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Abstract
An investigation was carried out to study the growth and development pattern of
pummelo fruit and to identify the critical time for pummelo fruit growth and

development. It was observed that during fruit growth and development, rind colour
of the immature fruit after fruit set was green, then turned to deep green after 105

days and subsequently attained greenish yellow colour after 150 days at fruit
maturity. Oil glands on the rind were visible clearly after 14 weeks of fruit set,

although the seeds were clearly visible after 10 weeks of fruit set. A rapid increase in
fruit length and diameter was observed in April-May and from mid July- 2nd week

of August. Therefore, April-May and mid July- middle of August was the critical
period for pummelo. Weight of developing fruits and growth of internal fruit diameter
were followed a sigmoid pattern up to maturity. The fruit attained its maximum
weight (9a5.8g) at the end of 180 days after fruit set with full maturity. Fruit length
had a significantly strong positive relationship with fruit diameter (0.998), internal
fruit diameter (0.976) and fruit weight (0.985).
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Introduction
In Bangladesh, pummelo is cultivated
in an area of around 4500 ha with total
production of 14000 metric tons. Per

hectare yield is only around 3.0 tons
(Anon. 2008), which is very low
compared to other neighboring
countries (Azmatullah et al. 1987).

Pummelo seems to be ranking first
among the citrus fruits grown in
Bangladesh (Rashid et al. 1987). It can

be grown successfully in all areas of
Bangladesh. Like other citrus fruits,
pummelo is also regarded as a modified
berry called hesperidium in which the

rind is not edible. It has, separate
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vascular connection for the peel and the
inner juicy portion. In the hesperidium
the exocarp is leathery and the endocarp
is membranous. The multi-cellular,
enlarged, juicy and scale like
outgrowths from the surface of the
carpel wall are edible (Dhillon and
Singh, 1993), which is also called pulp.
Although, it has nutritional as well as

medicinal values (Rashid et al. 1987)
but proper care is not taken for
successful cultivation of this crop.
Starting from fruit set, pummelo takes a
long time of about 180-220 days to
become mature. Therefore, the
requirement of the fruit for its proper
development is not similar throughout
the long growing period. So, it is
necessary to know the growth and
development pattern of the fruit for
adopting better management practices

and successful cultivation, with a view
to increase quality fruit production.
Several works has been done abroad on
fruit growth and development in citrus
but in Bangladesh there is no literature
available regarding fruit growth and
development of pummelo or other citrus
crops. Hence, the present investigation
has been carried out to study the growth
and development pattern of pummelo
fruit and to identify the critical time for
pummelo fruit during its growth and
development period.

Materials and Method
The investigation was carried out at the
Regional Agricultural Research Station
(RARS), Akbarpur, Moulvib azar of
BARI from March, 2006 to November,
2007. One hundred flowers from each

plant of the accession CG- 10 were
tagged and pollinated at anthesis taking
pollen from the accession CG- 1. There
were 3 plants of CG-10, where each
plant represented a single replication.
The pollination was done on March 21

in both the year. Data collection was
started after 15 days of fruit set i.e.
April 15,2006 at 15 days interval and
fruit set was determined immediately
after withering of stigma; which was
about 9-10 days after pollination (April
01, 2006). In each date, data were
recorded on fruit shape, rind colour,
albedo colour, pulp colour, visibility of
oil gland, visibility of vesicle, visibility
of seeds, fruit diameter (cm), fruit
length (cm), rind thickness (cm),
internal fruit diameter (cm), fruit weight
(g) and relative growth rate (glglday)
from 3 fruits in each plant. The
experiment was conducted following
Completely Randomized Design.
During the study, proper management
care was taken for healthy growth of the
plant (Anon. 2004). Correlation among
the collected parameters were estimated
by a computer MSTATC programme.
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Results and Discussion
Detailed study on fruit growth and
development of pummelo is scanty.
Some study has been done by Dhillon
and Singh (1993) on lime and mandarin
in abroad, but specific study on fruit
growth and development of pummelo is

not available especially in Bangladesh.
In the present study, attempts has been

made to study on growth and
development pattern of pummelo fruit
of the accession CG-10. The results

obtained from the investigation and
discussion has been presented under the
following heads.

A. Qualitative Characters

Fruit shape after set (April 01) was
observed to be round and it continued
up to l5-July (105 days). Then the
shape turned to spheroid which

continued up to harvest (Table 1). Rind
colour of the marble sized fruit was

observed green that continued up to l5-
July (105 days) and then turned to deep

green which sustained for another 30
days. Rind colour after then turned to
light green; from which the greenish

yellow colour attained finally. Singh
and Samaddar (1962) also observed
some yellow patches on rind of sweet
lime after lzth fortnight. Dhillon and
Singh (1993) reported the variable
colour on rind of sweet lime from fruit
set to harvest. Like rind colour, albedo

colour also varied during the
development of fruit. Albedo was
observed to be greenish white in colour
at starting, which turned after 15 days to
white and it was continued for next 30

days (Table 1). The albedo colour was

then changed to pinkish white that

Thble 1. Qualitative characters of pummelo fruits during different stages of development

Time Fruit shape Rind colour Albedo colour Pulp colour

15-Apr
1-May
15-May
1-Jun

15-Jun

1-Jul

15-tuI
1-Aug
15-Aug
1-Sep

15-Sep

1-Oct

round
round
round
round
round
round
round
Spheroid
Spheroid
Spheroid
Spheroid
Spheroid

Green
Deep green

Green
Green
Green
Light green
Light green

Light green

Light green

Light pink
Light pink
Light pink

Green
Green
Green
Green
Green
Green
Green
Deep green
Deep green

Light green

Greenish yellow
Greenish yellow

Greenish white
White
White
Pinkish white
White
White
White
White
Cream white
Cream white
Cream white
Cream white
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continued for 15 days and then again
turned to white that sustained for 60
days. Finally, after 120 days the creamy
white colour developed which
continued up to harvest. Pulp colour
also varied during fruit development
period. The trend that found in pulp
colour development was green after 7
days, deep green after another 14 days,
again green after 42 days, light green
after 56 days, and finally light pink
which continued up to harvest starting
from 42-56 days before harvest. This
final greenish yellow and light pink
colour for rind and pulp at later stages,
respectively, might be 

' due to
decomposition of chlorophyll at those
stages and formation of other pigments.
Because, in Bangladesh, during the
later part of pummelo fruit development
(September-October) there exists
relatively lower day and night
temperature; and according to Dhillon
and Singh (1993), during 42-112 days
preceding harvest rnaturity, cool
temperature promoted more rapid
decomposition of the chlorophyll than
warrn temperature in citrus. They also
found an inverse relationship between
temperature and concentration of
carotenoids in the peel and pulp during
preharvest periods. The diminishing of
chlorophylls from citrus rinds and
subsequent development of yellow
pigments, carotenoids during maturity

of fruits has also been reported by
Jackson (1991) and Kalira, et al. (1995)
in different citrus.
Oil glands on the rind of pummelo
fruits were not visible clearly during
105 days after fruit set. The glands were
clearly visible after that. The vesicles
were not also visible or distinguishable
up to 7 5 days after fruit set. The
existence of seeds was not visible up to
61 days after fruit set and after another
14 days the seeds were clearly visible
(Table 2).

B. Quantitative Characters
Fruit Size

Pummelo fruits followed a sigmoid
pattern during its growth period. A
rapid increase in fruit length and
diameter was observed in April and
May and then there was no appreciable
growth in fruits was observed in June.
Again from mid July to 2'd week of
August, the fruit size increased rapidly
(Fig. 1). Therefore, April to May and

Fig. 1. Changes inlengtheddierneterof pumrrelo fruits at
differtnt strge of developnent
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and seeds during different stages ofTable 2. Visibility of oil gland, vesicle
pummelo fruit development

Time Visibility of oil gland Vesicle visibility Seed visibility

l5-Apr
1-May
15-May
1-Jun

15-Jun

1-Jul
15-Jul
1-Aug
15-Aug
1-Sep

l5-Sep
1-Oct

Not visible
Not visible
Not visible
Not so visible
Visible
Visible
Visible
Clearly visible
Clearly visible
Clearly visible
Clearly visible
Clearly visible

Not visible
Not visible
Not visible
Not visible
Not visible
Visible
Visible
Visible
Visible
Visible
Visible
Visible

Not visible
Not visible
Not visible
Not visible
Visible
Clearly visible
Clearly visible
Clearly visible
Clearly visible
Clearly visible
Clearly visible
Clearly visible

mid July to middle of August was the
critical period for pummelo. From the
2nd fortnight in August and onwards,
the fruits continued to increase in
diameter at a very low rate up to
October and practically no growth was
observed afterwards. Similar findings
of sigmoid growth pattern were
reported by Dhillon and Singh (1993) in
sweet lime, Sinha et al. (L962) in
Hamlin and Valencia Late orange and
Hittalmani et al. (L977) in Tahiti lime.

Rind Thickness
Rind thickness was increased rapidly up

to 60 days after fruit set (lst of June)

and then there was no appreciable
increase. The rind thickness reached at

its peak (2.3 cm) at the next 14 days
(Fig. 2). After 15th June the rind
thickness started to be declined steadily

for another 14 days and rapidly for next
45 days. Therefore, rind thickness
reached in a static position after 135

days of fruit set (15 August) till
maturity. This result was in agreement

with the findings of Singh and

Samaddar (1962), Sinha et al. (1962)
and Hittalmani et al. (L977) in different
citrus crops.
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flg. 2. Charye s in rind thickness at dillercnt stage of fruit
developmntin pumlo.
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Internal Fruit Diameter
The internal fruit diameter followed a

sigmoid pattern up to maturity of
pummelo fruit growth. Internal fruit
diameter of pummelo continued to
increase with uniform rate up to 90 days
(1st July) and then increased rapidly for
next 42 days (Fig. 3). Starting from the
following fortnight up to maturity, there
was no appreciable increase observed in
internal fruit diameter. Therefore, July
to middle of August might be
considered as the rapid growth stage of
pummelo fruits and proper care should
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be taken and sufficient inputs should be
supplied during this period for
successful production of pummelo.
Similar result of sigmoid pattern of
internal fruit growth was recorded by
Ahmad et al. (L992) in grape fruit.

Fruit Weight and Relative Growth rate

Weight of developing fruits in pummelo
also followed a sigmoid pattern like

internal fruit diameter and fruit size.
Growth of pummelo fruit in terms of its
weight was slow tlll 45 days (15 May)
after fruit set, rapid up to 135 days (15
August) and then a slow phase till
maturity (Fig. 4). The fruit artained irs
maximum weight (9a5.8g) after I 80
days of fruit set with full maturity.
Relative growth rate of fruit was found
to be increased and reached maximum
at 120 days (193.0 glglday) and then
again declined (Fig. 4). This resulr
again confirmed the critical period for
growth of pummelo during July- middle
of August. Similar results were reported
by Dhillon and Singh (1993), Murri
(1989), Hittalmani et al. (L977) and
Mazumdar (197 6) while they were
studying the growth of different citrus
fruits.

Correlation between Parameters
Fruit length had a strong positive
relationship with fruit diamerer (0.998),
internal fruit diameter (0.976) and fruit
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Flg. 4. Chrnges in fruit nright and relative growth rate (RGR)
of developing fruit of pummlo.
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Table 3. Correlation between fruit weight and other characters during fruit
development in Pummelo

Parameters

Fruit Length
Fruit Diameter
Rind Thickness

Internal fruit Diameter
Fruit weight

1.000

0.998**
0.r57
0.976**
0.985**

1.000

0.138
0.982*x
o.992**

weight (0.985). On the other hand, fruit
diameter had a strong Positive
relationship with internal fruit diameter
(0.982) and fruit weight (0.992).

Although, rind thickness had a positive

relationship with fruit length, fruit
diameter and fruit weight but it was

very weak. A negative relationship
between rind thickness and internal

fruit diameter was found (-0.053),

which indicated that when internal fruit
diameter increased then rind thickness

decreased. A strong relationshiP
between fruit weight and internal fruit
diameter (0.987) indicated that fruit
weight increased with the increase of
internal fruit diameter (Table 3).

Conclusion

On the basis of obtained results, it may

be concluded that growth pattern of
pummelo fruit followed a sigmoid
curve and for pummelo fruit growth and

development, April to MaY and mid

Rind
Thickness

Internal Fruit
fruit Diameter weight

1.000

-0.053

0.070 r.000

July to 2nd week of August was the

critical period.
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