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Abstract

This paper briefly reports some effects of irrigations at two critical periods on the phenology of three varieties of cactus
pear cultivated in Agadir area: the spineless varieties ‘Aissa’ and ‘Moussa’ and the thorny one ‘Achefri’. In the first
year experiments (2010-2011) treatments of irrigation used were: (T1) 0 mm, (T2) 30 mm during flowering and 30 mm
during fruit enlargement and (T3) 30 mm only during fruit enlargement. In the 2" year experiments, irrigation treatments
were: (T1) 0 mm, (T2) 60 mm during flowering and 60 mm during fruit enlargement and (T3) 60 mm only during fruit
enlargement. Treatments of irrigation were applied between mid-April and mid-June in the 1% year experiments and in
February and May in the 2™ year experiments. Results of the first year experiments showed that the emission of buds
was higher in the thorny variety than in the spineless ones (more than 6 emitted buds/cladode vs less than 4.5 in the
spineless varieties). In the second year, irrigation increased the emission of buds in the three varieties (more than 7 emitted
buds/cladode for each T2 and T3 of all varieties vs not more than 5 for T1) and the duration of the flowering phase of
these varieties. However, irrigation did not modify the proportions of fruits reaching commercial maturity during the
early or the late period of maturation.

Keywords: Opuntia, cactus pear, bud emission, flowering, fruiting.

Efeito da irrigacio em estagios criticos sobre a fenologia de floracio e
frutificacdo do cacto Opuntia spp.

Resumo

Este artigo relatou brevemente alguns efeitos das irrigagdes em dois periodos criticos na fenologia de trés variedades
de Opuntia cultivadas na area de Agadir: as variedades sem espinhos ‘Aissa’ e ‘Moussa’ e um espinhoso ‘Achefri’.
No primeiro ano (2010-2011) os seguintes tratamentos do experimento da irrigagdo foram usados: (T1) 0 milimetros,
(T2) 30 milimetros durante a florescéncia e 30 milimetros durante a ampliagdo do fruto e (T3) 30 milimetros somente
durante a ampliagdo do fruto. No segundo ano das experiéncias, os tratamentos da irrigagdo foram: (T1, 0 milimetros),
(T2) 60 milimetros durante a florescéncia e 60 milimetros durante a ampliagdo do fruto e (T3) 60 milimetros somente
durante a ampliagdo do fruto. Os tratamentos da irrigacao foram aplicados entre a metade de abril e metade de junho nas
experiéncias do primeira ano e em fevereiro e maio nas experiéncias do segundo ano. Os resultados das experiéncias do
primeiro ano mostraram que a emissao de brotos foi maior na variedade espinhosa do que no rufia (mais de 6 emitida
gomos/cladode vs inferior a 4,5 no rufia variedades). No segundo ano, a irrigagdo aumentou a emissao dos botdes nas
trés variedades (mais de 7 botdes emitidos/cladOdio para cada T2 e T3 de todas as variedades nio mais que 5 para o
T1) e a duragdo da fase de florescéncia destas variedades. Contudo, a irrigag@o ndo alterou as proporg¢des de frutos que
alcangaram a maturidade comercial durante o periodo adiantado ou atrasado de maturagao.

Palavras-chave: Opuntia, palma, emissao do botdo, florescéncia, frutificagio.

1. Introduction

The cactus Opuntia plays an important role in the ~ 2002; Nobel, 2002; Oliveira et al., 2007; Sales et al.,
systems of agriculture of arid and semi-arid regions  2009; Silva et al., 2014) and its multitude of uses (fodder,
thanks to its efficient use of water (Nobel and Bobich, = human consumption, protection against erosion, etc.) and
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products (edible fruits, young cladodes as vegetable, adult
cladodes as fodder, oil from seeds, etc.) (Nefzaoui and Ben
Salem, 2000; Le Houérou, 2002; Felker and Inglese, 2003;
Oliveira et al., 2007; Arba, 2009; Inglese, 2010; Silva etal.,
2014). It is one of the main factors that ensure the food
security to rural families, the creation of job opportunities,
and income in the Brazilian semi arid region. Cactus pear
constitutes a potential food source for animals in this region
(Ramos et al., 2015). Its drought resistance and efficient
use of water make the cactus rarely irrigated (Nobel, 2002).
However, currently, the irrigation of cactus pear is a common
practice in hot and dry summer areas where cultivation
for commercial production is practiced (Mexico, USA,
Chile, Italy, South Africa, Brazil, Morocco, etc.) (Dubeux
Junior et al., 2006; Inglese, 2010). A continuous irrigation
of plants involved an important emission of floral buds in
spring (Nerd and Mizrahi, 2010) and the beneficial effect
of water (whether of rain or irrigation) on the emission of
vegetative and floral buds was shown by several authors
(Mulas and D’Hallewin, 1997; Inglese, 2010; Nerd and
Mizrahi, 2010). Recently, plantations with high plant density
and drip irrigation system are also developed in Southern
Morocco, mainly in the areas of Haouz and Guelmim.

In the Mediterranean region, the principal flush of buds
occurs in spring (March-April) when temperatures are
favorable and day length increase. Flowers are often emitted
on one year old cladodes, whereas shoots are mainly emitted
on two or more years old cladodes (Pimienta-Barrios and
Del Castillo, 2002; Reyes-Agiiero et al., 2006; Nerd and
Mizrahi, 2010). After the emission of floral buds, flowering
takes place for about one month and is followed by the
development of fruits. The plant is able to flower a second
time during the same year if the environmental conditions
are favorable (i.e. clement temperatures, frequent fogs or
high hygrometry of the air) or through the use of advanced
agriculture techniques such as continuous irrigation
and fertilization programs, or irrigation during the dry
summer period (Pimienta-Barrios and Del Castillo, 2002;
Reyes-Agtiero et al., 2006; Segantini et al., 2010; FAO,
2013). This phenomenon called “reflowering” presents
a non-negligible interest to the growers by increasing
total annual production and modifying the timing of the
production both resulting in higher income. The plant starts
producing fruits 2-3 years after plantation. Full production
is obtained approximately 7 years after plantation, and fruit
production can last 25-30 years or longer (Pimienta-Barrios
and Del Castillo, 2002; Reyes-Agiiero et al., 2006; Nerd
and Mizrahi, 2010).

The duration of the floral buds emission phase in Opuntia
ficus-indica (L.) Mill. vary from 3-5 weeks (Pimienta-
Barrios and Del Castillo, 2002; Reyes-Agiiero et al.,
2005) to two months (Segantini et al., 2010), but can
exceed 25 weeks in some species (Pimienta-Barrios and
Del Castillo, 2002; Reyes-Agiiero et al., 2005). The period
of time between the differentiation of floral buds and
flowering is relatively short in cactus pears (30 to 50 days)
(Pimienta-Barrios and Del Castillo, 2002; Segantini et al.,
2010) and the period between the emission of floral buds

and flowering vary from 7 weeks (Pimienta-Barrios
and Del Castillo, 2002; Nerd and Mizrahi, 2010) to two
months and half (Reyes-Agiiero et al., 2005). Flowering
extends over a period of 48 days (Segantini et al., 2010)
to 100 days (Pimienta-Barrios and Del Castillo, 2002;
Reyes-Agiiero et al., 2006; Nerd and Mizrahi, 2010; Lenzi and
Orth, 2012) and the peak of flowering corresponds to the
period when 50% of flowers are open (Segantini et al.,
2010). Several authors indicated that flowering in cactus
pear is not synchronous: in parallel with the floral buds
emission and formation, flowers are at the first stage of
differentiation, others are in flowering and fruit growth
is simultaneously occurring (Pimienta-Barrios and Del
Castillo, 2002; Reyes-Agiiero et al., 2006; Segantini et al.,
2010). The consequence of this is that the phases of
flowering and fruit maturation are spread out over a period
of several weeks (Reyes-Agiiero et al., 2006; Nerd and
Mizrahi, 2010). Barbara (2007) determined the duration
of a phenological phase of flowering or fruiting as period
which extends from the week when the characters of this
phase are visible on a variety until the last week when these
characters are visible on this variety. Thus, the period of
flowering for example extends from the week when open
flowers are visible on a variety until the last week when
the open flowers are visible on this variety.

The fruit development period (FDP) is defined as
the period of time between the formation of floral buds
(or reproductive bud break) and the maturation of fruits
(or 50% of fruit ripening) (Barbara, 2007). Floral buds
are formed when they reach a length of 4-5 mm; at this
stage they become spherical and easy to distinguish from
vegetative buds, which are punt-shaped. This is also the
stage where the first signs of flower structure can be detected
under a microscope (Pimienta-Barrios and Del Castillo,
2002; Reyes-Agiiero et al., 2006; Barbara, 2007; Nerd and
Mizrahi, 2010). There is a large variability in the FDP,
which appears to be variety-specific (Barbara, 2007;
Nerd and Mizrahi, 2010); it also varies between regions,
as it depends on the climatic conditions of the cultivation
medium (Nerd and Mizrahi, 2010; Segantini etal., 2010).
The FDP for the majority of varieties studied in South
Africa is 120-130 days; for plants which have an earlier
emission of floral buds, the FDP is longer and can reach
up to 148 days (Barbara, 2007). Other authors reported
that the FDP (from the emission of floral buds until fruit
maturation) varies from 96 days (Segantini et al., 2010)
to about 122 days (Nerd and Mizrahi, 2010). The fruit
maturation occurs 66 days (Segantini et al., 2010) to
80-90 days (Nerd and Mizrahi, 2010) after flowering.
It extends over a period of 80 days (Segantini et al., 2010)
to several weeks (Nerd and Mizrahi, 2010) and the peak of
maturation corresponds to the period when 50% of fruits
are at maturity (Segantini et al., 2010).

Results on the impact of irrigation on fruit yield and
quality of the cactus Opuntia (Arba et al., 2016) showed in
the first year experiments (2010-2011) a significant positive
effect of irrigation on fruit yield of the thorny variety and
no effect on the spineless varieties. Fruit weight and size
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(length and diameter) were not affected by irrigation.
In the second year experiments (2011-2012), irrigations
had significant positive effects on fruit yield and quality
of the three varieties and no effect on the biochemical
quality of fruits, the treatment T3 with a single irrigation
at fruit enlargement giving the best results.

From the same experiments, our goal was to see
whether in addition to fruit yield and quality, the irrigation
could modify the phenology of plants, in particular the
dates of the first maturations of fruits and those of the last
maturations. We understand the interest of the prolongation
of the maturation period / harvesting period or to move
it - either in precocity, or in tardivity - allowing marketing
fruits in “out of season” periods when the prices are higher.

2. Material and Methods

To meet these aims, we carried out for two years in the
Agadir area a precise monitoring of the phenology of plants
in trials having as other objectives to record the effects of
irrigations on fruit yield and quality of three varieties of cactus
pear: the spineless ‘Aissa’and ‘Moussa’ of O. ficus-indica
and the thorny ‘Achefri’ of O. megacantha Salm Dyck
(see Figure 1). The experimental design was a split-plot
with four replications, the factor variety constituting the
large plots and the factor irrigation the small ones. A drip
irrigation system has been used in order to well control
the amounts of irrigation water.

In the first year of experiment, irrigation treatments were
as follow: T1: 0 mm (control without irrigation); T2: 30 mm
during flowering (mid-April) and 30 mm during fruit

enlargement (mid-June); and T3: 30 mm only during fruit
enlargement. In the second year experiments, treatments of
irrigation used were: (T1) 0 mm, (T2) 60 mm during flowering
(February) and 60 mm during fruit enlargement (May) and
(T3) 60 mm only on fruit enlargement. The frequency of
water applications in T2 and T3 treatments of the first
year and second year experiments was for 1 every 3 days
and the dose of water in each application was 4 mm in
the 1% year and 8 mm in the 2" year.

In the first year, T2: application of two sequences of 30 mm,
the first one in April-May (from 18/04 to 19/05: 7 times 4 mm
every 3d day then once of 2 mm), the second in May-June
(from May 24" to June 15"), that means 60 mm in total,
T3: application of the second sequence only with 30 mm
in May-June.

In the second year, T2: application of two sequences of
60 mm, the first in February, 7 times 8 mm every 3" day and
once of 4 mm (from 1* February to 1** March); the second
in May (from the 1** May to May 30); T3: application of
the second sequence only for 60 mm in May.

Climatic data, in particular the rainfall and temperature
data (see Figure 2), have been recorded in Saouda station
located at 10 km from the site of trials. It has been considered
that the vegetation annual cycle started after the last fruits
maturation of the previous cycle, which under the local
climatic conditions corresponds to October 1%

For this phenological study, flowering and fruiting
of the plants were observed since the emission of
vegetative and floral buds until the fruit maturation.
In each experimental unit, observations (such as the date
of the first appearance of a stage) and the enumerations

Figure 1. Varieties used in the study: the spineless varieties ‘Aissa’ (a) and ‘Moussa’ (b) and the thorny one ‘Achefti’
(c): pictures were taken during the ripening phase in July 2011 and show differences in spines and cladode colour (green for

the spineless cultivars and glaucous for the thorny cultivar).
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Figure 2. Climatic conditions of the area of experiments (rainfall and average temperature) during the two years of study.

(like the number of flowers) were realized on a sample
of 10 one year old cladodes: on five plants, two cladodes
per plant were marked and numbered from 1 to 10 in the
beginning of season. Observations were carried out on a
total of 360 cladodes.

Observations and enumerations were carried out in a
rate of about a week to ten days. They started in March
in the first year and February in the second year (either
in dates which made it possible to follow the emission of
buds). They finished at the end of the cycle, in September,
by the enumeration of the last fruits having reached maturity
during the previous week. Observations are related to the
start and end period of the emission of buds, the flowering,
the fruit development and the fruits maturation. On a same
plant or even on a same cladode, the phases delimited by
these stages overlap.

We considered as the start date (or the end date) of a phase
the date of observation when the start or the end stage of this
phase is reached on at least one of the ten selected cladodes
in one replication of an irrigation treatment. The starting and
end dates of a phase were determined according to visual
observations of this phase, by considering the average
date of appearance of this phase on the 4 replicates of a
treatment of irrigation during the starting or the end week
of appearance of this phase in this treatment.

The collected data have been summarized and analyzed
by means and standard errors, or when relevant, by
ANOVA in order to detect possible “varieties X irrigations”
interactions and to examine the magnitudes of irrigation
effects and their level of significancy. Used tools have
been MINITAB.

3. Results and Discussion

3.1. In the first year of the study

For the emission and formation of floral buds, irrigation
was not taken in consideration because it coincided with rains
in March-May (see Figure 2).

The duration of the phase of the emission of vegetative
and floral buds has been 89 days long at the spineless varieties
‘Aissa’ and ‘Moussa’ and 74 days for the thorny variety
‘Achefti’ and the duration of the phase of the formation of

floral buds was 90 days long at the spineless varieties and
76 days for the thorny one (as shown in Table 1). The peak
of the emission and formation of floral buds for all varieties
is located at the end of March-the beginning of April and the
importance of the emission and formation of buds in this period
is due to favorable climatic conditions (rainfall, increase in
temperatures and day length). The number of emitted and
formed buds was higher in the thorny variety than in the
spineless ones (more than 6 formed buds /cladode vs not
more than 4.5 in the spineless varieties) and the difference is
significant between varieties (p <0.05) (as shown in Table 2).

The duration of the phase of flowering at the spineless
varieties was 81 to 89 days long for the three treatments
of irrigation. For the variety ‘Achefri’ the duration of the
phase of flowering was 65 days long in T1 not irrigated and
significantly longer (81 days) in the irrigated treatments
(as shown in Table 1). The flowering peak for the all varieties
and treatments of irrigation is located in April. Irrigation had
no effect neither on flowering, nor on the duration of the
flowering phase of the spineless varieties. It has a significant
positive effect of about 16 days on the duration of flowering
of the thorny variety, this increase resulting from about 8 days
for each of precocity and lateness.

The duration of the maturation phase in not irrigated
plants of ‘Aissa’ and ‘Moussa’ (79 and 72 days respectively),
is prolonged to 89 days after the application of T3 treatment.
For ‘Achefti’, irrigations have elongated the maturation phase
by two weeks (from 62 to 79 days) (as shown in Table 1).
Irrigation had no effect on the maturation peak of all varieties.
It had a significant positive effect on the duration of the
maturation phase of the varieties ‘Moussa’ and ‘Achefri’.

The FDP of all varieties under the three treatments of
irrigation varies between 146 and 165 days. Irrigation had no
effect on the FDP of the three varieties and the variability in
FDP between varieties is due to differences regarding the dates
of formation of floral buds and of fruit maturation. The FDP
of the three varieties is longer than the FDP of the majority
of varieties in South Africa (120-130 days) (Barbara, 2007)
and than those reported for some Mediterranean countries
(122 days in Italy) (Nerd and Mizrahi, 2010). The FDP of these
varieties is similar or a little longer than that of varieties with
an earlier emission of floral buds in South Africa (148 days)
(Barbara, 2007).
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3.2. In the second year of the study

For the spineless varieties ‘Aissa’ and ‘Moussa’,
the duration of the floral buds formation phase has been
83-98 days long in the three treatments of irrigation.
For ‘Achefri’ the duration of this phase was 76-83 days
long in all treatments of irrigation (as shown in Table 3).

Phenology of the cactus Opuntia

The appearance dates of the first floral buds are located

between the end of January for ‘Aissa’ and ‘Moussa’ and
the beginning of February for ‘Achefri’. The emission
peak of buds was located in March for the all varieties
and treatments of irrigation. The number of emitted buds
was often higher in irrigated treatments (it can reach more

Table 1. Durations and start and end dates of the phases of flowering and fruit maturation of the varieties ‘Achefti’, ‘Aissa’
and ‘Moussa’ under the treatments of irrigation T1, T2 and T3, year 2011.

Phase of Flowering

Phase of Fruit maturation

duration (days)

Start and end dates

duration (days)

Start and end dates

‘Aissa’
T1 (0 mm) 89 03/03-01/06 79 28/06-15/09
T2 (30+30 mm) 81 11/03-01/06 79 28/06-15/09
T3 (0+30 mm) 82 03/03-25/05 89 18/06-15/09
‘Moussa’
T1 (0 mm) 81 11/03-01/06 72 28/06-08/09
T2 (30+30 mm) 81 11/03-01/06 79 28/06-15/09
T3 (0+30 mm) 89 03/03-01/06 89 18/06-15/09
‘Achefri’
T1 (0 mm) 65 21/03-25/05 62 07/07-08/09
T2 (30+30 mm) 81 11/03-01/06 79 28/06-15/09
T3 (0+30 mm) 81 11/03-01/06 79 28/06-15/09

treatments of irrigation T1, T2 and T3 in 2011 (irrigations coincided with rains in march-May).

Table 2. Vegetative and floral buds emission at the three varieties ‘Achefri’, ‘Aissa’ and ‘Moussa’ and under the three

Treatment of Varieties
irrigation Achefri Aissa Moussa
Number of emitted buds by cladode in March

T1 (0 mm) 7.00 3.50 5.50
T2 (60+60 mm) 6.50 3.25 4.50
T3 (0+60 mm) 5.25 4.00 3.50
Mean 6.25b 3.58a 4.50 a
ANOVA * * ns

irrigations: ns (no significant difference). varieties: *(significant difference at p <0.05). interactions irrigations x varieties: ns.

Table 3. Durations and start and end dates of the development phases for the varieties ‘Achefri’, ‘Aissa’ and ‘Moussa’ under
T1, T2 and T3 treatments of irrigation, year 2012.

Phase of the formation of

Phase of flowering

Phase of fruit maturation

floral buds
Duration Start and end Duration Start and end Duration Start and end
(days) dates (days) dates (days) dates
‘Aissa’

T1 (0 mm) 98 02/02 - 09/05 85 27/03 -20/06 76 22/06 - 06/09
T2 (60+60 mm) 98 02/02 - 09/05 99 20/03 -27/06 91 14/06 - 13/09
T3 (0+60 mm) 98 02/02 - 09/05 99 20/03 -27/06 91 14/06 - 13/09

‘Moussa’
T1 (0 mm) 83 02/02 - 24/04 78 27/03 - 13/06 84 14/06 - 06/09
T2 (60+60 mm) 92 02/02 - 02/05 92 20/03 - 20/06 84 14/06 - 06/09
T3 (0+60 mm) 92 02/02 - 02/05 92 20/03 - 20/06 84 14/06 - 06/09

‘Achefri’
T1 (0 mm) 76 10/02 - 24/04 70 27/03 - 06/06 61 22/06 - 22/08
T2 (60+60 mm) 83 10/02 - 02/05 77 27/03 -13/06 76 14/06 - 29/08
T3 (0+60 mm) 76 10/02 - 24/04 77 27/03 -13/06 68 22/06 - 29/08
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than 7 buds/cladode in some varieties whereas it did not
exceed 5 buds/cladode in not irrigated treatments of the
all varieties) (as shown in Table 4). Irrigation has favored
the emission of vegetative and floral buds. Several authors
also confirmed that irrigation increases the emission and
formation of the organs in the plant, in particular the
vegetative and floral buds (Mulas and D’Hallewin, 1997;
Inglese, 2010; Nerd and Mizrahi, 2010).

Irrigation had significant positive effects on the duration
of the flowering phase of all three varieties: for ‘Aissa’,
99 days long in irrigated treatments vs only 85 days in
not irrigated treatment; for ‘Moussa’, 92 days long in
irrigated plants vs 78 days in not irrigated plants; and for
‘Achefri’, 77 days long vs 70 days in not irrigated plants
(as shown in Table 3). The flowering peak in all varieties
and treatments of irrigation is located between the end
of April and the first fortnight of May. Irrigation also
has had an effect on the number of flowered buds (more
than 6 flowered buds/cladode in irrigated treatments and
not more than 5 flowered buds/cladode in not irrigated
treatments). Several authors also reported that irrigation
increases the emission of floral buds in cactus pear (Mulas
and D’Hallewin, 1997; Nerd and Mizrahi, 2010).

The duration of the fruit maturation phase was longer
for irrigated treatments of ‘Aissa’ (91 days in T2 and T3
vs only 76 days in T1 not irrigated) and ‘Achefri’ (76 days
in T2 and 68 in T3 vs 61 days in T1). For ‘Moussa’,
irrigations have had no effect on the duration of the
maturation phase (as shown in Table 3). The maturation

peak for all varieties and treatments of irrigation is located
in the 1% week of August.

For all the varieties, the date of July 31% can be
considered as the date of 50% of fruit maturation . The FDP
of all varieties and treatments of irrigation varies between
172 and 180 days. It’s as long as the FDP reported for other
varieties in South Africa or Italy, including those which
have an earlier emission of floral buds (Barbara, 2007,
Nerd and Mizrahi, 2010).

In this second year overlapping between two successive
phases has been observed. For ‘Aissa’ and ‘Moussa’, the
phases of flowering and fruit ripening overlap each other
for one to two weeks; but for ‘Achefri’ they are quite
distinct, without overlapping.

Irrigations T2 and T3 have had little effect on the
durations of the floral buds formation: no effect on ‘Aissa’
and one week prolongation on ‘Moussa’ and ‘Achefri’.
They have induced a slight increase on the flowering phase
duration, 7 days at ‘Achefri’ and 14 days (7 days precocity
and 7 days lateness) at ‘Aissa’ and ‘Moussa’. Irrigations
also have prolonged the duration of the fruit maturation
phase for two weeks in ‘Aissa’ and one to two weeks for
‘Achefti’ but they have had no effect on this duration on
‘Moussa’. These prolongations concern only a very low
proportion of flowers or matured fruits

From the maturation dynamics described by the counted
numbers of ripe fruits at the seven observations made from
June to September, it can be considered that the 4 weeks
period located between July 17" and August 15" was that of
the full harvest (indicated by (B) in Table 5), harvests before

Table 4. Emission of vegetative and floral buds and of shoots at the three varieties ‘Achefri’, ‘Aissa’ and ‘Moussa’ under the

three treatments of irrigation T1, T2 and T3 in 2012.

Treatments of Varieties
irrigation Achefri Aissa Moussa
Number of emitted buds by cladode in March
T1 (0 mm) 4.14a 3.12a 2.67
T2 (60+60 mm) 7.20b 3.94ab 3.06
T3 (0+60 mm) 4.24a 4.50b 2.80
ANOVA * * ns
Number of emitted shoots by cladode
T1 (0 mm) 0.17a 0.10a 0.08a
T2 (60+60 mm) 0.50h 0.25b 0.35¢
T3 (0+60 mm) 0.20a 0.15a 0.20b
ANOVA * * *

ns: no significant difference. *significant differences between irrigations at p<0.05.

Table 5. Maturation dynamics in 2012 season, for the varieties ‘Acheftri’, ‘Aissa’ and ‘Moussa’: (N) Total numbers of fruits
per 10 cladodes; (A) proportions (in %) of ripe fruits before July 17%; (B) between July 17" and August 15™; (C) after August

15%,
Traitement ‘Moussa’ ‘Aissa’ ‘Achefri’
N A) B%) C(%) N A%) B(%) C®%) N A®%) B (%) C (%)
T1 0+0 75 23.0 64.7 12.3 75 199 585 21.6 76 16.4 783 5.3
T2 60+60 92 243 643 11.4 95 213 59.2 19.2 100 204 721 7.5
T30+ 60 87 232 64.2 12.6 93 214 584  20.0 82 16.2  78.7 5.2
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July 17" (A) and after August 15" (C) can be considered
as “early” and “late” harvests for marketing. For each
irrigation treatment, the number of ripe fruits during each
period A, B and C, has been expressed as a percentage of
the total number of produced fruits (as shown in Table 5).
Results showed at first that whatever the treatment of
irrigation, the harvest in period B represents about 58% of
fruits in “Aissa’ and 64% in ‘Moussa’. Applied treatments
of irrigation did not modify the proportions of fruits
maturing during the early period (A) or the late period (C)
(23% of early fruits and 12% of late fruits in ‘Moussa’, and
respectively 21% and 20% in ‘Aissa’ variety). For ‘Achefti’,
T2 treatment which caused a prolongation of the maturation
period, involve a significant increase of a period of one
week in the earlier proportion of fruits (+4%) and a late
percentage of fruits (+2%). These differences are weak
and not of a sufficient economic interest.

In the second year experiments, irrigation favored
the emission of growths. The number of emitted shoots
per cladode was higher in irrigated treatments of the all
varieties (0.15-0.50 growths/cladode) than in not irrigated
treatment of these varieties (0.075-0.10 growths/cladode)
(as shown in Table 4). It is also important to note that the
emission of growths is more important in two years and
older cladodes than in one year old cladodes. For ‘Achefti’
for example, in the second year experiments, the emission
of growths in two years and older cladodes of irrigated
treatments was 0.75-1.0 growths/cladode vs 0.35-0.5 in
one year old cladodes of these treatments. In the first
year experiments, irrigation did not modify the emission
of shoots between irrigation treatments of all varieties
because irrigation coincided with rains in March-May
when the emission of shoots is important in these varieties.

4. Conclusions

In the first year experiments, the effect of irrigations
on the phenology of flowering and fruiting of the three
varieties was negligible because irrigations coincided with
rains in March-May. The only positive effect of irrigation
appeared on flowering and the duration of flowering of the
thorny variety ‘Achefri’. In the second year experiments,
irrigations had a positive effect on the emission of buds
(as shown in Table 4) and on flowering of the three varieties.

The applied irrigations doses during the two years of
trials (30 to 120 mm) have little modified the lengths of
the development phases, generally for few days. We know
in addition that these irrigations increased the yields, by
increasing amongst other things the number of fruits
(Arba et al., 2016). This higher number of fruits becomes
ripe during the same periods in proportions which are not
significantly modified by application of irrigation water.
We can thus conclude that, under our conditions irrigation
has not allowed to significantly elongate the fruit maturation
periods, neither in precocity, nor in lateness. Irrigation did
not let appear eventual possibilities of better commercial
valorization by a shift of the fruits maturation dates.
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The beneficial effect of irrigation on the emission
of shoots has been demonstrated. Several authors also
reported that irrigation increases the emission of the
organs (buds, flowers, growths) in cactus pear (Mulas
and D’Hallewin, 1997; Inglese, 2010; Nerd and Mizrahi,
2010). In dry periods irrigation seems to increase the
growth emission both on one year and on older cladodes.
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