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Chapter VII

General discussion

Brief introduction

The general discussion of the present thesis is written in
three different sections in order to provide a global
vision and its main contributions to crop-physiological
knowledge.

The first section constitutes a global discussion per se of
the thesis highlighting main results and findings. It
integrates the results of all the experiments of each
chapter previously reported, as well as their main
conclusions, strengths and weaknesses. In turn, in this
section I aimed to provide a global vision of the
statements included in the objectives in terms of new
findings or contributions and comparisons with the
available research. Firstly, differences between wheat
and barley performance are analyzed in terms of grain
yields, and resource use and resource use efficiency for
the Mediterranean region. Secondly, it is presented the
main determinants of the variability in the grain yields,
resource use and resource use efficiencies. Also,
conditions allowing to reduce yield gaps between actual
and maximum attainable grain yields are presented
using jointly all the data available for the present thesis.

The second section titled “Future research” reports on
likely opportunities for future research lines that, I
believe, could be worthwhile pursuing based on the
results provided in the thesis.

Finally, the third section titled “Conclusions”
summarizes the main conclusions of the present thesis.

1. Integrated vision of the problematic in

terms of species performance

There is a large amount of data available in the literature
for wheat and for barley performance, in terms of grain
yield in Mediterranean regions under a wide range of
conditions. However, direct comparisons between
cereals cannot be made rigorously without growing the
different species in the same experiment. The present
thesis contributes to the knowledge presenting reliable
comparisons for wheat and barley that were not
available for the region. Also, experimental data for it or
other Mediterranean regions is not abundant except for
the cases presented here (Chapter II, Figure 1) and some
papers that appeared during the execution of the
research for the present thesis (Katerji et al., 2008;
Katerji et al. 2009; Ferrante et al. 2009; Albrizio, 2010).
In the present thesis, both wheats (durum and bread)
were compared to barley in terms of grain yield,
resource use and resource use efficiency in different
conditions mainly generated by water and nitrogen
availabilities. The comparisons of grain yield (24 cases
for bread wheat and barley and 16 cases for durum
wheat and barley) allowed exploring a wide range of
grain yields from 0.8 to 10 Mg ha’', although the main

interest of the thesis was on stressed conditions
(generally yielding conditions lower than 3-4 Mg ha™).

As some of the seasons were relatively wet (either more
humid than usual throughout or at least during the
spring), across all the experimental comparisons carried
out in Western Catalonia for the present thesis, there
were only four cases where the performances of bread
or durum wheat and barley were actually compared
under harsh drought conditions, severely limiting grain
yields (see rainfed treatments of experiment II in
Chapter II, Chapter III and Chapter IV for bread wheat,
and experiment V of Chapter III for the case of durum
wheat). In terms of grain yield, it can be concluded from
the experimental data that is not clear at all that barley
yield consistently more than wheat in stressed
Mediterranean environments. At the worst environments,
wheat (bread wheat or durum wheat) and barley did not
differ significantly. Shillinger, (2003), for the Pacific
Northwest region of the USA, did not find consistent
differences between bread wheat and barley yields
either (in one year differences were not significant,
while in two other years barley yielded more than wheat,
and in a fourth year bread wheat yielded more than
barley). This lack of consistent differences in favour of
barley is in line with what was observed for the
Mediterranean regions reported in Chapters of the
present thesis as well as in French and Ewing (1989),
Simpson and Siddique (1994), Palumbo and Boggini
(1994), and Albrizio et al. (2010), although conflicts
with the results reported by other authors (Gregory et al.
1992; Josephides 1993; Lopez-Castafieda and Richards
1994). Also some other papers the authors indicate
better performance of barley, although such indication
seemed most based in speculation than in robust
evidences, as it is not unsupported by their own reported
data on yield (Acevedo 1987; Austin et al. 1998).
Recently, Katerji et al. (2009) using soil lisimeters
reported a similar reduction (37%) in grain yield for
durum wheat and barley caused by drought at three
different salinity levels. In addition, some comparisons
using simulation models were reported for the
Mediterranean region (Wahbi and Sinclair 2005)
indicating no or little differences between bread wheat
and barley yields stressing the needs of more rigorous
information being developed regarding both species
performances. However, when  environmental
conditions become less stressful (yields higher than 3
Mg ha™') barley generally yielded more than durum
wheat in one of the three experiments (and only under
irrigated conditions of other experiment) of the present
Thesis while it yielded lower or similar to bread wheat
in two of the four comparisons and higher in the other
two. It is indicating that barley seems to be as good as
bread wheat under stressful conditions and under high
yielding conditions.
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Comparing the yield experimental performance with the
regional data for Catalonia (Fig. 1) the same tendency
can be observed (Chapter II; Figure 5). Although the
analysis made with regional yields could be supposedly
weak and biased (as farmers in the region would grow
barley in poorer environmental conditions than those of
wheat) I understand that a rather large database would
preclude such a bias, and the regional database used was
actually quite large (533 comparisons). Further
supporting the incipient conclusion based on regional
data, historical yields for bread wheat and barley during
the (1820-1935) period also indicates similar
performance at regional level for Catalonia (Garrabou et
al. 1995).

This thesis contributes to this debate by having made
the required comparisons of grain yield performance of
wheat and barley through a wide range of conditions.
The evidences that emerged corroborate the similitude
in yield performance. The conclusion indicates that
there is not a universal advantage in grain yield of
barley over bread or durum wheat. It seems now not
justified a continuous barley monoculture in arid or
semi-arid Mediterranean zones based on that supposedly
consistent better performance than wheat in particularly
poor conditions. Likewise, it should be maintained the
environmental limits defining the land use reported by
other authors (Ldépez-Bellido 1992; Anderson and
Impiglia 2002; Ryan et al. 2008), as those limits were
based on empirical land use rather than in crop
performance (they could be still maintained as a
descriptive scenario of reality, whilst it stands, but not
as a guide or recommendation). Although nowadays
durum wheat is practically not cultivated in Catalonia,
the present Thesis shows the potential for its cultivation,
if the gross margin is adequate.

Analyzing the results of the performance of the cultivars
used for each species in the Catalonian -cultivars
evaluation network (Xarxa d’Experimentié de Varietats
de Cereal d’ Hivern from Catalonia) during the same
period of the experiment (DAAR 2005, 2006, 2007,
2008), it can be observed that differences between bread
wheat and barley are similar to the observed in the
experiments of the present Thesis without indicating a
superiority of barley in the lowest-yielding conditions
(Fig. 2). Similar results are observed for the nurseries
from three sites of Syria (Acevedo 1987). However, in
these networks, cultivars of each different species were
not included within the same experimental design.
Unfortunately there is no information available from the
same network for durum wheat in Catalonia.

In all the cases, the differences between wheat (durum
or bread) and barley as well as the differences between
treatments within each experiment were mainly related
to differences in resource use efficiency. Regarding the
performance of barley and wheat in terms of resource
use efficiency (in this case water and nitrogen), the
present Thesis reported that under severe drought
conditions barley did not present clear advantages over
bread or durum wheat (Chapter IV). However, similarly
to what was observed for grain yield, there were cases
of higher WUE 4 or NUE of barley over wheat
(durum or bread) under moderate and mild stress
conditions. Albrizio et al. (2010) reported similar WUE
yied for durum wheat and barley under different N and
water availabilities in other Mediterranean region (Bari,
Italy). Also experimental data reported comparatively
for bread wheat, barley or durum wheat indicates a
similar WUE ;)4 stability for barley and durum or bread
wheat in their response to different salt concentrations
(Katerji et al. 2009).
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Figure 1: Bibliographic, regional and experimental data of barley grain yield as a function of the (a) bread wheat
grain yield and (b) durum wheat grain yield. Black symbols represent regional data for Catalonia, circles represent
experimental data from this thesis and triangles represent experimental data taken from other sources (Simpson and
Siddique 1994; Palumbo and Boggini 1994 for bread wheat; and Katerji et al. 2009; Albrizio et al. 2010 for durum
wheat) and squares represent historical data (Garrabou et al. 1995) for Catalonia
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Figure 2: Relationship between bread wheat and
barley grain yield for the experiments of the present
thesis (open circles), Catalonian cultivars evaluation
network (Xarxa d’Experimentié de Varietats de
Cereal d’ Hivern) (closed triangles) and from the
nurseries results reported by Acevedo (1987) (open
triangles). In the case of the networks, each data point
is the average of all cultivars used for each species.

In contrast, a higher WUE ;14 in barley than in wheat
was reported in two different low-yielding regions
(one of typical Mediterranean climate) of Australia
(Simpson and Siddique 1994; Loépez-Castaneda and
Richards, 1994b). These authors indicated the
superiority of barley to be based on differences in
early vigor (Lopez-Castafieda and Richards, 1994b;
Lopez-Castafieda et al. 1995) or in intercepted
radiation (Richards, 1992).

Regarding NUE, the differences between wheat and
barley were even less clear than for WUE (Chapter
IV). In terms of the sub-components that determine
NUE (N uptake efficiency and N utilization
efficiency) it was observed in the present thesis that
differences between the species were in some cases in
favor to barley whilst in others to wheat, or not
significant (Fig. 3).

In the few published papers that include NUE data
for the species studied in the present thesis, one of
them (Arregui and Quemada 2008) used exactly the
same cultivars of bread wheat (Soissons cv.) and
barley (Sunrise cv.), and also reported a similar NUE
for bread wheat and barley, supporting the results of
the present thesis. However, the comparison of the
mentioned reference was made in different years for
bread wheat and barley and is not strictly correct to
compare them. Delogu et al. (1998) reported higher N
utilization efficiency in barley than in wheat for high-
yielding environments. This is in line with what has
been observed in the highest yielding years of the
present thesis in which barley exhibited higher values
for both sub-components of NUE in two of the three

locations were observed. Murineen et al. (2006) reported a
higher genetic gain in breeding for bread wheat than for
barley, but a comparison with results of the present thesis
can be hardly made, as that study was performed in
Northern European conditions (Finland).

The three species presented similar amount of N uptake in
the stressed conditions in concordance with the
inconsistent differences in grain yield or N utilization.
Also, in the highest yielding conditions the maximum
values of N uptake observed for durum wheat and barley
were similar. Neither barley nor wheat (durum or bread)
exceeded the upper-limits estimated by Savin et al. (2006)
for N utilization efficiency. The highest amount of N
uptake, as well as the highest N uptake efficiency and
NUE, was reached with approximately 400 mm of evapo-
transpirated water by the crops.

Comparisons between wheat and barley in terms of WUE
yielw of NUE of other scientific experiences under
Mediterranean regions are not abundant. The few studies
reporting comparisons of wheat and barley in the literature
(Simpson and Siddique 1994; Delogu et al. 1998; Arregui
and Quemada 2008; Albrizio 2010) together with the
experimental results of the present thesis, do not allow
concluding on a higher NUE or WUE ;. in barley than in
wheat, supporting the results observed for grain yield.
When analyzing the values separately, values observed for
the species in terms of WUE are acceptable and in
concordance with the reported in the literature for the
Mediterranean regions. Similarly to WUE 4, the reported
values for NUE in the present thesis are within the
boundaries estimated for the region (Sadras and Angus,
2006; Savin et al. 2006).

Asseng et al. (2001), using simulation models, indicated
that in the Mediterranean climatic region of Western
Australia, WUE and NUE of wheat crops vary markedly
depending on soil water-holding capacity, N management,
rainfall amount, and in particular, seasonal rainfall
distribution. Similarly, in the present thesis a wide range of
variability of WUE as well as in NUE (and its sub-
components) was observed across all the experiments.
Regarding to the weaknesses and strengths of the present
thesis, fortunately it was generated a wide range of
variability in WUE ;44 and NUE by the wide range of
conditions explored (high/low rainfall during different
developmental phases, high/low soil water availability at
sowing, high/low N fertilization rates) that allowed
reporting valuable information, so far not available,
regarding the relative performance of wheat and barley
WUE yieq and NUE side by side within the same growing
field conditions. The limited amount of information
derived from severely-stressed conditions, and the fact that
this work had to be done with only one cultivar of each
species (although representative of the general mean)
could be considered as weakness.
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Figure 3: Relationship between wheat and barley sub-components of N use efficiency ((a) for N utilization
efficiency and (b) for N uptake efficiency) under the experiments carried out in the present Thesis. White and grey
symbols represent bread wheat and durum wheat, respectively.

Despite of experimental data as well as, bibliographic, cultivars, together with the fact that more of 40% of
regional and historical data reports similar performance  farmers are older than 65 years (e.g. for a typical
for the stressed Mediterranean environments, a strong  agricultural rainfed zone as the Urgell county;
justification to maintain a barley monoculture instead of ~ Anonymous, 1999) seem to provide bases for the
a rotation including wheat seems not to be based on popular knowledge behind the pattern of land use with
yield performance as it is frequently hypothesized in the  barley monocultures practiced in low-yielding, dryland
region. Also, it has been reported a lack of evidences in ~ Mediterranean conditions.

genetic advances in barley in Mediterranean  Limits reported by Ryan et al. (2008) to the land use
unfavorable conditions (Mufioz et al., 1998) that refuse  based on the small grain productivity for the
the preference of farmers due to a supposed better Mediterranean region could be reformulated as a wider
breeding in barley than in wheat for the region. For the = region based on a barley/wheat rotation including wheat
case of wheat, contradictory results are found for in the region of barley monoculture.

genetic advances in the Mediterranean Spain (Royo, et

al. 2007; Acreche et al. 2008; Voltas et al. 2009). 2. What is behind the wide range of

Calatayud (2006) reported that important changes in the variability of productivity, resource-use and
Catalonian land use were occurred during the end of the .
resource-use efficiency?

XIX century together with the increasing cereal F . h ability of th 1 vield. th
productivity. Between the years 1895 and 1935 the ocusing on.t ¢ variability of t ¢ grain yie' ¢ ere were
observed different factors determining it as it was

relative surface cultivated with barley respect to the that .
v resp reported by other authors for Mediterranean and non-

for all cereals increased from 23.5% to 38.3% and an Medi diti for the th :es (Fisch

opposite trend was observed for bread wheat (55.8% to ) 968 Sl_tegr:\giar;nzonsggrnsl 9(;r1.t é;rcrize ;gle (ﬁgr; lzf ;lr

48.6%) indicati fi f fi t d ’ ’ :
) indicating a preference of farmers to produce 2003 and 2005; Ugarte et al. 2007; Arisnabarreta and

cereals for stock-feed. In Northern Catalonia, the Miralles 2 In all th : iod duri
changes were more significant (Calatayud 2006). Pujol iralles 2008). n all the expertments carried out uring
the present thesis, barley and wheat had a typical

(2006) reported that important innovations in cereal behavior i ¢ devel d )

genetics were carried out during the same period (end of ehavior in terms of crop development an growing

the XIX century and beginning of the XX century). At cycle. Barley flowered at least a week earlier than
durum wheat and in some occasions two weeks earlier

this period, new wheat cultivars from other regions were han bread wheat bei dol
introduced to Catalonia mainly by large farmers and t an bread w cat CINg eXposec to jower tempe?ratl}res
during critical period for grain yield determination.

research institutes (vichella blanca de Napols, Rieti, Reeardine th . ical sub £
[’herald del Rhin, Savoia, Bordeus, Vilmorin, Gallard, cgarding the twol main numericat su —componer-lt.s 0
grain yield, despite of the high stress conditions

Dattel, and others from Australia, Canada, USA and o Iv ob d under the Medi diti
Italy). However, most of the cultivars introduced failed equently observed under the Mediterranean conditions
in the post-anthesis period, grain number per unit land

in their adaptation to the stress conditions of the region. - . e
area was the main numerical sub-component explaining

The increased interest for the barley crops due to the h 1 vield of wh bread or d 1 as i
changes in the agri-food production together with the the grain yield of wheat (brea - of urum) as well as in
barley. Therefore, even when it is commonly assumed

failure of many of the then newly-introduced wheat . .. .
y Y that under Mediterranean conditions the average weight
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of the grains might be responsible of the differences in
yield (as it is during grain filling when the stress occurs
most frequently) another contribution of this study is the
reinforcement of the fact that grain number pr m” is far
more relevant as a yield determinant than average grain
weight (Fischer 2008; and a plethora of references
quoted in this article) even under Mediterranean
conditions. Therefore, in the studies included in the
present thesis, similarly to what was observed in grain
yield, the range of grain number per unit land area
explored was rather wide (from c. 2600 to 30000 grains
per m?). Disregarding the differences in the slope of the
relationship between the species (due to an intrinsic
different grain weight between them), grain number
explained c. 80% of the variability observed in yield in
each of the three species (Chapters II and III). Also the
response of the number of grains per unit land area to
treatments may have been the driving force behind
responses in post-anthesis biomass accumulation by
reinforcing post-flowering canopy photosynthesis, as
suggested by Miralles and Slafer (1997) and Reynolds
et al. (2005) who showed improved post-anthesis
radiation-use-efficiency due to increased grain number
through introgressing Rht or Lr19 genes, respectively,
in isogenic lines. Also differences in the post-anthesis
photosynthesis in modern vs. old cultivars of wheat
would have been determined by sink strength (Calderini
et al. 1997), which seemed to be true even in a
Mediterranean region (Acreche and Slafer 2009).

Variability in grain number per unit land area was
determined by the environmental conditions (water,
nitrogen, radiation and temperature) explored by the
crops. Water and nitrogen availabilities determined the
crop growth generating the canopy structure that
allowed intercepting more or less radiation at the critical
period for grain number determination (during stem
elongation, Fisher, 1985; Slafer and Savin, 2006).
Ferrante et al., (2009) using the same cultivars of durum
wheat and barley, reported that water and nitrogen
availabilities increase the number of grains per unit land
area in durum wheat and barley affecting different traits:
(1) due to increases in grains per spike in wheat mainly
in the distal positions of the spikelets (Miralles and
Slafer 1995; Acreche and Slafer 2006) as a consequence
of a diminished rate of floret abortion; (ii) associated
with changes in tillering capacity in barley, finally
producing changes in the number of spikes per m’
(Prystupa et al. 2003). Photosynthetically active
radiation intercepted by the crop canopy during stem
elongation and the temperature affecting growth and
developmental rates during that phase generate changes
in photothermal quotient which ultimately determines
the number of grains per m* (Fischer 1985; Savin and
Slafer 1991; Arisnabarreta and Miralles 2008). Another
original contribution of the work conducted for this
thesis is the comparison between cereals in the

capabilities of photothermal quotient for predicting the
number of grains per m’ than the crop will have, that to
the best of my knowledge it has been never reported
before. Although positive relationships were observed
for the three species, the relationship was closer for
bread wheat than for durum wheat or barley in all the
experiments. Although the physiological bases of the
higher variability in barley than in wheat have not been
elucidated in this thesis (no experiments were designed
to study this issue) it seems clear the message that
extrapolating the behaviour of wheat to barley should be
done with extreme care for this particular attribute.

The average weight of the grains did not explain grain
yield significantly, except for the case of durum wheat,
in which grain weight explaining around 40% of the
variability observed across all experiments and years.
Even in this case, although the proportion of yield
explained by grain weight was significant it was much
less than that explained by the number of grains per m’.
Despite grain weight was not the main grain yield
determinant, as barley usually reaches flowering before
durum and bread wheat, its variability could has been a
factor determining a higher stability in grain yield.
However, grain weight, as well as its parameters (grain
filling rate and duration) and the protein percent did not
show a higher stability in barley than in bread wheat,
though in these two cereals the stability was noticeably
higher than in durum wheat (Chapter V). These
differences between the stability in grain weight could
be behind the larger effect of grain weight on grain yield
in durum wheat than in barley and bread wheat (see
above).

In terms of resource use as determinants of the grain
yield, N uptake across the whole growing season was
positively related to grain yield. In all the cases the
relationship observed was within the N utilization
efficiency boundaries reported by Savin et al. (2006) for
wheat grown Mediterranean conditions. Water used was
positively related to grain yield as well as to N uptake. It
seems that when N is available in the soil, the main
effect of water used is to produce an increase in N
uptake and, consequently, grain yield is increased as a
result of a higher nutritional status of the crops.
Regarding the main determinants of resource use, across
all the experiments of the present thesis, the amount of
N absorbed and water used by the species tended to be
higher when water availability and N in soil increased,
in agreement with reports by other authors for wheat
and barley (Delogu et al. 1998; Garabet et al. 1998;
Sepaskhah et al. 2006). Angas et al. (2006) found
differences in soil N dynamics (depending on the tillage
system and N fertilization) and water availability for
barley were responsible for yield differences in the same
region of the Ebro Valley. Also the three species
presented the potential capacity to absorb as much as
90% of the N available in soil during the growing
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season (Chapter 1V). Also water used increased at the
highest N availabilities as reported by Angus and van
Herwaarden (2001) without a significant “haying-off”
effect, as it sometimes occurs in dryland conditions of
Eastern Australia (van Herwaarden, 1998). In
Mediterrancan Western Australia haying-off does not
seem to be observed frequently either (Palta and Fillery
1995; Asseng et al. 1998; Asseng and van Herwaarden
2003).

The fact that N use efficiency across all experiments
and species had been the result of the combination of
the two sub-components (i) uptake efficiency and (ii)
utilization efficiency reflects that both sub-components
were limiting the efficient use of nitrogen in the three
species. Uptake efficiency allowed absorbing N to
produce growth and generate a crop canopy capable to
absorb resources. N utilization efficiency depend on
weather conditions (rainfall, radiation and temperature)
to transform pre-flowering crop growth into grains to be
filled after flowering, mainly by affecting the survival
of different of reproductive structures depending on the
species (chiefly spikes per m® and grains per spike in
barley and wheat, respectively; as discussed above).
Across all the experiments, it seemed that maximum
values of N use efficiency can be achieved using an
amount of water from emergence to harvest of
approximately 400 mm. Also a reduction in NUE was
observed with the increased level of N fertilization
coinciding with the reported for the same region for
other authors (Angas et al. 2006) and other
Mediterranean or semi-arid regions (Delogu et al. 1998;
Garabet et al. 1998;).

Regarding water use efficiency, it is known that N
fertilization, as well as other management practices,
such as weed control, allows increase WUE ;¢4 in wheat
and barley under Mediterranean conditions (French and
Shultz 1984a, 1984b; Cooper et al. 1987). In turn, it
seems that N fertilization can actually be a management
practice used by farmers in order to increase WUE yieiq
(Sadras, 2005) matching N requirements to water
availabilities. In the present thesis, WUE 4 was higher
at high N levels and when water used was matched to
the N absorption by the crops. This is in concordance
with reports by other authors using nitrogen limitation
index as indicator of the level of N-limitation to WUE
with simulation models (Sadras and Roget 2004; Sadras,
2005). In this context, another contribution of the
present thesis is the evidence provided empirically for
the first time that the degree of co-limitation of water
and nitrogen conditions the yield penalty produced by
stressful environments in both wheat and barley,
(Chapter VI). WUE yiq as well as grain yield of bread
wheat, durum wheat and barley similarly to what had
been previously reported for Australia (Sadras and
Roget 2004; Sadras, 2005) was increased when
nutritional conditions were balanced. In other words,

given a certain level of stress for the three species, grain
yield or WUE ;¢ would be maximized when nutrients
are co-limiting. Since water availability cannot be easily
managed in rainfed zones (and most of the
Mediterranean small cereal crops are grown in rainfed
systems (as mentioned in Chapter I) the estimation of
the feasibility of water availability to decide the N rates
to be applied seems to be important in the region. Also,
at least for the Catalonian rainfed zones (where the high
level of N present in soils is frequent due to supply of
animal manures), mineral N fertilization could be
decided at least to the late tillering periods to have a
more accuracy in the assessments of water availability
for crop growth. Results of the Chapter VI and from the
pilot experience with Tunisian farmers (Annex I)
support this idea.

3. Future research

Through the different chapters of the present thesis

several issues have been identified that could be

investigated:

1) Wheat and barley have similar productivity under
stress condition. How should they be grown? The
main problematic evaluated in the present thesis was
the actual monoculture of barley in dry zones of the
Mediterranean region. Results of the present thesis
have indicated that at least is not universally true that
barley had a better performance than barley under
stress conditions. The next step that I believe
necessary is to have information regarding the most
adequate combination(s) of these crops in the dryland
Mediterranean region taking into account economic,
as well as environmental, constraints. Although it
does exist a national network of small cereals
cultivars evaluation (GENVCE) data of wheat and
barley cannot be easily used to compared between
them due to different number of cultivars used and
experimental design for each species. True
comparisons between long and short cycle cultivars
of bread wheat, durum wheat and barley across a
wide range of Mediterranean environments could
improve to find the more profitable combination of
cultivars and species that improve the actual agro-
ecosystem. Due to the land use is the consequence of
the farmer decision I believe that it is really
important the conduction of the field trials including
some leading farmers on the region to improve the
transference of the knowledge.

2) Water and nitrogen are co-limiting the grain yield in
wheat and barley. What is the most usual scenario
for each agricultural rainfed zone in Catalonia fields?
How much N should the farmers apply depending on
the scenarios found until tillering? Although the
results of the present thesis allow deducing the
importance of matching the N conditions to the water
availabilities during the growing season to increase
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3) In

grain yield by improving WUE. A regional
characterization of the N availabilities together with
the probabilities of rainfall within each cereal rainfed
zone before the beginning of stem elongation phase
could help to generate different scenarios of N
fertilization rates recommended using simulation
models for different rainfall scenarios.

the present thesis wheat and barley were
compared in terms of two main environmental
resources (water and nitrogen) resource use
efficiency. However, it was not compared neither
analyzed the radiation use efficiency. Differences
between the species were always related to their
differences in water or N use efficiency. Also,
differences in the transpiration/evaporation ratio
seem to be behind the higher WUE. Abeledo et al.
(2008) reported that for Mediterranean region of the
Ebro Valley, variations between years in potential
yield were positively associated with the length of
the period from sowing to anthesis and the mean
level of daily incident radiation. Analysis of the
radiation use efficiency between wheat and barley as
well as the effect of the different water and N
availabilities on this attribute could be important to
understand more fully the physiological determinants
of grain yield and biomass in the region.

4) How did breeding modify the WUE, NUE and RUE

in wheat and barley? In most of the literature
regarding advances in productivity of small grain
cereals is based on genetic gains in grain yield.
Muurinen et al. (2006) found significant NUE
improvements on wheat although no clear trend for
cultivars of two-row spring barley under Northern
Europe conditions. Under Mediterranean
environments, during last years, several crop
physiologists have suggested breeders to focus on
resource use efficiency to further improve grain yield
(Loss and Siddique 1994; Araus et al. 2002; Condon
et al. 2002; Araus et al. 2003; Condon et al. 2004,
Slafer et al. 2005; Richards et al. 2006, Witcombe et
al. 2008). Araus and Buxo (1993) indicated changes
in WUE of the small grain cereals for the past
millennia based on carbon isotope discrimination.
Although numerous papers has been published
regarding eco-physiological traits to increase
resource use efficiency (Ortiz-Monasterio et al. 1997;
Araus et al. 2002; Araus et al. 2003; Slafer et al.
2005; Muurinen et al. 2006; Araus et al. 2008;
Foulkes et al. 2009) available data on the literature
regarding how much have been changed WUE, water
use, or NUE for wheat and barley crops as a
consequence of breeding is not abundant for the
Mediterranean  region of  Southern  Europe.
Similarities or differences in genetic advances in the
WUE or NUE and RUE could be addressed for
wheat and barley under drought stress environments

3)

helping to understand the differences and similitude
between the species. However, according to the
recent paper published by Blum (2009) the analysis
of the differences in effective use of water (EUW)
should also be considered.

Future scenario. Nowadays wheat and barley have
similar ~ productivity —under stress conditions.
However, what it is expected when the stress
conditions will become more severe? The influence
of environmental conditions (rainfall amounts and
distribution, radiation, temperatures) together with
the N availabilities produced the wide range of grain
yield explored in the present thesis. It is known
(Lobell and Field 2007) that a more stressful scenario
is expected for Mediterranean agricultural systems
due to global warming. Experiments including wheat
(bread and durum) and barley crops together with
different expected effects of the global warming
combined with different water availabilities at
different growing stages under fertilized and un-
fertilized conditions could be useful to understand
(and attempt to mitigate) the effect of global
warming on cereal production.

Conclusions

The actual preference of barley over bread wheat or
durum wheat under severe stress conditions in the
Mediterranean region is not justified by its
supposedly universal better performance in low-
yielding conditions. Bread wheat and barley
presented similar yields and equivalent grain weight
stability. Durum wheat also presented similar yields
than barley but it seemed that the final weight of its
grains was less stable.

Both water and N use efficiencies varied widely
across years for wheat and barley depending on the N
and water availabilities during the growing season. In
line with the previous conclusion, it was also
concluded that barley did not show consistent
advantages over wheat in terms of resource use or
resource use efficiency. However, whenever yield
differences occurred between the species, or between
treatments in a particular species, it seemed to be the
consequence of differences in water and N use
efficiency.

For the three species, grain number per unit land area
was the main numerical component determining
yield. Although this is not an original conclusion in a
wide range of conditions in which cereals are grown
worldwide, it is rather interesting to highlight that
this has been proven to be true even in Mediterranean
conditions in which terminal stress (mostly during
grain filling) seem to dominate the outcome of the
cropping season. It was also confirmed under these
conditions that N uptake from sowing to maturity
explained the differences in grain yield.
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4- Naturally yields decreased in line with the magnitude
of the water or N stress, but achievable yields (and
WUE) for given level of stress under Mediterranean
conditions are maximized with the degree of co-
limitation between water and nitrogen.

5- All the previous conclusions concur with the
evidences provided in Australia in that even under a
rather severe water stressed conditions using N
appropriately might help improving productivity in
Mediterranean conditions. Although this tool may
not be widely useful in the European part of the
Mediterranean basin, in the WANA region Nitrogen
fertilization may be a useful management tool to
increase grain yield though improving water use
efficiency.
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rops were fertilized bv allowing the use of the attitude of farmers in Mediterranean Australian reeions
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strategies for durum wheat in farmer fields (9 fields in  condition of the cron (Fig. 1a). With all the mentioned
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(a) Maximum grain vield U Rain le‘ﬁelffbia yield

The present chapter is actually under revision in
Experimental Agriculture

106



Annex [

Then erains and shoots were milled and N content was  measured with Micro-Kieldahl methodologv.
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