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A B S T R A K 

Kajian ke atas kesan penaungan terhadap kualiti buah strawberi (Fragaria x ananassa Duchesne) cv. Ostara dari 
peringkat perkembangan buah hingga pemetikan telah dijalankan. Pokok strawberi telah diberi penaungan dengan 
jaringyang mempunyai darjah penembusan cahaya yang berlainan (74, 58, 48, 38 dan 5 % yang dilambangkan 
sebagai S(pSp S^ S3 dan S4 masing-masing). Hasil kajian menunjukkan kesan penaungan hanya boleh dilihat 
apabila pokok diberi penembusan cahaya yang paling rendah, Sf 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. 

A B S T R A C T 

The effects of shading developing fruits up to harvest on strawberry (Fragaria X ananassa Duchesne) cv. 'Ostara' 
fruit quality were studied. Plants were shaded with netting of different levels of light penetration (74, 58, 48, 38 and 
5 % which are denoted by S(J> Sp S^ 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 exposed fruits. 

I N T R O D U C T I O N 

Strawberries have a severe postharvest loss poten
tial due to their fragile nature and h igh respira
tory activity (Mi tche l l 1985). The skin is tender 
and thus is easily in jured subjecting the fruits to 
easy invasion by f ru i t r o t t i n g organisms. W h e n 
freshly picked, strawberry fruits have a smooth, 
glossy cuticle which give them their b r igh t spar
k l i n g appearance (Skene 1971). However, the 
shine on strawberries disappears i f he ld for a few 
days after p ick ing (Topping 1974). The skin tends 
to shrivel wi th a relatively small loss (4-6%) o f 

water causing fine w r i n k l i n g o f the cuticle and 
immediate loss o f skin glossiness. 

Strawberry frui t 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 o f stud
ies reported to show the effect o f l ight environment 
on fruits such as apples (Jackson 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 l imi ted reports available i n the literature are 
mainly on the effect o f sunlight on the ascorbic 
acid content o f strawberry fruit (Hansen and Waldo 
1944; McCrory 1946; Ezell et al 1947; Robinson 
1949). Moreover, recent studies on the role o f l ight 
i n t e n s i t y o n s t rawber ry p e r f o m a n c e were 
c o n d u c t e d i n g r enhouse o r c o n t r o l l e d 
environment facilities (Ferree and Stang 1988) 
L i t t l e i n f o r m a t i o n exists o n the in f luence o f 
prolonged cloud cover and reduced l ight levels 
i n the field at various times dur ing the growing 
season. The objective o f this study was to determine 
the effects o f the different levels o f preharvest 
shading, f rom flowering to harvest, on the physi
cal characteristics associated with postharvest life 
and quality o f primary, secondry and tertiary straw
berry fruits. 

M A T E R I A L S AND M E T H O D S 

Planting Materials and Fruit Source 

The experiments were conducted at Wye College, 
University o f L o n d o n . The strawberry (Fragaria 
x ananassa Duchesne) c.v. Ostara plants were 
t r a n s p l a n t e d o n 10 ra i sed beds. Each b e d 
measured 1700 cm long and 90 cm wide and the 
distance between beds was 90 cm. The raised beds 
were covered wi th whi te /b lack PVC mulch , wi th 
the white surface on the outside. The plants were 
arranged i n two staggered rows per bed wi th the 
distance between plants being 40 x 30 cm. There 
were 80 p lan t s i n each bed . Each p r i m a r y , 
secondary a n d t e r t i a ry f r u i t was l a b e l l e d at 
an thes i s w i t h a r e d , w h i t e a n d b l u e tag 
respect ively . T h e p l an t s were sprayed w i t h 
Klavaron (d ichlof luanid) at a concentra t ion o f 
1.34 g p e r l i t r e every t e n days f r o m the 
appearance o f first flower to harvest. (The ripe 
fruits were harvested 32 ± 2 days after anthesis). 
Only ripe fruits free f rom mechanical injury and 
rots were used i n this experiment. 

Preharvest Shading 

Five levels o f preharvest shading (Table 1) were 
provided by covering the strawberry plants wi th 
ne t t ing o f different levels o f l igh t penetra t ion. 
Shading (level o f l ight penetration) was measured 
using a l i gh t photometer . Measurements were 
done in triplicates wi th six observations per rep
l i c a t e . T h e n e t t i n g s were h e l d b e t w e e n 
galvanised steel hoops and wire clips. The three 
f ru i t types under these five levels o f preharvest 

shad ing were f u r t h e r subd iv ided i n t o above 
(comple te ly exposed) and below ( h i d d e n by 
leaves) fruits as illustrated i n Figl. 

Above 

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. 

Preharvest Percentage light penetration ± S.E. 
shading Location of flower truss 
level Above Below 

S 0 (Control) 73.36 ± 2.85 10.52 ± 0.40 
s, 57.53 ± 2.11 8.00 ± 0.83 
s 8 

47.64 ± 0.88 6.90 ± 0.79 
38.21 ± 0.39 6.19 ± 0.29 
5.25 ± 0.54 1.00 ± 0.19 

S.E. - Standard Error of Mean 

Contro l plots (S 0) were also covered to prevent 
damage f rom birds. 

The exper iment was conducted using ran
domized split-split p lo t design wi th three repl i 
cations. The five levels o f preharvest shading con
stituted the main plots and the location o f fruits 
as sub-plot w i th each conta in ing the three dif
ferent f rui t types. Each plo t contained 40 plants. 

Fruit Weight and Determination of Percentage 
Moisture Loss 

Ten primary, secondary and tertiary fruits f rom 
each treatment and replicate were individual ly 
weighed after harvest and placed i n a plastic 
punnet . Then the plastic punnets were kept i n 
cardboard trays. Only five fruits were placed i n 
each p u n n e t to avoid any mechanica l in jury . 
T h e n the fruits were stored at ambient condit ions 
(20 ± P C ) , 70 ± 5% re la t ive h u m i d i t y ) f o r 
assessment o f f rui t weight at 2 day intervals. This 
assessment was terminated after day 6 (six days 
after harvest) since the fruits suffered either f rom 
surface dehydrat ion or softening. 
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Using the f ru i t weight at harvest (day 0) and 
the respective weight at each day o f assessment, 
the percentage o f moisture loss was calculated 
wi th the fo l lowing equation: 

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

x 100 
weight at day 0 

Fruit Surface Glossiness 

A five po in t scale was used to evaluate f ru i t sur
face glossiness (5 = 100% o f f rui t surface glossy/ 
shiny, 1 = 0% o f f ru i t surface glossy/shiny). 

The same 10 fruits that were used for con
tinuous m o n i t o r i n g o f f rui t weight were used to 
score the f ru i t surface glossiness. Assessment was 
made at every 2-day intervals. T h e fruits were 
given a score o f 5 at the beginning o f the assess
ment (Day 0) . 

Surface glossiness at any day o f assessment 
was expressed as ( i ) percentage r educ t ion or 
(i i) percentage retent ion o f glossiness calculated 
using the fo l lowing equation: 

Percentage reduct ion at day x = 
Log (score) at day 0 - log (score) at day x 

L o g (score) at day 0 
x 100 

Percentage retent ion at day x = 

L o g (score) at day x 

L o g (score) at day 0 
x 100 

Fruit Firmness 

Firmness and skin s t rength o f 10 frui ts were 
determined using a Seta 1700 universal penetro
meter, fixed w i th a po in ted plunger (0.2 cm i n 
d iameter ) . Each f ru i t was punc tu red twice, on 
opposite sides, w i t h skin intact and twice w i th 
skin peeled off. For the later measurement, about 
0.1 cm o f the skin was peeled o f f using a razor 
blade before subjecting the exposed por t ion to 
the p lunger t i p . F ru i t wal l and flesh s trength 
values were de termined by recording the travel 
speed (the faster the speed, the less f i r m the 
frui t ) o f the plunger th rough the f rui t wall and 
flesh for five seconds using a constant weight o f 
50 g. This constant time o f five seconds and weight 
o f 50 g were chosen after several p re l imina ry 
trials. The speed o f the plunger ( m m s 1) th rough 
the f ru i t was measured by a dial meter attached 
to the penetrometer. 

Percentage Fruit Dry Weight 

Ten fruits per treatment per replicate were used 
for the determinat ion o f f ru i t dry weight. Each 
individual f ru i t f rom each treatment was placed 
i n a sampl ing bag and d r i e d i n the oven at a 
temperature o f 80°C for 48 h u n t i l a constant 
weight was obtained ( m o d i f i e d A O A C , 1975). 
The percentage dry weight was then calculated 
as below: 

Percentage dry weight = 
Dry weight 

Fresh weight 
x 100 

RESULTS 

The A N O V A table i n Table 2 shows the effect o f 
different levels o f preharvest shading, locat ion 
o f f rui t , f ru i t types and storage time (days) and 
their interactions on f ru i t weight, percentage o f 
moisture loss, glossiness, f rui t firmness and f ru i t 
dry weight. A l l the five quality parameters were 
significandy (P < 0.01) affected by the different 
levels o f preharvest shading. W i t h the exception 
o f percentage moisture loss and f ru i t firmness 
(wi thou t skin) loca t ion o f fruits was shown to 
affect the quality parameters studied. From Table 
2, i t was also observed that al l the parameters 
s tudied changed s ignif icant ly (P < 0.01) w i t h 
storage day and that the d i f fe ren t f r u i t types 
responded differently. 

Fruit Weight and Percentage of Moisture Loss 

Fruits shaded by S 4 were s ignif icant ly smaller 
than those shaded by So, S p S 9 and S 3 (Table 3 ) . 
Results obta ined also indicate that loca t ion o f 
f ru i t under these different levels o f preharvest 
shading had an effect o n the fresh f ru i t weight. 
Fruits that were h i d d e n by the leaves (below) 
were significandy bigger than those located above 
the leaves (Table 3) . 

There was also a significant decrease i n f ru i t 
weight wi th storage time. Primary fruits were also 
found to be significantly bigger than secondary 
and tertiary fruits. 

There was a significant interact ion observed 
between location o f f ru i t and f ru i t types on fresh 
f ru i t weight (Fig. 2). Fig. 2 indicates that location 
o f fruits had a significant effect o n the pr imary 
and secondary fruits bu t no t on the tertiary f ru i t 
for fresh f ru i t weight. 

Correspondingly, the percentage o f mois
ture loss was also significantly affected by the dif
ferent levels o f preharvest shading (Table 2 ) . 
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L O C A T I O N A • L O C A T I O N B 

Fig. 2: Interaction between location of fruit (above (A) and 
below (B)) and fruit types (primary (FJ, secondary (FJ 
and tertiary (F^)) on the fresh fruit weight. Values 
are means of fruits from all types in each location. Trend 
analysis is provided in Table 2 

were also shown to have significantly lost more 
moisture than secondary and pr imary fruits re
spectively. However, location o f fruits under the 
different levels o f preharvest shading alone d i d 
not have any significant effect on the percent
age o f moisture loss. Nevertheless, there was a 
significant interact ion between storage time and 
location o f fruits (Fig. 3d) on the percentage o f 
moisture loss. There was no difference i n the 
percentage o f moisture loss between the h idden 
(below) and exposed (above) fruits d u r i n g the 
first two days o f storage. However, o n day 4, below 
(h idden under leaves) fruits were observed to 
lose significandy more moisture than the above 
(exposed) fruits. Significant interact ion was also 
observed between levels o f preharvest shading 

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

levels of preharvest shading. 

Main Effect df Fruit Percentage of Glossiness Firmness 
Weight Moisture Loss (Log score) (mm s 1) 
(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 
S x L 4 3.686 51.190 0.0033 0.1167 0.0523 
Error b 10 3.137 2.627 0.0064 0.1476 0.1378 
Day (D) 2 62.291** 7529.895** 3.5878** 4.5437** 5.2486** 
S x D 8 0.193** 115.288** 0.0495** 0.5172* 0.2305 
L x D 2 0.000 40.533* 0.0090 0.1895 0.1324 
S x L x D 8 0.128* 63.472** 0.0377** 0.2053 0.2074 
Error c 40 0.055 8.135 0.0041 0.2593 0.2125 

Fruit (F) 2 2140.424** 337.183** 0.2694** 21.9413** 33.7260** 
S x F 8 36.432** 21.891** 0.0033 0.3468 0.2853 
L x F 2 6.782** 0.312 0.0017 0.3921 0.4125 
D x F 4 2.126 118.098** 0.0908** 1.7485** 0.7431** 
S x L x F 8 1.354 4.335 0.0055** 0.2888 0.1183 
S x D x F 16 0.063 13.009* 0.0045** 0.2602 0.2163 
L x D x F 4 0.051 6.084 0.0068* 0.1781 0.0512 
Error d 130 1.127 6.447 0.0021 0.2192 0.1883 
Total 263 

; are significant at 5% and 1% levels respectively. WS, WOS are with skin and without skin respectively. 

The mean percentage o f moisture loss was sig
nificandy higher for fruits under S4as compared 
to fruits under the levels o f preharvest shading 
(Table 3) . 

Fruits were also found to lose significantly 
more moisture w i th storage time. There was a 
two-fold increase i n the percentage o f moisture 
loss f rom day 2 to day 4 (Table 3) . Tertiary fruits 

and f rui t types for percentage moisture loss (Fig. 
3b). Except for fruits under S„ i t was shown that 
ter t iary fruits lost s ignif icantly more mois ture 
than the secondary and primary fruits respectively. 
There was no difference i n the percentage mois
t u r e loss f o u n d b e t w e e n the p r i m a r y a n d 
secondary fruits shaded by S3. 
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20 

00 02 D4 
DAY 

• * - LOCATION A * LOCATION B 

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 
of fruits from both locations on each day of storage. 
Trend analysis is provided in Table 2 
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Fig. 3b: Interaction between levels of preharvest shading 
(S to and fruit types (primary (FX secondary 
(F2) and tertiary (FJ) 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 

T h e d i f f e r e n t levels o f p reha rves t s h a d i n g 
showed a significant effect o n the score o f the 
frui t surface glossiness (Table 2 ) . Fruits shaded 
by S, and S4 tended to lose their surface glossiness 
more than those shaded by the other levels o f 
l igh t penetrat ion. Locat ion o f the fruits was also 
f o u n d to be one o f the de terminants o f f ru i t 
surface glossiness. Frui ts w h i c h were h i d d e n 
under the leaves (below) retained their surface 
glossiness s ignif icant ly longe r than the frui ts 
which were exposed (above). 

Frui t surface glossiness was also found to vary 
wi th storage t ime (Table 3) . The score decreased 
by 16 and 54% on day 2 and day 4 respectively. 
The three f ru i t types varied significandy i n their 
response to losing surface glossiness . Pr imary 

f ru i t were f o u n d to be able to ma in ta in the i r 
surface glossiness at a significantly longer rate 
compared to the secondary and tertiary fruits. 

Significant interact ions were observed be
tween levels o f preharvest shading and storage 
t ime (Fig. 4a) and between storage and f ru i t types 
(Fig. 4b). The difference i n the ability to retain 
surface glossiness a m o n g the fruits under the 
d i f f e r e n t levels o f s h a d i n g increases w i t h 
increasing storage t ime (Fig. 4a). O n day 2, the 
differences i n the surface glossiness between 
fruits unde r the d i f ferent levels o f preharvest 
shading were less apparent as compared to that 
at day 4. I t was found that fruits under S4 lost the 
most surface glossiness fol lowed by fruits under 
S„ Sp S2 and S} respectively. Fig. 4b indicates that 
the ability to retain surface glossiness changed 
wi th increasing storage time. O n day 2, tertiary 
fruits were observed to retain surface glossiness 
the least f o l l o w e d by secondary and p r i m a r y 
fruits. However, by day 4, tertiary fruits appeared 
to be able to r e t a i n m o r e o f t h e i r surface 
glossiness c o m p a r e d to t he p r i m a r y a n d 
secondary fruits respectively. 

Fruit Firmness 
There was a significant effect o f preharvest shad
ing o n the f rui t firmness, whether the skin was 
intact or removed (Table 2 ) . However, i n both 
cases, the difference was only found to be signifi
cant between fruits unde r S4 compared to the 
other preharvest shading levels (Table 3) . 

Locat ion o f fruits under the preharvest shad
ings significandy affected the f rui t firmness only 
when the skin was intact (Table 3 ) . Fruits located 
below the leaves were found to be significandy 
less f i r m compared to the fruits above the leaves. 
Nevertheless, i n bo th cases, a significant differ
ence was detected i n the mean f ru i t firmness 
wi th storage time. The role o f the skin to puncture 
resistance could be the cause o f the differences 
i n the perfomance between the two situations. 

The three f rui t types also varied significandy 
i n their firmness. Whether the skin was still in 
tact or removed f rom the frui t , the mean f i rm
ness was significantly less i n the pr imary fruits 
compared to that o f the secondary and tertiary 
fruits. This may possibly be explained by the na
ture o f the f ru i t diameter (thickness o f the cor
tex) i t s e l f at the e q u a t o r i a l r e g i o n ( O s m a n 
1989). W h e n the skin was intact , there was a 
significant in te rac t ion observed between levels 
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DAY DAY 

Fig. 4a: Interaction between levels of perharvest shading 
(S to Sj) 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 (Ft)y secondary (FJ and 
tertiary (FJ) 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 1) 

(g) <%) WS WOS 

Shading (s) 
S n (Control) 12.36 6.99 0.55 4.46 4.68 
s',' 12.27 8.41 0.57 4.53 4.61 
s 2 11.75 7.77 0.57 4.51 4.63 
s, 10.88 8.41 0.53 4.34 4.50 
s, 5.57 13.93 0.47 3.48 3.54 

L S D ( ) 0 5 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 

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 

0.07 0.86 0.02 0.10 0.14 

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

6.04 11.59 0.48 3.86 3.85 

L S D 0 0 5 0.31 0.74 0.01 0.14 0.13 

Grand Mean 10.55 9.11 0.54 4.27 4.39 

F,, F„ F 3 are primary, secondary and tertiary fruits respectively. A, B are above and below (location of fruits) respectively. 
NS. Not significant. WS, WOS are with skin and without skin respectively. 
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of preharvest shading and storage dme (Fig. 5). 
T h r o u g h o u t the storage t ime , fruits unde r S 4 

were found to be the most f i rm compared to fruits 
under the other preharvest shading levels. For 
the other preharvest shading levels, fruits under 
S() seemed to be most f i rm on day 0 but the reverse 
was true on day 4. 

Fig. 5: Interaction between levels of preharvest shading 
(Sn to SJ 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 o f variance (Table 4) indicates that 
the percentage dry weight was significantly af
fected by the different levels o f preharvest shad
ing. The percentage f ru i t dry weight decreased 
significandy wi th the decline i n the levels o f the 
percentage l igh t penetradon f rom S ( )to S4 (Table 
5 ) . A l t h o u g h there was an overall decrease i n 

TABLE 4 
Mean squares of the analysis of variance of dry weight 

content (%) of strawberry fruits 

Source of 
variation 

df Dry Weight Content 
(%) 

Shading (S) 4 21.7808** 
Error a 8 0.6395 
Location (L) 1 0.4285 
Sx L 4 1.0496 
Error b 10 0.3469 
Fruit (F) 2 12.3205** 
S x F 8 0.8447 
L x F 2 0.0517 
S x L x F 8 0.4176 
Error c 40 0.7034 

Total 89 

the percentage dry weight, this negative effect 
was n o t s ignif icant ly d i f fe ren t between frui ts 
shaded by S ( )and S, and between that o f §L and S r 

A significant difference, however, was observed 
between the f ru i t types. Nevertheless, this dif
ference was only s ignif icant between p r imary 
fruits and other f rui t 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 Dry Weight (%) 
Shading (s) 
So (Control) 6.87 
s, 6.47 
s, 5.78 
s., 5.55 
s, 4.01 

0.61 
Fruit (F) 
F, 6.48 
F, 
F , 

5.39 F, 
F , 5.34 

0.44 

Grand Mean 5.74 

significant at 1 % level 

D I S C U S S I O N 
The results indicate that the different levels o f 
preharvest shading had a significant effect on 
the pa ramete r s t ha t were b e i n g e x a m i n e d . 
However, this cou ld only be detected between 
fruits shaded by S4 and S r Nevertheless, for f ru i t 
firmness, whether wi th skin intact or wi thout skin, 
the effect was only observed to be significant i n 
fruits shaded by S4. Thus, the effect o f preharvest 
shading could only be detected when f lowering 
plants were subjected to a very low level o f l ight 
intensity as i n the case o f S4. A n o t h e r general 
t rend found was the significant effect o f storage 
t i m e o n the parameters s tud ied . Th i s t r e n d 
supports the results o f an earlier study (Osman 
1989). 

T h e r e l a t ionsh ip between l i g h t and f r u i t 
quali ty differ w i th different fruits and shading 
condidons. Ferree and Stang (1988) found that 
'Ea r l ig low ' strawberry f r u i t size was increased 
when constandy shaded d u r i n g f ru i t ing but yield 
increase was offset by lower f ru i t number . Rylski 
and Spigelman (1986) too reported that under 
shading (12-26%), individual pepper f rui t were 
larger and had a thicker pericarp but there was 
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also a decline i n f rui t numbers. These are found 
to be i n contrast to the present results. However, 
a l t h o u g h the y i e l d was n o t r e c o r d e d i n the 
present study, i t was observed that shading the 
flowering plants wi th S4 had a very low yield in 
f ru i t number. 

I n the present study, i t was found that there 
was a significant decrease i n mean fresh weight 
o f f ru i t w i th dec l in ing l igh t penetrat ion when 
the plants are shaded f rom the appearance o f 
flowers to harvest. Mean fresh weight o f fruits 
shaded by S4 was only 45% o f that shaded by S(( 

This pattern o f response was i n accordance wi th 
other results on studies o f apples and cherries. 
Shading o f 'Cox's Orange Pippin apple tree re
duced frui t size th rough reductions o f cell size 
and n u m b e r o f cells per f ru i t . (Jackson et al. 
1977). T h e average apple size o f 'De l i c ious ' 
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% ful l sunlight were o f small size. Shaded (10-
15% f u l l s u n l i g h t ) branches o f ' B i n g ' sweet 
cherry reduced f ru i t set f rom 64 to 50% com
pared to the unshaded branches (Patten and 
Proebsting 1986). They also found that fruits f rom 
shaded branches were smaller that those f rom 
unshaded branches for the first two harvests but 
i n the last two harvests, shaded fruits became 
larger. I n contrast, Ryugo and I n t r i e r i (1972) 
found that covered sweet cherry fruits were larger 
than exposed fruits. 

Morgan et al. (1984), however, po in ted out 
that the posi t ion o f the apple w i th in the tree was 
an i m p o r t a n t de te rminan t o f apple size. They 
found a strong curvilinear relationship between 
fresh weight and log percentage transmission o f 
p h o t o s y n t h e t i c p h o t o n f l u x densi ty . I n the 
present study, i t is also shown that the mean fresh 
we igh t o f strawberry fruits h i d d e n below the 
leaves were s i g n i f i c a n t l y b i g g e r t h a n those 
exposed direcdy under the preharvest shadings. 
This could also be possible due to the fact that 
' b e l o w ' f ru i t s h a v i n g an advantage over the 
'above' fruits by having thicker, shorter peduncles 
and pedicels. Webb (1973) repor ted that their 
results, o n cvs. Ostara, Redgaundet, Cambridge 
V i g o u r and a n u m b e r o f u n n a m e d b r e e d i n g 
se lec t ions , i n d i c a t e d t h a t t h i c k e r s h o r t e r 
peduncles and pedicels are l ike ly to produce 

larger berries or a greater weight o f r ipe f ru i t o n 
each truss. 

A n o t h e r p r o b a b l e e x p l a n a t i o n f o r t he 
results o f the present study, where preharvest 
s h a d i n g was o n l y d e m o n s t r a t e d to be 
significandy affected i n fruits shaded by S4 and 
not wi th the other levels, was the quality o f l igh t 
itself. Using the pho ton flux density meter, the 
r e d : far r e d r a t io c o u l d be measured . T h e 
d i f ference i n this r a t i o ( a measure o f l i g h t 
quality) was only obvious i n the case o f S 4 (Osman 
1989). The ratio below the shading was found to 
be 55% that o f the ratio above the shading. This 
p h e n o m e n o n was also repor ted by Seely et al 
(1980) and Morgan et al (1984). They f o u n d 
that w i t h apples, there was a h i g h l y posit ive 
c o r r e l a t i o n o f f resh f r u i t w e i g h t w i t h 
photosynthetic pho ton flux density. 

Tempera ture has been r e p o r t e d to affect 
f rui t development (Went 1957) . He found that 
the size o f the indiv idual f ru i t is inversely pro
por t ional to the phototemperature whereas the 
nyc to temperature has no effect. However, i n the 
present study, the air temperature under the dif
ferent levels o f preharvest shading was found to 
be similar to the outside ambient temperature. 
Nevertheless, when thermocouples were placed 
at a depth o f 4 m m in to the f ru i t flesh, over a 3-
day per iod , there was no significant difference 
i n flesh temperature obta ined (Osman 1989). 
This may expla in the t rend i n the mean fresh 
f r u i t we igh t shaded by the d i f fe ren t levels o f 
preharvest shading. 

There was a negative relat ionship between 
rate o f moisture loss and f ru i t surface glossiness 
score wi th dec l in ing l igh t penetrat ion range f rom 
S() to S4. This phenomenon is associated wi th the 
relationship o f decl in ing f ru i t size wi th dec l in ing 
l igh t penetrat ion. A major factor i n the rate o f 
moisture loss f rom produce is the surface area 
to volume ratio o f the material (Wills et al 1981). 
O n purely physical grounds, there is a greater 
loss o f evaporat ion f r o m produce w i t h a h i g h 
surface area to u n i t volume rat io. Thus, o ther 
factors being equal, a smaller f ru i t w i l l lose mois
ture m u c h faster than a larger one. This was 
found i n the present study. Fruits shaded by S4 

(smaller size) lost mois ture significantly more 
rapidly (13.99%) than fruits shaded by Sv S2, S} 

and S() where the percentage o f mois ture loss 
was only 8.41, 7.77, 8.40 and 6.99% respectively. 
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The fact that pr imary fruits tend to lose moisture 
at a less rapid amount compared to the secondary 
and ternary fruits found i n this study could be 
due to the same phenomenon . 

Correspondingly, i n the present study, f ru i t 
surface glossiness was found to decrease wi th a 
d rop i n percentage l igh t reaching the flowering 
plants. However, a l though a significant effect o f 
different levels o f preharvest shading was found 
o n the f r u i t surface glossiness, this difference 
could be statistically detected between fruits that 
were heavily shaded (S 4 and S s) compared to the 
other levels o f shading. This too could be related 
to the p roduc t ion o f smaller fruits wi th a decline 
i n percentage l igh t penetrat ion, which i n t u rn led 
to a higher loss o f moisture f rom the fruit . Skene 
(1971) repor ted that the d u l l i n g (loss o f shine or 
glossiness) o f the f ru i t surface was due to the 
shrinkage loss o f 4-6%. I n the present study, i t 
was f o u n d that fruits located below the leaves 
tend to retain their surface glosssiness more sig
ni f icant ly than the fruits w h i c h were exposed 
(only shaded by the preharvest shading) .This 
response is also exhibi ted by mean fresh weight 
where fruits which were located below the leaves 
are bigger. 

A negative relationship was also detected be
tween percentage o f m o i s t u r e loss and f r u i t 
f i rmness . Results o f the pesent study are i n 
agreement wi th the f i nd ing o f other researchers. 
Smaller frui ts t end to be sl ight ly f i r m e r than 
larger fruits at an equal stage o f development. 
Darow (1931) f o u n d tha t smal l berr ies were 
f i rmer than medium-sized strawberries. Robinson 
et al. (1983) also showed an increase i n apple 
firmness as the exposure level o f canopy was 
reduced. The inverse relationship between frui t 
firmness and percentage fu l l sun supports the 
f i n d i n g o f H e i n i c k e (1966) i n his s tudy o f 
Mcin tosh ' and 'Red Delicious' apples. However, 

Seely et al. (1980) f o u n d no re la t ionsh ip b u t 
Smock (1953) f o u n d a posi t ive r e l a t i o n s h i p 
be tween f i rmness o f ' M c i n t o s h ' apples a n d 
cumula t ive solar r ad ia t ion d u r i n g the last six 
weeks o f the growing season. Therefore, i t is pos
sible that, i n the case o f apples, the effect o f l igh t 
exposure level on f ru i t firmness is an ind i rec t 
one due to the influence o r l igh t exposure o n 
frui t size and matur i ty (Robinson et al. 1983). 

I n the present study, the mean firmness o f 
fruits located below the leaves was found to be 
significantly less than the above fruits. T h e re

sults ob ta ined for the f ru i t firmness cou ld be 
at t r ibuted to the nature o f the cortex thickness 
and me thod o f assessment employed. Hence, i n 
this respect, strawberry f rui t firmness could be 
assessed m o r e quan t i t a t i ve ly by us ing o t h e r 
instruments. For example, i t has been shown that 
toughness o f skin and firmness o f cortical flesh 
o f strawberries could be measured by the Ins t ron 
Testing Machine (Ourecky and Bourne 1968). 
The difference i n the internal structure o f f ru i t 
can be characterised. Using the Instron machine 
for measurement o f strawberry firmness, two to 
th ree d i s t i n c t peaks were p r o d u c e d by the 
reco rd ing system, a str ip char t w h i c h draws a 
force-distance curve for each cycle. These peaks 
indicated the puncture-force required to break 
th rough the skin, the nature o f the flesh and the 
total resistance to puncture. 

I t is concluded that the quality parameters 
o f strawberry fruits such as fresh f ru i t weight , 
percentage o f moisture loss, surface glossiness 
and f i rmness can be affected by preharves t 
shading bu t only when subjected to a very low 
level o f l i g h t i n t ens i ty . L o c a t i o n o f f r u i t s , 
different f rui t types and most notably storage time 
also cont r ibuted to the changes o f f ru i t quality 
parameters. 
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