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a b s t r a c t

Background: Knowledge on microclimate conditions under artificial shades in a ginseng field would
facilitate climate-aware management of ginseng production.
Methods: Weather data were measured under the shade and outside the shade at two fields located in
Gochang-gun and Jeongeup-si, Korea, in 2011 and 2012 seasons to assess temperature and humidity
conditions under the shade. An empirical approach was developed and validated for the estimation of
leaf wetness duration (LWD) using weather measurements outside the shade as inputs to the model.
Results: Air temperature and relative humiditywere similar betweenunder the shade andoutside the shade.
For example, temperature conditions favorable for ginseng growth, e.g., between 8�C and 27�C, occurred
slightly less frequently in hours during night times under the shade (91%) than outside (92%). Humidity
conditions favorable for development of a foliar disease, e.g., relative humidity> 70%, occurred slightlymore
frequently under the shade (84%) than outside (82%). Effectiveness of correction schemes to an empirical
LWD model differed by rainfall conditions for the estimation of LWD under the shade using weather mea-
surements outside the shade as inputs to the model. During dew eligible days, a correction scheme to an
empirical LWD model was slightly effective (10%) in reducing estimation errors under the shade. However,
another correction approach during rainfall eligible days reduced errors of LWD estimation by 17%.
Conclusion: Weather measurements outside the shade and LWD estimates derived from these mea-
surements would be useful as inputs for decision support systems to predict ginseng growth and disease
development.

Copyright � 2015, The Korean Society of Ginseng, Published by Elsevier. All rights reserved.

1. Introduction

Panax ginseng Meyer is well grown under high levels of shade
because it is adapted to shade conditions [1]. For example, the
understory of a temperate forest is common habitat for wild
ginseng. Artificial shades provide an ideal environment for growth
of ginseng in a field.

The microclimate conditions of ginseng grown under shade
structures would be different from those of other field crops. For
example, most of direct beam solar radiation would be blocked by
the shade, which would allow ginseng growth under a shade

condition. Wind speed would be slower under the shade, which
would limit evaporation of water droplets on leaves. These changes
would create microclimate conditions favorable for the develop-
ment of plant diseases [2,3] as well as ginseng growth. For example,
yield of ginseng is often limited by outbreaks of foliar disease
including Alternaria panax which causes considerable damage in
ginseng production in Korea as well as North America [2].

Measurement of microclimate conditions under artificial shade
would be helpful for themanagement of ginseng production because
these conditions determine risks of foliar disease aswell as growth of
ginseng. Still, measurements of weather variables under the shade
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would require considerable labor and cost for installation and main-
tenance of electrical sensors. Alternatively, weather data could be
obtained fromnationalweather services formanagement of crop. For
example, Korea Meteorological Administration provides digital fore-
castdata at a townshipscale,which is about5kmof spatial resolution.
However, these data represent weather conditions in an open field.

Little effort has been made to assess and to estimate microcli-
mate conditions under the shade in a ginseng field for application
of a decision support system to ginseng management. Because
microclimate is considered altering by artificial shades in a ginseng
field, it is essential to examine if weather data obtained outside the
shade could represent microclimate conditions for ginseng man-
agement or not. Furthermore, a model to estimate microclimate
conditions under the shade could be developed using knowledge
on the relationship between under the shade and outside the
shade. For example, reasonable estimates of leaf wetness duration
(LWD) under the shade, which is an important factor for the
development of foliar diseases, could be obtained using weather
measurements outside the shade as inputs to an LWD model.

The objectives of this study were: (1) to assess microclimate
conditions between under the shade and outside the shade in a
ginseng field; and (2) to develop correction schemes for improving
the estimation of LWD under the shade using an existing LWD
model. Reliable microclimate data at a ginseng field would facilitate
the operation of a decision support system for effective and timely
ginseng management, e.g., yield prediction model or disease
warning system.

2. Materials and Methods

2.1. Shade settings at experiment sites

Microclimate variables including temperature, humidity, and
LWD were analyzed at two commercial ginseng fields located in
Gochang-gun (N 35� 250 070, E 126� 390 450) and Jeongeup-si (N 35�

340 230, E126� 460 280), Jeollabuk-do, Korea. Four-yr-old and 5-yr-old
ginsengs were growing at Jeongeup and Gochang, respectively.
Shade structure was a rear line link type at both sites. Two types of
shade netting, i.e., single and double netting, were used depending
on site and season. The double shading net used at the Gochang site
had a two-layer black polyethylene (P.E.) net on top of three-layer
black and blue P.E. net throughout the growing season in 2011. At
the end of season in 2011, the two-layer P.E. net was removed on
May 19, 2012. Later, the two-layer P.E. net was installed again until
the end of the 2012 season. At the Jeongeup site, a single shade
netting of three-layer black and blue P.E. net was installed at the
beginning of 2011 season. From May 19, 2011 onwards, a two-layer
black P.E. net was added and used throughout the 2011 season at
the same site. In 2012, double shading nets were used throughout
the growing season at the Jeongeup site.

2.2. Measurement and analysis of microclimate variables

A set of sensorswasdeployed tomeasure air temperature, relative
humidity (RH), precipitation, and wind speed in ginseng fields
(Table 1). A pair of sensors was used to measure air temperature and
RH under the shade and outside the shade. An anemometer was
installed at 3 m high to measure wind speed outside the shade. In
2011, measurements of weather variables were averaged for 60 min.
In 2012, those measurements were averaged for 30 min. Because of
sensor malfunctions, temperature and humidity at Gochang in 2012
were measured only from a single set of sensors under the shade.

Unpainted flat panel sensors were used to detect occurrence of
wetness under the shade. Becauseunpaintedsensors tended todetect
lesswetness durationwhen smallwater dropletswere formedon the

sensors [4], a pair of wetness sensors was installed [5,6]. It was
assumed that wetness occurred when wetness was detected by at
least one sensor. Hours with wetness occurrence was classified to a
“wet” hour. Remaining hours were identified as a “dry” hour.

To assess microclimate conditions altered by the shade, air
temperature and RH measurements under the shade and outside
the shade were compared. It was assumed that a temperature be-
tween 8�C and 27�C would represent a favorable condition for
ginseng growth based on the Ecocrop database of the Food and
Agriculture Organization (http://ecocrop.fao.org). Quayyum et al
[7] reported that conidia of A. panax could geminate under tem-
perature at 25�C and RH> 70%. Thus, it was assumed that RH> 70%
would represent a humidity condition favorable for disease devel-
opment. The frequencies of hours during which temperature and
humidity conditions favorable for ginseng growth and disease
development were met were compared between under the shade
and outside the shade.

Occurrence of wetness on leaves would differ between days
without rainfall, e.g., dew eligible days, and with rainfall, e.g.,
rainfall eligible days (Appendix 1). Daily data sets were classified
into dew eligible days and rainfall eligible days depending on
occurrence of rainfall (> 0.25 mm/d) to analyze LWD. Because
wetness would occur readily during night time, time period from
12:00 PM to 11:59 AM the next day was used to assess LWD in a 24 h
period. In addition, hours from 18:00 PM to 8:00 AM the next day
were defined as a night-time period.

2.3. Correction schemes for a model to estimate LWD under the
shade

The empirical model suggested by Kim et al [8] was used to esti-
mate LWD under the shade in ginseng fields. It was reported that the
empirical model based on a fuzzy logic system had greater spatial
portability thanother LWDmodels [9]. This empiricalmodel depends
on net radiation, vapor pressure deficit, and wind speed at a sensor
surface, which are derived from air temperature, RH, andwind speed
measured in an open field [8]. Outputs of the empirical model can be
adjusted to a specific condition on occurrence of wetness [10,11]. For
example, a correction factor of the empirical model has been used to
improve LWD under semiarid climate conditions [12].

Lee et al [13] suggested that errors of the empirical model could
be reduced under the shade when a correction scheme would be
applied to the model (Appendix 1). A set of correction schemes for
the empirical model were applied to take into account microcli-
mate conditions under the shade in estimation of LWD. Kim et al
[14] suggested that the empirical model could be adjusted to un-
painted sensors as follows:

FU ¼ fU$F (1)

where FU represents the corrected estimates of wetness occurrence
to output value, F, of the empirical model for unpainted sensors. The

Table 1
List of sensors installed to assess microclimate in the ginseng field

Measurement type Sensor

Air temperature and RH HMP45, Vaisala, Helsinki, Finland
Wind speed 03001 wind sentry anemometer,

Campbell Scientific, Logan, Utah, USA
Precipitation TE525WS, Campbell Scientific, Logan,

Utah, USA
Leaf wetness duration Model 237, Campbell Scientific, Logan,

Utah, USA
Data logger CR10X, Campbell Scientific, Logan, Utah,

USA

RH, relative humidity
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correction factor, fU, for unpainted sensors were calculated as fol-
lows [15]:

fU ¼ 0:95þ b$CRH (2)

where CRH represents humidity effect on wetness estimation using
an unpainted sensor. b represents the adjustment coefficient for
CRH. The value of CRH is determined using RH as follows [10]:

CRH ¼
�
max

�
0:0;

RH � g

100� g

��2
(3)

where g indicates the threshold of RH. The values of b and g were
0.05 and 80%, respectively [9]. When RH is > 80%, fU becomes close
to 1, which results in similar outcomes of the original model.
Otherwise, the outcomes of the unpainted sensor correction to
empirical (Fdew) model are w95% of the original model outcomes.
The Fdew model was used for dew eligible days without going
through a calibration process because this correction scheme has
been reported in a previous study [14].

A new correction scheme to the empirical model was developed
for rainfall eligible days. During rainfall, rain drops deposited on a
leaf through the shade could cause estimation errors of LWD by the
model. Under strong wind speed conditions, rain drops would
penetrate through the shade. Such a rain drop on a leaf surface does
not result from the energy exchange between a leaf surface and the
atmosphere, which would result in underestimation error of the
original model. To take into account the effect of wind under the
shade, the correction factor for false negative estimates of the
original model on rainfall eligible days, fR- was defined as follows:

fR� ¼ 1þ r$ð1� mSLOW Þ (4)

where r indicates the coefficients of fR� The membership function,
mSLOW, used for the empirical model was used to quantify the degree
of “slow” wind speed. mSLOW was calculated as follows [8]:

mSLOW ðwÞ ¼

8>>>>><
>>>>>:

1� 2*
� w
3:5

�2
for w < 1:725

2*
� w
3:5

�2
for w � 3:5

0 for w > 3:5

9>>>>>=
>>>>>;

(5)

where w indicates wind speed (m/s) at a given hour.
Another correction scheme for false alarm estimates of the

empirical model on rainfall eligible days, fRþ, was developed using
RH and wind speed. The fate of rain drops remaining on ginseng
leaves would depend on microclimate conditions altered by the
shade. As humid and calm conditions would be created more easily
under the shade, evaporation of free water on the leaf would be
restricted even during daytime in a ginseng field. As a result, the
original model would overestimate LWD under such a condition
because it was developed for an open field condition. Based on Eq.
(2), fRþ was defined to adjust the outcome of the original model to
such a condition as follows:

fRþ ¼ 0:95þ b$½s$CRH þ ð1� sÞ$mSLOW � (6)

where s represents the relative effect of humidity on over-
estimation error by the original model.

The correction factor for rainfall eligible days, fR, was defined as
follows:

fR ¼
�
fR� F < 0:5
fRþ F � 0:5

�
(7)

The corrected value, FR, to the outcome of the empirical (Frain)
model during rainfall eligible days was defined as follows:

FR ¼ fR$F: (8)

The value < 0.5 of FR represented the absence of wetness;
otherwise, the presence of wetness was estimated. The value of fR
was determined using daily rainfall data rather than hourly data. This
allowed the minimum use of rainfall data, which is an indication of
rainfall on a given day. Furthermore, rain drops under the shade
could last longer than the duration of rainfall. Thus, the use of hourly
rainfall data would require a correction term that embodies energy
balance equation, which would add considerable complexity.

Fig. 1. Difference of temperature (�C). Temperature difference between (A) under the
shade and (B) outside the shade at Gochang and (C) under the shade and (D) outside
the shade at Jeongeup in (A and C) 2011 and (B and D) 2012. X and Y axes represent
hour and day and on which temperature under and outside shade was measured,
respectively. Positive value of temperature difference represents events such that
temperature under the shade was greater than that outside the shade.
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The values of r and s were determined using the simplex algo-
rithm suggested by Nelder andMead [15]. Twenty-four-hour periods
of rainfall eligible days were subject to random sampling. The cali-
bration set consisted of 40% of the periods for each site-year. The
remaining data on rainfall eligible days were used for validation. The
values of r and s were adjusted to minimize mean values of mean
absolute error (MAE) in LWD estimation for 10 random subsets of
calibration data. The values of r and s were determined by day- and
nighttime because the effect of rainfall onwetness occurrence under
the shade would differ by availability of solar radiation. Because the
simplex algorithm is one of a local optimization method, the final
value of r and s would be dependent on the initial values of these
parameters. Thus, simplex search was performed for 1,000 times
with the initial values of r and s that were selected randomly at each
time. R, which is an open source statistical package (https://www.r-
project.org/), was used to determine the values of r and s using the
simplex algorithm.

To indicate the tendency of error, e.g., over- or underestimation
of LWD, mean error was determined as the average of difference
between measurements and estimates of LWD during each 24-h
period. To represent overall error, MAE was also calculated by
averaging the absolute values of estimation errors during the 24-h
period. Errors of the original model were compared with that of
corrected models by dew eligible days and rainfall eligible days.

3. Results

3.1. Temperature and humidity conditions under an artificial shade

Overall, temperature under the shade tended to be warmer
than that outside the shade (Fig. 1). In early seasons, the average
change of temperature by the shade was relatively small. In the
middle of growing season, e.g., from June to August, however,
temperature increases under the shade became more evident. For
example, hourly average difference of temperature between

under and outside the shade was 0.02�C and 0.51�C in May and
July, respectively.

The effect of shade netting on temperature change differed by
day and night (Fig. 1). During night times, temperature difference
between under the shade and outside the shade was less pro-
nounced. On average, the difference of temperature between under
the shade and outside the shade ranged from 0.1�C to 0.4�C by site-
years. During daytimes, averagewarming effect of the shade ranged
from 0.4�C to 1.2�C, which was slightly greater than during night.

The temperature conditions favorable for ginseng growth
occurred slightly less frequently under the shade than outside
(Fig. 2). For example, temperature ranged from 8�C to 27�C
occurred for about 90% of hours during night under the shade.
However, the same range of temperature was recorded for about
91% of hours during the night outside the shade. During daytime,
hours during which temperature ranged from 8�C to 27�C
occurred for about 42% and 46% of time periods under the shade
and outside the shade, respectively.

Humidity tended to be higher under the shade than outside
(Fig. 3). On average, RHwas 4% higher under the shade than outside
in the early season, e.g., May. In the middle of growing season,
however, an increase of RH under the shade occurred less
frequently. Occasionally, RH under the shade was lower than that
outside the shade during the period.

Humidity conditions favorable for outbreaks of a ginseng foliar
disease occurred slightly more frequently under the shade than
outside (Fig. 4). For example, the number of hours with RH > 70%
under the shade accounted for about 84%of night timeperiods. Hours
with RH > 70% occurred outside the shade for 82% of time periods
during night. During daytime, the frequency of hours with RH> 70%
was similar between under (31%) and outside the shade (29%).

3.2. Estimation of LWD under the shade using correction factors

Duringdeweligibledays, errorsof the corrected (Fdew)modelwere
slightly less than those of the original (Forg) model developed for an
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Fig. 2. Frequency of hours during which temperature conditions were favorable for ginseng growth. (A) Daytime and (B) Night time. It was assumed that favorable conditions for
ginseng growth occurred at hours when temperatures between 8�C and 27 were measured. Each bar represents the fraction of hours at which criteria for favorable temperature
conditions were met during the study period in a year at given sites.
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open field (Table 2). For example, the Fdew model and the Forg model
hadtheMAEof2.3h/dand3.3h/dat Jeongeupsiteduringdeweligible
days. TheMAE of the Fdewmodelwas relatively small in 2012 (2.8 h/d)
at Gochang site. At Gochang site in 2011, however, the Fdewmodel had
considerably larger MAE (4.3 h/d) than the Forg model did (3.5 h/d).

When the values of r and s were 0.112 and 0.169, and 0.067 and
0.400, for daylight hours and night times, respectively, the least
magnitude of MAE in LWD estimationwas obtained for data sets on
rainfall eligible days with 3.5 h/d. The corrected (Frain) model for
rainfall eligible days reduced relatively more errors than the Fdew
model did during dew eligible days (Table 3). For example, the MAE
of the Fdew model increased by 8% at Gochang whereas it decreased
by 30% at Jeongeup compared with the Forg model. By contrast, the

Frain model reduced the MAE by 33% and 14% at Gochang and
Jeongeup in comparison with the Forg model although the MAE of
the Frain model was slightly greater (4%) than that of the Forg model
at Jeongeup in 2012.

4. Discussion

Our results indicated that measurements of temperature and
humidity outside the shade, and estimates of LWD using these
measurements would represent microclimate conditions for
ginseng growth and disease development with reasonable accu-
racy. Thus, it would be practical to operate a decision support
system for ginseng management using weather data available for
an open field rather than measurements of microclimate variables
under the shade. Because weather data in an open field would be
available from different sources, e.g., nearby weather stations or
site-specific estimation, these data would be useful for effective
management of ginseng under given microclimate conditions.

It appeared that temperatures measured outside the shade
would be helpful to represent temperature conditions for ginseng
growth. For example, the frequency of hours during which the
temperature was favorable for ginseng growth differed by about 1%
between under and outside the shade during night times. Yu et al
[16] reported that root biomass and ginsenocide production tended
to be high under a dark condition, which suggested that ginseng
growth would be affected by temperature conditions during night
time considerably. Because temperature conditions between under
and outside the shade were similar during the night, temperature
measurements outside the shade would be useful to estimate root
growth and ginsenocide production.

The difference of humidity conditions between under the shade
and outside the shade was considerably small, which suggested
that humidity measurements outside the shadewould be helpful to
represent humidity conditions for disease development under the
shade. For example, hours with RH > 70% occurred slightly more
frequently (by 2%) under the shade than outside. Nevertheless, the
difference in both temperature and humidity conditions between
under and outside the shade become relatively large occasionally.
In such cases, it would be difficult to predict the risk of disease
outbreak reliably using weather data measured outside the shade.
Thus, it would be worthwhile to examine site-year variation in
differences of microclimate conditions between under and outside
the shade in further studies, which would help assessment of
microclimate conditions favorable for disease development using
an empirical approach.

Application of correction schemes to the empirical LWD model
based on a fuzzy logic system was effective especially during
rainfall eligible days. For example, themagnitude of MAE decreased
by 33% at Gochang in 2011 after the correction scheme for rainfall
eligible days was applied to the original model. The corrected
model for dew eligible days reduced the MAE of LWD estimation by
10% on average. However, the correction scheme caused more er-
rors in LWD estimation at Gochang in 2011 and Jeoungeup in 2012,
which suggested that further studies would be merited to assess
spatial portability of correction approaches.

It appeared that effectiveness of the correction scheme was
associated with rainfall conditions for both dew eligible days and
rainfall eligible days. The correction scheme for rainfall eligible days
was less effective when rainfall contributed relatively small portion
of LWD in a season, e.g., in terms of rainfall frequency and periods of
LWD during rainfall eligible days. For example, the corrected model
had a slightly higher error in LWD estimation at Jeongeup in 2012
than the original model; although the difference between corrected
and original model was about 4%. However, the correction scheme
for dew eligible days was more effective at sites where LWD would

Fig. 3. Difference of relative humidity (%). Relative humidity differences between (A)
under and (B) outside the shade at Gochang and (C) under and (D) outside the shade
Jeongeup in (A and C) 2011 and (B and D) 2012. X and Y axes represent hour and day at
and on which relative humidity under and outside shade was measured, respectively.
Negative value of humidity difference represents events such that humidity under the
shade was lower than that outside the shade.

J Ginseng Res 2016;40:90e9694



be relatively short during rainfall eligible days. For example, dura-
tion of wetness during rainfall eligible days explained about 93% of
variation in LWD estimation error using the corrected model for
dew eligible days (p ¼ 0.03).

Management of ginseng would benefit from ginseng growth
models that uses weather data obtained fromoutside the shade. For
example, Souther and McGraw [11] used a stochastic model to
project the effect of harvest and climate change on extinction risk of
wild-harvested ginseng using climate data in an open field. A
mechanistic model of ginseng growth could simulate characteris-
tics of ginseng canopy, e.g., leaf temperature, based on energy
balance between soil, crop canopy, and atmosphere using weather
measurements outside the shade as inputs to the model.

Because thermal and optical properties of materials and setting
could be parameterized to the mechanistic model, the impact of
artificial shade on microclimate under the shade could be simu-
lated for identification of the optimal materials and settings under
given climate conditions. It seemed that temperature and humidity
change by the shade would be affected by the number of shade

nettings. For example, less temperature change and greater hu-
midity change were recorded in May during which a single layer of
shade netting was installed for about 20 days. Using the mecha-
nistic model that simulates energy exchange between soil, shade in
a ginseng field, and atmosphere, it would be possible to estimate
canopy temperature under given climate conditions [17]. Such es-
timates would be useful for determining the preferred settings for
artificial shades, e.g., the number of layers and materials of shades.

Disease warning systems often depends on wetness duration
and air temperature as input variables [5,18e21]. Because tem-
perature was relatively similar between under the shade and
outside the shade, errors of LWD estimates would affect reliability
of a decision support system for disease risk management.
Although a large error of LWD estimation occurred during rainfall
eligible days, the correction scheme to the LWD model could
minimize such errors. Thus, it would be advantageous to use a
combination of the corrected and original models for estimation of
LWD using weather data measured outside the shade as inputs to
the diseasewarning systems. Still, few studies have been conducted
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Fig. 4. Frequency of hours during which humidity conditions were favorable for disease development. (A) Daytime and (B) night time. It was assumed that favorable conditions for
ginseng disease development occurred at hours when relative humidity > 70% was measured. Each bar represents the fraction of hours at which criteria for favorable humidity
conditions were met during the study period in a year at given sites.

Table 2
Estimation errors of leaf wetness duration by fuzzy (Forg) model and corrected fuzzy
(Fdew) model at Gochang (G) and Jeongeup (J) sites during dew-eligible days in 2011
and 2012 seasons

Site Season N1) ME2) MAE2) ME(night)3) ME(day)3)

Forg Fdew Forg Fdew Forg Fdew Forg Fdew

G 2011 62 �0.1 �2.9 3.5 4.3* 0.2 �2.6 �0.3 �0.3
2012 84 1.9 �0.4 3.0 2.8 2.1 �0.4 �0.1 �0.1
All 146 1.1 �1.5 3.2 3.5 1.3 �1.3 �0.2 �0.2

J 2011 60 2.5 0.1 4.0 2.6* 2.7 0.4 �0.2 �0.3
2012 75 2.3 0.5 2.7 2.1* 2.4 0.6 0.0 0.0
All 135 2.4 0.3 3.3 2.3* 2.6 0.5 �0.1 �0.2

1) N is the total number of a given period in the data set
2) Mean error and mean absolute error indicate mean error and mean absolute

error per 24-h period
3) Night and day represent time period from 18:00 PM to 8:00 AM the next day and

from 8:00 AM to 18:00 PM in a given day, respectively
* Indicates significant difference at the 0.05 level between mean absolute error of

fuzzy and corrected fuzzy models

Table 3
Estimation errors of leaf wetness duration by fuzzy (Forg) model and corrected fuzzy
(Frain) model at Gochang (G) and Jeongeup (J) sites during rainfall eligible days over
2011 and 2012 seasons in validation

Site Season N1) ME2) MAE2) ME(night)3) ME(day)3)

Forg Fdew Forg Fdew Forg Fdew Forg Fdew

G 2011 22 �7.1 �3.7 7.4 5.0* �4.1 �1.6 �3.0 �2.0
2012 23 �3.1 �1.3 4.8 4.3 �0.4 0.0 �2.7 �1.3
All 45 �5.0 �2.5 6.0 4.6* �2.2 �0.8 �2.8 �1.7

J 2011 23 �0.4 1.4 3.7 3.2 1.0 1.8 �1.4 �0.3
2012 20 2.0 2.6 3.7 3.9 2.8 2.7 �0.8 �0.1
All 43 0.7 2.0 3.7 3.5 1.8 2.2 �1.1 �0.2

1) N is the total number of a given period in the data set
2) Mean error and mean absolute error indicate mean error and mean absolute

error per 24-h period
3) Night and day represent time period from 18:00 PM to 8:00 AM the next day and

from 8:00 AM to 18:00 PM in a given day, respectively
* Indicates significant difference at the 0.05 level between mean absolute error of

fuzzy and corrected fuzzy models
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to develop and validate a decision support system in a ginseng field,
which merits field case studies to examine feasibility of disease
warning systems using the LWD model for ginseng management.
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Appendix 1

Occurrence of leaf wetness was considerably longer during
rainfall eligible days than dew eligible days at experimental sites
(Fig. A1). For example, LWD was about 57% and 15% longer during
rainfall eligible days at Gochang and Jeongeup, respectively. The
frequent rainfall did not necessarily cause longer wetness duration.
For example, the period of LWD during rainfall eligible days was
less in 2011 than in 2012 at Jeongeup, although rainfall frequently
occurred in 2011 than in 2012 at the site.
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Fig. A1. Occurrence of wetness duration during all days (all), rainfall eligible days
(rain), and dew eligible days (dew), and the frequency of rainfall eligible days (R) at
Gochang and Jeongeup sites over 2011 and 2012 seasons. Dew eligible days represents
days on which no rainfall occurred in a 24-h period. Rainfall eligible days were the
remaining days other than dew eligible days during the study period. Each bar on
wetness occurrence represents daily wetness duration on average during the corre-
sponding site-year. R, rainfall eligible days.
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