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Abstract

The objective of this study is to evaluate fruit morphological characteristics and potential production of “Tabtim
Siam” pomelo in Sam Pran district, Nakhon Pathom province; and to compare to those from Pak Panang district,
Nakhon Si Thammarat Province. Five to six years old tree (3 orchards/area and 3-5 trees/orchard) was selected to
evaluate fruit morphological characteristics and a harvesting index at 5, 6, 7 and 8 old months after fruit set. The result
showed that fruit morphological characteristics from two areas were similar. The harvesting of pomelo fruit at 6-month
old presented the highest overall acceptance in both areas. In Sam Pran, total soluble solid (TSS), titratable acidity (TA)
and TSS/TA ratio of fruits were 10.4 °Brix, 0.56 % and 20.3, respectively. At Pak Panang, TSS, TA and TSS/TA ratio
were 10.8 °Brix, 0.58 % and 18.6, respectively. The soil analysis of Sam Pran district, showed an optimal level of pH
(5.1-6.7) and high organic matter (1.4-3.8%). The soil of Pak Panang district showed high value of pH (6.8-7.3) and
low organic matter (0.8-1.6%). The amount of phosphorus, potassium, calcium and magnesium of both areas were high

to very high levels.
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1. Introduction

Pomelo is an economic fruit crop of Nakhon Pathom
province. Production area is located in Sam Phran and
Nakhon Chi Sri district. The main cultivar is “Thong
Dee” and “Khaonamphueng”. Most “Thong Dee” and
“Khaonamphueng” orchards were severely damaged by
flooding in 2011. After flooding, those replanting a new
orchard were difficult due to shortage of shoot cutting
plant [1]. Some pomelo growers decided to introduce
“Tabtim Siam” cultivar into the area because “Tabtim
Siam” fruit has a high price (200-500 baht/fruit) in
domestic market [2] and also increased choices for
consumers.

Pomelo var. Tabtim Siam was very new to Sam Phran
and Nakhon Chi Sri district. Although, fruit grower had a
good experience for pomelo orchard management but
they lacked relevant information of harvesting index of
pomelo var. Tabtim Siam in these areas. The harvesting
index information of “Tabtim Siam” pomelo is limited
as most research has only focused on the effect of tree
age and fruit age on fruit quality in Pakpanang district,
Nakhon Si Thammarat province. For pomelo var.
Tabtim Siam, fruit quality of 6 to 8 years old trees were
suitable for harvesting at 7 and 7.5 months fruit age [3].
Wallada Nualsri and et al. [4] reported the harvesting
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index of 4 and 7 years old of pomelo were 160 and 220
days after fruit set, respectively. In addition, fruit quality
of pomelo depended on planting area such as soil
nutrients, microclimate and cultural practice of grower.
Flavors and some morphological characters of pomelo
fruit in each area were different [5]. Thus, the objective
of this research was to evaluate fruit morphological
characteristics and potential production of “Tabtim
Siam” pomelo in Sam Pran district, Nakhon Pathom and
Pak Panang district, Nakhon Si Thammarat provinces.

2. Materials and methods
2.1 Evaluation of fruit morphology and fruit
quality
The research was conducted in two production
areas consisting of 1) Sam Phran district, Nakhon
Pathom province and 2) Pak Panang district, Nakhon Si
Thammarat province during January — September 2017.
The day and night temperatures at Sam Phran district
were 32-35 and 20-25 degree celsius, respectively and
at Pak Panang district were 31-34 and 23-25 degree
celsius, respectively [6]. Five to six years old of uniform
trees (3 orchards/area and 3-5 tree/orchard) were selected.
The pomelo growers collaborating in this research were
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Figure 1 Fruit shape, peel color and pulp color of
different fruit age of pomelo var. Tabtim Siam grown in
Sam Phran district, Nakhon Pathom province where M
= month number

expert in pomelo orchard management with an
experience of more than 10 years. After blooming stage,
pomelo fruits were selected and tagged in January 2017.
The fruit at the age of at 5, 6, 7 and 8 months after fruit
set (2 fruits/fruit age) were collected to evaluate in June
to September 2017 for 1) fruit morphology including
fruit shape, fruit weight, pulp weight, peel weight, fruit
diameter, fruit height and peel thickness and 2)
harvesting indexes including peel color, pulp color, total
soluble solid (TSS), titratable acidity (TA), TSS/TA ratio.
Peel and pulp color were measured with a colorimeter
(Model CR 400, Minolta, Japan). Sensory test was
estimated by consumers that evaluated the fruit for
color, flavor, aroma and overall acceptance with a score
of 5 = very good, 4 = good, 3 = acceptable, 2 = bad and
1 =very bad [7, 8].

2.2 Soil property analysis

Five soil samples were collected from each
orchard at depth 0-15 cm below the surface near pomelo
tree were collected and mixed together [9]. The
composite soil samples were done 2 times: the 1% time
in January 2017 (pre-harvest) and the 2™ time in
September 2017 (post-harvest) and taken to the Soil
Plant and Agricultural Material Testing and Research
Unit, Central Laboratory, Kasetsart University,
Kamphaeng Saen campus for soil property analysis. Soil
samples were analyzed for pH, organic matter, P, K, Ca
and Mg concentrations. Levels of soil pH were
determined by soil and water method in 1:1 ratio [10].
Levels of soil organic matter were determined using
Walkley Black modified acid-dichromate digestion [11].
Levels of available P were determined using Bray Il
method [12]. Levels of extractable K, Ca and Mg were

extracted by 1M NH;OAc pH7 and determined using an
atomic absorption spectrophotometer [13].

2.3 Statistical analysis

All traits were statistically tested by using
general linear model (GLM) and compared the mean
by using polynomial contrast analysis at the 0.05
significant levels. The comparison of fruit quality in
Sam Phran district, Nakhon Pathom province and Pak
Panang district, Nakhon Si Thammarat province were
statistically by using T-Test at the 0.05 significant
levels.

3. Results and discussion

“Tabtim siam’ fruits from three orchards grown in
Sam Phran district, Nakhon Pathom province were
obovoid and piriform shape (Figure 1). Fruit age had
effect to fruit growth and development of pomelo var.
Tabtim siam except fruit height and peel thickness
(Table 1). The relationship between fruit age and fruit
growth showed in linear trend. Fruit weight, pulp
weight, peel weight and fruit diameter showed tendency
to increase when fruit age was increasing. The 8-month
old fruits after fruit set showed the highest fruit weight,
pulp weight, peel weight and fruit diameter than other
fruit ages. In a previous report, six to eight years old of
pomelo var. Tabtim siam grown in Pak Panang district,
Nakhon Si Thammarat province, had significant
difference in pulp weight and peel weight at different
fruit age. The 7 and 7.5 months old fruits had the
highest pulp weight and the lowest peel weight [3]. The
distinction between this current study and that previous
report might be accounted by the different tree age of
pomelo used. Pomelo fruit growth and development
exhibited a sigmoid curve pattern. During the first to 5"
month after fruit set, fruit weight increase of pomelo
was mainly in peel portion more than pulp portion; and
after 5" months the pulp developed more than the peel
[14].

Peel color of pomelo var. Tabtim Siam was light
green to dark green with a hairly cover. The greenness
of fruit peel decreased with age. The relationship
between fruit age and peel color showed in linear trend.
The 5-month old fruit was dark green and the 8-month
old fruit was yellowish green (Table 2). Pulp color of
pomelo var. Tabtim Siam was dark red similar with a
ruby (Figure 1). Pulp color of difference ages were not
significantly difference.

The TSS values of fruit of pomelo var. Tabtim siam
did not differ with age. Then, an important factor that
had effect to taste of pomelo fruit was TA value. Fruit
age had effect to TA and TSS/TA ratio of fruit and
showed relation by linear trend (Table 3). The TA value
of fruit decreased with age whereas TSS/TA ratio
increased with age. To be regarded as a high fruit
quality in Thailand pulp fresh fruit must have a TSS
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Table 1 Fruit weight, pulp weight, peel weight, fruit diameter, fruit height and peel thickness of “Tabtim Siam”
pomelo cultivar grown in Sam Phran district, Nakhon Pathom province

Fruit age  Fruit weight Pulp weight Peel weight  Diameter  Fruit height  Peel thickness
(month) (kg.) (g.) (g.) (cm.) (cm.) (cm.)

5 1.1+0.2 642.4+61.7 411.8+20.1 13.9+0.5 15.7£1.2 1.2+0.2

6 1.4+0.2 840.9+75.2 462.4+85.4 14.5+1.8 16.6+£2.3 1.1+0.1

7 1.6x0.1 916.9+116.6 500.2+50.5 15.1+0.5 17.0£1.0 1.1+0.1

8 1.7x0.1 937.4+119.3 591.8+100.8 15.9+1.0 17.6£1.5 1.1+0.2

Linear * * * * ns ns

Quadratic ns ns ns ns ns ns

Statistical significance for the differences among values was assessed where ns = non-significant and * =

significant at P <0.05

Table 2 Peel and pulp color of “Tabtim Siam” pomelo cultivar grown in Sam Phran district, Nakhon Pathom province

Fruit age Peel color Pulp color
(month) L a b L a b
5 46.0+0.9 -13.9+1.7 30.4+1.6 2.242.7 7.51£0.5 10.6+1.1
6 47.8+2.1 -10.6+3.6 31.8+2.9 6.6+1.6 8.311.7 10.3+0.7
7 51.4+3.2 -10.0£1.5 34.4+2.7 3.910.5 8.9+2.3 9.8+0.6
8 56.6+1.4 -6.2+1.7 37.2+1.1 7.8+£1.0 9.740.8 11.0+1.1
Linear * * * ns ns ns
Quadratic ns ns ns ns ns ns

Statistical significance for the differences among values was assessed where ns = non-significant and * =

significant at P <0.05

value more than 8 °Brix [15]. The TSS/TA ratio of
pomelo fruit should be more than 15:1 which presented
a good flavor for consumers [16]. Thus, pomelo var.
Tabtim siam of the 5-6 years old tree possessed a good
fruit quality. For pomelo var. Tabtim siam at Pak
Panang district, the previous report presented TSS value
of 10-14 °Brix and TA value of 0.37-0.71 % [17] and
TSS and TA value in the previous report showed a
higher value than in this research. Usually, pomelo
growers in Sam Phran district harvested fruits at age
about 6-7 months old after flowering by their experience
because older fruit age on pomelo tree induced
granulation in pulp. Granulation of pomelo fruit was
induced by fruit age increasing or fruiting at young tree
age or over supply of nitrogen fertilizer [18].

Sensory evaluation for color, flavor, aroma and
overall acceptance was done by consumers. The
relationship between fruit age and sensory evaluation
showed in quadratic trend (Table 3). The consumers
accepted the pulp color, flavor and overall acceptance of
pomelo var. Tabtim siam at 6 and 7 months old with the
scores more than 4 (good). At 8-month old, the scores of
these parameters decreased less than 3.5. Therefore,
pomelo var. Tabtim siam grown in Sam Phran district
should be harvested at the 6-month old because the taste
was good and protected from granulation in pulp fruit.
The pomelo growers in Sam Phran district harvested a

Figure 2 Fruit shape, peel color and pulp color of
different fruit age of pomelo var. Tabtim Siam grown in
Pak Panang district, Nakhon Si Thammarat province
where M = month number

pomelo var. Tabtim siam at the 6-months of age which
helped to reduce the cost of orchard maintenance as
compared to the main pomelo cultivar of Sam Phran
district including Thong Dee and Khaonamphueng were
usually harvested at 7-8 months.
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Table 3 Total soluble solid (TSS), titratable acidity (TA) and TSS/TA ratio and overall acceptance of “Tabtim
Siam” pummelo cultivar grown in Sam Phran district, Nakhon Pathom province

Fruit Age TSS Sensory test (score)
(month) (°Brix) TA (%) TSS/TA Pulp Color Flavor Aroma Overall
acceptance

5 9.2+0.9 0.63+0.1 14.6x1.4 3.4£0.7 3.0£0.4 3.8£0.5 3.2+0.2

6 10.4+0.6 0.51+0.0 20.3+2.2 4.0£0.2 4.1+0.1 3.8£0.3 4.2+0.2

7 10.1+1.4 0.31+0.0 32.3t5.1 4.1+0.2 4.1+0.3 3.51£0.2 4.0£0.1

8 9.5£1.0 0.27+0.1 35.4+3.7 3.520.5 2.5£0.9 2.910.4 2.520.2
Linear ns * * ns ns ns

ns
Quadratic ns ns ns * * * *

Statistical significance for the differences among values was assessed where ns = non-significant and * =

significant at P <0.05

Table 4 Fruit weight, pulp weight, peel weight, fruit diameter, fruit height and peel thickness of “Tabtim Siam”
pomelo cultivar grown in Pak Panang district, Nakhon Si Thammarat province

Fruit age  Fruit weight Pulp weight Peel weight Diameter  Fruit height  Peel thickness
(month) (kg.) (g) (g) (cm.) (cm.) (cm.)

5 1.1+0.1 678.9£93.2 337.84£64.2 12.9+0.5 14.4+0.8 0.8+0.1

6 1.3+0.2 838.1+126.7 353.3£78.3 13.6£0.7 14.8£1.5 0.910.2

7 1.4+0.2 948.3+150.2 370.2£90.1 14.1+0.8 14.6£1.2 0.8+£0.1

8 1.6+0.3 1,100.8+130.6 475.8+£118.3 15.2+1.5 16.1+0.7 0.9£0.2

Linear * * ns * ns ns

Quadratic ns ns ns ns ns ns

Statistical significance for the differences among values was assessed where ns = non-significant and * =
significant at P <0.05

Table 5 Peel and pulp color of “Tabtim Siam” pomelo cultivar grown in Pak Panang district, Nakhon Si Thammarat

province
Fruit age Peel color Pulp color
(month) L a b L a b
5 46.9+1.3 -11.7£2.7 30.6+2.4 39.4+1.8 5.5+0.4 11.9£1.9
6 47.1+2.3 -12.5%£1.3 32.7+2.2 37.7£0.9 6.8+1.0 15.6£7.0
7 49.8+2.3 -11.5%£1.6 34.9+0.8 34.7+2.4 8.6+0.8 10.8+£0.9
8 55.3+6.6 -7.4+4.7 35.0+2.0 34.4+1.5 9.2+1.2 10.5+0.6
Linear * ns * * * ns
Quadratic ns ns ns ns ns ns

Statistical significance for the differences among values was assessed where ns = non-significant and * =

significant at P <0.05

fruit set showed the highest fruit weight, pulp weight
and fruit diameter than other fruit ages.

Peel color of pomelo var. Tabtim Siam in Pak
Panang district was light green to dark green with a
hairly cover. The lightness (L value) and yellow color
intensity (b value) of peel color increased with
increasing fruit age. The relationship between fruit age
and peel color (L and b value) showed in linear trend.
The greenness of the peel was not significantly different
(Table 5). In contrast, peel color development of pomelo

Pomelo var. Tabtim Siam in Pak Panang district,
Nakhon Si Thammarat province showed obovoid and
piriform shape (Figure 2). Fruit age had effect to fruit
growth and development of pomelo var. Tabtim siam
except peel weight, fruit height and peel thickness
(Table 4). The relationship between fruit age and fruit
growth showed in linear trend. Fruit weight, pulp weight
and fruit diameter showed tendency to increase when
fruit age was increasing. The 8-month old fruits after
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var. Tabtim Siam grown in Sam Phran district
progressed faster when grown in Pak Panang district

due to the different causing by different environments.

Table 6 Total soluble solid (TSS), titratable acidity (TA) and TSS/TA ratio and overall acceptance of “Tabtim
Siam” pomelo cultivar grown in Pak Panang district, Nakhon Si Thammarat province

Fruit age TSS Sensory test (score)
(month) (°Brix) TA (%) TSS/TA  Pulp Color Flavor Aroma Overall
acceptance
5 9.0£0.5 0.711£0.1 12.9+1.5 34+£05 3.1+£05 3.8+£0.1 3.3+£0.6
6 10.8£0.5 0.58%0.0 18.6+1.6 3.9+£0.3 42+0.3 43+0.1 43+0.1
7 11.3x0.7 0.42%0.0 27.1+2.1 40£05 40x£0.1 41+£0.2 40+£0.1
8 11.2+1.5 0.29+0.0 39.245.2 43+0.2 34+04 3.7+0.2 3.4+0.2
Linear * * * * ns ns ns
Quadratic ns ns ns ns * * *

Statistical significance for the differences among values was assessed where ns = non-significant and * =

significant at P <0.05

Table 7 Comparisons of total soluble solid (TSS), titratable acidity (TA) and TSS/TA ratio and overall acceptance
of 6-month old fruit of “Tabtim Siam” pomelo cultivar grown in Sam Phran district, Nakhon Pathom province and

Pak Panang district, Nakhon Si Thammarat province

Area

Sensory test (score)

(Ogii) TA (%) TSS/TA  Pulp Color Flavor Aroma Overall
acceptance
Sam Phran  10.4+0.6  0.51+0.0 20.3x2.2 4.0+0.2 4.1+0.1 3.8+£0.3 4.2+0.2
Pak Panang  10.8+0.5 0.58+0.0 18.6+1.6 3.9+0.3 4.2+0.3 4.3+0.1 4.3£0.1
T-test ns ns ns ns ns ns ns

Statistical significance for the differences among values was assessed where ns = non-significant at P <0.05

The air temperature of orchard in Sam Phran district
(32-35 °C) higher than in Pak Panang district (31-34
°C). The high or warm temperature invented the loss of
chlorophyll and induced of carotenoids [19]. Pulp color
of pomelo var. Tabtim Siam was dark red similar with a
ruby (Figure 2) and the red color intensity increased
with fruit age in linear trend. The 8-month old fruit was
the highest value of pulp color than other fruit ages
(Table 5).

The relationship between fruit age and TSS, TA
and TSS/TA ratio showed in linear trend. The TSS and
TSS/TA ratio of fruit increased whereas the TA value
of fruit decreased with age (Table 6). The result showed
the 6-month old or older fruit of pomelo var. Tabtim
siam in Pak Panang district from 5-6 years old tree
presented a high fruit quality because the TSS value
was more than 8 °Brix [15] and TSS/TA ratio was more
than 15:1 [16]. But fruit age of 7 or 8 months developed
granulation of the pulp. Somsak Maneepong [17]
reported pomelo var. Tabtim siam in Pak Panang
district presented TSS value of 10-14 “Brix and TA
value of 0.37-0.71 %. Wallada Nualsri and et al. [4]
presented the harvesting index of the 4 years old tree of
pomelo var. Tabtim siam was 160 days after fruit set (5
months and 10 days) with TSS value of 9 °Brix and TA
value of 0.58% and the 7 years old tree of pomelo

required 220 days after fruit set (7 months and 10 days)
with TSS value of 9.3 °Brix and TA value of 0.30%.
Therefore, the fruit quality of pomelo var. Tabtim siam
depended on many factors including fruit age, tree age,
plantation area and time evaluation.

Sensory evaluation for color, flavor, aroma and
overall acceptance was done by consumers. The
relationship between fruit age and pulp color showed in
linear trend whereas fruit age and flavor, aroma and
overall acceptance showed in quadratic trend (Table 6).
The consumers accepted the pulp color of pomelo var.
Tabtim siam at 7 and 8 months and accepted the flavor,
aroma and overall acceptance at the 6 and 7 months old
with the scores more than 4 (good). Therefore, pomelo
var. Tabtim siam grown in Pak Panang district could be
harvested at the 6-month old because they possessed the
best and did not develop granulation in pulp fruit was
observed at this age.

The harvesting index of pomelo var. Tabtim siam at
5-6 years old tree of both regions consisting of Sam
Phran district and Pak Panang district was the 6-month
old fruit after fruit set because the fruit quality was
good and no granulation. The comparison of fruit
quality of each region at 6-month old fruit, the result
showed the fruit qualities between two regions were not
significantly different (Table 7). Then, pomelo var.
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Tabtim siam was suitable for grown in Sam Phran
district because the fruit quality was similar with grown

in Pak Panang district.

Table 8 Soil properties of pomelo orchards in Sam Phran district, Nakhon Pathom province and Pak Panang

district, Nakhon Si Thammarat province

Area time orchard pH organic P K Ca Mg
matter (mg/kg) (mg/kg) (mg/kg) (mg/kg)
(%)

1 51 2.3 262 404 3,201 864

1 2 6.7 3.4 690 340 4,377 80
3 55 1.4 80 119 2,679 1,567
Nakhon Pathom 1 5.4 3.8 269 267 3,272 1181
2" 2 6.6 2.6 515 447 3,633 1,019
3 5.3 1.8 143 213 2,868 1,477
1 7.2 1.6 106 310 3,779 1,911
1% 2 7.3 0.8 143 422 3,629 1,658
Nakhon Si 3 7.2 1.1 77 229 2,999 1,558
Thammarat 1 7.3 14 102 307 4,297 1,598
2nd 2 7.2 1.0 271 378 2,318 1,786
3 6.8 1.3 106 540 3,484 1,925
Standard level 5.5-6.5 15-25 15-25 100-150 1000-2000 120-240

In addition, pulp color, flavor, aroma and overall
acceoptance were accepted by the consumer.

The pomelo orchards at Sam Phran district located
on the lowland with clay and silty clay soil which is
poorly drained. Growers grow their trees on raised berm
to manage this drainage issue. The soil sample of three
grower’s orchard at Sam Phran district, Nakhon Pathom
province were collected and analyzed for plant nutrition
both before and after fruits harvesting. The analysis was
compared with the recommendation of suitable soil
properties for pomelo cultivation by Somsak Maneepong
[17]. The result showed that soils pH was at the optimum
level. The first and second pomelo orchard showed an
appropriate to high level of soil organic matter both
before and after fruits harvesting, while the third
orchard showed a quite low level of organic matter
before fruit harvesting then showed a appropriate level
of organic matter after fruit harvesting. Then, this was
because organic matters were applied during the fruit
development stage on the third pomelo orchard. The
amount of phosphorus, potassium, calcium and magnesium
at the three orchards was high to very high (Table 8).
Therefore, to properly manage the fertilizer program for
all three orchards, an amount of phosphorus, potassium
calcium and magnesium applied should be reduced.

The pomelo orchard at Pak Phanang district located
on the lowland with clay which was also poorly drained
and often experiencing flood problem. Consequently the
growers grow the trees on a raised berm. Soil sample
from the three grower’s orchard at Pak Phanang district,
Nakhon Si Thammarat province were collected and
analyzed for plant nutrition both before and after fruits
harvesting. The results showed quite high level of pH
with value of 6.81-7.32. Optimum levels of soil pH

which suitable for plants growing well were 5.5-6.5.
However, Somsak Maneepong [17] reported that
pomelo plants, which has been grown at Khlong Noi
Sub-District, Pak Phanang district where soil pH,
was 7.5-8.2 were producing a favorable taste pomelo
for consumers. The soil organic matters of all three
orchards were quite low. However, the amount of
phosphorus, potassium calcium and magnesium of all
three orchards were quite very high (Table 8). Therefore,
to manage the suitable fertilizer program for all three
orchards, a organic matter fertilizer application should
be increased; whereas a phosphorus, potassium calcium
and magnesium fertilizer application should be reduced.

The soil texture of the orchards in both regions at
Sam Phran district, Nakhon Pathom province and Pak
Phanang district, Nakhon Si Thammarat province were
similar. They located at the lowland where soil at Sam
Phran district was clay and silty clay and the soil at Pak
Phanang district was clay. Given the sufficient nutrient
content of the soils and the long experience of the
growers in managing pomelo orchards, the fruit of the
pomelo var. Tantim siam was of excellent quality and
flavor.

4. Conclusions

Fruit shape of pomelo var. Tabtim siam from Sam
Pran district, Nakhon Pathom and Pak Panang district,
Nakhon Si Thammarat provinces were similar. The
specific fruit shape of this cultivar was obovoid and
piriform. Fruit peel color was light green to dark green
with a hairly cover. Peel color development of pomelo
var. Tabtim siam grown in Sam Phran district developed
faster than when grown in Pak Panang district. Pulp
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color was dark red similar with a ruby. The harvesting
index of the 5-6 years old pomelo tree in these production
regions was at 6-month old after fruit set presenting the
highest overall acceptance. In Sam Pran, total soluble
solid (TSS), titratable acidity (TA) and TSS/TA ratio
were 10.4 °Brix, 0.56% and 20.3, respectively. At Pak
Panang, TSS, TA and TSS/TA ratio of pomelo fruit were
10.8 °Brix, 0.58% and 18.6, respectively.

Pomelo orchards at Sam Phran district were on the
lowland with clay and silty clay and at Pak Phanang
district located on the lowland with clay. The soil
property analysis of Sam Pran district, showed an
optimal value of pH (5.1-6.7) and high organic matter
(1.4-3.8%). The soil of Pak Panang district showed high
value of pH (6.8-7.3)and low organic matter (0.8-
1.6%). The amount of phosphorus, potassium, calcium
and magnesium in soil of the two regions were high to
very high levels.

Acknowledgements
This research was supported by the Thailand
Research Fund and Nakhon Pathom Rajabhat
University under the research project of Integrated
Research Innovation on Pomelo for Social and
Economic Development of Nakhon Pathom in the 2"
Phase.

References

[1] Leenukul C. Nakhon Pathom gives opportunity
for pomelo from other provinces [Internet].
Bangkok: National News Bureau of Thailand;
2014 [cited 15 Jun 2016]. Available from: http://
www.thainews.prd. go.th/website_th/archive /news
_detail/ TNSOC5707280010248

[2] Anonymous. ‘Tubtimsiam’ pomelo (600 bath/
fruit) required by China [Internet]. Bangkok:
Prachachat Business New; 2017 [cited 10 July
2018]. Available from: https://www.prachachat.net
/local-economy/news-39759

[3] Na Nakorn S, Chalumpak C. Effect of tree age and
fruit age on fruit development and fruit quality of
Pummelo var. Tabtim Siam. International Journal
of Agricultural Technology. 2016; 12(3): 541-549.

[4] Nualsri W, Tatmala N, Kaewsuksaeng S. Harvesting
index of Siam Red Ruby pumelo. Khon Kaen
Agriculture Journal. 2015; 43 suppl: 805-810.

[5] Nartvaranant P, Nartvaranant K. Analysis based on
AFLP markers of the genetic variations and their
relationships for pummelo cultivars grown in
the central region of Thailand. Songklanakarin
Journal of Science and Technology. 2011; 33(5):
499-508.

[6] The Thai Meteorological Department. Climate
[Internet]. Bangkok: The Thai Meteorological
Department; 2017 [cited 1 Jan 2017]. Available

from: https://www.tmd.go.th/climate/climate.php?
File ID=2

[71 Emel K, Zehra A. Physiological physical chemical
characteristics and sensory evaluation of minimally
processed grapefruit segments packaged under
modified atmosphere. Journal of Agricultural
Sciences. 2010; 16: 129-138

[8] Mun WC, Shao QL, Weibiao Z, Philip C, Bin Y.
Chemical composition and sensory profile of
pomelo (Citrus grandis (L.) Osbeck) juice. Food
Chemistry. 2012; 135: 2505-2513.

[9] Nartvaranant P. Study of soil properties after
pomelo orchard restoration from flooding in Sam
Phran district, Nakhon Pathom province, Thailand.
Journal of Thai Interdisciplinary Research.
2017; 12(4): 1-6.

[10] Peech M. Hydrogen-lon Activity. In: Black, CA,
editor, Methods of Soil Analysis Part 2. USA:
American Society of Agronomy, Inc., Publisher;
1965; 914-926.

[11] Walkley A, Black IA. Chromic acid titration method
for determination of soil organic matter. Soil Science
and American Proceeding. 1947; 63: 257.

[12] Bray Il RH, Kurtz LT. Determination of total,
organic and available forms of phosphorus in soils.
Soil Science. 1945; 59: 39-45.,

[13] Beck R. Soil analysis handbook of reference
methods. USA: Soil and Plant Analysis Council,
Inc.: CRC Press; 1999.

[14] Wongsrisakulkaew Y. Fruit growth and
development of ‘Kao Nam Pheung’ pummelo
and some fruit characteristics of other cultivars
[dissertation]. Nakhon Pathom: Kasetsart Univer-
sity; 2002.

[15] National Bureau of Agricultural Commaodity and
Food Standards. Agricultural standard TAS 13 —
207: Pummelo. Bangkok: Ministry of Agriculture
and Cooperatives; 2007.

[16] Boonyawat V. A study of fruit characteristics of
eleven leading varieties of pomelos [disserta-
tion]. Bangkok: Kasetsart University; 1958.

[17] Maneepong S. Nutrient management for high
quality pummelo production. Nakhonsritammarat:
Walailuck University; 2013.

[18] Thammarat S. Relationship between fruit age,
fruit nitrogen level and granulation incidence of
‘Thong Dee’, ‘Khao Nam Phueng’ and ‘Khao
Yai’ Pummelo [dissertation]. Nakhon Pathom:
Kasetsart University; 2012,

[19] Goldschmidt EE. Effect of Climate on fruit
development and maturation [Internet]. Florida:
University of Florida/IFAS Indian River Research
and Education Center; 1973 [cited 30 July 2018].
Available from: https://irrec.ifas.ufl.edu/flcitrus/
pdfs/short_course_and_workshop/citrus_flowering



12

Vol. 14 No. 1 January — February 2019

_97/Goldschmidt-Effect_of Climate_on_Fruit_
Development.pdf



