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Vegetative and Reproductive Development of ‘Ataulfo’ Mango 

under Pruning and Paclobutrazol Management 

D. A. García De Niz1, G. L. Esquivel2∗, R. B. Montoya2, B. G. Arrieta Ramos2, G. A. 
Santiago2, J. R. Gómez Aguilar2, and A. R. Sao José3 

ABSTRACT 

Pruning of the plant canopy and paclobutrazol application to the root zone are agronomic 

practices that improve harvest yield in mango (Mangifera indica L.) orchards. To assess the 

effect of pruning and paclobutrazol treatment on the vegetative and reproductive 

development of ‘Ataulfo’ mango, three pruning dates (20 April, 20 May, and 20 June) and 

three concentrations of paclobutrazol (PBZ) (7.5, 11.25, and 15 mL of active ingredient) 

were used. While control trees presented only one vegetative growth during the productive 

cycle, trees that were pruned and treated with PBZ had up to three vegetative growth cycles 

before flowering, regardless of whether pruning occurred in April, May, or June. The 

number of vegetative shoots and inflorescences (m-2) were equal when trees were pruned 

and PBZ was applied. When pruning was performed in April or May, the time of harvest 

occurred 28 days earlier compared to the control. Pruning in April numerically resulted in 

the greatest production efficiency (7-11 kg m-2). For all the three pruning dates, fruit 

production of trees treated with PBZ and pruning was from 38 to 98 kg; these values were 

always less than those obtained for the control trees. The greatest incidence of seedless fruits 

(57-80%) occurred when pruning was performed in June.  
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INTRODUCTION 

The most critical problems affecting 
‘Ataulfo’ mango (Mangifera indica L.) 
cultivation in Mexico are the marked 
seasonality of the harvest, typically in May 
and June; the high incidence of parthenocarpy 
in ‘Ataulfo’ mango; and the limited 
technology available for advancing or delaying 
the time of harvest. 

Mango undergoes one to three vegetative 
growth cycles each year, depending on the 
cultivar, tree age, nutrition, relative humidity 
and night-time and daytime temperatures 
(Davenport, 2007), however, in ‘Ataulfo’ 

pruning can improve twice vegetative growth 
(Vázquez-Valdivia et al., 2009). Flowering 
occurs after the period of vegetative 
development and shoot maturation (shoot 
achieved from four to five months) 
(Davenport, 2003). Each vegetative growth 
cycle ranges from 3 to 6 weeks. Increases in 
shoot length and diameter occur during the 
first 2 weeks, and the completion of shoot 
maturation 1-2 months thereafter (Ramírez and 
Davenport, 2010). Reproductive growth occurs 
on mature shoots once a year, but this type of 
growth can occur at different times on the 
same tree (Ramírez, et al., 2010a)  

The technologies available for advancing or 
delaying harvest are pruning, growth 
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regulators, trunk ringing, hydric stress, 
irrigation, nutrition, and age of the last flush 
(Ramírez et al., 2010b). Pruning is commonly 
used in fruit trees, with the goal of controlling 
growth and stimulating the formation of 
vegetative and reproductive shoots. In mango, 
pruning is also useful for removing diseased 
branches, defining tree structure, inducing 
early flowering, increasing second-cycle yield 
and improving fruit quality (Davenport, 2006; 
Yeshitela et al., 2005; Gil et al., 1998). 

Paclobutrazol (PBZ) is a growth regulator 
that inhibits gibberellin biosynthesis and 
blocks the oxidation reactions of kaurene to 
kaurenic acid, a precursor of gibberellin 
synthesis (do Carmo and Silva, 2005; 
Mansuroglu et al., 2009; Ruíz et al., 2003; 
Villa-Ruano et al., 2010). In mango, PBZ 
reduces vegetative shoot formation, promotes 
early flowering, increases flowering, increase 
the number of set fruit, decreases alternate 
bearing, increases yield, and advances harvest 
from 45 to 51 days in cvs. Tommy Atkins and 
Manila (Avilán et al., 2005; Avilán et al., 
2008; do Carmo and Silva, 2005; Fonseca et 

al., 2005; Jamalian et al., 2008; Mansuroglu et 

al., 2009; Nguyen and Nguyen, 2005; Silva et 

al., 2007; Yeshitela et al., 2004). In ‘Ataulfo’ 
mango, an advancement of the harvest of up to 
30 days was previously reported (Vázquez-
Valdivia et al., 2009). In studies investigating 
‘Tommy Atkins’, ‘Manila’, ‘Haden’, 
‘Springfels’, ‘Edward’ and ‘Ataulfo’ mango, 
the PBZ application doses ranged from 1 to 2 
g of ai m-2 of canopy diameter (Avilán et al., 
2008; Cárdenas and Rojas, 2003; do Carmo 
and Silva, 2005; Fonseca et al., 2005; Nguyen 
and Nguyen, 2005; Silva et al., 2007; 
Yeshitela et al., 2004). The objective of this 
study was to evaluate the effect of PBZ 
application and the date of pruning on the 
vegetative and reproductive development of 
‘Ataulfo’ mango. 

MATERIALS AND METHODS 

The study was conducted using 20-year-
old ‘Ataulfo’ mango trees with native 
Mangifera indica L as rootstock, 10 and 12 
m in height and diameter, respectively, 
planting distance of 10×10 m, located in the 

Huaristemba municipality of San Blas, 
Nayarit, Mexico. The altitude of the site is 
14 m, and the geographic coordinates are 
21° 40' 51.45'' N latitude and 105° 11' 
25.32'' W longitude. The climate at the site 
is hot and humid (22.61°C and 85.82% 
annual average) with an annual precipitation 
of 1,300 mm (National Institute for 
Federalism and Municipal Development, 
State Government of Nayarit, 2009). The 
study was conducted during the 2010-2011 
production cycle. Before the experiment was 
conducted, the soil was sampled and 
analyzed to determine its characteristics and 
to devise the appropriate nutrition program. 
The soil had a clay texture, a pH of 7.4, and 
an electrical conductivity (EC) of 0.1 dS m-1. 
Trees were irrigated by flooding system 
once per month beginning from November 
until one month before harvest.  

The three pruning dates that were 
investigated were April 20, May 20, and 
June 20. On each of these dates, three PBZ 
concentrations were tested: 7.48, 11.2 and 
14.96 g ai (PBZ). The control condition was 
no pruning and no PBZ. There were six 
replicates for each treatment with one tree 
per replicate. For pruning, fruits from the 
cycle and intercrossed branches were 

removed (April and May pruning fruit was 
in growing stage, in June pruning fruit was 
in physiological maturation stage) and the 
canopy was reduced to a height of 4.5 m. 
Forty-one days after pruning, 500 mL of 
PBZ suspension was applied at each cardinal 
point at a depth of 15 cm and 1.5 m from the 
tree base. The temperature and relative 
humidity were recorded with HOBO® Pro v2 
equipment at 30-minute intervals. The 
vegetative stage variables were vegetative 
shoots m-2, number of vegetative growths 
per shoot and vegetative growth vigor. For 
each of these variables, measurements were 
made at four shoots located at each cardinal 
point for each tree until the floral shoots 
developed. The reproductive stage variables 
were number of inflorescences m-2; 
flowering-to-harvest period, determined 
using the scale proposed by Yeshitela et al. 
(2003); and number of set fruit m-2. These 
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variables were quantified at aheight of 2.5 m 
from the canopy. The following variables 
were also quantified: productive efficiency 
in kg m-2, using the method proposed by 
Medina-Urritia et al. (2007); incidence of 
fruit without seed; incidence of non-
commercial mango; and production per tree. 
A completely randomized statistical design 
was used. Analysis of variance and a test for 
comparison of means (Tukey’s test, P≤ 0.05) 
were performed using the SAS® program 
9.2.  

RESULTS AND DISCUSSION 

Number of Vegetative Shoots m-2  
For all three pruning dates, a greater 

number of vegetative shoots m-2 was 
observed on trees treated with PBZ. For the 
treatment condition and the untreated 
control, the values were approximately 6.0 
and 3.5 vegetative shoots m-2, respectively 
(Table 1). For the pruning in May, no 
significant differences were observed among 
the different PBZ concentrations. Similar 
results were reported by Pavone et al. 

(2008), who applied pruning and PBZ to 
‘Tommy Atkins’ mango. Although these 
researchers observed an increase in the 
number of vegetative shoots that emerged, 
this difference is attributable to pruning 
rather than PBZ. Davenport (2003) indicates 
that vegetative shoot number is related to 
tree age, high nitrogen level, and water 
abundance.  

Number of Vegetative Growths per 

Shoot 

 The control trees underwent only one 
vegetative growth cycle (Table 1). When the 
pruning was conducted in April, the number 
of vegetative growths per shoot decreased 
from 2.33 to 1.5 as the PBZ dose increased. 
This trend was not observed when the 
pruning was conducted in May or June, and 
the results for all PBZ concentrations were 
statistically equal. One explanation for this 

result is that the shoots had less time to grow 
when pruning was conducted earlier in the 
growth season. In a study on ‘Zebda’ 
mango, Shaban (2009) concluded that severe 
pruning treatments significantly increased 
the number of new growths per shoot and 
that high PBZ doses decreased shoot length 
and diameter. According to Vázquez and 
Pérez (2006) and Yeshitela et al. (2004), 
‘Ataulfo’ mango shoot can be considered 
potentially reproductive when it contains 
one or more vegetative growths and an 
apical leaf bud. Davenport (2007) reported 
that one or more vegetative growths can 
occur naturally on individual shoots each 
year, depending on the cultivar, tree age, and 
climatic conditions.  

Vigor of Vegetative Growths 

 For the April pruning, the vigor of the 
first growth cycle was statistically equal to 
that of the control (diameter and length). 
However, for the May and June pruning, the 
growth of the control trees was more 
vigorous than that of PBZ-treated trees with 
significantly greater values for shoot 
diameter, and length and number of leaves 
(Table 1). This result can be attributed to the 
fact that the treated trees underwent more 
vegetative growth cycles than the control 
trees. Yeshitela et al. (2004) reported similar 
results for the number of leaves: as the 
concentration of PBZ increased, the number 
of leaves decreased. Shaban (2009) 
suggested that this behavior was due 
specifically to the effect of PBZ as a 
gibberellin synthesis inhibitor rather than the 
effect of pruning. 

Number of Inflorescences m
-2 

The greatest number of inflorescences was 
observed when pruning was performed in 
April (6.31 m-2), although the results 
indicated no significant difference. 
Compared to the control, the PBZ treatments 
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Table 2. Number of inflorescences m-2, number of set fruits m-2, incidence of seedless fruit (%), 
incidence of non-commercial fruits (%) and production per tree (kg) for ‘Ataulfo’ mango trees on 
three pruning dates and with three PBZ doses.a  

Pruning 
date 

PBZ 
g ai 

Inflorescences  Set 
fruit 

Productive 
efficiency 

fruit 
withou
t seed  

Non-
commercia
l fruits 

Production  

 
 
 
 
 
 
A 

0.0 4.06 a 2.16 a 8.9 ab 64.2 ab 12.9 a 95.0 a 
7.5  6.45 a  2.33 a 7.6 b 66.4 a 4.6 b 62.0 a 
11.2  6.21 a 2.00 a 9.3 ab 50.8 ab 4.7 b 77.3 a 
15.0 6.28 a 3.33 a 11.6 a 47.4 b 8.1 ab 98.4 a 
CV 27.70 83.11 23.37 20.51 61.32 29.21 
P> 
F 

0.0543 0.6762 0.0331 0.0235 0.0177 0.0601 

 
 
 
 
 
M 

0.0 4.06 a 2.16 a 8.9 a 64.2 a 12.9 a 95.0 a 
7.5  4.45 a 0.66 a 6.6 a 71.0 a 4.4 b 53.2 b 
11.2  5.40 a 2.50 a 7.7 a 65.3 a 8.4 ab 64.0 ab 
15.0 5.65 a 2.00 a 9.3 a 58.6 a 4.6 b 69.4 ab 
CV 34.74  90.99 28.48 16.05 55.42 34.58 
P> 
F 

0.3412 0.2728 0.2193 0.2662 0.0068 0.0463 

 
 
 
 
J 

0.0 4.06 b 2.16 a 8.9 a 64.2 a 12.9 a 95.0 a 
7.5  5.41 ab 2.00 a 5.1 b 73.8 a 7.1 a 43.4 b 
11.2  5.76 ab 3.33 a 5.1 b 71.9 a 4.1 a 43.3 b 
15.0 5.93 a 1.00 a 4.6b 80.3 a 11.5 a 38.7 b 
CV 21.69 120.97 34.86 14.20 72.38 42.39 
P> 
F 

0.0429 0.4929 0.0064 0.0886 0.1022 0.0012 

A 5.75 a 2.45 a 9.30 a 57.20 c 7.57 a 83.17 a 
M 4.89 a 1.83 a 8.33 a 64.76 b 7.58 a 70.38 ab 
J 5.29 a 2.12 a 6.55 a 72.53 a 8.92 a 55.08 b 

CV 28.22 99.42 28.10  16.70 64.71 35.51 

a Means with the same letter within a column are not significantly different (Tukey’s test, P≤ 0.05). 
CV= Coefficient of Variation; A= 20 April; M = 20 May, and J= 20 June. 
 

resulted in at least two additional 
inflorescences m-2 (Table 2), and the highest 
PBZ dose produced the greatest number of 
inflorescences. The results are consistent 
with those obtained by Yeshitela et al. 
(2004), when tested 0.5 and 2.0 g L-1 of 
paclobutrazol in ‘Tommy Atkins’ and 
‘Keitt’ mango, wherein the greatest PBZ 
dose yielded a greater number of 
inflorescences than the control. Similarly, 
Cárdenas and Rojas (2003), do Carmo and 
Silva (2005), and Pavone et al. (2008) found 
that pruning and PBZ treatment had similar 
effects in ‘Tommy Atkins’, ‘Sprinfels’, 
‘Edward’ and ‘Haden’ mango. 

Flowering-to-harvest Period 

 In the treatments that combined pruning 

in April or May with PBZ treatment, 
anthesis occurred on 15 December 2010, and 
the time that elapsed between flowering and 
harvest was 140 days. This results differed 
with those obtained in ‘Haden’ and ‘Tommy 
Atkins’ where blooming to harvest period 
was 120 days using pruning, Paclobutrazol 
or Uniconazol and NO3

-
 (Davenport, 2003). 

When pruning in June and PBZ application 
were combined, anthesis occurred on 28 
December 2010, with a flower-to-harvest 
period of 143 days. The time of harvest 
occurred 28 days earlier, consistent with the 
results obtained by Vázquez et al. (2009) for 
‘Ataulfo’ mango. Using an integrated 
management program of pruning, 
fertilization, nitrates and PBZ, Vázquez et 

al. (2009) observed an advancement of 
harvest of approximately 30 days. Quijada et 

al. (2009) similarly advanced flowering by 
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more than 30 days for ‘Irwin’ and 20 days 
for ‘Tommy Atkins’ mango using KNO3 
combined with pruning. For the control trees 
in this study, anthesis occurred on 10 
January 2011, and the flowering-to-harvest 
period was 129 days. The control harvest 
occurred on the same date as the harvest for 
trees that were pruned on 20 June.  

Number of Set Fruits m
-2

 

 No statistic difference was found as the 
treatments effect, however, the greatest 
number of set fruit was observed for the 
treatment that combined pruning in April 
with the greatest dose of PBZ (3.33 m-2). 
The numbers of set fruits decreased 
progressively for the pruning in May (2.0 m-

2) and June (1.0 m-2), without significant 
differences among the three pruning dates 
(Table 2). These findings are similar to those 
reported for ‘Tommy Atkins’ mango by 
Quijada et al. (2009), who reported 4.4 set 
fruits m-2.  

Productive Efficiency 

 The greatest production efficiency (11.63 
kg m-2) was observed for the April pruning 
date combined with a dose of 14.96 g ai 
(PBZ). Although this value is not different 
than the control (8.90 kg m-2), this 
management allows to increase yield 
through raising the number of trees per ha 
and, thus, production efficiency; this value 
was significantly different than those for all 
other treatments. Efficiency was reduced for 
the May pruning and was reduced even 
further for the June pruning (Table 2). The 
production efficiency was similar among the 
other PBZ doses. These findings indicated 
that PBZ combined with pruning compared 
with un-pruned trees can be equally 
productive and raise the possibility that 
planting density may thus be increased from 
100 to at least 277 trees ha-1. Although the 
production was the same, this technology 
would reduce the production cost due to 

harvest practice, which can represent up to 
60% of this value. Furthermore, it has been 
demonstrated that ‘Ataulfo’ mango without 
PBZ application can remain without 
flowering because of weather. These results 
exceeded those obtained in Araque, Rangel 
y Rosita, native mangos from Venezuela, by 
Avilán et al. (2003), who reported 
production efficiencies of 5 and 6 mangos 
m-2. 

Incidence of Seedless Fruits (%) 

 The percentage of seedless fruits 
increased with later pruning dates for all 
treatments. The greatest incidence (80.34) 
was obtained at a dose of 14.96 g ai PBZ for 
the June pruning, which was significantly 
different only from the incidence observed 
for the April pruning (Table 2). These 
incidence values exceeded by 50% those 
reported for ‘Nam Dok Mai’ mango by 
Shaban and Ibrahim (2009). In Huaristemba, 
the temperature and relative humidity during 
the months in which pollination, 
fertilization, and fruit set occur for ‘Ataulfo’ 
mango are 19.72°C and 99.66%, 
respectively, at night and 29.93°C and 
67.96%, respectively, during the day. These 
conditions are very different than the night-
time and daytime conditions of 20-25 and 
10-15°C, respectively, reported by 
Sukhvibul et al. (2005), who observed the 
greatest incidences of seedless fruit in 
‘Irwin’, ‘Kensington’ and ‘Nam Dok Mai 
mangos. From these results, we infer that 
one option for avoiding the heavy impact of 
climate during the anthesis and fruit set of 
‘Ataulfo’ mango is the combination of 
pruning and PBZ application during the 
months of April and May. These combined 
treatments may help ensure fructification 
during the following cycle and may help 
diminish the incidence of parthenocarpy. 
Furthermore, it is necessary to study the 
effect of pollinator insects in cross-
pollination. Singh (1997) considered that 
mango pollination was basically 
entomophily and that common housefly was 
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an important pollinator. Dag et al. (1997) 
found that crossed pollination from Tommy 
to Lily significantly improved fructification. 

Incidence of Non-commercial Mangos 

Treatments combining pruning and PBZ 
exhibited the greatest percentages of 
commercial fruit for all three pruning dates, 
and statistically significant differences were 
observed for the April and May pruning 
(Table 2). These results are similar to those 
reported for ‘Tommy Atkins’ mango by 
Vega and Molina (1999). 

Production per Tree (kg) 

For all three pruning dates, trees treated 
with PBZ and pruning produced 38 to 98 kg; 
these values were always less than those 
obtained for the control trees. This result is 
attributable to the intensity and date of 
pruning, which reduced the canopy volume 
by up to 50%. Pruning later in the season 
resulted in an increase in the incidence of 
mango parthenocarpy and a negative effect 
on harvest volume relative to the control 
(Table 2). Vázquez et al. (2009) reported 
that trees treated with pruning, PBZ, 
fertilization and KNO3 produced 77 to 96 kg 
per tree. The results observed for ‘Ataulfo’ 
mango are consistent with those previously 
reported for ‘Haden’ (87 kg), ‘Tommy 
Atkins’ (56 kg), ‘Springfels’ (36 kg) and 
‘Edward’ (27 kg) mangos treated with PBZ, 
pruning and KNO3 at 6% (Avilán et al., 
2001). 

CONCLUSIONS 

The combination of pruning and PBZ 
treatment for ‘Ataulfo’ mango advanced 
harvest by 40 days when pruning was 
performed on 20 April or 20 May. 
Additionally, the flowering-to-harvest 
period was 140 days compared to 128 days 
for the control. Trees subjected to pruning 

and PBZ treatment underwent up to three 
vegetative growth cycles, regardless of the 
pruning date, while un-pruned control trees 
only underwent one cycle. Pruning and PBZ 
treatment did not increase the production 
efficiency m-2 and did not affect the number 
of inflorescences. Treatments combining 
pruning dates and paclobutrazol did not have 
effect on non-commercial fruits production. 
However, June pruning resulted in a greater 
incidence of seedless mango (72.53%). 
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هرس و كاربرد مديريت  دراثررقم آتولفو  زايشي درخت انبه رويشي و نمو

  وبوترازوللپك

د. ا. گارسيا دنيز، گ. ل. اسكويول، ر. ب. مونتويا، ب. گ. آريتا راموس، گ. ا. 

  سانتياگو، ج. ر. گومس آگويلار، و  ا. ر. سائو جوزه

  چكيده

 (.Mangifera indica L گاه درختان انبه وبوترازول در ريشهلهرس كردن شاخسار وكاربرد ماده پك

) از شمار كارهاي زراعي براي بهبود عملكرد در باغ هاي انبه هستند. در پژوهش حاضر، براي ارزيابي 

، سه تاريخ Ataulfoوبوترازول روي رشد رويشي و زايشي انبه لاثر هرس كردن و تيمار با ماده پك

به  )ميلي ليتر ماده فعال 15، و 5/7 ،25/11( PBZلظت ژوئن) و سه غ 20مه، و  20آوريل،  20هرس( 

كار رفتند. مشاهده شد كه در حاليكه درختان تيمار شاهد در دوره باردهي فقط يك دوره رشد رويشي 

، در هر سه تاريخ هرس، قبل از گلدهي تا سه چرخه PBZ داشتند، درختان هرس شده و تيمار شده با

ه ها وگل آذين ها در هر متر مربع در تيمارهايي كه هرس شده و رشد رويشي نشان دادند. شمار شاخ

PBZ  روز  28دريافت كرده بودند باهم برابر بود. در تيمار هرس درماه آوريل يا ماه مه، تاريخ برداشت

 7-11زودتر از تيمار شاهد بود. هرس كردن در ماه آوريل از نظر كمي بيشترين كارآيي توليد ( 

و  PBZبع) را داشت. براي هر سه تاريخ هرس، توليد ميوه درختان تيمار شده با كيلوگرم در متر مر

كيلو گرم بود كه همواره كمتر از درختان شاهد بود.همچنين، بيشترين تعداد  98تا  38هرس شده بين 

  .شددر تيمار هرس در ماه ژوئن مشاهده %) 57-80ميوه هاي بي هسته (
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