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ABSTRAK

Kajian ke atas kesan penaungan terhadap kualiti buah strawberi (Fragaria X ananassa Duchesne) cv. Ostara dan
peringkatperkembangan buah hingga pemetikan telah dijalankan. Pokok strawberi telah diberi penaungan dengan
janngyangmempunyai darjah penern1Jusan cahaya yangberlainan (74, 58,48,38 dan 5% yangdilambangkan
sebagai S(JSJ' S2, S3 dan S4 masing-masing). Hasil kajian menunjukkan kesan penaungan hanya boleh dilihat
apabila pokok diberi penern1Jusan cahaya yangpalingrendah, S4. Kedudukan buah di pokok mempengerahui berat
segar buah, kilauan kulit buah dan kekerasan buah dengan bererti. Buah yang dinaungi oleh daun didapati lebih
berat dan berupaya mengekalkan kilauan kulit buah lebih lama berbanding dengan buah yang terdedah.

ABSTRACT

The effects ofshading developingfruits up to harvest on strawberry (Fragaria X ananassa Duchesne) cv. 'Ostara '
fruit quality were studied. Plants were shaded with netting ofdifferent levels oflight penetration (74,58, 48,38 and
5% which are denoted by S(J SJ' S2' S3 and S4 respectively). Results showed that effects could only be detected when
plants were subjected to a very low level of light intensity, S4 . Location offruits on the plant affected the fresh fruit
weight, surface glossiness and fruit firmness significantly. Fruits shaded by leaves were heavier and able to retain
surface glossiness longer than exposedfruits.

INTRODUCTION

Strawberries have a severe postharvest loss poten­
tial due to their fragile nature and high respira­
tory activity (Mitchell 1985). The skin is tender
and thus is easily injured subjecting the fruits to
easy invasion by fruit rotting organisms. When
freshly picked, strawberry fruits have a smooth,
glossy cuticle which give them their bright spar­
kling appearance (Skene 1971). However, the
shine on strawberries disappears if held for a few
days after picking (Topping 1974). The skin tends
to shrivel with a relatively small loss (4-6%) of

water causing fine wrinkling of the cuticle and
immediate loss of skin glossiness.

Strawberry fruit quality is affected by many pre­
and postharvest enviromental factors. Preharvest
factors include both climatic and cultural condi­
tions ( Kader 1985). There has been a lot of stud­
ies reported to show the effect oflight environment
on fruits such as apples Qackson and Palmer 1977a,
1977b; Jackson et al. 1977; Seeley et al. 1980;
Robinson et al. 1983; Morgan et al. 1984), sweet
cherry (Patten and Proebsting 1986) and sweet
pepper (Rylski and Spigelman 1986). However,
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similar work on strawberry is scarce. Furthermore,
the limited reports available in the literature are
mainly on the effect of sunlight on the ascorbic
acid content ofstrawberry fruit (Hansen and Waldo
1944; McCrory 1946; Ezell et al. 1947; Robinson
1949). Moreover, recent studies on the role oflight
intensity on strawberry perfomance were
conducted in grenhouse or controlled
environment facilities (Ferree and Stang 1988)
Little information exists on the influence of
prolonged cloud cover and reduced light levels
in the field at various times during the growing
season. The objective of this study was to determine
the effects of the different levels of preharvest
shading, from flowering to harvest, on the physi­
cal characteristics associated with postharvest life
and quality of primary, secondry and tertiary straw­
berry fruits.

shading were further subdivided into above
(completely exposed) and below (hidden by
leaves) fruits as illustrated in Fig.I.

Above

Above

_....L. ....::L..:= Ra i sed bed

Fig. 1: Schematic diagram to illustrate fruits which are

classified as above and below

TABLE 1
Mean percentage light penetration at the different
location of fruits and levels of preharvest shading.

5.E. - Standard Error of Mean

Control plots (So) were also covered to prevent
damage from birds.

The experiment was conducted using ran­
domized split-split plot design with three repli­
cations. The five levels of preharvest shading con­
stituted the main plots and the location of fruits
as sub-plot with each containing the three dif­
ferent fruit types. Each plot contained 40 plants.

Fruit Weight and Determination of Percentage
Moisture Loss

Ten primary, secondary and tertiary fruits from
each treatment and replicate were individually
weighed after harvest and placed in a plastic
punnet. Then the plastic punnets were kept in
cardboard trays. Only five fruits were placed in
each punnet to avoid any mechanical injury.
Then the fruits were stored at ambient conditions
(20 ± 1°C), 70 ± 5% relative humidity) for
assessment of fruit weight at 2 day intervals. This
assessment was terminated after day 6 (six days
after harvest) since the fruits suffered either from
surface dehydration or softening.

Percentage light penetration ± S.E.
Location of flower truss

Above Below

10.52 ± 0.40
8.00 ± 0.83
6.90 ± 0.79
6.19 ± 0.29
1.00 ± 0.19

73.36 ± 2.85
57.53 ± 2.11
47.64 ± 0.88
38.21 ± 0.39
5.25 ± 0.54

Preharvest
shading
level

50 (Control)

51
52
53
54

MATERIALS AND METHODS

Planting Materials and Fruit Source

The experiments were conducted at Wye College,
University of London. The strawberry (Fragaria
x ananassa Duchesne) c.v. Ostara plants were
transplanted on 10 raised beds. Each bed
measured 1700 cm long and 90 cm wide and the
distance between beds was 90 cm. The raised beds
were covered with white/black PVC mulch, with
the white surface on the outside. The plants were
arranged in two staggered rows per bed with the
distance between plants being 40 x 30 cm. There
were 80 plants in each bed. Each primary,
secondary and tertiary fruit was labelled at
anthesis with a red, white and blue tag
respectively. The plants were sprayed with
Elavaron (dichlofluanid) at a concentration of
1.34 g per litre every ten days from the
appearance of first flower to harvest. (The ripe
fruits were harvested 32 ± 2 days after anthesis).
Only ripe fruits free from mechanical injury and
rots were used in this experiment.

Preharvest Shading

Five levels of preharvest shading (Table 1) were
provided by covering the strawberry plants with
netting of different levels of light penetration.
Shading (level oflight penetration) was measured
using a light photometer. Measurements were
done in triplicates with six observations per rep­
licate. The nettings were held between
galvanised steel hoops and wire clips. The three
fruit types under these five levels of preharvest
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Using the fruit weight at harvest (day 0) and
the respective weight at each day of assessment,
the percentage of moisture loss was calculated
with the following equation:

Percentage of moisture loss at day x =
Weight at ( day 0 - day x)

x 100
weight at day 0

Fruit Surface Glossiness

A five point scale was used to evaluate fruit sur­
face glossiness (5 = 100% of fruit surface glossy/
shiny, 1 = 0% of fruit surface glossy/shiny).

The same 10 fruits that were used for con­
tinuous monitoring of fruit weight were used to
score the fruit surface glossiness. Assessment was
made at every 2-day intervals. The fruits were
given a score of 5 at the beginning of the assess­
ment (Day 0).

Surface glossiness at any day of assessment
was expressed as (i) percentage reduction or
(ii) percentage retention of glossiness calculated
using the following equation:

Percentage reduction at day x =
L_og~(_sc_o_r_e_)a_t_d---.:ay_O_-_l_o-=.g_(_s_co_r_e_)_a_t_d_a_y_x x 100

Log (score) at day 0

Percentage retention at day x =

Log (score) at day x x 100

Log (score) at day 0

Fruit Firmness

Firmness and skin strength of 10 fruits were
determined using a Seta 1700 universal penetro­
meter, fixed with a pointed plunger (0.2 cm in
diameter). Each fruit was punctured twice, on
opposite sides, with skin intact and twice with
skin peeled off. For the later measurement, about
0.1 cm of the skin was peeled off using a razor
blade before subjecting the exposed portion to
the plunger tip. Fruit wall and flesh strength
values were determined by recording the travel
speed (the faster the speed, the less firm the
fruit) of the plunger through the fruit wall and
flesh for five seconds using a constant weight of
50 g. This constant time offive seconds and weight
of 50 g were chosen after several preliminary
trials. The speed of the plunger (mm S-I) through
the fruit was measured by a dial meter attached
to the penetrometer.

Percentage Fruit Dry Weight

Ten fruits per treatment per replicate were used
for the determination of fruit dry weight. Each
individual fruit from each treatment was placed
in a sampling bag and dried in the oven at a
temperature of 80°C for 48 h until a constant
weight was obtained (modified AOAC, 1975).
The percentage dry weight was then calculated
as below:

Dry weight
Percentage dry weight = x 100

Fresh weight

RESULTS

The ANOVA table in Table 2 shows the effect of
different levels of preharvest shading, location
of fruit, fruit types and storage time (days) and
their interactions on fruit weight, percentage of
moisture loss, glossiness, fruit firmness and fruit
dry weight. All the five quality parameters were
significantly (P < 0.01) affected by the different
levels of preharvest shading. With the exception
of percentage moisture loss and fruit firmness
(without skin) location of fruits was shown to
affect the quality parameters studied. From Table
2, it was also observed that all the parameters
studied changed significantly (P < 0.01) with
storage day and that the different fruit types
responded differently.

Fruit Weight and Percentage ofMoisture Loss

Fruits shaded by S4 were significantly smaller
than those shaded by So' SI' S2 and S3 (Table 3).
Results obtained also indicate that location of
fruit under these different levels of preharvest
shading had an effect on the fresh fruit weight.
Fruits that were hidden by the leaves (below)
were significantly bigger than those located above
the leaves (Table 3).

There was also a significant decrease in fruit
weight with storage time. Primary fruits were also
found to be significantly bigger than secondary
and tertiary fruits.

There was a significant interaction observed
between location of fruit and fruit types on fresh
fruit weight (Fig. 2). Fig. 2 indicates that location
of fruits had a significant effect on the primary
and secondary fruits but not on the tertiary fruit
for fresh fruit weight.

Correspondingly, the percentage of mois­
ture loss was also significantly affected by the dif­
ferent levels of preharvest shading (Table 2).
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Fig. 2: Interaction between location of fruit (above (A) and
below (B)) and fruit types (primary (F), secondary (F)
and tertiary (F)) on the fresh fruit weight. Values
are means offruits from aU types in each location. Trend
analysis is provided in Table 2

were also shown to have significantly lost more
moisture than secondary and primary fruits re­
spectively. However, location of fruits under the
different levels of preharvest shading alone did
not have any significant effect on the percent­
age of moisture loss. Nevertheless, there was a
significant interaction between storage time and
location of fruits (Fig. 3a) on the percentage of
moisture loss. There was no difference in the
percentage of moisture loss between the hidden
(below) and exposed (above) fruits during the
first two days ofstorage. However, on day 4, below
(hidden under leaves) fruits were observed to
lose significantly more moisture than the above
(exposed) fruits. Significant interaction was also
observed between levels of preharvest shading

TABLE 2
Mean squares of the analysis ofvariance of five quality parameters of strawberry fruits as influenced by different

levels of preharves t shading.

Main Effect df Fruit Percentage of Glossiness Firmness
Weight Moisture Loss (Log score) (mm S·l)

(g) (%) ws wos

Shading (s) 4 429.003*** 303.319*** 0.1287** 12.4790** 14.4118**
Error a 8 8.080 14.890 0.0033 0.8761 0.9914
Location (L) 1 27.638* 2.137 0.0342* 1.5592** 0.5231
SxL 4 3.686 51.190 0.0033 0.1167 0.0523
Errorb 10 3.137 2.627 0.0064 0.1476 0.1378
Day (D) 2 62.291 ** 7529.895** 3.5878** 4.5437** 5.2486**
SxD 8 0.193** 115.288** 0.0495** 0.5172* 0.2305
LxD 2 0.000 40.533* 0.0090 0.1895 0.1324
SxLxD 8 0.128* 63.472** 0.0377** 0.2053 0.2074
Errorc 40 0.055 8.135 0.0041 0.2593 0.2125

Fruit (F) 2 2140.424** 337.183** 0.2694** 21.9413** 33.7260**
SxF 8 36.432** 21.891 ** 0.0033 0.3468 0.2853
LxF 2 6.782** 0.312 0.0017 0.3921 0.4125
DxF 4 2.126 118.098** 0.0908** 1.7485** 0.7431 **
SxLxF 8 1.354 4.335 0.0055** 0.2888 0.1183
SxDxF 16 0.063 13.009* 0.0045** 0.2602 0.2163
LxDxF 4 0.051 6.084 0.0068* 0.1781 0.0512
Errord 130 1.127 6.447 0.0021 0.2192 0.1883

Total 263

*,** are significant at 5% and 1% levels respectively. WS, was are with skin and without skin respectively.

The mean percentage of moisture loss was sig­
nificantly higher for fruits under S4 as compared
to fruits under the levels of preharvest shading
(Table 3).

Fruits were also found to lose significantly
more moisture with storage time. There was a
two-fold increase in the percentage of moisture
loss from day 2 to day 4 (Table 3). Tertiary fruits

and fruit types for percentage moisture loss (Fig.
3b). Except for fruits under S3' it was shown that
tertiary fruits lost significantly more moisture
than the secondary and primary fruits respectively.
There was no difference in the percentage mois­
ture loss found between the primary and
secondary fruits shaded by S3'
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-e- FRUIT 1 -* FRUIT 2 -1>- FRUIT 3

--e-- LOCATION A * LOCATION B

20~---------------

Fruit Firmness
There was a significant effect of preharvest shad­
ing on the fruit firmness, whether the skin was
intact or removed (Table 2). However, in both
cases, the difference was only found to be signifi­
cant between fruits under S4 compared to the
other preharvest shading levels (Table 3).

Location of fruits under the preharvest shad­
ings significantly affected the fruit firmness only
when the skin was intact (Table 3). Fruits located
below the leaves were found to be significantly
less firm compared to the fruits above the leaves.
Nevertheless, in both cases, a significant differ­
ence was detected in the mean fruit firmness
with storage time. The role of the skin to puncture
resistance could be the cause of the differences
in the perfomance between the two situations.

The three fruit types also varied significantly
in their firmness. Whether the skin was still in­
tact or removed from the fruit, the mean firm­
ness was significantly less in the primary fruits
compared to that of the secondary and tertiary
fruits. This may possibly be explained by the na­
ture of the fruit diameter (thickness of the cor­
tex) itself at the equatorial region (Osman
1989). When the skin was intact, there was a
significant interaction observed between levels

fruit were found to be able to maintain their
surface glossiness at a significantly longer rate
compared to the secondary and tertiary fruits.

Significant interactions were observed be­
tween levels of preharvest shading and storage
time (Fig. 4a) and between storage and fruit types
(Fig. 4b). The difference in the ability to retain
surface glossiness among the fruits under. the
different levels of shading increases with
increasing storage time (Fig. 4a). On day 2, the
differences in the surface glossiness between
fruits under the different levels of preharvest
shading were less apparent as compared to that
at day 4. It was found that fruits under S lost the

4

most surface glossiness followed by fruits under
S3' So' S2 and Sl respectively. Fig. 4b indicates that
the ability to retain surface glossiness changed
with increasing storage time. On day 2, tertiary
fruits were observed to retain surface glossiness
the least followed by secondary and primary
fruits. However, by day 4, tertiary fruits appeared
to be able to retain more of their surface
glossiness compared to the primary and
secondary fruits respectively.

84

04

83

02

DAY

82

SHADE
81

5 L.- .L-- .1...-- ...J.-__-----.J

80

OO?--------...J.--------
DO

Fig. 3b: Interaction between levels of preharvest shading
(Su to S4) and fruit types (primary (Fl ), secondary
(F) and tertiary (F)) on percentage of moisture
loss. Values are means of fruits from all types un­
der each shading level. Trend analysis is provided
in Table 2

Fruit Surface Glossiness
The different levels of preharvest shading
showed a significant effect on the score of the
fruit surface glossiness (Table 2). Fruits shaded
by S3 and S4 tended to lose their surface glossiness
more than those shaded by the other levels of
light penetration. Location of the fruits was also
found to be one of the determinants of fruit
surface glossiness. Fruits which were hidden
under the leaves (below) retained their surface
glossiness significantly longer than the fruits
which were exposed (above).

Fruit surface glossiness was also found to vary
with storage time (Table 3). The score decreased
by 16 and 54% on day 2 and day 4 respectively.
The three fruit types varied significantly in their
response to losing surface glossiness . Primary

17~---------------

Fig. 3a: Interaction between storage time (Day 0 to Day 4)
and location of fruit (above (A) and below (B) on
the percentage of moisture loss. Values are means
offruits from both locations on each day of storage.
Trend analysis is provided in Table 2

PERTANIKAJ. TRap. AGRIC. SCI. VOL. 17 NO.1, 1994 59



AZIZAH B. OSMAN AND PETER B. DODD

0.8~----------------

DAY <4DAY 2

DAY

0.2 L- --'- ----'

DAY 0

~06-------------------,
Q)

o
(.)

en
01
00.6

2
enen
UJ

~ 0.4
eno
...J
c:J

DAY 4DAY 2

DAY

oL- --J.... ----'

DAY 0

~
o
l.l
en 0.6
Cl
o
2
en 0.4
en
W
Z

~0.2
o
...J
C'

--e-- SO '" S1 .-8. S2 -- S3 .~. S4 -lI<- F1 + F2 . -[}. F3

Fig. 4a: Interaction between levels of perharvest shading
(So to S4) and storage time (Day 0 to Day 4) on
the fruit surface glossiness. Values are means of
fruits from all levels of shading on each storage
day. Trend analysis is provided in Table 2

Fig. 4b: Interaction between storage time (Day 0 to Day 4)
and fruit types (primary (F), secondary (F) and
tertiary (F

j
)) on fruit surface glossiness. Values

are means of fruits from each day of storage.
Trend analysis is provided in Table 2

TABLE 3
Mean values for fruit weight, percentage of moisture loss, glossiness (Log score), firmness (with skin) and firmness

(without skin) of strawberry fruits.

Main Fruit Percentage of Glossiness Firmness
Effect Weight Moisture Loss (Log score) (mm S·I)

(g) (%) WS was

Shading (s)

S" (Control) 12.36 6.99 0.55 4.46 4.68
SI 12.27 8.41 0.57 4.53 4.61
S2 11.75 7.77 0.57 4.51 4.63
S3 10.88 8.41 0.53 4.34 4.50
S4 5.57 13.93 0.47 3.48 3.54

LSD
o05

1.26 1.62 0.03 0.42 0.44

Location (L)
A 10.27 8.96 0.51 4.19 4.35
B 10.77 9.26 0.54 4.34 4.42

LSD
o05

0.48 NS 0.02 0.10 NS

Day (D)
0 11.48 0.00 0.70 4.11 4.49
2 10.38 9.46 0.59 4.54 4.55
4 9.68 17.88 0.32 4.15 4.13

LSDo .05
0.07 0.86 0.02 0.10 0.14

Fruit (F)
F) 15.75 7.51 0.58 4.76 5.04
F2 9.93 8.24 0.56 4.18 4.28
F

3
6.04 11.59 0.48 3.86 3.85

LSDo .05
0.31 0.74 0.01 0.14 0.13

Grand Mean 10.55 9.11 0.54 4.27 4.39

F
I
, F2, F3are primary, secondary and tertiary fruits respectively. A, Bare above and below (location offruits) respectively.

NS. Not significant. WS, was are with skin and without skin respectively.
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of preharvest shading and storage time (Fig. 5).
Throughout the storage time, fruits under S4
were found to be the most firm compared to fruits
under the other preharvest shading levels. For
the other preharvest shading levels, fruits under
So seemed to be most firm on day 0 but the reverse
was true on day 4.

~4.5
E
-5
~ 4
W
z:::i: ><- _

a: 3.5
iL:

3L-------------'---------------'
DAY 0 DAY 2 DAY 4

DAY

--a--- 80 '* 81 -6- 82 ~ 83 -*- 84

Fig. 5: Interaction between levels of preharvest shading
(Su to S4) and storage time (Day 0 to Day 4) on the
fruit firmness (with skin). Values are means of
fruits from all levels of shading on each storage
day. Trend analysis is provided in Table 2

Percentage Fruit Dry Weight

The analysis of variance (Table 4) indicates that
the percentage dry weight was significantly af­
fected by the different levels of preharvest shad­
ing. The percentage fruit dry weight decreased
significantly with the decline in the levels of the
percentage light penetration from Soto S4 (Table
5). Although there was an overall decrease in

TABLE 4
Mean squares of the analysis ofvariance of dry weight

content (%) of strawberry fruits

Source of df Dry Weight Content
variation (%)

Shading (S) 4 21.7808**
Error a 8 0.6395
Location (L) 1 0.4285
SxL 4 1.0496
Errorb 10 0.3469
Fruit (F) 2 12.3205**
SxF 8 0.8447
LxF 2 0.0517
SxLxF 8 0.4176
Errorc 40 0.7034

Total 89

** significant at 1% level

the percentage dry weight, this negative effect
was not significantly different between fruits
shaded by Soand SI and between that of S2 and S3'
A significant difference, however, was observed
between the fruit types. Nevertheless, this dif­
ference was only significant between primary
fruits and other fruit types.

TABLE 5
Mean values for percentage dry weight of different

fruit types of strawberry grown under different levels
of preharvest shading.

Main Effect Fruit DryWeight (%)

Shading (s)

So (Control) 6.87
S1 6.47
S2 5.78
S3 5.55
S4 4.01

LSD o.05
0.61

Fruit (F)
F] 6.48
F2 5.39
F3 5.34

LSD
o05 0.44

Grand Mean 5.74

DISCUSSION
The results indicate that the different levels of
preharvest shading had a significant effect on
the parameters that were being examined.
However, this could only be detected between
fruits shaded by S4 and S3' Nevertheless, for fruit
firmness, whether with skin intact or without skin,
the effect was only observed to be significant in
fruits shaded by S4' Thus, the effect of preharvest
shading could only be detected when flowering
plants were subjected to a very low level of light
intensity as in the case of S4' Another general
trend found was the significant effect of storage
time on the parameters studied. This trend
supports the results of an earlier study (Osman
1989) .

The relationship between light and fruit
quality differ with different fruits and shading
conditions. Ferree and Stang (1988) found that
'Earliglow' strawberry fruit size was increased
when constantly shaded during fruiting but yield
increase was offset by lower fruit number. Rylski
and Spigelman (1986) too reported that under
shading (12-26%), individual pepper fruit were
larger and had a thicker pericarp but there was
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also a decline in fruit numbers. These are found
to be in contrast to the present results. However,
although the yield was not recorded in the
present study, it was observed that shading the
flowering plants with S4 had a very low yield in
fruit number.

In the present study, it was found that there
was a significant decrease in mean fresh weight
of fruit with declining light penetration when
the plants are shaded from the appearance of
flowers to harvest. Mean fresh weight of fruits
shaded by S4 was only 45% of that shaded by So
This pattern of response was in accordance with
other results on studies of apples and cherries.
Shading of 'Cox's Orange Pippin apple tree re­
duced fruit size through reductions of cell size
and number of cells per fruit. Oackson et al.
1977). The average apple size of 'Delicious'
apple on shaded branches was also found to be
smaller than on unshaded branches (Robinson
et al. 1983). Heinicke (1966) also reported that
'Red Delicious' apple fruits exposed to less than
50% full sunlight were of small size. Shaded (10-­
15% full sunlight) branches of 'Bing' sweet
cherry reduced fruit set from 64 to 50% com­
pared to the unshaded branches (Patten and
Proebsting 1986). They also found that fruits from
shaded branches were smaller that those from
unshaded branches for the first two harvests but
in the last two harvests, shaded fruits became
larger. In contrast, Ryugo and Intrieri (1972)
found that covered sweet cherry fruits were larger
than exposed fruits.

Morgan et al.(1984), however, pointed out
that the position of the apple within the tree was
an important determinant of apple size. They
found a strong curvilinear relationship between
fresh weight and log percentage transmission of
photosynthetic photon flux density. In the
present study, it is also shown that the mean fresh
weight of strawberry fruits hidden below the
leaves were significantly bigger than those
exposed directly under the preharvest shadings.
This could also be possible due to the fact that
'below' fruits having an advantage over the
'above' fruits by having thicker, shorter peduncles
and pedicels. Webb (1973) reported that their
results, on cvs. Ostara, Redgauntlet, Cambridge
Vigour and a number of unnamed breeding
selections, indicated that thicker shorter
peduncles and pedicels are likely to produce

larger berries or a greater weight of ripe fruit on
each truss.

Another probable explanation for the
results of the present study, where preharvest
shading was only demonstrated to be
significantly affected in fruits shaded by S4 and
not with the other levels, was the quality of light
itself. Using the photon flux density meter, the
red : far red ratio could be measured. The
difference in this ratio ( a measure of light
quality) was only obvious in the case ofS4(Osman
1989). The ratio below the shading was found to
be 55% that of the ratio above the shading. This
phenomenon was also reported by Seely et al.
(1980) and Morgan et al. (1984). They found
that with apples, there was a highly positive
correlation of fresh fruit weight with
photosynthetic photon flux density.

Temperature has been reported to affect
fruit development (Went 1957) . He found that
the size of the individual fruit is inversely pro­
portional to the phototemperature whereas the
nyctotemperature has no effect. However, in the
present study, the air temperature under the dif­
ferent levels of preharvest shading was found to
be similar to the outside ambient temperature.
Nevertheless, when thermocouples were placed
at a depth of 4 mm into the fruit flesh, over a 3­
day period, there was no significant difference
in flesh temperature obtained (Osman 1989).
This may explain the trend in the mean fresh
fruit weight shaded by the different levels of
preharvest shading.

There was a negative relationship between
rate of moisture loss and fruit surface glossiness
score with declining light penetration range from
So to S4' This phenomenon is associated with the
relationship of declining fruit size with declining
light penetration. A major factor in the rate of
moisture loss from produce is the surface area
to volume ratio of the material (Wills et al. 1981).
On purely physical grounds, there is a greater
loss of evaporation from produce with a high
surface area to unit volume ratio. Thus, other
factors being equal, a smaller fruit will lose mois­
ture much faster than a larger one. This was
found in the present study. Fruits shaded by S4
(smaller size) lost moisture significantly more
rapidly (13.99%) than fruits shaded by S3' S2' Sl
and So where the percentage of moisture loss
was only 8.41, 7.77, 8.40 and 6.99% respectively.
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The fact that primary fruits tend to lose moisture
at a less rapid amount compared to the secondary
and tertiary fruits found in this study could be
due to the same phenomenon.

Correspondingly, in the present study, fruit
surface glossiness was found to decrease with a
drop in percentage light reaching the flowering
plants. However, although a significant effect of
different levels of preharvest shading was found
on the fruit surface glossiness, this difference
could be statistically detected between fruits that
were heavily shaded (S4 and S3) compared to the
other levels of shading. This too could be related
to the production of smaller fruits with a decline
in percentage light penetration, which in turn led
to a higher loss of moisture from the fruit. Skene
(1971) reported that the dulling (loss of shine or
glossiness) of the fruit surface was due to the
shrinkage loss of 4-6%. In the present study, it
was found that fruits located below the leaves
tend to retain their surface glosssiness more sig­
nificantly than the fruits which were exposed
(only shaded by the preharvest shading) .This
response is also exhibited by mean fresh weight
where fruits which were located below the leaves
are bigger.

A negative relationship was also detected be­
tween percentage of moisture loss and fruit
firmness. Results of the pesent study are in
agreement with the finding of other researchers.
Smaller fruits tend to be slightly firmer than
larger fruits at an equal stage of development.
Darow (1931) found that small berries were
firmer than medium-sized strawberries. Robinson
et at. (1983) also showed an increase in apple
firmness as the exposure level of canopy was
reduced. The inverse relationship between fruit
firmness and percentage full sun supports the
finding of Heinicke (1966) in his study of
'McIntosh' and 'Red Delicious' apples. However,
Seely et at. (1980) found no relationship but
Smock (1953) found a positive relationship
between firmness of 'McIntosh' apples and
cumulative solar radiation during the last six
weeks of the growing season. Therefore, it is pos­
sible that, in the case of apples, the effect of light
exposure level on fruit firmness is an indirect
one due to the influence or light exposure on
fruit size and maturity (Robinson et at. 1983).

In the present study, the mean firmness of
fruits located below the leaves was found to be
significantly less than the above fruits. The re-

sults obtained for the fruit firmness could be
attributed to the nature of the cortex thickness
and method of assessment employed. Hence, in
this respect, strawberry fruit firmness could be
assessed more quantitatively by using other
instruments. For example, it has been shown that
toughness of skin and firmness of cortical flesh
of strawberries could be measured by the Instron
Testing Machine (Ourecky and Bourne 1968).
The difference in the internal structure of fruit
can be characterised. Using the Instron machine
for measurement of strawberry firmness, two to
three distinct peaks were produced by the
recording system, a strip chart which draws a
force-distance curve for each cycle. These peaks
indicated the puncture-force required to break
through the skin, the nature of the flesh and the
total resistance to puncture.

It is concluded that the quality parameters
of strawberry fruits such as fresh fruit weight,
percentage of moisture loss, surface glossiness
and firmness can be affected by preharvest
shading but only when subjected to a very low
level of light intensity. Location of fruits,
different fruit types and most notably storage time
also contributed to the changes of fruit quality
parameters.

REFERENCES

AOAC. 1975. 'Official Methods of Analysis', Associa­
tion ofOfficial Analytical Chemists. Washington,
D.C., 13th. Edn.

DARROW, G.M. 1931. Effect of fertilisers on firmness
and flavour of strawberries in North Carolina.
Proceedings Amer. Soc. Hart. Sci. 28: 231-235.

EZEll, B.D., G.M. DARROW, M.S. WILOOX and D.H. SOOTI.
1947. Ascorbic acid content ofstrawberries. Food
Research 12: 510-526

FERREE, D.C. and EJ. STANG. 1988. Seasonal plant shad­
ing, growth, and fruiting in 'Earliglow' straw­
berry.] Amer. Soc. Hon. Sci. 113: 322-327.

HANSEN, E. and G.F. WALDO. 1944. Ascorbic acid con­
tent of small fruits in relation to genetic and
environmental factors. Food Research 9:453-461.

HEI ICKE, D.N.1966. Characteristics ofMcIntosh and
Red Delicious apples as influenced by exposure
to sunlight during the growing season.J Amer.
Soc. Hon. Sci. 89: 10-13.

JACKSON,].E. andJ.W. PALMER. 1977a. Effects of shade
on the growth and cropping of apple trees. 1.

PERTANIKAJ. TROP. AGRIC. SCI. VOL. 17 O. 1, 1994 63



AZIZAH B. OSMAN AND PETER B. DODD

Experimental details and effects on vegetative
growth.] Hort. Sci. 52: 245-252.

JACKSON,j.E andj.W. PALMER. 1977b. Effects ofshade
on the growth and cropping of apple trees. II.
Effect on components of yield.] Hort. Sci. 52:
253-266.

JACKSO ,j.E. and j.W. PALMER., M.S. PERRING and RO.
SHARPLES. 1977. III. Effects on fruit growth, chemi­
cal compostion and quality at harvest and after
storage.] Hort. Sci. 52: 267-282.

KAnER, AA. 1885. Quality factors: definition and evalu­
ation for fresh horticultural crops. In: A.A.
Kader, RE Kasmire, EG. Mitchell, M.S. Reid,
N .F. Sommer and J.F. Thompson (Eds).
Postharvest Technology of Horticultural Crops.
University of California. Berkeley. pp 188-121.

MCCRORY, S.S. 1946. Vitamin C content of
strawberries. North and South Dakota Horticulture.
19: 31-32.

MITCHELL, F.G. 1985. Postharvest handling systems:
Temperate Fruits. In :A.A. Kader, RE Kasmire,
F.G. Mitchell, M.S. Reid, N.F. Sommer andj.E
Thompson (Eds). Postharvest Technology ofHorti­
cultural Crops. University of California. Berkeley.
pp 143-148.

MORGAN, D.C., C.J., STANLEY, R. VOLZ and I.J.
WARRINGTON. 1984. Summer pruning of 'Gala'
apple: The relationships between pruning time,
radiation penetration and fruit quality.] Amer.
Soc. Hort. Sci. 109: 637-642.

OSMAN, A.B. 1989. Pre-and postharvest factors affecting
thepostharvest life and quality ofstrawberry (Fragaria
x ananassa Duchesne) cu. Ostara. Ph.D. Thesis.
Wye College. University ofLondon.

OURECKY, D.K and M.C. BOURNE. 1968. Measurement
of strawberry texture with Instron machine.
Proceedings Amer. Soc. Hort. Sci. 93: 317-325.

PArrEN, KD. and E.L. PROEBSTING. 1986. Effect of
different artificial shading, times and natural
light intensities on the quality of 'Bing' sweet
cherry.] Amer. Soc. Hort. Sci. 111: 360-363.

ROBINSON, W.B. 1949. The effect of sunlight on the
ascorbic acid content of strawberries. J Agric.
Res. 78: 257-262.

ROBINSON, T.L., EJ. SEELY and N.N. BARITI. 1983. Effect
of light environment and spur age on 'Delicious'
apple fruit size and quality.] Amer. Soc. Hort. Sci.
108: 855-861.

RYLSKI, I. and M. SPIGELMAN. 1986. Effect of shading
on plant development, yield and fruit quality of
sweet pepper grown under conditions of high
temperature and radiation. Scientia Horticulturae
29: 31-35.

RYUGo, K and C. INTRIERI. 1972. Effect of light on
growth of sweet cherry (Prunus avium L.) fruit.
] Amer. Soc. Hort. Sci. 97: 691-694.

SEELEY, EJ., W.e. MICKE and R KAMMERECK. 1980. 'Deli­
cious' apple fruit size and quality as influenced
by radiant flux density in the immediate grow­
ing environment.] Amer. Soc. Hort. Sci. 105: 642­
647.

SKENE, D.S. 1971. Strawberry skin finish. Report of the
East Malting Research Station, 51 p.

SMOCK, RM. 1953. Some effects ofclimate during the
growing season on keeping quality of apples.]
Amer. Soc. Hort. Sci. 62: 272-278.

TOPPING, AJ. 1974. Measurement of shine on the
surface of strawberry fruits. Report on the East
Malting Research Station, 82p.

WEBB, RA. 1973. A possible influence of pedicel di­
mensions on fruit size and yield in strawberry.
ScentiaHorticulturae 1: 321-330.

WENT, F.W.1957. The strawberry in the experimental
control of plant growth. Chronica Botanica 17:
129-138.

WILLS, RB.H., T.H. LEE, D. GRAHAM, W.B. GLASSON
and E.G. HALL. 1981. Postharvest-An Inroduction
to the Physiology and Handling ofFruits and ~g­

etables. New South Wales University Press.
Australia. 16p.

(Received 23 May 1992)

64 PERTANIKAJ. TROP. AGRIC. SCI. VOL. 17 NO.1, 1994


