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HE GROWTH and productivity of tomato (Solanum lycopersicon L.

Alissa F1 hybrid) is affected by environmental factors and
agronomical techniques. There were seven treatments used to minimize
the injury of high temperature during the summer season, i.e: two shade
net treatments (black or green), two spray treatments i.e. Purshade or sea
algae (Robin Pro), two intercropping treatments (maize or sunflower) in
comparison with the control (without any treatment). Tomato was
cultivated during two studies season in the ‘Amoun Agricultural Society,
Eltal El Kabier, Cairo- Ismailia Desert Road, Ismailia Governorate, Egypt
during late summer seasons of 2012 and 2013. This study investigated the
effect of different techniques of protected cultivation against unfavorable
condition of high temperature on the growth and production of tomato in
terms of air temperature, relative humidity and light intensity. Plant
growth was evaluated over the two seasons. All physical protected
cultivation treatments (cover net or intercropping) decreased light
intensity, maximum temperatures and increased relative humidity
compared with open field conditions without protection treatment. The
black cover net was the most effective method to decrease the air
temperature by from 2 to 3°C followed by green net (about 2°C), the
intercropping was less effective to decrease temperature (1°C). Green and
black net produced the highest significant plant height, number of
branches, fresh and dry weight per plant. Moreover, green and black net
shortest period from transplanting to flowering comparing to the other
treatments, i.e. intercropping with maize and sunflower as well as the
control treatments. The earliest and the highest tomato total yield were
obtained by using the green net cover followed by black net cover while
the latest and the lowest total yield was obtained under control treatment
(un shaded). Moreover, the higher fruit length, fruit diameter, fruit wall
thickness and number of locules associated with the use of the green net in
comparison with other protected cultivation treatments as well as the
control during the two seasons. There were no significant among the
treatments in fruit color and juice acidity during the two seasons.

Keywords: Color net, Solar Radiation, Light intensity, Relative
humidity, Fruit quality.

Tomato (Solanum lycopersicon Mill.) is one of the most important vegetable crops in
Egypt, and other world countries for fresh consumption, industry processing and
exportation. Increasing the production and the quality of tomato fruits is very
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important objective to meet the higher human population demand. Furthermore, it is
well known that, a serious reduction in tomato production, in Egypt, was occurred as
a result of unfavorable high temperature prevailing during the period of late summer
season (May, June, July and August). The total area devoted to tomato crop during
2010 was 262054 feddans in summer plantations/ this area produced 4121066 tons
with an average yield of 15.726 ton/Fedden*

However, heat stress severally affects photosynthesis, carbohydrates through
depletion in respiration, protein breakdown and de-nitration, nutritional and
hormonal imbalances, enzyme inactivation, disturbances in membrane structure
and restriction of stomatal function (Dubey, 1997 and Karim et al., 1999).

Gaseous emissions due to human activities are substantially adding to the
existing concentrations of greenhouse gases, particularly CO,, methane, and
nitrous oxides. Different global circulation models predict that greenhouse gases
will gradually increase world’s average ambient temperature. According to a
report of the Intergovernmental Panel on Climatic Change (IPCC, 2006), global
mean temperature will rise 0.3°Cper decade (Jones et al., 1999) reaching to
approximately 1 and 3°C above the present value by years 2025 and 2100,
respectively, leading to global warming.

Abdrabbo et al. (2013) studied planting and the growth of potato under
different net color as well as in open field, they reported that the highest
temperature was recorded in the open field treatment followed by white net,
while the lowest temperature was gained by black net. Maximum temperatures
tended to be lower under the blue and black net by 3°C in comparison with open
field, while average relative humidity increased with the use of all net color by 4-
8% compared to open field (Wilson and Rajapakse, 2001).

Due to the high microclimatic requirements of the culture, the installations for
this kind of cultivation have a technically good level, varying the number of
covering according to the local solar radiation (Iglesias and Alegre, 2006), It is
preferred to cultivate this species in regions where mountains predominate, but as
the market demand increases, the culture has been installed in places where the
climate, at first, is inhospitable. As a consequence to this fact, a higher
investment in the microclimate is required. Among the problems that affect this
cultivation, the low temperatures during the winter and the excess of temperature
and solar radiation in summer (Abou-Hadid and El-Beltagy, 1992).

Concerning to use shading with black net it is led to increasing plant height,
chlorophylls, average fruit weight, and total yield. The colored net is an emerging
approach, which introduces additional benefits, on top of the various protective
functions of nettings. These nets are unique in that they both spectrally-modify,
as well as scatter the transmitted light (Wilson and Rajapakse, 2001). The
photoselective nets include “colored nets” (e.g. Red, Yellow, Green, Blue net
products) as well as color nets (e.g. Pearl, White and Grey) absorbing spectral
bands shorter, or longer than the visible range. The spectral manipulation is
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aimed at specifically promoting physiological responses, while light scattering
improves light penetration into the inner canopy (Rajapakse and Shahak, 2007).

It was found that, compounds containing calcium carbonate such as Purshade
that acts as a superior reflective particle barrier to the harmful effects of solar
radiation and water stress. Treating late in maturity season grapevines with plant
protect ants during summer periods (warm periods) substantially assist in the
reduction of sun damage. Under such high sun intensity and temperature above
90" F a great damage on all plant parts especially clusters was happene (Karim
et al., 1999). These compounds have been shown to increase marketable yield up
to 30 % by reducing collage and promoting the production of higher yields. And
reduce sun damage (sunburn) by more than 40 % as well as improve fruit quality
with larger fruits and/ or better coloring. Reduce all plant stresses by 20-60 %
and in turn improve the plants use of available resources. It reflects 90-98 % of
harmful ultraviolet (UV) and infrared (IR) radiation without blocking
photosynthetic light. Moreover, it keeps plants 7 degrees (°F) cooler by reflecting
heat. This reduces stress on the plants and enables basic physiological processes to
continue in high temperature when they would normally shut down. The previous
benefits of anti sunburn compounds were cited by (Adams et al., 2001).

Concerning of using seaweed extract which is rich in macro and micro
elements, important plant hormones like Auxins, Gibberellins and Cytokinin that
induce cell division, increase cell enlargement, lead to the balance of
physiological and biological processes, increase photosynthesis processes and
improve growth characters (Jensen, 2004). Kowalski et al. (1999) describe the
significant positive effects of seaweed extract on plant growth and yield of potato
plant.

In addition Abdel-Aziz and Zakher (2010) demonstrated that foliar spraywith
Robin at 1 cm®/L produced significant increases in plant height, number of leaves
as well as fresh and dry weights of pea plants.

The aim of this study is to investigate the effect of different plant techniques
of protected tomato cultivation i.e. grown under black and green net,
intercropping using maize and sunflower with tomato plants, spray with Purshade
and Robin (sea algae) as well as open field conditions without using any
protection treatment on the growth and production of tomato.

Materials and Methods

Two field experiments were carried out at Amoun Agricultural Society, El
Tal El Kabier (76 km from Cairo), Cairo-Ismailia desert road, Egypt, Ismailia
Governorate during the two successive late summer seasons, of 2012 and 2013.
Seeds of tomato i.e. Alissa F; hybrid (produced by Nunhems seeds co.
Netherlands) were sown in the nursery on 15" and 20" of April, in 2012 and
2013, respectively and seedlings were transplanted on 20™ and 25" of May in
2012and 2013, respectively.
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The experiment included 7 treatments as follows:

o Shading with black net (60% shade) under tunnel (length 15m, width, 1.25m,
height 0.70m).

e Shading with green net (30% shade) under tunnel (length 15m, width, 1.25
m, height 0.70m).

e Intercropping with maize (Zea mays L.) individual 311maize hybrid (Maka

seeds co).

Intercropping with local sunflower (Helinthus annuus).

Foliar spray with 8 cm® Purshade/ L (for reflection of solar radiation).

Foliar spray with 1cm® Robin/L (algae treatment).

Control (Spraying with tap water).

Seeds of maize and sunflower were sown in the same day of tomato
transplanting on the south side of each row alternating with tomato rows at 50cm
space between seeds, maize and sunflower were thinned to one plant per stand 10
days after planting.

Purshade: a plant protector against solar stress contains 62.5% calcium carbonate
and 37.5 % inert ingredients by weight in organic forms.

Robin Pro Natural: Sea Algae Natural Supplement, Contain multiple macro and
micro elements, as well as carbohydrates, minerals, amino acids, vitamins and
some substances like auxin on its effect deriving from sea algae (Ascophyllum
nodosum).

Spraying treatments: four spraying per season starting at the beginning of
flowering stage and repeated every 10 days, the spraying treatments were carried
out at early morning.

Drip irrigation was used for irrigate the plants with equal amount of water.
The farm soil type was sandy soil. Table 1 shows the mechanical and chemical
analyses of experimental soil. Fertigation system was used according to fertilizer
recommended program under sandy soil.

TABLE 1. The physical and chemical and analysis of the experimental soil before

cultivation.
Physical properties
Sand % Clay% Silt% Texture
88.92 6.08 5.00 Sandy

Chemical properties

Ca Mg Na K HCO4 cl

meq/I
1.0 0.4 0.76 0.31 1.01 0.51
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The following data were recorded during the two growing seasons
Environmental Measured

Day light intensity, maximum temperature and humidity were measured
under different treatments every day by using digital climatic sensors.

Relative humidity and air temperature: Digital thermo-hygrograph was used
to measure temperature and relative humidity (model, TFA Dostman/Wertheim -
Kat. Nr. 5002), the Digital thermo-hygrograph was allocated over polystyrene
trays in the middle of each treatment above the level of tomato plants canopy, the
maximum air temperature was recorded at 13:00, the average relative humidity
was calculated by the average of maximum and minimum relative humidity
everyday, the average weekly maximum temperature and humidity has been
calculated using the daily climatic data.

Light intensity: Light intensity was measured in each treatment daily above
the tomato plants canopy at mid-day (13:00) by portable Lux-meter (Model
FMC- 10M). The average weekly light intensity was calculated from the
measured data.

Flowering date
Number of days from transplanting till 25-50% flower anthesis per plot was
calculated as index of flowering date.

Vegetative growth

After 65 days from transplanting (at the beginning of fruiting stage), plant
height (cm), number of branches, number of leaves, fresh weight (g), dry weight
(9) were determined in 3 plants from each plot then the average per plant was
calculated. In the same time, the leaves number 4, 5 from the top of the plants
were collected and total chlorophyll was determined according to Meter
SPADS50I as SPAD unites (Monje and Bugbee,1992).

Flowering characteristics and Yield
Flowering characteristics were measured by the means of cluster number 3
and 4 on the main stem to determine:
- Clusters number / plant were counted at flowering stage.
- Fruit setting percentage was calculated according to the formula:

No. of setted fruits /cluster

X 100
No. of total flowers / cluster

- Early yield and total yield (ton/fed.), and average fruit weight of tomato fruits
(9): were calculated as the following: Early yield of tomato fruits (expressed as
weight of the first three pickings), the total yield as the weight of fruits of all
pickings as kg/ plot, then were summated and calculated as ton/ fed. And average
fruit fresh weight (g) was determined theoretically by dividing total fruit weight
on the total fruit number.
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Fruit quality

The physical and chemical characteristics of tomato fruits

e A random sample of five fruits per plot was used for measuring fruit length,
diameter, flesh thickness (by using a caliper) and number of locules. The
measurements were recorded at the same stage from the harvesting in mid-
season and the averages were calculated. Fruit firmness was measured using a
needle type pocked penetro-meter.

e The color characteristics of fruits was determined by a Minolta Chroma
Meter, model CR-200.Calibration was done by a white plate before use Color
changes were quantified in the L= lightness, ranging from 0= black to 100=
white , C= Chroma represents color saturation which varies from dull (low
value) to vivid color (high value) and h= hug angle (McGuire, 1992).

e The percentage of total soluble solids (TSS) in fruit juice was determined by a
hand refractor meter according to the methods mentioned in the
(A.0.A.C.1990)

e The acidity of fruits juice was determined using a pH meter.

Statistical design and analysis

The experimental design was complete randomize blocks with three
replicates, each experimental plot consisted of 15m long and 1.25m width with
spacing of 40cm between plants. Data obtained were analyzed according to
Duncan’s multiple range tests at 5% (Waller and Duncan, 1969), which used for
the comparisons among the various tested genotypes.

Results and discussions

Climatic data

Average maximum air temperatures for the different treatments showed that the
use of nets exerted a limited influence on temperature (Fig. 1, 2 and 3). Maximum air
temperature tended to be lower under the black and green nets (2- 3°C), due to the
interception of radiation which is greater than the gain of temperature caused by the
use of nets due to their role in the interception of air circulation or “greenhouse
effect”. The temperature under shading with maize or sunflower were the same like
open field in the first three weeks, after that, the maize and sunflower plants become
vigor in its growth and protected the tomato plants. The average maximum air
temperature, relative humidity and light intensity for plants grown under maize and
sunflower was almost the same in the first three weeks after transplanting, then the
maize and sunflower start to grow up and changed the microclimate around tomato
plants reducing maximum air temperature by about 1-2 °C, reduce light intensity by
about 200-400 foot candle and increase relative humidity by 2-4 %. Finally, the
climatic measurements were the same during all the season for the open field
(without treatment), Purshade as well as Robein algae treatments. There was about
one temperature degree less than open field under maize and sunflower. Similar
results were reported by Medany et al. (2009), Al-Helal & Abdel-Ghany (2010) and
Abdrabbo et al. (2013), indicating that the influence of nets upon maximum
temperatures. Elad et al. (2007) found a moderate decrease in maximum temperatures
associated with the use of shade nets, Stamps (2008) reported a moderate decrease
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(<2°C). Moreover, using net cover led to decrease maximum air temperature in
comparison with open field, the lowest maximum temperature was gained by black
net. Maximum temperatures tended to be lower under the blue and black net by 3°C
in comparison with open field, while Average relative humidity increased by the use
of all net color by 4-8% compared to open field (Retamales et al., 2008 and
Abdrabbo et al., 2013). Campen and Bot (2003) explained the ventilation
phenomenon. The pressure difference over the openings was one of the driving forces
for ventilation, which could be either due to the wind outside the greenhouse or due
to the temperature difference over the openings. At lower wind speed, which was true
under present case, mainly the buoyancy effect contributes in ventilation (Wilson and
Rajapakse, 2001).
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Fig. 1. Weekly average maximum air temperature (°C) under different treatments
during the two studied seasons of 2012 — 2013.
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Fig. 2. Weekly average relative humidity (%) under different treatments during the
two studied seasons of 2012 — 2013.
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Fig. 3. Weekly average light intensity (foot-candle) under different treatments during
the two studied seasons of 2012 — 2013.

Vegetative growth parameters

Concerning of vegetative growth, data in Tables 2 and 3 cleared that all
protection treatments against the injury of high temperature used in this study led
to a reduction in the period from transplanting to flowering date and at the same
time produced tomato plants characterized by more vigorous in their vegetative
growth expressed as plant height, number of branches and leaves per plants, fresh
and dry weight and high in leaves chlorophyll content compared with those
plants grown without protection treatments. The best treatments were happened
with the plants shaded with black or green net followed by foliar sprayed
treatment with purshade or robein. The superiority of the shading with black or
green net may be due to the suitable environmental conditions (temperature,
relative humidity and sun radiation) prevailing during growing period. However,
the previous treatments led to a reduction in the temperature (2 — 3 °C) around
plants and sun radiation but increasing in relative humidity as mentioned before
in Fig. 1, 2 & 3. Since high temperature causes an increase in respiration,
sometimes above the rate of photosynthesis which means that the products of
photosynthesis are being used more rapidly than they are being produced. For
growth to occur, photosynthesis must be greater than respiration. This result was
in agreement with previous findings by Fosket (1994) and Chuartzman et al.
(2008) they mentioned that reduce plant stresses improve the plants use of
available resources. The changes in plants morphology induced by UV may
affect competition for light (Barnes et al. 1988). Exposure to UV decrease plant
height, leaf area and plant dry weight while increase auxiliary branching and leaf
curling (Dai et al. 1995, Greenberg et al., 1997 and Furness et al. 1999). Dai et al.
(1995) reported that after a few weeks of UV-B exposure, leaf area and plant dry
weight of plants were significantly reduced. Similar results was found by
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Abou-Hadid and El-Beltagy (1992) who stated that vegetative growth of the
plants under protection were bigger than those plants grow under open field
conditions.

TABLE 2. Effect of some treatments on number of days from transplanting to
flowering, plant height, number of branches and number of leaves of
tomato plants during 2012 and 2013 seasons under high temperature

conditions.
No. of days Plant height Number of Number of
from (cm) branches per leaves per/
Treatments transplanting / plant plant
to flowering
2012 | 2013 | 2012 | 2013 | 2012 | 2013 2012 2013
Black net 29.3c | 27.3c | 81.6a | 85.0a | 5.3a | 6.0ab | 29.0b | 30.0a
Green net 30.0c | 27.3c | 68.6b | 71.6b | 6.0a 6.6a 31.3b | 39.3a
+maize 38.3a | 37.0a | 50.6e | 52.3d | 3.7b | 4.6bc | 26.6b | 30.0a
+sunflower 33.6b | 32.0b | 54.3d | 55.0d [ 3.7b 4.3c 28.1b | 30.0a
Purshade® pray | 33.3b | 31.6b | 63.0c | 64.6c | 5.0ab | 5.3abc | 40.0a | 44.6a
e

Robein™spray | 3561 | 31.3b | 633c | 646c | 55ab | 5.3abc | 39.0a | 40.0a
Control 38.3a | 35.3a | 49.3e | 50.6d | 3.7b 4.3c 28.3b | 31.0a

Values having an alphabetical letter in common within column do not statistically differ, using
Duncan’s multiple range test at 5 %.

The improved vegetative growth evidenced as plant height, number of
branches, chlorophyll content, number of leaves, and stem diameter per plant
under the protection against the unfavorable heat condition may be due to the
favorable weather conditions, i.e., the increase in relative humidity, lower
maximum temperature and light irradiance, higher minimum temperature and
finally lower wind speed in comparison with open field conditions (Gu et al.,
2002 and Al-Helal & Abdel-Ghany, 2010). Other possibility was increasing plant
ability to uptake water and nutrients which ultimately accelerated the rate of
vegetative growth under greenhouse conditions (Cerny et al., 2003). Moreover, the
superiority of tomato plants grown under green net may be, due to the cover with net
led to diffuse light and then increase radiation use efficiency, yields (both at the plant
and ecosystem level), and even be a factor affecting plant growth (Ortiz and
Cardemil, 2001). Any shade netting can scatter radiation, especially ultraviolet
because netting is usually made using ultraviolet-resistant materials (Wong, 1994).
Nissim-Levi et al. (2008) added that shade netting that increases light scattering but
does not affect the light spectrum has been shown to increase branching, plant
compactness, and total leaf area per plant (Shahak et al., 2004). The colored shade
net can also increase light scattering by 50% or more and this alone may
influence plant development and growth. On the other hand, black net reduce
radiation reaching crops underneath (Shahak et al., 2004). Obviously, the higher
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the shade factor in dark net color, the more radiation will be blocked. Reductions
in radiation resulting from netting will affect the climatic conditions under net
and will reduce the plant growth especially in the winter season because of low
natural radiation (Cerny et al., 2003 and Stamps, 2008).

TABLE 3. Effect of some treatments on fresh weight, dry weight and chlorophyll
content (SPAD) unit of tomato plants during 2012 and 2013 seasons under
high temperature conditions.

Fresh weight Dry weight Chlorophyll

Treatments © © conterLtn(i?PAD)
2012 2013 2012 2013 2012 2013

Black net 148.6a | 193.3a | 20.3ab 27.7a 33.9¢c 35.3b
Green net 168.6a | 197.6a 25.3a 29.7a 49.7a 51.4a
+maize 59.3c 67.1b 9.0c 10.9b 49.3ab 50.7a
+sunflower 56.6¢ 63.3b 8.0c 9.3b 44.3a 44.9ab
Purshade® spray 112.0b | 120.5ab | 17.0b 19.5ab | 45.7ab | 47.7ab
Robein'” spray 10830 | 117.9ab | 16.0b | 183ab | 50.0a | 516a
Control 62.6C 77.7b 9.3c 11.9b 41.4b 42.8ab

Values having an alphabetical letter in common within column do not statistically differ, using
Duncan’s multiple range test at 5 %.

Number of clusters, fruit set (%), early, total yield (ton/ fed.) and average tomato
fruit weight (g)

Data in Table 4 showed that all treatments were significantly have positive
effect on the parameters of number of clusters/plant, fruit set %, early and total
yields and fruit weight of tomato plants which protected against high temperature
by black or green net compared with the control especially when the plants shaded
with the green color net. These results might be attributed to the favorable effect of
temperature during the period of growth and reproduction process which possessed
much shoot and leaves number per plant and width leaf area with high leaf
chlorophyll content as mentioned before that induce more photosynthetic rates. On
the contrary, the lowest previous parameters were obtained with those plants grown
without protection (control) because of the exposing to high temperature .However,
poor fruit set at high temperature has also been associated with low levels of
carbohydrates and growth regulators released in plants tissues (Safia et al., 2002).
Also under high temperatures, fruit set in tomato plants failed due to the disruption
of sugar metabolism (Sato et al., 2006 and Medany et al., 2009). The increasing in
tomato total yield under green net maybe due to the plants don't suffer from the
heat stress under the net, the plants has good vegetative growth, better pollination
and finally higher yield (Safia et al., 2002).
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TABLE 4. Effect of some treatments on clusters number, fruit setting%o, early, total
yield and average fruit weight of tomato plants during 2012 and 2013
seasons under high temperature conditions.

Number of | Fruitsetting [ Earlyyield | Total yield |Average fruit
Treatments | clusters/plant % (tons/fed) (tons/fed) weight (g)

2012 | 2013 [ 2012 | 2013 | 2012 | 2013 | 2012 | 2013 | 2012 | 2013

Black net 9.0bc | 9.6ab |68.3ab|70.0ab| 7.6b | 8.2b | 26.6b | 27.4b |105.6b|106.6b

Green net 11.3a | 14.0a | 77.6a | 78.3a| 8.7a | 9.6a | 30.8a | 31.8a [140.6a|146.6a

+maize 8.0cd | 9.3ab [45.0c|45.0d| 3.0n [ 3.3f | 17.9f | 18.6g | 67.7e | 68.3C

+sunflower | 7.3cd | 7.3b |45.3c|46.6d | 3.8e | 4.2e | 19.1e | 19.9f [73.0cdg 73.3c

®
;g]ade 11.3a | 12.0ab | 61.0b |62.30c| 5.5d | 5.9d | 22.1d | 23.2d |75.6¢d| 81.6¢
Robein®
spray 10.0ab| 10.3ab | 72.6a [75.0ab| 6.0c | 6.6¢c | 23.5c | 24.6¢ {69.0de| 70.0c
Control 7.0d 8.0b |[51.0c |53.3cd| 3.5e | 4.3e | 19.9e | 21.0e | 77.6¢c | 83.3c

Values having an alphabetical letter in common within column do not statistically differ, using
Duncan’s multiple range test at 5 %.

Fruit quality

Physical characteristics of tomato fruits

Data in Table 5 showed that all protection treatments under investigation
enhanced the fruit physical characters i.e. fruit length, fruit diameter, umber of
locules and flesh thickness. Especially with the use of the green net in
comparison with other protected cultivation treatments as well as control. These
results might be attributed to the protection treatments which favor plant growth,
since plants are less stressful, direct sunlight was avoided, temperature is lower,
humidity is higher, wind speed reduced, and ETc. was low. In addition, water use
efficiency increased under shady conditions (Jifon and Syvertsen, 2003). These
results also might be attributed to the favorable effect of temperature during the
period of growth and reproduction process which reduced crop transpiration and
thus water uptake, and improved water use and moisture availability in the soil
which might have increased various physiological processes, better plant nutrient
uptake, higher rates of photosynthesis, which might reflect on more number of
fruits and higher fruit weight (Ngouajio et al., 2007). Furthermore, the reduction
of radiation is responsible for down-regulation of photosynthetic capacity of
leaves and consequently a lower light saturated photosynthetic rate compared to
the control (Abdrabbo et al. 2009).
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TABLE 5. Effect of some treatments on physical characters of tomato fruits during
2012 and 2013 seasons under high temperature conditions.

Fruit length | Fruit diameter Fruit Number of Flesh
(cm) (cm) firmness locules thickness
Treatments (kg /cm?) (cm)
2012 | 2013 2012 2013 | 2012 | 2013 | 2012 | 2013 | 2012 | 2013
Black net 5.7ab | 5.8b 4.9b 53b | 26d | 29c | 3.3a | 3.7ab | 0.57a | 0.63ab
Greennet | 6.1a | 6.6a 5.6a 6.1a | 3.0bc| 39b | 3.3a | 4.2a | 0.56a | 0.70a
+maize 45d | 4.9 4.1d 46e [ 3.0bc| 3.2b | 3.3a | 3.8b | 0.38b | 0.44d
+sunflower | 4.9cd | 5.3cd | 4.5bcd | 4.7de | 2.5d | 2.7c | 3.6a | 3.9ab | 0.40b |0.52cd
Purshade® | 4.9cd |5.4bcd| 4.6bcd | 4.9cd | 3.1b | 3.4ab | 3.7a | 3.9ab | 0.47ab | 0.49cd
spray
Robein® 443d | 5.1de| 4.3cd | 4.6e |2.8cd| 2.9c | 3.3a | 3.7ab | 0.43ab|0.51cd
spray
Control 5.3bc | 5.6bc| 4.8bc |5.1bc| 3.4a | 3.5a | 3.3a | 3.3b |0.46ab|0.56bc

Values having an alphabetical letter in common within

Duncan’s multiple range test at 5 %

Chemical characters of tomato fruits

Regarding to the fruit chemical quality the data in Table 6 showed that there
were no significant differences between the studied treatments on the fruit color
characters and acidity of fruit juice during the two studied seasons. Regarding fruit
TSS it is decreased under the shade comparing with the other protected cultivation
methods. The highest fruit TSS was obtained from shading by maize plants
followed by Robin algae and Purshade treatments, the lowest TSS was obtained by
shading by green net treatment. The obtained results agreed with those of Kinet and

Peet (1997), Safia et al. (2002), Foolad (2005) and Sato et al. (2006).

column do not statistically differ, using

TABLE 6. Effect of some treatments on chemical characters of tomato fruits (color,
TSS and acidity) during 2012 and 2013 seasons under high temperature

conditions.
Color characters ) o
Treatments | | (jightness) | C (Chroma) | H (hug angle) Tss Juice acidity
2012 |2013 |2012 |2013 [2012 |2013 [2012 |2013 |[2012 |2013
Black net 451a | 46.1a | 47.4a | 47.9a | 52.6a | 54.1a | 4.6ab | 4.99b | 3.97a | 3.97a
Green net 457a | 47.1a | 48.6a | 49.0a | 52.2a | 52.8a| 3.8c | 4.84b | 4.08a | 4.09a
+maize 46.8a | 47.6a | 49.6a | 51.1a| 54.4a | 55.4a| 5.1a | 5.80a | 4.06a | 4.07a
+sunflower | 47.6a | 49.2a | 51.6a | 52.8a | 56.6a | 58.3a | 4.3bc | 4.83b | 4.08a | 4.09a
Purshade® | 45.7a | 47.0a | 46.5a | 48.3a | 53.1a | 55.9a | 4.8ab | 5.23b | 4.11a | 4.11a
spray
Robein® 48.7a | 50.1a | 51.1a | 52.1a | 53.6a | 57.2a | 4.9ab | 5.33ab | 4.07a | 4.19a
spray
Control 45.2a | 46.7a | 46.1a | 47.5a | 54.5a | 55.7a | 4.3bc | 4.87b | 4.01a | 4.02a

Values having an alphabetical

Duncan’s multiple range test at 5 %.
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Conclusion

Using of black and green net for Reduce the harmful effect of high
temperature was most effective than using the other treatments (Spray of
Purshade or sea algae and intercropping tomato with sunflower or maize). The
black and green net treatments enhanced tomato production as it increased total
and marketable yields, beside the increase of yield components, when compared
with other treatments. This study recommends the use green or black net to
protect tomato plants which cultivated during summer season to improve the
productivity under conditions especially of newly reclaimed land.
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