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ABSTRACT

Orchard soil property, yield and fruit quality of pummelo from different production sites in
the central region of Thailand were studied. Sam Phran and Nakhon Chaisri districts, Nakhon
Pathom province (pummelo cv. Thong Dee and Khao Nam Phueng, clayey soil, lowland raised-bed
system) represent production areas in the Nakhon Chaisri river basin. Umpawa and Bang Khon
Tee districts in Samutsongkhram province (pummelo cv. Khao Yai, clayey soil, lowland raised-bed
system) represent production areas in the Mae Klong river basin where sea water seasonally
influences fresh water resource in Umpawa but not in Bang Khon Tee. Sai Yok district,
Kanchanaburi province (pummelo cv. Thong Dee and Khao Nam Phueng), Mueng, Pak Plee and
Ban Na districts, Nakhon Nayok province (pummelo cv. Thong Dee and Khao Nam Phueng) and
Sri Mahosod district, Prachinburi province (pummelo cv. Thong Dee) represent production areas
outside the two river basins where soil is sandy loam and pummelo are grown in plantation. Tree
ages in different production sites vary from 6 to 25 years old. It was found that canopy size of
mature pummelo trees in Nakhon Chaisri and Mae Klong river basins was generally smaller than
those grown in a plantation system outside these two river basins. Effect of production sites on
yield per tree cannot be compared directly due to large variation in tree age, canopy size and
spacing. ‘Thong Dee’ pummelo trees in Nakhon Chaisri river basin with canopy size of 3.5 — 6 m
held 40 — 100 fruits/tree. Trees in Kanchanaburi province with canopy size of 5 — 6 m held 40 —
50 fruits/tree. Trees in Nakhon Nayok and Prachinburi provinces with larger canopy size of 8 — 10
m held 200 — 500 fruits/tree. Yield per tree increased in a polynomial pattern with an increase in
canopy diameter. Fruit yield per unit canopy diameter was different among trees with different
canopy size suggesting that fruits distributed unevenly on a tree. ‘Khao Nam Phueng’ pummelo
trees in the Nakhon Chaisri river basin had canopy size of 4 — 6 m and held 30 — 90 fruits/tree
while those in Nakhon Nayok and Kanchanaburi had canopy size of 6 — 7 m and held 50
fruits/tree. ‘Khao Yai’ pummelo trees in the Mae Klong river basin produced fruits all year round
with 2 peaks of harvesting in January and April. Trees had canopy size of 6 — 8 m and held 37 —
73 fruits/tree.

Orchard soils were moderate acidity (Nakhon Pathom, Samutsongkhram and Prachinburi)
to strong acidity (Kanchanaburi and Nakhon Nayok). Only few orchards corrected soil acidity by
liming. Soil organic matter was well managed and most orchard soils had moderate to high

organic matter level. Electrical conductivity of soil solution indicated no soil salinity problem in
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these pummelo production areas. However, soils in Nakhon Chaisri and Mae Klong river basins
had 10 times greater electrical conductivity than other production sites indicating greater soil
soluble salts. Accumulation of phosphorus and potassium way above the optimum level was
observed in orchards produced for local markets and for export markets in all study sites due to
over chemical fertilizer application continuously. Soils in Nakhon Chaisri and Mae Klong river
basins had significantly greater exchangeable calcium and magnesium than other production sites
while low exchangeable calcium and magnesium were found in Nakhon Nayok and Kanchanaburi
where soils are strongly acidic. Soil available trace elements including iron, manganese, copper
and zinc were generally in optimum to too high level but large variation of their concentrations was
observed within and between orchards.

A healthy ‘Thong Dee’ pummelo tree had leaf nitrogen (N) concentration in a range of 2.6 —
3.3%. Leaf phosphorus (P) concentration varied in a narrow range between 0.15 — 0.18%. Leaf
potassium (K) concentration was in a range of 1.3 — 2.3%. Comparing to this proposed range,
trees from Kanchanaburi had lower leaf N (1.9 — 2.4%) but they did not show any N deficiency
symptom. ‘Thong Dee’ pummelo trees from Nakhon Nayok and Prachinburi had greater leaf K
concentration (2.2 — 3.1%) than the proposed range as a result of high K fertilizer grade
application. Most of healthy ‘Khao Nam Phueng pummelo trees had leaf N, P and K
concentrations in the range of 2.3 — 3.5% N, 0.12 — 0.16% P and 1.6 — 2.7% K, respectively. A
healthy ‘Khao Yai’ pummelo tree had leaf N, P and K concentrations in the range of 2.7 — 2.9% N,
0.16 — 0.18% P and 1.8 — 2.2% K, respectively. Their leaf N, P and K ranges can be preliminarily
used as leaf standard nutrient concentrations for healthy pummelo trees. However, our N
analytical results using the combustion method were greater than those previously reported using
the Kjeldahl method for analysis.

Fruit N, P and K of ‘Thong Dee’, ‘Khao Nam Phueng’ and ‘Khao Yai’ cultivars were
analyzed to estimate nutrient requirement for fruit production and their losses through crop
removal. It was found that for every 100 kg of fresh fruits harvested, nutrient losses through crop
removal were as followed: 187 g N, 28 g P and 268 g K for ‘Thong Dee’, 182 g N, 20 g P and 220
g K for ‘Khao Nam Phueng’ and 182 g N, 26 g P and 216 g K for ‘Khao Yai’ pummelo. ‘Khao Yai’
fruits harvested in January and April had comparable N, P and K content.

Fruit quality of ‘Thong Dee’ and ‘Khao Nam Phueng’ pummelo in this study was in the

standard quality range of Thai pummelo. ‘Thong Dee’ pummelo from Nakhon Chaisri river basin



had slightly lower fruit weight than those from other production sites but had greater edible portion
and total soluble solids (TSS) of pulp. Titratable acidity (TA) of pulp was similar among production
sites. As a result, TSS:TA ratio of pulp was greater for pummelo from Nakhon Chaisri river basin
indicating their better taste as compared to pummelo from other production sites. ‘Khao Nam
Phueng’ pummelo fruits from Nakhon Nayok and Kanchanaburi had comparable taste with those
from Nakhon Chaisri river basin but they had less edible portion and more peel defect caused by
insect pests and diseases. ‘Khao Yai’ pummelo fruits from Mae Klong river basin harvested in
April had better quality than those harvested in January although fruit size was slightly smaller.
Fruits harvested in April also had less granulation incidence of pulp and their peel turned to yellow
color slower than fruits harvested in January. Fruit quality was not significantly different between
Umpawa district (receiving seasonal sea water influence) and Bang Khon Tee district although
differences of some soil property between the two districted were detected.

The fruit quality of ‘Thong Dee’ pummelo from Nakhon Chaisri river basin and from other
production sites out of this river basin had low correlation with soil property although some
statistical significance was detected in certain parameters. It was found that an increase in soil pH
from strong to moderate acidity correlated with increased edible portion of fruits. An increase in
electrical conductivity of soil solution significantly correlated with increased edible portion and pulp
TSS indicating that certain soluble salts in orchard soils could promote pulp development and
accumulation of TSS in pulp. In orchard soils very high in available phosphorus and exchangeable
potassium found in this study, the wide range of soil phosphorus and potassium had no correlation
with fruit quality. Additional application of phosphorus and potassium fertilizer into such soils would
have not improved fruit quality. High exchangeable calcium and magnesium in soils had positive
correlation with edible portion, TSS and TA of fruits corresponding to the better edible portion and
pulp TSS of ‘Thong Dee’ fruits from Nakhon Chaisri river basin with rich in soil calcium and
magnesium as compared to other production sites out of this river basin. Soil available iron level
had negative correlation with fruit weight and had positive correlation with TSS:TA of pulp. Soil
available manganese level had negative correlation with edible portion and positive correlation with
firmness and TSS of pulp. Soil available zinc level had negative correlation with fruit weight and
TSS:TA of pulp and had positive correlation with edible portion and pulp TA. Our results

suggested that the specific soil factors that may influence fruit quality of pummelo in different



production sites were soil type (clayey soil vs. sandy loam soail), soil electrical conductivity and
levels of exchangeable calcium and magnesium.

An additional study on fruit characteristics, fruit nitrogen level and granulation incidence
was conducted on ‘Thong Dee’ and ‘Khao Yai’ pummelo. It was found that granulation incidence
in pulp of ‘Thong Dee’ had positive correlation with fruit height, fruit circumference and pulp
nitrogen concentration. Granulation tended to increase in fruits that were larger than a normal size
with necked shape and thicker peel. However, correlation between fruit physical characteristics,
pulp nitrogen concentration and granulation incidence was not found in ‘Khao Yai’ pummelo.

In this study, nitrogen in plant samples was analyzed by the combustion method and
yielded higher results than those previously reported using the Kjeldahl method for analysis. An
additional study was conducted on pummelo samples to establish a relationship between analytical
results from the two methods. It was found that total nitrogen concentration of pummelo leaf
samples determined by the combustion method was higher than those from the Kjeldahl method
and their linear relationship can be explained as: Kjeldahl-N (%) = 0.782 Combustion-N (%) +
0.115 (R2 = 0.86). When both leaf and fruit samples were used, the combustion method still
yielded higher results than the Kjeldahl method with greater coefficient of determination value than
using leaf samples alone. Their linear relationship can be explained as: Kjeldahl-N (%) = 0.867

Combustion-N (%) — 0.038 (R = 0.96).
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