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Abstract

Climate change is recognized today as one of the main threats to the survival of
species and the integrity of ecosystems around the world. Knowledge of the specific
properties of these changes, which may have an impact on species distribution area,
is a central element of adaptation strategies. In this perspective, the present study
aims to evaluate the impact of these changes on the suitability of land for the main
crops in El Hajeb area, by using the Ecocrop database integrated in the DIVA-GIS
software and the current and future climate data by 2050. The results show that the
expected fluctuations in precipitation and air temperature will lead to an increase in
the land suitability for wheat, Chickpea, olive, almond and fig trees. The increase is
mainly due to an increase in air temperature and a change in rainfall towards the
optimal ranges for these crops. Consequently, the development and improvement
strategies of these crops will not face the significant constraints linked to climate
change, and should focus on improving agronomic management and strengthening

the capacities of farmers.
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Evaluation de l'impact du changement climatique sur
I'aptitude des terres aux cultures a El Hajeb - Maroc

Résumé

Le changement climatique est aujourd’hui reconnu comme l'une des principales
menaces a la survie des especes et a lintégrité des écosystemes a travers le
monde. La connaissance des propriétés spécifigues de ces changements, qui
peuvent avoir un impact sur l'aire de répartition des especes, est un élément central
des stratégies d'adaptation. Dans cette perspective, la présente étude vise a évaluer
I'impact de ces changements sur 'aptitude des terres aux principales cultures dans
la zone d'El Hajeb, en utilisant la base de données Ecocrop intégrée dans le logiciel
DIVA-GIS et les données climatiques actuelles et futures d'ici 2050. Les résultats
montrent que les fluctuations attendues dans les précipitations et la température
entraineront une augmentation de l'aptitude des terres pour le blé, le pois chiche,
I'olivier, I'amandier et le figuier. Par conséquent, les stratégies de développement et
d'amélioration de ces cultures ne seront pas confrontées aux contraintes
importantes liées au changement climatique, et devraient se concentrer sur
I'amélioration de la gestion agronomique et le renforcement des capacités des

agriculteurs.

Mots clés : changement climatique, aptitude des terres, Maroc, adaptation
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Introduction

According to the Fourth Assessment Report (AR4) of the Intergovernmental Panel
on Climate Change (IPCC), global average surface temperature, rainfall and extreme
events such as heavy rainfall and droughts have significantly changed, and the
changes are very likely to continue (IPCC, 2007b). Global average temperatures
have increased by 0.2 °C per decade since the 1970s, and global average
precipitation has increased by 2% over the past 100 years (IPCC, 2007a). It has
increased by 5 to 10% in the northern hemisphere and has decreased in parts of the
Mediterranean and Africa. Climate change is spatially heterogeneous. Some places,
such as the Arctic, are undergoing much greater changes than global means, while
others are exposed to side effects such as rising sea levels (IPCC, 2007a).

The observed evolution of the climate over the past decades, whatever its causes,
has had an impact on the natural and human systems of all continents, reflecting the
sensitivity of these systems to climate change (IPCC, 2014). Biodiversity and the
geographic distribution of habitats favorable to species will be affected by these
fluctuations in climatic variables (IPCC, 2007c). Climate change is recognized today
as one of the main threats to the species survival and the integrity of ecosystems
around the world and may have already given rise to several extinctions of recent
species (McLaughlin et al., 2002; Pounds et al., 2006). Many ranges of plant and
animal species have moved to new latitudes with more favorable climates in the last
century (Parmesan and Yohe, 2003) and will certainly continue to do so (Pereira et
al. 2010). It is, therefore, very likely that crops productive in an area will not be so in
the future or inversely (Sthapit et al., 2012).

Agricultural crop production will certainly be hit by the expected increase in
temperatures and change in rainfall patterns. This impact varies depending on
location, climate change scenarios and crop (Tubiello et al., 2002). The effect of
increased temperature will depend on the optimal temperature required for crop growth
and development (Hatfield and al., 2014). In areas where temperatures are already
near or above crop tolerance levels, higher temperatures may be very deleterious,
inducing heat stress and water loss on crops and yields will decline. Conversely,
some crops will benefit warming in location with lower average temperature currently
(Gornall et al., 2010). In cooler regions, an increase in temperature up to 2.5°C, may
promote increased agricultural production when in warmer regions, the production
may decrease (Imtiaz et al., 2011). Shifting precipitation patterns are also expected
to affect crop production negatively, the occurrence of drought periods or heavy rains
can be harmful to crops.

The potential production of a crop depends on the appropriateness of a given type of
land with crop growing conditions. Each crop will prosper within a specific climatic
envelope but climate change will alter satisfaction of their requirements and the
geography of crop suitability will shift (Chemura, 2020). Crops tend to migrate
towards higher latitudes and production in areas already at the margin of production
will push out (Anonym, 2011)." In the northern temperate region, agro-climatic zones
are likely to move northwards as a result of climate change. In the southern areas,
current crop areas may be abandoned due to low availability of water"(Clavo et al.).
In sub-Sahara, Travis (2016) reported that while some crop cultivation may entirely
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disappear, other current or substitute crops will remain suitable under climate
change. The gain in suitable areas for some crops will occur in regions where these
crops are not widely cultivated in the current period (Lane et al., 2007).

Assessing the impact of climate change on crops geographic distribution in coming
decades is most important and it must be a central element of adaptation strategies
to climate change in agricultural sector, to help in planning and diversification of
agricultural production and conservation of species (Heller et al., 2009).

Morocco has not been spared from climate change and its effects. This change has
influenced various natural phenomena, in particular the precipitation regime.
Precipitation would tend towards a decrease in annual volumes while marking a
concentration over time (Benaouda and Balaghi, 2002). Studies have shown that
during the last forty-five years, the regions which were classified as humid and sub-
humid climates regress in favor of regions with semi-arid and arid climates; This is
evidenced by the increase in average annual temperature estimated at 0.16 ° C per
decade and the decline in spring precipitation by 47% nationally (DMN 2007). These
trends will undoubtedly affect the suitability of Moroccan lands for different crops.
The pedo-climatic map of rainfed agricultural lands at the national level indicates that
currently only 4% of the total area of the country has a very high suitability for durum
wheat cultivation, 12% are moderately suitable, 25% with low aptitude, and 59% is
considered unsuitable. Future climate projections according to the A1B scenario by
2050 show that Morocco will have 71% of its area unfit for this cultivation, 30% with
low aptitude, 7% will have moderate aptitude and only 2% will remain very suitable
(Benaouda and Balaghi, 2002). This increases the need for research in this direction
by assessing land suitability for crops now and how it will be changed under future
climatic conditions to help in designing and implementing adaptation strategies to
mitigate the effects of climate change.

This study aims to assess the impact of projected climate change on land suitability
for the main crops in El Hajeb province in Morocco. The results will constitute a
decision support tool to promote climate resilient agriculture in this region.

Specifically, the study revolves around the following questions. From a climatic point
of view, what is the extent of the areas favorable to these crops? With regard to
climate projections, what is the potential effect of climate change on the extent of
these areas and their geographical distribution by 20507 What are the implications of
these results for the development of future crop policies?
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Material and Methods
Study area

The study was conducted in the El Hajeb province (33°41'N, 5°22'W) located in
central Morocco (Figure 1), at an altitude of 1000m and characterized by a
temperate climate. Annual rainfall varies between 400 mm and 600 mm and the
annual mean temperature is around 20.5 ° C, with a minimum of 2.8 °C and a
maximum of 39 °C. It is bordered to the east by the province of Sefrou, to the west
by the province of Khemissate, to the north by the province of Meknes, and to the
south by the provinces of Ifrane and Khenifra. With a population of 247,016
inhabitants (RGPH, 2014) and a surface area of 2193.41km?, the province is
organized into 16 communes. The province has a useful agricultural area (UAA) of
150000 ha. Agriculture is the greatest wealth of the region. The main crops grown
are: viticulture, arboriculture, cereals and legumes, while livestock occupies a
modest place. Land use remains dominated by cereals which represent 45% of the
UAA, followed by fruit growing with 28%, market gardening 9% and fodder crops with
more than 8%. Crop production is characterized by significant inter-annual variability
mainly linked to climatic conditions, in particular drought which has become a
structural constraint. ElI Hajeb province is classified as a favorable rainfed area and
thus has a diversified agricultural vocation allowing the development of several
agricultural sectors (ElI Hajeb monograph).

Morocco

(Situation map of El Hajeb province )

Legend
mm El Hajeb province
Communes
. Cities

MU LI IKilometers
050100 200 300 400

Figure 1: The geographical location of study area
71



African e Mediterranean

AGRICULTURAL JD’I‘JLF}H‘E'!‘T

Labaioui A. and Bouchoufi K. (2021). AFRIMED AJ —Al Awamia (132). p. 65-90
Climate suitability model

Ecocrop (EC), originally developed by Hijmans et al. (2001) and implemented in
DIVA-GIS software (Hijmans et al., 2005b), is a crop niche prediction model. It
provides a simple method to assess the impacts of climate change on a wide range
of crops, including the least studied crops. This model uses environmental ranges as
input data, to determine the main niche of a crop, to then produce an overall
harvestability as a percentage, and separate suitability values related to temperature
and precipitation, as output data. Ecocrop predicts climate / crop compliance, using
the following parameters: temperature killing plants, minimum, optimum minimum,
optimum maximum, and maximum temperature, minimum, optimum minimum,
optimum maximum and maximum required rainwater, and the length of the growing
season. The EC model is a relevant general modeling approach, if only temperature
and rainfall are considered as determining elements of crop adaptation. Information
on soil data and crop management is not included in the model. In addition, the
accuracy of the models depends directly on the quality of the expertise used to
define the culture parameters (Eitzinger et al., 2013a).

In the EC model, there are two ecological ranges for a given crop, each defined by a
pair of parameters for each variable (temperature and precipitation). First, the
absolute range, defined by Tmin and Tmax (absolute minimum and maximum
temperatures at which the crop can grow) for temperature, and by Rmin and Rmax
(minimum and maximum absolute precipitation at which the crop grows) for
precipitation, and then the optimum range over which the crop will grow optimally,
defined by TOPmin and TOPmax (minimum optimum temperature and maximum
optimum temperature), and ROPmin and ROPmax (optimum maximum precipitation
and optimum minimum precipitation) (Table 1) An additional temperature
parameter is used (TKkill) to illustrate the effect of the minimum temperature of a
month.

Table 1: Ecological requirements of crops studied according to the Ecocrop
database
(For wheat and chickpea, the data are calibrated according to Moroccan conditions).

Culture/Parameétre | Wheat | Chickpea Olive Almond Fig Tree
Tree Tree

Tmin 5 7 5 10 4
Toptmin 15 15 20 12 16
Toptmax 25 29 34 35 26
Tmax 30 35 40 40 38
Rmin 250 300 200 250 300
Roptmin 450 400 400 600 700
Roptmax 600 600 700 900 1500
Rmax 850 1800 1200 1500 2700

The temperature suitability is assessed for each month of the growing season using
the temperature parameters. The total suitability for a crop, for one location as well
as temperature, for the entire growing season, is the lowest skill score of the months
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needed to complete the growing season. Suitability for precipitation is assessed for
the entire growing season and not for each month, in the same way as for
temperature.

When climate conditions during the growing season (temperature and precipitation)
at a particular location, are beyond absolute thresholds, there are no suitable
conditions for growing (white area in Figure 2.A.), and when they are between the
absolute and optimum thresholds (dark gray area in Figure 2.A), there is a range of
suitability conditions (from 1 to 99), and when they are in the optimum condition area
(area in light gray), the conditions are very suitable for the crop and the aptitude
score is equal to 100%. The model performs two different calculations separately,
one for precipitation and the other for temperature, and then calculates the
interaction by multiplying the two scores to give the final suitability index (Figure 2.B).

Final aptitude = Aptitude (Temp.) * Aptitude (prec.)
Finally, according to this index, land suitability is classified into six crop suitability

classes (Table 2)

Table 2: Definition of the suitability classes according to the calculated final
suitability.

Suitability classes Suitability (%0)
0
Inapt
0az20
Very marginal
20440
Marginal
40 4 60
Suitable
60 & 80
Very suitable
80 a 100

Excellent
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Fig. 1. Two-(A) and three-dimensional (B) diagram of the mechanistic model used in the analysis.

Figure 2: Diagram of the mechanistic model used in the analysis of land suitability
(Eitzinger et al., 2013b)

The changes in suitability are obtained by subtracting the suitability of land by 2050
from the suitability of land for the current period.

Climatic data

In order to predict future climate changes, it was necessary for us to establish a
baseline, in order to compare the results of the Global Circulation Model (GCM) with
the current climatic conditions.

For the current climate (Reference Line), we used monthly data from the Worlclim
(WC) database (publicly and free of charge available at http://www.worldclim.org).
WC provides information on interpolated global climate surfaces, using latitude,
longitude, and elevation, as independent variables, as well as maximum, minimum,
and average temperatures and total rainfall over the period (1950 2000). The input
data for the WC database came from weather stations around the world, including ~
47,000 weather stations with monthly rainfall information, ~ 23,000 stations with
average temperature data, and ~ 13,000 locations. By going through a quality control
algorithm, the input data was finally interpolated to a spatial resolution of 30 arc
seconds, commonly referred to as "1-km" resolution (Eitzinger et al., 2013).

The projections of the future climate are the outputs of the Miroc-ESM model. We
downloaded monthly time series of maximum, minimum, and average temperature
and total precipitation from the site: www.ccafs-climate.org, at 30 arc seconds
resolution, for the 2050 horizon and for RCP4.5 5 and RCP8.5 scenarios. The Miroc-
ESM model is based on the global climate model MIROC (Interdisciplinary Model for
Climate Research) developed in cooperation between the University of Tokyo and
the Japanese Agency for Earth Sciences and Marine Technologies.
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Results and discussion
Projected climate changes

Changes in rainfall and temperature were assessed by comparing the projected
future (2041-2060) and current climate. The maps in figure 3 and figure 4 illustrate
the predicted changes in air temperature and precipitation according to the two
scenarios RCP4.5 and RCP8.5 compared to the current climate. Miroc-ESM climatic
model used in this study projected a decline in annual precipitation all over the
province for the two considred climatic scenarios, with the highest decrease in the
North and North West of the province, which corresponds to areas at low latitudes.
The scenario RCP8.5 records the biggest decrease compared to the RCP4.5
scenario (Figure 4).

The temperature projection shows an increase by about 3 to 4 °C in all parts of the
province for both scenarios but more markedly for the RCP8.5 scenario (Figure 3).
The temperature increase at the East is more than at the West. This change in
climatic variables will affect the climatic suitability of crops in our study area.

Annual Mean Temperature (RCP4.5)

Actual Annual Mean temperature Annual Mean Temperature (RCP8.5)

b

. Temperature (°C) ol
—11-13
—13-15
m15-17
m17-19
-19-21
=21-23

Figure 3: Changes projected in temperature in El Hajeb province by 2050

Change in precipitation (RCP4.5) Change in precipitation (RCP8.5)

Change in Rainfall (mm)
42 - 40
= -40- -35
=-35--30
=30 --25
--25--20
--20--15
--15--10

Figure 4. Changes projected in rainfall in EI Hajeb province by 2050
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The decrease in rainfall is generally moderate according to the two scenarios
compared to the falls in rainfall projected in other parts of Morocco. Balaghi (2016)
reported that climate change will cause a decrease in rainfall up to -80% in southern
part of Morocco. However, when this decline is associated with an increase in
minimum, mean and maximum temperatures, it could cause a plants higher
evapotranspiration rate, which would trigger heat stress and water deficit in the soils.
Increased stresses due to temperature, and drought conditions, have substantial
effects on biomass production and the reproductive stages of many plants and crops.
The impact depends on initial climatic conditions in the locality subject to the
assessment and on the crops requirements.

Climate change impact on Crop land suitability

To develop the suitability maps for El Hajeb province, the principle consists of
comparing the climatic conditions; rainfall and temperature in the province with the
climatic requirements of crops during the growing season. We note that the climatic
requirements of wheat and chickpeas have been adjusted according to Moroccan
conditions, the olive, almond and fig trees are evaluated based on the Ecocrop
database (see table 1). It is the combination of the two aptitudes: aptitude towards
temperature and towards precipitation, which determine the final climatic aptitude of
a unit of land for a given crop. To assess the impact of climate change on crop
suitability, the maps of current suitability are compared with maps of future suitability
in terms of suitability classes surface.

Changes in climatic variables according to the Miroc-ESM model will have an
influence on crops suitability. The percentage distributions of the current and future
aptitude classes of the five crops considered are shown in Table 3.

Table 3: Percentage distribution of current and future climatic suitability classes
according to the two scenarios RCP4.5 and RCP8.5, of the considered crops.

Wheat Olive tree Almond tree Fig tree Chickpea

AA (%) FA (%) FA (%) AA (%) FA (%) FA (%) AA (%) FA (%) FA (%) AA (%) FA (%) FA (%) AA (%) FA (%) FA (%)
Rep4.5 Rcps.5 Rcpd.5 Rcp8.5 Rcpd.5 Rcp8.5 Rcpd.5 Rcp8.5 Rop4.5 Reps.5

1 0 0 23 4 1 0 0 0 0 0 0 2 1 7

29 0 4 0 0 0 66 1 0 1 0 0 58 34 39

Very marginal

38 10 30 12 1 0 31 50 33 68 26 22 40 65 53

30 52 13 59 38 16 3 35 49 31 74 74 0 0 2

2 33 44 5 56 83 1 14 18 0 0 3 0 0 0

0 5 9 0 0 0 0 0 0 0 0 0 0 0 0

AA: Actual area FA: Future area
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Wheat

The suitable and very suitable areas for wheat represent only 32% of the total area of
El Hajeb according to the current scenario, climatic changes under Rcp4.5 scenario
will increase the wheat suitability and the areas able to very able will occupy 90% of
the total. For the Rcp8.5 scenario, the suitable areas will reach 67% of agricultural
land (Figure 5). The climatically suitable land units will be mainly downgraded
because of the slope, coarse elements and erosion (Chikh, 2009).

Wheat is a suitable crop for temperate climates and high temperatures can affect the
crop at different development stages. Above 30 °C, heat can mainly damage the
leaves and the photosynthesis mechanisms, which accelerates the aging process of
wheat (Wilcox et al., 2014). The expected climate changes could strongly affect the
wheat production worldwide (Kajla et al., 2015). The higher temperatures may
negatively affect the wheat growth process and decrease its production (Pervez and al.,
2010). High temperatures can accelerate ripening; allowing less time to accumulate
dry matter during the grain filling period, thereby reducing yields (Wheeler et al.
1996). In addition, heat stress during flowering can also reduce crop yields (Semenov
and Shewry, 2011). However, rising temperatures may be beneficial for crop yields at
higher latitudes where the growing season length is currently limited. Changes in
precipitation can also have both positive and negative effects. Higher precipitation
can increase production in areas with water scarcity, but in areas that already have
high precipitation; a further increase can lead to water saturation of soils and
leaching of nutrients (Ludwig and Asseng, 2006).

Previous studies have showed an important yield loss when the temperature increase
is above 2.3 °C. However, high CO2 content, greater than 640 ppm (for comparison,
the concentration of CO2 in the atmosphere was of 396 ppm in 2013) can
compensate for the negative effect of a temperature increase of + 2 ° C and a
decrease in precipitation of -20% (Wilcox and al., 2014).

The climate change is thus likely to have an effect on wheat yields, but it is not easy
to predict whether this effect will be positive or negative. This uncertainty is mainly
due to the opposite effects between temperature, precipitation and CO2 content on
wheat yield. Numerous studies have been carried out in recent years to study, using
crop models, the effect of different climate scenarios in different regions of the world.
They have given rise to the publications revealing variable, sometimes even
contradictory, effects (Wilcox and al., 2014). The land's wheat suitability will decrease
by 18% over the world (Lane and al., 2007). Benaouda and Balaghi, 2002, showed
that Morocco would have 71% of its area unfit to durum wheat cultivation by 2050
according to the AB1 climate scenario.

The increase in land suitability for wheat in our study site is mainly due to the
increase in air temperatures to more favorable values than at present and to the
decrease in precipitation. Wheat requires between 450 and 600 mm of water for
optimal growth and development. These conditions exist currently on 37% of El
Hajeb lands and climate change will increase these proportions, which will reach 44%
under the RCP4.5 scenario and 48% under RCP8.5 (Figure 6). For the temperature,
67 % of El Hajeb land has currently between 15 and 20°C, in the future 96% will have
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as mean temperature between 15 et 23 °C which corresponds to the optimal
temperature required by wheat for best growing.

On areas when the climate does not present a constraint, the final suitability is
essentially based on the soil characteristics like slope, which downgraded 17 % of
the total areas in El Hajeb (Chikh, 2009).

e, * Wheat Suitability RCP4.5 =
Actual Wheat suitability ?*‘3_'_ Wheat Suitability RCP8.5 =
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Figure 5: Wheat suitability according to the tree scenarios: Actual, RCP4.5 and
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Figure 6: Precipitation classes frequency according to the three Scenarios
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Chickpea

Chickpea (Cicer arietinum L.) is a marginal crop on 67% of the land in the study area
(marginal and very marginal) and only 33% of the total area is currently suitable
(Figure 7). This is explained by the prevailing temperature in the study area which are
low (between 9 and 20 ° C as annual average) compared to the chickpea heat
requirements which are between 15 to 29 °C during its growth cycle. This low
aptitude is also due to the short cycle of this crop, which is placed, between the end
of the winter season and spring season. The increase in the projected temperature
will improve the chickpea suitability in the province. 90% of the land will be suitable
and very suitable under RCP4.5 and RCP8.5 scenarios (Table 3). The change in the
rainfall regime in El Hajeb is also in favor of chickpea cultivation that demands from
400 to 600 mm to best grow and develop (Figure 6). This result is in agreement with
other studies carried out in Morocco, which confirmed a shift in the distribution area
of some species towards the north and the high-altitude areas more favorable
climatically in the future, despite the increase in temperature and the decrease in
expected precipitation (Balaghi et al, 2016).

Chickpea is best grown in areas between 400 and 600 mm rainfall and their
temperature requirements vary with developmental stages, it ranges from 15 °C to
29°C (Imtiaz et al.,, 2011). Generally, chickpea is adapted to high temperatures;
however, heat stress during reproductive phase can cause significant yield loss
(Berger et al., 2011). The productivity of most chickpea genotypes decreases
dramatically when the temperature reaches 35°C (Basu et al., 2009). Increasing
temperature in some chickpea growing area due to climate change may cause
chickpea production to expand to cooler locations (Berger et al., 2011). Planting
chickpea in winter season led to higher seed yield by taking advantage in water
availability and a long growing season (singh, 2008). In this case, the crop becomes
more sensitive to cold damage at the end of the vegetative stage (Singh et al., 1995).

Drought is the second most important limiting factor of chickpea production (Singh et
al., 2014). Repeated droughts throughout the season have resulted in zero yields of
food legumes for consecutive years in Morocco (Fathi, 2016). The yield losses can
reach 50% as a result of climate change (Wilding, 2019), more particularly in area
with water scarcity. The impact of climate change on chickpea is different from one
region to other, and in Ethiopia, projected climate change will imply an increase in
productivity by an increase in harvest index, biomass and yield (Ibrahim et al., 2016).
The same result has also been reported by Koocheki et al., (2016) in Iran. On the
other hand, Bhadauria and al., 2009 reported that chickpea yield in rainfed
ecosystem, will be impacted negatively under rising temperature in India.

Others studies carried out in different sites in south Asia and East Africa, conclude
that the impact of climate change on chickpea vyield could be negative or positive,
since the impact’s magnitudes can be quite different from one site to the other,
however, the main factor affecting chickpea yields at the site, was the temperature
(Singh et al., 2014). Grain yield of chickpea will increase in 2050s by about 17% to
25% at the cooler sites but at the warmer sites, yield will decrease by 7% to 16% as
compared to the yields under baseline climate of the sites (Singh et al. 2014). In
Morocco, the land suitability for spring crops such as chickpeas will reduce greatly,
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except in northern part of the country where future climatic conditions will be more
favorable for chickpea production (Balaghi, 2016). According to Imtiaz et al., (2011)
Chickpea will be benefit from temperature increase. Global warming may allow
chickpea, which is a warm-season plant, to be better adapted to cooler regions at

high latitude (Gan et al. 2009).
Chickpea Suitability RCP4.5 ﬂ Chickpea Suitability RCP8.5

Suitability Classes _‘
m  Not Suited
mm Very Marginal
m Marginal
- Suitable
m Very Suitable
m Excellent

Actual Chickpea suitability

Figure 7: Chickpea suitability according to the tree scenarios: Actual, RCP4.5 and
RCP8.5

Olive tree

The olive tree is currently unsuitable on only 23% of the land of El Hajeb province.
Changes in temperature and precipitation patterns will cause an improvement in the
climatic suitability for olive trees making the province almost suitable to very suitable
for this crop according to the two climatic scenarios (Figure 8). The change in the two
climatic variables is towards the optimal ranges for olive tree development. The final
suitability for this crop in the future will be determined mainly by soil parameters such
as slope, coarse element load and depth (Chikh, 2009).

Actual Olive tree suitability : : Olive tree Suitability RCP4.5 i

Olive tree Suitability RCP8.5

32

Suitability Classes  wgff
= Not Suited
- Very Marginal
= Marginal

Suitable 9
= Very Suitable b
= Excellent

Figure 8: Olive tree suitability according to the tree scenarios: Actual, RCP4.5 and
RCP8.5
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The temperature conditions have various physiological processes on olive tree
growth and development. This is one of the most important criteria for adapting to
environmental conditions. At 35-38 °C, vegetative growth stops at 40 ° C and above,
burns and damages the leaf apparatus and can cause fruit drop, especially if water is
insufficient (Wallali et al., 2003). Rainfall between 400 and 700 mm that is well
distributed, the olive tree vegetates and produces normally. Between 200 and 400
mm, the production is possible if the soil's water retention capacities are sufficient
(deep clay-loam soils). With a rainfall less than 200 mm, olive growing is
economically unprofitable. The tree olive cultivation is very sensitive to winter
temperatures below 0°C, and even below 10°C, which contributes to stop the
fertilization process during the flowering period. The province of El Hajeb is currently
recording between 9 and 20 °C as an annual average, which will increase to vary
between 13 and 24 °C under RCP8.5 Scenario. Thus, it is temperature changes that
will cause the suitability improvement for tree olive in the study area.

According to other studies, the expected increase in temperature can negatively
affect several physiological processes of the olive tree and consequently decrease its
production (Fraga et al. 2019). The predicted water stress will also result in negative
impacts on the olive tree (Arampatzis et al. 2018). Tanasijevic et al. (2014) and
Rodriguez et al. (2020), agreed that the suitability of olive farms in the Mediterranean
will decrease under the effect of heat and water stress with a possible expansion of
olive orchards in northern Europe by 2100 (Moriondon et al., 2013). On the other
hand, Orlandi et al. (2020) reported that some olive-growing areas in the
Mediterranean are projected to have an increase in productivity in the future. The
climate change impact on the olive tree is heterogeneous way and it depends on the
climatic conditions of each region and their compatibility with the olive tree
requirements. This requires studying the impact at the local level (Farga et al., 2021).
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Almond tree

Almond tree is predicted to increase its suitability in the studied area; suitable to very
suitable land will represent 49% (under Rcp4.5 scenario) and 67% (under Rcp8.5
scenario) of the total area instead of 4% for the current period (Figure 9). This
increase is due to the interaction between temperature and precipitation and their
evolution during the growth season.

Actual Almond tree suitability Adioud i 6 dtatibty RCPA Sy Almond tree Suitability RCP8.5 +

Suitability Classes
m Not Suited
m Very Marginal
m  Marginal
Suitable
mm Very Suitable
m  Excellent

Figure 9: Almond tree suitability according to the tree scenarios: Actual, RCP4.5 and
RCP8.5

Almond tree is known as a cold tolerate species. It requires low winter temperatures
to break dormancy (200 to 400 hours below 7.2 °C). Its flowering is early (December
to March) thus frost zones should be avoided (Wallali et al., 2003). It is more
demanding in light and heat during the fruit growth phase. The optimum temperature
range for almond photosynthetic activity is between 25-30 °C, giving a strong
reduction with temperatures below 15 °C or above 35 °C. High temperature above 35
°C enters the tree in summer vegetative stop (especially in dry conditions) and
temperature above 40°C can cause zero production (Arquero, 2013). Rain gauge is
one of the main productive limitations for almond tree, which has optimal water needs
ranging between 600 and 900 mm (Ecocrop database). It will tolerate dry conditions,
but in areas under prolonged periods of drought, yields are drastically reduced unless
crops are irrigated (Beaulieu, 2020)

The impact of the climate on the almond tree is perceived mainly on its phenology
mainly under the impact of temperature shift, which affects the yield in different ways
(Lorite et al., 2020). We are witnessing a shortening of vegetative rest period, an
advance in flowering and fruit maturity. Areas suitable for this crop will be affected. Di
Lena (2018) reported losses in almond land suitability in northern Italy over the past
six decades, due to loss of chilling units. On the other hand, an opportunity to expand
suitable areas for almond trees is foreseen in the middle of the 21st century in
western Oregon which is currently limited by insufficient heat (Parker et al. 2018).
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Fig tree

Although the fig tree is not widespread in the study area, the results show that 31%
of the assessed area is currently suitable for this crop (Table 3). The projected
climate changes in El Hajeb will increase climatic suitability for fig tree (Figure 10),
suitable areas will reach 74% of the total surface according to the two future
scenarios, hence the interest of encouraging this speculation on land that does not
present any pedological limitation such as depth and coarse elements load, two
heavy constraints in the allocation of the final suitability for fig in the study area. The
suitability will increase at high altitudes which will arbitrate the favorable conditions to

the fig tree.
Fig tree Suitability RCP4.5 “ Fig tree Suitability RCP8.5

3 < Y

Actual Fig tree suitability

m  Marginal
Suitable

g Very Suitable

m  Excellent

4
. .
Suitabllity Classes ' Xk o
m Not Suited * # o
mm Very Marginal

Figure 10: Fig tree suitability according to the tree scenarios: Actual, RCP4.5 and
RCP8.5

The fig tree is a hardy species that adapts almost to all climates and to all
ecosystems, but it has affinities with hot climates (Mkedder, 2018). Native to arid,
semi desert region, figs best under intense solar radiance, high summer
temperatures, soft winter and low relative humidity (Botti et al., 2003). This species
doesn't resist to intense winter cold. For this tree, -17 ° C is the limit temperature for
resistance to cold. Below, we see destruction of its root system and the death of the
tree. Spring frosts can destroy the potential production of flowering figs, especially
when temperatures are -4 ° C. Temperatures of 32 to 37 ° C are very favorable to
the development and maturity of the fruits (Vidaud, 1997). The high summer
temperatures are particularly favorable for drying figs (Oukabli et al., 2003). But most
excellent table figs may grow where the heat is moderate (Botti et al., 2003). Despite
being considered as a suitable crop for dry areas, intense drought conditions affect
seriously fig growth and development (Tapia et al., 2003). There is little information
about fig water requirements. Goldhammer and Salinas (1999) studied the effect of
irrigation on fig fruit production and concluded that a supply of 914 mm of water by
season must be applied to reach the highest fruit yield. Even if the fig tree is less
demanding than the olive tree as regards climatic conditions, it requires some
climatic peculiarities to attain perfection that few localities can offer (Botti et al.,
2003).
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In our study, and given the requirements of the fig tree, this tree will benefit above all
from the expected change in temperatures, since the change in rain does not impact
greatly the fig suitability in the study area.

There are no studies showing the impact of climate change on fig production but like
all fruit trees, the fig tree will suffer the impacts of climate shift. The increase in
temperature has been reported to affect the phenology of perennial trees (Dinesh
and al., 2012). In areas with already high temperatures, future increases in
temperature will affect the yield and quality of fruits adversely. While, in areas where
cold temperatures are the major constraint limiting crop production, increases in
temperature will be beneficial (Dinesh and al., 2012).

In the main, the climate of the province of El Hajeb will evolve in the positive
direction for all the crops evaluated, according to the two climatic scenarios. The
impacts of climate change are not always predicted as negative (Mathur and al.,
2012), they are likely to be variable in different regions and for different crops. Some
regions and crops may be negatively affected while others may benefit from a
changing climate (Lobell and Burke, 2008). Our study area will be among ones in
which will benefit from the increase in air temperature and the change in rainfall to
expand suitable areas for evaluated crops.
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Conclusion

Climate projections according to the Miroc-ESM model used in this study, showed
that El Hajeb province will experience an increase in the land suitability for the crops
assessed (namely: wheat, chickpeas, olive tree, almond tree and the fig tree) under
the two climatic scenarios Rcp4.5 and Rcp8.5 by 2050. This is due to the projected
changes in air temperature and rainfall and the interaction between these two
climatic variables to provide a favorable climate for optimal growth and development
of these crops in the studied area. Consequently, the development and improvement
strategies of these crops will not face the significant constraints linked to climatic
conditions, and should focus on the organizational aspects and marketing channels.
In addition, much can be done by improving agronomic management and
strengthening the capacities of farmers, including pest and disease control
techniques and improved plantation systems.

These maps will also be used by various operators in the agricultural sector as a tool
to guide investments, optimize the use of existing soil resources and guide rural
development in the context of climate change.

Our results are based on a single Miroc-ESM climate model, the use of several
models is necessary to allow comparison and for greater relevance of decision-
making because bad management options can turn out to be even more dramatic
than climatic changes. The variations in the results obtained by different models
provide a better idea of the uncertainties and they should be taken into account in
planning. We should also note that the results we have presented are based only on
the average values of climatic variables (temperature and precipitation). The
possibility of extreme events and, more broadly, taking into account the variability of
these factors could lead to different impacts of this change by exceeding threshold
values that are still poorly understood. Indeed, if the scenarios predict mild
temperatures on average, the probability of cold episodes or devastating heat waves
cannot be ruled out. This is also evident for rainfall where periods of drought or heavy
rains can be harmful to crops. Also, the effect on physiology during particular periods
in growing season has not been explored; we analyzed only the impact over the
whole growing season.

85



African s Mediterranean

AGRICULTURAL JOURNAL
AL ALATIA Labaioui A. and Bouchoufi K. (2021). AFRIMED AJ —Al Awamia (132). p. 65-90

References

Anonyme (2011). Agro-ecological Model for Assessing Climate Change Impacts on
Agricultural Systems. Agro Zones Simulator.
(http://www.azsimulator.org/text/help/Crop_suitability.html)

Arampatzis G., Hatzigiannakis E., Pisinaras V., Kourgialas N., Psarras G.,
Kinigopoulou V., Panagopoulos A. and Koubouris G. (2018). Soil water content and
olive tree yield responses to soil management, irrigation, and precipitation in a hilly
Mediterranean area. Water Clim. Chang. 9. p.672—-678.

Arquero O. and Parra M.A. (2013). Environmental Requirements. In Manual del
Almendro. p. 16-21.

Balaghi R. (2016). Le changement climatique dans la région de Fés-Meknes, Etat de
I'art, vulnérabilité, impact sur les terres et les principales cultures. Résumé a
I'intention des décideurs. 14 pages.

Basu P.S. and Chaturvedi S. (2009). Terminal heat stress adversely affects chickpea
productivity in northern India-strategies to improve thermotolerance in the crop under
climate change. Workshop Proceedings: Impact of Climate Change on Agriculture.
p. 189-193.

Beaulieu D. (2020). Aimond Tree Plant Profile.

Benaouda H. and Balaghi R. (2002). Les changements climatiques : Impact sur
I'agriculture au Maroc. Partie | : stratégie de développement agricole durable.

Biel C., de Herralde F., Save R. and Evans R.Y. (2008). Effects of CO2 Atmospheric
Fertilization on Greenhouse Production of Olive Trees (Olea europaea L.
‘Arbequina’). Eur. J. Hortic. Sci. 73. p. 227-230.

Botti C., Franck N., Prat L., loannidis D. and Morales B. (2003). The Effect of
Climatic Conditions on Fresh Fig Fruit Yield, Quality and Type of Crop.

Bhadauria UPS., Jain S. and Agrawal KK. (2009). Climate change and chickpea
(Cicer arietinum L.) productivity in central part of Madhya Pradesh International
Conference on Grain Legumes-Quality Improvement, Value Addition and Trade
(ICGL), Indian Institute of Pulses Research.

Berger J. and Turner N. (2007). The ecology of chickpea. Chickpea Breeding and
Management. p. 47-71.

Cebrian Calvo E. and McGlade J. (). The perspective of climate change impacts on
agriculture and the environment. European Environment Agency.

Chemura A., Schauberger B. and Gornott C. (2020). Impacts of climate change on
agro-climatic suitability of major food crops in Ghana. PLos one. 15 (6).

Chikh H. (2009). Evaluation de la vocation agricole des terres de la province d’El
Hajeb (Maroc). Projet de fin d’études pour I'obtention du Dipléme d’Ingénieur d’Etat
en Agronomie. 170 pages.

Dinesh M.R. and Reddy B.M.C (2012). Physiological Basis of Growth and Fruit Yield
Characteristics of Tropical and Sub-tropical Fruits to Temperature.

Di Lena B., Farinelli D., Palliotti A., Poni S., Dedong T.M. and Tombesi
S. (2018). Impact of climate change on the possible expansion of almond cultivation
area pole-ward: a case study of Abruzzo, Italy. The Journal of Horticultural Science
and Biotechnology. 93 (2). p. 209-215.

DMN (Direction de la Météorologie Nationale) (2007). Les changements climatiques
au Maroc : Observations et projections. DMN, Secrétariat d'Etat aupres du Ministére
de I'Energie, des Mines, de I'Eau et de I'Environnement, Chargé de I'Eau et de
I'Environnement, Royaume du Maroc, Casablanca.

86


http://www.azsimulator.org/text/help/Crop_suitability.html
https://www.thespruce.com/david-beaulieu-2130754

African s Mediterranean

AGRICULTURAL JOURNAL
AL ALATIA Labaioui A. and Bouchoufi K. (2021). AFRIMED AJ —Al Awamia (132). p. 65-90

Eitzinger A., Laderach P., Carmona S., Navarro C. and Collet L. (2013a). Prévision
de l'impact du changement climatique dans les zones de production du café et de la
mangue en Haiti. Rapport Technique final du CIAT.

Eitzinger A., Laderach P., Navarro C. and Rodriguez B. (2013b). Using empirical and
mechanistic models to predict crop suitability and productivity in climate change
research. Decision and Policy Analysis DAPA. CIAT Nairobi.

Ezra D.R. (2018). From Almonds to Rice, climate change could slash California crop
yiels by 2050. Food for Thought.

Fathi N. (2016). Lentille, pois chiches.... Les raisons de la flambée des prix.
Agriculture/madia24

Fraga H., Pinto J.G., Viola F. and Santos J.A. (2019). Climate change projections for
olive yields in the Mediterranean Basin. Int. J. Clim. 40. p.769-781.

Fraga H., Moriondo M., Leolini L. and Santos J. (2021). Mediterranean Olive
Orchards under Climate Change: A Review of Future Impacts and Adaptation
Strategies. Agronomy. 11 (1). 56.

Gan Y.T., Zentner R.P., McDonald C.L., Warkentin T.D. and Vandenberg A. (2009).
Adaptability of chickpea in northern high latitude areas - Maturity responses.
Agricultural and Forest Meteorology, 149 (3-4). p. 711-720.

Ghrab M., Ben Mimoun M., Masmoudi M.M., Ben Mechlia N. (2016) in Kodad O.,
Lépez-Francos A. and Rovira M. (2016). Climate change and vulnerability of the
pistachio and almond crops in the Mediterranean arid areas. XVI GREMPA Meeting
on Almonds and Pistachios.

Gitea M., Gitea D., Tit D.M., Purza L., Samuel A., Bungau S., Badea G. and Aleya L.
(2019). Orchard management under the effects of climate change: implications for
apple, plum and almond growing. Environmental Science and Pollution Research.
26. p.9908-9915.

Gornall J., Betts R., Burke E., Clark R., Camp J., Willett K., and Wiltshire A. (2010).
Implications of climate change for agricultural productivity in the early twenty-first
century. Philosophical transactions of the Royal Society of London. Biological
sciences. 365 (1545). p. 2973-2989

Haidarian Aghakhani M., Tamartash R., Jafarian Z., Tarkesh Esfahani M. and Tatian
M. (2017). Forecasts of climate change effects on Amygdalus scoparia potential
distribution by using ensemble modeling in Central Zagros. Journal of RS and GIS
for Natural Resources. 8 (3). p. 1-14.

Hatfield J., Takle G., Grotjahn R., Holden P., Izaurralde R.C., Mader T., Marshall E.,
and Liverman D. (2014): Ch. 6: Agriculture. Climate Change Impacts in the United
States: The Third National Climate Assessment. Melillo J.M., Richmond T.C., and
Yohe G.W., Eds., U.S. Global Change Research Program. p. 150-174

Heller N.E. and Zavaleta E.S. (2009). Biodiversity management in the face of climate
change: a review of 22 years of recommendations. Biol. Conserv. 142. p.14-32.
Hijmans R.J., Guarino L., Cruz M. and Rojas E. (2001). Computer tools for spatial
analysis of plant genetic resources data: 1. DIVA-GIS. Plant Genetic Resources
Newsletter. 127. p.15-19.

Hijmans RJ., Cameron SE., Parra JL., Jones PG. and Jarvis A. (2005a). Very high-
resolution interpolated climate surfaces for global land areas. International Journal of
Climatology. 25. p.1965-1978

Hijmans R.J., Guarino L. and Mathur P. (2005b). DIVA-GIS Version 5.

87


https://royalsocietypublishing.org/author/Gornall%2C+Jemma

African s Mediterranean

AGRICULTURAL JOURNAL
AL ALATIA Labaioui A. and Bouchoufi K. (2021). AFRIMED AJ —Al Awamia (132). p. 65-90

Ibrahim A.M., Tana T., Singh P. and Molla A. (2016). Modeling climate change
impact on chickpea production and adaptation options in the semi-arid North-Eastern
Ethiopia. Journal of Agriculture and Environment for International Development. 110.
p.377-395.

Imtiaz M., Malhotra R.S., and Yadav S.S. (2011). Genetic adjustment to changing
climates: Chickpea.

IPCC (2007c). IPCC Fourth Assessment Report: Climate Change 2007 (AR4). IPCC,
Geneva, Switzerland.

IPCC (2007b). Bilan 2007 des changements climatiques. Contribution des groupes
de travail I, 1l et lll au quatrieme Rapport d'évaluation du Groupe d'experts
intergouvernemental sur I'évolution du climat. 103p.

IPCC (2007a). Climate Change 2007: The Physical Science Basis. Working Group 1
Contribution to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC). Technical Summary and Chapter 10 (Global Climate
Projections).

IPCC (2014). Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part B:
Regional Aspects. Contribution of Working Group Il to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change.

Kajla M., Yadav VK., Chhokar RS. and Sharma RK. (2015). Management practices to
mitigate the impact of high temperature on wheat. Journal of Wheat Research. 7(1).
p.1-12
Koocheki A., Nassiri M., Soltani A., Sharifi H. and Ghorbani R. (2006). Effects of
climate change on growth criteria and yield of sunflower and chickpea crops in Iran.
clim.Res. 30(3). p.247.

Lane A. and Jarvis A. (2007). Changes in Climate will modify the Geography of Crop
Suitability: Agricultural Biodiversity can help with Adaptation. Journal of SAT
Agricultural Research. 4 (1). p. 1-12
Lobell D.B., Field C.B., Cahill K.N., Bonfils C. (2006). Impacts of future climate
change on California perennial crop yields: Model projections with climate and crop
uncertainties, Agricultural and Forest Meteorology.141 (2-4). p. 208-218.

Lobell D.B. and Burke M.B. (2008). Why are agricultural impacts of climate change
S0 uncertain? The importance of temperature relative to precipitation. Environ. Res.
Lett. 3.

Lorite 1.J., Cabezas-Luque J.M., Arquero O., Gabald Leal C., Santos C., Rodreguez
A., Ruiz-Ramos M. and Lovera M. (2020). The role of phenology in the climate
change impacts and adaptation strategies for tree crops: a case study on almond
orchards in Southern Europe. Agricultural and Forest Meteorology. 294.

Ludwig F. and Asseng S. (2006). Climate change impacts on wheat production in a
Mediterranean environment in Western Australia. Agricultural Systems. 90. p.159-
179.

Mathur P.N., Ramirez-Villegas J. and Jarvis J. (2012). The Impacts of Climate
Change on Tropical and Sub-tropical Horticultural Production.

McLaughlin J., Hellmann J., Boggs C. and Ehrlich P. (2002). Climate change hastens
population extinctions. Proceedings of the National Academy of Sciences of the
United States of America. 99 (9).

Mkedder I. (2018). Caractérisation et typologie morphologique des variétés de figuier
(Ficus Carica) dans la région de Tlemcen. Mémoire en vue de I'obtention du diplédme
du master académique

88



African s Mediterranean

AGRICULTURAL JOURNAL
AL ALATIA Labaioui A. and Bouchoufi K. (2021). AFRIMED AJ —Al Awamia (132). p. 65-90

Mohammed A., Tana T., Singh P., Korecha D. and Molla A. (2017). Management
options for rainfed chickpea (Cicer arietinum L.) in northeast Ethiopia under climate
change condition. Climate Risk Management.16. p. 222-233.

Monographie d'El Hajeb (2020). Direction regionale de l'agriculture Fes Meknes.
Direction provinciale de I'agriculture d'El Hajeb. 18 pages.

Moriondo M., Trombi G., Ferrise R., Brandani G., Dibari C., Ammann C.M., Lippi
M.M. and Bindi M. (2013). Olive trees as bio-indicators of climate evolution in the
Mediterranean Basin. Global Ecology and Biogeography. 22. p. 818-833.

Oukabli A., Mamouni A., Laghezali M., Roger J., Kjellberg F. and Ater M. (2003).
Genetic Variability in Morrocan Fig Cultivars (Ficus carica L.) Based on Morphological
and Pomological Data. Acta horticulturae. p. 311-318.

Orlandi F., Rojo J., Picornell A., Oteros J., Pérez-Badia R. and Fornaciari M. (2020).
Impact of Climate Change on Olive Crop Production in Italy. Atmosphere. 11 (6).
595.

Parker L.E. and Abatzoglou J.T. (2018). Shifts in the thermal niche of almond under
climate change. Climatic Change. 147. p. 211-224.

Parker L.E. and Abatzoglou J.T. (2017). Comparing mechanistic and empirical
approaches to modeling the thermal niche of almond. Int J Biometeotol. 61. p.1593-
1606.

Parmesan C. and Yohe G. (2003). A globally coherent fingerprint of climate change
impacts across natural systems. Nature. 421 (6918). p. 37-42.

Pervez J., Ghulam S. and Nazakat-Ullah K. (2010). Impact of Climate Change on
Wheat Production: A Case Study of Pakistan. The Pakistan Development Review. 49
(411). p. 799-822.

Pereira H., Leadley P., Proenca V., Alkemade R., Scharlemann J., Fernandez J.,
Araljo M., Balvanera P., Biggs R., Cheung W., Chini L., Cooper H., Gilman E.,
Guenette S., Hurtt G., Huntington H., Oberdorff T., Revenga C. and Walpole M.
(2010). Scenarios for Global Biodiversity in the 21st Century. Science (330). p. 1496-
1501.

Pounds J.A, Bustamante M., Coloma L. and al. (2006). Widespread amphibian
extinctions from epidemic disease driven by global warming. Nature (439). p. 161-
167.

Ramirez-Villegas J., Jarvis A. and Laderach P. (2011). Empirical approaches for
assessing impacts of climate change on agriculture: The EcoCrop model and a case
study with grain sorghum. Agricultural and Forest Meteorology (170). p. 67—78.
Rodriguez-Lizana A., de Torres M.A.R.R., Carbonell-Bojollo R., Moreno-Garcia M.
and Ordonez-Fernandez R. (2020). Study of C, N, P and K Release from Residues
of Newly Proposed Cover Crops in a Spanish Olive Grove. Agronomy. 10.

Semenov M. and Shewry P. (2010). Modeling predicts that heat stress and not
drought will limit wheat yield in Europe. Nature Precedings. 5.

Shiffler A. (2019). Planting and caring for fig trees

Singh K.B., Malhotra R.S. and Saxena M.C. (1995). Additional sources of tolerance
to cold in cultivated and wild Cicer species. Crop Sci. 35(5). p. 1491-1497

Singh R., Sharma P., Varshney R.K., Sharma S.K. and Singh N.K. (2008). Chickpea
improvement: role of wild species and genetic markers. Biotechnol. Genet. Eng. Rev.
25. p. 267-314.

89



African s Mediterranean

AGRICULTURAL JOURNAL
AL ALATIA Labaioui A. and Bouchoufi K. (2021). AFRIMED AJ —Al Awamia (132). p. 65-90

Singh P., Nedumaran S., Boote KJ., Gaur PM., Srinivas K. and Bantilan MCS.

(2014). Climate change impacts and potential benefits of drought and heat tolerance

in chickpea in South Asia and East Africa. European Journal of Agronomy. 52.

p.123-137.

Sthapit BR., Ramanatha Rao V, Sthapit SR. (2012). Tropical Fruit Tree Species and

Climate Change. Bioversity International, New Delhi, India

Tanasijevic L., Todorovic M., Pereira L.S., Pizzigalli C. and Lionello P. (2014).

Impacts of climate change on olive crop evapotranspiration and irrigation

requirements in the Mediterranean region. Agric. Water Manag. 144. p.54—68.

Tapia R., Botti C., Carrasco O., Prat L. and Franck N. (2003). Effect of four irrigation

rates on growth of six fig tree varieties. Acta Horticulturae.605 (605). p. 113-118.

Tubiello F. N., Rosenzweig C., Goldberg R. A., Jagtap S. and Jones J.W. (2002).

Effects of climate change on US crop production: simulation results using two

different GCM scenarios. Part I: Wheat, potato, maize, and citrus. Climate Research.

20(3). p. 259-270.

Travis W. (2016). Mapping future crop geographies. Nature Climate Change. 6.

p.544-545.

Vahdati K., Massah Bavani AR., KhoshKhui M., Fakour P. and Sarikhani S. (2019).

Applying the AOGCM-ARS5 models to the assessments of land suitability for walnut

cultivation in response to climate change: A case study of Iran. PLoS ONE. 14 (6).

Vidaud J. (1997). Le figuier. Editions : centre technique interprofessionnel des fruits
et légumes. 335p.

Wallali L.D., Skiredj A. and Elattir H. (2003). Fiche technique : I'olivier. Transfert de
technologie en agriculture 105.

Wheeler T.R., Hong T.D., Ellis R.H., Batts G.R., Morison J.I.L. and Hadley P. (1996).

The duration and rate of grain growth and harvest index of wheat (Triticum aestivum

L) in response to temperature and CO2.J. Exp. Bot. 47. p. 623-630.

Wilcox J. and Makowski D. (2014). A meta-analysis of the predicted effects of

climate change on wheat yields using simulation studies. Field Crops Research. 156.

p.180-190.

Wilding E. (2019). A family affair: Protecting the humble chickpea.

Yadav SS., Redden RJ., Hatfield JL., Lotze-Campen H. and Hall AE (2011). Crop

Adaptation to Climate Change. Oxford: Wiley Blackwell. p. 251-268.

90



