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Abstract

STASTNA, M., OPPELTOVA, P. DUFKOVA, J.: Validation of potato simulation model in the Czech Republic.
Acta univ. agric. et silvic. Mendel. Brun., 2008, LVI, No. 2, pp. 217-226

Aim of the study focused on evaluation of SUBSTOR - Potato model and its utilization in potato
grows management in the Czech Republic. The experimental field used for the model evaluation was
located in Zab¢ice - South Moravia region with altitudes of 179 meters above the sea level. Tuber yield
served as reference for the model evaluation. Nine years experimental data set (1994-2002) was used
for the model validation. Rosara cultivar represented very early growing potato, Karin cultivar depic-
ted early growing potato (Solanum tuberosum L.) in the experiment. Comparison between observed and
simulated tuber yields presented the evaluation process of SUBSTOR - Potato model. Tuber yields
simulated by the model showed excellent accuracy (R? = 0.97) for Rosara cultivar, but only for four of
tested years (1997, 1998, 1999 and 2002). Karin cultivar matched lower value (R? = 0.43). The model
tended to underestimate the tuber yield for non seasonable conditions (i.e. dry years - low amount of
precipitation and its disordered distribution during the growing season or higher mean air tempera-
ture) and showed the sensitivity to selected cultivars. Study proved SUBSTOR - Potato model as sui-
table for utilization in potato management; however, potential differences might be expected while
using the model under extreme weather conditions.

evaluation, program, sensitivity, Solanum tuberosum L., SUBSTOR, weather conditions

Potato is the only important tuber crop in the EU.
Almost 2% of the arable land area in the EU is used
for potato production (Wolf, 2002). The growing de-
mand for potato — as both a fresh and processed food
- and a decreasing availability of land for area ex-
pansion mean that yields will have to be improved
through some combination of germplasm enhance-
ment, better crop protection and more efficient
and productive management systems (Bowen et al.,
1999). The average yield of 15.9 t.ha™! currently es-
timated at the global level is much below the yields
of 30-50 t.ha"! commonly obtained across a range of
environments and management systems, so it would
seem that there is considerable scope for improve-
ment (Allen and Scott, 1980; 1992). Development
and innovative research push scientists active in po-
tato research to use more and more sophisticated
computer programs to evaluate complex situations
that cannot be analyzed directly with other means.

The progress of dynamic crop growth models,
which started more than thirty years ago, conside-
rably improved analytic solution of problemsin crop

sciences. Those models are being used increasingly
to study complex dynamic systems. Through the use
of mathematical equations, researchers are better
able to understand the development and improve-
ment of these dynamic systems. One of the main ad-
vantages of crop model application is the possibility
to use them under various weather and soil condi-
tions and under different environment in different
regions of the world, which is not usually possible
when models based on the statistical analysis are
used. One of the important preconditions of the ap-
plication of dynamic models is the evaluation of
the model reliability in reproducing the real world
processes at the given place and time (Addiscot et al.,
1995; Penning de Vries, 1977; Thornton et al., 1991).

The processes of evaluation of any crop model
are relatively long and difficult because they require
the collection of large data sets including weather,
soil, crop and field management data over exten-
sive time periods. The evaluation of the models nor-
mally includes their validation on independent data
sets i.e. defining the usefulness and relevance of
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a model for a pre - defined purpose (Stastni et al.,
2002). This contribution represents experiences and
results from assessment of SUBSTOR (Simulation of
Underground Bulking Storage Organs) Potato model
(Ritchie et al., 1995) under different weather condi-
tions during nine years experiment and two potato
cultivars in the Czech Republic.

MATERIAL AND METHODS

Main part of the study contained collection of re-
quired input data for SUBSTOR - Potato model ca-
libration and evaluation at the experimental field in
Zabéice (South Moravian region) of the Czech Re-
public with latitude 49° 01‘ N, longitude 16° 37 E,
altitude 179 m. The long-term mean yearly preci-
pitation shows 480 mm, the mean annual tempera-
ture is 9.2 °C. The calibration and evaluation proc-
ess followed subsequent stages as data collection
(observation or measurement) of the experimental
data (planting, maturity dates and tuber yields), ca-
libration of SUBSTOR - Potato model using expe-
rimental data; evaluation of the model by compari-
son of the observed and simulated data, assessment
of the possibilities and limitations (simulation of po-
tential yield). Various types of input data are required
to prepare and run the model simulation. The mini-
mum weather data set (comprising daily maximum
and minimum temperatures, global radiation, and
precipitation) and management data were obtained
from the field experiments.

SITE DESCRIPTION

Zab¢ice experimental site is situated in maize pro-
duction region, which slightly differs in climatic as
well as soil conditions from optimal potato produc-
tionregion. Complete setof meteorological, pedolog-
ical, crop, and management input data (Table T) was
collected. Experiments used for the model evalua-
tion have been carried out during years 1994-2002.
Rosara and Karin potato cultivars have been used for
the model simulation (Table II).

I: General description of the experimental field at Zabcice
locality

Site Zabéice
Latitude 49°01I'N
Longitude 16°37'E
Elevation (m above sea level) 179
Primary crop maize
Soil type Fluvisol Gley
Mean annual temperature (°C) 9.2
Mean temperature (Apr - Sept) 157
Mean annual precipitation (mm) 480
Mean precipitation (Apr - Sept) 312
T

IT: Characteristics of Rosara and Karin potato cultivars used in the experiment (dew = Germany, csk = Czechoslovakia, Marker
scores: 1 = fragment present, O = fragment absent, 2 = unclear or missing value, maturity: 1 (very late maturing) to 9 (very
early maturing), vesistence — Leaf blight and Tuber blight: 1 (very susceptible) to 9 (very resistant). Source: Gebhardt Ch. et al

(2003)
Cultivar | Origin | year | BA47f2| RI R1 CosA | GP179 | GP76 | Maturity blf.eaﬁ E‘f.bff
ight ight
650 bp | 1400 bp [ 1800bp | 210bp | 570bp | 500 bp
Rosara deu 1990 2 2 0 0 0 1 9 6
Karin csk 1980 0 0 1 0 0 0 7 5 8
SOIL DESCRIPTION Support System for Agrotechnology Transfer) soft-

The soil type at Zabéice experimental field belongs
to Fluvisols Gley subgroup according to the Czech
Soil Taxonomy (Némeéek and Kozdk, 2000). Water
saturation comes up to 40 vol. %, field capacity 38
vol. %, and wilting point 21 vol. % (Table TIT). The soil
type is deep grounded with a high (at about 1.7 m
depth) groundwater level (continuous impact of
groundwater on the rooting zone of crops). The soil
depth considered for simulation of soil water ba-
lance was 1.5 m with similar soil water storage capa-
city (240-260 mm for the rooting depth of 1.5 m).

SUBSTOR — POTATO MODEL

SUBSTOR is one of sixteen FORTRAN - based
field crop models included in the DSSAT (Decision

ware (Hoogenboom et al.,, 1994) (version 3.5, later
on version 4.0) developed by the TBSNAT (Interna-
tional Benchmark Sites Network for Agrotechnology
Transfer) project. The explanatory and dynamic crop
models of the SUBSTOR group are composed from
several modules, which serve for data input, mathe-
matical calculations of the growth and development
processes and finally for presentation of the simula-
tion outputs (Fig. 1). The model takes into account
several processes simultaneously to provide arealis-
tic description of the crop - soil — atmosphere sys-
tem. Each simulation consists of the following steps:
e calculations of the phenological development

e formation of leaf, stem and root biomass and its

partitioning
e available soil water and its utilization by the crop
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II1: The main soil water characteristics in the soil profile used by SUBSTOR - Potato model

Clay loam %
clay sand silt
Soil depth Wilting Field SOI].
. 1o e 10 saturation
(cm) point (%) capacity (%) (%)
(<]
25 21 39 40 32 21 47
75 21 38 40 34 27 39
150 21 39 40 29 37 34
Primary Modules P
Planting
‘Weather Harvesting
Trrigation
Fertilizer Application
Lan d Uni t Residue Placement
Run M
Module 3 Soil Dynamics
Seasonal Soil Water
Initialization Soil Nitrogen & Carbon
(The Land Unit Soil
Module is called by
the Main Program Soybean
to perform each step é Peanut V4
f i d i
Sl enet of e Z___Dobem
romars Modisy Soil-Plant-Atmosphere 7t 7
7 Other crops 7
‘CROPGRO Plant Template N
=|| CERES Maize
=|| CERES Wheat
Plant =|| CERES Rice
=|| Other crops

1: Components and modular structure of DSSAT including SUBSTOR - Potato model

e and the nitrogen balance and its distribution to
Crop organs.

Output data files provide a detailed descrip-
tion of the above ground biomass formation and
the biomass nitrogen content as well as information
about soil reserves of available water and nitrogen.
A lot of additional and useful information is pro-
vided through the utilities of DSSAT (Fig. 2). Most
of the crop simulations in DSSAT4 use the modular
Cropping Systems Model (CSM). This model incor-
porates the previous CROPGRO, Ceres — Maize, Mil-
let and Sorghum, Ceres - Rice, and SUBSTOR - Po-
tato models into a single system with shared soil and
weather simulation routines.

CALIBRATION OF INPUT DATA

Four groups of input data were required to pre-
pare and run the model simulation. The minimum
weather data set comprises daily maximum and mi-
nimum temperatures (°C), global radiation (MJ.m?)

and precipitation (mm). The meteorological stations
(automatic or climatological) were used as a source
of needed values. Genetic coefficients were derived
mainly from literature sources (e.g. Vermeer, 1990)
and partly from experimental data from test sites.
Soil input data were derived from soil pits situated
directly at the experimental site. Crop management
data included information about planting, emer-
gence and harvest dates as well as about used amount
of nitrogen, potassium and phosphorus fertilizers
and finally, data about tillage practices and previous
crop were set into the model before the simulation
started. Rosara — very early growing cultivar (vegeta-
tion period 90-100 days) and Karin - early growing
cultivar (vegetation period 100-110 days) were cho-
sen for the experiment.

The model is designed to be used for simulation
of two production levels. The potential yield produc-
tion level is limited only by temperature, solar radia-
tion and the specific physiological plant characte-
ristics. This level was also considered in our study.
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At the water and nutrients — limited production level,
the soil and plant water balance together with avai-
lable nutrients are included in the simulation of po-
tato growth. SUBSTOR model is based on “black box
approach” and therefore cannot be easily adapted or
modified by user for local conditions as their source
codes are not normally available. On the contrary
some models enable such adaptation e.g. WOFOST
(Supit et al., 1994).

The SUBSTOR model was calibrated for the men-
tioned experimental site by adapting soil, weather,
management and crop model parameters into input
files. Main characteristics - tuber yield and cultivars
were used as evaluation parameters. This option was
used in the study in order to obtain a more complete
picture of the model accuracy. Nine years treatments
consisted of trials included Rosara and Karin potato
cultivars grown under annually different weather
conditions. The purpose of this approach was to test
whether the model can realistically reflect potato tu-
ber yield production during the different weather
conditions and to gain perspectives on the model ac-
curacy and sensitivity.

RESULTS AND DISCUSSION

SUBSTOR — POTATO EVALUATION

Evaluation is an important step in model verifica-
tion. Tt involves a comparison between independent
field measurements (data) and outputs created by
the model. The model evaluation results were com-
pared to observed data from Zabé&ice during years
1994-2002 (Fig. 3) for Rosara and Karin potato cul-
tivars. Locality experimental data were taken from
final reports of long - term potato experiments,
which were conducted by several Departments of
Mendel University of Agriculture and Forestry Brno.
The model evaluation using tuber yield as the main
parameter was very successful - see the coefficients
of determination 0.97 in Zab¢ice (Fig. 4), but only
for four of nine tested years (1997, 1998, 1999 and
2002) for Rosara cultivar. Most of those years are
considered as above normal concerning precipita-
tion amount (Fig. 7). Also table IV, as well as Figs. 6, 7
show, that mentioned years were extraordinary wet
from precipitation point of view or warmer than nor-
mal from the temperature point of view (Fig. 5). Si-
milarly good result between observed and simulated
values in normal ranges of tuber yields (R?=0,915) in
Argentina was published by Travasso et al., 1996.
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3: Yield differences — comparison between observed; water limited and potential tuber dry yield data (t. ha'') for Rosara and

Karin cultivars during 1994-2002

As may be seen in table V; the model underesti-
mated water limited tuber yield in years 1994, 1995,
1996 and 2000. Those years can be categorized as ex-
treme years from the temperature point of view. Re-
sults showed that the model did not reach simi-
lar values as observed yields in selected years due
to the significant increase of mean air temperature

(Fig. 5). The same tendency confirms Klepper and
Rouse (1991) for potato growth model and a series
of observations on the growth of the Russet Burbank
cultivar obtained from Wisconsin. Simulation with
increased temperatures showed much lower the pre-
dicted yicld and the larger relative uncertainty.
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4: Evaluation of potato yield (dry matter) at Zabéice, cultivars Rosara and Karin, years 1997, 1998, 1999 and 2002.
The straight line in the figure represents the linear regression functions relating the observed and simulated tuber yields (t.ha™')
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5: Mean air temperature values (°C) within four months (May — August) for selected years in Zabéice

Sensitivity of the model was shown also on two se-
lected cultivars. Better result was obtained for very
early growing Rosara cultivar (R? = 0.97), while early
growing Karin cultivar matched lower value (R?
0.43). One of the explanations could be physiologi-

cal differences projected into genetic parameters of
the cultivar in the model.

Another reason of divergence could be the soil
water storage. Experimental site Zab¢ice has much
higher soil water storage in the rooting zone by
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the impact of groundwater, which can act as a buffer The yield difference might be also caused by fac-

during drought periods. Total biomass accumula-  torsthatwerenotdescribed by the model (e.g. change
tion and yield can be therefore significantly higher in crop management and protection or in nutrient
for rain - fed conditions as no water shortage oc-  supply). These results correspond well with the con-
curred in spite of increased soil water use (Eitzinger  clusions from modelling studies for potatoes in Den-
etal., 2003). mark (Olesen et al., 2000). First, crop growth model
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IV: Categorization of selected years by deviations from normal (1961-1990) for mean annual air temperature (°C) and mean
annual precipitation (mm) according to KoZnarovd and Klabzuba 2002

years Air Temperature (°C) Precipitation (mm)

1994 11.2 extraordinary warm 389 dry
1995 10 warm 490.4 normal
1996 83 very cold 511.2 normal
1997 9.2 normal 660.4 very wet
1998 10.2 warm 518.8 normal
1999 103 warm 399.6 dry
2000 113 extraordinary warm 4343 normal
2001 10.0 warm 485.9 normal
2002 10.5 very warm 629.2 very wet
10611990 o2 480

V: Validation of the SUBSTOR - Potato model for Rosara and Karin cultivars in Zabcice. Validation parameters: potato dry
tuberyield (tha') and cultivars

Rosara gr\fiifi Potffntial Obs'erved Karin ﬁl\l’rfilittifi Popentia] Obsierved
yield yield yield yicld yield yield
1994 6.1 19.4 6.5 1994 5.6 18.5 7.6
1995 43 199 10.3 1995 4.2 19.8 10.7
1996 8.4 22 114 1996 83 22 10.8
1997 11.7 15.8 6.4 1997 12 159 7.3
1998 9.5 26.6 5.5 1998 9.7 26.7 9.2
1999 13 24.1 8.5 1999 13 24.2 11.7
2000 7.1 21.6 8.4 2000 6.94 21.7 9.5
2001 83 233 7.8 2001 8.6 23.2 8.8
2002 173 23.6 11.7 2002 17.6 24 12

simulations could explain only to a limited extent
the inter - annual yield variation from the inter — an-
nual variation in weather conditions and, second,
for most crop species in the EU a clear technology
trend (i.e. yield increase over time due to improved
crop varieties and crop management) was observed
(Kabat etal., 1995).

There might be also other factors as harvest losses
or pests and diseases, why the model did not satis-
factorily assess such differences and which can in-
fluence the yield values. Those were not simulated
during the experiment. Based on the results, it is
possible to say that model was successfully validated
at Zabéice for the shorter time period. However, re-
sults were not sufficiently precise for simulations in
years with extremely high temperature values du-
ring the particular year. Some yield limiting factors
were possiblynot considered well by the model. That
might limit reliability of the model in some cases.

Comparable model analyses of the sensitivity
of potato production have been performed for
Scotland (Peiris et al., 1996) and different states in
the USA (Rosenzweig et al., 1996). In the cooler cli-
mate in Scotland temperature rise gave higher tuber
yields because of the increased length of the growing
season, whereas in the warmer climates in the USA,
especially in the more southern states, temperature
rise had a strongly negative effect on tuber yields
(Kabat et al., 1995). These results correspond well
with the sensitivity of tuber production to tempera-
ture in SUBSTOR - Potato in the Czech Republic.

CONCLUSIONS

The results of this study confirmed the possibility
of the application of the SUBSTOR - Potato model
in the Czech Republic conditions, especially South
Moravian region. Model was successfully evaluated
for four years (1997, 1998, 1999 and 2002) with simi-
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lar weather conditions as far as the simulation of tu-
ber yield is concerned. The model tended to under-
estimate the tuber yield for unsuitable conditions
(i.e. dry years — low amount of precipitation and its
disordered distribution during the growing season
or higher mean air temperature - years 1994-1996
and 2000-2001). Further research in this area is
therefore needed in order to improve model cali-
bration and apply it as well for different soil condi-
tions. Longer and more detailed historic data should
be examined and further field trials should be car-

ried out including e.g. continuous measurements of
soil water. Such evaluation procedure can minimize
the disadvantages of each method and improve our
ability to test a model in more details. Only carefully
calibrated and evaluated models can be used for
purposes of dynamic tuber yield and harvest predic-
tions, climate change impact studies, adaptation and
sensitivity analyses, optimization of management
performances (e.g. irrigation and fertilizing prac-
tices) and for other practical applications.

SOUHRN
Validace simula¢niho modelu pro brambory

Studie byla zamé&¥ena na ové¥eni modelu SUBSTOR - Potato a jeho vyuziti pfi péstovani brambor
v Ceské republice. Experimentalni plochy, které byly pouzity k evaluaci modelu, se nachazely v Zab-
Cicich - oblasti Jizni Moravy s nadmotskou vyskou 179 m n. m. Parametrem ov¢¥eni modelu byl zvo-
len vynos hliz brambor a odriida. K jeho evaluaci byla pouzita data ¢asové fady (1994-2002). V ex-
perimentu byly pouzity dv€ odrtidy: Rosara, a Karin, které zastupovaly velmi rané a rané brambory
(Solanum tuberosum L.). Validaci modelu pFedstavuje srovnani simulovanych hodnot vinosu brambor
modelem s vynosem redlnym. Vynos brambor simulovany modelem ukédzal vynikajici shodu u odrii-
dy Rosara (R?=0,97), ale pouze u ¢tyt z deviti testovanych let (1997, 1998, 1999 a 2002). Odrtida Karin
dosédhla zna¢né nizsich hodnoty (R? = 0,43). Model podhodnocoval vynos brambor v nepfiznivych
podminkich (jako napt. v suchych letech — nizké mnozstvi sraZek a jejich nepravidelné rozlozeni
v prib&hu vegetaéniho obdobi nebo vy3si hodnoty priomé&rné teploty vzduchu). Déle potvrdil citli-
vost pii simulacich vybranych odrtd. Studie prokdzala, Ze model SUBSTOR - Potato je vhodny k vy-
uziti v managementu brambor, nicméné Ize o¢ekéavat potenciilni odchylky, pokud bude model pou-
zit pro simulaci rtistu a produkce brambor v extrémnich podminkéch.

evaluace, program, citlivost, Solanum Tuberosum L., SUBSTOR, pocasi
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