Further, it was well reported
that sowing time influenced the abundance of some generalist
hemipterian predators such as Geocoris punctipes (Say)
(Lygaeidae) and Nabis spp. (Nabidae) in cotton (Sprenkel et al.,
1979; Sewify et al., 1996). Abundance of coccinellid predator
Hippodomia (Adonia), variegata (Goeze) and Orius were
appreantly related to cotton sowing date and to the abundance of
cotton leafhoppers; fields which were cultivated in early time,
proned to get greater densities of predators (Prasifka et al., 2004).
In the same ecological area (Çukurova Region), Atakan & Gencer
(2008) investigated population densities of the flower thrips in
early (Late-March), normal or timely- (Mid-April or Mid-May)
and late (June) sown cotton. These researchers reported reduction
in the population of insect pest and natural enemies as well as
thrips and Orius in early March sown cotton by using mulchsowing technique. Shrestha & Parajulee (2010) concluded that the
conservation tillage plots of cotton in Texas (USA) has greater
numbers of predatory ground beetles (Coleoptera: Carabidae),
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diversity and species richness, and planting date did not
significantly influence predatory activity of species, by exluding,
Megacephala carolina L. of which abundance was observed to be
higher in late-planted cotton than did found in normal-planted
cotton.
Present study aimed to investigate the best sowing date of cotton,
which was sown by use of mulching technigue, to manage thrips
population and to find out relationships between Frankliniella
thrips and predatory bugs Orius spp. Additionally, influence of
planting date on plant vegetative and generative development and
also cotton yields was also estimated. Conclusions may be used in
the integrated control of the pest thrips in cotton.
2 Materials and Methods
2.1 Experimental design
The field experiments were carried out at the Research and
Implementation Area of the Çukurova University in the Adana
province located at the Çukurova region of Turkey (the eastern
Mediterranean region of Turkey). In Turkey, generally cotton is
sown between the period 15 April- 15 May (normal-sown cotton).
Sowing of cotton after May is often called late-sowing cotton. In
some Meriterranean parts of Turkey, cotton is sown in early
March but this is not common because of low soil temperature. In
this study, influence of sowing date of cotton on abundance of
thrips and predatory bugs as well as cotton plant vegetative and
generative development and yield was studied. During study,
cotton crops are classified as early-sown (March) and
convensionally (normally or timely) sown (April or May). SG 125
cotton variety, which has been commonly grown in the area, was
sown on 1st March, 15th March and 29th March (early-sown), and
15th April and 28th April (normally sown) in 2008. Cotton was
sown on 5th March, 16th March and 30th March (early sown), 16th
April and 28th April (normally sown) in 2009. Experimental
design was completely randomized block with three replications.
Each plot which representing a sowing date was 39.52 m2 with 4
rows of 13 m length with 0.75 m row space. Plots were separated
from each other by 2 m (bare soil). There was a 10 m unplanted
area among the blocks. Cotton rows representing the five different
sowing time were mulched by using the fine transparent
polyethlylene sheets (0.02 µ) after sowing. The mulch sheets were
removed when cotton plants were 10-15 cm in height. Nearly 20
days after sowing, cotton plants on the rows were thinned to 0.20
cm at each planting date. 300 kg/ha nitrogen was applied to cotton
ﬁelds at sowing as composed fertilizer, 20–20–0 (N–P–K), and
100 kg/ha nitrogen (46% urea) was applied when the ﬁrst squares
appeared. The ﬁeld experiments were furrow-irrigated at 15 or 20day intervals when plant terminals with 15 or 20 cm-length
became reddish, i.e., water deﬁciency. Regional routine cultural
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practices of cotton were performed for all planting date trials in
both years. No pesticides was used aganist the pestiferous insects
including thrips or acaries in both years.
Plant growth regulator, i.e. Pix TM (1.1.1. Dimethyl piperidinium
chlorine) was applied with doses of 300, 400 and 500 cc ha-1 to all
plots of experiments before the first, second and third irrigations,
respectively in both years. Additionally, Pix with recommended
dose of 600 cc ha-1 was also applied to plots of fourth and fifth
planting dates of all planting regimes in both experimental years.
2.2 Monitoring Frankliniella thrips and Orius spp. on cotton
flowers:
Field studies associated with population dynamics of F.
occidentalis and Orius spp. [Orius niger Wolff and Orius
laevigatus (Fieber)] on cotton flowers were carried out at the
Balcalı location in the years 2008 and 2009. Five fresh flowers
(one upper flower from a plant) from each plot representing
sowing dates, totally 15 flowers (5 flowers × 3 replications) from
all plots of each treatment representing different sowing dates
were picked randomly at 09:00-10:00 am at weekly intervals.
Cotton plants were sampled for numbers of the insects in JuneSeptember (totally 13 sampling dates) in 2008 and in June-August
(totally 11 sampling dates) in 2009. Flower samples were placed
individually into plastic cups (250 ml) and stored in an ice-chest
box and transported to the laboratory. Flowers were exposed to
cool for 60 or 90 minutes in a refrigerator and then shaken onto a
white plastic container. The thrips and predatory bugs were taken
with help of the brush and put in plastic tubes (2 ml) consisting of
70% ethyl alcohol for identification. Slide-mounted thrips species
(adults) were identified by using keys of zur Strassen (2003) and
Balou et al. (2012). Flowers were cut into pieces to takeout hidden
insects from different flower parts and then agitated in a 2%
detergent solution for 15 seconds. The solutions were spilled
through the sieves. Obtained thrips were stored in the plastic tubes
(2 ml). Preparations of the thrips (slide-mounting) were made and
identified in species level by the first author. Orius species were
identified to species level by using their morphological
characteristics described in detail by Önder (1982) and
Tommasini (2004). Counting of the insects was done under a
stereomicroscope with X45 magnifications.
2.3 Determination of plant characteristics
According to sowing dates and sowing methods (Aydemir, 1982),
plant heights (cm), sowing-squaring day number, flowering day
number, boll opening days were measured by selection of 10
plants randomly in each plot. Further, fruiting branch and number
of bolls was also counted. For this aim, randomly 10 plants in
each plot were selected and observations were done at weekly
interval in both years. In order to determine mean boll weight, all
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green bolls of randomly selected 10 plants were hand-picked and
weighted.
2.4 Determination of cotton yield:
All opened bolls in plots of first, second, third, fourth and fifth
sowing dates were hand-picked on 2 August, 14 August, 16
August, 25 August and 30 August, respectively in 2008. Opened
bolls in plots of first, second, third, fourth and fifth sowing dates
were hand-picked on 5 August, 12 August, 14 August, 23 August
and 30 August, respectively in 2009.
2.5 Data analysis:
Repeated measure analysis (RM-ANOVA; P < 0.05) was used to
evaluate effect of sampling dates and other interactions (sampling
date × year, sampling date × sowing date, and sampling date ×
year × sowing date) on the abundance of both thrips and Orius.
Cumulative mean numbers of thrips or Orius, plant characteristics
(mean plant height, fruiting branch, boll number, boll weight) and
mean cotton yields were compared by using Tukey’s Honestly
Significant Difference (HSD) test at P < 0.05 significant level.
Mean numbers of squaring, flowering and boll opening day were
evaluated by using same analysis method. Regression analysis
(quadratic) was used to investigate relationship between mean
numbers of thrips and Orius for each sowing dates in both years at
P < 0.05 significant level. Numbers of O. niger and O. laevigatus
were composed in sampling dates, because O. laevigatus
individuals were recorded sporadically through the sampling dates
in both years. SPSS 13.0 (SPSS, 2000) Statistic Program was used
to analyse all data obtained from the study.
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population showed a significant peak at the sampling date of 13 st
August with 11.26±2.92 individuals/flower (F = 9.809, df = 4.70,
P < 0.0001) on cotton plants sown at the latest sowing date (28 th
April). After this sampling date thrips were detected on flowers
only on the cotton sown this sowing date.
In 2009, population densities of thrips on cotton plants sown on
different dates were usually lower than thrips population on cotton
plants observed at previous study-year. Mean numbers of thrips
peaked on cotton plants sown on 5th March, 16th March, 30th
March and 15th April at the sampling date of 8th July (Figure 1a).
These population levels were similar on the plants in these plots,
but were significantly greater than those found on the plants sown
on 28th April (F = 10.019, df = 4,70, P < 0.0001). After this date
thrips numbers were steadily low in all plots until the sampling
date of 29th July. There were significantly greater thrips density
levels on the cotton plants sown at the latest date (5th sowing date28th April) at the sampling date of 29th July (F = 4.596, df = 4,70,
P < 0.05) and 5th August (F = 7.786, df = 4,70, P < 0.0001). After
this date thrips were detected only on cotton flowers sown at the
latest sowing date (28 April).
Table 1 Effect of sowing date on abundance of Frankliniella
occidentalis and Orius spp. in cotton in Adana province,
Turkey in 2008 and 2009.
df

MS

F

Sowing date

4

384.624

11.811

***

Year

1

159.125

4.886

*

Sowing date × year

4

74.059

2.274

NS

3 Results

Date

16

774.363

55.453

***

3.1 Effects of sowing date on thrips abundance:

Date × year

16

711.591

50.939

***

Date × sowing date

64

126.212

9.035

***

Date × year ×
sowing date

64

78.444

5.615

***

2240

13.969

Sowing date

4

0.329

1.453

NS

Year

1

0.004

0.018

NS

Sowing date × year

4

0.100

0.441

NS

Date

16

6.617

26.844

***

Date × year

16

4.121

16.718

***

Date × sowing date

64

0.407

4.651

**

Date × year ×
sowing date

64

0.452

6.835

***

1668

0.246

Sampling date, interactions between sampling date × year,
sampling date × sowing date, and sampling date × year × sowing
date significantly affected thrips densities on cotton sown at
different time (P < 0.05; Table 1). In 2008, sowing date had a
significant effect on thrips abundance (P < 0.0001; Table 1).
Thrips densities increased to highest level on cotton sown on 1 st
March and 15th March at sampling date of 18th June (F = 29.957,
df = 4.70, P < 0.0001) and 25th June (F = 21.209, df = 4.70, P <
0.000) (Figure 1a). Thrips densities were low and fluctuated with
the mean numbers of 0.73-0.53 individuals per flower on cotton
plants sown (all five dates) until 30th July. Thrips population
density on 15th April was the highest and this value (17.7
individuals per flower) was significantly greater than those found
in other plots on 30 July (F = 5.148 df = 4.70, P < 0.01). Mean
numbers of thrips were significantly greater on cotton sown on
30th July and 6th August (F = 6.939, df = 4.70, P < 0.01) than
found on cotton plants sown in other sowing dates. Thrips
Journal of Experimental Biology and Agriculture Science
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Figure 1 Mean numbers of Frankliniella occidentalis (a) and Orius spp. (b) on flowers of cotton planted at different dates in 2008 and 2009.

3.2 Orius abundance
In 2008, sampling date interactions viz., sampling date × year,
sampling date × sowing date, and sampling date × year × sowing
date significantly affected the population densities of Orius spp.
(P < 0.05; Table 1). Furthermore, result of study revealed that
sowing dates did not affect abundance of Orius spp. on cotton
plants. Orius populations fluctuated with means of 0.10-1
individual on each flower on cotton plants sown at different
sowing dates through the sampling dates (Figure 1b). Mean
numbers of Orius spp. on cotton flowers were similar on cotton
plants sown at 1st March, 15th March and 29th March, but
significantly greater on cotton sown on 18 th June (F = 4.763, df =
4,70, P < 0.01) and on 24th June (F = 6.259, df = 4,70; P < 0.0001)
than in normal planted cottons (15th April and 28th April) in 2008.
Orius population reached to a peak level on flowers (0.80±0.26
Orius per flower) on 30th July in plot of the first planting date (1st
March), but this density level was not statistically important than
others (P > 0.05) in 2008.
In 2009, Orius populations fluctuated with means of 0.20-1.33
individuals on each flower on cotton plants sown at different
Journal of Experimental Biology and Agriculture Science
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sowing dates (Figure 1b). Mean numbers of Orius in the plots of
first sowing date (March 5) increased to a peak level with
0.80±0.24 individual per flower and this mean number was
statistically significant than numbers of other sowing dates (F =
5.951, df = 4,70, P < 0.0001). On 15th July, mean numbers of
Orius in the plots of second sowing date (March 16) was
significantly greater (1.46±0.30 individuals per flower) than
sowing dates of 5th March and 28th April (F = 4.134, df = 4,70, P
< 0.05). In general, in late July-early August period, Orius
numbers were relatively higher on flowers of cotton sown on 15 th
April and 28th April, but these levels were not statistically
significant (P > 0.05) than those found at other sampling dates.
3.3 Seasonal mean numbers of thrips or Orius on cotton
flowers
Overall, thrips densities on cotton plants were significantly greater
on cotton sown on 15th April and 28th April (F = 4.632, df = 4,70,
P < 0.01; F = 4.670, df = 4,70, P < 0.01, respectively) than those
observed on cotton plants sown at other sowing dates in 2008
(Figure 2a). Similarly, thrips densities on cotton plants were
significantly greater on cotton sown on 16th April and 28th April
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Figure 2 Cumulative mean numbers of Frankliniella occidentalis (a) and Orius spp. (b) on flowers of cotton planted at different dates in 2008
and 2009. Same letters on the bars are not significant according to Tukey’s HSD test (P<0.05).

Table 2 Results of regression analysis between mean numbers of Frankliniella occidentalis and Orius spp. on flowers in cotton planted at
different dates in Adana province, Turkey in 2008 and 2009.
Year

Sowing dates

df

F

R2

P value

Equations

2008

1 March (early)

2,9

6.110

0.63

0.029

Y= 23.20x2-8.121x+1.667

15 March (early)

2,9

1.144

0.29

0.299

Y= -14.47x2-1.765x+0.353

29 March (early)

2,9

2.185

0.28

0.183

Y= -50.72x2-31.54x+0.694

15 April (normal)

2,9

0.509

0.11

0.609

Y= -39.61x2+22.01x+3.143

28 April (normal)

2,9

1.205

0.20

0.344

Y= -36.61x2+22.03x+3.146

5 March (early)

2,9

5.622

0.61

0.042

Y= 4.459x2+1.277x+0.422

15 March (early)

2,9

5.780

0.65

0,039

Y= -8.025x2+13.23x+0.043

29 March (early)

2,9

1.401

0.31

0,317

Y= -4.088x2+6.368x+1.266

15 April (normal)

2,9

0.964

0.27

0.442

Y= -11.27x2+10.53x+2.424

28 April (normal)

2,9

0.774

0.23

0.509

Y= 9.80x2-5.420x+2.293

2009

(F = 5.743, df = 4,70, P < 0.01; F = 6.215, df = 4,70, P < 0,01,
respectively) in 2009. In 2009, cumulative mean numbers of
Orius spp. were similar in plots of the first, second and third
sowing dates but was the highest (4.20±0.57 Orius spp.
individuals per flower) in cotton planted on 15th April (Figure 2b).
Statistically significant difference in means of Orius spp. number
was detected between 5th March and 15th April sowing dates (F =
4.595, df = 4,70, P < 0.05).
Journal of Experimental Biology and Agriculture Science
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3.4 Thrips-Orius relationships
Orius spp. numbers were significantly and positively related to
thrips numbers in cotton sown at 1st or 5th March in both years (P
< 0.05; Table 2). While, in case of 16th March, 2009 sown (second
sowing date), Orius numbers were significantly and negatively
correlated to thrips numbers in cotton (P < 0.05; Table 2).
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3.5 Prey-predator ratios
Prey-predator ratios on cotton plants sown at different time are
given in Figure 3. Prey-predator ratio in 2008 varied from, 2:1 to
22.3:1; 3.8:1 to 23:1 and 1:1 to 32.5:1 on cotton plants sown early
periods at 1st March, 15th March and 29th March respectively,

(Figures 3a, b, c). Prey-predator ratio were low with ratios ranging
between 2:1 and 38:1 at the period of June and July, but
apparently high ratio as 94:1 and 247:1 on cotton plant sown at
15th April and 18th April (normal plantings) where thrips
population peaked in flowers in late season (August)
(Figures 3 d, e).

Figure 3 Prey-predator ratios on flowers of cotton planted on March 1 or March 5 (a), March 15 or March 16 (b), March 29 or March 30
(c), April 15 or April 16 (d) and April 28 (e) in 2008 and 2009.
Journal of Experimental Biology and Agriculture Science
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In 2009, prey-predator ratios were lower when
compared to previous study-year (Figure 3). Ratios
varied from 3.2:1 to 62:1 and 3.4:1 to 17:1 on cotton
plants sown on 5th March and 16th March planting
dates, respectively (Figures 3a, b). Prey-predator ratios
ranged between 2.21:1 and 12:1 on cotton plants sown
on 16th April (Figure 3d). Prey-predator ratios were
less than 15:1 on cotton plants sown on 28 th April at
the July samplings, but when thrips population
increased to a peak level in mid-August, ratio reached
59:1 and 101:1 (Figure 3e).

Table 3 Seasonal mean prey-predator ratio (Total thrips: Orius spp.) on
flowers in cotton planted at different dates in Adana, province,
Turkey in 2008 and 2009.
Year

Sowing dates

Prey/predator ratio on one
flower

2008

1 March (early)

9.65±1.18

15 March (early)

13.04±2.23

2009

Overall prey-predator ratios on cotton plants sown on
15th April and 28th April were higher than those found
on cotton plants sown earlier (Table 3).
3.6 Determination of plant characteristics:
Mean plant heights were similar in first and second
sowing dates of 2009, but significantly higher than
2008 in first sowing date P < 0.0001 (Table 4). Like
plant height, mean numbers of fruiting branch were
similar in first and second sowing dates in 2009, but
significantly higher in first planting dates than those of
other sowing dates (P < 0.0001). Mean numbers of
green bolls were significantly higher at first sowing
dates of flat sowing technique in 2009 than others (P <
0.0001). In general, mean boll weights were similar at
sowing dates.
Mean squaring, flowering and boll opening day
numbers in cotton sown by different dates are given in
Table 5. Mean numbers of squaring, flowering and boll
opening days were clearly significantly longer in early
sowing date, i.e. March 5 sowing date, than those
found in other sowing dates in 2009 (P < 0.0001).
3.7 Cotton yield:
Cotton yield in plots of the first sowing date was
significantly higher than other sowing dates in 2008 (F
= 189.89, df = 4,10, P < 0.0001; Figure 4). In 2009,
cotton yield were similar in plots of March 5, March
30, April 16 and April 28 sowing dates, but
significantly lower than that of March 5 (F = 175.888,
df = 4,10, P < 0.0001; Figure 4).
4 Discussion and conclusions
Abundance of F. occidentalis was related to flower
densities and flowering pattern of cotton plants sown at
different times. In early growing season mean numbers
of thrips were greater on cotton plants sown at early
Journal of Experimental Biology and Agriculture Science
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29 March (early)

14.15±2.21

15 April (normal)

20.22±6.43

28 April (normal)

21.99±10.74

5 March early)

5.55±1.25

15 March (early)

6.98±1.15

29 March (early)

7.64±2.41

15 April (normal)

11.72±1.26

28 April (normal)

11.30±1.69

Table 4 Plant development of cotton sown by different technique and dates
in Adana province, Turkey during 2008-2009.
Sowing
dates

Plant height
(cm)

Mean no of
Mean no of
Fruiting branch boll

Mean no of
boll weight (gr)

2008 March 1

99.00±0.36a

13.86±0.12a

19.99±0.06a

6.10±0.015a

March 15 92.73±1.03b

13.06±0.06b

22.63±0.03a

5.86±0.23a

March 29 90.90±0.90b

11.10±0.10c

17.06 ±0.16b

5.96±5.96a

April 15

77.96±0.273c

9.50±0.10d

14.53±0.16bc

5.23±5.23b

April 28

75.63±0.68c

9.53±0.03d

15.73±0.06b

5.40±5.40b

F4,10 = 119.428, F4,10 = 501.403, F4,10 = 81.523, F4,10 = 3.215,
P<0.0001
P<0.0001
P<0.0001
P>0.05
2009 March 5

102.33±1.45a

15.67±0.40a

22.06±0.52a

5.60±0.05a

March 16 95.20±0.47ab

14.00±0.54ab

18.96±0.60b

6.02±0.06a

March 30 88.00±3.05b

13.00±0.57bc

16.96±0.63b

6.03±0.07a

April 15

90.20±2.88b

13.96±0.33b

19.06±0.52b

5.60±0.05a

April 28

75.00±2.88c

11.00±0.53c

18.96±0.60b

5.50±0.03a

F4,10 = 18.035,
P<0.0001

F4,10 = 12.503,
P<0.01

F4,10 = 10.018, F4,10 = 28.150,
P<0.01
P<0.0001

Table 5 Mean squaring, flowering and boll opening day numbers of cotton
sown by different technique and dates in Adana province, Turkey in 2009.
Sowing
dates

Mean number of
squaring day

Mean number of
Flowering day

Mean number of
boll opening day

March 5

80.63±0.57

97.02±0.89

140.24±1.15

March 16

71.14±0.53

83.12±0.57

131.45±1.02

March 30

61.02±0.42

79.07±0.42

123.15±0.93

April 15

52.54±0.38

68.16±0.39

107.03±0.57

April 28

43.19±0.27

60.23±0.44

100.12±0.48

F4,10 = 648.900,
P<0.0001

F4,10 = 606.900,
P<0.0001

F4,10 = 316.962,
P<0.01
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threshold level as 50-75 thrips adult per flower reported by
Atakan & Özgür (2001) in all sowing regimes.

Figure 4 Yields of cotton (kg ha-1) planted at different dates in 2008 (a)
and 2009 (b). Same letters on the bars are not significant
according to Tukey’s HSD test (P < 0.05).

time but in next season, thrips moved to flowers of normal sown
cotton. However, the thrips showed main population development
in the late-season cotton and its densities were significantly
greater on cotton plants sown on normal time (at mid-or lateApril) than those found on cotton plants sown in early time (at
March) (Figure 2). The presence of great numbers of F.
occidentalis at boll maturation period of cotton may be result of
movements of the thrips from other nearby weedy plants or
summer crops such as cucurbits, to cotton in early-or late –
August. Furthermore, a few numbers of larval thrips belong to F.
occidentalis on early-sown-cotton in August as compared to
cotton sown in April. Colonization on cotton flowers in earlysown cotton experiments by very high numbers of the adult flower
thrips might have negatively influenced eggs laying behavior of
females; thus, concluding low ovipositional rate of the female
thrips. Although, we did not intent to investigate ovipositional rate
of thrips on flowers, some researchers concluded the quality of
food affected reproduction of the thrips (Murai & Ishii, 1982;
Kirk, 1985).
No thrips damage on flowers and fruiting parts such as young
bolls after the appearance of the flower thrips adults in flowers
was observed, that thrips numbers had not reach the economic
Journal of Experimental Biology and Agriculture Science
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The abundance patterns of pirate bug Orius spp were similar to
the patterns of thrips in cotton flowers. Orius spp. were more
abundant on cotton flowers of normal planted date (Figure 1) and
overall numbers of Orius spp. was significantly higher in cotton
sown in Mid-April (Figure 2). Although in general, Orius
densities were relatively greater in late-sown cotton, there were
significant and positive relationship between thrips and Orius
mean numbers only in early-sown cotton (March 1 or March 5
sowing regime). In previous studies various researchers reported
that, populations of O. niger significantly and positively
correlated with F. occidentalis population in normal-planted (lateApril or early-May) cotton (Atakan, 2006; Atakan & Gencer,
2008). These differences between studies may be because of
different sowing date regimes. There was no correlation between
Orius insidiosus (Say) and Frankliniella flower thrips abundance
in cotton in Quincy and Marianna (USA) which is indicating that
O. insidiosus may not be an effective predator of Frankliniella
tritici (Fitch) (Osekre et al., 2008). As per present study O.
insidiosus preyed successfully on F. occidentalis rather than F.
tritici and Frankliniella bispinosa (Morgan). Furthermore, it was
reported that F. occidentalis is the least mobil as compared to
others. F. tritici individuals are significantly more active than F.
occidentalis in field-grown peppers (Reitz et al., 2003). However,
there was a good relationship between Frankliniella flower thrips
and O. insidiosus on various cultivated plants in USA
(Funderburk et al., 2000; Funderburk et al., 2015). Additionally,
in current study, there were many crops such as faba bean, maize,
potato and sesame grown nearby, but in previous work of same
author, cotton was grown as a sole crop. High plant diversity
might have affected insect’s abundance and thrips-Orius
relationships. Generalist natural enemies such as anthocorids are
particularly assumed to benefit from plant diversification, because
of the great availability of food sources (Root, 1973; Sheehan,
1986; Russell, 1989).
Prey-predator ratios were much lower in the June-July period than
those on late-season in all sowing regimes (Figure 3). However,
particularly in normal-planted cotton, prey-predator ratios were
over 100 thrips per Orius on flower in late season (August)
(Figure 3). This result of present study suggested that flower
thrips may suffer more from Orius spp. predation on flowers in
early-sown cotton. Lower numbers of thrips in early sowing dates
may be an evident of the predator suppression.
There are several factors in suppression of thrips effectively by a
predator: the initial population densities of the prey and predator,
their fecundity, and morphological structure of host plant (Osekre
et al., 2008). Previous studies done in the region reported
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capability of O. niger to effectively suppress Frankliniella flower
thrips on untreated crop plant such as cotton (Atakan & Özgür,
2001) and wild plants (Atakan & Tunç, 2010). There were
consistent suppressions of F. occidentalis population’s overtime
particularly in early-sown cotton or in normal-sown cotton, even
under higher ratio of thrips-Orius as compared to normal-sown
cotton. Prey-predator ratios in most of sampling weeks in JuneJuly period particularly in early-sown cotton were lower (less than
15 preys per predator) than 217 thrips per Orius, which is critical
capability ratio for O. insidiosus to effectively control populations
of F. occidentalis (Sabelis & Van Rijn, 1997). In current study,
significant correlations obtained between numbers of thrips and
Orius may be an evident of Orius species mainly O. niger
becoming an important natural enemy of thrips.
In the current study, early-sown cotton had significant effect on
cotton yields (Figure 4). Further, no insect damage as well as
thrips was observed in the current study. The higher yield was
obtained from early-mulch-sown cotton could be due to long
growing season of cotton. Cotton yield in early-March-sown plot
(1 March or 5 March) were 23% higher than cotton sown in lateApril (28 April). Similarly, Bilgi & Gençer (2008) concluded that
mean yield of cotton (same variety-SG125) sown in early-March
(7 March) by using plastic mulch were significantly higher (22%
more) than that of cotton sown in late-April (27 April) in the same
experimental area. Some researchers reported that late sowing of
cotton had relatively less yield in Southern Anatolian region of
Turkey (Çopur et al., 2001; Gür et al., 2001). In current study,
early-March-sown cotton provided nearly 25 days earlier
harvesting of cotton. Our results are agreed with the findings of
previous work done in the same experimental area (Bilgi &
Gençer, 2008). In current study cotton planted at March 5 (Early
sowing time) had significantly higher green boll load and higher
green boll weights than found in others (Table 4). According to
the study of Bilgi & Gençer (2008), number of boll per plant boll
weight, thickness and ginning yield were considerably higher in
the early-March-sown cotton.
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cotton appears to be a good cultural practice in the Mediterranean
region of Turkey and in also other geographical regions sharing
similar ecological conditions. With attention to prey-predator
associations, this study suggests that Orius spp. (mainly O. niger)
may be an important natural enemy of Frankliniella flower thrips
particularly in early-March-sown cotton. The cost of plastic
mulching of cotton in the region is nearly 750 TL (nearly 200
USD) per ha. This extra cost at sowing time will be insignificant
by considering favorable advantages of the mulching system in
cotton cultivation.
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