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ABSTRACT

Efficiency management of the canopy architecture of fruit trees such as cashew (4dnacardium
occidentale L.) is important to increase their productivity. In this study, the effects of branch
position and pruning intensity on vegetative and fruit-bearing growth of cashew tree were
investigated. In this context, the design of complete randomization with three replicates of two
factors (i) pruning severity (removal of 3 growth units (GUs), removal of 6 GUs and removal
of 9 GUs), and (ii) branch position (Position A: pruning carried out at the apical part of the
canopy, Position B: pruning carried out at the basal part of the canopy, and Position M: pruning
from the middle) was used. A total of 12 trees was randomly sampled in an orchard of one
hectare. On each tree, 15 axes were pruned randomly, with five axes per branch position. One
of the three pruning severity modalities was applied to each position and alternated on the other
positions in subsequent replications. Biomass and new budburst appearance were measured
weekly, and parameters related to flowering and fruiting were collected. The results indicated
that pruning promotes vegetative growth of cashew trees, increases the number and intensity
of bud bursts and influences the morphology of the daughter GUs produced. Although the best
budburst rates were obtained with lower severity, this trend was reversed over time with the
biomass produced. The best productions were obtained with the removal of 9 GUs at the level
of the basitone and acrotone branches. Apical GUs produced more than lateral GUs. Unlike the
biomass produced, the best results on flowering and fruiting were obtained with moderate
severity at the top of the tree. This study improves the understanding of the cashew tree’s
response to pruning, revealing the intricate relationship between branch position, pruning
intensity and vegetative growth. This information is necessary for optimizing the growth and
yield of the cashew tree through the practice of pruning.
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INTRODUCTION

The cashew tree (Anacardium occidentale L.) is a native of tropical America from
Mexico to Peru and Brazil and of the West Indies as well [1], and it has become naturalized in
coastal areas of many tropical countries [2]. It was introduced in the West African coasts around
the 15th century as an ornamental plant and for fixing dunes. Nowadays, it is a booming cash
crop after cotton and represents an opportunity for Africa through the export of its nuts [3, 4,
5]. Thus, between the years 2011 and 2018, raw cashew nut production in Africa increased
from 1 million tons to 1.8 million tons with an annual growth of 5.8%, half of which was
produced by Ivory Coast [6]. Its presence in Benin dates back to the 17th century and the
organization of production began in the 1960s [7]. Cashew is one of the most exported
agricultural products in Benin Republic with high economic value beside cotton. For instance,
from 36,487 tons of raw nuts in 2001, Benin total exports reached 140,000 tons in 2018 [8]. As
for the areas of cashew plantations, they increased from 10,000 hectares to 190,000 hectares
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between the years 1990 and 2010 [9, 10]. In 2015, the cashew tree became the second export
product and the third pillar of the Benin economy. Recently, cashew is ranked second in terms
of export earnings in Benin [11], with production and cultivated area estimated in 2021 at
150,414 tons and 406,893 ha [12]. With these trends, the Republic of Benin has been classified
among the top ten world cashew producers with 2% of world production [13]. Development of
the cashew value chains improves income generation and significantly increases the local and
national economy [ 14, 15]. Although Benin has shown increasing cashew nut production over
the years and has favorable and productive land for cashew tree cultivation, several constraints
constitute a limitation to its full expansion. Hence, the productivity of cashew orchards in Benin
remains relatively low. Indeed, while countries like India, Tanzania, Brazil and Vietnam have
cashew nut production per tree varying between 10 kg and 15 kg [16], cashew nut production
per tree in Benin, is around 5 kg [17]. In addition, cashew nut yields from existing plantations
have gradually declined over recent cropping years [10, 14]. Obviously, the improvement of
cashew nut production observed in Benin Republic may be due to the increase in the cultivated
area because of the establishment of new plantations.

Improving fruit tree productivity in general and that of cashew in particular, requires the
use of good crop management practices (plant material, sowing method, planting density,
trellising, arching, pruning, etc.) [18, 19, 20]. Hence, various studies have been carried out to
understand the biotic and abiotic factors, as well as agronomic practices that determine the
productivity of the cashew tree, and suggested solutions to improve the performance of cashew
plantations [10, 14, 21, 22, 23, 24]. Among these practices, there is pruning, which is a cultural
operation, carried out with the aim of improving the performance of the pruned tree in terms
of efficiency of light interception, vegetative and fruit-bearing growth [25, 26, 27]. Pruning is
an important orchard management that helps to obtain the desired tree shape, to get rid of
infected branches and to obtain a better yield of fruit [22, 28, 29, 30]. However, according to
other authors, fruit tree pruning can also lead to yield reduction that may be caused by the
decrease of the leaf area, the reduction in the number of branches that could bear fruit and the
loss of elaborate serf contained in the removed axes [31]. Decreasing yields are generally
observed the following year after pruning [32, 33, 34, 35]. It has been shown that such reduction
in yield is proportional to the intensity of pruning [36], and quality of the pruning operation
may also affect the quality of the fruits [37]. In Benin, cashew tree pruning is used by many
farmers. However, implementation of this agricultural operation in cashew farms does not
follow any recommendation and uniformity based on scientific evidence. This may partly
explain the low productivity level of cashew plantations in Benin Republic. Studies on pruning
of fruit trees and its effects on the physiology and productivity of the trees were conducted in
temperate regions. Knowledge on the responses of tropical trees, especially cashew to pruning
are lacking. Indeed, cashew is a fast-growing woody perennial tree and if allowed to grow
naturally the canopy will be in irregular shape with low spreading branches. Orchards with
such trees are difficult to manage and will result in poor nut yield. Therefore cashew plants
should be meticulously pruned and trained from the beginning of their orchard life so as to
derive higher benefits from the trees in later years [38].

Moreover, previous studies on fruit tree pruning have mainly focused on variation in
yields between pruned and unpruned trees, without analyzing pruning effect on the vegetative
growth of fruit trees [37], specifically for cashew plantations. Furthermore, studies carried out
on the pruning of fruit trees have shown that pruning leads to a loss of biomass that the trees
tend to reproduce by stimulating vegetative growth [39, 40, 41]. This vegetative growth can
influence flowering and fruiting downstream [42]. It is clearly appeared that a better
understanding of the effect of pruning on yield necessarily requires a better understanding of
the effect of pruning on vegetative growth not only on the tree but also on some organs of the
plant like growth unit (GU).
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This study aimed at analyzing the effects of different pruning methods on the vegetative
growth and yield of cashew trees in order to identify pruning strategies that optimize cashew
tree growth and productivity.

MATERIALS AND METHODS

Study Area

The study was conducted in the municipality of N'Dali in the Northeast of Benin (9° 51
39" North, 2° 43" 05" East) (Figure 1). The area has a Sudano-Guinean type of climate and
characterized by a long rainy season from April to October follow by a long dry season from
November to March. The annual rainfall varies between 900 and 1,300 mm per year. The
average annual temperature is around 26°C with a maximum of 32°C in March and drops to
around 23°C in December-January. The relative humidity varies between 30 and 7.
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Figure 1: Localization of the study area

Experimental Design

The study was carried out between January and April 2021 in a cashew plantation
established in 2011, with a spacing of 10 m x 10 m. The plantation has been well maintained
and has never been fertilized. The last pruning operation in the orchard was in 2019, meaning
that the observed trees had not been pruned for the last two years before the experiment was
carried out, such a spare time is enough to avoid any potential long-term effect of the previous
pruning.

In Benin, the harvesting of cashew fruits starts from January and ends in April or May.
Pruning is carried out after the harvest between the months of May and July [9, 43]. Vegetative
recovery is characterized by the development of new growth units (GU) also known as
"daughter GU". GU represents the portions of the additional axes that have developed over an
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uninterrupted period [44]. The effect of pruning was evaluated on the growth of the plant axes
of order three, i.c. on the branches that bear flowers and fruits. Two factors were considered:
(1) the position of the branch at the level of the canopy and (ii) the severity of the pruning,
which was defined as the depth of pruning along the axis. For the position, three levels were
defined. The height of the canopy was measured and then divided into three equal parts (Figure
2), leading to the three pruning positions: Position A: apical part of the canopy, Position B:
basal part of the canopy, and Position M: middle part of the canopy. In practice, each part
corresponds to a branch position on the tree for physical delimitation. Position B represented
the branches located completely at the base of the canopy, that is, the basitone branches.
Position M represented the branches located in the middle and stands for the mesotonic
branches. Finally, position A represented the branches located at the top of the tree (acrotonic
branches). In other words, the three levels of the factor pruning position were: (i) position B:
where pruning was done on the basitone branches, (ii) position M: where pruning was carried
out on the mesotonic branches, and (iii) position A: where pruning was done on the acrotonic
branches. Similarly, for the factor pruning severity, three levels were defined: (i) S1: removal
of 3 GUs, (i1) S2: removal of 6 GUs, and (iii) S3: removal of 9 GUs.

Three trees were randomly selected, on which pruning severity was applied to for each
pruning position. For each position, five branches (specifically axis of order 3) were chosen
randomly. One of the three severity modalities (TS1, TS2 and TS3) was applied to the five
branches of each position. The treatment was repeated four times. Giving a total of 12 trees,
randomly distributed in the one-hectare plantation. For the whole experiment, 3 x 3 x 5 x4 =
180 branches were pruned.

Pruning was done by counting from the terminal GU along the axis to the number of GU
to be removed (3, 6 or 9 GUs according to the level of severity to be applied). The cut was
made at the junction between the N GU to be removed and the (N+1)™ GU along the axis. For
example, to remove 3 GUs, the cut was made at the junction of the third GU and the fourth GU
along the axis (Figure 3). In order to better understand the effect of pruning on the GUs, 12
other GUs including 6 lateral GUs and 6 apical GUs which had not undergone pruning were
randomly sampled around the pruned GUs of each tree and marked at the beginning of the
experiment. The unpruned GUs observed come either from the same branch (axis of order 3)
of the pruned GU, or from the axis of order 2 from which the branch of the pruned GU comes
from.

E&i‘i\m A(

Fovj'[ow M

Figure 2: Description of the different pruned positions .on the cashew tree
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Figure 3: Description of the removal of Growth Units

Data Collected
Vegetative growth between pruned and unpruned branches was monitored based on the
characteristics of the GUs. The diameter at the cut point of each GU was measured using
calipers. The fresh biomass removed from the tree per treatment was weighed. Leaf area (cm?)
of each removed branches was estimated from the section of the GU at the cutting point using
the allometric relationship for cashew in Benin (Equation 1) as determined by Akossou et al.
[45].
§0032 = 0,033 In(Ll) + 0.996 (where S= area, L = length, / = width of the leaf) (1)
Growth and development data were collected weekly in the plantation during the
vegetative growth period to monitor the recovery of the trees after pruning. The number of new
GUs (daughter GUs) produced at the level of pruned and unpruned GUs was collected. Axis
length, number of leaves, maximum length and width of the middle leaf were recorded for each
daughter GU. The surface area of each middle leaf was estimated using Equation 1. The leaf
area (LA;y) of each daughter GU was estimated as the product of leaf number (nLeaf) and
middle leaf area (LAy;p) (Equation 2). The total leaf area (LAror) produced by a pruned or
unpruned GU corresponds to the sum of the leaf areas of each daughter GU (Equation 3).
LAgy = nlLeaf x LAyp (2)

LAror = X LAgy 3)

At flowering, the number of inflorescences on the daughter GU, the number of lobes, the
number of male flowers, the number of hermaphroditic flowers and the number of sterile
flowers on the inflorescence carried by the GU daughter were counted.

Finally, at fruiting, the number of nuts and the quantity obtained on the axis carrying the
GU were collected.
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Data Analysis

Vegetative growth was described by three variables: (1) the occurrence of budburst, (2)
the intensity of budburst and (3) the leaf area produced by the monitored GU.

The occurrence of budburst was defined as a binary variable that can take two values: 1
if there was budburst and 0 otherwise. The GUs budburst rate of a given severity level or
modality corresponds to the number of GUs having budburst out of the total number of GUs
monitored for modality. Budburst intensity was described through the number of daughters
GUs produced by the GU, which can take values between 1 and n (n being a natural number).
The leaf area produced by the GU corresponds to the sum of the leaf areas of each daughter
GU.

Analyzes were performed with R software (version 4.3.0). The effects of pruned position,
pruning severity, and their two-way interactions (explanatory variables) were analyzed using
generalized linear models (GLM) on the following response variables: (i) budburst occurrence,
(i1) bud break intensity, (ii) morphology of daughter growth units (GUs), (iii) flowering
parameters of daughter growth units (GUs) and fruiting parameters of growth units (GUs). For
counted data, the Poisson error distribution was used, except where overdispersion was
observed. In the latter case, the Poisson distribution was replaced by the quasi-Poisson
distribution. The GLM analyzes were followed by a deviance analysis with the Chi2 test.
GLMs were based on the maximum likelihood method. When a significant effect of a factor
was observed, a mean comparison test was carried out using the Tukey method.

RESULT

Data Description

The key attributes of pruned branches categorized by their respective positions within
the canopy and the severity of the pruning were presented in Table 1. The provides
characteristics encompassed, the circumference of cut point, the amount of biomass removed,
the count of leaves, and the average dimensions of the leaves in terms of length and width. The
mean of cutting circumference values ranged from 5.57 to 12.02 cm, depending on the position
and severity of pruning. The biomass removed from pruned branches increased with intensity
of pruning severity and ranging an average from 0.52 to 3.82 kg. The number of mean leaf
showed variations, ranging from 132 to 654 leaves, was also influenced by pruning position
and severity. An average, the lengths of the leaves of pruned branches remain closed across
different position and severities. The widths of the leaves of pruned branches showed limited
variation, with values between 7.33 and 7.48 cm.

Characteristics of unpruned branches according their position in the canopy and the
nature of the growth unit (Table 2) showed that the values varied in the same orders of
magnitude for a given characteristic. However, there was an average variability within the
values of each characteristic. The cutting circumferences varied on average from 1.57 to 2.22
cm, depending on position. The number of pruned GUs near unpruned GUs varied, with a range
of 1 to 2. The number of GUs separating pruned and unpruned GUs varied on average from 7
to 9.
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Table 1: Characteristics descriptive of pruned branches by position and severity

Position

Variables Paramet A B M -

ers Severity Severity Severity
TS1 | TS2 | TS3 | TS1] TS2 | TS3 | TSI | TS2 | TS3
Mean | 337 | 839 [12.02]5.95[ 895 [11.70] 5.82 [ 9.08 [ 10.53
Cutting (0.22) | (0.43) [(0.55)|(0.27)| (0.49) | (0.53) [ (0.18)|(0.49)| (0.46)
(cm) Max | 7.30 | 12.00 [ 15.20] 8.00 | 14.50 | 15.00| 7.30 | 15.00| 14.50
CV | 17.96 | 23.09 [20.60[20.20| 24.72 [20.40 | 13.87[23.93| 19.52
Mean | 052 | 186 [ 3.82 10,63 [ 209 [ 354 [ 0.68 | 227 | 3.01
(0.06) | (0.16) [ (0.29) |(0.09)| (0.26) | (0.28) | (0.14)| (0.2) | (0.29)
Biomass (kg) | Min | 0.00 | 1.00 | 1.75 [0.20 | 0.78 | 1.40 | 0.27 | 0.90 | 1.00
Max | 1.25 | 320 | 6.10 | 1.30 | 5.00 | 5.40 | 3.00 | 4.30 | 5.50
CV | 55.5 | 38.42|33.45(63.96| 55.94 [35.62|89.22[39.41| 43.18
Mean | 132 | 341 [ 654 [ 179 398 [ 577 [ 143 | 369 | 559
(13) | (19) | (56) | (23) | (43) | (60) | (1) | (38) | (72)
Number of Min 2 | 210 | 283 [ 19| 150 | 268 | 84 | 132 | 175
leaves Max | 267 | 500 | 1350 | 394 | 814 | 1350 | 255 | 705 | 1554
CV | 42.70 | 24.86 |38.27[56.28| 47.68 | 46.09]34.21 | 45.53 | 57.60
Mean | 159 | 16.05[162816.13]16.63 [16.18]16.00 | 16.35 | 16.00
(0.58) | (0.63) | (0.64) [(0.55)] (0.64) | (0.54) | (0.58) | (0.57)| (0.6)
Length (cm) Min | 12.00 | 12.00 | 12.00 [12.50] 12.00 | 12.00 | 12.00 | 12.00 | 12.00
Max | 22.00 | 22.00 [22.00]22.00] 22.00 | 22.00 [ 22.00]22.00 | 22.00
CV | 16.44|17.44 [17.70[15.19] 17.26 | 14.99] 16.35 | 15.66 | 16.84
Mean | 733 | 748 [ 743 (725 743 | 74 [ 743738 7.5
(0.15) | (0.19) [(0.25)] (0.2) | (0.18) | (0.16) | (0.24) | (0.23)| (0.18)
Width (cm) Min | 6.00 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00
Max | 8.50 | 9.00 | 9.00 | 9.00 | 9.00 | 9.00 | 9.00 | 9.00 | 9.00
CV | 893 [11.38|14.86[12.36| 10.98 | 9.71 |14.70]13.89| 11.08

Table 2: Characteristics descriptive of unpruned branches by position and nature of the

growth unit

Position
A B M
Variables Parameters Nature of Nature of Nature of
growth unit | growth unit | growth unit
Apical |Lateral | Apical | Lateral | Apical | Lateral
Mean 1.95 | 2.12 | 222 | 1.57 | 1.72 | 2.16
(0.17) ] (0.15) | (0.22) | (0.14) | (0.15) ] (0.18)
Apical circumference Minimum 0.80 | 1.00 | 0.70 | 0.75 | 0.70 | 0.70
(cm) Maximum 4.00 | 3.00 | 5.00 | 2.70 | 3.00 | 3.60
Variation 41.61 | 34.54 | 48.80 | 44.65 | 41.39 | 39.74
coefficient
1.33 | 1.80 | 1.21 | 1.46 | 1.80 | 1.55
Number of pruned GU | Mean 0.14) | (0.34) [ (0.10) | (0.13) | (0.35) | (0.26)
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Minimum 1.00 | 1.00 [ 0.00 [ 1.00 | 1.00 | 1.00
Maximum 3.00 | 7.00 | 2.00 | 3.00 | 7.00 | 7.00
Variation 52.65|93.07 | 42.12 | 45.12 | 95.94 | 83.33
coefficient
Mean 838 | 9.75 | 821 | 7.50 | 7.08 | 8.71
Number of GU b (1.10) | (0.88) | (0.91) | (0.78) | (0.82) | (0.88)
G%m e;"d o Geltjween Minimum 0.00 | 5.00 | 0.00 | 0.00 | 0.00 | 0.00
prunec.a Maximum 24.00 | 24.00 | 22.00 | 15.00 | 15.00 | 22.00
unpruned Variati
anation 64.33 | 44.37 | 54.36 | 50.96 | 56.61 | 49.59
coefficient

Bud Burst of the Growth Unit Observed

During the study period, the percentage of GUs which have budded was high for most
monitored GUs (Figure 4). It varied from 75.76 to 100% and depended on the severity
whatever the position (y? = 14.08,p = 0.01; y2? =16.93,p = 0.00 and y? = 14.16,p =
0.01 respectively at position B, M and A). The highest values (100%) were observed for GUs
pruned with severity S1 (TS1) and unpruned apical GUs (NTA) regardless of the position,
while the lowest value (75.76%) was observed at the level of the GU pruned with severity S3
(TS3) at position M. In the case of the unpruned GUs, the lateral unpruned GUs mostly showed
the lowest values. In addition, it was observed that when the rate of bud burst decreased the
severity of pruning increased, particularly at the level of position A (acrotonic branches) and
M (mesotonic branches).

100,00

100,00

100,00
100,00

Position
w

100,00

100,00

100,00

0,00 20,00 40,00 60,00 80,00 100,00
Percentage of GUs

ENTL ENTA ETS3 NTS2 TS1

Figure 4: Budburst rate of pruned and unpruned GUs for different severity at each
position. (NTL = unpruned lateral GU, NTA = unpruned apical GU, TS1 = S1 severity
pruned GU, TS2 = S2 severity pruned GU, TS3 = S3 severity pruned GU)
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Bud Break Intensity

Analysis of budburst intensity described by the number of daughter GUs produced by the
GU showed that there was no interaction between position and severity (Chi*>=5.46, p = 0.60).
Comparison of the severities for each position and that of the positions for each severity (Table
3) showed that the S1 severity (TS1) produced more daughter GUs. The number of daughter
GUs produced was estimated at 3 when pruning was carried out at the level of the basitone
branches (position B). This number decreased to 2 daughter GU for the pruning of the acrotonic
branches (position A) and 1 at the level of the mesotonic branches (position M).

Table 3: Comparison of bud break intensity of different severity at each position

Position Severity

TSI TS2 TS3 NTA NTL
B 2.8Aa 1.48Ca 2.0ABa 1.48Ca 1.0¢2
M 1.440 1.14a ].24a 1.24a 0.842
A 1.740 1.4ABa ].54Ba ].3ABa 0.8B2

The means in the columns denoted by different lowercase letters show significant
difference between positions at the 5% level and the means in the columns denoted by different
capital letters show significant difference between severities at the 5% level. (NTL = unpruned
lateral GU, NTA = unpruned apical GU, TS1 = S1 severity pruned GU, TS2 = S2 severity
pruned GU, TS3 = S3 severity pruned GU)

Biomass Produced

Results on biomass production (length of daughter GU axis, daughter GU leaf width and
length, and the total leaf area by GU) showed the existence of an interaction between position
and severity. The resulting multiple comparison of means (Table 5) revealed that the effects
were different depending on the position and the level of pruning severity. For the daughter
GU length axis produced, there was no difference between the severities at position B.
Similarly, at position M, there was no difference among the severities in the total leaf area
produced. Overall, pruned GUs produced more biomass than unpruned GUs. The greatest
biomass productions were obtained with severity S3 (TS3), which corresponded to the removal
of 9 GUs at the level of the basitone and acrotone branches (positions B and A). Thus, the
highest value of the axis length of the daughter GU was estimated at 25.6 cm and was obtained
in position A with severity S2. However, this value was not different from that obtained at
position B with severity S3, i.e. 21.9 cm. The highest values of average leaf width and length
of daughter GU were 8.3 cm and 17.5 cm, respectively. They were obtained at position B with
severity S3. Finally, which of the total leaf surface produced by the GU was estimated at 3 303
cm? and was also obtained at position B with severity S3.

The means in the columns of Table 5 denoted by different lowercase letters show
significant difference between positions at the 5% level and the means in the columns denoted
by different capital letters show significant difference between severities at the 5% level. (NTL
= unpruned lateral GU, NTA = unpruned apical GU, TS1 = S1 severity pruned GU, TS2 = S2
severity pruned GU, TS3 = S3 severity pruned GU).
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Table S: Comparison of the severities for each position and that of the positions for each
severity for daughter GU axis length (in cm), width (in cm) of daughter GU leaf, length
(in cm) of daughter GU leaf and the total leaf area produced by the GU (in cm?)

. . Severity
Variable Position TSI TS2 TS3 NTA NTL
Length of the |B 15.74 17.670 21.9% 182/ 16.84
axis (branch) of | M 18.74A2 16.5ABb 9.4Bb 17.74Ba |15, 1ABa
the da?frﬂger YA 175Ba  |25.6M 17.150 20,088 | 14200
B 7.0B 6.9ABa 8,34 7.0°B2  [6.6%
@?ﬁfﬁfﬁﬁ) M 7,15 7,15 550 |73M 6.1
A 7.5ABa 7.2ABa 7.8 7.5ABa  [5gBa
B 15.44Ba | ]4.8ABa 17.5%  |15.448  [14.1Ba
lgz“fegr?gﬁgi) M 15.5% 14,8 11.0%  [158%  |13.1%
A 16,178 | 15.5ABa 16.5%  [16.12%  [12.6
Total leaf area | B 3002.2B2 [1701.98C  [3303.14 |1291.9% |1088.0C
produced by the |M 1678.540 [ 1534.7A 1154.780 [1295280 [906.4A2
GU (cm?) A 2011.0ABab 2212 gAa 2680.6% |1755.4ABa |93) 8Ba

Flowering and Fruiting

Flower production by the daughter GU depended on the severity whatever the position
(x?=2049,p = 0.00; y2?=3535p=0.00 and y? = 20.49,p = 0.00 respectively at
position B, M and A) (Figure 5). The highest values (100%) were observed at the level of the
apical unpruned GUs (NTA) whatever the position considered. They were followed by GUs
pruning with severity S1 (TS1), except those relating to position M, whose value was the lowest
at this position. The GUs pruning with the severity S3 (TS3) presented the lowest values.

Overall, the TS1 severity presented the highest values both in terms of parameters
relating to flowering and fruiting. It is followed by the unpruned NTA. The values observed at
the apical GUs were higher than those of the lateral GUs except those of severity TS3. The
values relating to the different flowering and fruiting parameters decrease depending on the
intensity of the severity, except the number of sterile flowers counted on the inflorescence
carried by the daughter GU. The number of inflorescences counted on the daughter GU was
practically identical for all combinations of modalities considered, and was estimated at one
inflorescence per daughter GU. The number of lobes, the number of male flowers and the
number of hermaphrodite flowers counted on the inflorescence carried by the daughter GU
decrease with the intensity of the severity. The highest value of the number of lobes was
estimated at 8 lobes per inflorescence and was obtained with severity TS1 at position A. Those
of the number of male flowers and the number of hermaphrodite flowers were respectively
estimated at 52 male flowers and 11 hermaphrodite flowers per inflorescence and were
obtained also with severity TS1 at position A. On the other hand, the number of sterile flowers
counted on the inflorescence carried by the daughter GU was lower with severity TSI at
position A and higher with severity TS3. Fruiting parameters (the number and quantity of nuts
obtained on the axis carrying the GU) also decrease with severity intensity. The highest values
were obtained with severity TS1 at position A and were estimated at 372 seeds and 1.7 kg per
axis of growth unit (GU), respectively.
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Figure 5: Percentage of daughter growth unit that produced flowers according to
position and severity. (NTL = unpruned lateral GU, NTA = unpruned apical GU, TS1 =
S1 severity pruned GU, TS2 = S2 severity pruned GU, TS3 = S3 severity pruned GU)

Table 6: Effect of branch position and severity on flowering and fruiting parameters:
Multiple comparison of means

Variable Position TS1 TS S;:ﬂ\ée;ty NTA NTL

B 0.68° 0.94a 0.842 1.042 0.842

coumted on the daughier GO | M| L0% | 08% 055 [ 1o™ | o™

A 1.042 0.842 0.48b 1.042 0.842

Number of lobes counted on| B 3.6 7.4% | 3.8% | 6.0 5.082
the inflorescence carried by| M 7.3Aa | 4,5BCb | 3 Cab | 6 7Aa 5.64B2

the daughter GU A g.24a 4.68> | 2.1¢0 | 6.1B 4.2B2
Number of male flowers B 20.1Cc | 47.5% | 21.8% | 35.1B2 | 29.0Ba
counted on the inflorescence| M 42.94b | 23 9BCb | 16 8Cab| 40442 | 32 .54Ba
carried by the daughter GU A 52242 | 29.4Bb | 117Cb | 351Ba | 256Ba

Number of Hermaphrodite| B 3.3¢c | 10.24* | 3.8%@ | 5.0Ba 4.9B2
flowers counted on the| M 6.94b | 3 gBCb | 7 7Cab | g 7Aa 5.4ABa
iﬁlﬂ;ﬁiﬁe&e carmied by thel 1 1ane | aem | 200 | gam | 40

Number of Sterile flowers| B 0.7%2 | 0.18> | 0.78 | .34 0.452

counted on the inflorescence| M 0.34Ba | 0.5AB2 | 0.842 | (.94a 0.2Ba

carried by the daughter GU A 0.3Ba 0.54Ba | (2Bb | (.QAa (.2Ba
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i B 229.4ABb| 256,84 |173.582| 194, 3ABb| 194 (ABa
Number of nuts obtained on M 149 .68C< | 151 8BC [ 119 95| 233 A | 208 | ABa
the axi ing the GU ' : : : '

€ axis carrying the A 372.4A2 1247 0BC2(179.1C2| 306.94B2 | 26]1.1ABCa
i . B 1.14b 1.04% | 0.6B® | 0.68° 0.68°
Quantity of nuts obtained on M 058 | 05BC | 04Cc | . 74b 0.7Aab
the axis carrying the GU (kg) A 1' v O oB 0' g5 1' oBa 0 gBa

DISCUSSION

The productivity of fruit trees depends on several factors, but, management of canopy
architecture being the most important [46]. Being a tree crop of significant commercial
importance, the productive performance of cashew is greatly influenced by how best its canopy
is architecture for harnessing maximum benefits in terms of yield [47]. The initial formation of
the leaf is therefore crucial for the development of photosynthetically efficient canopy in
cashew trees as well as in other perennial fruit trees [47]. In the present study, the effect of
branch position and pruning severity on biomass production, flowering and fruiting were
investigated. The bud burst rate was as high on the pruned GUs as on the unpruned GUs (75.76
to 100%). This result showed that the cashew tree has a good ability to regenerate its biomass.
Indeed, the cashew is a vigorous evergreen perennial woody plant having long juvenility and
high heterozygosity [47] even if the varieties which are available nowadays are semi vigorous
to vigorous type. Additionally, canopy development in cashew is a seasonal and continuous
process.

Vegetative Growth

Buds are important for the vegetative and reproductive growth of trees. Management of
fruit trees includes to some extent trees pruning activity that mainly involves the manipulation
of buds. The best results for buburst intensity (increased number of bud burst) were obtained
with low severity (removal of 3 GUs) at the basitone (position B). This could be explained by
the fact that the branches pruned under this combination of modality were older, more
numerous and have probably benefited more from the effects of solar radiation. Indeed, the
size of the branches, implicitly the age of the branches, is a determining factor in the appearance
of buds. The first branches formed on the tree being the branches located at the base (position
B), these are larger than those which will be formed later in position M or A. Therefore, they
have a greater chance of producing buds. Moreover, light is important and essential for the
growth and development of fruit trees and implicitly for fruit production. The green leaves
assimilate the sunlight to produce carbohydrates and sugars which are transported to the
different parts of the tree where they are required for development of inflorescence, buds,
flowers, and fruits [47]. Trends observed for the severity factor in this study were contrary to
those reported on mango tree (Mangifera indica), in particular on the cultivars Cogshall [26,
48], Amrapali, Mallika and Dashehari [49] and on blueberries [50]. These contrary results
resided probably in the branches chosen for the study. Indeed, in cashew canopy development,
two type branching exists, in which one is intensive and the other is extensive [51]. In high
yielding trees more than 60 per cent intensive branches are seen whereas low yielders possess
less than 20 per cent intensive branches [47]. Results from Kovaleski et al. [50], revealed that
high levels (removal of 60% of canopy) of pruned trees increased the number of lateral
branches, which may change hormonal activities in blueberries. The authors also showed that
apical meristem, as a resource sink, plays a significant role in shifting basal meristem towards
development of new shoots, floral growth, and many others development processes. Another
study, bearing on the effect of tree pruning severity of two apple tree varieties, highlighted the
effect of pruning at a distance of unpruned branches, with an increase in the number of daughter
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GUs and the axis length in the case of high pruning severity compared to unpruned trees [41].
The effect of the distance was not emphasized in the present work, because the distances
considered in terms of number of GUs were practically of the same order of magnitude (8 GUs
separating the pruning GU and the unpruned GU). The maximum daughter GU length value of
26 cm obtained with S2 severity (removal of 6 GUs) at the acrotonic position (position A)
showed that the chosen branches can be considered as extensive type. According to Adiga et
al. [47], the “intensive shoot” grows to a length of about 25-30 cm and ends in a panicle, while
in the “extensive type”, the shoot grows to 20-30 cm length and rests. Compared to unpruned
GUs, particularly the lateral GUs, pruned GUs exhibited globally, the highest values for
budburst intensity. These results can be explained by the fact that pruning suppresses apical
dominance [52]. The suppression of apical dominance influences the cytokinin: auxin ratio
[53], thereby increasing development of new buds [54].

Biomass production for trees growth and development, in terms of the length of the axis
of the daughter GU, the width and length of the leaves of the daughter GU and the total leaf
area produced by the GU, increased with the intensity of the pruning. The highest values
observed for these growth and development parameters were obtained by the removal of 9 GUs
at the level of the basitone and acrotone branches (positions B and A). This could be partly
explained by a positive effect of pruning intensity or pruning severity on vegetative growth,
but not on bud burst development. The structure of the canopy could also be another reason.
Indeed, canopy architecture is determined by the number, length and orientation of the stem,
branches and shoots [47]. Moreover, the areas of the tree leaves located in the South of the
plantation were the largest and had the highest quantities of dry mass [45]. Similar results were
found in other species such as mango (Mangifera Indica). Thus, the axis length of daughter
GUs increased with pruning severity for several Mangifera Indica cultivars, like Tommy Atkins,
Keitt, Amrapali, Mallika, Dashehari, Cogshall [26, 39, 49, 55]. These observations were also
revealed in the mandarin tree (Citrus reticulata Blanco) [56]. Overall, results from this study
showed that pruning is beneficial for cashew tree growth. However, pruning should be done in
moderation. Indeed, as the results showed heavy pruning promotes excessive vegetative growth
and often reduces the yield due to the large and dense canopy which in turn, negatively
influence the flowering processes [57]. Nevertheless, the response to pruning depends on age,
growth habits, tree vigor, varieties, location, and cultivation practices of cashew [58].

Flowering and Fruiting Response

Overall, pruning positively affected growth and yield. Unlike the results relating to
biomass production, the best results for the effect of severity on flowering and fruiting were
obtained with moderate pruning (severity TS1). As for position, the best results were observed
at the top of the tree (position A). The severity TS3, on the other hand, gives the lowest values
whatever the position. However, the response to pruning of young trees had varied effects
depending on the different varieties of cashew trees [38]. The growth in terms of number of
flowering, length of the shoots, flowering intensity, number of leaves per shoot and leaf area
was positively affected by pruning in most of the cashew varieties pruned. Generally, pruning
on cashew varieties with extensive branching type of cashew varieties induces more number
of leaves and thereby increased leaf area while in the intensive branching types even without
pruning more the number of shoots arose during flushing period [38]. The differences between
pruned and unpruned trees can be explained by the fact that pruning increases the number of
new shoots of the current season on which appear cashew flowers [59]. These results
corroborate those of Murali [38] who demonstrated that pruning cashew trees combined with
foliar fertilizer spraying significantly increases inflorescences per square meter. Moreover,
reducing aboveground biomass during pruning increases plant productivity and light
absorption [47]. However, pruning should be practiced in moderation as shown by the results
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of the present study. In addition, the results showed that the number of hermaphroditic flowers
obtained on the pruned UGs was practically double that of the unpruned UGs. Thus, pruning
significantly increases the proportion of bisexual flowers [38]. Furthermore, this increase in
bisexual flowers led to an increase in yield, expressed here in terms of number and quantity of
nuts produced by the axis carrying the UG. In fact, it has long been known that the proportion
of bisexual flowers increases cashew nut output [60]. The increased exposure to light from the
canopy is what is causing the hermaphroditic flower rate to rise [61].

The best results were observed at the top of the tree (position A). In an experiment carried
out on several varieties, Nayak [38] noted that on an average only about 10 percent light was
found to penetrate through the canopy and reach the ground. Of the remaining bout 69-94 per
cent of the incidental light was found be intercepted in the top portion of the canopy, 0-16 per
cent by mid portion and remaining 3-15 percent light by lower branches. The top portion of the
pruned trees intercepts more light because of the higher number of shoots and leaf area
compared to unpruned trees. According to the same author, the light interception was maximum
in the top portion of the canopy due to intensive branching induced by pruning on the top
exposed canopy surface and a small portion of light only penetrates to the interior portion. As
a result more fruiting was seen on the top portion of the canopy. However, Nayak [38] noted
over several years for the four varieties, that the mean yield of these cashew varieties estimated
at bottom (low), middle and top portion of the pruned and unpruned plants canopy revealed
that middle portion yielded more than 49.50 percent of yield and top portion about 32.9 percent
and the lower portion around 17.5 percent. This contrary result could be explained by the fact
that the response to pruning depends on many factors. Thus, canopy management must take
into account the specificity of each context and must be considered an ‘art’ of fruit growing. It
is much more than cutting off a few branches [47].

CONCLUSION

This study provides a better understanding of the vegetative and yield responses of the
cashew tree to pruning in terms of structure (burst rate, bud break intensity, biomass produced,
flowering and fruiting). The result showed that pruning increases vegetative growth, by
affecting the rate and intensity of bud burst, the morphology of the daughter GUs produced,
flowering and fruiting at the level of the GUs. Unlike the biomass produced, the best rates of
budburst, flowering and fruiting were obtained with low severity. Pruning intensity, position
of pruned branches and type of growth unit had a positive effect on growth and yield. Lateral
GUs producing weak buds must be removed from the branches when pruning. Moderate
pruning carried out at the level of the apical branches at all positions allows the growth and
yield of the tree to be optimized. Overall, this study provides valuable information on the
complex relationship between pruning strategies and vegetative responses of cashew trees. It
lays the foundations for informed decisions to optimize yield and biomass production.
However, for a generalization of the results, it is important to take into account other growing
conditions of the species in time and space. It is also important to analyze the effect of these
pruning strategies on the quality of the fruits produced, particularly nuts.
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