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SUMMARY. Cactus pear (Opuntia spp.) is an important Mexican fruit crop cultivated
extensively (about 51,000 ha) in the semiarid highlands of Mexico. Fruit exports
have increased in the last decade, but to fulfill these markets, fruit size must be
enhanced. However, current hand thinning reduces yield, thus making it
uneconomical for growers. The objective was to evaluate two reproductive bud
(RB) thinning protocols in an effort to increase export fruit size without depressing
cactus pear yield. Two experiments were conducted during the 2004 growing
season with two cactus pear types: Cristalina (Opuntia albicarpa) and Rojo liso
(Opuntia ficus-indica). In the first experiment, the treatments were no thinning
(control) or keeping 4, 8, or 12 RBs per cladode. In the second experiment, the
treatments were no thinning (control), thinning every other bud along the cladode,
and thinning two of every three buds along the cladode. In the first experiment,
yield of Cristalina was reduced by 10.4% and 51.8% when eight or four RBs per
cladode were retained, respectively. Mean fruit weight of Cristalina decreased with
the most severe thinning treatment. Yield of Rojo liso was reduced when four RBs
were retained per cladode. In the second experiment, yield of both cactus pear types
was unaffected by the thinning treatments. Therefore, we recommend thinning
every other bud along the cladode because it does not reduce yield and tends to
improve marketable fruit in both cactus pear types. However, this thinning
alternative should be tested in other commercial cactus pear types if growers are
interested in export markets.

importance in countries of Europe,
America, Asia, and Africa (Basile,
2001). In Mexico, cactus pear production systems have an important
social impact in lower local market
competitiveness compared with other
commodities (Rincón-Valdez et al.,
2004). However, the exported volumes in the last decade have alleviated,
in part, the low economic return.
Therefore, fruit suitable for export is
now the goal for Mexican growers.
As for other fruit crops exemplified by apple [Malus ·domestica (Kilili
et al., 1996)], fruit size of cactus pear
depends on orchard management
practices during the growing season
(Inglese, 1995) and on the cactus
pear types (Fernández-Montes et al.,
2000). Furthermore, irrigation (Zegbe
et al., 2006), nutrition (Nerd et al.,
1993), and crop load (Inglese et al.,
1995) have also been shown to affect
the fruit size of cactus pear. In view
of export markets, fruit thinning is
a common practice to increase fruit
size and to speed up ripening (Inglese,
1995; Inglese et al., 1995). The reproductive bud (RB) thinning threshold has been established at six fruit per
cladode (Gugliuzza et al., 2002;
Inglese, 1995; Inglese et al., 1995).
However, this thinning protocol reduces fruit yield in Mexican commercial cactus pear types. Therefore,
growers refuse to apply this protocol
with the corresponding negative impact on fruit size. Consequently, the
aim of this study was to evaluate a RB
thinning alternative to increase export
size fruit without affecting fruit yield
on commercial cactus pear types.
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C

actus pear is a Mexican fruit
crop cultivated extensively
(about 51,000 ha) in the
semiarid highlands of central Mexico.
This crop has gained economic

MENT. The experiments were conducted from Mar. to Oct. 2004 in a
commercial
orchard
(Rancho
la Tunera) in Jerez, Mexico (lat.
2232#N, long. 10303#W, elevation
1976 m). The experimental site has an
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annual mean temperature of 25.7 C
and 482 mm of precipitation, with
62% of the rain occurring between July
and October. The orchard soil is clay
loam with 1.63% organic matter and
7.1 soil pH. Two types of cactus pears,
planted in 2000, were used in these
experiments: Cristalina (late-maturing, white-pulped type) and Rojo liso
(early-maturing, red-pulped type).
Tree spacing was 5 · 3 m and plants
were trained to the open vase form.
Except for RB thinning, trees received
cladode pruning, fertigation, and pest
control as is standard for commercial
production in this region. Drip irrigation was provided weekly based on
a soil-water balance. Trees were fertilized in the first four irrigation events
with 90N–13.1P–24.9K. The first half
of the nitrogen (N) and total phosphorus and potassium were applied
with the first four irrigations; the
remaining half of N was supplied via
fertigation 4 weeks after fruit harvest.
EXPT. 1. This trial examined the
effect of RB load per cladode as proposed by Inglese et al. (1995). Sixteen plots (four plots per treatment)
for each cactus pear type were chosen.
Each plot had three uniform trees that
were randomly allocated to one of
the four RB thinning treatments.
The treatments were: no thinning
considered as control (C) or retaining
4, 8, or 12 RBs per mature cladode
(4RB, 8RB, and 12RB, respectively).
EXPT. 2. In this case, 12 plots
(three plots per treatments) for each
cactus pear type were used. Each plot
had three uniform trees that were
randomly allocated to one of the
three RB thinning treatments. The
treatments were: no thinning considered as control (C), thinning every
other bud along of the cladode (T1),
and thinning two of every three buds
along the cladode (T2). Twin RBs
were manually removed except for
the control treatment. One or two
reproductive buds were then thinned
out alternately along of the cladode
(Fig. 1). In both experiments, RBs
were hand-thinned 10 d before blossom time, which occurred on 15 and
20 Apr. for Rojo liso and Cristalina,
respectively.
Both experiments were conducted in a complete randomized
design. Thinning treatments were repeated four times. The minimum
number of replication for detecting
significant differences (P < 0.05)
•
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among treatments was determined
according to Petersen (1994).
DATA COLLECTION AND ANALYSIS.
The information was collected from
the central tree of each plot. Harvest
started on 19 July (96 d after full
bloom) and on 6 Aug. (109 d after full
bloom) for Rojo liso and Cristalina,
respectively. The fruit were collected at
export harvest maturity, when peel
color is reddish-green and yellowishgreen for Rojo liso and Cristalina, respectively. Harvest was done over four
and seven events for Rojo liso and
Cristalina, respectively. Fruit from each
tree were harvested, graded by equatorial diameter (1 > 7.0 cm, 2 = 6.0–7.0
cm, 3 = 5.0–5.9 cm, 4 = 4.1–4.9 cm,
and 5 = 3.5–4.0 cm), counted, and
total weight of all fruit was measured as
gross yield. Mean fresh weight of fruit
was calculated by dividing the gross
yield by number of fruit per tree. The
data were analyzed by a complete randomized model using the analysis of
variance (ANOVA) procedure of SAS
(version 9.1; SAS Institute, Cary, NC).
To stabilize the variance, the variables
expressed in percentage (fruit categories), and in discrete units (fruit
number) were arcsine and square-root
transformed, respectively. Means are
reported after back transforming.
Treatment means were separated by
the Tukey’s Studentized range test at
P £ 0.05.

Results and discussion
EXPT. 1. The highest yield was
produced when 12RB were retained
per cladode of Cristalina (Table 1).
This increase was due to a second RB
reflux (reflowering) as reflected in the
fruit number collected at harvest.
Fruit number for control trees and
12RB trees was 345 and 433, respectively. A reflowering phenomenon
occurs when RB thinning is applied
before bloom (Inglese, 1995), resulting from a change in hormonal balance and favorable air temperatures
(Inglese et al., 1998). Our thinning
treatments were applied 10 d before
bloom. A similar reflowering pattern
has been observed on cactus pear
trees experiencing deficit irrigation
and prebloom bud removal (Zegbe
et al., 2006). In contrast, yield of
Cristalina was reduced by 51% in
4RB trees compared with control
trees as result of thinning severity, as
seen in other fruit crops (Schupp
et al., 2008). Mean fruit weight

Fig. 1. Reproductive bud thinning
treatments applied to two cactus pear
types in Expt. 2 at Jerez, Mexico in
2004. The treatments were: no
thinning considered as control (C),
thinning every other bud along the
cladode (T1), and thinning two out of
every three buds along the cladode
(T2).

increased by about 24% in 8RB trees
compared with control trees. However, the most severe RB thinning
treatment (4RB) did not enhance
fruit size (Table 1). The percentage
of fruit with an equatorial diameter
between 6.0 and 7.0 cm (the best
fruit for commercial trade) was higher
in 4RB and 8RB trees than in 12RB
and control trees (Table 1). Fruit of
category 3 and 4 tended to reduce in
8RB and 4RB trees compared with
12RB and control trees (Table 1).
Fruit with equatorial diameter lower
than 4.1 cm or higher than 7.0, and
blemished fruit was the same among
treatments (Table 1).
Yield of Rojo liso was lower in
4RB treatment compared with the
other three treatments (Table 1).
Furthermore, when compared with
control trees, yield was reduced by
8.6%, 30.8%, and 57.6% in 12RB,
8RB, and 4RB trees, respectively.
This reduction indicates that Rojo
liso is more sensitive to this RB thinning than Cristalina (Table 1). Although not significant, compared
with control and 12RB trees, 4RB
and 8RB trees tended to increase the
fruit size in category 2, whereas the
opposite was observed in the fruit of
category 4 in the same treatments
(Table 1). Fruit in categories 3 and
5, blemished fruit, and mean fruit
weight were the same among treatments (Table 1).
Our findings partially agree with
those of Gugliuzza et al. (2002),
Inglese (1995), and Inglese et al.
(1995) because the maximum fruit
size was achieved with 8RB treatment
in Cristalina trees instead of 6RB
treatment in ‘Gialla’ trees (Inglese
et al., 1995). In contrast, Rojo liso
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fruit size seems to be insensitive to
this RB manipulation (Table 1). Differential response of fruit size between
Rojo liso and Cristalina suggests differences in genetic crop load rather
than the number of normal seeds. Fruit
growth potential has been attributed
to the number of normal seeds
(Inglese et al., 1995). However, the
number of seeds in Rojo liso is relative
higher (4.8%) than in Cristalina, having both types the same abortive seeds
(Fernández-Montes et al., 2000).
Furthermore, the most severe thinning treatment (4RB) might have induced an undesirable competition
for carbohydrates between developing fruit and other vegetative structures, limiting final fruit size.
Compared with control treatment, 8RB treatment promoted more
than 2-fold fruit of category 2 in both
cactus pear types (Table 1), but additionally, 4RB and 8RB treatments

promoted the highest percentage of
cash value fruit (having equatorial diameter > 5.0 cm) in both types, which
is important for domestic consumers
and export markets. The percentage
values [minimum significant difference (MSD) = 13.1%] for Cristalina
were: 87.4%, 85.7%, 96.5%, and 96.7%
for control, 12RB, 8RB, and 4RB
treatments, respectively. The corresponding values (MSD = 11.9%) for
Rojo liso in the same order were:
68.1%, 71.0%, 75.6%, and 83.6%,
respectively.
EXPT. 2. In this experiment, we
have proposed another RB thinning
criterion as an alternative to the current thinning method reported in the
first experiment (Inglese et al., 1995).
Yield of Cristalina and Rojo liso was
unaffected by the thinning treatments. However, although not significant compared with control trees,
yield of Cristalina tended to reduce by

about 12% and 16.4% with the first
and second thinning treatment, respectively (Table 2), while yield of
Rojo liso was reduced by about 13%
and 24% with the first and second
thinning treatment, respectively (Table 2). Fruit size distribution was not
altered by the RB treatments in Cristalina (Table 2). However, fruit of
category 3 was increased in Rojo liso
by the second treatment (Table 2).
Similarly to the first experiment, the
accumulated percentage of marketable fruit (fruit categories with equatorial diameter ‡ 5.0 cm) tended to
increase in both RB thinning treatments compared with the control
trees in both cactus pear types. Yield
values (MSD = 14.7%) for Cristalina
were: 85%, 91%, and 93.4% for control, the first, and the second thinning
treatment, respectively. In the same
order, the corresponding values
(MSD = 17.1%) for Rojo liso were

Table 1. Effect of the number of reproductive buds retained per cladode (RBC) on yield, mean fruit weight (MFW), fruit size
distribution, and blemished fruit (BF) of Cristalina-type and Rojo liso-type cactus pear at Jerez, Mexico in 2004.
Fruit size distribution (%)y
3
4

Yield
(kg/tree)z

Mean fruit
wt (g)z

Control
12
8
4

48.3 abx
62.7 a
43.3 ab
23.3 b

138.8 b
144.4 b
172.8 a
162.1 ab

Cristalina type
0.0 a
24.8 b
0.4 a
26.9 b
1.2 a
52.6 a
0.3 a
48.5 a

62.5 a
58.4 a
42.7 a
48.0 a

Control
12
8
4

51.3 a
46.9 a
35.5 ab
21.8 b

123.3 a
116.3 a
122.0 a
121.0 a

Rojo liso type
0.0
05.0 a
0.0
08.3 a
0.0
12.7 a
0.0
15.2 a

63.0 a
62.7 a
62.8 a
68.5 a

RBC (no.)

1

2

5

BF

12.3 a
13.4 a
3.0 a
2.8 a

0.1 a
0.1 a
0.1 a
0.0 a

0.3 a
0.8 a
0.4 a
0.4 a

31.0 a
28.1 a
23.3 ab
15.2 b

0.7 a
0.5 a
0.5 a
0.3 a

0.3 a
0.4 a
0.7 a
0.8 a

z

1 kg = 2.2046 lb, 1 g = 0.0353 oz.
Fruit size classes determined by equatorial diameter: 1 > 7.0 cm, 2 = 6.0–7.0 cm, 3 = 5.0–5.9 cm, 4 = 4.1–4.9 cm, and 5 = 3.5–4.0 cm (1 cm = 0.3937 inch). Fruit greater than
5.0 cm are marketable.
x
For each cactus pear type, means within a column followed by the same letter are not significantly different at P £ 0.05 by Tukey’s Studentized range test.
y

Table 2. Effects of reproductive bud thinning (RBT) on yield, mean fruit weight, fruit size distribution, and blemished fruit
(BF) of Cristalina type and Rojo liso type cactus pear at Jerez, Mexico in 2004.
Fruit size distribution (%)x
3
4

Yield
(kg/tree)y

Mean fruit wt (g)

C
T1
T2

57.2 aw
50.2 a
47.8 a

138.7 a
154.5 a
158.3 a

Cristalina type
0.1 a
29.0 a
1.7 a
34.0 a
0.3 a
45.8 a

55.9 a
55.4 a
47.4 a

C
T1
T2

56.2 a
48.9 a
42.7 a

107.9 b
116.2 ab
121.7 a

Rojo liso type
0.0
8.8 a
0.0
3.9 a
0.0
7.1 a

50.7 b
60.2 ab
65.0 a

RBT

z

y

1

2

5

BF

14.3 a
08.3 a
04.8 a

0.1 a
0.0 a
0.0 a

0.6 a
0.6 a
1.7 a

38.8 a
32.0 a
25.3 a

1.3 a
3.2 a
1.3 a

0.4 a
0.7 a
1.3 a

z
The treatments were: no thinning considered as control (C), thinning every other bud along the cladode (T1), and thinning two out of every three buds along the
cladode (T2).
y
1 kg = 2.2046 lb, 1 g = 0.0353 oz.
x
Fruit size classes determined by equatorial diameter: 1 > 7.0 cm, 2 = 6.0–7.0 cm, 3 = 5.0–5.9 cm, 4 = 4.1–4.9 cm, and 5 = 3.5–4.0 cm (1 cm = 0.3937 inch). Fruit greater
than 5.0 cm are marketable.
w
For each cactus pear type, means within a column followed by the same letter are not significantly different at P £ 0.05 by Tukey’s Studentized range test.
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59.4%, 64.1%, and 72.1%, respectively. The other fruit categories,
mean fruit weight, and blemished
fruit were unaffected by RB thinning
treatments (Table 2).
Yield was not reduced and mean
fruit weight tended to increase in
both cactus pear types by using the
proposed RB thinning protocol.
Therefore, these results indicate that
the proposed hand thinning alterative
may promote better distribution and
allocation of assimilates among the
different cactus pear organs, mainly
into the fruit. However, the experiments did not investigate the sinksource balance between reproductive
and vegetative organs. Finally, compared with the thinning protocol recommended by Inglese et al. (1995)
and used worldwide by the cactus
pear growers, the thinning alternative
described here, in the second experiment, has the following benefits: It is
easy to apply, less time consuming,
because it is much easier to remove
reproductive buds than fruit, and it
tends to enhance fruit size without
affecting yield.

Conclusions
We have presented two alternatives to manipulate the reproductive
buds of cactus pear and their effects on
fruit size and yield. From the results,
we recommend thinning to no less
than eight RBs per cladode or to thin
every other bud along the cladode.
However, based on the differential
responses observed in both cactus pear

•
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types used in this study, both thinning
protocols must be tested in other
cactus pear types before being adopted
by commercial cactus pear growers.
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