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Abstract - High density of planting can lead to a decrease of the sunlight inside the canopy resulting in
a decline of productivity. Hedging could constitute a good solution to resolve this problem. This
experiment, was conducted during three years to compare the effect of two types of pruning on
“Washington Navel” Citrus trees, i.e., the hedging and traditional one (ball shape), with a density of
planting of 952 plants/ha. Results indicated that hedging decreased the chlorophyll change content of
non-bearing fruits shoots between both sides, i.e., the sunniest one (S/E) and the most shaded one (N/W)
with 1.751 and 1.510 mg/g, respectively. Indeed, compared with classic pruning, the mean values
registered were 1.208 (S/E) and 1.572 mg/g (N/W). The hedging didn't show significant difference
between both sides as for the chlorophyll content of the bearing fruits shoots (S/E: 1.574 and N/W: 1.510
mg/g). However, an important difference was observed for the control trees (bearing fruits shoots)
between both sides (S/E: 1.975 mg/g; N/W: 1.375 mg/g). Hedging led to an optimal mineral status and
a C/N ratio of 4.37 at the end of the experiment, whereas that of the control was 7.

Keywords: Citrus Orchard; Hedgerow Orchard; Radiation; High Density Planting, Pruning,
chlorophyll, Foliar analysis

1. Introduction

Yield and fruit quality in the orchards is the result of the genetic pool obtained by the association variety
— rootstock, the environment and the technical method (Plénet et al., 2010). The orchards with fruits
bearing trees and hedge-shaped were especially conceived to reduce the costs by facilitating the
mechanization of the pruning and the harvest as well as to improve the sunshine inside the canopy
(Trentacoste et al., 2015). 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
etal., 2015).

Several parameters are involved in light interception by the plant; such as pruning method , foliar angle
(Valladares and Pearcy, 1999; Fleck et al., 2003), leaves 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) reported that apple architecture related to foliar density and location of twigs in the crown
influences significantly the capacities of light interception. Rabe (2004) suggested pyramidal forms for
canopies with reduced spacing between planted rows contrarily to open shape having low density.
Moreover, Tucker et al. (1994) reported that light interception in older citrus trees was affected by
several factors, such as spacing between planted rows, canopy angle, trees height and orientation of
planted rows.

However, a severe pruning such as the hedging may cause an imbalance in the mineral and the carbon
nutrition of the tree (Loussert, 1989). Furthermore, the variation in the light interception inside the
canopy could influence the chlorophyll content within the leaves (Hopkins, 2003).

In this experiment 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 total
amount of leaf chlorophyll and the mineral status of the "Washington Navel” citrus variety.
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2. Material and Methods

The study was carried out in the region of Cap Bon (37° N, 10° E) considered as the main cultivation
citrus area in Tunisia. The region has a cold semi-arid climate mitigated by the sea. The "Washington
navel" variety of Citrus sinensis was used in this experiment and was grafted on Citrus aurantium
rootstok. The orchard was four years old at the beginning of the experiment. The plantation density is
952 trees/ha with 3.5m x 3 m spacing. Two pruning methods were applied: (i) a hedging forming a
continuous pyramidal hedge indicated as treatment; (ii) an open vase which is the traditional pruning
for Citrus in the region, forming a ball shaped canopy as control. For each type of pruning, measurements
were performed during three years throughout the spring, summer and autumn development, on the 8™,
9" and 10" year old of the orchard. However, only results related to the development of the spring flush
which is the most important under Mediterranean climate for photosynthetic activity, are presented in
this paper.

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

The height is determined by the formula H =L / tg(a)) 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), &: latitude of the region (Cap Bon: o = 37°)].

The basal width of the hedge (I) is determined by the formula: | = E — L, where: [E: spacing between
rows (E= 3.5 m) and | = 1.5 m for the required length]

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

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

1 (1.5m) L(2m)

Figure 1: Dimensions of the fruit-bearing hedge
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Total chlorophyll amount (TC)

Nine citrus trees of each pruning treatments were randomly divided into three groups. For chlorophyll
analysis, leaves from both fruiting and non-fruiting shoots on both sides of the canopy (S/E and N/W)
were sampled. The total Chlorophyll amount (TC) (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 & Lamber" spectrometer at a wave length (£) of 652 nm.

Foliar mineral content analysis

Leaves were sampled at the beginning of September, and were six to eight months old. They were
obtained from their spring shoots of the same year. Leaves were cut from branches bearing fruits at their
extremity, at human height, on the periphery and on the S/E side of the tree. The following parameters
were assessed: nitrogen content by the Kjeldhal method, phosphorus content by spectrophotometry,
calcium and potassium content by flame photometry, Fe and Zn contents using atomic absorption
spectrophotometer.

Statistical analysis

Data were subjected to variance analysis (ANOVA) using SAS software (Statistical Analysis System)
to compare the effect of pruning type (hedge or ball shape) on the total Chlorophyll amount and mineral
status. Also, the effect of the side orientation of the tree (S/E and N/W), year of measurement and their
interaction were checked.

3. Results and Discussion

Total chlorophyll content (TC): Pruning did not affected the total chlorophyll content of non-bearing
fruit shoots and bearing fruit shoots (Table 1). However, orientation and type of pruning affected
significantly chlorophyll content of non-bearing fruit shoots and bearing fruit shoots (Table 1). 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™, respectively) than for the control (1.20 and 1.57 mg. g, respectively)
(Table 2). The treatment did not show any significant difference between both orientations of TC of
bearing fruit shoots (S/E and N/W, i.e. 1.57 and 1.51 mg. g, respectively). However, the control showed
an important difference between both orientations (i.e. 1.97 mg. g™ for S/E side and 1.37 mg. g™ for
N/W side) (Table 1). Total chlorophyll amount of non-bearing fruit shoots and bearing fruit shoots was
not significantly affected by the interaction pruning type / year (Table 1). 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 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
traditional ball shape.
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Table 1: Effect of pruning on total chlorophyll amount

Vegetative shoots TC (mg/g fw) Fruits-bearing shoots TC (mg/g fw)
(Treatment) ns ns
Treatment 1.631a 1542 a
Control 1390 a 1.666 a
(Treatment X Orientation) * **
Treatment (S/E) 1.750 £ 0.03 1.574 £0.02
Treatment (N/W) 1.510 £0.02 1.510 £0.02
Control (S/E) 1.208 + 0.01 1.975 £ 0.02
Control (N/W) 1.572 £0.02 1.357 £ 0.40
(Treatment X Year) ns ns
Treatment (1% year) 1.610+£0.12 1.530+0.2
Treatment (2" year) 1.520 +0.15 1.430+0.18
Treatment (3™ year) 1.750 £ 0.2 1.650 +0.15
Control (1% year) 1.380+0.18 1.630+0.2
Control (2" year) 1.300 £0.17 1.540 +0.15
Control (3 year) 1.480 +0.25 1.800 +0.22

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 Test de Student-Newman-Keuls

Foliar analysis: Foliar analysis showed that nitrogen, phosphorus, potassium, calcium, zinc and iron
contents were optimum for both types of pruning (control and hedging) throughout the whole period of
the experiment, as compared to the standards of Chapman (1968). Nitrogen content of hedge-shaped
trees varied between 2.48 and 2.52 % on the 8th and 10th year, respectively. As regard to the control
trees, values varied from 2.43 to 2.50 %. All these values are optimum (Table 2). Indeed, a nitrogen
content of 2.4 to 2.6 % in the leaf is considered as satisfactory in order to obtain a good yield with a
good quality (Embleton et al., 1978). Koo et al. (1974) put in evidence in "Bearss" Citrus trees that the
increase in the nitrogen content in the leaf enhances the fruits yield; they suggest a nitrogen content of
2.2 to 2.6 % in order to obtain an optimum production in the climatic conditions of Floride. As well,
Jones and Creec (1970) reported that a nitrogen content ranging between 2.2 to 2.5 % should be
maintained for an optimum yield. However, hedging had a significant effect on the carbon content as
well as on the C/N ratio. This quotient increased for both types of pruning (control and treatment)
between the 8" and the 10" year, with the highest value observed in the control at the 10" year with 7.6
(Table 2). This could be explained by the relative severe pruning whit the hedge shape in comparison to
the ball shape, since the big twigs cut during hedging constitute the ripened wood which has more carbon
than the young branches. This report is in agreement with the hypothesis reported by Loussert (1989).
As well, Pittaway (2002) stated that a change in the tree architecture by the pruning or the tying up can
affect the C/N ratio.

Potassium content varied from 0.9 to 1.02 % between the 8th and the 10th year for the treatment and
between 0.8 to 1 for the control, respectively (Table 2). These values are optimum as compared to the
standards established by Chapman (1969). Potassium has an essential role in the formation, growth and
quality of fruits. Indeed, a correct nutrition of the Citrus orchard with potash improves the fructification
yield, the fruit size and the organoleptic quality (taste, sweetness), and the colour (epidermis more
intensively coloured) (Loussert, 1989).

Phosphorous content is optimum for the treatment (hedging) as well as for the control (ball shape), for
the 8" and the 10" year (Table 2). However, statistical analysis showed a higher value for the treatment
at the 10" year in comparison to the control. In spite of the low phosphorous outputs by the fruits,
phosphorous remains an important mineral compound leaving in the complex process of mineral
nutrition of Citrus (Loussert, 1989).

Treatment and control showed an optimum iron content at the 8" and the 10" year (Figure 4).
Nevertheless, statistical analysis put in evidence a higher iron content for the treatment as compared to
the control, which could be related to the chlorophyll content of the tree. Indeed, according to Hopkins
(2003), an iron deficiency results in a decrease of chlorophyll content since iron intervenes in the
biosynthesis of chlorophyill.

Hedging didn't show significant effect on the zinc and calcium contents of the tree. Values are optimum
compared to the standards of Chapman (Table 2).
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Table 2: Effect of pruning on the mineral status
% C % N C/N % P % K Fe (ppm) Zn (ppm) % Ca

(Treatment) *x ns ** ns ** ns ns
Treatment 10.8b 2.50 431  0.159a 1.01 113.5a 59.0 4.0
Control 18.0a 2.47 729  0.141b 0.85 102.5b 573 3.8
(Treatment X Year) ** ns ** ns * ns ns
Treatment (8 year) 10.6¢ 2.48 4.27 0.133c 0.90 100c 57 3.7
Treatment (10" year) 11.0b 2.52 4.36 0.186a 1.02 127a 61 4.0
Control (8" year) 17.0c 2.43 7.0 0.130c 0.8 95¢ 55 3.8
Control (10" year) 19.0a 2.52 7.6 0.153b 1.0 110b 60 4.2

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 Test t (LSD)

4. Conclusion

Leaf analysis put in evidence optimum contents for nitrogen, phosphorus, potassium, calcium, zinc and
iron, for both types of pruning (treatment and control) all along the experiment, as compared to the
standards of Chapman (1968). However, statistical analysis showed that iron content was superior in the
treatment, which could affect positively the chlorophyll content of the tree as stated by Hopkins (2003).
In this case, productivity will be enhanced as correlated to the chlorophyll content.
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