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Abstract

This  experiment was performed in 2004/2005 and 2005/2006
seasons at El-Bosaly Protected Cultivation Experimental Site, of the
Central Laboratory for Agricultural Climate (CLAC), 15 Km west of Rosetta.
The current study was conducted in open field to investigate the growth
and productivity of strawberry plants under the shading and cold storage
methods. Two strawberry cultivars were used, i.e., Camarosa (cv.) and
Yael (cv.). Transplants were set up on 15 of March to 15 of September in
both two seasons of 2004-2005 and 2005-2006, respectively under El-
Bosaly conditions. Seven treatments were used i.e., short day, 40%
shading, 73% shading, three periods cold storage at 5C°, i.e., (24h, 48h
and 73h) and control. Results indicated that the application of 73%
shading treatment was the most effective in reducing maximum and
minimum of air temperature and radiation, followed by 40% shading,
whereas, the highest value of maximum and minimum air temperature,
radiation were observed in control treatment throughout the two growing
seasons. In addition, 73% shading treatment produced the tallest plants
and the highest number of leaves per plant and leaf area per plant.
Moreover, flowering and chlorophyll in leaves were increased by
application of short day treatment. Also, fruit characters such as average
weight and number of fruits per plant were the highest values with 40%
shading. Chemical components of fruits, i.e., T.S.S were increased with
73% shading treatment. When plants were grown under 40% shading
treatment, followed by 73% shading, while cold storage for 72 h
treatment gave the lowest values. Neither cultivars nor the interaction
between cultivars and tested factors had any significant effects on many
studied characters.

Key words: Strawberry, Photoperiod, Open field, Shading, Short
day, Cold storage, Climatic conditions, Flowering and Total yield.

INTRODUCTION

Strawberry (Fragaria X ananassa) has became one of the popular and favorite fruits to
the Egyptian consumer due to many reasons such as, the highest nutritional value,
reasonable prices, availability in the markets and the wide utility to using as fresh or
processed. Moreover, strawberries were considered of great economic importance as
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a source of hard currency which is needed for our country because it had strong
potentialities as an export commodity to the Arab and European markets.

Nursery of strawberry plants start from 15\March to 15\April. In May and Jun the
climate is very hot and very height radians so the shading is very important to get
good transplant and decrees temperature.

Strawberry plant needs chilling requirement to change buds from vegetation to
flowering.

Shading has been used for many years to limit the amount of solar radiation entering
greenhouses. Shade can be used over the top of the greenhouse (outside) or
suspended inside the greenhouse above the crop. The most common materials are
polypropylene, polyethylene, polyester, and theran, although cheese cloth and
tobacco netting can also be used.

Using shade screen improved greenhouse climate; vapor pressure deficit and air
temperature. This improvement implied a 36 per cent reduction of the total integral of
the incident global radiation during the cropping cycle. Moreover, using shade screen
during the summer growing season contributes to increase water and radiation use
efficiencies and to improve the quality of fruits (Lorenzo et al., 2003). Although, shade
is the most common suggested solution to overcome the effect of high temperature,
Russo (1993) reported that shade inconsistently affect tomato yield.

Accordingly, this study aimed to investigate the effect of shading, cold storage and
short day on the growth and yield of strawberry plants.

MATERIALS AND METHODS

The experiment was performed in 2004/2005 and 2005/2006 seasons at El-
Bosaly Protected Cultivation Experimental Site, of the Central Laboratory for
Agricultural Climate (CLAC), 15 Km west of Rosetta. The soil was sandy with pH of
7.89 and Ec of 1.34 mm-hos. Two short day strawberry cultivars were used, i.e.,
Camarosa (cv.) and Yael (cv.). Transplants were set up on 15 of March to 15
September in both two seasons of 2004-2005 and 2005-2006, respectively.
Transplants were transplanted into open field on 15 of September to 1 March, which
put into ridges 1 meter plant distances were 25 cm.
The experimental treatments:

Short day.

Transplants of strawberry were covered by using black cloth from 1of May to
14 of September in both seasons. Cover was applied for 16 hours a day started at 4
pm: 8 am.
Shading 73%.
Transplants of strawberry were covered by using black plastic net after 45 days form
transplanting 1of May to 14 of September in both seasons all the day.
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Shading 40%.

Transplants of strawberry were covered by using black plastic net after 45 days form
transplanting 1of May to 14 of September in both seasons all the day.

Cold storage at 24 h.

150 daughter plants were potted in plastic cups(150ml) which separated
from the mother plant after 20 day, and then three chilling treatments were applied
as storage at 5C° 24h before transplanting.

Cold storage at 48 h.

150 daughter plants were potted in plastic cups(150ml) which separated from
the mother plant after 20 day, and then chilling treatments was applied by cold
storage at 5C° for 48h before transplanting.

Cold storage at 72 h.

150 daughter plants were potted in plastic cups(150ml) which separated
from the mother plant after 20 day, and then three chilling treatments were applied
as storage at 5C° 72h before transplanting.

Control.

Normal transplant were transplanted according to Ministry of Agriculture
recommendation.

Experimental design and the statistcal analysis :

The experiment was arranged by applying the split plot design with three
replicates. The cultivars were arranged in the main plots, whereas the treatments
were arranged in the sub plots all obtained data were analyzed as reported by
Snedecor and Cochran (1980).

Data recorded:

Number of leaves per plant, total plant fresh and dry weight and flowering
were recorded. Total chlorophyll was measured in leaves by using digital chlorophyll
meter (model Minolta Chlorophyll Meter SPAD-501). Early (after two harvests) and
total yields were recorded.

RESULTS AND DISCUSSION

Climatic data:

The greatest values of maximum and minimum air temperatures and radiation, in
general, were detected in control treatment followed by 40% shading treatment (Figs.
1, 2, 3 and 4). However, the lowest maximum and minimum air temperatures and
radiation were found when using 73% shading. In other words, the 73% shading
treatment reduced the temperature and radiation values compared to the other
treatments. These results are in agreement with those reported by Verldot et al
(1985), Abreu et al. (2001)and Kittas et a/. (2009).
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Figure 1. Maximum air temperature at El-Bosaly site during 2005 and 2006 seasons
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Figure 2. Minimum air temperature at El-Bosaly site during 2005 and 2006 seasons.
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Vegetative growth:
Number of leaves per plant:

Shading treatments recorded the highest number of leaves per plant,
whereas, plants received cold storage for 72 h gave the lowest values Table (1). It
was noticed also that there were insignificant differences for leaf number between the
two studied cultivars after 4 months from transplanting. In other words, the most
favorable treatment for stimulation the number of leaves per plant was the application
of 40% shading, in general, all over the both growing seasons. These results are in
harmony with those of Adam et a/. (2002).

Results showed also that the interaction had not any significant influences on number

of leaves per plant all over the two growing seasons.

Table 1. Effect of shading rates, short day , cold storage treatments and cultivars on
number of leaves per plant after 4 months from transplanting of strawberry

plants during the growing seasons of 2004/2005 and 2005/2006.

2004-2005
Treatments
Cultivars Control Shading rate Short Cold storage days Mean
day
40% 73% 6H " 2" '3
Camarosa 23.33 31.53 28.17 29.92 21.75 14.50 15.67 32.97
YAEL 17.17 19.58 21.33 18.58 13.33 15.00 12.00 23.40
Mean 20.25 25.56 24.75 24.25 17.54 14.75 13.83
L.S.Do.os
Cultivars N.S
Treatments 1.88
Interaction N.S
2005-2006
Camarosa 24.50 33.10 29.58 3141 22.84 15.23 16.45 34.62
YAEL 18.20 20.76 22.61 19.70 14.13 15.90 12.72 24.80
Mean 21.35 26.93 26.09 25.56 18.49 15.56 14.59
L.S.Do.os
Cultivars N.S
Treatments 1.98
Interaction N.S
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Plant fresh weight:
No significant differences in plant fresh weight were obtained as a result of cultivars
during both seasons Table (2).
Plants grown under 40% shading treatment produced the highest Plants fresh weight
compared to the other treatments. Similar results were observed in second season.
Where, cold storage for 24h and 48h gave the lowest plant fresh weight.
It was noticed also that there were insignificant differences for plant fresh weight in
the interaction among treatments and cultivars.
The highest plant fresh weight interaction was observed with 40% shading treatment
and Camarosa c.v., while cold storage for 24 h, with, YAEL c.v showed the lowest
values.
This was true during both two seasons. Similar results were reported by Adam et al.
(2002), Liu et al. (2002) and Paez et al. (2000).

Table 2. Effect of shading rates, short day , cold storage treatments and cultivars on
average fruit fresh weight (g) of strawberry plants during the growing
seasons of 2004/2005 and 2005/2006.

2004-2005
Treatments
Cultivars control Shading rate Short day Cold storage Mean
40% 73% 6H lday 2day 3day
Camarosa 24.78 20.11 24.00 13.44 20.11 | 17.56 | 14.33 | 26.867
YAEL 17.00 29.22 25.22 22.56 28.22 | 13.89 | 15.56 30.33
Mean 20.89 24.67 24.61 18.00 24.17 | 15.72 | 14.94
L.S.Dg o5 for
Cultivars N.S
Treatments 1.13
Interaction 2.27
2005-2006
Camarosa 26.02 21.12 25.20 14.12 21.12 | 18.43 | 15.05 | 28.210
YAEL 18.02 30.98 26.74 23.91 29.92 | 14.72 | 16.49 32.15
Mean 22.02 26.05 25.97 19.01 25.52 | 16.58 | 15.77
L.S.Do.05 for
Cultivars N.S
Treatments 1.19
Interaction 2.39
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Plant dry weight:

Plant dry weight was not affected by short day, shading and cold storage treatments
or the interaction between all treatments and the two cultivars (Table 3).

The two cultivars, there was high significance herein. Camarosa c.v. recorded greater
values of dry weight of leaves than c.v Yael.

The obtained results are not agree with those of Smith ef a/ (1984), Hamamoto et
al. (2000) and Adam et al. (2002).

From the aforementioned data on plant growth, it could conclud that the applied 40%

shading treatment was the most favorable for stimulating plant growth.

Table 3. Effect of shading rates, short day , cold storage treatments and cultivars on
plant dry weight (g) of strawberry plants during the growing seasons of
2004/2005 and 2005/2006.

2004-2005
Treatments
Cultivars control Shading rate Short Cold storage days
day
40% 73% 6H "1" "2" "3" Mean
Camarosa 18.17 21.33 19.55 19.28 19.39 19.11 19.83 27.33
YAEL 19.85 26.47 23.27 19.57 21.05 16.33 19.33 29.17
Mean 19.01 23.90 21.41 19.42 20.22 17.72 19.58
L.S.Do.05 for
Cultivars 0.30
Treatments N.S
Interaction N.S
2005-2006
Camarosa 18.97 22.38 20.39 20.25 20.48 20.07 20.84 28.67
YAEL 21.25 28.31 25.05 20.96 22.20 17.47 20.67 31.18
Mean 20.11 25.34 22.72 20.60 21.34 18.77 20.76
L.S.D ¢.05
Cultivars 0.37
Treatments N.S
Interaction N.S
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Chlorophyll content of leaves

The statistical analysis showed that plants grown under short day treatment
had the highest total chlorophyll readings in their leaves during the two growing
seasons. However, application cold storage treatments recorded the lowest total
chlorophyll readings Table (4). These results were true in both growing seasons.
Similar results were reported by Goma (1966), Moustafa (1991), Shehata, (1996), and
Adam et al. (2002).

No, significant effects on total chlorophyll were noticed for both Camarosa
and Yael cultivars.

Regarding the interaction between the tested treatments and cultivars it was
significant. The best treatment was obtained with short day and both cultivars which

significantly increased than any other interaction treatments.

Table 4. Effect of shading rates, short day, cold storage treatments and cultivars on
number. of days until flowering of strawberry plants during the growing
seasons of 2004/2005 and 2005/2006.

2004-2005
Treatments
Cultivars Shading rate Short Cold storage days Mean
day
control 40% 73% 6H " 2" 3"

Camarosa 65 72.3 72 64.6 62.6 62.3 60 65.54
YAEL 64.87 70.71 71.06 62.9 61.7 61.3 58.07 64.37
Mean 64.935 71.505 71.53 63.75 62.15 61.8 59.035

L.S.Do.05

Cultivars N.S

Treatments 1.75
Interaction N.S
2005-2006

Camarosa 65.8 73.4 72.7 65.8 63.22 63.5 60.6 66.43
YAEL 66.1 7141 71.7 63.5 62.9 61.9 58.6 65.15
Mean 65.95 72.405 72.2 64.65 63.06 62.7 59.6

L.S.Dg.0s

Csultivars N.S

Treatments 2.03

Interaction N.S

Flowering:

Generally, using the shading treatments gave the highest number of days for

flowering followed by control treatment. While, plants grown under the cold storage
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for 72h treatment gave the lowest number of days for up to flowering (Table 5). This
result was true in both seasons. These findings are in agreement with those of
Shehata (1996), Aldazabal and Zamora (2000) and Liu et a/. (2002) .

It was noticed also that there were insignificant differences in flowering periods
between the two studied cultivars or among the interaction treatments. This was true
during both growing seasons.

Table 5. Effect of shading rates, short day , cold storage treatments and cultivars on
total chlorophyll reading of strawberry plants during the growing seasons of
2004/2005 and 2005/2006.

2004-2005
Treatments
Cultivars Shading rate Short day Cold storage days Mean
control 40% 73% 6H " 2" 3"

Camarosa 45.76 55.9 57.93 59 44.38 43.79 43.3 50.00
YAEL LY 56.59 58.64 59.72 44.93 44.34 43.84 50.62
Mean 46.04 56.24 58.28 59.36 44.65 44.06 43.57

L.S.Dg.os

Cultivars 12.6

Treatments N.S
Interaction 14.6
2005-2006

Camarosa 46.3 56.52 59.6 59.11 45.31 44.6 44.2 50.80
YAEL LAY 57.15 60.39 59.89 45.48 44.8 44.7 51.32
Mean 46.58 56.83 59.99 59.5 45.39 44.7 44.45

L.S.Dg.05

Csultivars 11.47

Treatments N.S

Interaction 12.97

Early and total yield:
Application of short day, shading and cold storage treatments were significantly affect
early and total yield per plant. All investigated shading treatments increased the early

and total yield. The most effective treatment in enhancing the early and total yield
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was 40% shading. Whereas, cold storage for 72 h treatment decreased the early and
total yield per plant (Table 6 and 7).

Cultivars did not reflect any significant effect on the early and total yield.
The interaction between treatments and cultivars data indicated that 40% shading
treatment with both cultivars produced strawberry having greatest early and total
yield, while, cold storage for 48 h recorded the lowest values. These results were
detected in both growing seasons.

The obtained results are in harmony with those of Smith et a/ (1984),
El-Aidy (1984), Aldazabal and Zamora (2000), Liu et al (2002), and Kittas et al.
(2009).

Table 6. Effect of shading rates, short day , cold storage treatments and cultivars on
early yield per plant (g) of strawberry plants during the growing seasons of
2004/2005 and 2005/2006.

2004-2005
Treatments
Cultivars Shading rate Short Cold storage days Mean
day
control 40% 73% 6H " 2" 3"

Camarosa 230.42 225.2 237.36 167.14 183.02 | 173.59 102.1 188.40
YAEL 225 278.05 236.08 182.55 151.23 87.92 96.41 179.60
Mean 227.71 251.62 236.72 174.84 167.12 | 130.75 99.25

L.S.Do.05

Cultivars N.S

Treatments 10.1

Interaction 18.9

2005-2006

Camarosa 242.75 273.23 253.7 178.75 195.8 147.24 121.1 201.79
YAEL 230 360.41 348.7 191.81 161.75 94.99 102.88 212.93
Mean 236.37 316.82 301.2 185.28 178.77 121.11 111.99

L.S.Do.0s

Csultivars N.S
Treatments 9.89
Interaction 19.8
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Table 7. Effect of shading rates, short day, cold storage treatments and cultivars on

total yield per plant (g) of strawberry plants during the growing seasons of
2004/2005 and 2005/2006.

2004-2005
Treatments
Control Shading rate Short day Cold storage Mean
Cultivars
40% 73% 6H 1day 2day 3day
Camarosa | 921.69 | 1021.06 | 949.44 668.57 732.08 | 550.39 | 408.42 | 1050.33
YAEL | 900.75 | 1112.20 | 944.33 730.22 604.93 | 351.68 | 385.65 | 920.35
Mean | 697.22 | 1066.63 | 946.89 699.40 668.50 | 451.03 | 397.03
L.S.Dq.o5 for
Cultivars N.S
Treatments | 36.53
Interaction 73.03
2005-2006
Camarosa | 971.09 1092.95 | 1015.11 715.10 783.38 | 588.97 | 437.12 | 1120.75
YAEL | 900.14 1201.64 994.82 767.25 647.00 | 379.98 | 411.53 981.27
Mean | 737.62 1147.29 | 1004.96 741.17 715.19 | 484.48 | 424.33
L.S.Dg.gs for
Cultivars N.S
Treatments | 39.66
Interaction 79.32
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