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Abstract: This study aimed to compare the causality of climatic factors affecting the yield of Italian
ryegrass (IRG) between upland fields and paddy fields, by multi-group structure equation modeling.
The raw data (n = 728) on forage contains both yield, field type, and the plantation address were
collected from the Rural Development Administration, Republic of Korea. The climatic factors
were: growing days, temperature and precipitation-in autumn and next spring seasons-from the
climate big data of the weather information system of Korean Meteorology Administration. In the
result, the composition of climatic factors was similar, but the causality by the paths was different
between upland fields and paddy fields. In particular, yield in the paddy fields was sensitive to
autumn precipitation because of short growing days in the rice-rotation system. In the paddy fields,
the precipitation effect in both autumn and the next spring indirectly affected the yield through
temperature. The autumn temperature effect on yield in the paddy fields was 2.82 times greater
than in the upland fields, between the two field types, the spring temperature effect was somewhat
similar after wintering; thus, IRG cultivation in paddy fields should be limited to the south. However,
there is greater suitability for IRG in the upland fields in the autumn, where the benefits of higher
temperatures accumulate to offset effectively the short growing days. This study will assist in checking
areas suitable for IRG cultivation as a winter forage crop in the Republic of Korea. In the future,
the structure established in this study will be expanded by adding variables related to soil physical
properties from soil information system and cultivation management from survey sheets.

Keywords: Italian ryegrass; climatic factors; cultivation field types; multi-group structure equation
model

1. Introduction

Italian ryegrass (Lolium multiflorum Lam., IRG) is the most important winter forage crop because
of its high feed value for livestock [1,2], and its cultivation in rice-paddy fields has been carried out
tentatively in East Asia [3]. In the growing system, IRG is cultivated continuously before the rice
emerges, which alleviates the shortage of forage and contributes to an increase in rice yield. In the
Republic of Korea, IRG has mainly been cultivated in paddy fields under the rice-rotation system,
accounting for 81.4% of the total IRG cultivation areas (21,700 ha) in 2007 [3,4]. IRG utilization has
expanded gradually to 56.3% of the total area used for forage production, and the area is restricted
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to warm places because of poor cold resistance [5]. Given the high dependency on foreign imports
and an increase in feed prices, IRG cultivation is actively carried out in both paddy fields and upland
fields of the Republic of Korea [6]. The difference in cultivation and cropping systems between upland
fields and paddy fields is related to regional characteristics, such as topographical, geochemical and
climatic conditions [7]. The difference is also related to summer crop selection, mainly maize in upland
fields and rice in paddy fields. These factors all cause a different growing period of winter forage
crops because the harvest time of summer forage crops determines the seeding time of winter forage
crops. According to Ichihara et al. [8], the production of IRG might be influenced by post-dispersal
seed predation after the summer forage crop is harvested. Thus, we hypothesized that the relationship
between IRG yield and climatic factors would differ based on the different growing periods of upland
fields and paddy fields.

Since the 1990s, countries such as The Netherlands, the United States, and Australia have
developed a model for precise prediction of crop productivity. The potential increase in biomass could
be estimated by a single model in the erosion-productivity impact calculator (EPIC) [9]. In the decision
support system for agrotechnology transfer, cropping system model (DSSA-CSM), soil, crop, weather
and management were considered major scientific components [10]. The agricultural production
system simulator (APSIM) was developed mainly for food and cash crops to simulate growth and
development using many economic, biological, and environmental modules [11,12]. These models
have the advantage of using various and precise indicators, but the module focuses on calculations to
make accurate predictions instead of describing the relationships between the indicators. Therefore,
in this study, we focused on various relationships between variables rather than on the variable
generation. In general, relationships are divided into a correlation, meaning an association between
two variables, and causality set by cause and effect. Causality with complex and diverse structures
among various variables has been studied in many fields since no explanatory variables affect the
response variables independently in the real world. In the natural eco-system, causality is a combination
of various cause-and-effect relationships for the output of crops, involving climate, soil, biochemicals,
etc. In particular, the effect of precipitation related to soil texture between upland fields and paddy
fields is an important factor in the production yield of IRG in terms of water management [13,14]. Peng
et al. [15] reported that temperature and rainfall in the spring could be used to estimate dry matter
yield (DMY) of IRG in different cultivated locations. Most studies related to causality between climate
and yield for forage crops have been carried out in a simple structure for a single response variable
that makes a single cause-and-effect relationship.

To identify complex causality, structural equation modeling (SEM) is a powerful statistical
framework consisting of various cause-and-effects, unlike classic regression modeling which is a simple
structure that considers only one response variable [16]. Furthermore, multi-group SEM has been
performed to compare the causality between two or more groups. Since SEM is used to check various
cause-and-effect relationships simultaneously, it could contribute to an understanding of various
climatic and soil factors, and of the causality between these factors for whole crop rye (Secale cereale L.)
as part of the natural ecosystem [17]. The effect and flow of climates on crop productivity in the natural
eco-system are more extremely complex because of the mixed factors. The complexity caused by
various cause-and-effect relationships can be efficiently constructed by using SEM [18,19]. Li et al. [20]
reported that planting density and irrigation timing are important factors affecting Cleistogenes songorica
yield sustainability via SEM of aspects of management. Zhang et al. [21] found that various traits affect
yields, such as plant height, plant stand, growing degree days, maturity, boll weight, bolls per area
and thousand seed weight. For IRG, the seasonal effects of temperature between autumn and the next
spring were evident, and the climate effect was decomposed into direct and indirect effects by path [22].
These IRG results were used to estimate climatic causality for whole crop barley (Hordeum vulgare
L.) yield as prior information, then reliable estimates could be made by applying various climatic
variations [23]. Climatic factors for whole crop rye yield were considered in building the structure
of causality with soil factors, then relative soil-related paths were associated only with precipitation;
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temperature was less relevant [17]. However, these studies did not take into account the field types
closely related to climate, soil, and cultivation techniques.

Therefore, this study aimed to compare the causality of temperature and precipitation on IRG
yield between upland fields and paddy fields. Additionally, IRG cultivation suitability classification of
both fields was carried out based on mapping the most sensitive climatic factors.

2. Materials and Methods

2.1. Data and Variables

The IRG-climate dataset consisted of forage metadata and climate big data. The raw metadata
(n = 728) were collected from reports by the National Agricultural Cooperative Federation on the
adaptability test of imported varieties of forage crops (1998–2017). The data contained field types
(upland fields and paddy fields), cultivar, seeding date, harvesting date, year, address, fresh matter yield
(FMY, kg/ha), DMY (kg/ha), etc. The upland records (n = 586) and paddy records (n = 142) were used to
compare climatic factors between field types. In order to consider the climatic factors, the raw climate
big data were collected from the weather information system of Korean Meteorological Administration
by open-API (application programming interface) and included temperature, sunshine duration,
precipitation amount, etc. Then, these data were merged by matching seeding date, harvesting date,
year, and plantation address. Here, location based on the plantation address was limited to the southern
areas of the Korean Peninsula (33◦37′36” N–36◦36′55” N).

In order to compare causality of climatic factors, the growing days, temperature, and precipitation
were divided by growing season as follows: autumn growing days (AGD, day), autumn accumulated
temperature (AAT, ◦C), autumn precipitation days (APD, day), autumn precipitation amount (APA,
mm), spring growing days (SGD, day), spring accumulated temperature (SAT, ◦C), spring precipitation
days (SPD, day), and spring precipitation (SPA, mm), where the end of autumn and beginning of spring
were defined as the first dates to record continuous temperature below 5 ◦C and above 5 ◦C, respectively.

2.2. Data Processing and Analysis Method

SEM consists of two parts: the measurement part that serves to reduce the variables to common
factors, and the structural part that makes causality through various paths between the factors [24].
In this study, the climatic variables had longitudinal characteristics because of seasonality, indicating
that the variables were not independent. For the upland field (n = 586, G = 1) and paddy field (n = 142,
G = 2), the measurement part of longitudinal SEM was as follows [25]:

zi,g = Λωi,g + Di,g + δi,g, i = 1, · · · , n, g = 1, · · · , G, (1)

where the variables (z =
(
xT, yT

)T
), xT = (AGD, AAT, APD, APA, SGD, SAT, SPD, SPA)T and

yT = (FMY, DMY)T are yield and climatic variables, respectively. The reduced factors (ω =
(
ηT, ξT

)T
),

η and ξ are yield and climatic factors, respectively. Λ is a relationship between variables and factors.
δ is a residual. D is the relationship of residuals between autumn and the following spring, which is a
vector of pseudo-factors to model the interaction between residuals [26]. From the measurement part,
the structural part was as follows:

ηi,g = ηi,g + Γξi,g + εi,g, (2)

where and Γ are path coefficients between climatic factors and path coefficients between yield and
climatic factors, respectively. In particular, η is located on both left-hand and right-hand sides, which
indicates that some climatic factors were used as response factors in some paths and as explanatory
factors in other paths. Furthermore, all paths (Λ, , and Γ) were used to compare the causality between
upland fields and paddy fields in the t-test. In SEM, it is important to evaluate not only model fitness
but also model parsimony. In this study, standardized root mean square residual (SRMR), goodness of
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fit index (GFI) and comparative fit index (CFI) were used for the fitness, and parsimony GFI (PGFI)
and parsimony CFI (PCFI) were used for the parsimony [27].

SEM was performed in AMOS 23.0 (IBM crop.), and comparison was performed in R 3.6.4.

3. Results and Discussion

3.1. Characteristics of Climatic and Yield Factors between Upland Fields and Paddy Fields

As a result of the t-test to check differences between upland fields and paddy fields (Table 1),
all variables were different (p < 0.05). For IRG yield, the mean DMY and FMY were 10,916.4 kg/ha and
58,315.7 kg/ha in the upland field and 8033.3 kg/ha and 38,927.2 kg/ha in the paddy field, respectively.
The yields were greater in the upland field than in the paddy field, while the dry-matter rate was greater
in the paddy field (20.6%) than in the upland field (18.7%), which means that the paddy fields contained
more soil moisture contents than the upland fields. This is because continuous water injection was
required when growing crops in the paddy fields [28]. It is likely that the soil moisture content was
still high while cultivating winter crops, even if the water was drained after the rice harvesting since
the paddy fields also hold water for four to six months in the Republic of Korea.

Table 1. Comparison of characteristics of climatic and yield variables for Italian ryegrass between
upland and paddy fields.

Variable (Unit)
Upland (n = 586) Paddy (n = 142)

t-Value
Mean SE Mean SE

Dry matter yield (kg/ha) 10,916.41 178.20 8033.33 273.42 14.15 *
Fresh matter yield (kg/ha) 58,315.71 826.65 38,927.22 1231.94 12.86 *

Autumn growing days (day) 84.25 0.52 69.00 1.09 20.58 *
Autumn accumulated temperature (◦C) 878.91 8.62 632.07 16.23 25.72 *

Autumn precipitation amount (mm) 114.21 3.18 78.54 4.46 6.62 *
Autumn precipitation days (day) 18.54 0.21 16.97 0.38 4.15 *

Spring growing days (day) 119.42 0.85 93.75 1.03 13.21 *
Spring accumulated temperature (◦C) 1199.8 13.24 725.41 13.02 10.39 *

Spring precipitation amount (mm) 313.83 4.34 222.03 5.47 7.42 *
Spring precipitation days (day) 43.22 0.46 34.96 0.66 13.17 *

SE: standard error, * p < 0.05.

Furthermore, all climate variables were different between upland fields and paddy fields (p < 0.05).
Even if there were the same area, it is likely that the weather conditions are different depending on
the topological features between upland fields and paddy fields. In general, the upland fields are
distributed in hilly and slope areas, but the paddy fields are distributed on relatively low and flat
land with a large water holding capacity. However, as a result of checking the plantation address,
it was determined that although the upland fields and paddy fields were mainly located in plains and
hills respectively, the topographical difference would not be significant because the distribution of
IRG is limited to southern areas of the Korean Peninsula. Moreover, since the climate data recorded
by the weather station should be the same value in the same area, it was virtually impossible for
differences in topographical characteristics to be reflected in climatic variables. According to Table 1,
climate differences could be explained by differences due to cultivation management related to the
rice-rotation system. This is because the growing days in the paddy field are shorter than those in the
upland field, in both autumn and the next spring. In general, various metabolism related to growth and
differentiation depends on the activities of hormones and enzymes, which are sensitive to temperature
and day length [29]. A sufficient growing period is important for winter crops to accumulate the
energy needed for wintering [30]. Accumulating energy for this purpose in the upland field would be
easy, whereas, a lack of growing period under the rice-rotation system in the paddy field would lead to
adverse survival in winter and inadequate growth in the spring. From these hypotheses, growing days,
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temperature and precipitation were used to track the flow and make a comparison by multi-group
SEM between upland fields and paddy fields.

3.2. The Differences of Causality for Climatic Factors between Upland and Paddy Fields

In the natural eco-system, all climatic variables are not independent, which complicates the
causality; therefore, it was necessary to reduce the commonality of similar variables by factor analysis
(Table 2). Regardless of the field type, four components were extracted from eight climatic variables
(|loading score| > 0.7). These components are: spring temperature, autumn temperature, autumn
precipitation, and spring precipitation factors, respectively. The relationship between SPA and the
fourth factor in the paddy fields was weak (|coefficient| < 0.7), which lowered the commonality for the
spring precipitation factor. The accumulated loadings (%) in the upland fields and paddy fields were
77.18 and 79.83 respectively, which indicates information loss of around 20%; therefore, these factors
had obvious seasonality and climatic features.

Table 2. Climatic factors based on commonality in the upland fields and paddy fields.

Variable (Unit)
Upland (n = 586) Paddy (n = 142)

1 2 3 4 1 2 3 4

Autumn growing days (day) −0.10 0.86 0.22 0.02 −0.09 0.98 0.04 −0.15
Autumn accumulated temperature (◦C) 0.03 0.97 0.18 −0.01 −0.08 0.90 0.15 −0.02

Autumn precipitation amount (mm) −0.08 0.12 0.89 0.05 −0.06 0.11 0.95 −0.05
Autumn precipitation days (day) −0.01 0.24 0.70 0.01 −0.02 0.06 0.75 0.12

Spring growing days (day) 0.87 0.05 −0.12 0.39 0.99 −0.08 −0.01 −0.01
Spring accumulated temperature (◦C) 0.94 −0.12 −0.02 0.30 0.93 −0.07 0.02 0.13

Spring precipitation amount (mm) 0.26 −0.07 0.02 0.79 0.34 −0.05 −0.10 0.21
Spring precipitation days (day) 0.24 0.07 0.05 0.62 0.19 −0.13 0.12 0.97

Loading (%) 22.38 22.12 17.08 15.60 25.31 22.75 18.86 12.91

The structure contains climatic factors, and the yield was set as in Figure 1. There were: seasonal
effects between autumn and the next spring (green-colored paths), precipitation affecting yield through
temperature in both autumn and next spring seasons (blue-colored paths), and all climatic factors
directly affecting the yield factor (red-colored paths). The climate variables were set by longitudinal
form in SEM because they were calculated by the same method at different seasons. Thus, the residual
terms in measurement part (δ) were paired based on the season and variables, respectively. The D
matrix in Equation (1) indicates the interaction between residual terms, for example, D17 was interaction
between δ1 and δ7. These interactions help to precisely estimate the coefficient of seasonal effects
(green colored paths) by reflecting the longitudinal structure. Although autumn and the next spring
are not continuous seasons, winter is not a growing season for winter crops, therefore, the seasonal
effect was given only between growing seasons in this study. Hence, it was hypothesized that if the
autumn growing period was long enough, autumn growth and development would lead to yield
through growth and development in the next spring, else if, yield would depend largely on spring
growth and development.

The direction of the arrow between temperature and precipitation within seasons (blue colored
paths) was determined to take into account the precipitation mechanism. As a rule, the mechanism
in the order of temperature increase, water evaporation from the atmosphere and surface, moisture
condensation in the atmosphere, and precipitation does not occur in a short time [31]. In particular,
the growing season of winter crops in Korea is not as high in atmosphere and surface temperature
as in summer, so the mechanism from temperature to precipitation occurrence will take a longer
time. In contrast, a physical rationale of the relationship from precipitation to temperature is that
precipitation may lead to soil moisture which may, in turn, affect temperature by controlling the
partitioning between the sensible and latent heat fluxes [32], and it will happen in a relatively short
time. Therefore, we judged that the direction from precipitation to temperature was appropriate.
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Figure 1. Conceptual path diagram of climates with factors (oval), variables (quadrangle) and residuals
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to next spring (green).

For these three points, various paths were estimated and compared as follows (Table 3). First, the
cause-and-effect relationship of temperature from autumn to the next spring was only significant in the
upland fields (p < 0.05), which indicates a clear seasonal effect of temperature through winter in the
upland fields. However, it does not mean that it is ineffective because yield could be produced through
other pathways in SEM. Likewise, interpretation for the significant cause-and-effect relationship of
temperature might be not important as an independent pathway, so this needed comprehensive
interpretation along with other factors. Second, the cause-and-effect relationship from precipitation
to temperatures of autumn and spring were 0.53 and 0.93 in the upland fields, and 0.11 and 0.96 in
the paddy fields, respectively (p < 0.05). Between upland fields and paddy fields, only the autumn
relationships were different (p < 0.05), which indicates that autumn temperature is more sensitive
to precipitation in the upland field than in the paddy field. Thus, the effect of precipitation was
hypothesized that it could only be transferred to the yield through proper temperature and a sufficient
growing period. In particular, the difference between upland fields and paddy fields was prominent
in the autumn, while they were similar in the spring. Finally, as a result of estimating the effect of
climatic factors on yield, the effects of all climate factors were significant in the upland field, while
the only effect of temperature-related factors was significant in the paddy field (p < 0.05). The effect
of temperature in the paddy field was greater than in the upland field (p < 0.05), which indicates
that yield variation is sensitive to temperature variation regardless of the season. In particular, the
difference in path from temperature to yield between upland fields and paddy fields was remarkable
in the autumn. Before comparing in detail the effect of various climatic factors on IRG yield between
fields, the model fitness and simplicity were good in both upland field data and paddy field data.

As a summary of the effect of climatic factors affecting IRG yield, by selecting four significant
cause-and-effect paths (Table 4), the effects were significant; ordered by spring temperature, spring
precipitation, autumn temperature, and autumn precipitation in both fields. That is, IRG yield was
more sensitive to spring climatic factors in spring than in autumn, and to temperature rather than
precipitation [22].
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Table 3. Comparison of coefficient for pathways from factor to factor, from variable to factor, between
upland fields and paddy fields.

Variable (Unit) Upland (n = 586) Paddy (n = 142) t-Value

Autumn temperature→Spring temperature 0.13 * 0.07 (p = 0.06) −1.12 (p = 0.38)
Autumn precipitation→Spring precipitation 0.04 (p = 0.36) 0.25 (p = 0.77) -

Autumn precipitation→Autumn temperature 0.53 * 0.11 * 3.15 *
Spring precipitation→Spring temperature 0.93 * 0.96 * 0.12 (p = 0.45)

Autumn temperature→Yield 0.11 * 0.48 * 5.64 *
Spring temperature→Yield 0.50 * 0.72 * 2.43 *

Autumn precipitation→Yield −0.13 * −0.70 (p = 0.18) -
Spring precipitation→Yield 0.46 * −0.01 (p = 0.93) -

Autumn temperature→AGD 1 1 -
Autumn temperature→AAT 0.85 * 0.89 * −0.93 (p = 0.18)
Autumn precipitation→APD 1 1 -
Autumn precipitation→APA 1.16 * 1.39* −0.53 (p = 0.30)

Spring temperature→SGD 1 1 -
Spring temperature→SAT 0.94 * 0.76* 6.38 *
Spring precipitation→SPD 1 1 -
Spring precipitation→SPA 1.14 * 0.34 (p = 0.43) -

Yield→DMY 1 1 -
Yield→FMY 0.97 * 0.99 * 1.13 (p = 0.13)

Fitness
SRMR (<0.08) 0.06 0.05

GFI (>0.90) 0.90 0.86
CFI (>0.90) 0.92 0.90

Parsimony PGFI 0.43 0.37
PCFI 0.53 0.48

AGD: autumn growing days, AAT: autumn accumulated temperature, APD: autumn precipitation days, APA:
autumn precipitation amount, SGD: spring growing days, SAT: spring accumulated temperature, SPD: spring
precipitation days, SPA: spring precipitation amount, FMY: fresh matter yield, DMY: dry matter yield, SRMR:
standardized root mean square residual, GFI: goodness of fitness index, CFI: comparative fit index, PGFI: parsimony
GFI, PCFI: parsimony CFI, * p < 0.05.

Table 4. The causality of climatic factors with total, direct and indirect effects on Italian ryegrass yield
in upland and paddy fields

Factors Autumn
Temperature

Autumn
Precipitation

Spring
Temperature

Spring
Precipitation

Yield

Upland
Direct 0.11 −0.13 0.50 0.46

Indirect 0.06 0.06 - 0.47

Total (A) 0.17 −0.07 0.50 0.93

Paddy
Direct 0.48 - 0.72 -

Indirect - 0.05 - 0.69

Total (B) 0.48 0.05 0.72 0.69

Ratio of total effect (|B/A|) 2.82 0.71 1.44 0.74

The impacts of autumn temperature and precipitation on IRG yield in both fields were weak
compared to spring temperature and precipitation, respectively, which means that yield was more
sensitive to spring climate factors than autumn climate factors. The sensitivity means importance.
Therefore, for IRG yield in both fields under the good wintering, the spring climate factors were more
important for the IRG yield than the autumn climate factors. In comparing the effects between upland
fields and paddy fields, the total effect of the autumn temperature in the paddy field was 2.82 times
greater than in the upland field. Although IRG, which has poor resistance to cold, is cultivated in
the southern area of the Korean Peninsula, the difference between upland fields and paddy fields is
greatest in the autumn temperature because the short autumn growing period could lead to poor
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wintering. In fact, IRG seeding and harvesting dates are determined by rice harvesting and seeding
dates, respectively, since the rice cultivation is more important under the rice-rotation system in the
Republic of Korea. Therefore, in order to obtain similar IRG yields in the upland field, IRG in the paddy
field should be limited to areas where the cumulative temperature amount is 1.39 times higher than
the mean autumnal accumulated temperature shown in Table 1. These individual cause-and-effect
relationships generated a different causality structure between upland fields and paddy fields (Figure 2).
The paths related to precipitation are noticeable. In the paddy fields, only precipitation was effective in
yield through indirect paths that exist with temperature in both the autumn and the next spring.
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3.3. Cultivation Suitability Classification between Upland and Paddy Fields

According to the distribution of DMY and considering the daily temperature and precipitation in
the upland fields (Figure 3A,B), the DMY was distributed to the right, representing high temperatures
and low precipitation. This clear tendency was, therefore, certain to reflect both direct and indirect
effects on yield in the upland fields. According to Kim et al. [17], the fluctuation of precipitation
effect on DMY of whole crop rye increased at daily mean temperatures above 8 ◦C, which means that
precipitation affected yield at appropriate temperatures.

In the paddy field (Figure 3C,D), there were peaks with high yield in several places, not in certain
locations. Especially in the autumn, DMY showed a tendency to increase in range of 7–14 of the daily
temperature, but the trend stopped increasing because the daily temperature was not wide as spring
temperature. Thus, yield fluctuations, which tend to increase IRG yield with increasing precipitation
at high temperatures, were not clear and the yield trends were inconsistent in autumn and spring.
If higher daily mean temperature accumulates because of longer growing days in the paddy fields, the
increase in yield by the increase in temperature is likely to be more pronounced. Even after normal
wintering, IRG yield is sensitive to spring temperature and precipitation due to short growing days
in the paddy field, but the difference compared to the upland field is relatively small; therefore, the
autumn temperature was considered to be an appropriate indicator of suitability for IRG cultivation.

Figure 4 shows the mapping of the suitability line of IRG cultivation based on the autumn
accumulated temperature within the upland fields and paddy fields; the line of the upland field was
set by the first quartile (741.70 ◦C), and the line of the paddy field was calculated as 1.39 times the first
quartile (1030.96 ◦C). Therefore, IRG cultivation under the rice-rotation system in the area between
the suitability lines of the upland field (blue-colored) and the paddy field (red-colored) seems to be
unstable due to insufficient growing days in the autumn. The reason for using the first quartile to the
IRG cultivation suitability classification was to set the level of cultivation to 75% of the total under
normality assumptions about autumn accumulated temperature. Based on the topography map, IRG
can be cultivated in both fields in the west, where there are mainly plains; however, it is difficult to
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cultivate in the east where the Taebaek Mountains are located. Furthermore, the lines between fields
are divided by the Sobaek Mountains located in the southern area.
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3.4. Proposals and Implications

This study was carried out to compare the direct/indirect effects of temperature and precipitation
on IRG yield between upland fields and paddy fields in the Republic of Korea via multi-group SEM.
Although the results were focused on the Korean areas, the method of this study could be proposed
to the research community outside Korea that is interested in the following conditions: The first is
to cultivate in different environments that can be compared, such as upland fields and paddy fields
with rice-winter crop rotation system. Unfortunately, the rice-winter crop rotation system is popular
only in southern China, Japan, and Korea. If not, it is proposed to explore other groups that could be
applicable to the same structures, such as climate classification, terrain classification. The second is
the distinct seasonal role of the cropping system, such as autumn seeding, overwintering, and spring
harvesting. Otherwise, growth stages may be used for the purpose of dividing the whole growth
period instead of the seasons. The final condition is to construct complex causality structures with
various cause-and-effect relationships. SEM is effective when many variables are linked continuously
through three or more cause-and-effect relationships that the direct/indirect effects can be estimated.
As a form of group, it also could be considered as a multi-group SEM that aims to be compared, as well
as a multi-level SEM that can be entered as an explanatory variable to estimate its effect rather than a
classification, and a multi-stage SEM that can identify the flow according to an ordered group [33].

In general, the structure of the SEM can be applied to various studies depending on the
characteristics of measurements. For example, it is expected that if the measurements are related to
agricultural economic feasibility, such as income, production costs, import prices, distribution costs,
etc., part of the agricultural economic system can be structured. In this study, cultivation field types
were considered for classification purposes; however, there was a limitation in that they could not be
included in the structure as a variable. To overcome this limitation, it will be necessary to select and
develop various measurements that can reflect the characteristics of the field types as a quantitative
variable. Meanwhile, it is planned to expand the structure by adding variables related to soil physical
properties from soil information system and related to cultivation management collected from the
survey sheet to the structure centered on climatic variables.

4. Conclusions

Through this study, we found several differences in the causality of climatic factors influencing the
yield between upland fields and paddy fields. In the structure of both fields, the indirect influence of
precipitation on yield through temperature was evident, whereas the direct influence of precipitation
was evident only in the upland field. Thus, Italian ryegrass should be cultivated in paddy fields further
south, with a longer optimal temperature period because of the shorter growing period under the
rice-rotation system compared to that in the upland fields.
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