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ABSTRACT

Two field experiments were carried out to study the
effects of three mulch treatments (black polyethylene,
clear polyethylene in addition to a non-mulched control)
under low tunnel system (with and without tunnel), on
plant growth, flowering traits, fruit yield and quality of
three strawberry cultivars (Fragaria & ananassa Duch);
Festival, Sweet Charlie and Gaviota, grown in sandy soil
under a drip irrigation system. The results indicated that
the three tested strawberry cultivars which were mulched
with clear or black polyethylene and tunneled exhibited
significant increases in number of leaves, number of
crown, leaf area, dry mass/plant, number of flower trusses
/ plant and it flowered earlier than the non-mulched and
non- tunneled ones. Moreover, most Yyield potential
characters i.e. early yield, total yield, yield/plant,
marketable yield, culls yield and average fruit weight;
were positively and significantly increased by the
application of mulch (clear and black polyethylene mulch)
and tunneled compared to non-mulched and non-tunneled
ones. Furthermore, these treatments, significantly,
enhanced most fruit quality characteristics; total soluble
solids, total titratable acidity, ascorbic acid, and reducing,
non-reducing and total sugars compared to the control.
Both Festival and Sweet Charlie cultivars were exceeded
Gaviota one, in this respect.

Key words: Strawberry Cultivars, Polyethylene Plastic
Mulch, Low Tunnels

INTRODUCTION

Strawberry (Fragaria & ananassa Duch) is one of
the most popular vegetable crops. In Egypt, it occupies
an important position among the non-traditional
vegetable crops due to its multifarious use for local
fresh consumption, exportation and food processing.
Potentially, it is one of the most profitable horticultural
Egyptian exports to Europe (El-Shall et al 2003). In
recent years, there have been interests to study bioactive
compounds of strawberries with an impact on human
health such as ascorbic and ellagic acids (Wang et al
2002). Strawberries are rich in total antioxidents and
are thus important for human health (Halvorsen et al
2002). However, the quality and quantity of these
compounds are affected by genetic, environmental and
agricultural factors (Kallio et al/ 2000; Anttonen and
Karjalianen, 2005).

Mulch is any material used to cover the surface of
the garden soil. There are many types of mulching
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materials, but they can be divided into two general
categories; natural and synthetic. Synthetic-mulches are
plastic and papers. The crops vary in their response to
polyethylene mulch covers depending on cultivar,
materials used, color and environmental conditions
(Salman et al 1991; Pan et al 1999). Many researchers
pointed that mulching had clear effects on microclimate
around the plants by modifying the radiation budget of
the surface and give significant increased on vegetative
growth of many vegetable (Aguyoh and taber, 1999;
Osiru and Hahn, 1994). Growing day-neutral
strawberry using plastic mulch stimulate growth of
young plants, increase soil temperature, weed control,
reduces evapotranspiration, maximize water use
efficiency and restrains heat loss during cold nights
(Lieten, 1991; Gimenez et al 2002). Furthermore, it
improves the protability by increasing the productivity
and/or early fruit production as well as enhancing fruit
quality (Orzolek and Murphy, 1993). Positive
significant effects of organic and synthetic mulches on
vegetative growth, flowering traits and yield and its
components of strawberry plants have been reported by
several investigators (Kher et al 2010; Hasanein et al
2011; Medina et al 2011; Li-fan et a/ 2012; Abou El-
yazied and Mady, 2012; Muhammad Haroon et al
2014). Plants mulched with straw or white-on-black
polyethylene flowered and yielded more than plants
mulched with clear or white polyethylene. Conversely,
more crown and root dry weight (DW) were associated
with straw or clear-on-black polyethylene, (Fear and
Nonnecke, 1989). Black polyethylene provides higher
soil temperature in spring than hairy vetch mulch
(Teasdale and Abdul-Baki, 1995; Teasdale and Abdul-
Baki, 1997). Abou Elyazied and Mady, (2012) found
that plastic mulch, significantly, increased NPK content
and reduced the number of days to first flower, number
flower/cluster and increase the final yield of strawberry
plants than control.

Fruit quality of strawberry plants was affected by
many factors including cultivar, mulching system,
fertilization, irrigation and temperature (Khanizadeh,
1994; Kivijarvi et al., 2002; Anttonen et al., 2006).
Nestby et al., (1985) demonstrated that the use of color
polyethylene mulch had increased the percentage total
soluble solids (Brix), vitamin C content, phenolic, total
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anthocyanin and ellagic acid of strawberry plants
compared with the control.

High and low tunnels are very common in the
Mediterranean regions and Asia (Faspi et al., 2006) as
they prolong the harvesting period and improve fruit
quality. A high tunnel fruit growing system provides a
competitive edge in the market, compared with a field
growing system (Kadir et al., 2006). Significant, effects
of high tunnels on vegetative growth, flowering traits,
yield and fruit quality of strawberry plants were
reported by Qureshi et al., (2012).

The objective of the present study was to compare
the effects of two types of mulch (black polyethylene,
clear polyethylene in addition to a non-mulched control)
under low tunnel system (with and without) for three
strawberry cultivars; Sweet Charlie, Gaviota, Festival
on vegetative growth, flowering traits, fruit yield and
quality and chemical composition.

MATERIALS AND METHODS
Strawberry cultivars

Three cultivars of strawberry widely cultivated in
Egypt were chosen. These cultivars represent the most
sugary with excellent flavor; c.v Sweet Charlie and the
universally grown, high yielding and good quality; c.vs,
Gaviota and festival. Frigo transplants of the tested
strawberry cultivars were obtained from Strawberry and
Non-Traditional Crops Research Station Nobaria, El-
Buhiera Governorate, Egypt. The transplanting date into
the field were on September 1 and 25, in the first and
second growing seasons, respectively.

Experimental procedure

Two field experiments were conducted during the
growing seasons of 2012/2013 and 2013/2014 at the
Experimental Station Farm Horticultural Research
Institute (South Tahrir), El-Buhiera Governorate, under
drip irrigation system. Some physical and chemical
properties of the two experimental sites were
determined according to methods described by Black,
(1965) and presented in Table (1). The experimental
layout was a split-split plot system in a randomized
complete blocks design with four replications.
Strawberry cultivars were arranged as the main plots
and the plastic mulches treatments were considered as
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the sub — plots; while, the low tunnels systems were
placed in the sub-sub-plots. Each sub-sub-plot was two
rows of 2.40 m width and 3 m length having an area 7.2
m2A drip irrigation network was designed for this
study. The drip irrigation network consisted of lateral's
GR of 16 mm in diameter, with emitters at 0.5 m
distance, with allocating two laterals for each ridge. The
emitters had a discharge rate 4 1 ™.

All Agricultural practices such as fertigation and
disease and pest control were carried out whenever it
was necessary according to the recommendations of the
commercial production of strawberry commercial
production as outlined by Ministry of Agriculture.
During the entire growing season, nitrogen, potassium
and phosphor fertilizers were also added through the
drip irrigation system four times per week, at the rates
of 200kg N Aed, in the form of ammonium nitrate
(20.5% N), 120 kg K,O / fed. as soluble potassium
sulphate (48% k,0O) and 80kg P,Os Aed as soluble
phosphoric acid.

Data Recorded
1- Vegetative growth traits

At full blooming stage, Five representative plant
sample were randomly chosen from each sub-sub plot to
measurement the number of crowns/ plant, the number
of leaves/ plant, plant leaf area (cm?) and plant dry mass
(g) were recorded.

2- Yield potential

Early fruit yield was calculated in ton/ fed. as the
fresh weight of harvested fruits from the first four
pickings. Total yield was calculated in ton /fed. as the
fresh weight of all harvested fruits throughout the
growing season. Yield /plant (g) was calculated in a
random sample of ten plants per sub-sub plot at each
picking.
3-Yield components

Average fruit weight (g), was calculated in a random
sample of ten plants per sub-sub plot at each harvest.
Non-marketable yield (ton/fed), including splitter,
malformed, green shouldered, white tip, damaged and
rotted fruits was determined at each picking. Marketable
yield (ton/fed) was calculated at each picking.

Table 1. Some physical and chemical analyses of the experimental sites of the 2012/2013 and

2013/2014 growing season

Physical characteristics

Chemical characteristics

72
g EC Soluble cations Soluble anions
= Sand% Silt% Clay% ds/m PH mg/l mg/l Total N
Ca mg K HCO; So,
2012/2013 93 5 2 0.16 89 0.72 054 0.23 0.59 0.54 0.007
2013/2014 94 4 2 0.21 8.8 0.69 0.55 0.20 0.56 0.55 0.009
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4- Fruit quality

Random samples of ten fruits were taken from each
sub-sub plot at monthly intervals starting from the first
harvest, to determine fruit characteristics. Moisture
content (%): was determined on fresh weight basis by
calculating the difference between fruit fresh weight
and oven dried (70 °c until a constant weight)
fruits/fruit fresh weight x 100. Total soluble solids (TSS
%): was determined wusing a carlzeiss hand
refractometer.

Reducing and total sugars: were determined
according to Nelson's method as illustrated by Mailk
and Singh, (1980). Means while the non-reducing
sugars were calculated by the difference between total
and reducing sugars.

Statistical analysis:

The obtained data were statically analyzed using
Statistical Analysis System (SAS), version 6(SAS
INSTITUTE INC, Cary, USA).Differences between
means were compared by Revised the Least Significant
Difference test (LSD) at 0.05 levels.

RESULTS AND DISCUSSION

1- Vegetative growth traits:

Results in Table (2) indicated that Festival cultivar
recorded the highest mean values for most vegetative
growth parameters i.e. number of leaves and crowns,
dry mass and leaf area compared with those of Sweet
Charlie and Gavuta, in both seasons. The obtained
results seemed to complement with those reported by
Shiow et al (1998). The results presented in Table (2),
generally, clarified the presence of some significant
increments on all studied vegetative growth characters
of strawberry plant as a result of application of mulches
type and tunnels compared with control (non-mulched /
non-tunneled), in both seasons. The black polyethylene
mulch recorded the highest mean values for all studied
growth characters, in both seasons. The lowest mean
values of vegetative growth characters were obtained
by no soil cover (non-mulched control) treatment. The
detected pronounced positive effect of mulches type on
the vegetative parameters might be due to the reduced
soil erosion; weed emergence; water loss; increased
nitrogen; recycling of nutrients and addition of organic
matter to the soil. These results, generally, are matched
with those reported by Himelrick, (1982); Blatt, (1984);
Nestby, (1985) and Fear Nonneck, (1989). Executing
the low tunnel resulted in higher vegetative growth than
the non-tunneled control. The benefits of plastic
tunnels lead to maximum water use efficiency by the
plant and reduce weeds which positively reflect on
vegetative growth characters (Gimenez ef al 2002).

The results in Table (3) illustrated the interaction
effect between (cultivars x mulch types) on vegetative
growth characters of strawberry plants. In both season,
significant difference were detected in all vegetative
growth traits as a result of the combination between the
different mulches and cultivars. The best treatment
combination for most vegetative growth characters was
obtained when the strawberry plants cv Festival were
mulched by black polyethylene, in both seasons.

The interaction effect between tunnel and cultivar on
vegetative growth traits are presented in Table(4).
Strawberry cv. Festival or Sweet Charlie under low
tunnel was responsible for the significant increments for
all studied vegetative growth traits, in both seasons.
Similar results were reported by Qureshi et al., (2012).

The obtained results presented in Table (5) reflected
the significant interaction effects between (mulches type
x tunnel) on vegetative growth characters of strawberry
plants. Application of mulch treatments either black or
clear under the low tunnel, significantly, produced more
vegetative growth traits, in both seasons. Black mulch
exhibited higher mean values for all vegetative growth
traits in tunnels, in both seasons. The obtained results
seemed to complement with those reported by Medin et
al., (2011) and Levent and Sozer, (2001).

2- Flowering traits:

The obtained results tabulated in Table (6) reported
that strawberry cvs. Festival and Sweet Charlie were
earlier and produced higher number of flower trusses/
plant than Gaviota one. The effect of various mulch
types and tunnels on flowering time (earliness) and
number of flower trusses / plant were found significant,
in both seasons (Table 6). The strawberry plants which
were mulched and tunneled flowered earlier and
produced more flower trusses than the control (non-
mulched and non-tunneled). The observed enhancement
effect on flowering parameters due to type of mulches
might be attributed to the benefits of organic and
synthetic mulches which led to decrease water loss and
soil temperature during the hot summer months,
reduced soil erosion and action as a slow-release
fertilizer (Teasdele and Abdul-backi, 1993). Also, it
leads to promote vegetative growth which positively
reflects on flowering traits. The low tunnels increased
temperature 1-2 °C and enables the plant growing
during critical development period, which reflect on
flowering traits (Sevgican, 1984). These results seemed
to be in general agreements with those reported by
Sevgican (1984); Fear and Nonnecke, (1989) and
Levent and Sozer, (2001), who reported that plants
mulched with black mulches and tunnels flowered and
yielded earlier than control one.
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Table 2. The Main effects of cultivar, mulch and tunnel on vegetative growth characters of
strawberry plant, during the seasons of 2012/2013 and 2013/2014.

Number of leaves Number of crown Total dry weight (g Leaf area (cm?)

Treatment m)
Season 1 Season2 Season1 Season2 Season 1 Season 2 Season 1  Season 2
Cultivar Gafuta 19.98b 15.13 b 3.38a 2.84b 6.76 ¢ 6.43 b 237.51c  22295b
Festival 25.76 a 21.65a 350a 351a 1830 a 1528 a 640.63a 621.72a
Sweet Charlie 22.31 ab 20.20 a 398a 333a 12.44 b 1397 a 43091b 511.65a
Mulch Control 19.48b 17.12b 2.73b 2.33b 9.15b 821b 343.75¢ 345.23b
Clear 2348 a 1942 a 3.86a 391a 12.67 a 12.86 a 426.77b 51837 a
Black 25.09 a 2043 a 427 a 344 a 15.63 a 14.63 a 538.50a 492.72a
Tunnel Non 21.77 a 17.24 b 3.54a 2.55b 11.62 a 11.39 a 41899b  440.66a
Tunnel 23.59a 20.75 a 3.70 a 391 a 13.34a 1240 a 453.69a 463.55a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ,
using revised L.S.D test at 0.05% level

Table 3. The Interaction effect between cultivar and mulch on vegetative growth characters
of strawberry plants, during the seasons of 2012/2013 and 2013/2014.

. Number of leaves Number of crown Total dry weight Leafarea
Cultivar Mulch (g m) (cm?)
Season Season Season Season Season Season Season Season
1 2 1 2 1 2 1 2
Gafuta Un- mulched 1891 ¢ 10.03 ¢ 2.92d 1.75d 5.78 d 549d 219.18 ¢ 201.64 b
clear mulch 22.38bc  17.94b 3.52cd 3.97a 8.19d 7.81d 288.78 bc  267.95b
Black mulch 18.66 ¢ 17.42b 3.71bcd  2.80 be 6.303 d 6.01d 204.53 ¢ 199.25b
Festival Un -mulched 21.17 ¢ 22.66 a 1.89¢ 2.72bc  1422bc  12.52¢ 604.49 a 55434 a
clear mulch 27.62ab 20.11ab  3.95 abc 427 a 19.51ab 18.01b 622.41 a 685.57 a
Black mulch 28.49a 22.16 a 4.65a 3.50 ab 21.04a 1532bc 69498 a 62524 a
Sweet Charlie  Un -mulched 18.38 ¢ 18.67b 339cd 2.51cd 7.46 d 6.55 d 207.58 ¢ 279.71b
clear mulch 2043 ¢ 2021ab 4.11abc 345ab 10.32cd 12.78¢ 369.12b 601.61 a
Black mulch 28.14a 21.72a 444 ab 4.02a 19.51Tab 22.57a 71599 a  653.66a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using
revised L.S.D test at 0.05% level.

Table 4. The Interaction effect between cultivar and tunnel on vegetative growth characters
of strawberry plants, during the seasons of 2012/2013 and 2013/2014.

Number of Total dry weight Leaf area
. Number of leaves

Cultivar Tunnel crown (g m) (cm?)

Season Season Season Season Season Season Season Season
1 2 1 2 1 2 1 2

Gafuta Non 18.52b 13.80b 3.63ab 2.02c¢ 7.04d 6.71b  238.60d 525.23¢
Tunnel 2144a 1645b 3.138b 3.66 ab 6.48 d 6.17b  236.39d 220.66d
Festival Non 25.19a 19.99b 329b 2.83bc 19.35a 1442a 57542b 59540b
Tunnel 26.33a 23.6la 3.71ab 4.16a 17.17ab  16.14a 705.83a 648.03a
Sweet Charlie Non 21.62a 1822b 3.70ab 2.78bc 13.65bc 13.04a 418.84c¢ 501.35¢
Tunnel 23.01a 22.19a 4.26a 3.87 a 1123 cd 14.89a 44295c¢c  521.96¢

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ,
using revised L.S.D test at 0.05 % level.
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Table 5. The Interaction effect between mulch and tunnel on the vegetative growth
characters of strawberry plants, during the seasons of 2012/2013 and 2013/2014.

Number of leaves Number of crown Total dry weight Leaf area
Mulch  Tunnel (g m) (cm?)
Season Season Season Season Season Season Season Season
1 2 1 2 1 2 1 2

Un mulch Non 1821b 1535¢ 241c¢ 2.14b 10.34 be 8.00 ¢ 332.11d 308.67d
Tunnel 20.77b 18.89b  3.05bc 2.52b 7.96 ¢ 8.37 ¢ 35539d 381.79¢
Clear mulch Non 20.54b 1747b 354 b 2.98Db 10.37bc  11.45bc  425.07c 461.57b
Tunnel 2341a 2136a 4.17ab 4.81a 14.98 ab 14.28ab  42847c 475.17b
Black mulch Non 23.58a 18.88b 4.04ab 2.52b 14.71 ab 11.88b  499.80b 451.73b
Tunnel 26.61a 2198a 451 a 436 a 16.54 a 17.37 a 57720a  533.70a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using

revised L.S.D test at 0.05% level.

Table 6. Main effect of cultivars, mulch and tunnels on flowering traits of strawberry plants,
during the seasons of 2012/2013 and 2013/2014.

Earliness of flowering (days)

Number of flower Trusses/ plant

Treatment Seasonl Season2 Seasonl Season2
Cultivar Gafuta 127.85 a 128.12 a 20.54 a 18.83 b
Festival 128.23 a 127.33 a 21.02 a 20.77b
Sweet Charlie 123.30b 170.59 a 19.83 a 21.490 a

Mulch Control 128.34 a 174.82 a 16.01b 1721 ¢
Clear 126.47 b 126.57a 23.17 a 20.77b

Black 124.57 ¢ 124.56 a 22.23a 23.12a

Tunnel Non 128.82 a 128.62a 20.22 a 18.84b
Tunnel 124.11b 125.40 a 20.72 a 21.89a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using

revised L.S.D test at 0.05% level.

The interaction effect between type of mulch and
cultivar on flowering traits; i.e. earliness of flowering
and number of trusses/plant; are presented in Table (7).
Strawberry plants cv Sweet Charlie which mulched
with black mulches was responsible for causing the
earliness of flowering and had positive and significant
effect on number of flower trusses/plant™ ,in both
seasons. Similar results were reported by Shiow et al
(1998).

Results in Table (8) illustrated the significant
interaction effect between the tunnel treatments and the
three studied cultivars, on flowering traits, in both
seasons. The strawberry plants c.vs Festival and Sweet
Charlie which tunneled, generally, flowered earlier and
produced higher number of flower trusses/plant, in both
seasons. However, Festival without tunnel recorded the
highest mean values of days from transplanting to floral
initiation, indicating that this cultivar requires the tunnel
cover to flower earlier. Similar results were recorded by
Sevgican (1984) and Levent and Sozer (2001).

The interaction effect between the mulch type and
tunnel treatment on earliness and number of flower
trusses are shown in Table (9). The results indicated

that were significant differences on the studied
flowering traits due to mulch type and tunnel
treatments, in both seasons. The highest mean value of
both characters, were obtained from strawberry plants
mulched with black polyethylene mulch and tunneled,
in both seasons. The obtained results are in general
accordance with those reported by Levent and Sozer
(2001) and Medina et al., (2011).

3- Fruit yield and its components:

The results presented in Table (10), exhibited
significant difference among the three studied
strawberry cultivars in terms of yield parameters, in
both seasons. Sweet Charlie and Festival cultivars were
superior to Gaviota with respect to all yield potential
characters. These results, also, indicated that there were
significant increase in all studied yield parameters, i.e.
early yield, yield/plant, total yield, marketable yield,
culls and average fruit yield due to the application of
mulch compared to the non-mulched control, in both
seasons. Early yield, yield/plant, total yield, and average
fruit yield were positively and significantly increased a
result of application the two types of mulch compared
to the non-mulched control. The only exception was
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culls; where the
treatments  were

noticed with marketable yield,
differences among the mulch
insignificant, in both seasons.

Black mulch is better than clear one, in respect to
yield /plant, marketable yield and total yield. Such
positive responses of strawberry yield potential to
mulch and tunnel treatments may be due to proper
balance of microclimate (moisture and temperature) for
strawberry plants, which creates favorable conditions
for nutrients uptake, photosynthesis and metabolites
translocation. Other possibility was increasing available
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water and nutrients uptake which ultimately accelerated
the rate of vegetative growth and yield. These findings
appeared to be in general accordance with those
reported by several investigators (Baltt, 1984; Nestby,
1985; Hayness, 1987; Larecau and Lamorre, 1990;
Shiow et al., 1998; Ali and Radwan, 2008; Medina et
al., 2011 and Qureshi et al., 2012).

Results in Table (11) illustrated the interaction effect
between the various types of mulches and the three
studied strawberry cultivars on yield and its components
which were found significant, in both seasons.

Table7. Interaction effect between cultivar and mulch on flowering traits of strawberry
plants, during the seasons of 2012/2013 and 2013/2014.

Earliness of flowering(days)

Number of flower Trusses/plant

Cultivar Mulch Seasonl Season2 Seasonl Season2
Un- mulched 130.49 a 130.39b 17.72 b 17.24d
Gafuta Clear mulch 126.79 ¢ 126.60 f 23.32 ab 20.98 bc
Black mulch 126.29 d 127.36 ¢ 20.58 ab 18.28 cd
Un- mulched 129.29 b 128.21d 16.64 b 18.26 cd
Festival Clear mulch 129.22 b 128.64 ¢ 22.21 ab 19.99 cd
Black mulch 126.17d 125.15 ¢ 2424 a 24.07 ab
Un- mulched 12526 ¢ 133.87 a 13.66 b 16.13 d
Sweet Charlie Clear mulch 123.39 f 124.46 h 24.00 a 21.348 be
Black mulch 12124 g 121.44 i 21.88 ab 26.99 a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using

revised L.S.D test at 0.05% level.

Table 8. Interaction effects between cultivar and tunnel on flowering traits of strawberry
plants, during the seasons of 2012/2013 and 2013/2014.

Earliness of flowering(days)

Number of flower Trusses/plant

Cultivar Tunnels

Seasonl Season2 Seasonl Season2

Gafuta Non 129.89 b 130.02 a 21.11 ab 17.29¢
Tunnel 125.82 ¢ 126.22 a 19.96 ab 20.38 ab
Festival Non 130.82 a 130.00 a 18.71b 18.96 be
Tunnel 125.64 d 124.67 a 23.34a 22.59a

Sweet Charlie Non 125.76 ¢ 12585 a 18.86 b 19.28 b
Tunnel 120.83 e 11533 a 20.83ab 22.71a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using

revised L.S.D test at 0.05% level.

Table 9. Interaction between mulch and tunnel on flowering traits of strawberry plants,
during the seasons of 2012/2013 and 2013/2014.

Earliness of flowering (days)

Number of flower Trusses/plant

Mulch Tunnels Seasonl Season2 Seasonl Season2
Un mulched Non 130.33 a 129.35b 14.13 b 15.69 ¢
Tunnel 126.36 d 130.30 a 17.88 b 18.73 b

Clear mulch Non 128.88 b 129.37b 20.20b 20.21b
Tunnel 124.06 € 123.77d 25.14 a 22.336a

Black mulch Non 127.26 ¢ 127.15 ¢ 20.38b 20.637b
Tunnel 121.88 f 122.15¢ 23.08 a 25.61 a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using

revised L.S.D test at 0.05% level.
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Table 10. Main effect of cultivar, mulch and tunnel on strawberry fruit yield and its components, during the seasons of 2012/2013 and

2013/2014.
Early yield Average fruit weight ield / plant Marketable yield Culls yield Total yield
. (Ton/ fed) (gm) (gm) (Ton / fed) (Ton / fed) (Ton / fed)
Treatment Season S s s s Season S s s s s s
1 2 1 2 1 2 1 2 1 2 1 2
Cultivar Gafuta 2.06b 2.06b 14.11b 1434 b 44439 ¢ 460.41 ¢ 8.05b 8.23b 0.87a 091 a 892¢c 9147 ¢
Festival 2.88a 2.42 ab 21.55a 22.56a 689.21a 65634 a 1284 a 1232a 0.71b 071b 13.55a 13.08 a
Sweet Charlie 2.22a 221a 21.13a 20.15a 64219b 62434b 1210 a 1221 a 0.719h 082h 1281a 13.03 a
viulch Control 1.93b 1.90b 17.65b 19.08 b 54988b  54836b 9.89b 9.55b 09l a 0.99a 10.72 b 10.54 b
Clear 228a 2.24a 1964 a 26.17a 573.19b 55292b 1123 a 1092 a 0.79b 0.90 b 12.02a 11.83 a
Black 2.26a 2.24a 20.20a 20.81ab  652.72a 639.82a 11.95a 11.65a 0.79b 0.80b 12.74a 1245 a
[unnel Non 1.96b 195b 21.37a 583.11a 568.84 a 9.26b 8.73b 095a 14l a 10.21b 10.13b
Tunnel 2.29a 231a 22.67a 600.75 a 591.89a 11.41 a 11.35a 0.85h 0.95h 12.24a 1231 a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using revised L. S.D test at 0.05% level.

Table 11. Interaction effect between cultivar and mulch on strawberry fruit yield and its components, during the seasons of 2012/2013

and 2013/2014.

Early yield Average fruit Yield / plant Marketable yield Culls yield Total yield
v (Ton/ fed) weight (gm) (gm) (Ton / fed) (Ton / fed) (Ton / fed)
Cultivar Mulch Season  Season S S S Season Season Season Season S S S 1]
1 2 1 2 1 2 1 2 1 2 1 2
Un mulch 1.80h 1.81d 13.20d 15.01b 43533 ¢ 466.60 d 799¢ 8.52d 0.823d 0813b 881d 9.33d
Gavuta  Clear mulch 2.12e 2.16bc  12.38d 13.88 b 45402 ¢ 448,92 d 8.23¢ 7.7964d 0.853 cd 08476 9.08d 8.98d
Black mulch 227¢ 222b 1674 ¢ 14.137b 44382 e 465.73d 7.94 ¢ 842d 0.937 ab 0.783b  8.39d 931d
Un mulch 1.95g 2.04c 1958 be 19.21 ab 63550bc  61529bc  12.01b 10.99 ¢ 0.9844a 1.075a 13.10bc 1242 be
Festival ~ Clear mulch 223d 219b 2325a 24.52 ab 656.99 b 62752b 13 10ah 12.95 ab 0.858 cd 1012a 1314 b  1255he
Black mulch 2.07f 2.12bc  218la 23.96 ab 77515 a 726.21a 13.51ab 1232 abe 0.878 be 0942b 144l a 13.40 ab
Sweet Un mulch 1.751 1.85d 20.16 b 23.01 ab 578 82d 563.19 ¢ 12.42b 12.16 be 0.921 ab 1.084a 1194c¢ 11.97 ¢
Charlie Clear mulch 249a 236a 2328a 24.33 ab 608 56¢cd 58231bc 1246Db 12.07 be 0.955 ab 1.127a 13.18b 1336ab
Black mulch 243b 237a 22.05a 2911 a 739.19 a 727.54a 144l a 1421a 0.882 ¢ 0838b 14.17a 13.86 a

Values followed by the same letter(s). within a comparable group of means of any main effect, do not significantly differ, using revised L.S.D test at 0.05% level.
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Table 12. Interaction effects between cultivar and tunnel on strawberry fruit yield and its components, during the seasons of 2012/2013
and 2013/2014.

Early yield Average fruit weight Yield / plant Marketable yield Culls yield Total yield

S (Ton/ fed) (gm) (gm) (Ton / fed) (Ton / fed) (Ton / fed)
(SULEREY dXRUL Season Season Season S S & S S S Season Season Season  Season

1 2 1 2 1 2 1 2 1 2 1 2
Gafuta Non 1.89f 191¢ 13.85d 12.85d 44311 ¢ 484.62b 799 ¢ 7 94¢ 0923 ab 0.784 ¢ 891 b 8.72d
Tunnel 224b 222b 1436 d 15.83cd 445.68 ¢ 436.22 b 8.04 ¢ 8.86¢ 0.819b 0.844 ¢ 8.86 b 9.77 ¢
Festival Non 1.96¢ 1.94c¢ 20.14 be 21.13 bed 62628 b 651.81a 11.75b 11.52b 0.949 ab 1.004 a 12.72b  1253b
Tunnel 224b 2.30a 22.95a 23.99 be 701.06 a 660.89 a 12.83 ab 12.74 a 0.864 b 0.919b 13.69a 13.66a
Sweet Charlie Non 202d 1.99¢ 2095 b 25.17 ab 658.10 ab 630.17 a 11.89b 11.40b 0971 a 1028 a 12.85b 1243 b
Tunnel 2.42a 2.40a 22.70 ab 33.12a 677.37a 618.53a 13.30a 12.92a 0.866 b 0.944 b 1417 a 13.87a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using revised L.S.D test at 0.05% level

Table 13. Interaction effects between mulch and tunnel on strawberry fruit yield and its components, during the seasons of 2012/2013
and 2013/2014.

Early yield Average fruit weight Yield / plant Marketable yield Culls yield Total yield
M = (Ton/ fed) {gm) (gm) (Ton / fed) (Ton / fed) (Ton / fed)
ulch T
Season Season S S S S S S S S S S
1 2 1 2 1 2 1 2 1 2 1 2

Un mulch Non 1.62f 1.65¢ 1676 ¢ 18.04 b 54051 cd 558 44cd 945b 916 b 0.932 a 1.007 a 10.34 b 10.17b
Tunnel 2.04e 2.16b 18.54 be 22.24 ab 519.86d 538.28d 11.16a 1195a 0.886 b 0.876 b 12.05a 2.53a
Whit mulch Non 2.18c¢ 2.07b 1896 b 2011 b 57991 bc 505681 999 b 10.57 b 0.812 ¢ 1.008 a 10.81 b 11.57b
Tunnel 2.37b 24l a 20.32 ab 22.65ab 605.88 b 600.16be 11.46a 228a 0.865 b 0.785b 1233 a 13.09a
Black mulch Non 2.06d 2.12b 19.22b 19.37b 616.47b 61708b 9.17b 1068 b 0.992 a 0.940 a 10.02 b 11.62b
Tunnel 2.45a 2.36a 21.17 a 2968 a 688 97 a 662.57 a 233a 2.62a 0.846 b 0.872b 1318 a 13.49a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using revised L.S.D test at 0.05% level.
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Table 14. Main effect of cultivar, mulch and tunnel on vitamin C, total soluble solids, titratable acidity, reducing and non-reducing and
total sugars of strawberry fruits, during the seasons of 2012/2013 and 2013/2014.
Total titratable Acidity

Non ..mn_:n“..u sugars —Nan_...e:....u sugars .-.ens_w:ms..w (@m acidic acid/100 gm Total wc_o:_u_e solid Vitamin C .
Treatments (%) (%) (%) juice) (%) (mg/100 gm f.w)
Season Season S S S S S: Season S S S Season
1 2 1 2 1 2 1 2 1 2 1 2
Cultivar ~ Gafuta 3.08b 3.05a 11.60a 11.75a 1467b 1481b 0379a 0.374a 1027b  955b  25354b 25.07b
Festival 3.94a 3.55a 11.65a 11.80a 15.68a 15.51a 0.361 b 0.361b 11.35a  10.84a 25.16b 25.26b
Sweet Charlie 3.38b 3.56a 11.66a 11.63a 1505b  15.19b  0.364 ab 0.375a 11.46a  1093a 2734a 27.33a
Mulch  Control 3.07b 325a 11.64a 11.71a 1471  1497a 0.356¢ 0.363a 1001b  936b  2334b 2281b
Clear 3.85a 343a 11.63a 11.82a 1548a 15.25a 0.369b 0.374a 11.98a 10.64a 2721a 27.48a
Black 3.49a 3.48a 11.64a 11.64a 1521a  15.27a 0379a 0.737 a 11.11ab 11.32a 27.51a 27.38a
Tunnels  Non 3.15b 292b  11.50b  11.51b 14.70b  14.52b 0.368a 0.366 a 10206 998b  23.99b 24.16b
Tunnel 3.79a 3.86a 11.73a 11.94a 1557a 15.80a 0.368 a 0.374a 11.85a 10.90a 28.04a 27.62a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using revised L.S.D test at 0.05% level.

Table 15. Interaction effect between cultivar and mulch on vitamin C, total soluble solids, titratable acidity, reducing and non-reducing
and total sugars of strawberry fruits, during the season of 2012/2013 and 2013/2014.
Total titratable

Non reducing sugar Reducing sugars Total sugars . Ly Total soluble solid Vitamin C
(%) (%) (%) Acidity (gm acidic (%) (ng/100 gm f.w)

Cultivars Mulch acid/100 gm juice) )
Season  Season Season Season Season Season Season Season  Season Season Season  Season

1 2 1 2 1 2 1 2 1 2 1 2
Un mulch 357b  34labec 1146c¢ 11.69bed 15.26 be 15.094a 0361 a 0366 a 832¢ 885¢ 2258e 2078g

Gaviota  Clear mulch 272¢  329abc 1125¢ 11.40d 13.97f 14.69b 0.358a 0392a 1045b 9.72 be 27.59b 28.24b

Black mulch 3.199b 3.01bec 11.54b 11.604d 14.74d 14.61 ¢ 0.383a 0364a 12.05abc 10.07bec 26.46bc 2621¢c

Un mulch 3.19b 40lbc  11.56b 11.66¢ 14.76 cd 15.66a 0357 a 0359a 10.14cd 10.04Dbc 2207e 22621
Festival  Clear mulch 5.07a 3.24bc 11.75ab  12.05ab 16.82a 1531 a 0301 a 03060a 1l.45abc 11.07ab 29.09ab 2941b
Black mulch 3.32b 285¢ 120l1a 12.24a 15.31 be 15.54a 0.364a 0365a 1247ab  11.40ab 2432d  23.76el
Un mulch 271¢c 291¢  1116¢ 11.244d 13.87f 14.15d 03494 0365a 1027cd 917¢ 2536¢cd 2503 cd
Clear mulch 3.74b 3.75ab 11.9%9ab 12.02abc 15645 1576 a 0356 a 0.368a 13.01a 11.12 ab 2496d 24.81de
Black mulch 3.69b 4.04a 11.93ab 11.62d 15.62 be 15.66a 0.386 2 0.391a  11.10abc 12502 31.71a  32.18a
Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using revised L.S.D test at 0.05% level.

Sweet
Charlie
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Table 16. Interaction effects of cultivars and tunnels on vitamin C, total soluble solids, titratable acidity, reducing and non-reducing
and total sugars of strawberry fruits, during the season of 2012/2013 and 2013/2014.

Total titratable

Non reducing sugars Reducing sugars Total sugars Acidity (gm acidic Total soluble solid Yitamin C
(%) (%) (%) (%) (mg/100gm £. w.)
Cultivars Tunnels acid/100 gm juice)

S S S S S S S S S Season Season Season

1 2 1 2 1 2 1 2 1 2 1 2
Cafirta Non 2.86¢ 272¢ 11.45b 11.62 be 1430d 1434 ¢ 038l a 0.368a 9.06 ¢ 881b u_..._.ﬁ b 25.61b
Tunnel 3300 338b 11.74 a 11.88 ab 1505b 1525b 0.376 a 0.38la 11.48 ab 10.28 a 24.64 ¢ 24.53b
Festival Non 3520 2.93be 11.51 a 11.47¢ 1517b 14.69 ¢ 0.365a 0.365a 10.55 be 10.70 a 20.33d 21.32¢
Tunnel 437a 417a 11.81a 12.14a 1619 a 16.31 a 03563 a 0.357a 12.16 a 10.97 a 29.99 a 29.21a
Sweet Chardic Non 3.07¢ 311 be 11.56 a 1l.44¢ 1463 ¢ 14.54 ¢ 0357 a 0364a 11.01ab 10.41 a 25.19 be 25.55b
Tunnel 3.69b 403 a 11.77 a 11.8labe 1546ab  1584a 0371 a 0.386a 11.90 ab 11.45a 29.50 a 29.12a

Values followed by the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using revised L S.D test at 0.05% level.

Table 17. Interaction effects o between mulch and tunnel on vitamin C, total soluble solids, titratable acidity, reducing and non-
reducing and total sugars of strawberry fruits, during the season of 2012/2013 and 2013/2014.

Non reducing sugar Reducing sugars Total sugars Total titratable Acidity Total soluble solid Vitamin C
%) %) ) (gm acidic acid/100 gm %) (mg/100gm £.w)
Mulch Tunnels Jjuice)
1 2 1 2 1 2 1 2 1 2 1 2
Un mulch Non 296¢ 2.77b 11.37b 11.34b 1433 ¢ 1410 ¢ 036l a 0370 a 10.14b 916 ¢ 2471 ¢ 24.05 cd
Tunnel 317¢ 374a 11.92a 1209a 15.11ab 1583a 0.352a 0357a 988 b 955 b 21.96d 21.58¢
Clear mulch Non 3.47be 2.99b 10.72¢ 11.82a 1421 ¢ 1481b 0.36la 0363 a 10.59b 10.35b 2517¢ 2599¢
Tunnel 422a 386a 11.54b 11.83 a 15.76a 15.69 a 0.374a 0363 a 13.36 a 10.92 ab 2026 b 28.98Db
Black mulch Non 3l6¢ 29901 114201 11.37b T“.Mm 14.36b 0.377a 0.365a 989 b 10.42b 22.09d 22.45d
Tunnel 3.97ab 398a 11.87a 11.90 a 15842 1588 a 038l a 0382a 12.30 a 1223 a 3290a 3231a

Values followed hy the same letter(s), within a comparable group of means of any main effect, do not significantly differ, using revised L..S.D test at 0.05% level.
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The Sweet Charlie c.v which mulched with black
polyethylene and tunneled, generally, produced the
highest significant mean values for fruit yield and its
components, in both seasons. The obtained results are in
general accordance with those reported by (Albregts et
al., 1993; Shiow et al., 1998; Ali and Radwan, 2008
and Qureshi ef al., 2012).

The difference between tunnel and cultivar were
found significant for yield characters and its
components (Table 12). The highest mean values for
most fruit yield parameters were obtained when
strawberry c.vs Festival or Sweet Charlie grown under
tunnel than the un-tunneled control one, in both
seasons. Similar results were reported by Shiow et al.,
(1998); Levent and Sozer, (2001) and Qureshi et al.
(2012).

The highest mean values of fruit yield parameters
(i.e. early yield, yield/plant, total yield, marketable
yield, culls yield and average fruit weight) were resulted
from the interaction between the mulched and tunneled
found significant for yield fruit parameter, Table (13).
The strawberry plants were mulched and tunneled gave,
in both seasons. Similar results were reported by
(Levent and Sozer, 2001).

Fruit quality traits:

The results in Table (14), generally showed the
presence of some significant differences on vitamin C,
total soluble solids, titratable acidity, reducing and non-
reducing and total sugars, as a result of mulch types and
tunnels, in both growing season. Mulch types and
tunnels, significantly, improved all fruit quality
character, in both seasons. The obtained results,
generally, showed significant differences among
strawberry plants cv. Festival, Sweet Charlic and
Gaviota, in both season. It was observed that, Festival
or Sweet Charlie cultivars contained more total soluble
solids, V.C and reducing and non-reducing and total
sugars than Gaviota one, in both season. However,
gaviota fruits had more total titratable acidity than
Festival and Sweet Charlie ones. Generally the obtained
results compatible with those reported by (Lareau and
Lamarre, 1990; Shiow et al., 1998 and Qureshi ef al.,
2012).

The interaction effects among the cultivar and mulch
types on V.C, TSS, Reducing and non-reducing and
total sugars are shown in Table (15). The comparisons
among the means of the various treatment combinations
showed the presence of some significant interaction
effects on the V.C, TSS, reducing and non-reducing and
total sugars, in both seasons. The highest mean values
of these characters were obtained from strawberry plant
cv. Festival which mulched with black polyethylene.

However, no significant difference in total titratable
acidity was detected, in both seasons. The obtained
results are in general accordance with those reported by
(Shiow et al 1998). The results presented in Table (16),
illustrated the interaction effects between cultivars and
tunnels of strawberry plant on the total soluble solids,
vitamin c, reducing and non-reducing and total sugars
were found to be significant, in both season. The best
results for these characters were obtained from
strawberry cv. Sweet Charlie which grown under
tunnel, in both season. However, total titratable acidity
were not significantly, affected by these interaction.
Similar results were recorded by (Levent and Sozer,
2001; Medina et al., 2011 and Qureshi et al., 2012).

The interaction effects between mulch types and
tunnels on V.C, TSS, TTA, reducing and non-reducing
and total sugars are presented in Table (17), in both
seasons, the strawberry plants which were mulched and
tunneled gave the highest mean values for total sugars,

vitamin C, reducing and non-reducing and total sugars
compared than control treatment. However, total titrable
acidity were not significantly affected. Similar results
were recorded by Levent and Sozer, (2001).
CONCLUSIONS

Based on the results from this study , application of
plastic mulch and low tunnel for production strawberry
plants caused significant increments in vegetative
growth characters ,fruit yield and its components and
improved fruit quality. Fistival cultivar exhibited the
superiority, in this respect.
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