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Abstract
The experiment consisted of hedging citrus trees of the variety “Washington Navel” with a planting density of 873 plants/ha. The 
hedge was 2.65 m high, 0.5 m wide on the upper part and 1.5 m on the lower part forming 10 degrees angle to the vertical and NE/
SW orientation. The control tree was cut to a ball shape. Considering mean values of three years, hedging showed a high vegetative 
stretching (7.20 cm) while the control tree had a lengthening of 4.18 cm, with a growth rate of the spring shoots of 6.80 mm and 4.29 
mm per day, respectively. As well, a larger spring leaf area was noted as compared to the control tree. This area was 366.55 cm2 against 
124.22 cm2 by branch, respectively. In spite of a more severe pruning in the treatment, the fruit yield was near to that of the control (9.12 
kg/tree) with a density of 873 trees/ha.  No significant difference was noted for the total amount of chlorophyll between both sides of 
the hedge (South/East and North/West) for the non-bearing shoots (1.75 and 1.51 mg. g-1 fresh weight, respectively) and bearing ones   
(1.57 and 1.51 mg/g fresh weight) contrarily to the control (non-bearing shoots 1.2 and 1.57 mg g-1 fresh weight; bearing shoots 1.97 
and 1.35 mg. g-1 fresh weight). All stages of maturation occurred earlier in the treatment.
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introduction 
Area for citrus plantation is reducing in Tunisia and increased 
planting density could resolve this problem. However, high 
densities can lead to a reduction of sunshine into the foliage 
which could reduce productivity. Indeed, according to Hopkins 
(2003), photosynthesis, and therefore productivity, is closely 
dependent on a number of genetic and environmental factors, 
such as light and canopy shape. However, whether for trees 
in plantation (Ashton et al., 1998; Richardson et al., 2000) or 
isolated trees (Baraldi et al., 1994; Combes et al., 2000), a light 
gradient is observed between the high and peripheral parts of the 
canopy and the lower and central parts. The former regions (high 
and peripheral) appeared to receive more light in comparison to 
the latter ones suggesting that the space architecture of the axes 
affects light gradient. 

Light interception in the hedge can vary depending on various 
parameters such as the hedgerow orientation (Palmer, 1989; 
Trentacoste et al., 2015), its latitude (Olesen et al., 2007), the 
shape of the hedgerow (Connor, 2006; Olesen et al., 2007) and 
the porosity of the canopy (Trentacoste et al., 2015). In addition, 
there is a correlation between the orientation of the hedgerow, its 
latitude and the season that affects light interception within the 
different levels of the hedge (Trentacoste et al., 2015). 

Several parameters are involved in light interception by the plant, 
such as pruning technique, foliar angle (Valladares and Pearcy, 
1999; Fleck et al., 2003), leaf organization in the shoots (Niklas, 
1988; Takenaka, 1994) or the arrangement of the leaves within 
the canopy (Pearcy et al., 2004). Willaume et al. (2004) noted that 
architecture in apple trees such as foliar density and the location 
of twigs in the crown influence significantly the capacities of light 
interception. Hence, Rabe (2004) suggested pyramidal forms for 
canopies with reduced spacing between planted rows contrarily 
to open shapes as the cup shape in orchards with low density. 

Moreover, Tucker et al. (1994) have determined factors for citrus 
orchard that affect light interception in older trees, i.e., spacing 
between planted rows, canopy angle, tree height and orientation 
of planted rows. 

All these effects on light interception are not equally expressed 
according to the season. In the Mediterranean region, there are 
three important types of shoots produced in citrus trees during 
the growing season. The main type grows in late winter or 
early spring (spring shoots), and two additional types grow at 
the end of June (summer shoots) and in September (autumn 
shoots) (Loussert, 1989; Li et al., 2010). The spring flush plays 
a determining role in the photosynthetic activity of the tree (more 
than 60 % of the new shoots) (Loussert, 1989). The spring flush 
is the most important for flower formation and flowering (Li et 
al., 2010; Zhang et al., 2011). The floral buds of sweet orange 
initiate their differentiation on spring shoots in March of the next 
year (Foster et al., 2007). In most cases, only vegetative shoots 
are formed in the summer and autumn (Li et al., 2010). 

In this investigation we compared the effects of two shapes of 
canopies in citrus trees: a pyramidal shape forming a continuous 
hedge and a ball shape of isolated trees. These effects were 
assessed on the vegetative and fruit development as well as the 
total amount of leaf chlorophyll of the “Washington Navel” 
citrus variety.

Materials and methods
The study was carried out in the region of Cap Bon (37° N, 10° 
E) which is known for its citrus orchards, using the “Washington 
navel” variety of Citrus sinensis. The orchard was four years 
old at the beginning of the experiment. The density of plantation 
was 873 trees ha-1 (3.5 x 3 m) oriented North-East. Two pruning 
techniques were tested: (i) A hedging forming a continuous 
pyramidal hedge, (ii) A cup pruning forming a ball shaped canopy. 
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These samples were considered as the control. For each type 
of pruning, measurements were performed during three years 
throughout the spring, summer and autumn development, on the 
8th, 9th and 10th year of the orchard. However, only results related 
to the development of the spring flush which is the most important 
for photosynthetic activity and flower formation and flowering, 
are presented in this paper.

Hedging: According to Odier (1978, cited by Monney et al. 1993) 
the hedge must have a form allowing an efficient sunshine. The 
hedge is defined by its height (H), its width (l) and an angle (α: 
10 to 20) (Fig.1). 

The height was determined by the formula H = L / tg(α) where: 
H = 2m 65 cm determined according to the latitude of the region 
and the required length L [L: width allowing the passage of 
mechanical machines (L = 2 m), ʎ: latitude of the region (Cap 
Bon: α = 37°)].

The width of the base of the hedge (l) was determined by the 
formula: l = E – L, where: [E: spacing between rows (E = 3.5 
m) and [L: width allowing the passage of mechanical machines 
(L = 2 m)] 

Pruning consisted of cutting vegetative growth that developed 
beyond the desired shape. The vegetation which developed on 
the plantation line and between trees was slightly cut whereas 
extensions were not cut in order to obtain a continuous hedge 
with NE/SW orientation.

The ball shape: Control was aimed to obtain a low, solid and airy 
frame with a limited number of large branches (three to four). 
These criteria were achieved in a lowered ball with short trunk 
and foliage at low height.

Nine citrus trees of each pruning treatments were randomly 
divided into three groups. On the South-East (S/E) and North-

West (N/W) sides of the tree, three branches at specific height 
were marked for future measurements (twice a month). This 
method enabled us to reconstitute a posteriori dynamics of 
installation of the spring growth for both types of treatments. For 
chlorophyll analysis, leaves from both fruiting and non-fruiting 
shoots on both sides of the canopy (S/E and N/W) were sampled.

Vegetative development: The average number of new shoots 
(ANS), the average elongation of new shoots (AES) and the 
average leaf area (ALA) were determined. The average number 
of new shoots (ANSi) was regularly determined (twice a month at 
date ti) for both control and treatment trees, as well as the average 
elongation of new shoots (AESi). The shoots growth rate (twice 
a month at date ti) was calculated as follow: 

SGRi = (AESi – AESi-1) / (ti – ti-1) 

Fruit development: Average number of blooming flowers 
(ANF), the average number of set fruit (ASF), and, after June 
drop, the average number of fruits (ANFr) per branch as well as 
the fruit yield per tree (AFY) and fruit size (S) [To better illustrate 
the quality of the sampled fruits, we classified fruits into two 
categories for each type of pruning: first category (S1: size > 75 
mm) and second one (S2: size < 75 mm)] was determined. All 
along maturation process, we followed the different development 
stages of the fruits. 

Total chlorophyll (TC): Total chlorophyll content (mg/g fresh 
weight) of bearing fruit shoots and non-bearing fruit shoots was 
determined according to the method of Mac Kinney (1941). 
Absorbance was determined using a “Bauch & Lambert” 
spectrometer at a wave length of 652 nm.

Statistical analysis: Variance analysis (ANOVA) using SAS 
software (Statistical Analysis System) was performed to compare 
the effect of pruning type (hedge or ball shape) on the vegetative, 
fruit development and total chlorophyll content taking into 
consideration parameters such as orientation of the side of tree 
(S/E and N/W) and year of measurement, as well as the interaction 
between these parameters.

Results and Discussion 
The response of the tree using two pruning techniques was 
assessed. Different ways of tree vegetative growth organization 
could affect light interception and inflence photosynthetic trend 
and carbon levels. These parameters were described using 
vegetative growth of trees and the fruit development.

Vegetative development 

The statistical analysis showed a highly significant effect of the 
treatment (P<0.01). The effect of pruning technique and canopy 
shape on the cumulative average number of spring shoots, on the 
average elongation of spring shoots and on the average foliar area 
of spring shoots is presented in Table 1. 

Average number of shoots (ANS): Statistical analysis revealed 
two distinct groups. The first with the highest ANS (7.2) per 
branch represented the hedging effect, whereas the control 
formed the second group with an ANS of 4.18 per branch 
(Table 1). Furthermore, the treatment exhibited a significant 
difference between ANS oriented S/E and N/W, with 9.88 and 
4.51, respectively. The values were higher than that found with Fig. 1. Dimensions of the fruit-bearing hedge
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the control S/E and N/W, i.e., 4.25 and 4.11 shoots, respectively 
(Table 1). There was also a significant interaction between the 
pruning type and the year on the average number of shoots / 
branch. The ANS increased significantly for the treatment as the 
years passed, contrarily to the control (4.44; 6.94; 10.22 and 3.22; 
4.61; 4.72, respectively) (Table 1).

Average elongation of shoots (AES): Results indicated two 
significantly different groups. The first one presented an AES 
of 36.75 cm per branch and corresponded to hedging, whereas 
the control was associated to the second group with an AES of 
18.59 cm (Table 1). Besides, the treatment in S/E side showed 
the highest AES (50.85 cm) compared to the N/W side (22.63 
cm), whereas the control displayed values of 17.34 and 19.83 
cm in the S/E and N/W sides, respectively (Table 1). There was 
no significant interaction between pruning type and the year for 
AES (Table 1). 

Average leaf area (ALA): The higher ALA (366.55 cm2) per 
branch was represented by the treatment as compared to the 
control (124.22 cm2) (Table 1). Furthermore, the treatment resulted 
in higher average values for ALA in the S/E side compared to 
the N/W side (437.73 cm2 and 259.36 cm2, respectively). For the 
control, ALA values were 92.93 for the S/E side and 155.50 cm2 
for the N/W side (Table 1). Pruning type and year interaction was 
not significant (Table 1).   

Shoot growth: The variation in number of growing shoots 
presented a bell-shaped curve for both control and treatment 
(Fig. 2). Significant differences were noted between cumulative 
number of shoots, with the highest value (9.88 per branch) 
observed for the treatment in the S/E side of the canopy (Table 
1 and Fig. 2). Variations in spring shoots elongation showed a 
sigmoid-shaped growth for both control and treatment at S/E and 
N/W sides, with an exponential phase at the beginning of spring. 
The final shoot length of the hedging differed from the control 
with the highest value for the treatment in the S/E side of the 
canopy (50.85 cm per branch) (Table 1 and Fig. 3). Growth rates 
suggested a similar trend and are illustrated in Fig. 4. Increased 
growth rates during spring reached a maximum at the end of 

February – beginning of March, then decreased to zero at the 
beginning of May. Greater significant differences between 
control and treatment for the maximum values of growth rate 
were noted. The maximum activity of shoots elongation (8.94 
mm day-1) was observed for the treatment (S/E) at the end 
of February against 4.66 mm day-1 for N/W. Control showed 
a growth rate of 3.81 mm day-1 and 4.67 mm day-1 (S/E 
and N/W sides, respectively), independently of the years, 
suggesting that the final shoot length seems to be correlated 
to the average growth rate and duration of growing period. 
Statistical analysis put in evidence a positive effect of the 
treatment and orientation on the final shoots elongation, and 
thus on the elongation rate (Table 1). 

The impact of the pruning and foliage shape and porosity of 
the canopy were significant on the vegetative development of 
the tree (Tucker et al., 1991; Germana et al., 2004). Hedging 
appeared to provide greater number of shoots and the higher 
shoot elongation and leaf area in comparison to the control. 
Several studies showed that the efficiency of interception 
of the light is largely dependent on the foliar density within 

the canopy (Robinson, 1997; Tustin et al., 2001; Willaume et 
al., 2004; Trentacoste et al., 2015) and the shape of the hedge 
(Connor, 2006, Olesen et al., 2007, Stéphan et al., 2007 and 
Trentacoste et al., 2015). Like all the species of the Citrus genus, 
Navels are evergreen trees enabling it to preserve a photosynthetic 
activity throughout the year (Jacquemond et al., 2013; Zhang 
et al., 2014). Some differences in the growth rate were also 
observed between both, ways of pruning in one hand and tree 
orientation on the other hand. In this study, growth rate seems to 
be a decisive factor explaining the differences in the final length 
of spring shoots. Massonnet (2004) reported the same conclusion 
for apple trees. Furthermore, the hedge on the S/E showed a 
higher growth speed and a more important cumulative number 
of shoots and final shoot length compared to the N/W side. These 
results would suggest that the orientation of the hedgerow can 

Table 1: Effect of pruning on vegetative growth

ANS AES (cm) ALA (cm2)
(Treatment) ** ** **
Treatment 7.2 a 36.75 a 366.65 a
Control 4.18 a 18.59 b 124.22 b
(Treatment x Orientation) ** ** *
Treatment (S/E) 9.88 ± 1.50 50.85 ± 7.42 437.73 ± 81.06
Treatment (N/W) 4.51 ± 0.84 22.63 ± 4.15 259.36 ± 69.68
Control (S/E) 4.25 ± 2.25 17.34 ± 3.40 92.93 ± 18.53
Control (N/W) 4.11 ± 0.75 19.83 ± 3.17 155.50 ± 28.01
(Treatment x Year) * ns ns
Treatment (1st  year) 4.44  ± 0.78 27.87 ± 5.02 254.11 ± 48.32
Treatment (2nd year) 6.94 ± 1.25 39.97 ± 10 450.21 ± 95.83
Treatment (3rd year) 10.22 ± 1.79 42.38 ± 7.36 395.33 ± 92.90
Control (1st year) 3.22 ± 0.56 12.09 ± 2.09 76.30 ± 16.23
Control (2nd year) 4.61 ± 0.71 23.66 ± 4.19 171.48 ± 30.80
Control (3rd  year) 4.72 ± 0.49 20.01 ± 1.99 124.85 ± 19.61
Means within a column followed by different letters are significantly different 
(P < 0.05) (ns): no significant (*): significant variation (P<0.05)  (**): highly 
significant variation (P<0.01) The ANOVA Procedure Tests t (LSD)

Fig. 2. Variation in the average shoot number as a function of time

Fig. 3. Variation in average shoot length as a function of time
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significantly influence light interception (Trentacoste et al., 
2015). Moreover, the obtained results indicated that NE/SW 
orientation affects light interception of the S/E side depending 
on the season. Indeed, during winter and on the equinoxes, the 
light interception on the sides decreases linearly with the depth 
of the canopy whereas during summer, there is only a slight 
variation on the sides for depth up to 2m (H/L ≤ 0.66) and 
decreases linearly for more important depth. Light interception 
on the N/W side of the hedgerow takes place essentially during 
summer and on the equinoxes and it decreases gradually with the 
depth of the canopy. Moreover, the transmission of radiation from 
the sunlight is very sensitive to the orientation of the hedgerow 
and the structure of the foliage. The porosity of hedges however 
has little influence over the transmission of radiation for the 
N/S orientation. Wheaton et al. (1993) showed that the E/W 
orientation showed an increase of the radiation of 200 % during 
winter on the shaded side for a 30 % porosity.  For the NE/SW 
orientation, the effect was intermediate. Cohen and Fuschs (1987), 
Cohen et al. (1987) and Trentacoste et al. (2015) recommended an 
appropriate orientation allowing optimized sunshine diffusion in 
inclined hedges. Photosynthesis and biomass production are under 
the influence of many environmental parameters especially light 
and canopy structure (Hopkins, 2003; Trentacoste et al., 2015) 
in high-density plantings where leaves overshadow mutually. 
The shadow decreases the overall efficiency of light interception 
(Hopkins, 2003). Thus, shaded zones are more important in the 
ball shapes than in the hedge ones where the slope angle leads 
to a better light exposition, to enhance vegetative development 
in hedged shape.

Fruit development
Statistical analysis did not indicate significant effect of the 
treatment on the average number of flowers and fruit set (Table 2). 

Average number of flowers (ANF): There was no significant 
effect of the type of pruning on the ANF per branch (Table 2). It 
was noted that the control had the higher ANF, precisely in the 
S/E side with 71.31 whereas the treatment had 51.07 flowers. 
No significant interaction between pruning type and the year 
was found (Table 2).

Average of set fruit (ASF): Significant differences for set 

fruit per branch were observed for the control and hedged trees 
(Table 2). No significant difference between type of pruning and 
orientation interaction was found. However, the control resulted 
in the higher ASF in the N/W side i.e. 9.09 against 4.37 for the 
treatment (Table 2). We noted a significant difference between 
type of pruning and the year on the ASF (Table 2). Indeed, the 
hedging improved the ASF per branch through the years (2.77; 
7.77; 6.72) as compared to control (9.78; 6.66; 9.47). 

Average number of fruits (ANFr): There was no significant 
difference between type of pruning and control (0.76 and 0.64 
per branch, respectively) as well as the interaction of treatment 
and orientation effect on the ANFr. Nevertheless, the treatment 
presented the highest value in the S/E side (0.96 fruit per branch) 
as compared to the control which gave only 0.74 fruits (Table 2). 
Interaction between pruning type and  year wasn’t significant on 
the ANFr (Table 2). 

Average fruits yield (AFY):  Statistical analysis didn’t show 
significant difference as for the AFY for both 
types of pruning (treatment and control, i.e. 
9.12 and 10.52 kg/tree, respectively). However, 
if considering that the trees of the treatment 
underwent a more severe pruning than the 
control, hence the canopy volume of the hedge 
pruned trees was smaller than the ball shaped 
trees, and taking into account that the final 
shape was not yet reached in the treatment, we 
can suggest that the AFY is relatively enhanced 
for the treatment (Table 2). There was no 
significant interaction between pruning type / 
year. However, fruits yield per tree increased 
during the three years of experimentation for 
the treatment (7.12; 9.2; 11.04 kg/tree) whereas 
the control showed an alternation in the fruits 
production (8; 13.06; 10.5 kg/tree) (Table 2). 

Fruit size: Fruit size varied as the orientation 

Table 2. Effect of pruning on fruiting 
ANF ASF ANFr Yield/tree (kg)

(Treatment) ns * ns ns
Treatment 44.09 a 5.75 b 0.64 a 9.12 a
Control 57.09 a 8.63 a 0.76 a 10.51 a
(Treatment x Orientation) ns ns ns
Treatment (S/E) 51.07 ± 22.00 7.14 ± 3.89 0.96 ± 0.53
Treatment (N/W) 37.11 ± 23.84 4.37 ± 4.86 0.63 ± 0.30
Control (S/E) 71.31 ± 28.49 8.18 ± 3.57 0.74 ± 0.52
Control (N/W) 43.26 ± 22.56 9.09 ± 3.15 0.55 ± 0.32
(Treatment x Year) ns * ns ns
Treatment (1st year) 39.94 ± 26.94 2.77 ± 0.75 0.49 ± 0.45 7.12 ± 2.3
Treatment (2nd  year) 48.39 ± 25.7 7.77 ± 1.98 0.78 ± 0.17 9.20 ± 3.0
Treatment (3rd  year) 44.94 ± 20.43 6.72 ± 1.13 1.11 ± 0.50 11.04 ± 3.5
Control (1st year) 37.55 ± 20.65 9.78 ± 0.7 0.27 ± 0.25 8.00 ± 2.60
Control (2nd  year) 75.72 ± 31.53 6.66 ± 1.51 0.94 ± 0.82 13.06 ± 4.60
Control (3rd  year) 58.61 ± 22.91 9.47 ± 0.71 0.72 ± 0.25 10.50 ± 3.50
Means within a column followed by different letters are significantly different (P < 0.05) (ns): 
no significant (*): significant variation (P<0.05)  (**): highly significant variation (P<0.01) 
The ANOVA Procedure Tests t (LSD)

Fig. 4. Variation in elongation rate as a function of time

Fig. 5. Percentage of fruits with size > 75 mm
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changed for both kinds of pruning. Indeed, S/E side allowed more 
fruits of S1 size (> 75 mm). However, the difference of percentage 
of S1 and S2 (< 75 mm) fruits between both orientations was more 
emphasized in the control. The control showed a percentage of 
S1 fruits of 60 % in the S/E side against 57 % in the N/W side in 
the first year; in the second year this percentage reached 96 and 
86 % respectively; during the third year values were 96.7 and 85 
%, respectively. Thus, the difference between both orientations 
was 3, 10  and finally 11.7 %; whereas differences obtained with 
the treatment were 2, 5  and 3.4 % during the first, second and 
third year, respectively (Fig. 5). 

Fruits development stages: The maturation of the fruits started 
earlier in the year in treatment than the control. The full flowering, 
fruit set, veraison and the maturity of the fruits occurred earlier 
for the treatment than the control (Fig. 6).

It is reported that tree productivity depends on the structure and 
growth of its aerial system (Lespinasse, 1977; Costes et al., 
2003). Increased level of photosynthetic activities appeared to 
be closely associated with higher percentage of soil covers with 
thick canopies in the orchards of citrus trees (ball shaped trees) 
and with a maximal foliar area index. Furthermore, when the 
canopy is inclined, light penetration is improved, which ensures 
a productivity all along the hedge (Cohen et al., 1987). The mean 
number of fruits per branch, with reduced canopy volume of the 
tree, was not significant for conventional and hedging. Indeed, 
according to Grossman and Dejon (1998) the radiation increases 
the dry plant matter but the fruit production does not necessarily 
increase with the radiation increase. Besides, the treatment 
provided higher number of fruits, precisely in the S/E side of 
the tree. These results are consistent with the results presented 
by Tombesi and Cartechini (1986). Moreover, the fruit maturity 
in the treatment occurred earlier in the year than the control. 
This result could be ascribed to a better light interception in 
the hedge-shape trees than in the ball-shaped ones, which is in 
agreement with the results of Wheaton et al. (1993) and Rabe 
(2004). As in citrus trees, the best photosynthetic efficiency is 
reached with a PAR (Photosynthetically Active Radiation) of 
30 %. However, light levels decrease below the optimum when 
diffusing at least at 100 cm inside the foliage (depending on 
the foliage density), with the creation of very shaded and dark 
(hence non-productive) zones (Rabe, 2004). Foliar density of the 
canopy turns out to be an essential parameter with regard to the 

efficiency of light interception (Robinson, 1997; Tustin et al., 
2001). Hence, we can easily put in evidence the positive effect of 
a good sunlight on the fruits. Indeed, we observed better number 
of fruits and the fruit yield per tree in the treatment in spite of 
the decrease of the canopy volume as result of the relative severe 
pruning compared to the control. Fuits yield are dependent on the 
luminous microclimate inside the canopy, and subsequently on the 
total light interception (Jackson, 1980; Palmer, 1989; Robinson 
and Lakso, 1991). According to Lakso (1980), Robinson et al. 
(1983) and Awad et al. (2001), the lack of sunlight has a negative 
impact on the fruits yield. If we extrapolate, the fruits yield of the 
treatment (9.12 kg/tree) with a density of 873 trees ha-1, it should 
be of 7961.76 kg ha-1, whereas it should be 4376.32 kg ha-1 for 
the control (10.52 kg/tree) with a density of 416 trees ha-1; yet, 
this density is the most common in the regions of culture of citrus 
trees, with a ball-shaped canopy. Nevertheless, only a hedge shape 
is acceptable if we consider a higher density. Hopkins (2003) 
reported that the perfect canopy allows an optimal efficiency of 
light interception by modulating leaf area and taking into account 
leaf insertion angle, planting density and senescence of the oldest 
leaves. Besides, the economic advantage with a more suitable 
density would be represented by an enhanced yield (Rabe, 2004). 

Total chlorophyll content (TC): Pruning did not show a 
significant effect on total chlorophyll content of non-bearing fruit 
shoots and bearing fruit shoots (Table 3). Orientation and type of 
pruning significantly affected chlorophyll content of non-bearing 
fruit shoots and bearing fruit shoots. The treatment showed a 
lesser difference of TC of non-bearing fruit shoots between both 
orientations S/E and N/W (1.75 and 1.51 mg. g-1, respectively) 
than for the control (1.20 and 1.57 mg. g-1, respectively). The 
treatment did not show any significant difference in TC of bearing 
fruit shoots between both orientations (S/E and N/W, i.e. 1.57 
and 1.51 mg. g-1, respectively). However, the control exhibited 
an significant difference between both orientations (i.e. 1.97 mg 
g-1 for S/E side and 1.37 mg. g-1 for N/W side. Total chlorophyll 
content of non-bearing fruit shoots and bearing fruit shoots 
was not affected by the interaction pruning type x year. Many 
functions such as photosynthetic activity, transpiration and the 
energy equilibrium inside the leaf are under the influence of the 
arrangement of leaves in the branch (Pearcy and Yang, 1996). 
Thus, the photosynthetic activity will depend on: 1) the amount of 
intercepted light, 2) the anatomy and 3) the biochemical reactions 
of the leaf (Roggy et al., 2005). The photosynthetic capacity of 

Fig. 6. Fruits development stages as influenced by treatments
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the leaves can be predicted precisely using a combination of 
architectural and biochemical foliar parameters (Enriquez et al., 
1996; Reich et al., 1999). It depends significantly on the amounts 
of chlorophyll and nitrogen in the leaf (Evans, 1989; Garnier et 
al., 1999). Bailey et al. (2001) working on Arabidopsis thaliana, 
reported that the increase of luminous intensity depends on the 
thickening of the limb and on the increase of the number of 
chloroplasts because of the palissadic parenchyma distributed on 
different cellular layers. Chlorophyll content in this experiment 
was affected by the type of pruning and therefore by the tree 
shape. Indeed, the pyramidal shape showed no significant 
difference between both sides of the tree contrarily to the ball 
shape. 

The trial of hedging citrus trees of the “Washington navel” variety 
suggested a positive effect on the chlorophyll amount, vegetative 
development and productivity, with a higher planting density of 
873 plants ha-1.
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