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Assessing Wheat Management Options in the Tiaret Region of Algeria with
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ABSTRACT
Crop simulation models are important research tools to design cropping systems and aid in agricultural decision
making. In environments with severe water limitations, this is especially useful since strategies to mitigate the
adverse effects of drought on crop yields involve a range of management practices with potential interactions
among them. The use of a crop model makes it possible to explore many combinations and to identify the best
options, avoiding the need for costly field experiments.
In Algeria, water availability is the prime factor limiting wheat yields, and is expected to worsen in the near
future due to climate change. Here, we used the CERES-Wheat model (within the DSSAT package) to explore
various management strategies for wheat production in the Tiaret region of north-western Algeria. The model
was previously tested against grain yield data from a 3-yr field trial. Simulations were run using 20 years of
historical weather data to establish probabilities for different combinations of management factors involving
variables planting densities, fertiliser nitrogen rates, sowing dates and cultivars. The interannual variability of
climate (and essentially seasonal rainfall) accounted for 95% of the overall variance of simulated yields.
Regarding crop management, sowing date was the most influential agronomic factor, followed by cultivar and
fertiliser N rate. There was little response of wheat yields to N inputs above 60 kg N ha-1, and no significant
effect of plant density. As a consequence, under the current climate, the optimal management involved sowing
during the last week of December, a plant density of 300 plants m-2, a 60 kg N ha-1 fertilizer rate and the use of
the cultivar Vitron. Thus, the simulation model appeared capable of differentiating between a range of
management options and identifying the best combination to optimize wheat yield under high weather
variability. It will be used in a near future to seek strategies to mitigate the impact of projected future climate
changes in Algeria.
Keywords: Wheat, Algeria, DSSAT, Crop Model, Yield simulation, Crop Management.

1. INTRODUCTION
Crop growth models have considerable potential in
agricultural research, in the development of cropping
technologies, and in the exploration of management and
policy decisions (Boote et al., 1996). Management
decisions regarding cultural practices have a major
impact on yields, however their direct effect is strongly
constrained by soil and climate variability. Crop
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simulation models explicitly take these factors into
account, and allow the specification of management
options. Thus, they offer a relatively inexpensive means
of evaluating a large number of strategies, which would
rapidly become too costly if the traditional
experimentation approach was used. For instance, crop
simulation models have been used in developed countries
to support investment and management decisions aimed
at increasing farm productivity (Paz et al., 1999). In
environments with severe water limitations, such
applications are especially useful since the outcome of
management strategies are strongly influenced by
interannual climate variability, essentially seasonal
rainfall amounts (Pecetti and Hollington, 1997). Also,
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strategies to mitigate the adverse effects of drought on
crop yields involve a range of management practices with
potential interactions among them (Ghaffari et al., 2001).
The use of a crop model makes it possible to explore
many combinations and to identify the best options (Heng
et al., 2007).
Durum wheat (Triticum durum L.) production in
Algeria offers a challenging case for such test of crop
models. Water availability is the prime factor limiting
grain yields, and in recent years, the inter-annual
fluctuations of climate have been characterized by a
higher frequency of drought episodes, enhancing the
vulnerability of crop yields to water availability. This
shift is expected to increase in the near future due to
climate change (Alexandrov and Hoogenboom, 2001).
Adaptation to this trend requires a capacity to investigate
the relationships between crop management practices
(such as cultivar selection and planting date), and the
environmental factors (essentially soil properties and
weather conditions), whose interplay ultimately
determine final crop yields. In a previous piece of work
(Rezzoug et al., 2008) we tested the ability of the DSSAT
package to predict wheat yields in the Tiaret region of
Algeria, a major wheat-growing zone. Here, we set out to
explore a range of management options to optimize wheat
management in the same region. Studies with similar
purposes have already been carried out in neighboring
countries in the Mediterranean (Pecetti and Hollington,
1997; Rinaldi, 2004; Heng et al., 2007; Ouda et al.,
2005). However, since none of these regions reflect the
actual pedoclimatic or agronomic conditions of Algeria,
their results could not be readily transferred to the Tiaret
area. There was also scope for demonstrating the
usefulness of crop models for providing decision-support
for agriculture in Algeria, which has not been done yet to
the best of our knowledge.
The DSSAT package (for Decision Support System
for Agrotechnology Transfer) version v4.0 is a
comprehensive modeling system (Tsuji et al., 1994;
Hoogenboom et al., 2004) that includes CERES-Wheat.
The CERES models were designed to simulate the effects
of cultivar, planting density, weather, soil water and
nitrogen on crop growth, development and yield, in
relation to their environment (Jones and Kiniry, 1986;
Ritchie and Otter, 1985). Among the wealth of soil-crop
models currently available (see e.g. Jamieson et al.(1998)
for wheat), we selected DSSAT because it was
successfully used under various climates and

- 134 -

management strategies worldwide, and for a variety of
purposes: as an aid to crop management (Hunkár, 1994;
Ruiz-Nogueira et al., 2001; Sarkar and Kar 2006), in
fertilizer N management (Gabrielle and Kengni, 1996;
Gabrielle et al., 1998; Zalud et al., 2001; Landau et al.,
1998; Saarikko, 2000), and environmental assessment
(Hoffmann and Ritchie, 1993). In particular, Pecetti and
Hollington (1997) indicated that CERES-Wheat was
applicable with sufficient reliability under Mediterranean
conditions. Other authors pointed it as a realistic
approach to the study of genotype and environment
interactions over the entire life of the crop (Jagtap et al.,
1999; Ghaffari et al., 2001).
The objective of the present study was to assess the
effect of a range of crop management practices and their
interactions for wheat growing in the Tiaret area, and to
identify optimal combinations. The DSSAT model was
run for various sowing dates and densities, fertiliser N
rates and cultivars on a 20-year series of historical
weather data. The outputs were analysed in the form of
cumulative probability distributions and analysis of
variance.
2. MATERIALS AND METHODS
2.1. Brief Description of the DSSAT Model
The Decision Support System for Agrotechnology
Transfer (DSSAT) was initially developed by an
international team of scientists cooperating in the
International
Benchmark
Sites
Network
for
Agrotechnology Transfer project (IBSNAT, 1993; Tsuji,
1998; Uehara, 1998; Jones et al., 1998) to facilitate the
application of crop models in a systems approach for
agronomic research. We used the latest release of this
package (DSSAT v4), which includes more than 18
different crops under the Cropping System Model (CSM),
a modular modelling approach. CSM uses one set of
code for simulating soil water, nitrogen and carbon
dynamics, wile crop growth and development are
simulated with the CERES, CROPGRO, CROPSIM and
SUBSTOR modules (Hoogenboom et al., 2003). The
model simulates daily growth and development for a
wide range climate and agronomic practices.
The input data required by DSSAT include weather
records, soil properties, plant characteristics, and crop
management. Climatic inputs include daily solar radiation
(MJ m-2), maximum and minimum air temperature at 2 m
(°C), and precipitation (mm). Management input includes
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planting date, density and depth, row spacing, and timing
and rates of irrigation and fertiliser N applications. Soil
inputs include soil albedo, evaporation limit, pH,
phosphorus, potassium, drainage and runoff coefficients.
The model also requires water holding characteristics,
saturated hydraulic conductivity, bulk density and organic
carbon for each individual soil layer. Cultivar
characteristics are entered as genetic coefficients related
to vernalization needs, photoperiod sensitivity, grain
filling duration, phyllochron interval, and yield
components (spike number, kernel number, and kernel
filling rate).
2.2 Simulation Experiments
Simulation experiments were conducted with the
DSSAT-wheat model to investigate the effect of
management practices (plant density, nitrogen rate,
sowing date, and cultivar) on wheat yields. The model
was run on a 20-year series of daily historical weather
recorded at Tiaret (35°22' N; 1°22' E), a major wheat
production area in northwestern Algeria.
The climate of Tiaret is considered typically
Mediterranean and semi-arid with wet winter and dry
summer but the rainfall distribution is irregular during the
year. The mean air temperatures of the hottest month vary
from 22 to 26 °C, while those of the coldest month range
between 5 and 10°C. The total annual precipitation varies
from 169 mm to 445 mm.
The weather data included maximum and minimum
air temperature (°C), rainfall (mm), and solar radiation
(MJ.m-2). The latter was estimated using daily sunshine
hours using the Angstrom formula. Twenty years of
suitable weather data (1986-2005) were used for the
simulation. The soil tested at Tiaret was a sandy clay
loam (USDA, 1972), representative of the soils cropped
to wheat in the area. The model runs started in July prior
to sowing on day of year (DOY) 288, assuming soils
were relatively dry (ie soil moisture content at wilting
point), and that the soil profile contained a residual
inorganic N stock of 30 kg N ha-1 (Rezzoug et al., 2008).
The DSSAT-wheat model was run on all
combinations of the above-mentioned managements
practices, which were ascribed three levels each (ie a
minimum, median and maximum value). Such
discretization of variation ranges is often sufficient to
assess the effects of management strategies and their
interactions (Ghaffari et al., 2001). Plant density was
thus set at 200, 300, or 400 plants m-2 according to

current practices in the region. Three fertiliser N rates
were tested: 0, 60, and 180 kg N ha-1. Winter wheat may
be sown from early October to end of December in
Algeria, but performs best if sown between the last 2
months. The first sowing date was therefore set at DOY
305 (1 Nov.), the second at DOY 330 (26 Nov.), and the
third at DOY 354 (20 Dec.).
We selected two wheat cultivars (Vitron and Semito),
which are the most commonly grown genotypes in the
area, and present contrasted phenological characteristics
(Table 1). Their genetic coefficients were obtained from a
previous calibration and testing study involving nine
cultivars and three growing seasons, from 2000 to 2003
(Rezzoug et al., 2008). DSSAT was tested against data
from field experiments located in an experimental farm
center at Tiaret. In the independent model evaluation
phase, DSSAT achieved a root mean squared error of
0.79 t DM ha-1 for grain yield.
2.3 Statistical Analysis
The simulation results were presented as cumulative
probability distribution (CPD) for grain yields, across the
20 growing seasons. Analysis of variance (ANOVA) was
performed using the Statgraphics Plus package (Version
5.0, Statistical Graphics Crop.) to evaluate the
significance of each treatment on yield (one factor), and
the overall ranking of the agronomic factors and growing
season. Contrast statements were used to compare
treatment means and sets of treatment means when the
ANOVA indicated treatment effects.
Treatment means were separated by the least
significance difference (LSD).
3. RESULTS
3.1 Management scenarios
1. Plant Density
Simulations were run for 20 growing seasons to
illustrate the effect of the plant density and variety
technology strategies on wheat grain yields, in the form
of cumulative probability distribution (CPD), as depicted
on Fig.(1). To interpret the CPDs of two or more
technologies, Uehara and Tsuji (1991) indicated that the
CPD of the dominant strategy is the one that lies entirely
to the right of the dominated strategy.
Fig. (1) compares the CPD of the DSSAT simulated
grain yields between the three plant densities selected,
and for the two cultivars (Vitron and Semito). Between 0
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Fig. 1. Cumulative probability distribution of simulated wheat yield in response to three plants densities:
200 (D1), 300 (D2) and 400 (D3) plants m-2, respectively.
and 50% of cumulative yield probabilities, there was
virtually no effect of plant densities, and the three curves
merged. In the upper range of probabilities, the lower
density (200 plants m-2) started differentiating from the
other two densities (300 and 400 plants m-2), with a
relative yield gap as large as 10%. This gap closed again
for the two years with the highest yield values, at the top
end of the probability curves. Regardless of plant density
effects, simulated yields varied across a wide range, from
0.15 to 4.6 t DM ha-1, evidencing a strong influence of
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inter-annual climate variability. Yield distributions were
also affected by cultivar type, but only in the upper range
of yields. There was for both cultivars a 30% probability
that yields did not exceed 1 t DM ha-1, but there was a
30% probability that yields of 2.8 t DM ha-1 could be
obtained with cultivar Vitron, and of only 10% for
cultivar Semito. Lastly, the maximum yield achievable
with both cultivars was similar.
As could be expected, the highest yields were always
obtained with the higher density of 400 plants m-2 (Fig.
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2), for both cultivars, but by a narrow margin and with
considerable inter-annual variations. A single-factor
ANOVA between plant density and yield showed no
significant differences between the three densities
(P>0.01) , implying that there is scope for choosing the
planting density 300 plants m-2 to save seeds without

reducing yields. Although the model did not predict any
notable yield differences with the lowest density (200
plants m-2), the latter should not be recommended since it
is likely to lead to insufficient tillering and heading, as
observed in the region of Tiaret.
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Simulated grain yield (t.ha-1)
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2
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1
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0
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2
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Semito
Simulated grain yield (t.ha-1)
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2
1,5
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0,5
0
1

2

3

Plant density
Fig. 2. predicted grain yields (t ha-1) with three plants densities (200, 300, and 400 plants m2) from the farm ITGC
at Tiaret (1986-2005). Bars indicate bars one standard error of the mean.
A similar recommendation was obtained by Ghaffari
et al. (2001), after screening a wide range of plant

population scenarios (from 200 to 450 seeds m-2) to
establish a suitable seed density in the north of Kent
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(UK). No significant differences were evidenced between
densities of 450 and 300 seeds m-2, the optimal value. In
the rainfed environments of West Asia and North Africa
(in Morocco and Jordan), Heng et al.(2007) showed that
wheat yields were little affected when reducing sowing
density from 300 to 150 plants m-2, using the APSIM-

Nwheat model. In northern Syria, Stapper and Harris
(1989) compared a standard plant density of 200 plants
m-2 with a lower density of 50 plants m-2 with wheat a
simulation model, and recommended the higher density
to improve grain yields.

Table 1. Genetic coefficients of the two wheat cultivars (Vitron and Semito) used in
the DSSAT simulation model (Rezzoug et al., 2008)
Cultivar

Coefficients
P1V

P1D

P5

G1

G2

G3

PHINT

Vitron

60

55

221

21

46

2.99

95

Semito

58

43

320

19

37

2.99

95

P1V : Days at optimum vernalising temperature required to complete vernalisation.
P1D : Percentage reduction in development rate in a photoperiod 10 hour shorter than the optimum relative to
that at the optimum
P5 : Grain filling (excluding lag) period duration (GDD0)
G1 : Kernel number per unit canopy weight at anthesis (g-1).
G2 : Standard kernel size under optimum conditions (mg).
G3: Standard, non-stressed dry weight (total,including grain) of a single tiller at maturity (g).
PHINT : Phyllochron interval (GDD0).
Table 2. Means of simulated yield (t DM ha-1) of two durum wheat cultivars (Vitron and Semito)
for three nitrogen fertilizer levels; in parentheses are the lowest and highest simulated values
0 kg N ha-1

60 kg N ha-1

180 kg N ha-1

Vitron

1.68 (0.20- 3.26)

1.87 (0.24- 4.45)

1.90 (0.25- 4.72)

Semito

1.53 (0.13- 3.07)

1.70 (0.13- 41.2)

1.72 (0.13- 4.62)

Table 3. Means of simulated grain yield (kg ha-1) of two wheat cultivars (Vitron and Semito)
for three sowing dates; in parentheses are the lowest and highest simulated values
Cultivars
1 Nov (DOY 305)
26 NOV (DOY 330)
20 Dec (DOY 360)
Vitron

1943 (197- 4602)

2039 (246- 4611)

2270 (250- 5756)

Semito

1631 (110- 4277)

1806 (117- 4315)

2000 (152- 4620)

Table 4. Analysis of Variance of simulated wheat yields as a function of management factors and
climatic year (20 years of weather data).
Source
Sum of Squares
Df1
P-Value
Model
Residual
Total

1.05 109
5.52 108
1.60 109

Df1 : degrees of freedom
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Table 5. Multi-factor analysis of variance results
Factors
Sowing date
Cultivar
Plant Density
Fertilizer N rate
Rainfall
Sowing*Cultivar
Sowing*Density
Sowing*Fertilizer N rate
Sowing*Rainfall
Cultivar*Density
Cultivar*Fertilizer N rate
Cultivar*Rainfall
Density*Fertilizer N rate

Sum of Squares
4.11 106
0.10 106
2.09 106
8.81 106
9.69 108
0.33 106
0.13 106
1.22 106
9.56 106
0.03 106
0.21 106
0.47 106
0.08 106

Density*Rainfall
Fertilizer N rate*Rainfall
Residual
Total (corrected)

3.83 106
1.55 107
5.52 108
1.60 109

Df1

P-Value
2
1
2
2
1
2
4
4
2
2
2
1
4

0.0207
0.6545
0.1379
0.0003
0.0000
0.7311
0.9929
0.6766
0.0001
0.9688
0.8539
0.3451
0.9974

2
2
1046
1079

0.0269
0.0000

Df1 : degrees of freedom.

2. Nitrogen Rates
Simulations were run for 20 growing seasons, 2
cultivars (Vitron and Semito), and 3 nitrogen fertilizer
levels (0, 60 and 180 kg N. ha-1), to establish suitable
rates for Tiaret.
The simulation results as indicated in Table (2) show
a similar response to fertilizer N for both cultivars. The
highest simulated yields were always obtained for the 180
kg N.ha-1 rate and the lowest yields for the 0 kg N ha-1rate
(Fig.3), but the relative difference between the two
extremes was rather small (less than 15%). A singlefactor ANOVA between nitrogen rates and yield revealed
significant differences only between the 0 and 60 kg N
ha-1rates (p=0.01). The intermediate rate should thus be
recommended, a figure close to actual practice.
In a similar analysis in southern Italy with the
CERES-Wheat model, Rinaldi (2004) reported an
optimum application rate of 100 ± 20 kg N ha-1 for durum
wheat.
Long-term simulations of both RZWQM and CERES
for winter wheat growth using historical weather data
showed that a fertilizer broadcast rate of 56 kg ha-1 N was
a viable option in eastern Colorado (Saseendran et al.,
2004), where the seasonal rainfall during crop growth is
similar to that of Tiaret.

3. Sowing Date
Simulations were run for three sowing dates: DOY
305 (1 Nov.), DOY 330 (26 Nov.) and DOY 360 (20
Dec.) over the 20-yr period (1986-2005) to illustrate the
effect of the planting dates and variety technology
strategies. The highest simulated yields were obtained for
the late sowing (DOY 360) and the lowest simulated
yields for the early sowing (DOY 305), for both cultivars
(Fig. 3 and Table 4). A single-factor ANOVA between
dates and yield showed significant differences (P<0.01)
between the three sowing dates. This pattern may be
explained by two reasons. With the early sowing (1
November), the growth of wheat seedling was affected by
relatively high air temperatures, resulting in lower yield
potentials. Conversely, late sowing in December
preserved soil moisture and reduced drought stress in the
final growth stages.
The literature on the effect of sowing date for wheat
under Mediterranean or semi-arid environments is
generally in agreement with our findings. The simulation
analysis by Ouda et al.(2005), using CERES-Wheat
(within DSSAT v3.0) in Egypt indicated that the highest
grain yields were as obtained when wheat was sown in
early December compared to earlier dates. Under rainfed
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environments in western Asia, Morocco and Jordan,
Heng et al. (2007) indicated that there was no advantage

in sowing earlier than November with the APSIMNwheat model.

Vitron

Simulated grain yield
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2
1,5
1
0,5
0
1

2

3

Nitrogen rates

Semito
Simulated grain yield

2,5
2
1,5
1
0,5
0
1

2

3

Nitrogen rates
Fig. 3. Predicted winter wheat grain yields (t DM ha-1, ± 1 s.e. of mean) with three nitrogen application rates
(0, 60, and 180 kg N ha-1) at Tiaret (1986-2005).
However, some references point to opposite trends.
Stapper and Harris (1989) estimated that wheat grain
yield declined by 4.2% every week when sowing was
delayed after the beginning of November in Syria, using a
simulation model. Similarly, Pecetti and Hollington
(1997), applied CERES-Wheat to simulate the growth
and yield of durum wheat in two diverse Mediterranean
environments (northern Syria and eastern Sicily), and
found yields to be highest with early sowing (1
November) and lowest with late sowing (20 December).
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This contradiction with our results may be explained by a
different pattern of rainfall distribution throughout the
growing season in the latter cases, compared to Tiaret. In
the Syria location, Pecetti and Hollington (1997) for
instance, 85% of the seasonal rainfall occurred by the end
of December, while in the Sicilian location the total
rainfall was unusually high, and about double the Tiaret
average. This underlines the marked regional and interannual variations in rainfall patterns across the
Mediterranean basin.
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Simulated grain yield
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2
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Sowing dates
Fig. 4. predicted winter wheat grain yield (t.ha-1) with three sowing dates from the farm ITGC at
Tiaret (1986-2005). Bars indicate bars one standard error of the mean.
Interactions
Simulations were run for all combinations of
management practices (cultivar, sowing dates, plant
density and fertilizer nitrogen rates) over the 20-year
period.
Figure (5) summarizes the results of grain yield
simulated in relation to two cultivars (Vitron and
Semito), with the three sowing dates, fertilizer N rates,
and plants densities individually presented in the above
paragraphs.
The results of the multi-factor ANOVA on grain

yields in relation to climatic year and all management
options evidenced significant effects of all factors
(p=0.001, Table 4). The inter-annual variability of
climate (and essentially seasonal rainfall) accounted for
95% of the overall variance of simulated yields, while the
agronomic factors explained 0.1 to 1% of the remaining
variance (the residual variance being negligible; Table 5).
The following ranking emerged for the influence of
individual management factors:
fertiliser N rate > sowing date > cultivar > density.
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Fig. 6. Regression analysis of simulated grain yield and rainfall for cultivar Vitron (a) and Semito (b).
To elicit the effect of climate year, we regressed the
simulated yields against the seasonal rainfall amounts, and
obtained a positive, significant relationship R2=0.62 and
0.71 for cultivar Vitron and Semito, respectively; (Fig.6)
The multi-factor ANOVA on simulated grain yields
(Table 5) evidenced significant interactions between
rainfall and planting dates (P=0.001) and fertiliser N
rates (P =0.0001), although they accounted for only of the
fraction of the variance explained by the agronomic
factors taken individually.
4. DISCUSSION
4.1 Management, Climate and Genotype Interactions
Clearly, cv. Vitron yielded more than cv. Semito

across the ensemble of the technology combinations
tested here, which indicates a contrasted behaviour
between the two genotypes. A possible explanation lies in
their genetic coefficients, as derived in an earlier study
(Rezzoug et al., 2008; Table 1). Compared to Vitron,
Semito required about 100 more degree-days more for
grain filling, reflecting its longer growing cycle. This
hampered its yield potential compared to cv. Vitron
because it’s matured later into the spring, as the climate
got drier. Because yield predictions by DSSAT are
controlled by genetic coefficients, proper characterisation
of these parameters is crucial to simulate crops' behaviour
in new environments.
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Compared to the crop management practices as a
whole, seasonal rainfall played an overwhelming role in
determining the yields, explaining a major part of their
total variance. The ANOVA showed that yields were very
significantly affected by the amount of seasonal rainfall
(P<0.001). Fig. (7) gives a graphical representation of
monthly rainfall during the wheat growing season (from
October to June), over the 20 years considered. The total
amounts of rain varied among seasons, as well as the
distribution within seasons. Of the 20 seasons, seven
were very dry with less than 250 mm of rainfall, four
were relatively wet with more than 350 mm rainfall. The
greatest decrease in simulated yield occurred in dry
seasons with severe spring drought. An increase in
rainfall with an even rainfall distribution resulted in an
increase in the simulated yield, as was for example the
case during the (1995-1996) season (Fig.7). Rainfall
distribution also interacted with sowing date in
determining the final yield, since the latter affected the
time of anthesis and hence the susceptibility of wheat to
declining rainfall in the spring during the critical grain
filling period. The interactions of rainfall with fertilizer N
rate were also significant (P=0.01), and stem from the
fact that soil N availability became a limiting factor in the
unfertilized treatments in the relatively wet years. This
relationship was probably enhanced in the case of the
higher-yielding cultivar Vitron, although both cultivars
had a similar response to fertilizer inputs. Similar reasons
may explain the interaction of rainfall with planting
densities, although it was slightly less significant (P
=0.02).
As evidenced in the Results section, it appears that the
time-windows for ‘early’ and ‘late’ sowing vary across
the Mediterranean zone, from region to region. There is
thus no clear and common optimum planting date for
wheat in such environments, and particular dates should
be sought depending on local climate and soil conditions.
Because traditional experimentation is time-consuming
and costly, model simulations and output analysis have
an essential role to play in fostering this understanding of
management options such as those explored here.
DSSAT, thus has the ability to considerably reduce the
time and cost of field experimentations necessary for
adequate evaluation of new or existing cultivars and
novel management practices. Another benefit from such
model-based application consists of simulating the
climatic change scenarios and their impacts on wheat
response to management factors (cultivar, nitrogen,

density and sowing date). The model could be useful to
manage the associated risks for wheat production in this
region, and design adaptation strategies.
4.2 Strategic Management Recommendations
Farmers may readily adopt improved technologies
that can contribute to increase crop productivity. The
work carried out here may be helpful in that respect since
it pointed at strategies to optimize wheat yields in the
Tiaret area in terms of variety, time of sowing, planting
density and fertilizer N application.
Overall, simulated yields were little affected by
planting density, but using the lowest density (200 plants
m-2) does not appear as a viable strategy, therefore the
intermediate density of 300 m-2 should be recommended.
Conversely, fertilizer N rate had a notable effect on
grain yields in the lower range tested here, between 0 and
60 kg N ha-1. The model also revealed significant
differences between cultivars, with an overall 10% higher
potential for the short-duration genotype Vitron.
Sowing date is crucial in the area of Tiaret, and
logically emerged as the most important management
factor influencing grain yield. The model simulated a
large yield increase of 0.66 t grain DM ha-1 on average
when sowing was done in late December compared to
early November, in combination with optimum N
fertilizer rate, cultivar and plant density. However,
seasonal rainfall was the prime factor determining wheat
yields. As the model utilized 20 years of weather data for
the selection of management strategies, it could capture
the strong effect of inter-annual variability of the
outcome of these strategies, and allowed a robust
assessment compared to earlier studies based on single
years Pecetti and Hollington (1997).
Our analysis based on the DSSAT model corroborates
the advice currently given to farmers in the Tiaret area to
delay planting till December.
The overall practical conclusion of this modelling
work is that wheat production is optimal with a shortcycle cultivar such as Vitron, a plant density of 300 plants
m-2 , a fertilizer N rate of 60 kg N ha-1, and planting in the
last decade of December.
The model thus proved useful in assessing the effects
of climatic variation on crop productivity by using
simulated means and cumulative probability. In future
work, it may be used to predict the impact of the
projected climate changes on wheat yields in the area,
which was pointed out as particularly vulnerable due to
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increased drought and extreme temperature events. Thus,
the DSSAT model would provide guidance in the
selection of optimal management strategies for
sustainable wheat production in the Mediterranean.
5. CONCLUSION
Model application is a new phenomenon in the
Algerian agricultural research system.
Our results indicate that wheat yield markedly depends
on rainfall amount and seasonal distribution. The degree
of variation yield with rainfall and management practices
is difficult to quantify from experimentation alone. Thus,
the approach of simulating wheat yield as a function of
various management factors (cultivar, nitrogen, seed rate
and sowing date) combined with long-term climatic data
series is able to provide information for agronomic
decision making. Simulation modelling provides a unique

REFERENCES
Alexandrov, V., Hoogenboom, G. 2001. Climate Variations
and Agricultural Crop Production in Georgia, USA.
Clim. Res. 17, 33-43
Boote, K.J., Jones, J.W., Pickering, N.B. 1996. Potential
uses and limitations of crop models. Agron J., 88, 704716.
Gabrielle, B., Kengni, L. 1996. Analysis and field-evaluation
of the CERES models’ soil components: nitrogen
transfer and transformations. Soil Sci. Soc. Am. J., 60,
142-149.
Gabrielle, B., Denoroy, P., Gosse, G., Justes, E., Andersen,
M.N., 1998. Development and evaluation of a CEREStype model for winter oilseed rape. Field Crops Res., 57,
95-111.
Ghaffari, A., Cook, H.F., Lee, H.C. 2001. Simulating winter
wheat yields under temperate
conditions: exploring different management scenarios. Eur.
J. Agron., 15, 231-240.
Heng, L.K., Asseng, .S., Mejahed, K., Rusan, M. 2007.
Optimizing wheat productivity in two rain-fed
environments of the West Asia-North Africa region
using a simulation model. Eur. J. Agron., 26, 121-129.
Hoffmann, F., Ritchie, J.T. 1993. Model for slurry and
manure in CERES and similar models. J. Agron. Crop
Sci., 170, 330-340.

- 146 -

means of integrating all these factors. Our statistical
analysis of the DSSAT-Wheat model outputs confirmed
that this model could be used to select the most
appropriate strategy prior for conducting field
experiments, to optimize yield gains and/or minimize
losses. Here, we concluded that cultivar Vitron had the
highest potential yields and identified optimal
management options. The DSSAT-wheat model could
therefore be used as a valuable decision making tools for
risk management in the Tiaret region and it will be used
in a near future to seek strategies to mitigate the impact of
projected future climate changes in Algeria.
ACKNOWLEDGEMENTS
This work was supported by the governments of
Algeria and France through their joint Research Funding
Program.

Hoogenboom, G., Jones, J.W., Porter, C.H., Wilkens, P.W.,
Boote, K.J., Batchelor, W.D., Hunt, L.A., Tsuji, G.Y.
2003. DSSAT version 4 vol. 1. University of Hawaii,
Honolulu, HI.
Hoogenboom, G., Jones, J.W., Cherly, H., Porter, C.H.,
Boote, K.J., Batchelor, B., Hunt, T., Gijsman, A.,
Wilkens, P., Singh, U., Bowen, W. 2004. DSSAT
version4 vol. 2. University of Hawaii, Honolulu, HI.
Hunkár, M. 1994. Validation of crop simulation model
CERES-Maize. Quarterly Journal of Hungarian
Meteorology Series, 98, 37-46.
International Benchmark Sites Network for Agrotechnology
Transfer. 1993. The IBSNAT Decade. Department of
Agronomy and Soil Science, College of Tropical
Agriculture and Human Resources, University of
Hawaii, Honoluly, Hawaii.
Jagtap, S.S., Abamu, F.J., Kling, J.G. 1999. Long-term
assessment of nitrogen and variety
technologies on attainable maize yields in Nigeria. Agric.
Syst., 60, 77-86.
Jamieson, P.D., Porter, J.R., Goudriaan, J., Ritchie, J.T., van
Keulen, H., Stol, W. 1998. A comparison of the models
AFRCWHEAT2, CERES-Wheat, Sirius, SUCROS2 and
SWHEAT with measurements from wheat grown under
drought. Field Crops Res., 55, 23-44.
Jones, C.A, Kiniry, J.R. 1986. CERES-Maize: A simulation
model of maize growth and development. Texas A&M

Dirasat, Agricultural Sciences, Volume 36, No. 2, 2009
University Press. College Station, Texas.
Jones, J.W., Tusji, G.Y., Hoogenboom, G., Hunt, L.A.,
Thornton, P.K., Wilkens, P.W., Imamura, D.T., Bowen,
W.T., Singh, U. 1998. Decision support system for
agrotechnology transfer; DSSAT version 3. In: Tusji,
G.Y. Hoogenboom, G, Thornton, P.K. ed, Understanding
options for agricultural production. Kluwer academic
publishers, Dordrecht, the Netherlands, 157-177.
Landau, S., Mitchell, R.A.C., Barnett, V., Colls, J.J.,
Craigon, J., Moore, K.L., Payne, R.W. 1998. Testing
winter wheat simulation models’ predictions against
observed UK grain yields. Agric. For. Meteorol., 89, 8599.
Ouda, S. A., El-Marasafawy, S.M., El-Kholy, M.A.,
Gaballah, M.S. 2005. Simulating the effect of water
stress and different sowing dates on wheat production in
south delta. Journal of Applied Sciences Research, 3,
268-276.
Paz, J.O., Batchelor, W.D., Babcock, B.A., Colvin, T.S.,
Logsdon, S.D., Kaspar, T.C., Karlen, D.L. 1999. Modelbased technique to determine variable rate nitrogen for
corn. Agric. Syst., 61, 69-75.
Pecetti, L., Hollington, P.A. 1997. Application of the
CERES-Wheat simulation model to durum wheat in two
diverse Mediterranean environments. Eur. J. Agron., 6,
125-139.
Rezzoug, W., Gabrielle, B., Suleiman, A., Benabdeli, K.
2008. Application and Evaluation of the DSSAT-Wheat
in the Tiaret region of Algeria Africa. J. Agric. Res., 3,
284-296.
Rinaldi, M. 2004. Water availability at sowing and nitrogen
management of durum wheat: a seasonal analysis with
CERES-Wheat model. Field Crops Res., 89, 27-37.
Ritchie, J.T., Otter, S. 1985. Description and performance of
CERES-Wheat: a user-oriented wheat yield model. In:
ARS Wheat Yield Project. ARS-38.Natl Tech Info Serv,
Spring-field, Missouri, 159-175.
Ruiz-Nogueira, B., Boote, K.J., Sau, F. 2001. Calibration
and use of CROPGRO-soybean
model for improving soybean management under rainfed

conditions in Galicia, Northwest Spain. Agric. Syst. 68,
151-173.
Saarikko, R.A., 2000. Applying a site based crop model to
estimate regional yields under
current and changed climates. Ecol. Modell., 131, 191-206.
Saseendran, S.A., Nielsen, D.C., Ma, L., Ahuja, L.R.,
Halvorson, A.D. 2004. Modelling nitrogen management
effects on winter wheat production using RZWQM and
CERES-Wheat. Agron. J., 96, 615-630.
Sarkar, R., Kar, S. 2006. Evaluation of management
strategies for sustainable rice-wheat cropping system
using DSSAT seasonal analysis. Journal of Agricultural
Science. Cambridge University Press., 144, 421-434.
Stapper, M., Harris, H.C. 1989. Assessing the productivity
of wheat genotypes in a Mediterranean climate, using a
crop simulation model. Field Crops Res., 20, 129-152.
Tsuji, G.Y., Uehara, G., Balas, S. 1994. A Decision Support
System for Agrotechnology Transfer, DSSAT, version 3,
vols 1-3. University of Hawaii, Honolulu, Hawaii.
Tsuji, G.Y. 1998. Network management and information
dissemination for agrotechnology transfer. In: Tusji,
G.Y.,Hoogenboom,G.,Thornton, .K ed, Understanding
options for agricultural production. Kluwer academic
publishers, Dordrecht, the Netherlands, 367-381.
Uehara, G., Tusji, G.Y., 1991. Progress in crop modelling in
the IBSNAT project. In: Muchow R.C, Bellamy J.A,
Eds, Climatic Risk in crop production: Models and
Management for the Semiarid Tropics and Subtropics.
CAB International, Wallingford, UK., 143-156.
Uehara, G. 1998. Synthesis. In: Tusji, G.Y., Hoogenboom,
G., Thornton, P.K. Ed, Understanding options for
agricultural production. Kluwer academic publishers,
Dordrecht, the Netherlands, 389-392.
USDA., 1972. Soil Conservation Service. National
engineering
handbook
section
4:
Hydrology.
Washington, D.C., USA: United States Department of
Agriculture.
Zalud, Z., Stralkova, R., Pokorny, E., Podesvova, J. 2001.
Estimation of winter wheat nitrogen stress using the
CERES crop model. Rostl. Vyroba., 47, 253-259.

- 147 -

…Assessing Wheat Management

Wafa Rezzoug, Benoit Gabrielle

ﺘﻘﻴﻴﻡ ﺨﻴﺎﺭﺍﺕ ﺇﺩﺍﺭﺓ ﺇﻨﺘﺎﺝ ﺍﻟﻘﻤﺢ ﺒﻤﻨﻁﻘﺔ ﺘﻴﺎﺭﺕ ﻓﻲ ﺍﻟﺠﺯﺍﺌﺭ ﺒﺎﺴﺘﻌﻤﺎل ﺍﻟﻨﻤﻭﺫﺝ DSSAT

ﻭﻓﺎﺀ ﺭﺯﻭﻕ ﻭﺒﻴﻨﻭﺍ ﻏﺎﺒﺭﻴﺎل*

ﻤﻠﺨﺹ
ﺇﻥ ﻨﻤﺎﺫﺝ ﺍﻟﺘﻨﺒﺅ ﺒﺎﻟﻤﺤﺎﺼﻴل ﻫﻲ ﺃﺩﻭﺍﺕ ﻤﻬﻤﺔ ﻓﻲ ﻤﻴﺩﺍﻥ ﺍﻟﺒﺤﺙ ﻭﺘﺼﻤﻴﻡ ﻨﻅﻡ ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﺯﺭﺍﻋﻴﺔ ﻭﻓﻲ ﺍﻟﻤﺴﺎﻋﺩﺓ ﻓﻲ ﺍﺘﺨﺎﺫ
ﺍﻟﻘﺭﺍﺭ ﻤﻊ ﺍﻷﺨﺫ ﺒﻌﻴﻥ ﺍﻻﻋﺘﺒﺎﺭ ﺍﻟﻅﺭﻭﻑ ﺍﻟﻤﺤﻠﻴﺔ ﺍﻟﻤﺘﻌﻠﻘﺔ ﺒﺎﻟﻤﻨﺎﺥ ﻭﺍﻟﺘﺭﺒﺔ.
ﻭﻴﺒﺩﻭ ﻫﺫﺍ ﻤﻔﻴﺩﹰﺍ ﻓﻲ ﺍﻟﺒﻴﺌﺎﺕ ﻗﻠﻴﻠﺔ ﺍﻟﻤﻴﺎﻩ ،ﺨﺎﺼﺔ ﻟﻭﻀﻊ ﺍﺴﺘﺭﺍﺘﻴﺠﻴﺎﺕ ﻟﻠﺘﺨﻔﻴﻑ ﻤﻥ ﺍﻵﺜﺎﺭ ﺍﻟﺴﻠﺒﻴﺔ ﻟﻠﺠﻔﺎﻑ ﻋﻠﻰ ﺍﻟﻤﺤﺎﺼﻴل .
ﺇﻥ ﺍﺴﺘﺨﺩﺍﻡ ﻨﻤﺎﺫﺝ ﺍﻟﻤﺤﺎﺼﻴل ﻴﺠﻌل ﻤﻥ ﺍﻟﻤﻤﻜﻥ ﺍﺴﺘﻜﺸﺎﻑ ﺍﻟﻌﺩﻴﺩ ﻤﻥ ﺍﻟﺘﺸﻜﻴﻼﺕ ﻭﺘﺤﺩﻴﺩ ﺃﻓﻀل ﺍﻟﺨﻴﺎﺭﺍﺕ ﺍﻟﻤﺘﺎﺤﺔ ﻭﺘﺠﻨﺏ
ﺍﻟﺤﺎﺠﺔ ﺇﻟﻰ ﺇﻗﺎﻤﺔ ﺍﻟﺘﺠﺎﺭﺏ ﺍﻟﻤﻴﺩﺍﻨﻴﺔ ﺍﻟﻤﻜﻠﻔﺔ.
ﻴﻌﺩ ﺍﻟﻤﺎﺀ ﻓﻲ ﺍﻟﺠﺯﺍﺌﺭ ﻤﻥ ﺍﻟﻌﻭﺍﻤل ﺍﻟﺭﺌﻴﺴﺔ ﺍﻟﺘﻲ ﺘﺤﺩ ﻤﻥ ﻏﻼل ﺍﻟﻘﻤﺢ ،ﻭﻤﻥ ﺍﻟﻤﺘﻭﻗﻊ ﺇﻥ ﻴﺯﺩﺍﺩ ﺍﻷﻤﺭ ﺴﻭﺀﹰﺍ ﻓﻲ ﺍﻟﻤﺴﺘﻘﺒل
ﺍﻟﻘﺭﻴﺏ ﺒﺴﺒﺏ ﺘﻐﻴﺭ ﺍﻟﻤﻨﺎﺥ.
ﻟﻘﺩ ﺍﺴﺘﺨﺩﻤﻨﺎ ﺍﻟﻨﻤﻭﺫﺝ  ،Wheat-TDSSAﻻﺴﺘﻜﺸﺎﻑ ﻤﺨﺘﻠﻑ ﺍﻻﺴﺘﺭﺍﺘﻴﺠﻴﺎﺕ ﻹﺩﺍﺭﺓ ﺇﻨﺘﺎﺝ ﺍﻟﻘﻤﺢ ﻓﻲ ﻤﻨﻁﻘﺔ ﺘﻴﺎﺭﺕ ﺍﻟﻭﺍﻗﻌﺔ
ﺸﻤﺎل ﻏﺭﺏ ﺍﻟﺠﺯﺍﺌﺭ ،ﻭﻫﺫﺍ ﺍﻟﻨﻤﻭﺫﺝ ﺴﺒﻕ ﺍﺨﺘﺒﺎﺭﻩ ﻟﻤﺩﺓ ﺜﻼﺙ ﺴﻨﻭﺍﺕ ﺒﺘﺠﺎﺭﺏ ﻤﻴﺩﺍﻨﻴﺔ ﻋﻠﻰ ﻤﺤﺎﺼﻴل ﺍﻟﺤﺒﻭﺏ.
ﺘﻡ ﺍﻟﺘﻨﺒﺅ ﺒﺎﺴﺘﺨﺩﺍﻡ ﺒﻴﺎﻨﺎﺕ ﺍﻟﻁﻘﺱ ﻓﻲ ﻋﺸﺭﻴﻥ ﺴﻨﺔ ﻟﻭﻀﻊ ﺍﻻﺤﺘﻤﺎﻻﺕ ﻹﺩﺍﺭﺓ ﻤﺠﻤﻭﻋﺎﺕ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺍﻟﻌﻭﺍﻤل ﻤﺜل ﻜﺜﺎﻓﺔ
ﺍﻟﺯﺭﻉ؛ ﻜﻤﻴﺔ ﺍﻷﺴﻤﺩﺓ ﺍﻟﻨﻴﺘﺭﻭﺠﻴﻨﻴﺔ؛ ﻤﻭﻋﺩ ﺍﻟﺯﺭﻉ ﻭﺼﻨﻑ ﻨﺒﺎﺕ ﺍﻟﻘﻤﺢ.
ﺩﻟﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻋﻠﻰ ﺍﻥ ﺍﻟﺘﻐﻴﺭﺍﺕ ﺍﻟﻤﻨﺎﺨﻴﺔ )ﻫﻁﻭل ﺍﻷﻤﻁﺎﺭ( ﺘﻤﺜل  ٪95ﻤﻥ ﻤﺠﻤل ﺍﻟﻔﺭﻕ.
ﺃﻤﺎ ﻓﻴﻤﺎ ﻴﺘﻌﻠﻕ ﺒﺈﺩﺍﺭﺓ ﺍﻟﻤﺤﺎﺼﻴل ﻭﻤﻭﻋﺩ ﺍﻟﺒﺫﺭ ﻓﻬﻲ ﺃﻜﺜﺭ ﺍﻟﻌﻭﺍﻤل ﺘﺄﺜﻴﺭﹰﺍ ﻓﻲ ﺍﻟﺯﺭﺍﻋﺔ ﻴﻠﻴﻬﺎ ﻋﺎﻤل ﺍﻟﺼﻨﻑ ﻭﺍﻷﺴﻤﺩﺓ.
ﻜﺎﻥ ﻫﻨﺎﻙ ﺘﺄﺜﻴﺭ ﻀﺌﻴل ﻋﻠﻰ ﻏﻼل ﺍﻟﻘﻤﺢ ﺤﻴﻥ ﻨﺄﺨﺫ ﺴﺘﻴﻥ ﻜﻴﻠﻭﺠﺭﺍﻤ ﹰﺎ ﻤﻥ ﺍﻷﺴﻤﺩﺓ ﺍﻟﻨﻴﺘﺭﻭﺠﻴﻨﻴﺔ ﻓﻲ ﺍﻟﻬﻜﺘﺎﺭ ﺍﻟﻭﺍﺤﺩ؛ ﻭﻟﻡ ﻴﻜﻥ
ﻟﻪ ﺃﺜﺭ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻜﺜﺎﻓﺔ ﺍﻟﺯﺭﻉ.
ﻭﻨﺘﻴﺠﺔ ﻟﺫﻟﻙ ﻭﻤﻊ ﺍﻟﻤﻨﺎﺥ ﺍﻟﺤﺎﻟﻲ ﻓﺈﻥ ﺍﻹﺩﺍﺭﺓ ﺍﻟﻤﺜﻠﻰ ﺘﺘﻤﺜل ﻓﻲ ﺍﻟﺒﺫﺭ ﺨﻼل ﺍﻷﺴﺒﻭﻉ ﺍﻷﻭل ﻤﻥ ﺸﻬﺭ ﻜﺎﻨﻭﻥ ﺍﻷﻭل ﻭﺃﺨﺫ ﻜﺜﺎﻓﺔ
ﺍﻟﺯﺭﻉ ﺒﺤﻴﺙ ﺘﺴﺎﻭﻱ ﺜﻼﺜﺔ ﻤﺎﺌﺔ ﺒﺎﻟﻤﺘﺭ ﺍﻟﻤﺭﺒﻊ ﻭﺃﺨﺫ ﺴﺘﻴﻥ ﻜﻴﻠﻭﺠﺭﺍﻤ ﹰﺎ ﻤﻥ ﺍﻷﺴﻤﺩﺓ ﺍﻟﻨﻴﺘﺭﻭﺠﻨﻴﺔ ﻓﻲ ﺍﻟﻬﻜﺘﺎﺭ ﺍﻟﻭﺍﺤﺩ ﻭﺍﻨﺘﻘﺎﺀ ﺼﻨﻑ
ﺍﻟﻘﻤﺢ ﻓﻴﺘﺭﻭﻥ.
ﻭﻫﻜﺫﺍ ﻴﺒﺩﻭ ﺃﻥ ﻨﻤﻭﺫﺝ ﺍﻟﺘﻨﺒﺅ ﻗﺎﺩﺭ ﻋﻠﻰ ﺍﻟﺘﻤﻴﻴﺯ ﺒﻴﻥ ﻤﺠﻤﻭﻋﺔ ﻤﻥ ﺍﻟﺨﻴﺎﺭﺍﺕ ﻹﺩﺍﺭﺓ ﻭﺘﺤﺩﻴﺩ ﺃﻓﻀل ﻤﺯﻴﺞ ﻟﺭﻓﻊ ﺇﻨﺘﺎﺝ ﺍﻟﻘﻤﺢ ﻓﻲ
ﻅل ﺍﺯﺩﻴﺎﺩ ﺘﻘﻠﺏ ﺍﻟﻁﻘﺱ ،ﻜﻤﺎ ﺴﻭﻑ ﻴﺴﺘﺨﺩﻡ ﻓﻲ ﺍﻟﻤﺴﺘﻘﺒل ﺍﻟﻘﺭﻴﺏ ﻓﻲ ﺍﻟﺒﺤﺙ ﻋﻥ ﺍﺴﺘﺭﺍﺘﺠﻴﺎﺕ ﻟﻠﺘﺨﻔﻴﻑ ﻤﻥ ﺁﺜﺎﺭ ﺍﻟﺘﻐﻴﺭﺍﺕ
ﻼ.
ﺍﻟﻤﻨﺎﺨﻴﺔ ﺍﻟﻤﺘﻭﻗﻌﺔ ﻓﻲ ﺍﻟﺠﺯﺍﺌﺭ ﻤﺴﺘﻘﺒ ﹰ
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻷﺴﺎﺴﻴﺔ :ﺍﻟﻘﻤﺢ؛ ﺍﻟﺠﺯﺍﺌﺭ؛ ﺇﺩﺍﺭﺓ ﺍﻟﻤﺤﺎﺼﻴل؛ ﺍﻟﺘﻨﺒﺅ ﺒﺎﻹﻨﺘﺎﺝ؛ ﻨﻤﺫﺠﺔ ﺍﻟﻤﺤﺎﺼﻴل؛ .DSSAT

________________________________________________

* ﻗﺴﻡ ﺍﻟﻌﻠﻭﻡ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻭﺍﻟﺒﻴﻭﻟﻭﺠﻴﺔ ،ﺠﺎﻤﻌﺔ ﺍﺒﻥ ﺨﻠﺩﻭﻥ ،ﺘﻴﺎﺭﺕ ،ﺍﻟﺠﺯﺍﺌﺭ ،ﻤﻌﻬﺩ ﺒﺎﺭﻴﺱ ﺍﻟﺘﻘﻨﻲ ﻟﻠﻌﻠﻭﻡ ﺍﻟﺯﺭﺍﻋﻴﺔ .ﺘﺎﺭﻴﺦ ﺍﺴﺘﻼﻡ
ﺍﻟﺒﺤﺙ  ،2009/1/21ﻭﺘﺎﺭﻴﺦ ﻗﺒﻭﻟﻪ .2009/8/4
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