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Abstract
Generally, Barley yields vary less under changing weather
conditions than those of wheat and most other small grains. A field
trials in National Institute of Agricultural Research of Tunisia (INRAT)
experimental station in Kef region (Tunisia) during twelve cropping
seasons (2008-2019) was conducted to study the relationships
between agroclimatic indices and average yields of Imen barley
BYDV resistant variety compared to the most important spring
barley (Hordeum vulgare L.) varieties (Manel and Rihane). In this
paper, results are used as a control to estimate potential impacts of
climate change scenarios and pedological conditions on anticipated
average yields and total production of these commodities in Kef
region by the 2058 period. The agronomic crop model Cropsyst was
used to assess the impacts of increased temperature on growth
and development varieties shown below in Tunisia, and to examine
possible adaptation strategies. The analysis was based on multi-year
crop model simulations run with daily weather series 2020-2058 that
allowed two average yield levels: Grain and biomass. The impacts
of 0.2 °C temperature rise obtained by weather generator ClimGen
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included in Cropsyst on potential yields are positive and induced
an increase of 14.4 %/ha for Imen in comparison with Manel 13.7
% and Rihane 10.1 %. Based on a range of available heat units
projected by multiple General Circulation Model experiments, a
climate change scenario representing +1 °C temperature rise was
also applied for the same period and using the same generator.
With 1°C temperature rise, average yieldsachievable in field trials
could decrease in long term by about 0,16 q/ha (Rihane) and 0.46 t/
ha (Manel) (4.7 % and 14 %). Cropsyst yield data, however, indicate
an increase of 0.5 % with +1°C temperature rise suggesting the
resilience of Imen barley grain production, compared to the two
varieties Manel and Rihane.
Keywords: Barley; Climate change; Temperature rise; Variety;
Yields

Introduction
According to Ray et al. [1], climate change, contributes to yield
stagnation or yield declines in some major global breadbaskets. Threats
to food security as a result of anthropogenic climate change include
direct impacts on crop production from changes in water availability,
salinisation and temperature, as well as indirect impacts from changes
in disease and pest prevalence [2-4]. These threats must be tackled
through a variety of approaches that include different models of
economic development, altered patterns of international trade and
improved targeting of agricultural investments [5]. Determining the
areas where crop yields would be sensitive to the effects of climate
change is essential for establishing effective and timely adaptation
strategies [6]. For example, wheat yields in countries with very high
yield potential such as Russia [7] would be almost 15% higher without
these limiting climatic trends [8]. With its wide environmental range,
different end uses and wide variety of users, barley has emerged as an
excellent model for both investigating and responding to the impacts
of various climate change scenarios [9]. According to Dawson et al.
[10], barley (Hordeum vulgare ssp. vulgare) is an excellent model
for understanding agricultural responses to climate change. Its initial
domestication over 10 millennia ago and subsequent wide migration
provide striking evidence of adaptation to different environments,
agro-ecologies and uses. Furthermore, barley yields are generally
considered to vary less under changing weather conditions than those
of wheat and most other small grains [11,9]. Illustrates the annual
mean of barley yields during 1984-2017 cropping seasons in Tunisia,
which varies between 1.3 and 14.8 q/ha with a general average yield
of around 7.5 q/ha. The yields were low and exhibited fluctuations,
primarily due to volatile climate conditions. Moreover, separating the
potential effects of climate change on crop yields from the effects
of socioeconomic and institutional changes is challenging [12].
Statistical models, which predict yields through observed yields and
historical weather data, can estimate the impacts of climate change
on crop yields [13]. According to Lobell et al. [8], the way to better
understand these impacts of climate change on yields and to develop
effective adaptation strategies is to assess the extent to which historical
and recent crop yield trends have been affected by climate trends.
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Possible responses include avoidance (circumvention) of climaterelated stress factors based on shifts in the cultivation of varieties
adapted to planting in spring (spring types) versus autumn (winter
types). A realistic danger, however, is that such a response simply hides
the deeper complexities of climate adaptation. New introductions of
tolerance or resistance traits may be required to facilitate shifts based
on other abiotic and biotic pressures that have not been previously
experienced. The interactions between climate change and other
global challenges such as declining soil fertility and increasing
human populations [14] complicate these already complex issues,
and highlight that multiple pressures must be addressed in concert
[9]. Predicted higher temperatures could affect plant productivity in
several ways. They could modify the incidence of winterkill and reduce
vernalization [15]. Higher potential evapotranspiration could increase
crop water stress, further inhibiting yields. Temperature increases
will tend to reduce the length of the growing period, potentially
depressing overall biomass accumulation and yield [16,17]. Finally,
warmer temperatures could modify the rates of photosynthesis and
respiration, thus affecting crop growth rates [18,19].
A new barley resistant variety Imen carrying Yd2 gene was
selected and released for its high yield and biomass compared
to controls Manel and Rihane the most commonly grown barley
varieties in Tunisia [20]. The effect of climate change is estimated
by comparing barley varieties yields simulated with use of weather
series representing the present climate and the changed climate. The
weather series for the changed climate conditions were carried out by
weather generator parameters, which were derived from the observed
weather series and then modified according to the climate change
scenario.

and equations that have not linear form. For this reason, it is used
to determine the most appropriate form of barley function response
considering its surrounding conditions.
The crop growth model Cropsyst version 3_04_08 is used for its
ability to simulate barley yields for several consecutive years and to
establish relationship between input-output for barley production.
Yields and biomass and their changes over time are analyzed.
The results of extensive field experiments carried out on the
chosen site were used as a control. In all experiments the same spring
barley cultivar and same methodology of field trials was used. Such
selection of the experimental sites enabled us to test the climate
change impacts and adaptation strategies will significantly differ in
individual environmental conditions.

Input data for cropsyst model
For basic crop models, we have introduced the data relating to
the location, the climate of the region, soil characteristic and the
physiological parameters of each barley variety as well as the
description of the rotation system and fertilizers applied. These data
are necessary to make the following modules (Figure 1) interact with
each other.

The main objective of this study is to quantify the impacts of
changes in mean temperature and precipitation on barley yields from
1992 to 2018. The Cropsyst crop model is used in this study as a tool to
compare counterfactual yields without climate change with observed
yields and actual climate changes in Kef region that represent major
barley areas of Tunisia.

Materials and Methods
Data collection
Soil and climate data were collected from the Kef region. These
data concern the minimum and maximum temperature, precipitation,
wind speed, minimum and maximum relative humidity and solar
radiation of 27 years (1992-2018). The soil texture and physicochemical characteristics were taken from INRAT Kef experimental
station.

Crop model
The standard econometric approach, stemming from the
convergence of statistical inference and economic theory has
limitations in addressing the complex relationship between agriculture
and the natural environment and the economic environment [21,
22]. These limitations have led to adopt another approach more
original, using production functions engineer obtained by simulations
through the biophysical model “Cropsyst”. This model operates at a
daily time and the law of limiting factor intervenes to determine the
biomass (yield) [23]. Potential biomass is daily subjected to water,
salt and nitrogen stress. The biophysical model is governed by laws
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Figure 1: Cropsyst modules.
Source: Stockle and Nelson [24].

Location module
This contains information relating to altitude, latitude, stiffness
and slope length specifying the Kef region.

Climate file
Climate data collected from the meteorological station in Kef
region relating to the 27years (1992-2018).

Soil module
It contains a very detailed description of the soil texture of each
horizon (percentages of each element: sand, silt and clay), cation
exchange capacities and density. These data are necessary for the
model to calculate the hydraulic properties and the soil water balance
(runoff, infiltration, evaporation).

Technical itineraries module
In this file we have introduced, the same cultural operations
adopted in field trials conducted in Kef experimental region:
Volume 3 • Issue 2 • 025
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Crop module
Crop module includes the most sensitive parameters of the model.
These parameters are grouped by function, namely: classification,
sowing, growth, morphology, phenology, vernalization, photoperiod,
dormancy, harvest, residues, nitrogen nutrition, sensitivity to salts etc.
Default values for a number of crop types are provided by “Cropsyst”
and may need to be adjusted for local cultivars. Certain parameters
were collected from articles, and documentations or estimate by
specialists’ calculations.

for the corresponding item. Several parameters are generated. We
quote the main parameters (temperature and precipitation) on which
this work is based (Figure 3 and 4). Simulations carried out were restarted each year after harvest using the soil water content for the forty
years of weather data calculated using the initial soil water profile.

Crop cultivar
Location specifying the study area indicating its altitude, latitude,
stiffness and slope length, observed daily series of maximum and
minimum air temperature, precipitation, solar radiation, maximum
and relative minimum humidity and wind speed for 27 years from
1992 to 2018 were collected directly from the meteorological
station located in Kef region. Table 1 illustrates parameters used for
simulations.

Figure 2: ClimGen flowchart.
Source: Nelson [25].

Weather data
Observed local weather data were provided directly from the
meteorological station located in Kef region (northwest of Tunisia)
for the twenty seven-year period (1992-2018). These data concerned
location specifying the study area indicating its altitude, latitude,
stiffness and slope length, observed daily series of maximum and
minimum air temperature, precipitation, solar radiation, maximum
and minimum of relative humidity and wind speed.
Based on the fact that climate change, combined with other factors
surrounding cultures, could change the barley conditions in the future,
two daily weather series (2019-2058) for climate change impact and
adaptation analysis were produced via weather generator ClimGen in
Cropsyst (Figure 2).
These parameters were derived from the observed weather series
and used to generate series representing the future climate conditions
(a baseline scenario: 0.2°C temperature rise). If current rates of
anthropogenic greenhouse gas emissions (CO, CH, CFCs, N, O)
continue, it is projected that global mean surface temperatures will
increase 1.5°C to 4°C in the coming century (Intergovernmental
Panel on Climate Change, 1995 [20]). To generate series representing
changed climate conditions, the parameters of the generator were
modified according to climate change scenario with 1°C temperature
rise witch incorporated equal increase of 1°C in day time maxima and
nighttime minima of the temperature. These values were entered as
deltas which were added to the respective generated element values.
Adjustments are applied between the first and the last date entered

Figure 3: Annual mean observed (1992-2018) and generated (2019-2058)
temperature (°C).

Statistical analysis
The observed and simulated data were subjected to mean±
standard deviation, chi2 and correlation coefficient, using MS excel
2007 version.

Results and Discussion
Generated climate data (2019-2058)
The simulations carried out with ClimGen for the Kef region in
northern Tunisia, the country’s main cereal region, showed that with
the baseline climate data over 27 years (1992-2018) for 40 years
(2019-2058) the average temperature , which was 17.4 °C, will rise to
17.6 °C around the year 2058, showing an increase of 0.2 °C (Figure
3).

Location

Latitude

Longitude

Elevation

Annual Mean
Temperature

Annual Mean
Precipitation
(mm)

Kef

36°15ʾ

8°7ʾ

600 m

17.4

422.37

ET model

sowing
depth (cm)

Irrigation

Planting
date

Penman
Montieth

12

Rainfed

15-Nov

Fertilizer
DAP 100
kg/ha

Ammonium nitrate 100 kg/ha

Soil characteristics
Layer 0-15 cm

Layer 15-30 cm

Layer 30-45 cm

Ph

Depth

Clay 50 %

Silt 30 %

Sand 20 %

8.2

45 cm

Cultivar type

Seed

Barley: Manel, Rihane, Imen

Certified

Table 1: Simulation parameters.
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approximate the observed yields for each variety. However, we are
seeing slight differences between simulated and observed yields.
These differences led us to acting on certain physiological parameters
of varieties (growth, morphology and phenology) to get closer the real
and simulated yields. The short-term barley models validated were
used for the long-term simulations (2019-2058).

Short-term simulation of barley varieties

Figure 4: Annual mean observed (1992-2018) and generated (2019-2058)
precipitation (mm).

According to Pillet et al. [26]; the WWF study, assuming an overall
temperature rise of + 2 °C. It concludes that the annual temperature
has increased from + 1.5°C to + 2.8°C from north to south of Tunisia.
The seasonal increases vary from + 1.7 °C to + 2.8 °C for autumn,
from + 1.8°C to + 3.5 °C for summer, from + 1.2 °C to + 2.2 °C for
spring and from + 1.3 °C to + 2.3 °C in winter during the period 20312060 (compared to the reference period 1961-1990).
Referring to an Algerian study of 2001, using the UHKI model
of the German Max Mayer Institute and the ECHAMAR3 model,
projecting for Tunisia a seasonal temperature rise for the climatic
period 1990-2020 indicating temperature increases ranging from +
0.8 °C to 1.0 °C in autumn, from + 0.8 °C to + 0.95 °C in winter,
from + 0.85 °C to 0.95 °C in spring and from + 0.9 °C to + 1.6 °C
in summer [26], with 1°C temperature rise scenario over 27 years
(1992-2018), the mean temperature will pass to 18 °C towards the
years 2058, accusing a mean increase of 0.6 °C (Figure 3).
Further, the observed mean precipitation over 27 years, which was
422.3 mm will pass respectively to 408.9 mm (+0.2 °C) and 437.9
mm (+0.6 °C) around the years 2058, accusing a decrease of 13.3 mm
(-3.2%) and an increase of 15.5 mm (+3.9) (Figure 4) thus justifying
the rainfall variability.

Observed and simulated barley yields and biomass in metric tons
per hectare (t/ha) for every year from 2008 to 2019 are compared
in table 1 and Figures 5, 6 and 7. The inter-annual variability of
simulated and observed yields depended primarily on the amount of
rainfall during the growing period. Moreover simulated and observed
yields and biomass were not significantly different (chi2 = 0).

Figure 5: Observed and simulated (2008-2019) yield and biomass of Imen
variety.

Figure 6: Observed and simulated (2008-2019) yield and biomass of Manel
variety.

Calibration and evaluation of cropsyst barley model
There is no such thing as a universal model that will work with an
unaltered set of parameters for all conditions. So, model calibration
is a necessary requirement before model application. To represent
cultivar specific characteristics, fine tuning of selected crop input
parameters is desirable, provided that suitable experimental data is
available. This is done by adjusting these parameters within a narrow
range of fluctuation of typical values.
With the data relating to barley varieties and climate (1992-2019),
a basic model for each barley variety was applied in a first step.
The climate and location data, soil characteristics and barley
physiological parameters were entered. The cultivation techniques
(crop rotation and fertilization applied) are the same adopted in
field trials conducted in Kef experimental region during twelve
years cropping seasons (2008-2019). The period was chosen for the
availability of real data relating to climate and yields of the three
barley varieties. These yields levels were considered as control for
calibration of models.
Simulations were carried out short-term over twelve years (20082019).The first results obtained showed that the simulated yields
J Agron Agri Sci ISSN: 2689-8292, Open Access Journal
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Figure 7: Observed and simulated (2008-2019) yield and biomass of Manel
variety.

Observed standard deviations of barley yield and biomass were
not significantly larger than Simulated (R2< 0.5). However, in
reality and taking into account natural conditions, observed yields
are subject to factors that affect them such as losses due to illnesses
to manipulations of transport and packaging. These factors are not
modeled, which is confirmed by other authors [27] and explain the
difference between the observed and simulated values of
 the standard
deviations.

Effects of increased temperature on imen barley variety
yields
To account for the effects of heat extremes on barley yields, we
Volume 3 • Issue 2 • 025
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used all available daily weather measurements from meteorological
stations (with an approximately complete temporal coverage for
the study period). The effects of a baseline scenario and with 1°C
temperature rise scenario were analyzed for each variety. The crop
variables analyzed were grain yield and above-ground biomass at
harvest.
Effects of the baseline generated climate data
Simulations made over 40 years showed that the mean simulated
grain yields (2020-2058) will be respectively about 4.31 t/ha, 3.76
t/ha and 3.85 t/ha, towards the years 2058, compared to the mean
observed yields which were about 3.8t/ha (Imen), 3.3 t/ha (Manel)
and 3.5 t/ha (Rihane) (Figure 8).

Similarly, the mean biomass of Imen barley varieties, Manel and
Rihane wich were about 7.9 t/ha (Imen), 6.8 t/ha (Manel) and 7 t/ha
(Rihane) will pass respectively to 9 t/ha, 7.8 t/ha and 8 t/ha (Figure 8)
accusing an increase respectively of 1.1 t/ha (14.1 %), 1 t/ha (14.8 %)
and 0.9 t/ha (13.6 %).

Effects of the climate change with 1°C temperature rise
scenario
The temperature rise scenario (+1 °C) applied for the same period
could decrease the mean yields achievable in field trials in long term
by about 0.16 t/ha (Rihane) and 0.46 t/ha (Manel) (4.7 % and 14 %)
(Figure 9). This work is confirmed by Chebil [30] and Mlaouhi et
al. [31], showing that cereal and winter forage crops decreases will
be between 0.13 and 0.83 t/ha (5.8 to 23.1 %). Initially, these results
seem to contradict the results from the baseline model, particularly for
Rihane and Manel varieties, where the negative yield impacts were
primarily driven by the increase in temperature. However, simulations
revealed a clear long-term positive trend in yield only for Imen which
indicate a slight increase of 0.02 t/ha (0.5 %) with +1°C temperature
rise.

Figure 8: Barley varieties (Imen, Manel and Rihane) simulated grain yield
(A) and biomass (B) with the baseline generated climate data over 40 years
(2020-2058).

Compared to the situation without climate change, the observed
climate trends led to increases of around 14% in barley yields of
the Imen barley variety 13% in yields of the Manel variety in the
Kef region in north-west Tunisia, while a smaller positive effect
was noted for Rihane 10 % barley varieties (Figure 8). The positive
effects of temperature on yields partially offset the negative effects
of precipitation. The different results in Kef may be partly due to the
high latitude of the region (latitude: 36°16’), hypothesis demonstrated
by Easterling et al., [28,29].

Yield (2008-2019)
Unit t/ha

Figure 9: Barley varieties (Imen, Manel and Rihane) simulated grain yield
(A) and biomass (B) with 1°C temperature rise scenario generated climate
data over 40 years (2020-2058).

Variety

Observed

Standard Deviations

Simulated

Standard Deviations

R2

Chi2

Imen

3.77 ±

1.73

3.76 ±

0.70

0.27

0,000020

Manel

3.31 ±

1.69

3.31 ±

0.84

0.32

0,000014

Rihane

3.50±

1.63

3.50 ±

0.59

0.37

0,000081

Biomass (2008-2019)

Imen

7.9 ±

1.4

7.8 ±

1.5

-0.14

0,000000

Unit t/ha

Manel

6.8 ±

1.9

6.7 ±

1.9

-0.20

0,000000

Rihane

7.0 ±

1.4

7.0 ±

1.5

-0.16

0,000000

Table 2: Observed and simulated mean barley yields and biomass and standard deviations.

J Agron Agri Sci ISSN: 2689-8292, Open Access Journal
DOI: 10.24966/AAS-8292/100025

Volume 3 • Issue 2 • 025

Citation: Mlaouhi S, Ben Ghanem H, Najar A (2020) Potential Climate Change Impacts on Imen Barley BYDV Resistant Variety Yields in Tunisia. J Agron Agri
Sci 3: 025.

• Page 6 of 8 •

Biomass was also affected and accused decreases about of 6.3 %/
ha for Imen in comparison to Manel 27.9% and Rihane 7.1 % (Figure
9). Cropsyst simulation data, suggests the resilience of Imen barley
production (yield and biomass) compared to the two varieties Manel
and Rihane.
Simulated responses to temperature for Imen variety were
significantly different from those for Rihane and Manel. Yield
reductions for the three varieties could be caused primarily by the
direct effects of mean temperature increase on crop phenological
development. According to Rosenzweig and Tubiello [19] by
reducing the duration of stem and ear growth in particular, less
carbohydrate reserves were available for grain-filling. Yields were thus
significantly reduced, despite small positive effects of temperature on
photosynthesis.
Predicted higher temperatures could affect plant productivity in
several ways. They could modify the incidence of winterkill and reduce
vernalization [15]. Higher potential evapotranspiration could increase
crop water stress, further inhibiting yields. Temperature increases will
tend to reduce the length of the growing period, potentially depressing
overall biomass accumulation and yield [16,17].
Finally, warmer temperatures could modify the rates of
photosynthesis and respiration, thus affecting crop growth rates [18].
While global mean surface air temperatures have increased by about
0.5 °C in the past century [32], recent observations over a large portion
of the earth’s land area suggest that minimum temperatures have
increased about three times as much as the corresponding maxima
over the period 1951-1990 [33]. A recent multiple-regression analysis
of corn yields in the Southern US for the last 50 years stressed the
importance of minimum/maximum temperature asymmetries in
determining interannual yield variations [34].
A bottleneck in the selection of modern varieties has resulted in
a reduction in total genetic diversity and a loss of specific alleles
relevant to climate-smart agriculture. However, extensive and wellcurated collections of landraces, wild barley accessions (H. vulgare
ssp. spontaneum) and other Hordeum species exist and are important
new allele sources. A wide range of genomic and analytical tools
have entered the public domain for exploring and capturing this
variation, and specialized populations, mutant stocks and transgenic
facilitate the connection between genetic diversity and heritable
phenotypes. These lay the biological, technological and informational
foundations for developing climate-resilient crops tailored to specific
environments that are supported by extensive environmental and
geographical databases, new methods for climate modelling and trait/
environment association analyses, and decentralized participatory
improvement methods [10].

Conclusion
Barley has been a model for genetic and cytogenetic studies for
over 80 years [35,36]. The effects of temperature on meiosis have
been studied. They provide an indication of the possible impacts of
climate change on recombination [37] and fertility (with, e.g. possible
decreased yields). Numerous morphological and cytological mutants
have been produced, with Knüpffer [38] reporting > 25 000 genetic
stocks, including wheat-barley addition and substitution lines that
may facilitate the introduction of favourable traits such as salt and
drought tolerance from barley into wheat [39] and crucial composite
J Agron Agri Sci ISSN: 2689-8292, Open Access Journal
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cross populations [40]. Mutant stocks generally have more extreme
morphological and developmental phenotypes than natural allele
series, and have recently become a powerful tool to facilitate proof
of gene function [41-43]. Reverse genetics approaches such as
targeting induced local lesions in genomes [44] for the identification
of mutant alleles can be similarly informative, and transgenic
genetic modification methods based on transcription activator-like
effectors [45] or clustered regularly interspaced short palindromic
repeats [46,47] technologies are exceptionally promising emerging
alternatives.
Suitable adaptation strategies include switching to more droughtresistant crops or to extensive livestock production in areas where
climate change has negatively affected crop yields, and the expansion
of cereal production in areas that have benefited from climate change
[48].
Our results provide the first fine-scale assessment of the impacts
of climate change on barley yields and can help farmers. It might
be applied by policymakers and investors to formulate spatially
targeted adaptation strategies to vast regions of North Africa
with similar environmental characteristics. They should carefully
determine whether to continue supporting cereal cultivation or to
seek alternative agricultural activities for the regions that are already
negatively affected by climate change.
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