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Abstract

On average, the yield of prickly pear Opuntia ficus-indica (L.) Mill. is low, being 5.5 t ha't
year. The prickly pear cactus cladodes have only budding in the periphery, representing 30%
of total sprouts/cladode, wasting the lateral spaces of the stem. Employing biostimulant in
conjunction with plastic cover and irrigation to increase flower budding and yield is the
objective of this research. 4-year-old ‘Roja purpura’ cactus plants were used, with a planting
distance of 3 x 4 m. There were two factors: 1) Thidiazuron dose: 0 ppm, 400 ppm, 800 ppm.
2) Joint plastic cover with irrigation: without cover and without irrigation, without cover and
with irrigation, with irrigation and without cover, with irrigation and with cover, in a 3x4
factorial arrangement, with 12 treatments and three repetitions in divided plots. The
experimental unit was a group of four cladodes. At 44 days after applying Thidiazuron, the 800
ppm TDZ treatment obtained a higher percentage of flower sprouts with 53.9%, followed by
irrigation cover and 400 ppm of TDZ with 46.8%, exceeding 12.7% of the control. Twenty-
two days after the application of TDZ, the plants with plastic cover began to revert flower
sprouts to vegetative, this phenomenon and the appearance of new sprouts, both vegetative and
floral, stopped 44 days after applying TDZ, this suggests that the cover at raising and
maintaining high temperature could stimulate vegetative sprouting and cause floral reversal.
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Introduction

The prickly pear cactus Opuntia ficus-indica (L.) Mill. is distributed in America, and Mexico
occupies the first place in cultivated area with 65 000 ha*, having more than 20 000 producers, it
has a greater diversity of species and varieties, the most outstanding are: ‘Alfajayucan’, ‘Cristalina
Blanca’, ‘Amarilla’ and ‘Roja’. National production shows upward trends, since from 1980 to 2015
it went from 43 000 t to 408 000 t (SIAP, 2016). Nopal is the most important fruit tree in arid and
semi-arid areas of Mexico, due to its physiological and morphological characteristics that allow it
to adapt to extreme conditions of high or low temperatures and water scarcity (Gallegos and
Méndez, 2000).

The producers of prickly pear in the country obtain low income from the harvest, due to two
problems: 1) Low yields (Marquez et al., 2012). Producers from the states of Mexico, Puebla and
Hidalgo are harvesting about 5.5 t ha, considering themselves a regular production, and producers
with availability of water and economic resources obtain up to 20.5 t ha* (Dominguez et al., 2017);
and 2). The prickly pear is harvested mainly in the months of July to September; however, demand
and price are higher in December (Ramirez et al., 2015). Some foreign and national researchers
have carried out works addressing the aforementioned problems; for example, Martinez et al.
(2001), in order to increase the yield, they evaluated the effect of pruning and the period of
emergence of one-year-old cladodes, from the cactus of ‘Alfajayucan’, removing 25, 50 and 75%
of the cladode

To stimulate floral voting on both sides of the racket, since sprouts generally emerge on the upper
periphery of the cladode, representing 30% of the vote. At the same time that with this practice the
size of the plants is reduced and the larger the tip of the cladode is, the greater the decrease in yield,
eliminating 25% of the cladode, the yield decreases 32%, with 50% blunted it decreases 67% and
removing 75% reduced the yield 93%.

On the other hand, Aguilar (2005) evaluated the response of the ‘Tlaconopal’ prickly pear cactus
to partial ringing in cladodes, finding a 50% increase in yield, and also advanced the harvest by 51
days. Other studies have focused on evaluating the effect of irrigation on prickly pear cactus, Luna
et al. (2012) found that, with drip irrigation applying 67 L plant? month at the beginning of the
floral and vegetative sprouting and before harvest, the yield is increased by 36.7% or more.

Other studies such as those by Mufioz et al. (1994) evaluated the effect of plastic covers in
microtunnels with irrigation in nopal vegetable to increase yield and maintain production in winter.
Their results showed that the yield did not increase, but it maintained production in winter, and
they also found a positive relationship between the effect of the temperature produced by the
microtunnel cover with the number of cut cladodes.

Despite the results obtained, no increase in yield has been found without side effects, such as the
advance of the harvest, in conditions of limited rainy season or reducing the quality of fruits, so
this work aimed to stimulate flower budding side of the cladodes using a biostimulant at different
doses, under different plant growth conditions.
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Materials and methods

The experiment was carried out in the San Jose orchard in the experimental field of the College of
Postgraduates Campus Montecillo, Municipality of Texcoco, State of Mexico, located at a north
latitude of 19° 27° 34.31” and west longitude 98° 54’ 21.03”, 2 247 masl , with a semi-dry
temperate climate, maximum temperature of 27.1 °C and minimum of 1.1 °C, relative humidity of
43% and annual precipitation of 551.2 mm (meteorological station, Campus Montecillo of the
Colegio de Postgraduados, 2018).

Vegetal material

The study was carried out on the ‘Roja purpura’ selection chosen for its outstanding fruit
characteristics, which are: red flesh, average weight of 150 g, moderately resistant to post-
harvest handling. The age of the plants is 4 years, and they are established at 3 x 4 m between
plants and rows, respectively. The period from flower bud to maturity of consumption is
approximately 140 days.

Treatment design and experimental design

Two factors were evaluated: 1) Thidiazuron biostimulant at three levels (0, 400 and 800 ppm) and
2) plastic cover with irrigation at four levels (without cover and without irrigation, without cover
and with irrigation, with irrigation and without cover, with irrigation and with cover), so there was
a 3 x 4 factorial arrangement, generating 12 treatments, with three repetitions, the experimental
unit was a group of four cladodes that received the same treatment, the experimental design was
divided plots, where the large plot was the partial canopy cover with the emergency irrigation and
the small plot was the TDZ dose.

Establishment and management of the experiment

In January 2018 12 plants of prickly pear cactus were selected with a minimum of 12 cladodes a
year of growth to form three groups of four cladodes per plant receiving the same treatment. The
selection criteria were based primarily on cladodes positioned vertically and with the lateral faces
facing north-south, due to the fact that they received more solar radiation.

Thidiazuron application

One day before applying the treatments, a solution was prepared with 20% garlic oil from the San
Lucas brand. 15% commercial product was mixed with 7.5 ml of BayerMR Inex-A surfactant. On
February 14, 2018, two mixtures were prepared, using the mixture of garlic oil with Inex-A as the
base components of these, 400 ppm of the 50% BayerMR TDZ biostimulant was added to the first,
and the second 800 ppm of it. product, both were finally graduated at 1 L, with 500 mL of prickly
pear mucilage diluted in tap water.
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Installation of plastic covers and irrigation application

The partial canopy cover was made with 700 gauge plastic and 20% shade. The irrigation was
done manually, depositing the water in bowls of 1m long, 1m wide and 15cm high. After the
first irrigation (March, 2018), the 15cm deep bowl was covered with barley straw, this in order
to retain moisture, the irrigations were applied once a month until July 2018, providing 30 L
plant™ month to each cajete.

Temperature record outdoors and under plastic cover

Three daily readings of average temperature, outdoors and under plastic cover were recorded, using
Steren model Ter-150a portable digital thermometers model 150-150 m high. The readings were
at 8:00, 14:00 and 19:00.

Percentage of vegetative and flower sprouts

Fifteen days after the application of the treatments, the first sprouts emerged, weekly counts were

made for 44 days of the total meristems sprouted from each cladode and they were converted to a
percentage considering the total areolas per cladode (Figure 1).

Figure 1. Budding of flower and vegetative sprouts 30 days after TDZ application at a dose of 400
ppm.

The floral and vegetative meristems were also differentiated. According to Pimienta et al. (1993)
when a prickly pear cactus sprout emerged, it is differentiated by the shape of the upper part of the
bud: floral (round) or vegetative (rectangular).

Statistical analysis

An analysis of variance and comparison of means was carried out with the Tukey test, with a
reliability level of p< 0.05 for the response variable, the Statistical Analysis Software program,
version 9.4 was used. (SAS Institute, 2013).
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Results and discussion
Regarding air temperature, it was found that it was higher with the plastic cover (Figure 2b), being

3 to 8 °C higher than outdoors (Figure 2a), in the months of April, May, June and July. The
temperature difference was probably related to the floral reversal that is discussed later.
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Figure 2. Average monthly temperature. a) outdoors; and b) under plastic cover, from emergence of
sprouts, to physiological maturity of the fruit.

Percentage of flower and vegetative sprouts

The analysis of variance indicates that there were differences (p< 0.5) between treatments due to
the effect of TDZ and the growth conditions of the plant: canopy cover, irrigation or combination
of both in the percentage of vegetative and flower sprouts. 15 days after the application of TDZ,
the start of sprouting was observed in the cladodes with the application of TDZ under the different
growth conditions. With irrigation and 800 ppm of TDZ, the highest percentage of vegetative
sprouts was obtained, being 12.7% (Figure 3a).
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Figure 3. Percentage of vegetative sprouts (a); and flowers (b) 15 days after TDZ application under
four management conditions. Equal letters are not statistically significant Tukey (p< 0.05).

The percentage of flower sprouts (Figure 3b) was higher with the use of cover and irrigation with
the dose of 400 ppm of TDZ, since it stimulated 99.4% of budding, followed by treatment with
cover and 800 ppm of TDZ with 90.8%. Twenty-two days after the application of TDZ, the prickly
pear cactus plants under irrigation conditions and the application of 800 ppm of TDZ showed a
higher percentage of vegetative sprouting with 21.3% (Figure 4a), while the percentage of flower
sprouts decreased.
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Figure 4. Percentage of vegetative sprouts (a); and flowers (b) 22 days after the application of the dose
of TDZ and plastic cover with irrigation in prickly pear cactus ‘Roja purpura’. The lines
represent the means and the equal letters are not statistically significant Tukey (p< 0.05).

Using cover and irrigation with 400 ppm of TDZ the percentage was 99.4 (Figure 3b) against 93.7%
counted 7 days before (Figure 4b), as well as with cover and 800 ppm of TDZ whose percentages
were 90.8 (Figure 3b) and 80.9 (Figure 4b). The last appearance of new sprouts and changes from
floral to vegetative meristems was at 44 days after the application of the doses of TDZ in the prickly
pear cactus plants, in the case of vegetative sprouting, the cover with irrigation with 400 ppm of
TDZ it ended with the highest percentage of sprouting with 99.4%, along with cover with 800 ppm
of TDZ with 90.8% of sprouting (Figure 5a).
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Figure 5. Percentage of vegetative sprouts (a); and flowers (b) 44 days after the application of the dose
of TDZ and plastic cover with irrigation in prickly pear cactus ‘Roja purpura’. The lines
represent the means and the equal letters are not statistically significant Tukey (p<0.05).
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In the end, the highest percentage of flower sprouts occurred in the treatment of 800 ppm of TDZ
with 53.9% and covered with irrigation with 400 ppm of TDZ with a sprouting of 46.8% (Figure
5b), surpassing the results obtained by Aguilar (2005) with 5% vegetative and 42.3% floral, making
rings in ‘Tlaconopal’ prickly pear cactus.

From 22 to 37 days after applying the TDZ, the cover treatments began to decrease the percentage of
flower sprouts and increase the vegetative ones, it is suggested that this was caused by the effect of
the temperature of the plastic cover (Figure 6), According to Avitia and Castillo (2007) reported,
there is a floral reversal when exposing the plants in the bud development stage to high temperatures,
in vine plants. The data found suggests continuing to study the initial effect of heat on the
environment and its relationship with Thiadizuron in the stimulation of the nopal flower sprouting.

rowth and development of cladodes of plants with cover, irrigation and TDZ.

Figure 6.
Yield

Fruits of 6 treatments were obtained, since the plants that were managed with canopy cover or
irrigation and their respective dose of TDZ (400 and 800 ppm) did not have prickly pears, due to
the fall of mother cladodes due to the excessive weight of new cladodes sprouted (Figure 7) and
also due to floral reversal. Due to the lack of fruits in all the treatments, the yield values were
estimated and a descriptive analysis was performed.
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The highest yields were obtained in the cover treatment with irrigation and 400 ppm of TDZ with
a weight of 2193.6 g cladode™, this value contrasts with the control that had a yield of 339.7 g
cladode™ (Table 1), this response could be due to the effect of the application of TDZ, in conditions
of canopy cover and irrigation, which exceeds the data reported by Valdez et al. (2013) with 1 186
g cladode™.

Table 1. Estimated yield of the harvested fruits.

Treatment _Number Wei_ght Yield Yield Yield
(Fruits cladode™) (g fruits?) (g cladode?) (kg plant®) (tha™)
Control 5 67.9 339.7 4 3.3
400 ppm 13 138.5 1801.1 21.6 17.9
800 ppm 15 140.2 2103.2 25.2 20.9
C+R 4 78.6 314.6 3.7 3
C+R+400 ppm 36 60.3 2193.6 26.3 21.9
C+R+800 ppm 18 65.9 1186.9 14.2 11.8

C= cover; R= irrigation.

Martinez et al. (2001) presented varied yields according to cladode markers, when removing 25%
of the stalk obtained 16 kg plant, pruning 50% 46 kg plant* and with the elimination of 75% 76
kg plant?. Also Zegbe and Mena (2006) obtained yields in a first flowering of 48.3 kg plant™ later
they induced a second flowering eliminating all the vegetative and floral sprouts of the same year,
of this second flow, they reported 16.7 kg plant™. Pinedo et al. (2010) obtained a prickly pear
productivity for refrigeration-refrigeration of 30 t ha™.

Fruit weight

The fruits with the highest weight were harvested from the 800 ppm TDZ treatment, with 140.2 g,
surpassing the control with fruits of 67.9 g, it is suggested that this was the cause of rainfall in June
and July, since the fruits obtained from treatments with cover presented approximate weights to
the control (Table 1) (Gugliuzza et al., 2002); however, Corrales and Hernandez (2005) reported
higher weight in ‘Cristalina’ prickly pear with 220 g seed and 180 g seedless treated with 150 mg
L of gibberellic acid (Zegbe and Mena, 2008).

They obtained fruits of prickly pear ‘Cristalina’ of 188.5g in the first flowering of April-May,
while in the second flowering of September-October, induced by the elimination of cladodes
and floral meristems, they harvested fruits of 202.5g Aquino et al. (2012) characterized fruits
of varieties Opuntia spp. ‘Rojo purpura’ reporting weight of 160.37 g, Ochoa and Guerrero
(2013) obtained fruits of the® Blanca’ prickly pear weighing 99.17 g. And Varela et al. (2018)
inducing parthenocarpy, they harvested ‘Cristalina’ prickly pear of 137.8 g and ‘Burrona’
140.8 g.
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Conclusions

The effect of the combination of the plastic cover, irrigation with 400 ppm of TDZ and cover,
irrigation with 800 ppm of TDZ, significantly increased the floral budding of the periphery and
sides of the cladodes, however, the plastic covers increased and maintained the temperature at 26
°C, which could have caused that 22 days after applying the TDZ, the plants with canopy cover
presented floral reversal, decreasing the percentage of flower sprouts.
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