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Abstract: Sugar beet is an essential crop for the sugar industry that have a very crucial role in agro-industry of Tiirkiye and Konya
ranks first in terms of total sugar beet production and harvested area. The predictions, that the world's human population will reach 9
billion by the end of the current century and that demand for food will increase, are forcing farmers for the decision to search for new
areas for agriculture or choose the crops that will be most productive in already cultivated lands. The aim of this study was to apply the
LINTUL-MULTICROP Model for investigating the adaptation of sugar beet for the current climatic conditions and for climate change
scenarios to show the response of sugar beet to an increase level of carbon dioxide and temperature. Four different scenarios were
compared to check the effects of the climate change on sugar beet farming in the semi-arid Konya Region as followings: i) scenario (a)
is the current climate conditions; ii) scenario (b) is the average temperatures increased 2 °C, iii) scenario (c) is 200 ppm increasing
atmospheric COg; iv) scenario (d) new optimum sowing and harvest dates in sugar beet farming and increased temperatures and
atmospheric CO2 amount were simulated together. The optimum sowing and harvesting dates of sugar beet were moved 13 days back
for sowing, and 8 days forward for harvesting. The highest yield was estimated under conditions of 2 °C and 200 ppm increased
atmosphere temperature and CO:; levels with new sowing and harvest dates. The yields under irrigated conditions varied between 74.4
t hal and 111.2 t ha'l. The irrigation water requirements of sugar beet were ranged from 618.8 mm to 688.5 mm for different
scenarios. In conclusion, the cultivation of sugar beet tends to alter in semi-arid Konya environment.
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1. Introduction
The predictions, that the world's human population will
reach 9 billion by the end of the current century and that

demand for food will increase (Godfray et al,, 2010), are
forcing farmers for the decision to search for new areas
for agriculture or choose the crops that will be most
productive in already cultivated lands (Licker et al,
2010). Both cases will increase the yield, but water
scarcity and climate change are another issue that
farmers have to deal with, necessitating these decisions
to be taken more strategically (Howden et al, 2007).
Reliable local scale representation of crop growth and
yields by the imitation of atmosphere-soil-vegetation
interactions in managed area is essential for the correct
design and implementation of these strategies (Garcia-
Ledn et al, 2020). Crop modeling is a useful tool that
helps to understand how nature responses to given
inputs based on physiological knowledge of plant
processes (Akhavizadegan et al.,, 2021). Crop models can
be applied for research understanding, integration of
knowledge across disciplines, site-specific

(Boote et al, 2013). Depending upon the purpose of
usage of crop models, they are classified as Empirical
models, Mechanistic models, Static and dynamic models,
Deterministic models, Stochastic models, Simulation
models and Optimizing models (Oteng-Darko et al,
2013).

Recent advances in statistical computing have led to the
emergence of more complex models that require large
amounts of data and limit their practical use, especially
considering the difficulty of obtaining local data.
According to studies in the literature, the general belief is
that the most efficient models do not have to incorporate
every plant development phase. For the time being,
Simple mechanistic models continue to be valuable for
answering particular concerns, especially when there is
insufficient data to run more complicated models (Cabral
et al,, 2017). The main point of mechanistic models is to
explain what is happening in the system and how it is
happening. This can be done by repeating the same
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calculation for selected crop and selected model, feeding
with different parameter values and understanding crop
responsiveness to growth circumstances and assessing
their outputs in a variety of scenarios (Manschadi et al.,
2021).

LINTUL (Light Interception and Utilization) is one of the
mechanistic models, published by Spitters (Spitters,
1989) and Spitters and Schapendonk (Spitters and
Schapendonk, 1990), which computes dry matter
accumulation using solar radiation interception and
radiation use efficiency values. A first crop specific
version LINTUL-POTATO (Haverkort and Kooman, 1997)
included potato specific parameters and late was adopted
to various crops. In the previous studies Gimplinger and
Kaul (2012) to amaranth, Adiele et al. (2021) to cassava,
Kothari et al. (2022) to soybean and Viver (2022)
adopted the model successfully to the banana plant.

The crop model parameters that affect crop growth rate
and yield in most cases are location or variety specific
(lizumi et al., 2014). To maximize production, the farmer
should select the crop that is well suited to local climatic
conditions. After the parameter values that affect crop
growth rate are inserted in model to find the most
suitable conditions a parameter calibration (i.e., change
of sowing date, irrigation regime) need to be done.
Calibration processes is done by running a crop model
multiple times in iterative way to find optimum values
for each parameter’s effect on crop model outputs
(Akhavizadegan et al., 2021).

Apart from whether the product can adapt to the current
climatic conditions, there is a need to know what the
yield will be in case of a change in climatic conditions in
the coming years. So, climate change impacts on shifting
planting seasons and water availability that might cause
yield reduction should be investigated to feed policy
makers with reliable data in interested regions.
Therefore, in this study the LINTUL-MULTICROP Model
was used to investigate the adaptation of sugar beet crop
for the current climatic conditions and for climate change
scenarios to show response of sugar beet to an increase
level of carbon dioxide and temperature.

2. Materials and Methods

2.1. Model Explanation

The first versions of the LINTUL-MULTICROP Model
programmed in Fortran was transcribed into MS-Excel by
Linus Franke, the University of Bloemfontein in South
Africa. Haverkort et al. (2013) and Franke et al. (2013)
carried out the first scientific research using this model.
The model requires three main data sets as input:
climate, crop and soil data. The first of these inputs is
climatic data including minimum
temperature averages (°C), precipitation (mm), solar
radiation (M] m-2 day-1) and monthly evapotranspiration
values (mm). The second input crop dataset includes the
dates of sowing and harvest (day), planting and effective
rooting depth (cm), dry matter concentration (%),
harvest index (%), sprout growth rate (Extension of the

and maximum

below ground sprout per day-degree, mm/degree day),
effective temperature sum between emergence and
100% ground cover (GC) (0-100% GC, degree day),
radiation use efficiency (RUE, g MJ-1), minimum and
maximum temperature for the photosynthesis and
optimal photosynthesis (°C). Finally, for the soil input the
model has a default option for 9 different soil types with
different bulk densities, water capacities, wilting points
and available water contents and the user can easily
select from among the different variations. The LINTUL-
MULTICROP Model has several outputs. The model can
recommend adaptation strategies to climate change by
determining the growing period (days), days between
planting and emergence, between emergence and 100%
GC and between 100% GC and harvest. The irrigation
water requirements can be calculated by the model with
the data of precipitation and ETP. On the other hand, the
model can estimate the yield under irrigated and non-
irrigated conditions (t ha-1).

2.2, Study Site

The study was carried out for the Konya Province (37°41'
29" N, 33°14' 39" E; altitude 1016 m), located in Central
Anatolia, Tiirkiye (Figure 1). The Konya Province is a part
of the Konya Plain (the second largest plain in Tiirkiye
after the Cukurova Plain) which supplies 17% of the total
agricultural lands of Tirkiye. Sugar beet is an essential
crop in Konya Plain and the sugar industry has a very
crucial role in agro-industry of Tirkiye (Zengin et al,
2003). Konya is the leading city in terms of total sugar
beet production and harvested area in Tiirkiye with 5
725 947 tons and 89 179 ha, respectively (TURKSTAT,
2022). Therefore, Konya was selected as study area of
this work for simulating sugar beet production for
Tirkiye.

Figure 1. The location of study area.

A semi-arid climate prevails in the region and the
average climate data from 1929 to 2020 and the monthly
crop evapotranspiration data (ETP) are given in Table 1
(TSMS, 2022).

2.3. Plant Material

Sugar beet, which is well adapted to the ecological
conditions of the region and has an economically critical
role in the region, was used as plant material. The input
crop data of LINTUL-MULTICROP model obtained from
various literatures was examine and given in Table 2.

2.4. Climate Change Scenarios

Four different scenarios were created to compare effects
of the climate change on sugar beet farming in the semi-
arid Konya Region (Table 3).
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Table 1. The long-term annual climate data of Konya Province (1929-2021)

Avg. min.

Avg. max.

Avg. mean

Avg.

Months temperature temperature temperature precipitation Radiation ETP

(M] m2 day-1) (mm)
Q) (9 Q) (mm)

January -4.2 4.6 -0.2 38.1 8.3 41.3

February -3.3 7.0 1.5 28.5 10.8 54.0

March -0.2 11.8 5.6 29.3 16.6 82.8

April 4.3 17.5 111 32.0 19.6 98.1

May 8.6 22.4 15.9 431 24.1 120.5

June 12.6 26.7 20.1 53.1 26.0 129.8

July 15.9 30.2 23.5 7.5 25.6 127.9

August 15.6 30.2 23.3 6.4 22.6 113.0

September 11.0 26.0 18.8 13.5 18.5 92.3

October 5.9 20.0 12.8 29.5 13.4 66.9

November 0.8 13.0 6.5 32.2 9.7 48.3

December -2.3 6.6 1.7 43.2 7.7 38.5

Average 5.4 18.0 11.7 29.7 16.9 84.4

Table 2. Input parameters for the model

Parameters Values References

Sowing date (days) 15/04 Petkeviciene, 2009

Planting depth (cm) 3 Acar, 2015

Harvest date (days) 28/09 Yetik and Candogan, 2022

Effective rooting depth (cm) 120 Jégo etal.,, 2008

Dry matter concentration (%) 24 Starke and Hoffman, 2014

Harvest index (%) 70 Mamyandi, et al.,, 2012

Sprout growth rate (mm degree day-1) 0.3 Durr and Boiffin, 1995

0-100% GC (degree day) 885 Noor and Khan, 2015

RUE (g MJ-1) 0.92 Kamali et al,, 2022

Temperature for the photosynthesis (°C) I\I\jl[;illnnll?:; 24 c

Temperature for the optimum Minimum 13.4 Terry, 1968

photosynthesis (°C) Maximum 38

Table 3. The climate change scenarios created for the

study

Scenario Explanation

a Current conditions

b Current mean temperatures 2 °C

c Current CO2 +200 ppm

d 2 °C, +200 ppm, new sowing, harvest dates

The first scenario (a) was simulated by the current
climate conditions for the Konya Province with the aim of
comparison, the second scenario (b) was run by the
future expectation in which the average temperatures
were increased by 2 °C degrees and the third scenario (c)
was increasing of atmospheric CO2 with 200 ppm added
to current 410 ppm which is another estimation for the
future and causes the increasing radiation use efficiency
of crops, and finally in the fourth scenario (d) new
optimum sowing and harvest dates in sugar beet farming
and increased temperatures and atmospheric CO:
amount were simulated together.

3. Results and Discussion

The growth season length simulations of the LINTUL-
MULTICROP for different scenarios are shown in Table 3.
In scenario (c), if 200 ppm is added to the existing
atmospheric CO2 amount, the new RUE value is
determined as 1.45 g MJ-! (Werker and Jaggard, 1998).
For the scenario (d), the new sowing and harvesting
dates were determined with the effects of increasing
temperature expectations (2 °C) on the growing period
as given in Figure 2. The optimum temperature for
photosynthesis (13.4 °C) was selected as a reference
temperature, considering minimum and maximum
extreme temperatures during the day and the dates are
shifting from 15t to 2nd April for sowing and from 28th
September to 6t October harvesting,
established (as demonstrated in Figure 2).

The growing period of sugar beet cultivated in semi-arid

for were

Konya environment determined as 166 days according to
model. Since sowing and harvesting dates were input of
the model, the total growing period was not changed
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except for scenario (d), but the 2 °C temperature increase
in scenario (b) provided sugar beet to reach maturity
stage earlier than in the other scenarios (Table 4). In
scenario (d), with the new sowing and harvest dates, the
stage between 100% GC and harvest was 14 days longer
than scenario (b) and 22 days longer than scenario (a)
and (c) (Table 4). Previous studies stated that the
adaptations including modifying sowing and harvest
dates might theoretically decrease the impacts of climate
change on agriculture (Mendelsohn et al, 1994;
Rosenzweig and Hillel, 1998; Challinor et al, 2014;
Battisti et al,, 2018; Rahman et al,, 2018; Pequeno et al,,
2021). Jones et al. (2013), reported that early sowing
may be possible in sugar beet, as a result of warmer
temperatures in Europe in March, according to HadCM2
Climate Model. Richter et al. (2006) stated that the
sowing date is a crucial parameter to reduce the
influence of climate change on sugar beet cultivation.
Alexandrov and Hoogenboom (2000) reported that
modification of the sowing date can decrease the adverse
impact of climate change on maize farming.

The determined yields and irrigation water requirements

by the model for different scenarios are given in Table 5.
The potential yields for different scenarios were varied
between 87.2 t hal! and 132.3 t hal, the yield for
irrigated cultivation values varied between 74.4 t ha'
and 111.2 t ha! and the yield for non-irrigated
cultivation between 43.8 t ha! and 61.7 t hal The
irrigation water requirements of scenarios (a,c), (b) and
(d) were determined as 618.8, 688.5 and 758.1 mm,
respectively.

When the yields of irrigated cultivation for different
scenarios are examined, it is seen that under current
conditions (scenario a) the yield for the irrigated
744 t hal (Table 5). Increasing
temperatures and RUE values resulted as an increase on
the yield of sugar beet for scenarios (b) and (c).
Additionally, the new sowing and harvesting dates
increased sugar beet yield in scenario (d) (49%).

In previous studies conducted under Konya conditions,
the ranges of sugar beet yields were reported as 35.3-
49.6 by Gezgin et al. (2001), as 52.3 - 93.1 t ha! by
Zengin et al. (2009) and as 28.1-77.3 by Topak et al.
(2011).

cultivation was
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Figure 2. Determination of new dates of sowing and harvest of sugar beet in Konya.

Table 4. Growing stages of sugar beet grown in different scenarios

Scenario A b c d

Days between planting and emergence 12 10 12 12
Days between emergence and 100% GC 66 60 66 65
Days between 100% GC and harvest 88 96 88 110
Growing period (days) 166 166 166 187

Table 5. Yield and irrigation simulations of different scenarios for sugar beet crop

Scenario a b c d

Potential yield (t ha) 87.2 92.8 112.9 132.3
Yield irrigated (t ha1) 74.4 78.6 90.1 111.2
Yield not irrigated (t ha'1) 438 453 57.1 61.7
Irrigation water requirements (mm) 618.8 688.5 618.8 758.1
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Tognetti et al. (2003) reported that the root yield of
sugar beet ranged from 40.2 t ha'1 to 78.70 t ha! under
Italy conditions. These results are in parallel with the
simulation results of scenario (a). Freckleton et al. (1999)
and Kenter et al. (2006) reported that high temperatures
tend to discourage yields of sugar beet. In our study as
the model tends to adapt to the effects of climate change,
it increased the amount of irrigation water. For this
reason, it is thought that there is no decrease in yield
despite the increase in temperature in scenario (b). The
yields under a higher RUE value in scenario (c) were
higher than the current conditions. Hoffman and Kenter
(2018), reported that RUE is one of the most important
parameters to achieve potential yield in sugar beet, and
with optimum RUE, a potential yield of 24 t hal can be
reached under Germany conditions. Yagiz et al. (2020)
reported a 42% increase in potential potato yield under
Konya conditions with the increase of RUE. Kamali et al.
(2022) determined statistically significant a linear
relationship between RUE value and root yield of sugar
beet. The simulation results for scenario (d) showed that
adaptation to climate change for sugar beet farming in
Konya can be provided by changing the sowing and
harvesting dates. The yield for irrigated cultivation
increased by 49% compared to current conditions.
Tingem and Rivington (2009) reported a 32.1% increase
in maize yield, a 17.6% increase in sorghum yield, and an
almost trebled increase in ground nut yield with the
effects of new sowing dates and increasing atmospheric
CO2 amount. Asseng et al. (2019) stated that higher RUE
and different sowing and harvest dates provide higher
yield and biomass growth in the models.

The irrigation water requirements were calculated as
618.8 mm for scenarios (a) and (c), as 688.5 mm for
scenario (b) and 758.1 mm for scenario (d). The
irrigation water requirements of sugar beet varied
between 70 mm and 912 mm under Konya conditions
(Stiheri et al,, 2007). Similar ranges were reported in the
previous studies. Topak et al. (2011) determined the
irrigation water requirements of sugar beet as between
244.2 - 977 mm under Konya climatic conditions. Koksal
etal. (2011) reported a range from 65 mm to 865 mm for
the irrigation water need of sugar beet in a semi-arid
Faberio et al. (2003) reported the
irrigation water need of sugar beet as 897 mm. In
previous modeling studies, Garcia-Vila et al. (2019)
reported the 700 mm for the irrigation need of sugar beet
by the AquaCrop Model. (2011),
determined the range of irrigation water requirement of
sugar beet as 586.8-767 mm with the AquaCrop Model.

environment.

Stricevic et al

4. Conclusion

Yield optimization is a very important parameter in
terms of the quality and economic value of the product
obtained from the agricultural sector. In recent years, the
conditions in which optimum efficiency will be achieved
in cultivation have changed considerably due to the
changes in the precipitation regime under the impacts of

climate change, the increases in the air temperature and
atmospheric COz amount. In this study, the response of
sugar beet yield grown in Konya to different climate
scenarios was investigated and optimum growing
conditions were evaluated for adaptation to these
scenarios. The LINTUL-MULTICROP Model calculated
different sowing-harvest dates, three different yield
values and irrigation water requirements. The optimum
sowing and harvesting dates of sugar beet were moved
13 days back for sowing, and 8 days forward for
harvesting. Three different yields were stated by the
model and the highest yields were estimated for scenario
d (2 °C, +200 ppm, new sowing and harvest dates). The
yields under irrigated conditions varied between 74.4 t
hal and 111.2 t ha-l. The irrigation water requirements
of sugar beet ranged from 618.8 mm to 688.5 for
different scenarios. The present findings indicated that
the cultivation of sugar beet tends to alter in semi-arid
Konya environment. The amount of irrigation water
should be increased and the harvest and sowing dates
should be changed in order to avoid loss of yield in
temperature increases in the region.
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