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ABSTRACT: This study aimed to investigate the response of three
strawberry cvs; Camarosa, Sweet Charlie and Rosalinda, to nursery
shading (0, 60, 75 and 90 days), and the behaviour of the shaded
transplants under three planting dates (1s¢ Sept., 15th Sept. and 1st.
Oct.) in the crop field. Data on plant growth traits in the nursery as
‘well as in the field were recorded. :

Camarosa ¢v produced the highest mgniﬁeant No. ot‘ both the
runners and transplants and the dry matter (DM) of the shoots and
roots of the transplants (Types A and B), in the nursery . Whereas,
cv. Sweet Charlie gave the highest C/N ratio. Unshaded meother
planis in the nursery gave the highest No. of runners , but shading,
in general , produced the highest No. of transplants from types A and
B. Moreover, 60 days shading, in the 1st season, and 75 days
shading, in the 2nd one, significantly favoured C/N ratio . While,
cultivar x shading interaction had no effect on the DM of
transplants, but significantly affected C/N ratio.

Camarosa and Sweet Charlie cvs produced maximum No of
crowns and leaves / plant, especially in the early plantations (Sept.
1" or 15™) and shading for 75 and / or 90 days . However, the effect
of planting date on leaf No. /plant, in the 2nd season, was
insignificant, In addition, the cvs responded differently to planting
date x shading treatments in the 2ad season, but they were not in the
first one. Moreover, cv Camarosa had the highe:t leaf area and DM
content / plant at the early plantations in Sept. On the other hand,
shading had no effect on leaf area and DM content / plant in the 1s¢
season, but the cffect was significant in the 2nd one. The effect of the
three way interaction on leaf area and DM content / plant was
significant and the cultivars responded differently.
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"INTRODUCTION
A great attention has been

drawn to strawberry cultivations in .

Egypt, in the last two decades.

This is due to its importance, as an

exportation crop. Because, a great
demand for foreign markets
supplying by strawberry was
needed during winter season. The
market price at this ‘period of the

season is very high. It reaches the -

highest price in European market
in Nov. and Dec. and medium
price in Jan. and Feb. ATUT.
(1999)*.Getting early flowering
and fruiting from strawberry plant,
could be achieved through using
the early cultivars or promoting
the available cultivars for early
flowering. '

Strawberry isas
Such  phenomenon could be
manipulated through adjusting the
planting date or through
modifications of this factor; using
low light intensity to initiate
flowering buds. Growth and
flowering of the plants that

reported by several authors on
different plants. Kramer and
Decker (1944), compared pine and
deciduous trees stands in forests,
found that the undestroy of young
stands consists  largely of
deciduous trees, and overstory
pines eventually are thinned out by
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the time reached over maturity.
They pointed out that, the

important factor in the success of

the deciduous trees is that they
achieve maximum photosynthetic
rate at one-third or less of full sun
light, but the pines require full

sunlight for maximum
photosynthesis.
The effect of shading the

nursery -on strawberry growth was
reported by Ferre and Stang (1988)
mentioned that plants, which
shaded during July and Aug.
produced fewer runners, but their
leaf, crown and root dry weight did
not differ from sun exposed plants.
Chandler et al. (1992) when
subjected strawberry plant to 60%
shade from 1 Julyto 31 Aug., and
found the shaded plants produced
fewer runners and accumulated
less dry matter than exposed plants
(unshaded). Svension (1995) found
that the stem of strawberry plants
which grown under 80% shading
were longer than stem length of
plants grown under 60% shade.
But the dry weight of shoot was
higher under 60 % shade than
under 80% shade. Awang and
Atherton (1995) reported that
shading strawberry plants caused a
reduction in leaf area, number of
leaves and crown and shoot dry
weight. While, Ragab et al. (2002)
reported that shading strawberry

*Ministry of Agric. And Land Reclamation, ATUT.1999 Strawberry Export Market

Analysis and Potential
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nursery produced a posmve effect
on increasing runner formation and
early fresh transplants pro_ducuon
However. ~“shading decreased
crown diameter, dry weights and
total carbohydrates in roots and
crown transplants. Khalafalla er al.
(2001), reported that shading
Euphorbia milii plants with 47%
shading increased number and
weight of leaves ‘and fotal
chlomphyll but decreased number
of ‘branches as well as fresh and
dry weight of branches and roots.
Percentage of total carbohydrate in
leaves of full- sun plants was more
than the shaded plants.

For the effect of planting date
Chercuitte - et al. (1991)
mentioned that the earlier planting
(1S May) of strawberry
encouraged the development of
large multi-crowns plants.

Therefore, the present work
aimed to study the effect of
shading the nursery of three
strawberry . cultivars on the
transplants growth in the nursery
and on the growth of those shaded
and unshaded transplants in the
crop field, after-effect. Also, to
study the effect of planting data on
the growth of these cultivars.

MATERIALS AND METHODS

The present investigation was
carried out on three strawbetry
(Fragaria x ananassa Duch) culti-
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vars, durmg 1999 /2000 and
2000/2001 growing seasons, .. at
South’ Tahreer,  El-Behera

Governorate. This woik_ aimed to
study the response of some
strawberry cultivars to . pursery
shading, and the behaviour of the
shaded transplants in the crop
field, _ _

- Soil preparation of the nursery
took place - in February every
season,  basic fertilizers were
broadcasted before tillage. prior to
planting. The kind and amounts of
fertilizers per feddan were: .

1. Farm yard manure 40 m’,

2. Calcium superphosphate (15.5%
P,0s), 200 kg,

3. Sulphur, 250 kg,

4. Ammonium sulphate (20.6% N),
100 kg,

5. Potassium sulphate (48% k-_;O)
100 kg, and

6. Magnesium sulphate (50 kg)

Soil was fumlgated by methyl
promid at 70 gm/m? soil area. Drip
irrigation tubes and overhead
sprinklers were positioned at space
1.5 and 6m respectively. The used

strawberry cultivars were
Camarosa, Sweet Charlie and
Rosalinda. Super Elite mother

plants were planted on rows at
1.00 m apart and 1.5m spacing
between rows on 15 March every
season; that means one mother
plant, of each cultivar, occupied
1.5 m% The experimental layout
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was split plot in randomized
complete blocks design with five
replications. Shading treatments
were arranged as the main plots;
two treatments (shading for 60
days, from first July, and
unshading), in the first season, but
there were four shading treatments;
60, 75 and 90 days shading beside
unshading, in the second season,
and the three cultivars were
randomly taken as the sub-plots.
" Each sub-plot area was 9m’
containing 6-mother plants.

The shading treatments were
obtained through using shading
net, which gave a reduction in light
. intensity by 63 %.

In both seasons, air temperature
were recorded daily of both shaded
and unshaded area, then averaged
as monthly temperature, also light
intensity was  measured by
luxmeter under shaded and
unshaded area at three times daily;
i.e., 8AM, 12PM and 5 PM (Table
1). During the growing season. N,
P and K fertilizers were applied via
irrigation at 180, 30 and 100
kg/feddan, respectively. These
were taken into account the
residual soil N, P and K which
were applied prior, as a basic
fertilization. Fungicides and
insecticides were applied during
the growing season when needed.
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For field experiment, soil
preparation took place in July,
every season as mentioned before
in nursery. The raised beds top
surface was 120 c¢cm in width and
40cm height, then they were
fumigated with methyl bromide at
the rate of 70 gm/m’ soil, two
weeks before planting. Drip
irrigation system was positioned.
Fresh transplants were planted in
rows on the beds at 30 cm between
the rows and 25 cm between plants
in the row. The beds were mulched
by white plastic sheet when the
transplants had 2-3 new leaves.
Also, tunnels were covered with
white plastic sheets.

The experiments included 18
and 36 treatments in the first and
second season, respectively. These
represented  the combinations
among three planting dates (1sz
Sept.,15¢h Sept. and 1s7 Oct.), three
cultivars (Camarosa, Sweet Charlie
and Rosalinda) and two shading
treatments (unshaded and 60 day
shading), in the first season and
four shading treatments (60, 75
and 90 days shading besides the
unshaded one) in the second
season.

The experimental design in the

randomized complete blocks with
three replications. Planting dates
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Table 1 . Average monthly temperature ( oC) and illumination (lux) during nursery per
in 1999/2000 and 2000/2001 season . '

July Augest Septemper

Shading Unshading _Shading_Unshading_Shading_ Unshading

Temperator C:
Maximium
Mininmm
lllumination ( lux)
8.00 AM

12.00 PM

5.00 PM

Temperatur C:
Maximum
Minimum
Mumination ( fux)
8.00 AM

12.00 PM

5.00 PM

34.69

1798

© 37690

5253

36.13
2211

8414
39510
5908

First season (1999/2000)

36.58 36.56 38.02 34.07

34883 78718 41073 4491

102840 37838 106273 33468

24780 3812 . 12477 5537

" Second season (2000/2001)

3812 33001 3519 3327

19.07 21.06 19.79 19.2

33079 6259 25725 11552
106290 38355 102600 37560
26645 5490 25610 6481

196 217 1987 1808

3584

1755

24526
96096

17356

33.01
18.08

"44260

104640
23330
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were arranged in the main plots,
cultivars were assigned at random
in sub-plots, cultivars and the
shading treatments were
distributed in sub-sub plots. The
sub-sub plot area was 4.2 m’
containing 48 plants each. The
plants were fertilized with N, P
and K fertilizers at the rates of 150,
60 and 200 kg/feddan, respectively
during the growing season. In
addition, Ca (chelated calcium)
Mg (Magnesium sulphate) and
micronutrients were applied as
foliar application. Fungicides and
insecticides were applied during
the growing season when needed.

- Data recorded:
1. Plant growth traits in the
Nursery.
a. Number of runners / mother
plant. :
b. Number of different types of
transplants; i.e., type A had

more than 0.7 cm of crown
diameter, type B had less than
0.7 cm of crown diameter, and
type C (the unrooted one) .

c. Dry matter (DM) of both shoots
and roots (gm) for transplants
(type A and type B),

d. C/N ratio of transplants (type A)

Total nitrogen was determined
according to Evenhuis (1976),
while carbohydrates was
determined according to Dubois ez
al. (1956).
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2. Plant growth traits in the field
A random sample of 5 plants
were labled in every experimental
unit to measure the following
parameters at three dates; i.e., 1st

Dec., 15t Feb. and 1s¢ April.

i. Crown number/ plant .

ii. Leaf number /plant .

iii. Non distructive leaf area / plant
were determined by plane-
meter, after drawing the leaves
of each plant .

iv. Dry matter /plant, at the end of
the growing seasons.

Statistical Analysis

The recorded data were
statistically analyzed for each
season separately. Analysis of
variance and L.S.D. were done

according to  Snedecor and
Chochran (1980).
RESULTS AND DISCUSSION

The results of the effect of
shading the nursery and planting
date on the growth of strawberry
cultivars; i.e., Camarosa, Sweet
Charlie and Rosalinda, in the
nursery and in the field will be
discussed below.

1. Plant growth traits in the

nursery

1.1 Number of the runners and
transplant type /mother
plant.

a. Main effect
Results in Table 2 clarify

significant differences among the
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studied cultivars. regarding num-
ber of runners, and transplants
types produced per mother plant in
the two seasons. For number of the
runners / mother plant, cv
Camarosa produced the highest
significant number of the runners,
followed by cvs Sweet Charlie and
Rosalinda in -the two growing
seasons. Regarding transplants
types (Table 2), the cvs Camarosa
and Sweet Charlie produced the
highest number of the transplants
of the three types; i.e.,type A, B
and  C  with insignificant
differences between them, except
transplants of type A, in the first
season, but cv Rosalinda gave the
lowest significant number from
those transplants types.

Regarding the effect of shading
treatments (Table 2), unshaded
mother plants in the nursery gave
the highest number of the runners
compared with the shading
treatments, but it was insignificant,
in the 2nd season. For transplants

types, 60 days shading signific-

antly increased number of the
transplants of the three types in the
Ist season, but this was

insignificant for type B: In the 2nd .

season, 90 and 75 days shading
had the highest number of
transplants from types A and B,
but type C transplants was not
affected by shading treatments.
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b. Interaction effect

Data in Table 3 indicate
insignificant effect of the cultivars
x shading the nursery treatments
on the number of the runners in the
st season. On the other hand, it
had a significant effect on the
number of runners/ mother plant in
the 2nd season. Regarding the
effect of shading treatments on
each cultivar, the results revealed
significant incrcase in the number
of runners with unshaded
Camarosa nursery, but the other
two cultivars were not affected by
shading treatments. For transplants
types number (Table 3), shading
treatments had significant effect on
the number of type A transplants,
and both A and B types in the 1s¢
and 2nd seasons, respectively.
Nevertlieless, the highest
significant numbers of A and B
types, in the second season, were
observed with 90 and 75 days for
cv Sweet Charlie, but such an
increase did not reach to the level
of significance for the other two
cultivars, when compared the
effect of shading under the same
cultivars. These results agree with
those of Chandler et «l. (1992),
who reported that the strawberry
‘plant which subjected to shade
produced fewer runners; and with
Ragab eral. (2002), who found
a positive effect for shading on
increasing  fresh transplants
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Table 2 : Average effect of the cultivar and shading the nursery on numbers of runners and transplants
types /strawberry mother plant

1999 2000
Transplants Types Transplants Types

Runners TypeA TypeB TypeC Runners TypeA TypeB TypeC

Treatment No. No. -~ No. No. No. No. No. No.

: ' ) Effect of the cultivar
Camarosa 1160 - 86.70 136.50 84.70 13.30 - 98.70 84.50 54.40
~ Sweet Charlie 8.90 64.30 .134.50 95.70 12.30 121.30 117.40 84.10
Rosalinda 7.90 . 31.20 69.10 52.70 9.40 28.20 25.70 25.10
LSD at 0.05 - 2.90 21.40 468.70 NS 3.70 42.30 52.50. 46.30
* Effect of the shading days

"Unshaded © 10.30 53.10: . 102.90 61.30 12.30 64.90 64.70 46.70
.60 days shading 8.60 68.40°  123.80 92.10 12.10 61.70 58.50 40.90
: 75 days shading 10.70 99.60 95.70 62.30
90 days shading ' 11.10 104.60 84.50 68.10

LSD at 0.05 1.70 15.10 NS 26.20 NS 25.80 29.40 NS

NS, insignificant at the 0.05 level of probability. '
Type A,B transplants that had more and less than 0.7 om. of crown diameter, Jrespectively
Type C the unrooted one .



Table 3 :Effect of the interaction between cultivar and shading the nursery on the numbers of runners and

transplants types /strawberry mother plant
1999 2000
Transplants Types Transplants Types
Treatment Runners Type A Type B TypeC Runners TypeA  TypeB Type C
No. No. No. No. No. No. No. No.

Camarosa
Unshaded 1230 93.00 154.20 78.00 15.20 95.40 102.40 59.60
60 days shading 10.80 80.40 118.80 91.40 1260 82.20 80.10 48.90
75 days shading 10.90 106.20 84.90 56.60
90 days shading 9.60 111.00 70.50 52.30
Sweet Charlle
Unshaded 10.00 86.80 114.00 78.80 11.40 80.20 79.60 65.80
60 days shading 7.20 41.80 155.00  108.00 12.30 81.20 73.00 56.80
75 days shading 14.60 159.80 167.30 104.80
90 days shading 1490 - 163.80 149.80 109.10
Rosatinda
Unshaded 8.60 25.40 40.00 27.00 10.40 19.00 1220 14.80
60 days shading 7.20 37.00 97.00 78.40 11.30 21.60 22.40 17.00
75 days shading 7.00 32.90 35.00 25.50
90 days shading 8.80 39.10 33.60 42.90
LSD AT 0.05 for comparing :
two interaction means NS 26.10 NS NS 1.40 ~ 4470 50.90 NS
two shade means NS 26.90 NS NS 5.70 63.30 77.90 NS
( under the same cultivar) : -

NS, insignificant at the 0.05 level of probability

Type A,B transplants that had more and less than 0.7 cm. of crown diameter, respectively,

Type C the unrooted one .

£00Z (P)°ON 0€ 194 “saY 213y [ 812087
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production. Also, Ferre and Stang
(1988) reported that shading
strawberry transplants during July
and Aug. produced fewer runners.

1.2 Dry matter and C/N ratio
Since the transplants of type C

has no roots, the DM and C/N ratio

are not presented. '

a. Main effect

Regarding the difference among
the cultivars studied (Table 4), the
results indicated  significant
difference = among the three
cultivars in the transplants shoots
and roots dry matter and C/N ratio,
in the two growing seasons, except
that of the shoots and roots DM for
" transplants of type B in the 1st and
2nd seasons, - respectively. Dry
Matter of the shoots. and roots of
the cv Camarosa transplants (types
A, B) reflected the highest values
compared with the other two
cultivars. Whereas, for C/N ratio,
cv Sweet Charlie gave the highest
value.

Regarding the effect of shading
(Table 4), shading treatments, in
the 1st season, had significant
effect on roots DM of :the
transplants of type A and C/N
ratio, which scored thé highest
value with 60 days shading in the
nursery. In the 2nd season (Table
4), 75 days shading favoured
insignificant shoots DM for both
transplants types (A and B) and

El-Ghamriny, et. al.

significant C/N ratio compared
with unshaded treatment. Whereas,
90 days shading gave the highest
values of roots DM, for both
transplants types. Chandler et al.:
(1992), Awang and Atherton
(1995), Khalafalla et al. (2001)
and Ragab et al. (2002), reported
that shading plants has a negative
effect on dry matter of plants,
which agreed with this study. -

b. Interaction effect

Results in Table 5 clarify that
cultivar x shading interaction had
no effect on the DM of the
transplants shoots and roots, of
both types, in the two seasons,
except that for roots DM of
transplants of both types in the 1s¢
season, which gave the highest
root DM .with Camarosa x
unshaded and with Sweet Charlie x
60 days shading of the 1sz type
only. While, C/N ratio was-
significantly affected by this
interaction, in the two seasons. For
the effect of shading on each
cultivar, in the 1st season, the
highest C/N ratio was obtained
with 60 days shading, unshaded

and 60 days shading, and in the

2nd season, it was at the maximum
values with 75 days shading,
unshaded and 75 days shading, for
the cvs Camarosa, Sweet Charlie
and  Rosalinda, respectively.
Therefore, it could be concluded
that both the factors; cultivar and



Table 4 : Average effect of the cultivar and shading the nursery on dry matter and C/N ratio /strawberry transplants

11999 . 2000
DM of the transplants(gm) CIN DM of the transplants{gm) CIN
Treatment Type A Type B ratio Type A Type B ratio
Shoots Roots Shoots Roots Shoots Roots Shoots Roots
Effect of the cuitivar
Camarcsa 3.18 0.60 1.09 0.31 -1228 .. . .363 1.23 1.14 0.50 13.28
Sweet Charlie - 1.85 0.36 0.76 0.15 13.35 248 0.77 0.95 0.38 13.61
Rosalinda - 1.84 0.24 0.80 0.15 1279 - 177 0.32 0.87 0.25 12.67
LSD at 0.05 o 0.79 0.15 NS 008 .. ..050 " 076 089 0.26 NS 0.50
Effect of the shadiing days
Unshaded 232 0.46 0.92 022 12.30 292. 0.56 1.59 0.24 13.08
60 days shading 226 0.34 0.86 0.20 13.32 248 0.66 0.85 0.31 12.18
75 days shading 259 0.66 1.13 0.3 14.03
90 days shading _ 2.53 1.22 0.87 0.63 13.46
LSD at 0.05 NS 0.09 NS NS 0.48 NS 0.56 0.21 0.31 0.9

NS, insignificant at the 0.05 level of probability
Type A B transplants that had more and less than 0.7 cm. of crown diameter, respectively ;

Z
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Table S : Effect of the interaction of cultivar x shading the nursery on dry matter and C/N ratio /strawberry transpiants

1.

1989 .
DM of the transplants (gm) CIN DM of the transplants (gm) CIN
Treatment Type A Type B ratio Type A Type B ratio
Shoots Roots Shoots Roots Roots Shoots Roots

Camarosa i
Unshaded 332 0.84 1.18 0.43 11.42 4.05 0.77 1.42 0.34 12.08
60 days shading 3.04 0.36 0.99 0.19 13.13 297 0.73 0.96 0.26 1285
76 days shading 3.08 1.23 1.30 0.49 14.99
90 days shading 3.53 2.21 0.86 0.3 13.50
Sweet Charlle » ) R
Unshaded 2.00 0.31 0.77 0.14 13.92 289 0.64 1.09 0.25 16.02
60 days shading 1.89 0.41 0.75 0.16 1277 2.80 0.89 0.82 0.40 11.35
75 days shading 1.90 0.53 1.02 0.30 1253
90 days shading 234 1.04 0.87 0.59 1453
Rosalinda
Unshaded 1.64 0.23 0.74 007 1150 1.82 0.26 0.75 0.15 11.16
60 days shading 204 0.24 0.85 - 0.23 14,07 1.86 0.41 0.76 0.28 12.60
75 days shading 1.87 0.21 1.09 0.14 1458
90 days shading 1.72 0.41 0.90 0.38 12.34
LSD at 0.05 for comparing :
two interaction means NS 0.15 NS 0.12 0.69 NS NS NS NS 1.56
two shade means NS 0.18 NS 0.19 - NS NS NS NS 0.80

( under the same cuittivar)

NS insignificant at the 0.05 leve! of probability
*Type A,B transplants that had more and less than 0.7 cm. of crown diameter, respectively .

0.45
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shading the nursery, are acting
independently on DM of the
transplants, but C/N ratio depends
on the interaction -of the cultivars
with shading period.

2. Plant Growth Traits in the

Field _

In this portion, it was an attempt
to study the behaviour of the
transplants in the field, which were
produced under shading treatments
and to. which extent this effect;
shading the nursery; continued on

the growth of the plants in the.

. field. Plants stressed by low
irradiance or under low light and
those under shortened days are
both responding to the total quanta
received during the light period,
ie, to the integrated daily
irrdiance (Bunce et al., 19770on
soybean; Chabot et al., 1977 on
sun and shade plants)Jurik ef al.,
1979 on strawberry;. They also
stated that when plants are stressed
by low irradiance, their carbon
status declines; they acclimate
through a number of
morphological and physiological
adjustments, and shortened the
photosynthetic period, similarly do

the same set of acclimation
responses. Boardman (1977)
mentioned that sun leaves
exhibited  higher  rates of

photosynthesis per unit of leaf area
became light saturated at a higher
light intensity than shade leaves

1401

do. At low light ‘intensities,
however, sun leaves have lower

rates” of photosynthesis than shade
Jeaves (Kramer and Kozlowzki,

1979). : :
2.1 Crown number per plant

a. Main effect

The results showed significant
differences among the studied
cultivars, regarding the crown
number produced per plant in the
field, at the three sampling dates.
The cultivars that produced sign-
ificantly more number of crowns
/plant in Dec. were Sweet Charlie
and Camarosa and in both Feb. and

- Apr. maximum crown numbers

were recorded for cvs Camarosa
and  Sweet Charlie. But, cv
Rosalinda had the lowest crown
number/plant in all sampling dates

- In the two seasons.

For the effect of planting date
(Table .6), it also had significant
effect on number of crowns/ plant
at all sampling dates in the 1st
season, and in Dec., only, in the

2nd one. Planting strawberry on

Sept. 1 and Sept. 15 showed the
highest number of crowns / plant,
followed significantly by Oct. 1
planting date, which was the
lowest one.

This means that early
plantation favoured the formation
of crowns. This result agrees with
Chercuitte et al. (1991) who



Table 6 . Average effect of the cultivar,planting date and shading the nursery on crown numbet/strawberry
plant, in the field at three sampling dates
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Treatments 1999/2000 2000/2001
Dec. Feb. Apr. Dec. Feb. Apr.
Effect of the cultivar
Camarosa 208 3.80 427 3.78 4.83 5.86
Sweet Charlie 217 2.80 393 3.55 3.52 474
Rosalinda 1.0} 2.29 3.14 233 299 3.75
LSD at 0.05 0.02 0.47 0.55 0.63 0.55 0.74
Effect of the planting date
1st Sept. 227 3.43 4.50 3.44 3.79 4.94
15th Sept. 1.80 3.18 4.04 3.39 3.87 4.75
1st Oct. 1.20 228 2.80 281 3.69 4.67
LSD at 0.05 ' 0.29 0.90 0.79 0.32 NS NS
Effect of the shading days
Unshaded 1.82 2.80 3.88 2.87 3.46 343
60 days shading 1.68 3.15 3.68 3.27 3.78 3.81
75 days shading 326 3.92 4.89
90 days shading ‘ 3.46 3.97 5.01
LSD at 0.05 ‘ 0.10 NS NS 0.24 0.30 0.40

NS, insignificant at the 0.05 level of probability
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reported that earlier planting
encouraged the development of
large multicrown plants.

For shading the nursery (Table
6), it had significant effect in the
Ist sample and its: effect was
extended in the field beyond this
date in the lsr season. It is also
quite clear that crown number /
plant at the three sampling dates
was increased with the increase in
shading days of the nursery, in the
2nd season. It was significantly
high for 75 and 90 days shading
compared with unshaded one.

b.Interaction effect

Results in Table 7 clearly show
a significant effect of the three way
interaction, namely, cultivar x
planting date x shading, on the
crown number /plant at the three
sampling dates. By comparing the
effect of planting date x shading
treatments under the same cultivar,
cv Camarosa gave - the highest

crown number with Sept. 1 x -

unshaded and with Sept. 1 x 60
days shading in the lst season.
Moreover, it gave the highest
number of the crowns with Sept.1
or 15 x unshaded or 90 days
shading, in the 2nd season. For cv
Sweet Charlie (Table 7), it
produced the highest crown
number with Sept. 1 x 60 days
shading or unshaded, in the 1st two
samples, or with Sept. 15 x
unshade in Feb., and with Sept. 1 x
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unshaded in April, in the lst
season. In the 2nd season, it
reflected the highest crown number
with Sept. 1 x 75 days shading, in
Dec. and with Sept., 15 x 75 days
shading at the last two samples,
with insignificance in the third
sample on Sept.l planting date x
all shaded treatments. Regarding to
cv Rosalinda (Table 7), it was not
affected by planting date x shading
of the 1stsample, but Sept. 1 x 60
days shading in the 2nd sample
and Sept. 15 x unshaded or 60 days
shading showed the highest crown
number in the 1lst season.
Moreover, in the 2nd season, this
cultivar produced more number of
the crowns with Sept. 1 x 60 days
shading in the 1st sample and with
Oct. 1 x 60 days shading in the last
two  samples, which were
insignificant with Sept. 15 x 90
days shading and Sept. 1x 60 or
90 days shading in those sampling
dates. The . obtained results
disagree with those of Ferre and
Stang (1988) who clarified no
significant  effect for shading
strawberry plant on crown
numbers. However, Awang and
Atherton (1995) reported that
shading strawberry plants reduced
crown number / plant.

2.2 Leaf number /plant

a. Main effect
Data in Table 8 show that, the
cultivars significantly differ in
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Table 7 : Effect of lnteractson of the planting date x cultivar x shading the nursery on crown number/strwbbery
plant, in the fieid at three sampling dates

December February April

Treatments Camarosa Sweet Charle Rosalinda Camarosa Sweet Chariie Rosalinda |Camarosa Sweet Charlie Rosalinda
First season (1999/2000)

D1 Unshaded 3.40 3.00 1.00 453 3.13 -1.47 5.00 5.60 2.87
60 days shading 213 3.00 1.00 487 3.40 320 5.33 4.33 3.67-

D2 Unshaded 207 2477  1.00 . 387 313 1.73 4.80 4.47 367
60 days shading 207 . 2200 1.00 467 273 293 4.20 383 320

D3 Unshaded 133 © 143 1.00 253 2.60 200 327 2.60 267
60 days shading 1.47 113 107 233 1.80 240 3.00 267 2.60

L Second season (2000/2001)

D1 Unishaded 4.40 3.33 0.67 5.43 333 1.67 6.83 5.20 240
60 days shading 3.73 3.67 3.20 4.47 3.47 N 5.47 523 4.98
75 days shading 3.57 4.47 2.47 4.38 3.93 an 5.35 523 4.01

© . 90 days shading 4.75 420 . 288 5.07 3.80 3.47 6.03 5.07 453
" D2 Unshaded 4.40 320 - 183 4,97 3.60 220 6.00 4.27 2.60

60 days shading 3.93 3.07 267 453 3.20 3.00 5.67 4.40 3.40
75 days shading 4.27 303 253 4.97 427 3.27 5.80 5.27 3.80
90 days shading 4.40 3.40 293 5.40 3.27 3.93 6.26 4.87 4.87

D3 Unshaded 300 333 1.53 4,40 3.37 2.40 5.33 4.00 3.27
60 days shading 3.40 2.80 283 5.20 2.96 3.93 5.93 393 5.27
75 days shading 2.67 3.45 220 4.60 3.85 287 8.37 4.90 3.47
90 days shading 2.73 3.93 1.93 4.80 3.7 2,73 5.40 4.67 3.60

LSD at 0.05 level for comparing : 1999/2000 2000/2001

) o Dec. Feb. April Dec. Feb. April
any two means of the interaction 0.30 1.22 1.55 0.72 0.90 1.19

any two planting date x shade interaction 0.17 0.69 0.90 042 082 0.69
means under the same cultivar '
D1,02,03 = Planting dates ; D1 : Sept. 1,D2 : Sept. 15, D3: Oct. 1 .



Table 8 . Average effect of the cultivar,planting date and shading the nursery on leaf number /strawberry plant,

in the field at three sampling date
Treatments 1999/2000 2000/2001
Dec. Feb. Apr. Dec. Feb. Apr.
Effect of the cultivar
Camarosa 16.38 20.80 39.40 2023 28.29 31.68
Sweet Charlie 16.68 21.13 26.52 18.03 17.85 17.46
Rosalinda 19.28 13.62 28.40 13.44 14.77 13.73
LSD at 0.05 NS 422 7.84 3.99 3.42 3.84
Effect of the planting date
1st Sept. 24.60 21.88 39.04 19.29 18.12 20.10
15th Sept. 17.49 20.05 32.66 16.61 2148 20.57
1st Oct. 10.24 13.63 22,58 15.81 21.32 2220
LSD at 0.05 448 7.03 11.19 NS NS NS
Effect of the shading days .
Unshaded 16.79 18.37 31.24 15.84 18.67 2197
60 days shading 18.10 18.67 31.61 17.05 20.15 20.85
75 days shading 17.27 19.93 18.99
90 days shading 18.79 22,46 22.02
LSD at 0.05 NS NS NS 1.99 243,00 2.60

£00Z (b)'ON 0F * 10A “saYy "2udy [ S1208v7

NS, insignificant at the 0.05 level of probability

1Y//41
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their leaf number/ plant at all
sampling dates in the two seasons,
except that of Dec. sample in the
1st season. The highest number of
leaves/plant were produced by cv
Camarosa followed by Sweet
Charlie, but Rosalinda cv was the
least one in this respect.

Planting date had significant
effect on leaf number /plant at all
sampling dates, in the 1st season,
Sept. 1 planting date showed the
highest leaf number/plant, follo-
wed insignificantly by Sept. 15
planting date in Feb. and April
samples and significantly by Oct. 1
planting date, at the three sampling
dates. In 2nd season, the results did
not show any -significant effect of

the planting date on leaf number at -

all sampling dates.

As for the effect of shading the
nursery (Table 8), it had no effect
on the leaf number /plant, in the
1st season. However, in the 2nd
season,. 90 days shading of the
nursery: gave maximum leaf
number/ strawberry plant in
comparing with other shading or
unshaded treat-ments. This effect
was extended till April sampling
date. Awang and Atherton (1995)
reported that shading strawberry
plants caused a reduction in leaf
number. But, Khalafalla er al
(2001) reported that shading
Euphorpia milii plant by 47%

El-Ghamriny, et. al.

shading net increased number of
leaves /plant.

b. Interaction effect

Data in Table 9 show insign-
ificant effect of the interaction
treatments on strawberry leaf
number /plant at the three

~ sampling dates, in the 1st season,

On the other hand, the interaction
treatments had significant effect on
the leaf number and the cultivars
responded differently to planting
date x shading treatments, in the
2nd season (Table 9). In this
respect, cv Camarosa produced the
highest leaf number /plant with
Sept. 15 x 90 days shading; Sept. 1
x unshaded; and Sept. 15 x
unshaded and Oct. 1 x unshaded,
60 or 75 days shading, respectively
with the lst, 2nd and the 3rd
sampling dates. For c¢v Sweet
Charlie, it favoured Sept.1 x 90
days shading and unshading, if the
planting took place on Sept. 15 or
Oct. 1 in Dec. sample; Sept. 1 x
90 days shading, Sept. 15 x 75

days shading and Oct. 1 x
unshaded in Dec. sample; and
unshaded x - Sept. 15 or Oct.l

plantations, Sept. 15 x 75 days
shading and Oct. 1 x 90 days
shading in April sample. With
respect to cv  Rosalinda, it
generally produced the highest leaf
number with Oct. 1 x 60 days
shading treatment, at all sampling



Table 9 . Effect of interaction of the planting date x cultiver x shading the nursery on leat’ number/strawberry plant in the tield at three

YA

Sodp

£007 ($)°ON 0F" 104 “53Y ~18V'[

sampling dates
December February April
Treatments Camarosa Sweot Chatie Rosalinds Camarosa Sweet Chatie Rosalinda _Camitross  Sweet Charlic* Rusalinda
First season  1999/2000 '
D} Unshaded 23.67 19.33 26.00 20.13 - 26.00 18.00 45.00 2360 547
60 days shading 19.40 34.73 2447 20.60 30.00 17.27 4387 2T 3827
‘D2 Unshaded 18.07 15.83 18.53 24.00 26.20 14,68 43.07 322 3193
60 days shading 19.87 13.40 19.27 23.00 20.13 12.27 40.53 2120 27499
D3 Unshaded 847 9.33 1187 13.53 13.13 11.13 22,93 1593 20.10
60 days shading 8.80 7.47 15.53 2353 11.33 9.13 4100 18.87 16.73
Second season 200072001
D1 Unshaded 13.67 14.40 10.93 19.53 11.33 1279 3172 17 83 15.60
" 60 days shading 20.87 15.40 11.53 24.87 14.93 13.00 30.00 1673 11.42
75 days shading 17.87 17.33 9.20 24.07 18.60 6.80 70.00 {3.5% 700
. 90 days shading 21.60 21.07 15.86 30.80 22.00 18.67 2413 16.70 2088
D2 Unshaded 23.80 23.93 8.60 36.47 18.33 827 34.91 1993 813
60 days shading 20.80 1660 1606 26.87 15.93 15.80 35.60 16.80 13.40
75 days shading 2147 20.40 16.67 28.13 21.27 16.93 26.07 2000 15.13
90 days shading 27.93 18.40 16.87 31.73 19.33 18.67 26.27 18.47 15.80
D3 Unshaded 15.20 2127 10.73 30.20 20.20 10.93 35.40 1913 14.33
60 days shading 20.73 12.80 18.67 31.13 15.73 23.07 37.66 12.87 22.00
75 days shading 20.80 16.73 15.00 27.67 19.73 16.20 36.40 17.47 10.93
90 days shading 18.07 18.07 11.20 28.07 16.87 16.07 30.00 2007 10.13
LSD &t 0.05 level for comparing : 1999/2000 2000/2001
Dec. Feb. April Dec. Feb. April
any two means of the interaction NS NS Ns 5.93 7.27 7.78

any two planting date x sheding interaction

means under the same cultivar Ns Ns NS 345 4.2 4.5
NS, insignificant at the 0.05 level of probability

DI1,D2.D3 = Planting dates ; D1. Sept. 1 ;D2 Sept. 15, D3, 0ct. 1.

L0pI
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Table 10. Average effect of the cultivar,planting date and shading the nursery on leaf area (cm.2) /strawberry

plant, in the field at three sampling dates

Treatments

1999/2000

2000/2001
Dec. Feb. Apr, Dec. Feb. Apr.
Effect of the cuitivar
Camarosa , 1925.90 1105.70 1726.10 2018.20 1468.20 1570.20
Sweet Charlie 1605.90 77330  971.10 1797.10 877.50 712.10
Rosalinda 1322.70 550.40 893.90 946.00 604.00 552.70
LSD at 0.05 NS 269.70  433.67 501.68 342,12 219.88
Effect of the planting date
1st Sept. 2229.20 862.00 1382.30 1324.60 776.00 842.34
15th Sept. 1809.10 1047.40 1249.00 1755.30 995.00 964.64
1st Oct. 816.30 520.00 959.70 1681.50 1178.80 998.07
LSD at 0.05 631.79 48587 NS NS NS NS
' Effect of the shading days
Unshaded 1536.00 776.54 1290.50 1360.40 759.20 829.80
60 days shading 1700.00 843.07 1103.50 1487.00 996.10 10.13.0
75 days shading ' 1734.60 982.30 799.90 -
90 days shading 1766.40 1195.30 1097.30
LSD at 0.05 NS NS - NS 275.90 272.73 211.17

NS, insignificant at the 0.05 level of probability
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dates, which was insignificant with
some other few cases.

2.3 Leaf arca plant
a. Main effect

The data in Table 10 indicate
that the cultivars were significantly
differed in their leaf area : plant, in
the two growing seasons, except
that in Dec. sample in the 1st
season. Moreover, cv Camarosa
plants had the highest leaf area
compared with the other two cvs ;
i.e., Sweet Charlie and Rosalinda.
Planting date, in this respect, had
significant effect only, at the first
two samples in the 1s¢ season. The
plantations of strawberry on Sept.
1" and Sept. 15™ produced the
highest values of the leaf area /
plant in Dec. and Feb. sampling
dates, respectively.

For shading effect (Table 10) it
is quite clear that shading
treatments had no effect on
strawberry leaf area, in the lst
season. While in the 2nd one they
reflected significant effect on plant
leaf area. In this season, the
highest values of leaf area were
obtained with 75 or 90 days
shading in Dec. sample, with 90
days shading at Feb. sample and

with 90 or 60 days shading in .

April, when these treatments were
compared with their respective
unshaded ones. Generally, 90 days
shading of the nursery was the
most favourable treatment on
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strawberry plant leaf area and its
effect was extended till the end of
the growing season. Opposite
results were obtained by Awang
and Atherton (1995), who reported
that shading strawberry plants
caused a reduction in leaf urea.

b, Interaction effect

Results in Table 11 show
interaction on strawberry plant leaf
area at the three sampling dates in
the two growing seasons, except
that of Dec. sample in the 1st
season. By comparing the effects
of planting date x shading
treatments on the same cultivar, in
the 1st season, cv Camarosa leaf
area  favoured Sept. 15%x
unshaded, 60 days shading in Feb.
sample and with Sept. x unshaded
or with Sept. 15 x 60 days
shading in April sample . The
same results showed that cv Sweet
Charlie, generally, gave the highest
leaf area with Sept. 15® x unshade
in Feb. and Apr. samples and / also
with Sept. 1% bx 60 days shading
and with Sept. 1** x unshade at the
later two samples, respectively.
For cv Rosalinda, the highest leaf
area / plant favoured Sept. 15
unshade or Sept. 1 x 60 days
shading in Feb. Sample and
Sept.1®  x unshade or Sept. 15" x
unshade in April sample.

In the 2nd season, cv Camarosa
leaf area/ plant favoured Sept. 15"
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Table 11 ;. Effect of mteracbonofmephnmdmxmxshadtngmenumryonbafarea(cmZ)hnwbmyplam

, in the field at three sampling dates
_December _February
Treatment Camarosa Sweet Cheriie  Rosglinda] Camarosa Swest Charle  Rosalinda| Camarosa Sweet Chariie  Rosalinda
: ' " First'season ( 1999/2000)
D1 . Unshaded .2573.30 1158.05 194440 . 998.88 761.17 41543 212058 139286 1211.13
' 60 days shading © 2317.62 3527.28 185471 1207.73 1001.25 78760 1647.25 1086.86 835.63
D2 : Unshaded 233528 2230.52 127950 137358 1157.25 86386 1644.76 146929 1158.36
60 days shading 1253405 1185.08 1289.88 1539.37 882.68 467.72 1878.72 5§76.21 766.48
D3 Unshaded 887.68 879.99 63565 504.86 44975 468404 122086 62376 773.10
60 days shading 907.63 65477 103200 1009.84 387.64 30377 184456 677.60 318.44
) . Second season (2000/2001) :
D1 Unshaded .. 143195 982.26 466.40 79.65 565.82 33870 1654.39 474.63 311.15
60 days shading 1777.00 ~ 1374.95 797.58 121262 530.57 40550 138544 72201 398.83
75 days shading " 1498.82 1763.20 71815  905.95 830.14 23368 93422 30495 395.54
90 days shading 232196 1953.64 81192 1208.286 1402.32 83886 1980.52 65686  889.52
D2 Unshaded 2765.05 2243.69 20373 155252 870.70 9629 122532 86245 148.90
60 days shading 1834.12 1597.60 95235 143269 86549 41873 169358 95281 286.17
‘75 days shading 1831.26 1937.50 151059 1640.13 755.80 54952 -1257.36 714,92 682,64
90 days shading 274589 198860 1363.21 1483.32 1027.53 124989 2093.46 735.67 922 35
D3. Unshaded 144212 2031.87 587.01 1523.48 934.57 170.40 - 1753.16 691.16 346.75
80 days shading 222403 1284.42 1561.65 2007.35 850.20 124394 2028.28 608.69 1046.57
75 days shading 2304.88 2080 55 1679.59 1999.68 989.36 94249 138670 1020.74 502.25
90 days shading 175349 2347.99 610.87 1808.25 918.24 76208 1450.20 805.24 342.21
LSD at 0.05 level for comparing : 1999/2000 2000/2001
_ Dec. Feb. April Dec. Feb. April
any two means of the interaction NS 564.12 934.51 82570 818.21 831.97
any two planting date x shading interaction ) _ . . ‘
means under the same cultivar ‘ NS 337.12 53454 476.72 471.24 364.87

D1,D2,03 = Planting dates ; D1 : Sept. 1 ,D2: Sept. 15,D3:0ct. 1.
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x unshade or 90 days shading, Oct.
1 x 60 or 75 days shading, and
Sept. 15™ x 90 days shading or
Oct. I x 60 days shading at the
three sampling dates, respectively.
For ¢ Sweet Charlie, it was
mostly favoured Oct. 1¥ x 90 days
shading, Sept. 1% x 90 days
shading, and Oct. 1% x 75 days
shading. for leaf area /plant,
respectively  with  the three
sampling dates. For cv Rosalinda,
it produced the highest leaf area
/plant with Sept. 15" x 75 days or
Oct. 1" x 60 or 75 days shading,
with Sept.15™ x75 days or Oct. 1*
x 60 or 75 days shading, with Sept.
15% x 90 days or Oct. 1% x 60
days shading, and with Oct. 1% x
60 days shading, respectively with
the three  sampling dates.
Moreover, there were some other
cases, which were not significantly
differed from these mentioned
treatments for each cultivar.

2.4 Dry matter per plant

a. Main effect
The results in Table 12 show
significant  differences in dry

matter /plant among the studied
three cultivars. The significant
highest DM values in the two
growing seasons were yielded by
cv Camarosa, followed
significantly by cv Sweet Charlie
and cv Rosalinda which showed
the least DM values, in both
seasons.
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For planting date, it had, also,
significant effect on the yield of
the DM /plant in the two growing
scasons. The highest DM values
were obtained with Sept. 1%
planting date followed signific-
antly by Sept. 15" and Oct. i
planting dates, with insignificance
between the later two planting
dates. Such a result could be
attributed to that, this planting
date, i.e., Sept. 1* , provides the
plants more days to grow more
than the other two planting dates,
and that may led the plant to
produce more number of both the
crowns and leaves, which subsequ-
ently reflected on DM content.

For shading days (Table 12),
the results reveal that shading
treatments did not reflect any
significant effect on DM /plant in
the 1stz season, but they had
significant effect in the 2nd one.
The highest significant value was
obtained with 75 days shading.
Meantime, there was insignificant
difference  between 90 days
shading and the unshaded one.
Similar results were obtained from
Sevenson (1995), who reported
that the shoot dry matter of
strawberry plant, which subjected
to 60%, was higher than under
80%. But Ferre and Stang (1988)
reported that shading strawberry
plants showed non significant
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Table 12 . Average effect of the cultivar,planting date and shading
the nursery on dry matter (gm) /strawberry plant, in the

field at June.
Treatments 1999/2000 200072001
Effect of the cultivar
Camarosa 66.23 68.36
Sweet Charlie 40.20 51.37
Rosalinda 34.00 4278
LSD at 0.05 5.69 5.12
Effect of the planting date
“Sept.1st 64.97 67.56
Sept. 15th 37.63 49.66
Oct.1st 37.81 45.28
LSD at 0.05 8.98 7.61
Effect of the shading days
Unshaded 46.06 51.21
60 days shading 47.58 53.88
75 days shading 59.80
90 days shading 51.21
LSD at 0.05 NS 5.37

NS, insignificant at the 0.05 level of probability
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Table 13 : Effect of interaction of the planting date x cultivar x shading the nursery on
drymatter(gm) /strawberry plant, in the field in June

Cultivar
Treatments Camarosa Sweet Charlie Rosalinda
First season 1999/2000

D1 Unshaded 9267 67.59 34.81
60 days shading 100.63 4198 43.14

D2 Unshaded 55.48 K 28.90 20.12
60 days shading 4376 32.39 4521

D3 Unshaded 46.34 35.41 o321
60 days shading 49.48 3495 . 27.49

Second season 2000/2001

D1 Unshaded 141.53 73.65 37.19
60 days shading 71.25 4719 64.18
75 days shading 68.25 69.78 38.42
90 days shading 142.85 41.02 47.47

D2 Unshaded 61.06 29.58 22.71
60 days shading 75.40 69.21 35.87
75 days shading 53.42 77.38 52.20
90 days shading 29.61 34.16 54.69

D3 Unshaded 50.10 38.87 36.18
60 days shading 37.05 4325 40.49
75 days shading 65.04 56.34 50.39
90 days shading 54.75 35.39 28.08

LSD at 0.05 level for comparing : 1998/2000 2000/2001

any two means of the interaction 12.52 10.06

any two planting date x shading interaction 7.23 9.28

means under the same cultivar
D1,02,03 = Planting dates ; D1 : Sept. 1 ,D2: Sept. 15, D3: Oct. 1.
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differences in dry weight between
shaded and sun exposed plants.

b. Interaction effect

Results in Table 13 reveal
significant effect of all interaction
treatments on DM contents of
strawberry plants, in the two
growing seasons. The results
showed the response of each
cultivar to planting date x shading.
It is clear that the highest DM
yield, in the 1st season, for cv

Camarosa was obtained‘with Sept.-

1 x. 60 days shading or unshade
ones; ‘For cv Sweet Charlie, it was
obtained with Sept.1® x unshaded
or x 60. days shading, and for cv
. Rosalinda, it was obtained with
Sept. 15 or Sept. 1 x 60 days
shading. In the 2nd séason, the
highest DM yield for.cv Camarosa

was obtained with Sept. 1% x90

days shading or into unshade one
with Sept. 15 x 75-days shading,
Sept.1® x unshaded or x 75 days
shading and with Sept.15™ x 60
days shading for Sweet Charlie
and with Sept. 1* x 60 days
shading and with Oct. 1* x 75
days shading for c¢v Rosalinda,
with insignificance between those
treatments for each cultivar.
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