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SUMMARY
The export of cactus pear fruit from Mexico has increased over the last decade, with growing consumer demand for
larger and higher quality fruit. Growers are concerned that yields decrease when fruit thinning is used to increase fruit
size. Our objective was to assess the effects of flower bud (FB) thinning on the pre-harvest and post-harvest attributes
and yields of ‘Rojo Liso’ cactus pear (Opuntia ficus-indica) fruit. The experiments were conducted in 2005 and 2006.
The treatments used were: 1) no thinning, considered as the control; 2) thinning every second bud (T1); or 3) thinning
two out of every three buds (T2). Marketable fruit (having an equatorial diameter > 5 cm) in the thinned treatments
increased compared to the unthinned controls in both seasons. Thinning did not reduce fruit yield. Fruit quality was
similar among treatments, both at harvest and after storage, except for the soluble solids concentrations which were
higher in both the T1 and T2 treatments in 2005. Fruit weight loss in storage was similar among treatments. Flower bud
thinning can therefore be recommended for commercial use.

Cactus pear (Opuntia spp.) is a Mexican fruit crop that
is cultivated extensively (ca. 51,000 ha) in the semi-

arid highlands of Central and North-Central Mexico. It
has gained in economic importance in Europe, America,
Asia, and Africa (Basile, 2001). In Mexico, cactus pear
production has a high social impact, but low
competitiveness, compared to other commodities such as
dry pepper, alfalfa, and peach (Rincón-Valdez et al.,
2004). However, the high export volume during the last
decade has made it a commercially viable crop.
Therefore, fruit size, fruit quality, and shelf-life are
becoming increasingly important for distant consumer
markets.

As for other fruit crops such as peach (Crisosto et al.,
1994) and apple (Mpelasoka et al., 2000), the final size
and shelf-life of cactus pear fruit depend on orchard
management practices during the growing season
(Zegbe et al., 2006). Post-harvest handling (Ochoa et al.,
2002) and cultivar choice (Fernández-Montes et al., 2000)
also play important roles, especially for the shelf-life of
the fruit. Irrigation (Zegbe et al., 2006), nutrition (Weiss
et al., 1993; Ochoa et al., 2002), and flower bud (FB)
thinning (Inglese et al., 1995) are crucial to enhance fruit
size. Flower bud thinning (i.e., keeping six buds per
mature cladode) is a common practice to increase fruit
size and to advance ripening (Inglese et al., 1995).
However, this thinning approach significantly reduces
fruit yield (Inglese et al., 1995). Mexican growers
therefore refuse to thin buds to this level. In a
preliminary report, Zegbe and Mena-Covarrubias (2007)
explored an alternative FB thinning protocol that
involved thinning every second bud along the cladode in
one treatment, and two out of every three buds in
another treatment. This was done in only one season
using a limited number of plants. Fruit yield was

maintained, and fruit size increased in the two cultivars
tested. Here, we report the results of a more
comprehensive study with the objectives of assessing the
effects of FB thinning on pre- and post-harvest fruit
attributes and on the yield of ‘Rojo Liso’ cactus pear.
Because inter-fruit competition for available
carbohydrates will be reduced by this new thinning
protocol, we expected no adverse effects on yield and/or
expected the fruit size to increase. We used ‘Rojo Liso’
cactus pear because of its export market potential.

MATERIALS AND METHODS
Experimental site and plant material

This study was conducted during the 2005 and 2006
growing seasons in a commercial orchard (‘Rancho La
Tunera’) located in Santa Fe, Jerez, Zacatecas, Mexico
(22° 32'N; 103° 03'W; 1,976 m asl). The experimental site
has an annual mean temperature of 25.7ºC and 482 mm
of rainfall, with 62% occurring between July and
October. The soil is a clay loam with a pH of 7.1 and
1.63% (w/w) organic matter. Five-year-old ‘Rojo Liso’
cactus pear (Opuntia ficus-indica) plants were used.
‘Rojo Liso’ is an early-maturing cultivar with a red pulp.
Plant spacing was at 5 m � 3 m, with an open-vase
training system. Except for FB thinning, all plants
received the standard cultural practices used for local
commercial production, including pruning, fertigation,
and pest control.

Treatments
The treatments used were: 1) no thinning (considered

to be the control; C); 2) thinning every second FB along
the cladode (T1); or 3) thinning two out of every three
FBs along the cladode (T2; Figure 1). Sometimes, FBs
appear in pairs along the cladodes. In this case, we kept
the stronger FB, while the weaker FB was removed. This*Author for correspondence.
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was done in both the TI and T2 treatments, but not in the
controls. The thinning treatments were applied manually.
A completely randomised design was used, with four
replications per treatment. There were four plants per
replication, with one guard plant at each end of each
replication.

Yield and size distribution of fruit 
The two central plants in each plot were used for data

collection. Harvests started on 5 July 2005 and on 15
June 2006, 58 and 62 d after full bloom (DAFB),
respectively. Export harvest maturity (i.e., when the fruit
peel became reddish-green) was used as the criterion for
the start of harvest. There were seven harvests in 2005
and six in 2006. Fruits from each plant were harvested,
graded into four Categories by equatorial diameter (i.e.,
3.5 – 4.0, 4.1 – 5.0, 5.1 – 5.9, and 6.0 – 7.0 cm), counted,
and the total weight of all fruit per plant recorded as
gross yield. The mean fruit weight was calculated by
dividing the gross yield by the number of fruit per plant.
Blemished fruit were excluded from both the weights
and the counts.

Fruit quality attributes at harvest and after storage
To assess fruit quality, 72 fruit (24 per treatment) were

picked at random from around the outer part of the
plants. This was done on 27 July 2005 (80 DAFB) and on
30 June 2006 (71 DAFB). A further 72 fruit (24 per
treatment) were also collected, as above, for fruit quality
assessments after 4 weeks of storage. These assessments
were done on 26 August 2005 (110 DAFB) and on 28 July
2006 (98 DAFB).

The fruit quality parameters evaluated at harvest, and
after storage, were: flesh firmness, total soluble solids
concentration (SSC), peel and pulp weights, pulp-to-peel

ratio, and the dry matter (DM) content of the fruit, using
the following protocols. After removing the fruit skin,
two flesh firmness determinations were done on
opposite sides of the equator of each fruit using a press-
mounted Wagner penetrometer (Model FT 327; Wagner
Instruments, Greenwich, CT, USA) with an 11.1-mm
head. The SSC of the juice from each fruit was measured
using a digital refractometer with automatic temperature
compensation (Model PR-32�; Atago Co. Ltd., Tokyo,
Japan).The peel and pulp were separated and weighed to
assess the pulp:peel ratio. The DM content of the fruit
was determined using 25 g of a composite sample of fresh
cortical tissue taken from three fruit, then oven-dried at
65°C for 2 weeks. Fruit weight loss was evaluated at
harvest, and at 1-week intervals for 4 weeks, by weighing
fruit individually with a precision scale (Mettler PE11;
Mettler Instruments, Greifensee-Zurich, Switzerland).
Fruit weight loss was calculated as the percentage
reduction from the original weight. Storage was at a
temperature of 20° ± 2°C and a relative humidity of 
40 ± 4% in 2005. The corresponding values for 2006 were
15° ± 2°C and 45 ± 4%. These were similar to the storage
conditions used by commercial growers.

Data analysis
Data were analysed as a completely randomised

model using the ANOVA procedure in the SAS software
package (Version 9.1; SAS Institute, Cary, NC, USA). To
stabilise the variance, those variables expressed in
percentages, or in discrete units, were arcsine- or square-
root-transformed, respectively. Means are reported after
back transforming. Treatment means were separated by
Tukey’s HSD (P = 0.05).

RESULTS AND DISCUSSION
Pre-harvest effects
Yield and fruit size distribution: Flower and fruit thinning
regulate the final fruit size and yield in cactus pear
(Inglese et al., 1995). The optimum number of six fruit
per cladode, as suggested by Inglese et al. (1995),
increased fruit size, but reduced yields by ca. 50%
(Zegbe and Mena-Covarrubias, 2007). We measured
much lower, non-significant, and more acceptable
reductions in yield by FB thinning. Compared to
treatment C, treatments T1 and T2 tended to reduce
yields by 10.2% and 19.2%, respectively, in 2005
(Table I). However, fruit size, in terms of mean fruit
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TABLE I
Effects of flower bud thinning on fruit yield, mean fruit weight, fruit size distribution, and the incidence of blemished fruit in ‘Rojo Liso’ cactus pear

Fruit size distribution
(% in each diameter Category)

Year/Thinning Fruit yield Mean fruit Blemished fruit
treatment‡ (kg/plant) weight (g) 1 (7.0 – 6.0 cm) 2 (5.9 – 5.0 cm) 3 (4.9 – 4.1cm) 4 (4.0 – 3.5 cm) (kg/plant)

2005
C 33.3a† 96a 1.1b 51.9b 45.7a 1.3a 0.1a
T1 29.9a 98a 2.4ab 68.4a 28.5b 0.7a 0.1a
T2 26.9a 103a 3.7a 66.3ab 29.4b 0.6a 0.0a

2006
C 42.3a 100b 6.2a 59.1a 33.1a 1.6a 0.4a
T1 35.9a 107ab 9.5a 61.7a 27.9a 0.9a 0.2ab
T2 41.7a 111a 11.4a 64.3a 23.7a 0.7a 0.1b

†Mean separations within a column and a year was by Tukey’s HSD (P = 0.05). Mean values followed by the same lower-case letters were not
significantly different.
‡The treatments used were: no thinning, control (C); thinning every second bud along the cladode (T1); or thinning two out of every three buds along
the cladode (T2).

FIG. 1
Treatments applied to cactus pear: no thinning, control (C); thinning
every second bud along the cladode (T1); or thinning two out of every

three buds along the cladode (T2).
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weight, tended to increase with thinning in 2005, and was
significant in treatment T2 in 2006 (Table I).The first two
fruit-size Categories (the most marketable fruit) were
increased by FB thinning, while the poorest marketable
fruit (Categories 3 and 4) were reduced compared to
treatment C (Table I). Of the total fruit produced, ≥ 70%
from the T1 and T2 treatments was marketable in both
years, compared to 53% and 65% for treatment C in
2005 and 2006, respectively. This result suggests better
partitioning of photo-assimilates into fruit in both
FB-thinned treatments. The incidence of blemished fruit
was not affected by the FB-thinning treatment in 2005,
but was significantly reduced for the FB-thinned
treatments in 2006 (Table I). The effects of FB-thinning
on the measured parameters presented in Table I were
similar between seasons. One exception was yield, which
decreased by 11.3% in T2 compared to treatment C, in
2006 (Table I). When severe pre-bloom FB-thinning was
applied, the cactus pear plants reacted by inducing a
second flower bud reflux (re-flowering), as previously
pointed out by Inglese (1995). This was reflected in the
numbers of fruit harvested in T2. Mean fruit numbers per
plant were 426, 357, and 378 for treatment C, T1, and T2,
respectively.

Fruit quality at harvest: Flower bud-thinning in cactus
pear is not known to enhance fruit quality (Inglese et al.,
1995; Gugliuzza et al., 2002). Previous observations were
confirmed in our experiments, in both years (Table II).
The external appearance of the fruit was the criterion
used for harvest. Judging by the SSC values presented in
Table II, fruit might have been harvested at a more
advanced stage of development in 2005 than in 2006.Yet,
for each year, there were no significant differences in any

parameter measured among the various treatments
(Table II). In both years, there was a non-significant
trend for fruit DM contents to be higher in T1 and T2
than in C, indicating a more favourable partitioning of
photo-assimilates into the fruit in the FB-thinned
treatments.

Post-harvest effects
Fruit quality after storage: The final size and shelf-life of
cactus pear fruit depend on orchard management
practices during the growing season (Zegbe et al., 2006),
as well as on post-harvest handling (Cantwell, 1995). The
quality of fruit at harvest, for the different treatments,
was maintained after 4 weeks of storage in both years
(Table III). This was consistent with previous results
from our laboratory for out-of-season production of
cactus pear (Zegbe and Mena-Covarrubias, 2008). The
non-significant trend for higher DM contents in T1 and
T2 than in C, observed at harvest (Table II), was
maintained after storage, in both years (Table III).

Fruit water loss: Water loss from fruit after harvest is a
major cause of fruit deterioration during storage (Wills
et al., 1998). After harvest, cactus pear fruit continue to
transpire (Corrales-García and Hernández-Silva, 2005)
resulting in shrivelling and a loss of marketability.Weight
loss in fruit from treatments T1 and T2 tended to be
lower (or the same) compared to C in both years (data
not shown). This implies that treatments T1 and T2
induced either minimal or no alterations in the fruit peel.
The removal of glochids (spines) from cactus pear fruit
increases weight loss during storage (Cantwell, 1995).We
did not remove glochids, and this might have contributed
to the similar and low levels of weight loss among the
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TABLE III
Effects of flower bud thinning on flesh firmness, peel and pulp fresh weights (FW), pulp:peel ratio, and total soluble solids and dry matter contents of 

‘Rojo Liso’ cactus pear fruit after 4 weeks of storage

Year/Thinning Flesh Soluble solids Dry matter content
treatment‡ firmness (N) Peel FW (g) Pulp FW (g) Pulp:peel ratio content (%) (mg g–1 FW)

2005
C 25.2a† 37.1a 77.8a 2.15a 13.1a 149.3a
T1 26.7a 38.3a 79.7a 2.10a 13.0a 178.9a
T2 24.8a 39.4a 74.9a 1.91a 13.3a 179.2a

2006
C 25.6a 51.9a 69.2a 1.4a 11.3a 155.2a
T1 26.5a 50.8a 68.1a 1.4a 11.1a 157.9a
T2 26.3a 52.2a 71.4a 1.4a 11.0a 156.2a

†Mean separations within a column and a year was by Tukey’s HSD (P = 0.05). Mean values followed by the same lower-case letter were not
significantly different.
‡The treatments used were: no thinning, control (C); thinning every second bud along the cladode (T1); or thinning two out of every three buds along
the cladode (T2).

TABLE II
Effects of flower bud thinning on flesh firmness, peel and pulp fresh weights (FW), pulp:peel ratio, and total soluble solids and dry matter contents of

‘Rojo Liso’ cactus pear fruit at harvest

Year/Thinning Flesh Soluble solids Dry matter content
treatment‡ firmness (N) Peel FW (g) Pulp FW (g) Pulp:peel ratio content (%) (mg g–1 FW)

2005
C 28.7a† 50.8a 66.9a 1.35a 13.6b 193.1a
T1 30.1a 53.2a 70.1a 1.34a 14.6a 201.4a
T2 37.2a 54.2a 64.2a 1.20a 14.8a 201.1a

2006
C 34.6a 63.4a 60.3a 0.96a 12.2a 150.3a
T1 34.9a 62.9a 60.1a 0.96a 12.3a 156.0a
T2 33.7a 63.9a 60.1a 0.96a 12.1a 165.4a

†Mean separations within a column and a year was by Tukey’s HSD (P = 0.05). Mean values followed by the same lower-case letter were not
significantly different.
‡The treatments used were: no thinning, control (C); thinning every second bud along the cladode (T1); or thinning two out of every three buds along
the cladode (T2).
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treatments. A weight loss of ca. 8% has been established
as the threshold for causing shrivelling in cactus pear
fruit (Cantwell, 1995). This value was reached before
week-4 of storage (at 20º ± 2ºC and a relative humidity of
40 ± 4%) in treatment C and T1 in 2005. But fruit weight
loss was ≤ 5% for fruit stored for 4 weeks at 15ºC in 2006.
The differences in weight loss patterns between the two
growing seasons may be related to the different storage
conditions (temperature and relative humidity) used
(Schirra et al., 1999; Wills et al., 1998).

In conclusion, FB-thinning, as applied in our
experiments, did not significantly reduce fruit yield, but
enhanced fruit size and the percentage of marketable
cactus pear fruit. Fruit quality, in terms of the pulp-to-peel
ratio, flesh firmness, total SSC, and DM content, was the
same among treatments at harvest and after 4 weeks of
storage. Fruit water loss tended to be lower in T2 in 2005.

But, in 2006, fruit water loss was the same among all
treatments and remained ≤ 5% during the 4-week storage
period. We recommend either of these flower bud
thinning treatments (T1 or T2) to commercial growers of
cactus pear who are interested in export markets.
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