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Reflective Plastic Mulch As a Component of an
Integrated Management Approach for Melon Thrips
in Field-grown Cucumber
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Melon thrips (Thrips Palmi Karny (Thysanoptera: Thripidae) is a serious pest of vegetable crops and ornamental
plants. This pest is difficult to control because it is not very sensitive to commonly used insecticides. We evaluated the
impact of different plastic mulches on the abundance of melon thrips in field grown cucumbers. In Fall 2015 and 2016,
cucumbers were seeded in beds covered with metalized ultraviolet (UV) light reflective silver on white, UV-reflective
silver on black, white on black, black on white, black on black, and a no mulch (control) in a randomized complete
block design. Beginning three weeks after planting, the efficacy of the different mulches was compared weekly, based
on the abundance of melon thrips in leaf samples. Significant reductions in the density of melon thrips were observed
in the metalized reflective plastic mulch treatments compared to the other plastic mulch and control treatments. The
highest numbers of melon thrips were observed in the white on black plastic mulch and the no mulch control treat-
ments. The black plastic mulch treatments had an intermediate effect on reducing the number of melon thrips. The
number of marketable fruit was approximately 60 % higher when grown on silver reflective mulch than in the control
treatment. Significantly greater number of cucumber fruit and earlier fruiting occurred in the reflective mulch than in
the other treatments. These results suggest that reflective plastic mulch could be an important component of integrated

pest management strategy for cucumber.

Cucumber is an economically important crop grown on 11,000
acres of land in Florida. Florida ranks number one in the United
States for growing cucumber, with total sales of $66 million in
2015-16 (USDA-NASS, 2017).

Thrips palmi is an important pest of nearly all vegetable crops
and some ornamental plants grown in fields and greenhouses (Seal
and Baranowski, 1992; Seal and Sabines,2012). T palmi feeding
often results in bronzing of leaves, stunting of whole plants, and
scarring and distortion of the fruit, resulting in reduced market-
able yield (Kawai, 1986; Seal et al., 2013; Tsai et al., 1995). In
the absence of effective control measures, high populations of 7'.
palmi can cause complete defoliation of host crops within a week
of the onset of infestation and eventually can kill the host plants
(Childers, 1997; Seal, 1997; Tsai et al. 1995). Feeding damage
can sometimes lead to 70 to 90% economic losses (Bournier,
1983; Cardona et al., 2002). In the tropics, estimated crop losses
from T. palmi infestation are 90% for cucumbers (Cooper, 1991).
One T. palmi per cucumber leaf can cause a reduced number of
tendrils, fewer leaves, and increased plant mortality. There was
alsoasignificantlinear relationship between mean density and fruit
scarring on cucumbers (Kawai, 1986; Suzuki and Miyara,1983).

Growers use different classes of insecticides as a primary tool
to manage 7. palmi. Repetitive foliar applications of chemicals
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from the same classes have resulted in unsatisfactory control of 7.
palmi (Seal et al.,2013). Also, demand for organic and chemical
free produce is increasing worldwide. Therefore, it is important to
develop integrated pest management (IPM) techniques to manage
this pest and reduce the dependency on chemical control measures.

Plastic mulch can be a valuable component of an integrated
management program for vegetable production. Plastic mulch
reduces weed and disease pressure and provides efficient use of
irrigation and fertilizer. Plastic mulch also increases the growth
and yield of crops by modifying the microclimate of the root zone
and ambient environment (Diaz-Pérezetal.,2007; Lamont, 1993;
Reitz et al., 2003; Summers and Stapleton, 2002; Tindall et al.,
1990). Optical properties of reflected light from various colored
mulches can attract or deter insects by influencing their visual
behavior (Antignus, 2014; Csizinsky et al., 1997; Csizinsky et
al., 1999; Schalk and Robbins, 1987). Ultraviolet (UV)-reflective
aluminum and silver mulches have been reported to effectively
suppress infestation and disease transmission by a wide variety
of insects including thrips (Brown and Brown, 1992; Greenough
et al.,1990; Reitz et al., 2003; Scott et al., 1989; Tyler-Julian et
al.,2015). Similar to some other insect species, melon thrips can
discriminate between different light wave lengths and intensities
(Fukushi, 1990). Melon thrips are detracted by reflected light in
the ultraviolet spectrum (Nonaka and Nagai 1984). Metalized
mirror mulch reduced the number of melon thrips on cucumber
(Suzuki and Miyara, 1983). The number of both adults and larvae
of T. palmi was significantly lower on ‘Jalapeno’ pepper grown
on metalized UV-reflective silver mulches compared to other
mulches and ano mulch control treatment (Razzak and Seal ,2017).
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The present study was conducted to determine the effective-
ness of different plastic mulches for managing melon thrips on
field-grown cucumber. Leaf mineral nutrients from plants on
the silver on black mulch and white on black mulch were inves-
tigated. Effects of different mulches on the yields of cucumber
are also reported.

Materials and Methods

FIELD SITE, EXPERIMENTAL DESIGN AND MULCH TREATMENTS.
Field experiments were conducted at the University of Florida/
IFAS, Tropical Research and Education Center (TREC) in Home-
stead during Fall 2015 and Fall 2016. There were four 62.48-m
long beds, each consisting of 9.14-m long plots, six for each
treatment; a 1.52 m buffer zone was maintained between plots.
Each bed was considered as a block and was separated by 3.05
m of fallow soil. Each raised bed was 91 cm wide x 15 cm high.

Treatments were replicated four times in a randomized com-
plete block design for five plastic mulch treatments and ano mulch
control. Mulch treatments in this study were: 1) “metalized”
plastic: silver infused top and black bottom; “silver-on-black™
(Can-Shine N’Ripe, 1.25 mm); 2) “metalized” plastic: silver
infused top and white bottom; “silver-on-white” (Can-Shine
N’Ripe, 1.25 mm); 3) “Black” plastic: “black-on-black™ (Can-
Grow-XSB, 0.6 mm); 4) “black-on-white” (Can-Grow XSB,
0.9mm); 5) “White” plastic: “white-on-black” (Can-Grow XSB,
0.9 mm); and 6) ano mulch control. The mulches are manufactured
by Canslit Inc., Canada, and supplied by IMAFLEX USA Inc.

CROP ESTABLISHMENT AND MANAGEMENT. Pre-plant granular
fertilizer [BN—16P—16K, 1307 kg/ha (1166 Ib/acre)] and a pre-
emergence herbicide (halosulfuron methyl, 55 gm/ha, Sandea®)
were applied before laying mulch on the beds. Cucumber seeds
(Cucumis sativus L. var. ‘Poinsett 76’ ,Cucurbitaceae) were seeded
(three seeds/hole) manually on 14 Nov. 2015 and 4 Nov. 2016. A
30.48 cm spacing was maintained between two seeding holes in
each plot. Following germination, plants were thinned to one plant
per hole. Plants were irrigated with a drip tube system twice a
day,9:30-9:45 am and 3:30-3:45 pm. Three weeks after seeding,
liquid fertilizer (3N-0P-101K) was injected through drip tubes
using the rate mentioned in Vegetable Production Handbook of
Florida 2015-16. No synthetic insecticides were applied in this
experiment, however, Bacillus thuringiensis-based insecticides
Dipel® DF (B. thuringiensis var. ‘Kurstaki’ strain ABTS-351,
Certis USA) at 1120 g/ha and Xentari® DF (B. thuringiensis var.
‘Aizawa’) at 1120 g/ha (Valent Biosciences Co., Libertyville, IL)
were applied to control Lepidopteran insects, particularly melon
worm and pickle worm.

LEAF SAMPLING FOR THRIPS. In 2015 and 2016, sampling
began 21 days after planting (DAP) and continued weekly until
the 8th week (49 DAP). Sampling was conducted by collecting
five fully expanded leaves from the middle third of each plant,
randomly selected from five plants in each plot. Sampled leaves
were placed in a 1-L plastic cup with a thrips-proof lid. The cups
were marked with block and mulch type. All sample cups were
transported to the TREC vegetable IPM laboratory for further
processing to separate melon thrips adults and larvae as described
by Seal and Baranowski (1992). Following the separation, thrips
were examined under a dissecting microscope at 10x to record
the number of adults and larvae in each sample.

LEAF MINERAL NUTRIENT ANALYSIS. As the highest and lowest
number of thrips were recorded from the white on black mulch
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and both reflective mulches, respectively hence only two mulches,
white on black and silver on black were selected for leaf tissue
nutrient analysis. Fully expanded leaves of intermediate age
from the middle section of plants were selected. Five leaves from
each replication were collected and placed in a quart plastic bag
marked with mulch type were brought to the IPM laboratory for
further processing according to Kiggunduetal.(2012).Ovendried
leaves were ground and sent to an analytical laboratory (Agro
Services International Inc. Orange City, FL. 32763) to determine
the concentration macro nutrient element including nitrogen (N),
phosphorus (P), and potassium (K).

YIELD ASSESSMENT. Five plants from the center of each plot
were harvested to determine the number of marketable fruit. Fruit
were harvested when the average weight of the fruit was about
150-200 g and the size was not less than 15.24 cm (6 in). Harvest
was done at three-day intervals and continued until the death of
plants. Six harvests were made in each year. Slightly deformed
fruit were discarded at the time of harvesting.

Dara ANaLyYsES. Data were analyzed separately for adults and
larvae and total number of (adults plus larvae) of melon thrips.
Mean numbers of adults and larvae and total counts per five-leaf
sample for each replicate of each treatment for each sampling
date were compared using repeated measures analysis of variance
(ANOVA). The number of thrips were subjected to a square root
transformation before statistical analysis to meet the assumption
of normality. Yield data were analyzed without transformation.
Non-transformed means are presented in the tables. Data were
analyzed using mixed model ANOVA with the main effects consist-
ing of sampling date and mulch type and their interaction (PROC
GLIMMIX model, SAS Institute Inc., version 9.3 and 9 4, Cary,
NC, 2013). In the PROC GLIMMIX model, Kenward-Roger’s
method was used to compute degrees of freedom. Replicate and
treatment factors (mulch) were considered as a random residual
for repeated measures. For adults, larvae, and total number of
T.palmiineach treatment ateach sampling date, when the F value
was significant, differences among means were separated using
Tukey’s HSD (Honestly Significant Difference) procedure in SAS
(SAS Institute Inc. 2013). All data were analyzed at the 5% level
of significant. No statistical analyses were performed for leaf tis-
sue nutrient concentration because leaves from four replications
of each treatment was considered as one sample.

Results and Discussion

EFFECTS OF MULCH TREATMENTS ON THE NUMBER OF MELON
THRIPS. In both 2015 and 2016, during all the sampling periods,
UV-reflective silver mulches had significantly fewer adults, larvae
and total melon thrips than the control and the white on black
mulch treatments (P < 0.05) (Table 1). The highest number of
adults, larvae and total number of melon thrips were observed in
the control and the white on black mulch treatments, which were
about four times greater than those on the reflective mulches.
The black on black and black on white mulch were moderate in
reducing the melon thrips population. The black on white mulch
performed better than the black on black mulch in reducing the
number of melon thrips (Table 1).

There was a significant interaction (P < 0.05) between date
and mulch treatment for the number of melon thrips adults and
larvae. In 2015, on the first and fourth sampling dates there were
no significant differences (P > 0.05) in the number of adults
among the different treatments, although mean number of adults
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Table 1. Mean + SE number? of melon thrips (7. palmi) adults, larvae and total numbers (adults plus larvae) per five leaf sample of cucumber
grown on different plastic mulches and a non-mulch control across the sampling period.

Thrips stagey

Larva Total
Mulchx 2015 2016 2015 2016 2015 2016
NM 3590+692a 181.3+408 a 1032.1 £ 1928 a 9723 +2792a 1391.1 £205.6 a 1153.5+301.7 a
WB 2702 +488 a 101.9£20.4 ab 114572718 a 1006.2 +286.4 a 14159 +£290.1 a 1108.0 £297.0 a
BB 1004 +£284b 96.4 +26.3 be 3032+945b 751.6 £208.1a 493.6+1035b 848.0 £2265a
BW 1502 +519b 55.1+£13.0bc 491.7+135.7b 358.1 +103.7b 6419 +1584Db 4132 +1129b
SW 84.5+268b 3900+£119¢ 2622 +69.6b 2729+94.6b 346.7+89.1b 3119+1040b
SB 645+190b 394+10.6c¢ 2718 +73.1b 2232+810b 336.2+88.5b 262.6+£88.3b
ANOVA F5s=1551 F5,s=1190 F,,5=20.35 F;4=2343 F,3=23.71 F;,4=28.19
results P <0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001

“Means represent the numbers based on thrips counts from five sampling dates.
yMeans within the same column followed by the same letters are not significantly different at P <0.05 according to Tukey’s HSD tests.
*NM = no mulch, WB = white on black, BB = black on black, BW = black on white, SW = silver on white, and SB = silver on black.

was approximately four times higher in the control and white on
black mulch treatments than in the reflective mulch treatments.
The number of adults on 28 DAP, 35 DAP, and 49 DAP was
significantly lower in the silver reflective mulch followed by
black plastic mulch treatments (Table 2). In 2016, on the first
two sampling dates, the number of adults was not statistically
different (P > 0.05) among all treatments, although the mean
number of adult was numerically greater in the control and white
on black mulch than in the other treatments. On the subsequent
sampling dates, compared with the white on black mulch and
control treatments, the number of adults was significantly lowest
in the metalized silver reflective mulch and black on white mulch.
The mean number of adults in the black on black mulch was very
close to that in the black on white mulch (Table 2).

On the first two sampling dates in 2015 and three sampling
dates in 2016, there were no significant differences (P > 0.05)
in the number of larvae among mulches and control treatments,
although there were fewer larvae in the reflective mulch followed
by black mulches. The mean number of larvae was larger in the
white on black mulch and control treatments than in the other

treatments (Table 3).Ineach year,on the following sampling dates
(35 DAP, 42 DAP, and 49 DAP in 2015 and 42 DAP, 49 DAP in
2016), the number of larvae was significantly lower (P < 0.05)
in the reflective mulch treatments than in the control and white
on black mulch treatments. The number of larvae was always
significantly highest (P < 0.05) in the control and white on black
mulch treatments followed by black on black and black on white
mulch (Table 3).

Overallinthis study, when population size increased, treatment
effects were more pronounced. Compared with the control and
other mulch treatments, significantly lower numbers of melon
thrips (adults, larvae, and total number) were observed in the
reflective mulch treatments. Black mulch had an intermediate
effect in reducing the melon thrips population. The lower number
of thrips in the UV-reflective mulch treatments may have been
due to the reflection of UV-light, which disrupted host finding
and selection behavior of T. palmi. Our results are in agreement
with the findings of previous researchers who studied thrips
management using aluminum or silver reflective mulches in
various cropping system (Greenough et al., 1990; Reitz et al.,

Table 2. Mean + SE number of melon thrips adults (7. palmi) per five leaf sample of cucumber grown on different plastic mulches and a non-

mulch control on different sampling dates.

Sampling date*
Year Mulchy 21 DAP 28 DAP 35 DAP 42 DAP 49 DAP
2015 NM 253+122a 7183 +2153a 4638 £1065a 2275+613a 3600+21.6a
WB 58+33a 2083 +1214Db 359.5 £ 136.6 ab 2425+ 66.1 a 445.0+30.96 a
BB 05+05a 375+168¢ 233.8 £ 104.7 abc 1150+ 194 a 1150+5723b
BW 10+0.7a 238+8.6¢ 358.8 +228.4 ab 1225+364a 2450+ 359 ab
SW 60x44a 203+100c¢ 1663 £121.1 be 800x158a 150.0 £24.2 ab
SB 40+24a 120+55¢ 443x113¢c 770+2322a 185.0 £59.5 ab
ANOVA results Fig=042 Fs4=17.69 Fg=5.78 Fg=1.73 Fsg=398
P=0.83 P <0.0001 P =0.0001 P=0.14 P =0.0003
2016 NM 28+09a 185+79a 3050+x989a 302.5+795a 2775+630a
WB 58+09a 85+16a 182.5+42.3 ab 147.5 £24.6 ab 165.0 £25.0 ab
BB 05+03a 65+22a 77.5+25.0bc 1225+290b 2750+612a
BW 13+06a 38x15a 77.8+6.1bc 87.5+284b 1050+357b
SW 10£07a 35+x16a 230+30¢ 600+183b 107.5+384b
SB 25+09a 15+07a 203+56¢ 700x14.7b 102.5+£254b
ANOVA results Fs4,=0.32 Fyg=0.72 Fsg,=1520 Fiy =738 Fy,=06.16
P=0.90 P=0.61 P <0.0001 P <0.0001 P <0.0001

“Means within the same column followed by the same letters are not significantly different at P < 0.05 according to Tukey’s HSD tests.
yNM = no mulch, WB = white on black, BB = black on black, BW = black on white, SW = silver on white, and SB = silver on black.
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Table 3. Mean + SE number of melon thrips larvae (7. palmi) per five leaf sample of cucumber grown on different plastic mulches and a non-

mulch control on different sampling dates.

Sampling date?

Year Mulch 21 DAP 28 DAP 35 DAP 42 DAP 49 DAP
2015 NM 533+269a 3378+ 1040a 17725 £4743 a 17825 +2523a 1264.5  180.6 abc
WB 213+ 146a 179.5+35.1 a 11200 + 4075 a 24325+ 6673 a 1975.0 +460.7 a
BB 323+293a 883+234a 193.0 +54.46 b 765.0 + 188.0 b 887.5 + 166.2 be
BW 38+28a 568+175a 3053+579b 647.5+192.7b 1445.0 +278.4 ab
SW 83+28a 400 +18.0a 2378+ 1370b 482.5+2019b 5425+ 1144 ¢
SB 70+29a 328+183a 109.5+29.1 b 4270+1222b 782.5 + 838 be
ANOVA results Fyy =035 Fop =233 Fyy = 1475 Fyy=13.13 Fyy =536
P =0.88 P =006 P < 0001 P <0.0001 P =0.0003
2016 NM 110+33a 428+139a 1225+767 a 23900 +5240a 22950+3118a
WB 143+52a 465+ 116a 925+725a 2175.0 +400.4 a 2702.5+3212a
BB 13+06a 290+ 136a 725+343a 19100 £2322a 17450 + 154.1 ab
BW 08+05a 100+62a 398+10.7a 8700+ 1709 b 870.0 + 140.1 ¢
SW 75+65a 638+213a 205+78a 2175+652¢ 1055.0 + 121.0 be
SB 83+29a 290+123a 358+ 163a 277.5+1009 ¢ 7650 +2420 ¢
ANOVA results Fypy=024 Fyp =052 Fio=063 Fyo= 3828 Fyp = 1746
P=094 P=0.76 P=0.68 P <0.0001 P <0.0001

“Means within the same column followed by the same letters are not significantly at P < 0.05 different according to Tukey’s HSD tests.
yNM = no mulch, WB = white on black, BB = black on black, BW = black on white, SW = silver on white, and SB = silver on black.

Table 4. Mean + SE number of melon thrips (7. palmi) on each sampling date per five leaf sample of cucumber grown on five different plastic
mulches and a non-mulch control.

Thrips stage*

Sampling Adult Larva Total

datey 2015 2016 2015 2016 2015 2016

21 DAP 7.1+£2.7d 23+04c 210+7.2d 72+1.7d 280+8.8d 95+£20d

28 DAP 1850+£652¢ 70+x1.7c¢ 1225+283¢ 369+6.1cd 307.5+90.1¢ 439 +6.5d

35 DAP 2710 +£56.5 ab 1143+26.6b 614.7+157.1b 639+182c¢c 885.7+180.8b 1783 +£39.7¢

42 DAP 144.1 £20.6 bc 131.7+222 ab 1089.5 £ 1960 a 1306.7 £214.1b 12336 £2099 a 14383 £2252b

49 DAP 2500 +28.6a 1721 +226a 11495+ 133.6a 15721+ 1743 a 13995+ 1509 a 17442 +187.7 a

ANOVA F,,,=3758 F,,=115.70 F,.,,=100.19 F,;,=29232 F,;,=107.82 F,,,=348.16
results P <0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001 P <0.0001

“Means within the same column followed by the same letters are not significantly different at P <0.05 according to Tukey’s HSD tests.
yOn each sampling date, N = 24.

2003; Scottet al., 1989; Stavisky et al.,2002; Suzuki and Miyara,
1983). Throughout the sampling period, the control and white on
black mulch had significantly more melon thrips than the other
treatments, which was similar to the findings of and Csizinszky
et al. (1997) and Nonaka and Nagai (1984).

In both years, regardless of mulch treatment, the number of
adults, larvae, and the total number of 7. palmi was significantly
lower on 21 DAP and 28 DAP. The population density increased
starting on the third sampling date (35 DAP). The melon thrips
population peaked on the fourth and fifth sampling dates (Table 4).
This population density pattern is in agreement with a report
by Seal (1997). In contrast, Welter et al. (1990) reported that in
Hawaii, melon thrips densities on cucumber did not peak until
63 DAP. The reason for the discrepancy in population density ,_-
patterns between our and Seal’s (1997) observations and those
of Welter et al. (1990) may be attributable to the variation in N P K
agroecosystems between the three studies. Mulch

LEeAr MINERAL NUTRIENTS. The slight differences in the amounts
of macronutrients, nitrogen, phosphorus and potassium,in cucum-
ber leaves (Fig. 1) corresponds with the findings of Diaz-Pérez

I

(8]

OSilver on black

B White on black

[

% concentration of macronutrients
(]

o

Fig. 1. Percent concentration (ppm) of macronutrient nitrogen (N), phosphorus
(P) and potassium (K) in the leaf tissue of cucumber.
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Table 5. Mean + SE number of cucumber fruit from 5 plants from each plastic mulch and a non-mulch control.

Treatment”
Year Silver on black  Silver on white Black on black  Black on white White on black No mulch ANOVA results
2015 200+ 1.8 av 200+12a 17.0 £1.7 ab 165+1.9ab 133+2.1ab 108+23D F;,5=4.59; P=001
2016 273«x1.1a 233+25ab 175+ 13 bc 162+23bc 135+10cd 78+23d F, 5=14.03; P<.0001

“Means within the same row followed by the same letters are not significantly different at P < 0.05 according to Tukey’s HSD test.
yMean represent from six harvests and four replications of each treatment.

Table 6. Mean + SE number of cucumber fruit from different plastic mulches and a non-mulch control treatment.

Treatment*
Year Harvest date Silver on Black Silver on white  Black on black Black on white White on black No mulch
2015y 2 Jan. 2016 105+52ab 110+25a 40+12ab 6.8+0.5ab 50+12ab 23+09b
2016x 20 Dec. 2016 1.5+03ab 25+12a 0.5+0.5bc 03+0.3bc 03+0.3bc 00+00c¢c
24 Dec. 2016 50+x1.7a 40+1.1a 28+03a 23+0.5a 20+04a 00+00D
25 Dec. 2016 23+05a 1.8+03ab 00+00c¢c 00+00c 03+0.3bc 03+03bc
27 Dec. 2016 68+10a 45+0.5ab 35+13ab 53+12ab 28+1.0bc 05+03c¢

“Means within the same row followed by the same letters are not significantly different at P < 0.05 according to Tukey’s HSD test.

yMean represent from 15 plants and four replications of each treatment.

*Mean represent from 5 plants and four replications of each treatment.

(2010). He reported that accumulation of mineral nutrients in the
leaves and fruit of bell pepper were not significantly affected by
plastic mulch.

Y1eLp. For both years, significantly more marketable fruit were
harvested from the silver reflective mulch treatments (P < 0.05)
compared with the control treatment. The number of marketable
fruit was moderate in the black and white on black mulch treat-
ments (Table 5). Earlier fruiting occurred in the reflective mulches
than the other treatments (Table 6). This observation is similar
to the results reported by Brown et al. (1993) and Summers and
Stapleton (2002).

Conclusions

Silver reflective mulch was highly efficient in reducing the
density of melon thips, significantly increased the number of
marketable fruit, and resulted in earlier fruit development than
the other treatments. Plant growth assessed based on vine length
and branch number, and dry biomass was also greatest in silver
reflective mulch treatments (data not shown). The results of this
study indicate that UV-reflecting mulch has great potential for
integration into a management program for melon thrips in South
Florida. Combining the use of silver reflective plastic mulch
with biorational insecticides and biological control agents can
significantly reduce the dependency on chemical insecticides.
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