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Abgract
Polyethylene (PE) films are widely applied as mulches by commercia producers of watermelon. During the last decade the industry has devel oped
avariety of new mulch PE film formul ations with numerous positive effects on watermelon production. In order to define the influence of mulching
on growth and yield of watermelon and on aphid populationslanding in the crop, we carried out field experiments at two | ocations (Pulaand Opuzen)
inthe Mediterranean part of Croatia. Watermel on wasgrown on black, brown, clear, green, and white PE films. During thefirst 60 days after planting
(DAP) the highest soil temperatures, at 5 cm depth, were recorded under the clear PE film. Positive correl ation of vinelength, branch number and early
and total yield was found to both sum and average soil temperatures during the first 60 DAP in three of thetotal of five experiments. Clear PE films
had generally positive effects on vegetative growth and early yield while the trend for white PE films was quite the opposite. For the mgjority of the
observed traitswe found no difference between semi-transparent (brown and green) mulches. The effects of semi-transparent films (brown and green)
onwatermel on vegetative growth and yield were similar to each other. During two yearsin Opuzen, werecorded 70 species of Aphididae of 48 genera,
with 11 species making up morethan 1% in each year. Toxoptera aurantii (Boyer de Fonscolombe) and Aphisgossypii Glover were the most dominant
speciesin 2004. The number of winged aphids was consistently lower under clear and black PE films. According to our results, clear PE film could

be recommended for an early spring planting under conditions of the Mediterranean climate.
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Introduction

Watermelon [Citrullus lanatus (Thumb.) Matsum et Nakai] is
among the most widely cultivated crops in the world and the
acreage under it hasbeen increased inthe past years?. Theregion
for commercial production of watermelonislimited to areaswith
long growing season. In less suitable regions, the harvest could
be delayed and yield reduced by low air and soil temperatures
during night, following spring and early summer planting 2.
Development of new technologies and especially application of
PE films as mulch have shortened growing season and enhanced
earlinessand yield *¢. Nowadays, usage of PE filmsand fertigation
arewidely adopted by commercial producersof watermelon 67,

Earlier harvest is among the most important advantages of PE
mulch application & and the most commonly used PE mulch in
vegetable productionisblack PE film of low density °. However,
during the last decade the industry has developed a variety of
new formulations of colored, transparent, photo-degradable and
photo-selective PE films for mulches 2°. The type of PE mulch
considerably affects soil temperature at 5 cm depth depending on
the mode of mulch heating and heat transferring 2711, The sail
temperature can be higher up to 7°C under clear mulch compared
to bare soil 1°. Under semitransparent and photo-selective PE
mulches (brown and green) soil temperature is increased
approximately 4.5°C compared to bare soil, under nontransparent
(black) around 2.5°C, and under reflective ones (white on black)
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around 0.7°C 271, Besidesbeneficial effect on earliness, PE film
as amulch can enhance plant growth and development, increase
yield, decrease soil evaporation and nutrient leaching, reduce
incidence of pests and weeds, and improve fruit cleanliness and
quality 1>2%7 However, theimpact on previously listed traitswill
depend on mulch type 2

The quantity and quality of light reflected from the mulch
surface back to leaves affect not only plant growth and
development but the behaviour of insects visiting plants 18, A
number of aphid species have been recorded as Cucurbitaceae
crops feeders *2, Some of them transmit one or more virus
diseases affecting cucurbits?2. Mulch can attract or repel insects
depending on thetype and color. Compared to the bare soil, aphid
number is reduced by use of clear, black and white PE
mulches 21320 whilesilver reflective mulch reduces aphid number
more efficiently than white, yellow or black mulch with yellow
edges?. However, the effect of mulch color oninsect population
isvery complex and closely related to the influence on growth of
the plant canopy .

The variety of positive effects of PE mulch makes it highly
suitablefor sustainable vegetabl e production aiming at reduction
of nutrient and pesticidesuse®. Since, in Croatiathe main growing
areas of watermelon are in sensitive karst region, prone to
leaching of pests and nutrients, the ways of environmental
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protection are of high importance. Black polyethylene mulchis
the most often used cover in Croatia. The aim of the study wasto
comparetheeffect of standard black PE mulchwith availablerange
of PEfilm colorson soil temperature, vegetative growth and yield
components of watermelon, as well as aphid number in the
M editerranean macro-region of Croatia.

Material and M ethods
Experimental sites and treatments: Field experiments with
watermelon [Citrullus lanatus (Thunb.) Matsum & Nakai], cv.
Fantasy (Known-You Seed Co., Ltd., Taiwan) were conducted at
Pula(44°51’'N, 13°51’E, 10 m elevation) and Opuzen (43°00'N,
17°34’E, 3m elevation) both located in the M editerranean area of
Crodia

At Pulalocation, the location, the experiments were carried in
2003, 2004 and 2005 on Terrarossa, atype of red clay soil produced
by the weathering of limestone and dolomites. An average annual
rainfal at Pulais816 mm and themean air temperature 14.1°C.

Opuzen is situated in the delta of the river Neretva, which
representsthe most important watermel on-growing areain Croatia.
The trials were carried out during 2004 and 2005 on
hydromeliorated allomorphic sail of filthy clay |oaded onthefluvial
depositsof theriver. An averageannual rainfall at Opuzenis1232
mm and the mean air temperature 15.7°C.

Thetreatments (five differently colored polyethylene mulches)
were arranged in arandomized complete block design with three
replications. Black (non-transparent), brown and green
(semitransparent) PE filmswere 0.02 mm thick and 120 cm width
(Ginegar Plastics Products Ltd., Kibbutz Ginegar, Isragl), clear
(reflective) was 0.04 mm thick and 120 cm width (Brkovi¢ d.o.o.,
Sveta Nedjelja, Croatia). The white on black (non-transparent)
mulchwas0.07 mmthick and 120 cmwidth (Eiffd PlagticsIndustry-
Bernardi Paride, Fontanellato Ltd. - Parma, Italy) and it wasapplied
only in2005.

Field preparation and cultural practice: Cultural practicewasthe
same for both sites unless described otherwise. A month before
planting fields were ploughed at 25-30 cm and preplant fertilizer
NPK at 1000 kg ha* wasbroadcast applied and cultivatedtoa20cm
depth. Organic manure (40t ha') was ploughed only in 2003. The
herbicide Devrinol 45 FL (napropamid, Pinus TKI d.d., R&ce,

Slovenia) at 4 L ha?, was incorporated with fertilizer. Additional

water soluble fertilizers Kristalon™ (Hydro Agri Rotterdam B.V.
Rotterdam, Norway), at 100 kg ha* per irrigation, werefertilized
during season asfollows: NPK 13-40-13 (seven daysafter planting-
7DAP),NPK 17-6-18 + 3MgO (17 and 27 DAP) and NPK 13-5-26+
3MgO (37and 47 DAP). Intotd, N wasfertigated at rate 143 kg ha™.

The transplants were grown in a heated greenhouse. The
sowing was in the first week of April and in the second half of
February intraysof cell volume 20 cm?, filled with the commercia
substrate Brill (Gebr. Brill Substrate GmbH & Co. KG, Georgsdorf,
Germany). After 15-20 days, the seedlings were transferred into
traysof cell volume 100 cm?. Seedlings wereirrigated every day
and fertilized once a week with a soluble fertilizer Folifertil-T
(Veterinad.d., Zagreb, Crodtia).

Planting was done at the stage of two to three true leaves at
both locations. Planting was done on 25 May 2003, 23 May 2004
and 22 May 2005, and on 27 April 2004 and 19 April 2005.
Taking into account the more southern position of Opuzen,

temperatures of soil and air are generally higher therethanfor the
same period in the season. Therefore, it is possible to plant
watermelon as early as about mid-April when soil temperature
usually reaches 15°C.

Planting beds were 1.0 wide and 0.1 m high and covered with
PE films. Therowswere 2.0 m apart and in-row plant spacing was
1.5m. Experimental plot wassinglerow 100 mlong, except 2005
where each plot consisted of threerows 21 mlong.

The drip irrigation tape (T-Systems International, San Diego,
Cadlifornia, USA) with emitters spaced every 20 cm and acapacity
of 4L h'wasinstalled near the centre of the bed. Soil insecticide
Volaton G5 (foksim, Pinus TK1 d.d., Race, Slovenia) at rate of 3kg
ha! was incorporated in holes during planting. Weeds between
rowswere removed by hand if necessary, while diseasesand pests
were controlled according to common practices in commercial
production.

Measurements: Soil temperature at 5 cm depth wasrecorded daily
at 07:00, 14:00, and 21:00 HR during May and June by soil
thermometers (Tlosd.d., Zagreb, Croatia) inserted between two
plantsin the middle of the plot. The average daily temperatures
were calculated asfollows: 7:00+14:00+(21:00* 2)/4.

The number of branches thicker than 5 mm, and the length,
diameter and number of |eaves of the most devel oped vineswere
recorded from 15 plants in the middle of the each plot.
Measurementswere doneon 22, 29", and 19" DAPin 2003, 2004,
and 2005, respectively, and on 29" and 36" DA Pin 2004 and 2005,
respectively.

Watermelons were harvested as fruits ripened and fruit from
the first harvest were considered early. Watermelons at each
individual site were harvested three times each year. All fruits
were counted and weighed and fruits smaller than 3 kg, misshaped
and damaged were taken as non-marketabl e.

Aphid sampling at Opuzen: Aphidswere sampled in both 2004
and 2005. Winged aphidswere caught into yellow water pan trap.
The pans were placed in the middle of the plot. Depending on
environmental conditionswater was added to the pansduring the
week. Therewere 12 trapsin 2004 and 15 in 2005. Insect samples
were collected once a week from the planting until mulch was
covered by canopy closure.

Collected material was examined and aphids separated using a
stereomicroscope (Zeiss, Stemi 2000). Aphid specimens were
preserved in 70% ethanol until identification. Speciescomposition
was determined according to following taxonomy keys #-2 and
those constituting more than 1% were considered dominant. Due
to missing insect parts, some specimens were identified only up
tothegenuslevel.

Satistical analysis: General linear model procedure * was used
for statistical analyses. Data were tested for normality of
distribution and homogeneity of variance and transformed when
necessary. Due to significant interactions between year and
location for the most of growth and yield parameters data were
analyzed separately for each year and location and the mean
separationwasdoneby L SD test at P<0.05. Simplelinear regression
was utilized to determine relationship between the total and
averaged soil temperature during the first 60 DAP and for the
growth andyield data.
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The number of winged aphids per trap was transformed using
the arcsine square root transformation and datawere analyzed by
arepeated-measures analysis of variance (ANOVA) with date of
measurement astherepeated factor. Sincetheinteraction between
mulch and date of measurement was significant, data were
analyzed separately for each date and the mean separation was
doneby L SD test at P<0.05.

Resultsand Discussion

Soil temperature; Soil temperatures measured below the PE films
at 5 cm depth showed regularity at both locations and in both
years(Table 1). During thefirst 60 DAPthe soil temperature was
highest under clear PE film. The soil under white mulchwasonthe
average 6.5°C colder than that under the clear ones and it was
constantly colder compared to other mulch colorsaswell. Generaly,
the soil temperature was lower under black compared to brown
and green PE filmsfor which similar temperatureswere measured
during thefirst 60 DAP(Table 1). The changesin soil temperature
bel ow tested PE films could be attributed to different manners of
heating and heat transfer to soil, and also to heat accumulation
during day and loss during night 2103132,

Opuzen is warmer location and therefore suitable for early
planting. However, as consequence of later planting, soil
temperatures during the first 60 DAP were higher compared to
Opuzen (Table 1). If we compare soil temperatures for the same

period at both locations, it isevident that they are higher for Pula,
because the PE film was covered by plant canopy earlier in the
season asaresult of an early planting. Therefore, the effect of PE
filmcolor ismore evident at early stagesof plant growth whenthe
mulch is not shaded by plant canopy *. Locher at al. 3 observed
growth depression caused by high soil temperatures under clear
and semitransparent mulches dueto thelack of canopy closurein

pepper.

Vegetative growth: Observed parameters of vegetative growth
were differently affected by PE film color, but the effects were
dependent on the interaction of the year and location (Table 2).
The main vine length was longer at clear than at black PE film
during three years, and we found no difference between black
and green mulches (Table 2). In 2004, there was no differencein
vine length regarding film color, while in 2005 vines at green
(91.9 cm) were almost twice aslong as those on white (45.7 cm)
films

Like for the vine length, vine diameter was always lower at
black than on clear PE film, and except in 2005, there was no
difference between black, green and brown films (Table 2). We
found no differencein vine diameters, except in 2005 when vines
werenarrower at white compared to clear PEfilm.

Themain vineleaf number and number of branchesweresimilar
at brown, green and clear PE filmsin both 2003 and 2004 and in

Table 1. Average ten-days soil temperatures at 5 cm depth during first 60 days after planting under colored mulch at

Pulaand Opuzen in 2003, 2004, and 2005.

May June July
PE-film 1-10 11-20 21-31 1-10 11-20 21-30 1-10 11-20 21-31 AVR
Location and planting date
Pula, 25 May 2003
Last 6 days' First 4 days
Black 28.5d 3224d 33.3d 33.0d 329d 31.8d 30.2d 31.7¢
Brown 303b 332b 340b 33.7b 335b 32.8b 30.7b 32.6b
Clear 313a 341a 36.1a 359a 345a 339a 31.1a 33.8a
Green 292 ¢ 329¢ 33.7¢ 335¢c 333¢ 324c¢ 30.5¢ 32.2bc
Pula, 23 May 2004
Last 8 days First 2 days
Black 22.7¢ 26.0 ¢ 27.1d 28.3d 283 ¢ 28.1¢ 31.8b 275¢
Brown 24.7b 27.7b 28.4b 29.0b 289b 28.5b 32.1ab 285b
Clear 275a 282a 289a 323a 31.8a 303 a 32.7a 30.2a
Green 25.1b 27.8b 28.0 ¢ 28.9¢ 289b 28.1¢ 31.8b 284b
Pula, 22 May 2005
Last 9 days First 1 day
Black 273 ¢ 253d 27.5d 32.1c¢ 26.1¢ 274c¢ 293 b 279b
Brown 275b 259¢ 28.7b 322¢ 26.4b 274b 29.4b 282b
Clear 304 a 28.0a 30.2a 34.1a 28.0a 28.6 a 30.6a 300a
Green 273 ¢ 27.0b 283 ¢ 324b 263 b 27.0b 295b 283 b
Opuzen, 27 April 2004°
First 6 days
Black 203 ¢ 22.5¢ 234c¢ 239d 272b 2540 23.8¢
Brown 213b 239b 25.7b 26.0b 28.8a 253b 252b
Clear 235a 27.0a 284 a 27.0a 28.2a 26.5a 26.8a
Green 2140 24.6b 26.1b 249 ¢ 26.8b 2490 248b
Opuzen, 19 April 2005
First 8 days
Black 21.0c 23.8¢ 253 ¢ 233b 22.8b 232¢
Brown 224b 258b 27.4 ab 245b 249a 25.0b
Clear 24.6a 272 a 28.6 a 26.2 a 253 a 264 a
Green 22.8b 252b 26.2 be 242 b 24.3 ab 24.5b
White 17.6d 204d 229d 20.5¢ 182 ¢ 19.9d

* The temperatures are average of the last 6 days of the ten-day period or as listed in the rest of the table. 2 The temperatures are average of the first 4 days of the ten-day period or as
listed in therest of the table.
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Table 2. Length, diameter and leaf number of the main vine, and number of branches of
watermel on grown on colored mulch at Pulaand Opuzen in 2003, 2004, and 2005.

Mulch Main vine length, Main vine Main vine No.
color cm diameter, mm leaf no. of branches
Pula
2003 (17 DAP')
Black 31.7 b 52b 10.7a 2.8b
Brown 35.8 ab 54b 10.6 a 3.1ab
Clear 41.5a 6.5a 11.7a 40a
Green 379 ab 5.6 ab 11.0a 3.3ab
2004 (29 DAP)
Black 63.1b 52b 126 b 52b
Brown 83.5a 6.2a 152 a 6.7 a
Clear 90.7 a 63a 16.4 a 7.1a
Green 83.2a 63a 149 a 6.6a
2005 (19 DAP)
Black 32.6¢ 42b 9.6 b 32b
Brown 34.0 bc 42b 99b 3.1b
Clear 44.6 a 5.1a 123 a 43a
Green 39.2 ab 43b 119a 35b
Opuzen
2004 (29 DAP)
Black 36.0a 48a 10.5b 22a
Brown 363a 4.7 a 11.0 ab 22a
Clear 383a 48a 11.6a 22a
Green 341a 45a 10.5b 24a
2005 (36 DAP)
Black 71.9b 6.5 ab 189a 4.1b
Brown 86.9 ab 7.0 ab 204 a 4.6 ab
Clear 89.6 ab 72a 209 a 4.5 ab
Green 919a 6.9 ab 204 a 48a
White 457 ¢ 6.3b 15.8b 33¢c
Signiﬁcancej
Location NS 0.001 0.001 0.001
L)
Year (Y) 0.001 0.001 0.001 0.001
Mulch (M) 0.001 0.001 0.001 0.001
L*Y 0.001 0.001 0.001 0.001
L*M NS 0.035 0.043 NS
Y*M NS NS NS NS
L*Y*M NS 0.024 NS NS

Days after planting. 2Means within column for each location and year followed by the same letter are not significantly different according

to LSD-test at P<0.05. *Effects were insignificant (NS, P>0.05) or significant at reported P value.

2004 (Table 2). Moreleaveswere observed on clear compared to
black filmin both 2004 and 2005, and in 2004, whilefor the branch
number the same was true only for Pulafor both years.

Generally, brown and green PE films had similar effect on
vegetative growth regardless of thelocation or year, whereas plants
were better developed at clear compared to black PE film. The
white film was used only in 2005, but compared to other filmsit
highly depressed al growth parameters except vine diameter.
Vegetative growth of watermelonisdirectly related to air and soil
temperature, and as in other crops, it will be enhanced if
temperatures are close to an optimum for growth 22,

Although we observed similar effects of PE film colors on soil
temperature for both locations (Table 1), the effect of PE film on
vegetative growth parameters was less marked (Table 2). That
wasthemost pronounced during thefirst 15 DAP (datanot shown)
when vegetative growth was poor regardless of the PE film color.
Therefore, measurementswere carried out later during the season
(29 and 36 DAP) ascompared to Pula (17, 29, and 10 DAP). The
lack of response is probably related to soil temperatures. They
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were lower than optimum for vegetative growth of watermelon
under al PEfilmsat Opuzen.

Early marketable yield and yield components: Early yield of
watermelon (t/ha) was affected by PE film color and dependent on
theinteraction between PE films, location, and year (Table 3). The
early yieldwashigher at clear compared to green and black PE films,
in four and three out of five experiments, respectively (Table 3).
There was no difference in early yield between brown and clear
mulch except in 2005. Dueto less vegetative developed plantson
white PEfilm (Table 2) and probably later flowering and fruit set, we
found no fruit on white mulchin thefirst harvest (Table 3).

Similar responseto PE film color wasfound for fruit number per
areaand plant, and they were more affected by film color and year
than by location (Table 3). The fruit number per area and plant
were affected by film color almost in the same manner asan early
yield, except at Opuzen in 2005 where no fruit was obtained at
white PE filminthefirst harvest.
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Table3. Early and total yield of watermelon grown on colored mulch at Pulaand Opuzen in 2003, 2004 and 2005.

Early yield Total yield
Mulch color t/ha no/ha no/plant kg/fruit t/ha no/ha no/plant kg/fruit
Pula, 2003
Black 37.1a! 3973 a 12a 94a 749 a 8266 a 25a 8.0a
Brown 355a 3872 a 12a 92a 67.0 ab 7374 b 22b 9.1a
Clear 362 a 3703 a I.1a 99a 62.2b 6499 ¢ 2.0c¢c 95a
Green 26.6b 2727 b 0.8b 9.7a 60.3 b 6617 ¢ 2.0c¢ 9.1a
Pula, 2004
Black 199 ¢ 2576 b 0.8b 7.8 a 4240 5943 ¢ 1.8¢ 7.2 ab
Brown 262ab 382la I.1a 6.9a 47.7b 7105 ab 2.1ab 6.7b
Clear 313a 4175 a 1.3a 7.5a 592a 8014 a 24a 74a
Green 244bc 3283 ab 1.0 ab 7.6a 469D 6650 bc 2.0 bc 7.0 ab
Pula, 2005
Black 12.1¢ 1616 ¢ 0.5¢ 7.6a 35.1¢ 5084 ¢ 1.5¢ 6.9a
Brown 152b 2104 b 0.6b 73a 435D 6162 b 19b 7.1a
Clear 20.7 a 2609 a 0.8a 8.0a 57.7 a 7795 a 23a 74a
Green 156b 2138 b 0.6b 73a 38.8 bc 5606 be 1.7 be 6.9a
Opuzen, 2004
Black 348D 3333 b 1.0b 102 a 78.0a 8045 a 24a 9.7a
Brown 47.7 a 5124 a 1.5a 93a 79.5a 8539 a 26a 9.3 ab
Clear 399ab 4033 b 12b 10.5a 79.0 a 8313 a 25a 9.5 ab
Green 79 ¢ 823 ¢ 02¢ 10.0 a 81.5a 8951 a 2.7a 9.1b
Opuzen, 2005
Black 13.7b 1852 a 0.6a 74c¢ 36.4 bc 4550 be 1.4 be 8.0b
Brown 18.4 ab 2143 a 0.6a 8.6 ab 46.3 a 5291 ab 1.6 ab 8.7a
Clear 21.1a 2328 a 0.7a 9.0a 499 a 5741 a 1.7a 8.7a
Green 17.9 ab 2222 a 0.7a 8.1 bc 42.5 ab 5000 ab 1.5 ab 8.5 ab
White 0.0c¢ 0b 0.0b 0.0d 29.2¢ 3730 ¢ I.l1c 79b
Signiﬁcancez
Location (L) 0.001 NS NS 0.001 0.001 NS NS 0.001
Year (Y) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Mulch (M) 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
L*Y 0.013 NS NS 0.001 0.001 0.001 0.001 0.001
L*M 0.001 0.001 0.001 NS 0.016 0.002 0.002 NS
Y*M 0.001 0.001 0.001 NS 0.001 0.001 0.001 NS
L*Y*M 0.001 0.001 0.001 NS NS NS NS NS

IMeans within column for each location and year followed by the same letter are not significantly different according to LSD-test at P<0.05. ? Effects were insignificant (NS, P>0.05) or

significant at reported P value.

Thesignificant effect of PE film color on fruit weight wasfound
only at Opuzenin 2005, when fruit weight was enhanced on clear
(9.0 kg/fruit) and brown (8.6 kg/fruit) compared to black
(7.4 kgffruit) PE films(Table 3). It seemsthat fruit weight ismore
affected by genotypethan PE film color %%, Since PE film affected
the number of fruit per plant rather that fruit weight, we may
assumethat early yield ismore determined by number of fruit per
plant than by fruit weight. Beneficia effect of PE mulch on
the increase of the early yield was also found for watermelon ?,
zucchini %3, tomato % 1%-37.3 gand pepper '.

Total marketable yields and yield components. The color of PE
film, location and year all affected total yield of watermelon

(Table 3). Thetota yield was influenced by PE film color in the
similar manner as early yield which confirms results of Soltani et
al. 2 Thetota yield was higher at clear compared to other PE film
colorsat Pulain 2004 (59.2 t/ha) and 2005 (57.7 t/ha), whereasthere
was no difference among brown and green films probably due to
their similar effectson soil temperature. Thetotal yield at black PE
film (74.9t/ha) washigher than at clear one(62.2 t/ha) at Pula2003,
whileit waslower at Pulain 2004 and 2005 aswell asat Opuzenin
2005. In 2005, lower yield was obtained at Opuzen, at white and
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black PE filmscompared to other colors. Generaly, obtained yields
were similar to those achieved in other studies®®”.

Thetotal number of fruit per area and plant was dependent on
year and PE film color, and similar trend wasfound for both traits
regarding mulch color (Table 3). Morefruit were harvested at black
mulch compared to other colorsat Pulain 2004 and at clear film at
Pulain 2005. Except at Pulain 2004, there was no differencein
number of fruit per area or per plant between green, black and
brown PEfilms.

Significant effects of location, year and PE film color on fruit
weight were also observed (Table 3). Thefruit weight was higher
at Opuzen compared to Pula (P<0.001), where fruit weight
decreased each year due to the planting on the same field. The
color of PE film effected fruit weight at Pula in 2004 and at
Opuzen in both years, even though not steady. Andino and
Motsenbocker * found no effect of mulch color on fruit weight.

The depression of early and total yield and their components
with each subsequent year of planting was obvious at both
| ocations confirming sensitivity of watermelon on thelack of crop
rotation (Table 3). The problem could be aleviated by adoption of
some new, more tolerant cultivars * or usage of colored PE
mulcheslikein tomatoes®.
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Relation of soil temperature and vegetative growth and yield:

Therelation between soil temperature and vegetative growth and
yield was dependent on location and year of the study (Table 4).
At Pulain 2003, the soil temperatureswere optimum for thegrowth
of watermelon under all PE films, whereas at Opuzenin 2004 the
trend was quite the opposite, that is, with the soil temperatures
lower than optimum at the early stages of growth. In both cases
wefound the lack of correlation between soil temperatureand all
observed growth and yield parameters (Table 4). Except for two
previously mentioned cases, we observed significant relation of

on|

vinelength, branch number, early and total yield to both sum and 5 2 SSsoo
average soil temperaturesduring thefirst 60 DAP (Table4). g
Aphid speciescomposition: Theaphid flight inwatermelonfield e 5 § E § § §
at Opuzen started at the beginning of May with maximum at the
end of the first decade in June in both years (data not shown).
The study of aphid population, captured in watermelon field at s, . ozt
Opuzen, showed atotal of 70 speciesin 48 genera, with 63 species 3’ § § 5 S §
in42 generaidentified in 2004 and 44 speciesin 31 generaidentified )
in2005. All the species bel onged to the A phididae. Because of the = . L
injuries, 10% of the total observed aphid specimens were not = B 8%%3R
identified in 2004 and 11% in 2005. Eleven speciesand Aphis sp. Ral SssSss
were represent by more than 1% dominant criteriain each year
and constituted 90% of the total examined material in 2004 and ’ »
91%in 2005 (Tableb). o GRS

Aphis sp. was not treated as an individual species because B|< SscSsS s
several species of these genera were determined, with E
predominance of Aphis gossypii Glover. Toxoptera aurantii g . gt B
(Boyer de Fonscolombe) (34%) and A. gossypii (15%) were the § 2 222

most dominant species in 2004. These two species were
consistently predominant in 2005 when A. gossypii (24%) wasthe
most dominant species, followed by T. aurantii (23%). Thelarge

Coefficient of determination (+°)

temperatures (Avg) measured in root zone during thefirst 60 days after planting of watermelon grown on colored PE films at Pulaand Opuzenin

Table4. Coefficient of determination (r?) between vegetative growth parameters, early and total yield and sum of temperatures (Sum) or average daily

number of citrusorchards surrounding the vegetablefieldsin the 3 }; Qe L9
area is responsible for the black citrus aphid T. aurantii 2
predominance. Although, aphid borne viruses of cucurbitswere § e L. B
not the subject of the study, .t'he presence of A.. pisum, Aphis EE '%? S ;\rg %
craccivora Koch, A. gossypii and Myzus persicae (Sulzer), H|a ssSsss3|g
recorded in the area during the experimental periods, could be g
important factor in cucurbit viruses spreading. ;
ol B2EuiLf
Aphids number: Number of winged aphids on colored PE films gz S8333 g
was hot significantly different among four treatments in 2004 § 8
(df = 3, F = 1.89, P = 0.145) with respect to the each individual olal Bmwegi
sampling date (Fig. 1A-B). However, it wassignificantly different Slgl sS2328
among dates (df =5, F = 77.26, P < 0.0001) and theinteraction of %
treatment and date (df = 15, F =1.93, P = 0.046). The number of £
aphids captured during the sampling was too variable to detect wl Bte’— Ea o i
the differences between the mulches. Overall seasonal aphid z saadaaly
number in 2004, based on six assessmentsthat year, was highest = 3
at brown mulch (Fig. 1B) with peak observed on 9 June. . |5 i L e
Number of winged aphids on colored mulcheswas significantly § 2lg| 2wgawngld
different among five treatments (df = 4, F = 4.88, P = 0.002) and S Pl?| Ss<=<< g
datesin 2005 (df =5, F = 172.69, P < 0.0001). The overall seasonal -g k
average number of aphids, assessed form six samplingsin 2005, § 5 oz ald
was higher at green and white mulches compared to other mulches N N SRS S8
(Fig. 2B). Similar trend was observed during the experimental period 8 g
. « 8
(Fig.2A-B). - 2
Contrary to 2004, we observed differences among PE films £ - 3 &
depending on date of sampling for four out of six sampling § Z éﬁ :%
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datesin 2005 (Fig. 2A-B). The aphid number was higher at white
and brown PE films compared to black one on 12 May. Oneweek
later, on 19 May, aphids were more numerous on white than on
clear mulch. Green mulch was more attractive to aphid popul ation
than brown and clear PE films on 26 May. Sampling on 9 June
showed that white mulch attracted more aphids than clear. The
lowest aphid number was most often trapped on clear mulch what
corresponded to the seasonal average.

In relation to seasonal average, less winged aphids were
consistently found on black and clear PE films compared to other

Table 5. Percentage of aphid specieswith the dominance greater than 1% of
thetotal catchinthewatermelon field at Opuzen 2004 and 2005.

mulchesinboth years. A beneficia effect of clear mulch onreduction
of aphid population was recorded by Farias-Larios and Orozco-
Santos > 2, The effect of green and brown mulches on aphid

popul ation was not consistent in two seasons. Black mul ch attracted
less aphids compared to white at one assessment and as overall

seasonal averagein 2005 confirming theresultsof Walters®. Mulch
color not only affectsthetotal number of aphidswhich populate
crops, but also the presence of individual species®.

Conclusions
The soil temperatureunder clear PE filmwashigher
compared to semitransparent (brown and green),
non-transparent (black) and reflective (white) PE
films regardless of the location or year of the

Year

2004 2005

experiment. Significant relation of vine length,

Aphid species (%)

branch number and early and total yield to both

Toxoptera aurantii 34.05 Aphis gossypii

Aphis gossypii 14.51 Toxoptera aurantii
Aphis sp. 7.20 Hyperomysus lactucae
Acyrtosiphon pisum 6.66 Myzus persicae
Hyalopterus pruni 5.48 Aphis sp.

Aphis craccivora 4.90 Brevicoryne brassicae
Aphis fabae 4.67 Hyperomyzus lampsane
Hyperomyzus lactucae 4.29 Aphis craccivora
Aulacorthum solani 4.03 Aphis fabae

Myzus persicae 1.94 Hyperomyzus picridis
Macrosiphum euphorbiae 1.68 Macrosiphum euphorbiae
Brevicoryne brassicae 1.27 Acyrtosiphon pisum
Other species' 9.32 Other species

Total 100.00 Total

sum and average soil temperatures during thefirst

53:3421 60 DAPwasfound inthree out of five combinations
11.02 of year and location. Generally, clear film had
g-% positive effect on vegetative growth and early yield
5 60 while an opposite trend was found for the white
4.45 one. Semitransparent films (brown and green) had
3.86 similar effect to each other onwatermel on vegetative
3.80  growth and yield. The number of winged aphids
}"3‘2 was consistently lower at clear and black mulchin
102 both years at Opuzen. Thus we can recommend
8.99 clear film for early watermel on planting under the
100.00 Mediterranean conditions.

*Fifty- two species in 2004 and 33 species in 2005 each making up < 1.0 % of the total examined material in each year were

grouped as other species and considered as rare.

Average
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Figure 1. The number of winged aphids caught in yellow water traps on different colored

polyethylene mulches in watermelon field at Opuzen, 2004.
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Figure 2. The number of winged aphids caught in yellow water traps on different colored

polyethylene mulchesin watermelon field at Opuzen, 2005.
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