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ABSTRACT

An analytical study was conducted in 2002 to observe the relationship between meteorological elements
and the fruit quality of ‘Tsugaru’ apples at 8 orchards. The hlgher average air temperature in August
made a higher content of soluble solids, but showed a lower anthocyanin content. As the average air
temperature from April through August increased, flesh firmness decreased; and as the maximum air
temperature from April through August increased, Hunter a value also decreased. Additionally, it was
observed that the cytohistological characteristics of ‘Tsugaru’ apples were correlated with the average air
temperature during the growing season. As average air temperau;re during the growing season increased,
the epidermal layer of the fruit skin became thinner, starch density in the flesh decreased, intercellular
space was larger, and tissue structure became looser
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I. INTRODUCTION

Although orchards in the United States, Europe, and
Japan produced higher quality fruits as 80 percent of
their total production, orchards in Korea made those
fruits as mere 20 to 40 percent (Choe, 1996; Park et al.,
1998), which might be a result of inappropriate cultural
methods including excessive fertilization, improper
training techniques, and unsuitable fruit management.
However, it was more likely that unsuitable orchard
sites were more responsible for the poorer fruit quality.

In A Statistical Survey of Fruit Trees, Ministry of
Agriculture, Forestry, and Fisheries (MAF) reported
that apple orchards were distributed widely throughout
the Korean peninsula up to the 1980s, but later orchards
were grouped in certain areas such as the north

province of Gyeongsangbuk-do (MAF, 1983, 1987,
1992, 1997). These facts could explain the straggling of
the improper orchard sites and the remaining of the
suitable ones (Kim ez al., 1991). Jang et al. (2002) and
Yun et al (2001a, 2001b) insisted that weather
conditions could affect the growth of fruit trees and
also might influence fruit quality. Therefore, weather
conditions would be one of the major factors in
determining fruit quality. In spite of its importance, the
study of meteorological elements for fruit trees has not
been suffigiently carried out except for some climatic
damage like freezing injury (Kang et al., 1987; Shin et
al., 1987). There have been few studies of the
relationship of meteorological elements to tree
physiology and fruit quality.

Consequently, this study was carried out to analyze
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the relationship between meteorological elements and
fruit quality for “Tsugaru’ apples at 8 orchards in 2002,
and to prove the effect of weather conditions on fruit
skin development. Then this study will contribute to the
theoretical establishment for orchard management with
a consideration of weather conditions.

II. MATERIALS AND METHODS

2.1. Selection of surveying sites and collection

of meteorological data

Eight orchards were selected for this study. Seven
were located in the north part of Gyeongsangbuk-do:
Bonghwa (two orchards), Yeongju (two orchards),
Uiseong (two orchards), and Gunwi (one orchard). The
eighth was in Suwon, Gyeonggi-do (Fig. 1, Table 1).
All selected orchards had similar tree age and vigor.

To observe meteorological elements, automated
weather stations (AWS’s) with the same equipment
were established in the orchards in Gyeongsangbuk-do,
and the local meteorological data of Suwon were
collected from the Meteorological Administration in
Suwon. Meteorological data were collected from
January through September 2001, and the data
collected from April through August were analyzed for
this study. All data were measured every 60 seconds
and stored with the mean and accumulated value in
one-hour intervals. The 24-hour average, maximum,
and minimum air temperature data were stored at 0
o’clock.

At 120 days from full-bloom, those fruits having
regularity in size, shape and skin coloring were
harvested from every orchard. Fruiting position in the
canopy was also considered so as to represent the
characteristics of each orchard.

Table 1. Locations of observed ‘T'sugaru’ apple orchards.
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Fig. 1. Map of study area with locations of observed “Tsug-
aru’ apple orchards (local names are those listed in Table 1).

To measure the content of soluble solids and titratable
acidity, juice was extracted from each fruit. The content
of soluble solids was measured by the use of a digital
refractometer, PR-100 (Atago, Japan). Titratable acidity
was determined; NaOH was inserted into the extracted
juice to titrate pH 7.0 to 8.1, and later, the inserted
amount of NaOH was calibrated to yield the amount of

Station ID Observation site Ele(\::llt)lon T(r;;ar%e S(I(:;;e A(SEC)Ct Lg;gl;e L(:I;)gll)t;lzde
1 Bongwha Myungho 540 20 10 SW 36.4820 128.5134
2 Bongwha Mulya 460 15 7 E 36.5831 128.4659
3 Youngju Busuk 400 15 5 SE 37.0010 128.3911
4 Youngju Bonghyun 330 15 10 S 36.4811 128.3100
5 Uiseoung Oksan 290 18 2 SW 36.2334 128.4557
6 Uiseoung Danchon 150 20 2 S 36.2505 128.4557
7 Gunwi Sobo 100 12 4 SE 36.1629 128.2759
8 Suwon Imok 70 15 2 S 37.1822 126.5847

? DD : decimal degree
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malic acid. Flesh firmness was measured by the use of
a 5 mm hardness meter (FHM, Japan) at the two points
on equator level after peeling the fruit skin.

Ten fruits with regular skin coloring were harvested,
and ten disks of fruit skin were collected by the use of
a cork borer (1.1 mm). Those disks were immersed in
a mixing solution of 0.1 N HCI and 100% ethanol
(15:85 V/V) for 24 hours. Later, light absorption was
measured with a 535 nm spectrophotometer (UV-2501
PC, Shimadzu) to determine anthocyanin content by
the Fuleki and Francis method (1968a, 1968b). To
establish chlorophyll content, disks prepared by the
same method described above were immersed in a
solution of 100% MeOH for 24 hours in the dark and
then anthocyanin was removed by the use of PVPP
(Poly Vinyl Poly Pyrrolidone). After the treatment,
light absorption was observed at 651 nm and 664 nm
by spectrophotometer (UV-2501 PC, Shimadzu).

Skin coloring was determined from 20 fruits of each
orchard using a spectrophotometer (CM-508im
Minolta, Japan) in Hunter L, a, b mode. The results
were the mean value of the two samples at the equator
of each fruit.

2.3. Analyzing the relationship between mete-
orological elements and fruit quality
The growth stage of ‘Tsugaru’ apple fruits was
divided with the entire development stage as from April
through August, and ripening stage as from July
through August. The latter period was divided into 15-day
intervals. Meteorological elements (average, maximum
and minimum air temperature, and accumulated air

temperature) collected from AWSs were analyzed for
correlation with fruit characteristics (I/D rate, content
of soluble solids, titratable acidity, flesh firmness, the
content of anthocyanin and chlorophyll, and Hunter a
value). Linear regression was used to express
significant correlations.

2.4. Cytohistological observation for fruit skin
of ‘Tsugaru’ apples

To find out the difference of the cytohistological
characteristics of ‘Tsugaru’ apples according to
different local weather conditions, three fruits of each
orchard were collected to evaluate distinguishable
characteristics (Fig. 1, Table 1; Station ID 1, 3, 5, 7).

Skin disks from every fruit were treated with the first
fixation of 2.5% glutaraldehyde and with a second
fixation of 1% osmic acid. Then, disks were laid in a
silicon mold of 60°C with epon+D.M.P. 30 for 4 days
after dehydration by ethanol. 10~15 epon blocks of 3
fruits of each orchard were prepared, and these disks
were cut at a thickness of 1,500 nm by the use of
ultramicrotome (Ultracut R, Leica Co). The prepared
disks were dyed with Schiff’s reagent after they were
dried on a slide glass. The disks were observed and
photographed 24 hours following the application of
polymount and cover glass. Skin tissue was analyzed
using the photographed results described above.

HI. RESULTS AND DISCUSSION

3.1. Local weather conditions for experimental
sites

Table 2. Local meteorological elements measured by AWS in the 8 site of the ‘Tsugaru’ apple orchards during growing sea-

son from April to August in 2002.

Station  Elevation Air temperature (°C) Cun_lulative Cumulahltive Cumulative
rainfall sunshine -
Avg. Max. Min. Diurnal duration SOI?;;;?:?;]M

D (m) range (mm) (hr)

1 540 17.7 23.0 13.4 9.6 1,105 813 2415
2 460 17.9 238 12.8 11.1 1,108 745 2,242
3 400 18.7 24.7 13.9 10.8 1,228 725 2,173
4 330 18.9 249 13.9 10.9 767 624 1,851
5 290 i8.9 259 12.3 13.6 693 835 2,456
6 150 19.0 26.3 12.3 14.0 2,829 780 2,328
7 100 19.5 257 139 118 1,020 - 1,424
g 70 19.8 245 15.6 8.9 1,032 853 2,559

*Reference station of Korea Meteorological Administration in Suwon
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The local weather conditions were compared among
the seven orchards in Gyeongsangbuk-do and one
orchard in Gyeonggi-go (Table 2).

The average air temperature from April through
August was lower at the higher altitude, and the
difference between the average air temperature at 540
m and 100 m was 1.8°C . A regular tendency was not
found between increasing altitude and decreasing
maximum or minimum air temperature. It could be
thought that the irregular tendency might result from
different weather conditions between the experimental
sites and the meteorological observation stations. The
diurnal range decreased as the altitude increased from
150 m to 540 m.

There was a four times difference between the
maximum and minimum amount of rainfall, and there
were 230 hours’ difference between the maximum and
minimum sunshine duration during the growing season.

Additionally, 1,135 MJ/m? accumulation difference
was found in solar radiation between the experimental
sites. These facts showed the various differences in
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comparing the local meteorological elements.

3.2. Relationship between meteorological ele-
ments and fruit quality of ‘Tsugaru’
apples

Those fruits surveyed in this study were harvested
120 days after full bloom, and the relationship between
the local weather conditions and fruit quality was
analyzed. The significant correlation was expressed as
the linear regression shown in Fig. 2.

The content of soluble solids for ‘Tsugaru’ apples
had a positive correlation with the average air
temperature of August. An average air temperature of
August above 22°C was thought necessary to obtain
‘Tsugaru’ apples of superior quality (Shin et al., 1993).
Higher average air temperature in August may not
always correspond with higher content of soluble solids
in ‘Tsugaru’ apples because the content of soluble
solids might be affected by not only cultural techniques
such as fertilization but also weather conditions.
Nevertheless, the reason for significant correlation
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Fig. 2. Regression of the soluble solids, flesh firmness, anthocyanin contents and Hunter a value in “Tsugaru’ apple against
selected climatic variables in 2002. “Significant at 5% level, *Significant at 1% level.
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could be explained by the shorter ripening period,
which could express the importance of weather
conditions as well as cultural techniques. From our
results, meteorological elements appear to affect the
content of soluble solids. Similar results reported that
the different conditions of cultural sites and the
variation of cultural season could influence fruit quality
including the content of soluble solids (Marguery and
Sangwan, 1993; Yamada et al., 1998). Therefore, more
detailed research is needed with various harvesting
times, weather conditions, and cultural techniques.

Flesh firmness of ‘Tsugaru’ apple fruits showed a
negative correlation with the average air temperature
from April through August. Flesh firmness might be
the major factor in longer storability and marketing
time. Japanese farmers classified the fruits for storing
or marketing according to producing area (Kim et al.,
1990). The local weather conditions had a close
relationship with flesh firmness affecting fruit
storability. As fruits ripened, flesh firmness was
significantly decreased with the rapid increasing of
respiration which took an important role in the process
of ripening and ethylene activity.

Anthocyanin content in the fruit skin had a negative
correlation of high significance with the average air
temperature of August. Lower air temperature likely
contributes to form and the revealing of anthocyanin
(Lee, 1999; Tomana and Yamada, 1988) that is closely
related to forming red skin color (Arai, 1998).
Therefore, it could be thought that the proper sites for
‘Tsugary’ apple orchards might be in the north part of
Gyeongsangbuk-do. A similar relationship was found
between Hunter a value and the maximum air
temperature from April through August. Thus, it was
possible to decide that lower air temperature might be
more suitable for the expression of red fruit skin.

Consequently, some relationship between fruit
quality such as the content of soluble solids, flesh
firmness, anthocyanin content and Hunter a value, and
meteorological elements was found. A regressive
model of meteorological elements and fruit quality of
‘Tsugaru’ apples was derived:

Content of total soluble solids (°Bx)
.................................. Y = 8.433+0.209x

(x =average air temperature in August)

Flesh firmness (kg/Smm)

.................................. Y = 1.98140.042x

(x =average air temperature from April through

August)

Anthocyanin content (ug/cm?)

.................................. Y = 60.475-2.457x

(x = average air temperature in August)

Hunter a value

.................................. Y = 10.353-0.823x

(X =maximum air temperature from April through
August)

3.3. Cytohistological characteristics for ‘Tsug-
aru’ apples according to weather condi-
tions

Fig. 3 shows the cytohistological difference in fruit

skin of ‘Tsugaru’ apples according to average air
temperatures during the growing season. Increasing
average air temperature 1°C made a significant
difference in fruit skin. The fruit with the highest
average air temperature had one layer of outer
epidermis and two or three layers of inner epidermis.
As average air temperature decreased, the inner
epidermis increased. It was observed that lower air
temperature could induce a thicker epidermal layer. It
was also found that the average air temperature could
result in a different cell number and in structural
differences of fruit skin tissue. Fruit skin cells at higher
average air temperature had larger intercellular space
and showed less tight tissue than those at lower average
air temperature. Consequently, it was thought that the
accumulation of anthocyanin might be affected by the
structural factors such as the thickness and the number of
fruit skin colls, and the accuracy of fruit skin tissue.
Similar results were obtained by comparing the color
degree of fruit skin according to the accuracy of fruit skin
layer of ‘Fuji’, ‘Hongro’, and ‘Jonathan’ (Lee, 1999).
Starch distribution in flesh tissue showed a clear
difference according to average air temperature, and an
increased starch amount could be found in the tissue at
lower air temperatures during the growing season. This
implies that a different maturity of fruit might influence
the starch content of fruit skin tissue. Cherrad and Park
(1998) predicted that the starch content of a fruit would
increase as fruit ripening proceeded, but content rapidly
decreased with the process of skin coloring and there
was little content at maturity. Additionally, Park and
Park (2000) indicated that starch content steadily
increased from full bloom to 158 days after full bloom,
and decreased rapidly at maturity in ‘Fuji’ apples.
Accordingly, the starch content at different average air
temperatures might be related to fruit maturity.
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Picture Elevation A.ir temperature Cumulative Cumulati Soluble Hunter Firmness
April to August (°C) rainfall UmWEIYE  Solids
o ; solar radiation
i uma MJ/m?* kg/5 mm)*

D (m) Avg. Max. Min. range (mm) ( ) (°Bx)? o7 (kg )
1 540 17.7 23.0 134 9.6 1,105 2,415 12.8 -84 1.25
2 400 18.7 24.7 139 10.8 1,228 2,173 12.8 -10.1 1.19
3 290 189 259 12.3 13.6 693 2,456 13.3 -11.3 1.17
4 100 19.5 257 13.9 11.8 1,020 1,424 13.2 -10.9 1.19

Z harvesting time : August 30

Fig. 3. Cross sectional features of “Tsugaru’ apples influenced by different climatic conditions described in 4 orchards seen

by optical microscope in August 2002.

At higher temperatures the soluble solids content was
higher and fruit ripened earlier. However, comparing
skin coloring, those fruits with higher average air
temperature showed later fruit development. These
results did not agree with the report that the
accumulation of anthocyanin was closely related with

the increasing of starch content (Williams, 1946), but
Tomana and Kataoka (1979) had reported that
anthocyanin content decreased with increasing air
temperature regardless of starch content. Moreover,
Kataoka et al. (1982) also reported that if other
conditions were favorable, accumulation of anthocyanin
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proceeded regardless of the starch amount. This
supports the conclusion that fruits at lower average air
temperature show higher Hunter a values and produce
more fruits with better color.

It was concluded that the air temperature, within a
certain range, affects not only anthocyanin formation,
but also the development of fruit skin tissue. In
addition, air temperature affects the space forming for the
accumulation of anthocyanin. This study demonstrates
that further research to quantify the environmental
impacts on fruit quality is needed and is likely to be of
direct value to apple production in Korea.

IV. CONCLUSION

These studies showed that local weather conditions
varied significantly according to orchard sites. These
weather conditions affect fruit quality directly or
indirectly. That is, it was observed that soluble solid
content and anthocyanin content were differed
according to the average air temperature in August with
certain relationships. Moreover, certain relationships
were also perceived in flesh firmness to average air
temperature from April to August and Hunter a value
to maximum air temperature from April to August. The
model gives a quantitative estimate of the extent of
weather influence on cytohistological characteristics.
The temperature influence on epidermal layers and cell
size, together with the model results, appears to explain
much of the variability of fruit quality observed within
the production zones observed.
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