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Ab s t r a c t

Th e i n t e r a c t i o n b e t w e e n l i g h t a v a i l a b i l i t y a n d t h e b i o s y n t h e s i s o f p h e n o l i c c o m p o u n d s i n f r u i t o f k i w i f r u i t ( A ctinidia deliciosa

v a r . deliciosa , C . F . L i a n g e t A. R. F e r g u s o n ) w a s i n v e s t i g a t e d . F r u i t s w e r e e x p o s e d e i t h e r t o n a t u r a l l i g h t o r w e r e a r t i f i c i a l l y
s h a d e d w h i l e g r o w i n g o n m a t u r e v i n e s a n d w e r e a n a l y s e d w e e k l y d u r i n g t h e f i r s t 11 w e e k s o f d e v e l o p m e n t . Ph e n o l s w e r e
i d e n t i f i e d a n d q u a n t i f i e d b y u s i n g H i g h Pe r f o r m a n c e L i q u i d C h r o m a t o g r a p h y ( H PL C ) . Re s u l t s s h o w e d t h a t t h e
p r e d o m i n a n t p h e n o l i c c o m p o u n d s w e r e h y d r o x y c i n n a m i c a c i d s ( H C As ) , f l a v o n o l s a n d t h e f l a v a n 3 - o l e p i c a t e c h i n . C a l c i u m
( C a 2� ) , t h e m a i n m i n e r a l n u t r i e n t i n v o l v e d i n f r u i t q u a l i t y w a s a l s o d e t e r m i n e d . L i g h t s i g n i f i c a n t l y i n c r e a s e d t h e
a c c u m u l a t i o n o f b o t h p h e n o l s a n d C a 2� i n t o t h e f r u i t . Th i s w o r k e x p a n d s t h e l i s t o f k n o w n p h e n o l i c s i n k i w i f r u i t a n d
p r o v i d e s a p o s s i b l e e x p l a n a t i o n f o r t h e s e a s o n a l p a t t e r n o f C a 2� i m p o r t i n t o t h e f r u i t . Re s u l t s o n l i g h t � p h e n o l i n t e r a c t i o n
b e i n g a p p a r e n t l y b e n e f i c i a l f o r f r u i t C a 2� a c c u m u l a t i o n , s u g g e s t t h a t a c c u r a t e c a n o p y m a n a g e m e n t c o u l d e n h a n c e f r u i t
q u a l i t y .

K e y w o r d s : Ac t i n i d i a d e l i c i o s a var. d e l i c i o s a , sh ading , h ydrox ycinnamic acids, x ylem fl ow , calciu m, canopy manag ement

In t r o d u c t i o n

Pl a n t s a r e s t a t i c o r g a n i s m s t h a t m u s t n e c e s s a r i l y

a c c o m m o d a t e t h e m s e l v e s t o t h e i r s u r r o u n d i n g s b y

a d a p t a t i o n o f t h e i r d e v e l o p m e n t a n d g r o w t h r e -

s p o n s e s . Se c o n d a r y m e t a b o l i t e s a r e b e l i e v e d t o b e

e s s e n t i a l c o m p o u n d s a i d i n g p l a n t f i t n e s s i n a n u m b e r

o f w a y s , b y i m p r o v i n g b o t h r e s i s t a n c e t o p a t h o g e n s

a n d h e r b i v o r e s a n d t o s t r e s s c o n d i t i o n s ( F e u c h t &

Tr e u t t e r 19 9 9 , Tr e u t t e r 20 0 6 ) , o n t h e o n e h a n d , a n d

e n h a n c i n g r e p r o d u c t i o n b y p r o v i d i n g p o l l i n a t o r

a t t r a c t i o n ( K l i e b e n s t e i n 20 0 4 ) , o n t h e o t h e r .

Th r o u g h o u t e v o l u t i o n , p l a n t � e n v i r o n m e n t i n t e r -

a c t i o n s h a v e p r o d u c e d a l a r g e n u m b e r o f s e c o n d a r y

m e t a b o l i t e s . Th e s e c o m p o u n d s h a v e m o s t l y b e e n

s y n t h e s i s e d b y t h e m o d i f i c a t i o n o f t h e b a c k b o n e

s t r u c t u r e o f e x i s t i n g o n e s ( K l i e b e n s t e i n 20 0 4 ) .

D e s p i t e t h e i r h u g e n u m b e r s i n s o m e k e y c o m m e r c i a l

c r o p s , b o t h t h e i d e n t i f i c a t i o n o f t h e s e c o m p o u n d s

a n d t h e i r p h y s i o l o g i c a l r o l e s a r e n o t a t a l l w e l l

d e f i n e d . Th i s i s t h e c a s e w i t h k i w i f r u i t p h e n o l i c

c o m p o u n d s . Ex t e n s i v e s t u d i e s h a v e b e e n m a d e o n

p h e n o l i c c o m p o s i t i o n i n t h e l e a f a n d t h e m a t u r e f r u i t

( F e r g u s o n 19 8 4 , Ip p o l i t o e t a l . 19 9 7 , Gr e a v e s e t a l .

20 0 1, W u r m s e t a l . 20 0 3 ) a s w e l l a s o n t h e j u i c e

( D a w e s & K e e n 19 9 9 ) . Th e s e s t u d i e s g a v e m o r e

e m p h a s i s t o t h e i r h e a l t h p r o t e c t i v e r o l e a g a i n s t

o x i d a t i v e d a m a g e t o t h e h u m a n c e l l ( C h u n e t a l .

20 0 5 , Pa r k e t a l . 20 0 6 ) . H e n c e , i t a p p e a r s t h a t l i t t l e

p u b l i s h e d i n f o r m a t i o n e x i s t s o n t h e s p e c i f i c c o m p o -

n e n t s o f t h e p h e n o l i c m o i e t y i n k i w i f r u i t d u r i n g

g r o w t h a n d o n t h e i r p o s s i b l e p h y s i o l o g i c a l r o l e s .

L i g h t i s a n e n v i r o n m e n t a l s i g n a l t h a t m a y i n d u c e

b i o s y n t h e s i s o f p l a n t p h e n o l i c c o m p o u n d s ( Gr a n d e t

a l . 19 8 2, D o u g l a s 19 9 6 , Ro z e m a e t a l . 19 9 7 ) ,

p r e s u m a b l y b e c a u s e o f t h e i r UV - f i l t r a t i o n a c t i o n

( Ro z e m a e t a l . 19 9 7 , Gi t z e t a l . 20 0 4 ) , a s w e l l a s i t

i s e s s e n t i a l f o r d r i v i n g p h o t o s y n t h e s i s a n d o t h e r k e y

m e t a b o l i c p a t h w a y s ( Th u m e t a l . 20 0 3 ) .

Th e p l a n t � l i g h t i n t e r a c t i o n a l s o a f f e c t s s o m e

q u a l i t a t i v e c h a r a c t e r i s t i c s o f t h e f r u i t , p a r t i c u l a r l y

i t s m i n e r a l c o m p o s i t i o n . It h a s b e e n s h o w n t h a t

h i g h - l i g h t g r o w i n g c o n d i t i o n s i m p r o v e f r u i t q u a l i t y

i n a p p l e s ( J a c k s o n e t a l . 19 7 7 , J a c k s o n 19 8 0 ) , g r a p e s

( H o p p i n g 19 7 7 ) a n d k i w i f r u i t t o o ( Sn e l g a r

& H o p k i r k 19 8 8 , B i a s i e t a l . 19 9 5 ) . Th e m e c h a n i s m

u n d e r l y i n g t h i s p h e n o m e n o n i s n o t c o m p l e t e l y

u n d e r s t o o d . In k i w i f r u i t , a s i n m o s t f r u i t s , f r u i t

q u a l i t y a n d f r u i t s h e l f l i f e a p p e a r t o b e r e l a t e d t o

c a l c i u m ( C a 2� ) c o n t e n t ( Po o v a i a h e t a l . 19 8 8 ,
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Benge et al. 2000, Ferguson et al. 2003, Thorp et al.

2003) and that Ca2� accumulation is enhanced by

increased light intensity (Biasi et al. 1995, Monta-

naro et al. 2006). Calcium is a nutrient, mainly

transported through the xylem (McLaughlin

& Wimmer 1999, White & Broadley 2003, Ho

& White 2005). Consequently its seasonal pattern

necessarily reflects the formation and functionality

of the xylem conduits (Dichio et al. 2003). Some

matters remain still to be determined. For example,

it is not clear whether the dynamics of the import of

Ca2� is due to alterations of the xylem pathway in

the fruitstalk or in the berry itself. In view of the

specific role that some compounds have in providing

the building blocks for the xylem conduits (Douglas

1996, Rozema et al. 1997, Boerjan et al. 2003),

valuable information may plausibly be drawn from

the determination of phenolics in the fruitstalk and

in the berry. For these reasons, the present study

was designed to determine whether differences in

phenolic content between sun-exposed and artifi-

cially shaded fruits are present by separately inves-

tigating berries and fruitstalks during fruit

development. We hypothesized that fruits subjected

to low-light conditions would have low phenol

content. Testing this hypothesis required assessment

not only of the size of the phenolic pool during the

season but also of the identification of particular

compounds involved. In addition to the identifica-

tion and the behaviour of phenols in response to

light availability, we aimed also to give an inter-

pretation of the results in relation to fruit Ca2�

accumulation. Thus, we focused on the early stage

of fruit growth (i.e., about 80 days after fruit-set),

when total fruit Ca2� already accounts for almost

the entire content at harvest (Ferguson 1980, Clark

& Smith 1988).

Materials and methods

Experimental site and plant material

Trials were carried out during the 2004 growing

season in Southern Italy (Metaponto, N 40820? E

16848?) on mature, own-rooted, kiwifruit plants

(Actinidia deliciosa var. deliciosa , C.F. Liang et A.

R. Ferguson) (cultivar Hayward) trained to a pergola

system. Vines were planted on sandy loam soil at a

spacing of 4.5 m within rows and 4.5 m between

rows, with a North to South row orientation. The

pollinator was cv. Tomouri and the proportion of

male:female vines was 1:8. Every third plant in every

third row was a male.

The vines and the soil were managed following

local commercial practice. Soil mineral contents

(soluble fraction, 30 April, 10�40 cm depth) were

33.4 ppm K, 2.53 ppm Mg2� and 10.1 ppm Ca2�.

Fertilizer was applied by fertigation, at a rate of 10

kg ha�1 nitrogen and 20 kg ha�1 phosphorous,

approximately every 30 days from May to August,

while 64 kg ha�1 potassium was distributed once

only in July. In January, 8 t ha�1 of organic fertilizer

(22.2 C/N, Eco-Pol SpA, Italy), containing on a dry

matter basis 2.02% total N, 1.86% K2O and 0.68%

P2O5, were applied directly to the soil. The vines

were regularly microjet-irrigated during the season,

approximately every 10 days in May and June and

every 4�5 days during the periods of highest

evapotranspirative demand (July, August and Sep-

tember). Bloom was during the last 10 days of May

and natural bee pollination ensured normal and

roughly simultaneous fruit-set at 30 May (9 1 day).

Shade and light treatments

From 1 June and throughout the growing season, 2

light exposure treatments were imposed on 100

canes selected from 30 plants chosen at random.

Each cane had 7�8 terminating shoots, approxi-

mately 25 fruits and a similar leaf:fruit ratio.

Before the experiment started, on all 30 chosen

vines some watersprouts (3�4 per vine) were re-

moved to minimize their possible shading effects due

to the upright and fast growth. Subsequently, the

shaded treatment (B20% available Photosynthetic

Photon Flux Density [ PPFD] at midday) was

imposed on half of the selected canes using a neutral

shade cloth (Arrigoni, CO, Italy, mod. 2591WO)

causing 80% reduction in incident light. The avail-

able PPFD at midday within the canopy of the

remaining canes was up to 40% of the incident light,

hence these were defined as exposed. Radiation

measurements were carried out using 18 quantum

sensors (Model SKP 215, Skye Instruments LTD,

Llandrindod Wells, UK). Sensors were placed in 3

areas per treatment (3 sensors each) at a maximum

distance of 10 cm from fruit. Moreover, one sensor

was placed above the canopy to measure the incident

PPFD. All sensors were connected to a datalogger

(CR10, Campbell Scientific), which was pro-

grammed to monitor the PPFD at 60 s intervals

and to compute the averages at 15 min intervals. For

each sensor, daily PPFD was obtained by integrating

the data recorded every 15 min.

Fruit samples

From fruit-set till the 11th week, 25 fruits per

treatment were sampled each week from 4�5 of the

selected canes, always at the same time of day (i.e.,

about 10:00 am). Each cane supplied fruits just one

time throughout the experiment. To minimize varia-

bility, fruits were harvested from the two basal and

early fruiting shoots of each selected cane, in

accordance with the recommendations of Ferguson

et al. (2003) and Thorp et al. (2003). Ten of 25

fruits were weighed (fresh weight) immediately,

sliced and fruit dry matter (d.wt., i.e., skin plus

64 G. Montanaro et al.



D
o

w
n

lo
a

d
e

d
 B

y
: 
[M

o
n

ta
n

a
ro

, 
G

iu
s
e

p
p

e
] 
A

t:
 1

1
:0

3
 1

5
 J

u
n

e
 2

0
0

7
 

flesh) was determined after 48 h drying (at 608C),

and total Ca content (skin plus flesh) was measured

after acid digestion (H2SO4�HNO3) using an

atomic spectrophotometer (Varian, AA-40).

The remaining 15 fruits were immediately sliced,

frozen with liquid nitrogen and placed in a refrig-

erator at �808C, lyophilized and the skin was

thoroughly scraped off using a sharp blade. Skin

was removed in order to separately analyse it;

unfortunately the amount collected was not suffi-

cient to correctly warrant the extraction procedure.

For analysis of the berry, 5 bulk samples (3 fruits

each, 15 fruits total) were prepared with slices from

the upper, middle and lower zone of fruits. At the

first sampling date, the very small berries (1 cm

length) were analysed in their entirety. For fruitstalk

analysis, a bulk sample was composed of 3 entire

fruitstalks. Each bulk sample was ground in a mixer

ball mill to a fine powder which was used for the

extraction.

Extraction and quantification of phenolic compounds

The dry powder was extracted with methanol

(100%), containing Naringenin (0.1 mg ml�1) as

internal standard, for 30 min in a water bath at 48C

during sonication. Methanolic aliquots were used

directly for High Performance Liquid Chromatogra-

phy (HPLC) analyses.

HPLC was carried out with a Kontron chromato-

graph using a HyperClone ODS C18 column

(150�4.60 mm, 3 mm) (Phenomenex, CA, USA)

and 5% aqueous formic acid (solvent A) and

methanol (solvent B). The following elution profile

was used with a flow rate of 0.6 ml min�1: 0�5 min,

0�2.5% B in A, 10 min, 2.5% B in A, 15 min, 2.5�

5% B in A, 10 min, 5% B in A, 25 min, 5�10% B in

A, 10 min, 10% B in A, 25 min, 10�20% B in A,

35 min, 20�30% B in A, 15 min, 30�90% B in A,

15 min, 90% B in A. Phenolic compounds were

detected with a diode array and their UV absorbance

spectra were monitored.

The quantification of epicatechin was carried out

by a postcolumn derivatization method using the

selective reagent 4-dimethylamino-cinnamaldehyde

with detection at 640 nm (Treutter 1989).

Phenolic compounds were identified according to

their UV absorbance spectra. Hydroxycinnamic

acids were calculated as chlorogenic acid, flavonols

as rutin, epicatechin as epicatechin. Standards were

purchased from Roth (Karlsruhe, Germany).

Statistical analyses

Mean differences in Ca and phenolic compounds

accumulation between fruits differently illuminated

were determined by Student’ s t-test method. Curve

fitting were by Origin† 6.1 (OriginLab Corporation,

USA).

Results

During the experimental period, the incident light

per day ranged from 30�40 mol m�2 day�1 PPFD,

except for some overcast days (Figure 1). In the

exposed treatment, the daily available PPFD was on

average 67%91.51 of the incident above canopy

PPFD. In the shaded treatment the available PPFD

was only 1.95%90.11 of the above canopy PPFD

(Figure 1).

Fruitstalk phenolic compounds

The predominant phenolic compounds of the fruit-

stalk were hydroxycinnamic acids (HCAs), flavonols

and the flavan 3-ol epicatechin. The HCAs and

flavonols of both sun and shade fruits had a similar

pattern throughout the experiment, exhibiting high

concentrations just a few days after fruit-set and a

minimum at day 30 for HCAs and 20 for flavonols,

thereafter their concentrations increased again (Fig-

ures 2a, 3a). The concentration of HCAs of exposed

fruitstalks were significantly above (Student’ s t-test,

p�0.05) those of shaded ones during the early fruit

development stage until day 30 (Figure 2a), levels

being approximately 1.5 or twofold those of the

shaded ones. Within 30 days after fruit-set, HCAs

concentration fell from 3�1.6 mg g�1 d.wt. in the

exposed situation and from 2.5�1.1 mg g�1 d.wt.

when shaded.

Only during the first 10 days after fruit-set and

later at day 49, the concentrations of flavonols in

the fruitstalk were significantly affected by high

light exposure (Student’ s t-test, p�0.05), showing

0.71 mg g�1 d.wt. in sun fruit 0.46 mg g�1 d.wt.

in shaded fruits (Figure 3a).

The concentration of epicatechin was stimulated

by light during the first 20 days after fruit-set,

thereafter, no significant variations were observed

between the treatments (Figure 4a, Student’ s t-test,

p�0.05). The exposed fruitstalks showed the high-
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Figure 1. Available light during the experiment. Each line

represents the mean of 9 Q uantum Sensors (Skye) placed in 3

areas per treatment. (0�30 May), the y-axis (radiation) is broken

from 9 to 11.
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est concentrations of epicatechin just 1 week after

fruit-set being about 9.590.39 mg g�1 d.wt. There-

after, concentration gradually declined reaching the

value of 7.7890.36 mg g�1 d.wt. at day 28. In the

shaded fruitstalks, epicatechin increased slightly

from week 1�4 after fruit-set reaching values similar

to that of exposed ones (Figure 4a).

Berry phenolic compounds

As in the fruitstalk, the prevailing phenolic com-

pounds in the berry were HCAs, flavonols and the

flavan 3-ol epicatechin. They showed the highest

levels in very young fruits, i.e., within the first 3

weeks after fruit-set.

A continuous decline was found for HCAs (Figure

2b). Just after fruit-set, their concentrations in the

exposed berries of 2.5290.17 mg g�1 d.wt. were

significantly above (Student’s t-test, p�0.05) those

in shaded ones of 1.9590.05 mg g�1 d.wt. This

difference remained until day 30. At day 40 after

fruit-set the concentration of hydroxycinnamic acids

was about 0.5 mg g�1 d.wt. in both exposed and

shaded berry (Figure 2b).

The flavonols in the berries were not affected

by light (Figure 3b). Moreover, their behaviour

differed from that of the other compounds identified

during fruit development. Just after fruit-set, they

started with a low concentration of approximately

0.5 mg g�1 and increased to a maximum at day 20

with values close to 2.1 mg g�1 d.wt. Concentration

decreased sharply thereafter, reaching the lowest

values of 0.3 mg g�1 d.wt. at day 28 after fruit-set

(Figure 3b).

During early stages of fruit development, the

concentration of epicatechin progressively decreased

reaching negligible values after 6 weeks (Figure 4b).

In addition, this compound was not affected by light

treatment. The initial values were approximately 10

mg g�1 d.wt. and the concentrations of approxi-

mately 1 mg g�1 d.wt. were reached at day 39 after

fruit-set (Figure 4b).

Fruit growth and Ca
2�

accumulation

Throughout the experiment, fruit dry matter (not

shown) was not significantly affected (Student’s t-

test, p�0.05) by the treatments. At day 79 after

fruit-set it reached 12.890.57 g f�1 in the sun and

11.290.6 g f�1 in shade. In this study, calcium has

measured as total (see Methods section) with no

attempt to share between different forms. Accumu-

lation of Ca2� into fruit was significantly affected by

the treatments, showing lowest values in fruit grown

under low light availability (Table I). At approxi-

mately week 6 following fruit-set, shaded fruits had

accumulated 10.9290.61 mg f�1 while the exposed

ones exhibited 13.4190.75 mg f�1. Further in-

crease of that nutrient was recorded during the

subsequent weeks and at day 78 after fruit-set had

reached 32.3391.36 mg f�1 in sun fruit and 24.89

1.78 mg f�1 in shaded fruit.
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Figure 2. Hydroxycinnamic acids (mg g�1 d.wt.) of fruitstalk (a)

and berry (b) sampled from exposed (k) and shaded (m) canes

during the experiment. Values (means9SE) were determined

from 5 HPLC analyses. (Means separation by Student’s t- test,

* signifi cant at p�0.05). The dotted line between day of experi-

ment 39 and 63 is due to a missing analysis of berry samples.
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Figure 3. Flavonols (mg g�1 d.wt.) of fruitstalk (a) and berry (b)

of fruits grown in exposed (k) and shaded (m) canopy position

during the experiment. Values (means9SE) were determined

from 5 HPLC analyses. (Means separation by Student’s t- test,

* signifi cant at p�0.05). The dotted line between day of experi-

ment 39 and 63 is due to a missing analysis of berry samples.
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Discussion

This study reports on the natural occurrence of

phenolic compounds in developing kiwifruit (berry

and fruitstalk) in response to shading. Results on

phenols were hard to compare with literature values

because of the poor information existing on kiwifruit

that mainly reports the leaf or mature fruit phenolic

composition and associated with anti-fungal activity

(Ippolito et al. 1997, Greaves et al. 2001, Wurms

et al. 2003).

In general, excepting for the epicatechin of shaded

fruitstalks and flavonols of berry, the pattern of

phenolic compound changes showed a decrease

within the early weeks after fruit-set. In particular,

the concentration of HCAs and epicatechin of the

berry rapidly declined reaching their lowest values

40 days after fruit-set. The quick fall in concentra-

tion of the phenolic compounds in the early devel-

opmental stage has been already reported on grape

berries and on apple fruit (Crippen & Morrison

1986, Treutter 2001). Moreover, it occurs at the

same time with changes in a number of physiological

and structural aspects of the fruit (e.g., fruit tran-

spiration, dysfunction of the fruit vascular system;

see Dichio et al. 2003, and Montanaro et al. 2006 for

details) confirming the relevance of the early stage of

fruit development.

This study shows a light-induced increased con-

centrations of HCAs in fruits (30�50% higher than

shade, on a whole experiment basis), which is similar

to the response of anthocyanins in sun grape berries

(Crippen & Morrison 1986). Reduced formation of

phenolic compounds in shaded fruits reflects the

light-dependency of the enzymes’ activity involved in

their biosynthetic pathway (i.e., phenylalanine am-

monia-lyase and dihydroflavonol-reductase) (Treut-

ter 2001). However, in the berry, except for HCAs,

the biosynthesis of the identified compounds was not

enhanced by increased radiation, likely due to

different mass and optical characteristics between

berry and fruitstalk.

A different partitioning of phenylpropanoid and

flavonoid metabolism in the fruitstalk, in comparison

to the berry, is clearly evident. This is particularly

obvious for flavonols (Figure 3), which reached their

maximum concentrations in berries at day 20, while

at the same time they showed a minimum in the

fruitstalk. Additionally, flavonoid showed a different

behaviour in berries. While epicatechin is declining

(Figure 4b), which is in parallel to the pool of HCAs,

flavonols are accumulating (Figure 3b).

Sun fruits concomitantly exhibited increased

Ca2� and HCAs concentrations showing a poor

correlation (R2
�0.67) with the berry (Figure 5).

Such a result is in agreement with the findings of

Awad and de Jager (2002), who reported a similar

correlation between chlorogenic acid versus Ca2�

concentration in the skin of apple fruit. In view of the

widely documented involvement of HCAs in the

xylem formation (Douglas 1996, Rozema et al.

1997, Kliebenstein 2004) and the light-induced

increase of that compounds (Figure 2), it may be

reasonably hypothesized that light-induced increase

in HCAs promotes xylem conductance (more or

larger vessels) increasing Ca2� accumulation.

This experiment was also designed to determine

whether there were differences in phenolic content

between berry and fruitstalk. Concentrations of

HCAs in the berry decreased by approximately

80%, up to 40 days after fruit-set, in both treatments

(Figure 2b). Afterwards, the amounts of these

secondary metabolites remained constantly close to

0.5 mg g�1 d.wt. until the end of experiment, whilst,

in the fruitstalk it increased toward the initial value

(Figure 2a). The lack of such enhanced concentra-

tion in the berry might correlate with a failure in the

secondary growth of the xylem (Biasi & Altamura
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Figure 4. Epicatechin (mg g�1 d.wt.) of fruitstalk (a) and berry

(b) of fruits sampled from exposed (k) and shaded (m) canes

during the experiment. Values (means9SE) were determined

from 5 HPLC analyses. (Means separation by Student’s t- test,

*significant at p�0.05). The dotted line between day of experi-

ment 39 and 63 is due to a missing analysis of berry samples.

Table I. Fruit Ca content (mg f�1) of fruit sampled from exposed

and shaded canes during the experiment. Nutrient values are the

mean (9SE) of ten fruits and include skin and seed tissue.

(Means separation by Student’s t- test, *significant at p�0.05).

Days after fruit-set Exposed (9SE) Shaded (9SE)

1 3.14 0.25 0.11* 0.01

7 3.69 0.18 1.63* 0.10

14 5.06 0.33 3.21* 0.13

21 6.33 0.96 4.93 0.78

28 9.54 0.99 7.65 0.57

39 13.41 0.75 10.92* 0.61

78 32.33 1.36 24.80* 1.78
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1996) thus it could be responsible for reduced Ca2�

accumulation.

In summary, our results showed which are the

predominant phenolic compounds in berry and

fruitstalk of young developing kiwifruit; moreover,

our findings indicate that the synthesis of phenolic

compounds is significantly lowered when the sur-

rounding environment is poorly illuminated. Finally,

it is suggested that promoting the interaction be-

tween fruits and light during the early 5�6 weeks of

fruit growth, for example through canopy manage-

ment (i.e., by early watersprouts removal) should

promote a higher natural occurrence of phenols,

especially those (i.e., hydroxycinnamic acids) that

are likely chemical prerequisites for fruit quality.
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