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This study was conducted in order to evaluate the performance of potato crop in two major irrigation
schemes situated in the Northeast of Algeria. This area is characterized by alluvial soil texture, very
fine clay, a very flat topography, and a typical Mediterranean climate. This was done to guide farmers
on any changes to their crop management to improve the yields of potato crops. The model SUBSTOR-
potato (Decision Support System for Agrotechnology Transfer, DSSAT 4.5) was calibrated and
validated for two cropping seasons 2008-2009 and 2009-2010, in order to estimate yields. The
calibration of the model required the combination of genetic coefficients that characterize the
phenology and morphology of this culture. The model performance was evaluated from statistical
coefficients (R?, root mean square error (RMSE), and BIAS). The results appear to be satisfactory
(R?=0.715, RMSE=34.52 gx/ha, BIAS=-7.34). The observed yield is 254.33 gx/ha and the estimated one is
238.77 gx/ha. There is a positive impact of climate change generated by the model weatherman on
yields of potato particular for 2050. This indicates the model using possibility because it improves the

results of farmer’s strategies over multiple years.
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INTRODUCTION

The Mediterranean region seems to be particularly
affected by climate change. The warming is projected to
be greater than the global average, with also a large
percent reduction of precipitation and an increase in its
inter-annual variability (Giorgi, 2006). A pronounced
decrease in precipitation over the Mediterranean is
expected (Tanasijevic et al., 2014). Algeria, who belongs
to the southern areas, faces a water stress which is a
threat to the sustainable development of irrigated
agriculture.

Potatoes have a dominant place in the diets of people
in Algeria and according to the local statistics, this crop is
in the fifth place in the agricultural production with two
leading varieties Desiree and Spunta (MADR, 2010).
However, the large area that is put into potato production
each year requires full irrigation in order to meet the crop
water requirements, especially during the most sensitive
growth stages. The annual production approaches 2.8
million tons and the cultivated area was 161873 hectares
with a resulting yield of 17.3 tons per hectare (MADR,
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2010). This value is clearly too low if compared to those
of the developed countries or South American’s (40 and
25 tons per hectare, respectively).

In these conditions, optimal scheduling of water
application in the framework of "future climate change
impacts on freshwater resources and their management”
should be improved (Kundzewicz et al., 2008). Progress
in understanding is conditioned by adequate availability
of observation data, which calls for enhancement of
monitoring endeavors worldwide, addressing the
challenges posed by projected climate change. One way
to meet this objective is to use a crop-model that
simulates crop yield under different soil-climate conditions
and crop management practices (Stastna et al., 2010).

Crop models can be useful tools for managers in the
irrigated areas with different agroecological conditions to
improve the sustainability of agricultural systems. Many
authors, namely Hoogenboom (2003) and Ritchie et al.
(1995) applied Decision Support System for
Agrotechnology Transfer (DSSAT) model to optimize land
use and water allocation to crops at plot level. Moreover,
Medany (2006) and Abdrobbo et al. (2010) applied it in
Egypt and stated that DSSAT predicts increases in
yields. However, no similar work has been conducted
elsewhere in the south Mediterranean.

The objectives of this study were to calibrate and
validate the DSSAT model for potato (variety Desiree) in
the Bounamoussa and Guelma irrigation district, Northern
Eastern Algeria. The conclusions should provide valuable
information to water managers and potato producers on
the future challenges due to climate change.

MATERIALS AND METHODS
Description of the study area

The study area is located in the Northeast of Algeria (Figure 1) and
includes two irrigation districts: the Bounamoussa irrigation district
and Guelma irrigation district (36°46"and 36°49" N; 7°43’and 7°49"
E, respectively). The total equipped areas of the Bounamoussa
irrigation district is about 16500 ha, while in Guelma irrigation district,
it is about 6000 ha (ONID, 2010). The irrigation water is supplied by
the Cheffia and Hammam Dabbagh dams, respectively. The climate
is Mediterranean characterized by two periods; a rainy period from
September to April and a dry and hot period from May to August.
The minimum and maximum daily air temperatures range between
22.6 and 12.2°C, respectively, while the annual average precipitation,
relative humidity, and wind speed are 686 mm, 75%, and 3 km day'l,
respectively (FAO, 2006). The soil has a sedimentary formation
which is dominated by clay.

Both irrigation districts are equipped with sprinkler irrigation
system to irrigate mainly vegetable crops with dominance of tomato
in Bounamoussa and potatoes in Guelma. For performing their crop
irrigation management, the majority of farmers appreciate the soil
moisture by touching the soil and its color appearance. This
technique is very well controlled by farmers especially for clay soil
texture. Some farmers use corn (Zea maize) as an indicating plant
for hydric-stress to adequately assess the irrigation requirements.
The average seasonal irrigation dose is about 6940 m® ha® in
Bounamoussa and 7000 m® ha® in Guelma (Guemraoui and
Chabaca, 2005). The potato yield recorded in the study areas (with

different types of soils) varied between 15.8 and 30.0 t ha™ in 2009.

Model description

For this study, the SUBSTOR potato model (Simulate Underground
Bulking Storage Organs) included in DSSAT 4.5 was used to
evaluate its performance for the variety Desiree in the study area
using data from six representative types of soils (Table 1). The
model describes daily phonological development and growth in
response to environmental factors (soils, weather, and
management). DSSAT uses the Ritchie model to calculate crop
evaporation and transpiration and to update the soil water balance
on a daily basis as a function of the water transfer processes
affecting the soil profile (precipitation, irrigation, transpiration, soil
evaporation, runoff, and drainage) (Ritchie, 1998). The growth
stages simulated by the DSSAT SUBSTOR include sprout
germination, emergence, tuber initiation, maturity, and harvest. The
model includes five cultivar specific coefficients (G2, G3, P2, TC,
and PD) that control the tuber initialisation, the leaf area
development, and the tuber growth rate. These -coefficients
determine the crop responses to the management and the
environmental factors, and their level of performance (Hunt et al.,
1993). G2 (cm? m? d?) is the leaf area development rate and G3 (g
m? d?) is the tuber growth rate. P2 and TC unitless coefficients
correspond to the effect of photoperiod and temperature
sensitiveness. P2 takes values between 0 and 1, where lower values
are assigned for late cultivations, those developing with fewer hours
of daily radiation. TC is the temperature value above which the tuber
initiation is inhibited. PD is a dimensionless coefficient that describes
to what extent the cultivar is determinate. Output data files provide a
detailed description of tuber yield and the above ground biomass as
well as information about soil reserves of available water and
nitrogen. The model simulates physiological crop responses
(phonology and growth throughout the season). More additional
information about the model is provided by using the DSSAT
model.

Model input data

The required input data includes daily weather data (maximum and
minimum air temperature, solar radiation, precipitation, relative
humidity, and wind speed), soil data (field capacity, wilting point,
depth, bulk density, rooting preference coefficients, runoff, radiation
reflection coefficients, initial soil water, and nitrogen content for
each soil layer), and crop management practices (sowing date and
dates and amounts of irrigation and N fertilization). The
meteorological input data considered in the study (2009 and 2010),
were recorded by two meteorological stations located in
Bounamousa (36°49°N, 7°49'W, 4 m altitude) and Guelma (36°28'N,
7°28'W, 227 m altitude).

Some of the soil’s data belonging to the six representative types of
soils considered were taken from the National Agency of Hydraulic
Resource database (Table 1). The total nitrogen was estimated from
the carbon/Nitrogen (C/N) ratio. The drained upper limit (field
capacity), lower limit (wilting point), soil water content at saturation,
and soil rooting preference function for each layer were calculated
by the algorithm included in DSSAT, based on input of measured
soil characteristics (layer thickness and depth, clay, silt, coarse, and
organic fractions C). Permanent wilting point (PWP) and field
capacity (FC) were determined from soil texture by DSSAT 4.5
model. The soil albedo, drainage rate, and soil run-off curve number
were set as 0.09, 0.4, and 76 for Guelma and 0.09, 0.05, and 61 for
Bounamoussa, respectively. The potato management data were the
same for all soils types, including planting date (February 01),
harvest date (July 01), planting density (6.5 plants m?), row spacing
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Figure 1. Bounamoussa (B) and Guelma (G) irrigation districts localization.

(75 cm), irrigation (100 mm in Guelma and 80 mm in Model calibration and validation
Bounamoussa), fertilizer application before planting (15.15.15, 18
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quintals ha™), and chemical applications (various products). The SUBSTOR model calibration and validation processes were
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Table 1. Soil characteristics of the study areas.

Plot Ir_rige_ltion Soil depth oH Clay Silt Sand Bulk density Organic
district (m) (%) (%) (%) (g cm™®) carbon (%)
7 Guelma 0.70 8.3 37.1 39.5 23.3 1.30 0.60
8 Guelma 0.87 8.0 39.9 50.4 9.6 1.24 0.70
9 Guelma 0.66 7.9 38 50 12 1.29 0.81
10 Guelma 0.95 7.6 35.4 52.6 11.9 1.29 0.75
1 Bounamoussa 0.86 8.3 30.5 55.1 14.3 1.31 0.54
4 Bounamoussa 0.60 8.1 55.9 38.4 5.6 1.19 0.65

performed for the Desiree potato variety. The calibration process
consists of adjusting the genetic coefficient values (G2, G3, P2, PD,
and TC) considering the six types of soils and the 2009 input data.
The validation process consists of a comparison between observed
and simulated tuber yield using the observed meteorological data of
2010. For both processes, the model runs were performed with
water and nitrogen balance simulation switched “on,” using FAO 56
method for the evapotranspiration calculation. In this study, only the
potato tuber yield was used as an evaluation parameter using the
following statistical criteria: (i) linear regression and coefficient of
determination (R?) between simulated and observed potato tuber
yield; (ii) the root mean square error (RMSE) of these variables, and
(iiy BIAS. The R? represents the percentage of the variance in the
measured data explained by the simulated data. The BIAS
measures the average difference between measured and simulated
values. If on the O average the model under-estimates, then the
BIAS is positive and conversely if the model over-estimates. The
optimal value of BIAS is 0.0. The RMSE is equal to the sum of the
variance of the modeled values and the square of the BIAS. The
smaller the RMSE, the better the performance of the model. A
RMSE value of 0.0 represents a perfect simulation of the observed
potato tuber yield. The calibration objectives for potato tuber yield
were to maximize R? and to minimize the absolute value of BIAS and
RMSE.

Climate change

The daily observed climate parameters (2006-2011), needed to
manage a future climate by applying a weatherman model that is
integrated in DSSAT, were collected nearby the National Office of
Meteorology (Figure 2). The lack of solar radiation data was filled by
the estimation of this parameter by applying the CROPWAT 8.0
model.

RESULTS AND DISCUSSION
Model evaluation

After the iterative process of calibration, the best derived
genetic coefficients were G2=2000, G3=22.5, G4=0.2,
PD=0.7, P2=0.4, and TC=17. These coefficients are
constants in the model and are used to quantify
differences in development’s responses between potato
cultivars. The comparison between simulated and
observed yield is presented in Figure 3. Results indicated
a significant correlation between observed and simulated
values (R® =0.71). The measured yield was 23.5tha™

and the simulated one was 22.8 t ha™ with a coefficient of
variation (CV) of 0.21 and 0.30, respectively. The statistics
evaluation associated with the average error between
observed and simulated values of the six plots presents
RMSE and BIAS values of 3.45 t ha’ and -7.34,
respectively. These results are analogous to those
indicated by Pereira et al. (2008) in Brazil (Itararé IAC-
5986 cultivar), Medany (2006) Valour cultivar, Abdrabbo
et al. (2010) in Egypt (Valour and Desiree cultivar), and
Daccache et al. (2011) in England’s humid climate (Bintje
cultivar). For this author, the differences expressed as a
percentage between the simulated and observed mean
yields were very small (1 to 3%). Medany (2006) found
that there is no difference between observed and
predicted data and concluded that SUBSTOR-Potato crop
model can be used successfully in Egypt.

The simulation performed with the adjusted genetic
parameter using the 2008 data indicated that the Plot 7
was the only plot that presents the lowest crop yield
because of water stresses observed during the growing
season (Table 2). This was due to the inadequate
irrigation management by the farmer. Simulation results
indicate also a nitrogen deficit for all plots throughout the
vegetative stages and especially during tuber formation
until maturity. This had got a negative effect on potato
tuber vyield that are close to the national average
production of potato (22.6 t/ha). Tuber fresh weight was
peaked at 150th day after planting for all plots except plot
7 which the tuber fresh yield was reached at 130th day
due to water deficit. The tops weight is obtained for the six
plots between 60 and 90th day of the vegetative stages.
The maximum simulated leaf area index (LAl) is 0.75 and
2.5, corresponding respectively to plot number 7 and 10
for the 60 and 80th day of the vegetative stages (Figure
4). These results were derived by the SUBSTOR model
after its calibration.

The validation process was based on independent sets
of field data corresponding to 2009 (Figure 5). Results
indicate that the correlation between measured and
simulated yield was better during the validation process
(R* = 0.73) than during the calibration (R*> = 0.71). The
comparison between the measured and calculated yield
of fresh tubers showed a significant correlation with
average values of BIAS and RMSE of -7.34/23.33 and
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Figure 2. Daily variation of rainfall and minimum and maximum temperature for (A) Bone=annaba and (B)

glma=Guelma climatic stations. (2006-2011).

34.52/43.59 quintals ha™,
calibration and validation.

respectively for model's

Climate change
Table 3 provides information about the future yields

evolution (2020-2050-2080) simulated with DSSAT4.5
according to climatic changes (minimum and maximum

temperature and average cumulative rainfall) (Figure 6)
and water stress during the vegetative stages for all the
plots in the study area, without taking into account the
evolution of the CO, and maintaining a constant
agricultural crop management.

The results show essentially:

(1) Increased yields as compared to 2009.
(2) Falling yields in 2080 compared to 2020 for all plots
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Figure 3. Simulated versus observed tuber fresh yield and linear regression during calibration process.

Table 2. Effect of the climatic parameters on water and nitrogen stress during vegetative stages of potato.

Plot Vegetative  Timespan Rain Tuber yield Water Nitrogen
stage days (mm) observed (t/ha) stress stress
I 28 67.1 0.218 0.063
7 I 82 319.8 15.8 0.389 0.529
Il 180 548.9 0.283 0.399
I 29 67.1 0.000 0.026
8 I 84 319.9 220 0.000 0.559
I 180 548.9 0.000 0.414
I 29 67.1 0.000 0.029
9 I 80 319.8 225 0.000 0.596
I 180 548.9 0.000 0.438
I 29 67.1 0.000 0.003
10 I 85 320.0 28.0 0.000 0.544
I 180 548.9 0.000 0.397
I 25 61.4 0.026 0.000
1 I 84 206.5 30.0 0.000 0.452
I 185 354.8 0.003 0.371
I 25 82.9 0.000 0.085
4 I 91 309.3 22.8 0.000 0.496
I 185 610.1 0.000 0.384

I: Stage Emergence-Begin Tuber; Il: Stage Begin Tuber-Maturity; llI: Planting to Harvest.
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Figure 5. Comparison between simulated and observed yields of potato plots during year 2010.
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Table 3. Climatic parameters, water stress and yield of potato in the different plots for projected periods 2020-2050-2080.

Yield (T/ha 2020 Tmax Tmin Rain Yield (T/ha 2050 Tmax Tmin Rain Yield (T/ha 2080 Tmax Tmin Rain
Plot cycle days) Water (°C) °C) (mm) cycle days) Water (°C) (°C) (mm) cycle Water (°C) °C) (mm)
stress (%) stress (%) days) stress (%)
7 34.65 (113) 22 23.4 3.9 269.8 23.88 (106) 24 21.7 7.8 136.6 23.26 (104) 15 21.8 54 169.2
8 30.72 (116) 29.9 23.6 3.7 2697 25.47 (102) 7.6 21.6 7.7 1305 26.58 (106) 15.2 21.9 55 169.2
9 35.34 (112) 29.5 20.8 8.8 2323 29.76 (106) 21.3 19.9 7.6 169.9 24.21 (106) 44.2 214 8.0 1744
10 27.51 (130) 25.9 22.0 8.8 367.1 34.14 (118) 35 20.6 7.6 2203 22.31 (114) 22.6 21.6 7.9 175.9
1 28.77 (115) 4. 21.0 8.8  246.8 29.49 (104) 17.5 19.7 7.6 169.9 22.43 (117) 37.5 21.4 79 1744
4 27.59 (102) 0.0 20.3 8.8 318.3 32.20 (106) 0.0 19.9 7.6 169.9 34.72 (101) 23.7 21.2 8.0 1744
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Figure 6. Daily rainfall and minimum and maximum temperature generated for BONE=Annaba and GLMA=Guelma stations.

except plot 5, which recorded an increase due
essentially to the lack of water stress and
probably to the spring warmed climate.

(3) 2050 appears to be the most stable year from
the point of view of the climatic parameters and
yields.

(4) A shortening of the growth period related to
the increase of the minimum and maximum
temperatures.

The results obtained for 2080 appear to be
encouraging in terms of yield estimation, despite

longer vegetation period and slightly higher
temperatures. Many explanations are possible to
discuss the results. In Algeria, potato is cultivated
during three seasons (autumn, winter, spring/
summer). The main problem in the production of
potatoes during the second season is the
germination’s delay. The minimum temperature
after planting is the major factor for the success of
germination (Table 3). The change of planting
date is necessary to avoid low temperature period
and reduce the growth cycle ensuring good
performance.

01012006 06/2502016 04N 52026 121002039 08032051 032702063 1AG2074 OTM 202086 030572095

[t

(d) Minimum and maximum temperature

Conclusion

In this study, an adjustment of the genetic co-
efficient of SUBSTOR-potato model was proposed
for Desiree potato variety under Mediterranean
climate. The comparison between measured and
estimated tuber fresh yield showed a significant
correlation with average values of BIAS and
RMSE of -7.34/-12.42 and 34.52/51.41,
respectively for both calibration and validation
processes and enables interesting applications for
potato production. Since the amount of water
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during irrigation was the same for the different types of
soil, the model indicated an irrigation water deficit in one
plot. The analysis of the performed simulations indicated
also some nitrogen management deficit. Possible potato
management improvements are presented. The results
suggest that it is necessary to change the date of planting
to avoid low temperatures and increase yield.

This study highlights the impact of climate change on
future yields of potato in the North of Algeria, after
integration of daily data linked to climate over a period of
more than five years in the model DSSAT 4.5. It is also
important to note that taking into account other factors
affecting performance, including weeds, diseases, pests,
and soil salinity would be very useful in the improvement
of the reliability of the results.
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