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Abstract: This investigation was carried out during a period of October 2004 to June 2005 at Chaiyaphum
Province, Northeast Thailand to search for more information on the effect of chemical Paclobutrazol (PB7) on
flower and fruit development, quality and fruit yield of Kaew mango (Mangifera indica 1..). A completely
randomized design with four replications was used. Five rates of Paclobutrazol were used, 1.e., 0, 1,000; 3,000,
5,000 and 7,000 ppm/plant. The experiment consisted of two sets of treatments, 1.e., T —T; represent the first
set and T,-T,, for the second set. The results showed that PBZ had no significant effect in extending number
of days from flower imtiation up to full bloom. PBZ also had no significant effect in delaymng fruit maturity age
but fruit sets were significantly increased with PBZ rates applied. PBZ had a highly significant effect on fiuit
length but sigmficantly decreased frut thickness. Fruit yields were significantly increased with PBZ application.
The best application rate of PBZ was found with T, (1,000 ppm/plant) with an extended flower raceme length
of 5 cm. This treatment gave the highest mangoe edible fruit yield of 48,281.25 kg ha™".
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INTRODUCTION

Meango (Mangifera indica L) 13 one of many
important orchard fruit trees in the tropics, particularly in
Thailand. The cultivation of mango trees 1s highly popular
among growers in all regions of the country, since there
are lots of mango varieties being cultivated for different
consuming purposes depending on variety some of them
are grown for ripe fruit production and others are used for
pickled fruits and edible fresh fruits like apple fruits, its
annual production of fruits plays an important role in the
Thai economy. The land area being used for growing
mango trees in Thailand reached a figure of 332,220 ha
and out of this figure about 20% have been used for the
growth of Kaew variety (Anonymous, 2005). The need
to grow Kaew variety has been increasingly with time due
to1ts high demand for fruits in markets both domestic and
overseas apart from its simplicity in growing, since Kaew
mango could thrive on well under drought conditions
and its annual production could be relatively high
(Radanachaless ef af., 2000). Kaew mango fruits have
played its significant role in food industries in Thailand.
There are many products being processed through many
food manufacturers such as salted mango fruits, pickled
mango fruits, oven-dried crispy mango slices and many
other food preservations.

Northeast Thailand 1s a region located on lugh lands
with an elevation of approximately 200 m above sea level
for most plam areas but up to 800-1,300 m for mesa
mountain of Phukradueng (high mountain with a large flat
area). This region is geographically suitable for many
orchard plantations apart from the establishment of many
pasture lands for livestock production (Suksri, 1999). The
high demand for more mango fruit production for
domestic and overseas consumption has encouraged
scientists to carry out more research investigation in order
to produce adequate amount of mango fruits for the high
demand of the markets. Thus different methods in
stimulating matured mango trees to flower were carried
out such as the research of Feungchan (1995). He
reported that the traiming of branches of mango trees to
spread out for more radiant energy interception from the
sun gave sigmficantly greater amounts of flowers and
mango production than without. With another study
carried out m Northeast Thailand on the application of
chemical Paclobutrazol, Feungchan et al. (1991 ) reported
that the application of Paclobutrazol at a rate of
20 cc/plant to the soil at the mango trunk above ground
level together with chemical fertilizers gave significantly
greater number of flowers and mango fruits than without.
Other researchers have stated that by nature, number of
fruits/raceme of mango plants could be relatively low due
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to small amount of fertilized flowers as a result of
environmental conditions and internal mechanisms within
the mango plants (Khader et al., 1988; Schaffer et al.,
1994; Krisanapook ef al, 2000, Negi, 2000). Some
researchers have stated that there is always a competition
for assimilates among fruits within a raceme of mango,
thus a number of small fruits dropped off at its early stage
of development (Ram, 1992; Davenport and Nunez-Elisea,
1997). Growers of mango plantations in Thailand have
always accustomed to problems on unfertilized flowers,
dropping off of fruits at its early stage of development
and the mnconsistency m annual flowering of mango trees,
Le. mango trees bearing its fruits in between years. Thus
these encourage scientists to carry out more experiments
on such problems in order to provide adequate
mformation for growers of mango plants. Chemical
Paclobutrazol (PBZ), a growth regulator is known to have
played its significant role n delaying growth mn plants by
its inhibition on the synthesis of Gibberrellin (Rademacher
1995; Nartvaranant ef @f., 2000; Bally et al., 2000) thus
PBZ application could probably lengthen both flowering
and fruit filling up periods in mango plants n order to
provide adequate assimilates for fruit development of
mango plants. Therefore, there 1s an urgent need to
investigate further in order to attain maximum outputs of
the annual production of mango trees. It is of important
value to carry out experiment on the effect of different
spraying rates of chemical Paclobutrazol to different
flower panicle lengths of mango flower racemes in order
to evaluate its effect on flower mmtiation, fruit
development and fiuit production, where the obtained
results may be of mportant value to growers of mango
plantations in Thailand, particularly in the northeastern
region.

MATERIALS AND METHODS

This mvestigation was carried out with the use of a
mango plantation of a villager, Muang District,
Chaiyaphum Province, northeastern region of Thailand
during October 2004 to Tune 2005. Forty Kaew mango
trees (Mangifera indica L.) with an age of 10-year old
with a similar girth diameter of the trunk at approximately
0.5 m above ground and a similar bushy structure were
chosen for the experiment. The mango trees are grown on
Raynu soil series (Oxic Paleustults) with the distances
between rows and within rows of 8<8 m. The experiment
was laid m a Completely Randomized Design (CRD) with
four replications. Each mango tree was used as a
replication. Five rates of chemical Paclobutrazol (PBZ)
were used. That is 0, 1,000; 3,000; 5,000 and 7,000
ppm/plant. The spraying of chemical Paclobutrazol to the
whole plant of each replication of mango trees was carried
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out twice. This made two-set of treatments, 1.e. all rates of
chemical Paclobutazol were used for the first set (T, to T.)
when an extension of flower racemes of each replicate
reached approximately 1 cm long and the second set of
treatments (T, to T ;) was carried out at 4 days after the
spraying of the first set when the flower racemes had
extended up to 5 cm long. Therefore, the treatments used
were altogether ten treatments. They are: O ppm PBZ @
1 em (T,, control), 1,000 ppm PBZ @ 1 cm (T,), 3,000 ppm
PBZ @ 1 cm (T5), 5,000 ppm PBZ @ 1 ¢m (T,), 7,000 ppm
PBZ @ 1 cm (T,), Oppm PBZ (@ 5 em (T, control), 1,000
ppm PBZ @ 5 cm (1), 3,000 ppm PBZ @ 5 cm (T5), 5,000
ppm PBZ (@ 5 cm (T,), and 7,000 ppm PBZ @ 5 cm (T ),
The following items were used for data collection: number
of days to full bloom (being counted from flower initiation
up to full bloom), percentages of droppmng off of fruits
and harvesting age for fruit production after maturity
{(both being counted from flowering stage up to frut
maturity), fruit sizes, flesh percentage, seed stone sizes,
individual fruit weight, mango yield/ha and fruit quality.
The fruit quality determination was carried out with the
use of Fruit Pressure Tester Model FT 327 (3-27 lbs),
Ttaly for fruit firmness (kg cm™), total soluble solids of
edible flesh of fruits by the method of ACAC (1984) with
the use of a hand Refractometer, E type, series 2111-W10,
Model N-1E, Japan. Titratable acidity content was
determined (TA) with the use of citric acid%, titration
against NaOH 0.1 N using phenolphthalen 1% as
indicator (AOAC, 1984). The obtained data were
statistically analysed using SP3S Computer Programme,
Base 9 (SPSS, 1999).

RESULTS

Flowering period of Kaew mango trees was umtiated
1n late November 2004 and then spraying of different rates
of chemical Paclobutrazol was carried out accordingly.
The results showed that number of days from flower
initiation up to full bloom ranged from 23.31 to 31.75 days
for T, and T,, respectively. There was no significant
difference due to treatments found on number of days
from imitiation to full bloom (Table 1). The results on fruit
dropping off percentages indicated that the dropping off
was highest with the treatments without Paclobutrazol
application, i.e., T, and T, (controls) with percentages of
dropping off of 94.53 and 87.31, respectively. In most
cases, the dropping off of fruits was relatively higher for
those sprayed at 1 cm raceme extension than those
sprayed at 5 cm raceme extension. The lowest figure of
dropping off of fruits was found with T, and became
greater from T, to T, T, T, T T, T, and T,
respectively and the greatest number was found with T,.
The differences were large and statistically significant.
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Table 1: Number of days from flower initiation to full bloom (NDF), fruit
dropping%o and harvesting age (days from flowering initiation till
harvest) of Kaew mango fruits (AMdargifera indical..) as influenced
by different rates of cherical Paclobutrazol and spraying periods
(lengths of flower racermnes: 1 and 5 cm), grown on Raynu soil
series (Oxic Paleustults) at Chaiyaphume Province, Northeast

Thailand
Fruit Harvesting

Treatments NDF dropping (%0) age

T, 24.53 94.53a 146.98
T, 28.42 83.42bc 150.14
T, 29.01 84.01bc 152.55
T, 30.75 86.75ab 152.64
Ts 30.71 85.08abc 154.01
Ts 23.31 87.31ab 146.57
T, 29.19 76.19¢ 151.43
Ts 30.80 77.86¢C 152.21
T, 31.75 76.75¢ 150.38
T 30.15 80.15¢ 152.56
LSD {p = 0.05) N§ - NS
CV% 14.73 6.73 2.55

Letter(s) within columns and LSD indicate significant differences at
*p = 0.05, N8 = non Significant, NDF = number of days from flower
initiation to full bloom

With harvesting age for mango fruits, the results
revealed that there was no difference in maturity age of
the treatments used. The maturity age commenced from
146.57 to 152.56 days for T, and T,, respectively. Maturity
age tends to be delayed by the application of
chemical Paclobutrazol although it was not sigmficantly
shown.

With fruit dimensions, the results showed that fruit
width was lughest with T, followed by T, with values of
7.48 and 7.23 cm, respectively. Whilst the rest were sumilar
and even lower than T, (control treatment). The
differences were highly significant (Table 2). Fruit length
was longest with T, but similar to T, (control) and T, with
the values of 9.86, 9.63 and 9.51 cm, respectively. In most
cases, fruit length seems to have reduced by chemical
Paclobutrazol application. The differences were large and
highly significant. For fruit thickness, the results showed
that Paclobutrazol application increased fruit thickness
only up to 5,000 ppm (T,) but similar to T, T, and T,, with
the values of 6.36, 6.17, 6.16 and 6.1 6 cm, respectively. The
application of chemical Paclobutrazol sigmificantly
decreased fruit thickness. There were no differences in
flesh content percentages found among treatments used.
For fruit yields, the results showed that fresh fruit yields
were highest for T, (48,281.25 kg ha™") but similar to all
treatments treated with chemical Paclobutrazol except T,
and T, where their values were lower but significantly
greater than control. The lowest fruit yield was found with
T, (control) with a value of 22,187.50 kg ha™'. The
application of chemical Paclobutrazol highly mcreased
fruit yields of Kaew mango.

For seed weights without flesh, the results showed
that seed weight was highest with T, but similar to T,
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Table 2: Fruit dimensions, flesh contents, and fruit vields of Kaew mango
fresh fruits as influenced by different rates of Chemical
Paclobutrazol and spraying periods (lengths of flower racemes: 1
and 5 cm), grown on Raynu soil series (Oxic Paleustults) at
Chaivaphum Province, Northeast Thailand

Width Length Thickness Flesh Fruit yields
Treatments (cm) (cm) (cm) (%) (kgha™)
T, 7.19hc 9.63ab 6.17ab 73.03  22,187.50d
T, 7.05be 9.51abc 6.03bc 7278 44,218.75a
Ts 7.16bc 9.41bed 6. 16ab 73.38  44,739.06a
Ty 7.48a 9.86a 6.36a 73.39  38,332.81b
Ts 7.16bc 9.26de 6.10b T0.28  45,104.69a
Ts 7.14bc 9.53abc 6.04bce 7271 27,604.68¢
T, 7.10bc 9.33cde 6.00bc 73.08 48,281.25a
Tg 6.48d 8.97e 5.82¢ T0.80 47,707.8la
Ty 7.23b 943bhcde A.0dbe 7232 45,156.25a
Tia 7.00cd 9.27cde 6.16ab 7239 48,229.69a
LSD (p=0.05) ** o * NS i
CV (®0) 2.01 2.42 2.54 1.79 4.47

Letter(s) within columns and LSD indicate significant differences at
p **=0.01, * =0.05, N8 =non Significant

Table 3: Seed weights without flesh (seed stone), seed dimensions (cm) and
fresh weights (g/fruit) of Kaew mango as influenced by different
rates of chemical Paclobutrazol and spraying periods (lengths of
flower racemes: 1 and 5 cm), grown on Raynu soil series (Oxic
Paleustults) at Chaivaphum Province, Northeast Thailand

Seed weight Width  Length  Thickness Fruitweight

Treatments (g/seed) {cm) (cm) {cm) (g/tiuit)
T, 30.73a 4.17a 8.52ab 2.26 191.22
T, 25.29cd 3.80c T.91c 2.06 171.90
T; 28.20abc  3.97b 8.26bc 2.16 185.80
T, 31.19a 4.05ab 8.57ab 2.26 208.00
Ts 29.01ab 3.91bc 8.11bc 2.31 186.54
Ts 29.38ab 3.92bc 8.50ab 2.24 188.91
T 28.87ab 3.93bc 8.11bc 2.19 179.02
Ts 24.86d 3.80c T.91c 2.13 161.21
Ty 31.34a 4.05ab 8.64a 2.22 200.33
T 26.37bed  3.80c 8.01c 2.17 170.87
LSD (p=0.05) ** o * NS NS

CV % 7.06 2.71 3.62 2.85 10.87

Letter(s) within columns and LSD indicate significant differences at
p **=0.01, * =0.05, N8 =non Significant

(control) with values of 31.34 and 30.73 g/seed,
respectively (Table 3). There was no consistent trend
found due to the different rates of chemical Paclobutrazol
applied but the difference was large and hghly
significant. Seed width was highest with T, and lowest
with T,, T, and T, with values of 4.17, 3.80, 3.80 and 3.80
cm/seed, respectively. In most cases, seed width seems to
decrease with the application of chemical Paclobutrazol.
The differences were large and highly significant. A
similar result to seed width was found with seed length,
i.e., chemical Paclobutrazol tends to decrease seed length
of the mango fruits. However, there were no statistical
differences due to treatments found on seed thickness
and individual fruit weight.

With quality of mango fruits, the results showed that
fruit firmness was highest with T, but similar to T, with
the values of 14.51 and 13.79 kg cm ™, respectively. Fruit
firmness was similar for all treated mango plants except T,
and T, where their values were significantly greater than
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Table 4: Fruit firmness (texture), soluble solid content ($8) and titratable
acidity (TA) of Kaew mango fruits as influenced by different rates
of chemical Paclobutrazol and spraying periods (lengths of flower
racemes: 1 and 5 cm), grown on Raynu soil series (Oxic
Paleustults) at Chaiyaphum Province, Northeast Thailand

Fruit firmness Soluble solid Titratable acidity
Treatments (kg cm™?) content (%) content. (%4)
T; 13.41bc 9.98a 0.39abc
T, 13.28bc 10.06a 0.39abc
Ts 13.03¢ 9.17bc 0.39abc
T, 13.22bc 9.03bc 0.41ab
Ts 13.04bc 9.12bc 0.42ab
Ts 13.79ab 9.03bc 0.40ab
T; 14.51a 8.61c 0.38abc
T 13.17be 9.37ab 0.41ab
T 13.52bc 8.95bc 0.42ab
Tig 12.26d 9.14bc 0.39abc
LSD (p =0.05) ok i *
CVo% 7.06 447 5.99

Letters within columns and L8D indicate significant differences at
p ** =0.01, *=0.05, N8 = non Significant

the rest, whilst T,, attained the lowest. There was no
consistent trend due to chemical Paclobutrazol rates of
application but T, and T, were highly significant over T,
(Table 4). With soluble solid content in fruits, the results
showed that T, gave the highest value but similar to T,
(control treatment) and T, with values of 10.06, 9.98 and
9.37%, respectively. In most cases, chemical Paclobutrazol
rates seem to decreased soluble solid% of mango fruits.
The differences were large and lughly sigmificant. For
titratable acidity content, the results showed that T, gave
the lowest titratable acidity% but similar to all treatments
used. The differences were large and statistically
significant.
application tends to increase titratable acidity% of the
mango fiuits. There was no consistent trend found due to
the application rates of Paclobutrazol.

In most cases, chemical Paclobutrazol

DISCUSSION

The results on number of days from flower imtiation
up to full bloom mdicated that the application of chemical
Paclobutrazol (PBZ) had no sigmficant effect in extending
number of days from flower imtiation up to full bloom of
the mango plants, since all racemes gave a sunilar period
of full bloom, whilst the fruit dropping percentage was
significantly affected by different rates of PBZ. This could
have been aftributed to the short duration in flowering
period, which was not enough for PB7Z to show its effect
in delaying flowering period but affected percentages of
fruit dropping off in the early period of fruit development
(Addicott, 1978). The result on percentage of fruit
dropping off, m most cases, was higher for those sprayed
with 1 cm extended raceme than 5 cm. The results tend to
suggest that the application of chemical PBZ should be
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done, more or less, when flower raceme had extended up
to 5 cm long rather than 1 cm. The best result on number
of dropping fruits was found with T, with a rate of
1,000 ppm PBZ but this was similar to all other lugher rates
of PBZ application. The results indicated that PBZ
encourages better fruit set development and at the same
time prevents the dropping off of fruts of mango plants.
Feungchan et al. (1991) stated that the application of PBZ
gave significantly higher number of flowers and fruit
production of mango plants than without. Some other
researchers have stated that by nature there is always a
tendency for mango plants to attain low fertilization of
flowers with a small amount of fruits developed due to
both mternal and external factors (Ram, 1992; Schaffer
et al., 1994; Davenport and Nunez-Elisea, 1997; Negi, 2000
and Krisanapook et al., 2000). Therefore, it might be
inferred that PBZ application 1s required for better fruit set
and development. It was found with this study that there
was no sigmficant difference found due to PBZ on
harvesting age. This could have been attributed to
genetic traits of the mango plants where dominant genes
have affected fruit maturity age rather than other factors
such as environmental temperatures and nutrients. Tt
could have been possible that the period in applying
chemical PBZ from flower initiation up to harvesting age
was relatively too short for this growth regulator to
mamifest its effect in delaying flowering period and
harvesting age of mango fruits (Addicott, 1978).

The results on fruit width for the first set of
treatments (T,-T;, 1 cm extended raceme) showed that T,
with a rate 5,000 ppm of PBZ gave significantly greater
fruit width than the rest. Similarly, with the second set of
treatments (T;-T,, 5 cm extended raceme), T, gave
significantly greater fruit width than the rest. The results
imply that for both sets of treatments, a rate of 5,000 ppm
PBZ manifested its significant effect on fruit width than
the rest where, in most cases, fruit widths were similar.
The results on fruit length for the first set of treatments
indicated that PBZ at a rate of 5000 ppm gave
significantly greater fruit length than the rest but with the
second set of treatments (the 5 cm extended raceme of
flowers), all rates of PBZ significantly depressed frut
length. A similar result to fruit width and length was
found with fruit thickness. The results suggested the
inconsistent effect of PBZ application on fruit width,
length and thickness although it seems more likely that a
rate of 5,000 ppm had its significant effect. The flesh
percentage of fruits was similar for all treatments but firuit
yields/ha were significantly affected by the application of
PBZ, i.e., 1,000 ppm gave the best fruit yields/ha for both
sets of treatments with fresh fruit yields of 7,075 and
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7,725 kg ha™ for T, (1,000 ppm PBZ) and T, (1,000 ppm
PBZ), respectively. These fruit yields’ha of both
treatments were significantly greater than control
treatments. The results sigmfied the effect of PBZ where
fruit yields were significantly increased as a result of
perhaps a better growth of the mango trees and it may be
possible that PBZ hastens photosynthetic activities
where more assimilates were accumulated, thus mango
fruit yields significantly increased (Winston, 1992;
Burondkar and Gunjate, 1993; Burondkar et al., 2000).
Furthermore, T, gave the highest fruit firmness than the
rest where PBZ mamifested its effect on fruit texture and
perhaps a greater amount of macro nutrient contents
(Elfusing et al., 1987, Luo et al., 1989 and Chutichudet,
2005). In addition, PBZ at a rate of 1,000 ppm (T,) gave the
lowest soluble solid%o of 8.61 with lowest titratable acidity
of 0.38%. Jacobsen et al. (1995) reported that PBZ
manifests its effect on gene expressions where 1t controls
activities of w-amylase Thus soluble solid content and
titratable acidity were relatively lower than the rest. The
results indicated that a rate of 1,000 ppm PBZ/plant (T,)
may be considered to be the most appropriate rate to
be applied but the spraying of this chemical PBZ
should be carried out when the mango flower raceme has
extended up to 5 cm long. Tts fruit yield (48,281.25 kg ha™
of edible fruit vield) was sigmificantly greater than the
control treatments. Therefore, it is always necessary to
spray chemical PBZ to mango flower racemes anmually
(if mango plants could flower anmually) in order to
achieve a sigmficant amount of edible fruit production.
There were significant differences on seed weight, width,
and length but not with fruit thickness and fruit
weight/fruit. The results suggested that chemical PBZ
possessed its significant effect in reducing seed size of
mango fruits and encouraged more flesh tissues of
mdividual fruit, thus the treated mango plants gave a
similar fiuit weight, i.e., they possessed a similar
marketable size of mango fruits. It may be of interest to
carry out more experiments on the spraying of chemical
PBZ to flower racemes of mango trees, e.g., each rate 1s
divided inte 3 equal rates and spray them for three
times at one week interval in order to obtamn more
intensive results for further evaluation.
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