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Abstract

Under the irregular weather that characterises Mediterranean environments, to increase yield stability in cereal crops
represents an important objective for agricultural progress. In this study, a series of field experiments were conducted with two-
and six-rowed barley cultivars under Mediterranean conditions (southern Spain) to determine their differences in yield stability
and to identify the influence that initiation and mortality of both the spikelet and tiller could exert on yield differences. Yield
stability differed markedly in two- and six-rowed cultivars. The yield of two-rowed cultivars was more responsive to
environmental changes than that of the six-rowed cultivars, which consistently showed more stable behaviour, outyielding
the two-rowed barleys in the lowest yielding environments. Two-rowed cultivars had far more spikes per m* than did six-rowed
cultivars, while the latter consistently had more grains per spike, with a lower average grain weight. Yield differences among
environments, for both groups of cultivars, were more associated with changes in number of grains per unit of land area than to
differences in individual grain weight. Six-rowed cultivars, as expected, produced virtually threefold more spikelets per spike
than the two-rowed cultivars. Although there was a large difference between two- and six-rowed cultivars in spikelet abortion,
the proportion of abortion was fairly stable across environments. Two-rowed cultivars consistently tillered at a higher rate (0.11
tillers per day) than the six-rowed barleys (0.07 tillers per day), though the magnitude of the difference in tillering was more
affected by the environment than was the difference in spikelet initiation. Under Mediterranean conditions the constitutive
capacity of six-rowed cultivars to have a reduced tillering rate, even under favourable growing conditions, as compared with that
of two-rowed cultivars could be a useful strategy to save resources that may be more efficiently used during the critical phases for
yield determination. This explains their higher yield stability when compared with two-rowed cultivars.
© 2002 Elsevier Science B.V. All rights reserved.
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mainly through increasing yields. However, in regions
with irregular weather, such as the Mediterranean
regions of southern Spain (Ramos et al., 1995), in
which the variability among sites and years can
severely affect the yield of cereal crops, to increase
yield stability is also an important objective for agri-
cultural progress (Slafer and Kernich, 1996).

Barley is one of the major crops grown in Anda-
lusia, the southernmost region of continental Spain,
strongly dominated by Mediterranean weather. Barley
has been grown traditionally in western Andalusia,
where the weather is warm and only small spring
cereals are valuable. Eastern Andalusia, particularly
the province of Granada, has several growing areas of
relatively high altitude, in which the use of winter
barleys might be attractive to farmers.

Although exceptions can be found, it has been con-
sistently shown that yield in barley is more frequently
associated with changes in number of grains per unit
area than to individual grain weight (see reviews by
Feil, 1992; Smith et al., 1999; Abeledo et al., 2002), as
the post-anthesis source-strength, in most conditions,
hardly limits cereal grain growth (Slafer and Savin,
1994; Richards, 1996), even under stress conditions
(Slafer and Miralles, 1992). When comparing either
responses to changes in environmental conditions or
cultivars (within the same spike morphology), differ-
ences in grain number per unit area in barley are, in
turn, far more frequently related to the number of spikes
per m? than to the number of grains per spike (Ramos
et al., 1982, and other examples in Abeledo et al.,
2002), thus yield in barley being strongly related to
tillering and tiller-survival capabilities of the cultivars.
However, the environmental conditions under which
the crop is grown may determine limits to the extra-
polation of this general behaviour. Barley cultivars, as
well as those of most cereals, produce a large number of
tillers in early phases of development. A variable, but
frequently high, proportion of them do not progress to
produce a fertile spike, senescing during stem elonga-
tion (Garcia del Moral et al., 2002 and references
therein). Under many environmental conditions, ran-
ging from stress-free to moderate stresses, abundant
tillering may constitute a good strategy to maximise
growth and yield as the resources used to produce tillers
that may eventually senesce do not normally appear to
be essential to growth during stem elongation. However
in Mediterranean regions, with the crop undergoing

progressively drier conditions, tillering capacity may
result in yield limitations associated with the magnitude
of the stress in any particular year/site.

Therefore, responsiveness to environmental changes
may be related to the tillering capacity of the cultivars,
while yield stability would be improved in cultivars of
restricted tillering. In general, two-rowed barley culti-
vars possess a clearly higher ability to tiller than their
six-rowed counterparts (Kirby and Riggs, 1978; Le
Gouis et al., 1999) even under semi-arid conditions
(Garcia del Moral et al., 1984; Hadjichristodoulou,
1985), and this would be even more marked in winter
than in spring types (Garcia del Moral and Garcia del
Moral, 1995). In other words, under Mediterranean
environments characterised by terminal drought with
a large degree of variation in magnitude between sites
and years, such as those commonly found in eastern
Andalusia, two-rowed cultivars may be, in general,
more responsive to environmental variation, while
six-rowed cultivars may exhibit higher yield stability.

Only very few comparisons of two- and six-rowed
cultivars are available in the literature and most of
these were conducted in environments quite different
from those characteristic of the Mediterranean region
(e.g. in northern France, Le Gouis, 1992; Le Gouis
et al., 1999; Germany, Maidl et al., 1996; Canada,
Jedel and Helm, 1995) or under controlled conditions
(Kirby and Riggs, 1978).

Yield responsiveness in the Mediterranean condi-
tions of southern Spain may thus be, at least partially,
associated with the more freely tillering capacity of
two-rowed cultivars, and consequently yields of six-
rowed cultivars may be more stable in these environ-
ments, particularly if winter barleys are more widely
grown. In this study, a series of field experiments were
conducted with two- and six-rowed barley cultivars at
Granada to determine whether these contrasting
groups differ in their yield stability and to what degree
the differential patterns of initiation and mortality of
spikelet and tiller may underlie any yield differences.

2. Materials and methods

2.1. General conditions

An agronomic study was carried out under conven-
tional field conditions comprising five experiments in
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Table 1

Details of sowing dates, and average temperatures and accumulated rainfall for the growing periods in each experiment

Site/year Sowing date Temperature (°C) Rainfall (mm) Days to anthesis
Montes/1989 9 November 1988 4.87 231.8 163
Montes/1990 31 October 1989 5.45 4123 167
Montes/1991 31 October 1990 4.77 295.3 180
Chimeneas/1990 10 January 1990 11.14 139.6 113
Chimeneas/1991 19 November 1990 9.48 148.4 161

the Mediterranean environment of Granada in
southern Spain. The experiments consisted of the
comparison of two- and six-rowed cultivars of winter
barley, of commercial interest in the cereal-growing
region of eastern Andalusia, conducted at two sites
during three consecutive growing seasons in one
site and during two of these seasons in the other
(Table 1).

The sites were chosen for their strong difference in
yielding capacity for cereals: Montes (37°29'N lati-
tude and 1000 m altitude) and Chimeneas (37°08'N
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Fig. 1. Average (25 years) monthly maximum (circles) and

minimum (triangles) temperature and accumulated rainfall at the
two sites where the study was performed: Montes (1000 m asl,
closed symbols and bars) and Chimeneas (650 m asl, open symbols
and bars) in eastern Andalusia (37°N).

latitude and 650 m altitude). The difference in altitude
is crucial in determining not only that Montes is
considerably cooler and wetter than Chimeneas
throughout the growing season, but also that it has
a much steadier rise in temperature during the spring
(Fig. 1). Both sites have silty clay, loamy soils;
classified as Calcicerollic Xerocrept (FAO, 1977).
All experiments were performed at a sowing rate of
350 plants per m” and received NPK fertilisers as usual
in the region, so that the variability of yield and
associated traits were caused mainly by changes in
water and thermal conditions across sites and years,
which also differed in sowing dates (Table 1).

2.2. Treatments and design

Treatments in each experiment consisted of six
cultivars of winter barley, three with two-rowed and
the other three with six-rowed spikes. The two-rowed
types were Finesse, Melusine and Alpha, while the
six-rowed types were Barberousse, Plaisant and Hatif
de Grignon. All six are commercial French varieties of
promising performance in eastern Andalusia. These
cultivars were chosen as they satisfied the priorities of
a breeding program of the biggest malting house in the
region (Grupo Cruzcampo S.A., Seville, Spain), which
funded the study, to introduce winter cultivars in an
area strongly dominated by the cultivation of two-
rowed spring barleys.

In previous comparisons the two-rowed French
winter cultivars, Finesse, Melusine and Alpha, per-
formed better than many of the most widely grown
spring cultivars of SE Spain. In fact, in parallel with
this study, Garcia del Moral and Garcia del Moral
(1995) showed that the 2-rowed winter barleys
included in this paper did yield more than three of
the most popular two-rowed spring barleys in eastern
Andalusia (Pallas, Zaida and Kym).
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Each experiment was designed as four randomised
complete blocks, with cultivars allocated to plots of 6
rows, 20 cm apart, and 10 m long. To minimise border
effects, a single row in between plots was sown with a
common border (cultivar Hassan, a two-row barley).

2.3. Measurements and analyses

For the determination of the dynamics of spikelet
initiation, five plants per plot were sampled at ran-
dom every 3-4 days, from the first-leaf-unfolded
stage to the initiation of awn primordia (Kirby and
Appleyard, 1987) on the most advanced spikelets
when spikelet initiation ceased (Wych et al., 1985;
Garcia del Moral et al., 1991, 2002; Kernich et al.,
1995). The main-shoot apex of each of these plants
was dissected and the number of spikelet primordia
recorded. In addition, the number of shoots on the
plants of two 50 cm long sections taken at random
from inner rows was counted, at intervals of about 15
days, throughout crop development until harvest.
Heading time was recorded when awn tips started
to emerge through the sheaths of the flag leaves in
50% of the plants.

At harvest, after the crop completely senesced,
yield and yield components were determined. For this
purpose, two 50 cm long sections taken at random
from inner rows (the same as above) were sampled and
the yield components (number of spikes per unit land
area, number of grains per spike and individual grain
weight) were measured. To determine yield, each plot
was combine harvested and yield was corrected to
12% moisture level.

To assess yield stability, we adopted the linear-
regression method as suggested by Yates and Cochran
(1938) and rediscovered by Finlay and Wilkinson
(1963). This methodology uses the regression coeffi-
cient (slope) of each cultivar on the average yield of all
cultivars evaluated in different environments as a
measure of a cultivar’s yield responsiveness, and
conceptually a reciprocal of yield stability, interpreted
as: (a) slope < 1, indicating higher stability, under-
responsiveness; (b) slope = 1, average stability, aver-
age responsiveness; and (c) slope > 1, lower stability,
higher responsiveness, adapted to high-yielding envir-
onments.

Data were analysed with conventional statistical
techniques of ANOVA and the least significant differ-

ences (at 5% level of significance) were calculated to
test significance of treatment differences (Steel and
Torrie, 1982). The relationship between variables was
estimated by regression analyses.

3. Results

The experiment covered a large range of variation
within the Mediterranean conditions of Granada. The
two sites, differing in altitude, contrasted markedly in
temperature, and water availability varied notably
among years at the high altitude site, Montes
(Table 1). There was no major variation in rainfall
between the 1990 and the 1991 growing seasons at
Chimeneas, but substantial variation in overall per-
formance resulted from the differences in sowing date
between years which, jointly with the differences in
average temperatures, brought about a much shorter
growing season in 1990 than in 1991 (Table 1). Con-
sequently, the range of yields (averaged across culti-
vars for each environment) in which the performance
of the two- and six-rowed cultivars were compared
was 2.26-5.47 Mg ha™ .

3.1. Yield stability

Analyses of variance for grain yield and its com-
ponents are shown in Table 2. Within main effects,
environment had the strongest influence on grain
yield, grains per m* and spikes per m” while genotypic
effects were more pronounced for grain per spike and
grain weight. The observed variability for all char-
acters attributed to genotype was broken down into
differences between row type (two- and six-row) and
within each row type. In all cases, this variability was
attributed to differences between two- and six-rowed
barley cultivars (Table 2).

The occurrence of genotype by environment inter-
action was revealed for all the traits studied (Table 2).
However, lack of such interaction was observed within
each row type, while differences between two- and
six-rowed barleys for grain yield, grains per spike and
grain weight changed from one environment to
another. Thus, the genotype-by-environment interac-
tion in our study was caused more by overall differ-
ences between cultivars when considered in bulk than
when they were grouped in row class.
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Table 2

113

Partition of sum of squares and mean squares from the combined analyses of variance for grain yield and yield components for two- and six-

rowed types of barley grown in five environments for 3 years

Source of d.f. Grain yield Grains per m> Spikes per m> Grains per spike Grain weight
variation
SS MS SS MS SS MS SS MS SS MS
(x10%)  (x10")  (x10°)  (x10%
Env (E) 4 166.82 41717 1932 4829 1134  2834™" 246218 6155577 92598 231.50""
Rep/E 15 877 0587 133 089 037 0.25 279.94 18.66 15624 1042
Genotypes (G) 5 2119 424" 114 228" 11.88 23777 393679  787.36™" 1936.26 387.25""
Tow-row barleys (T) 2 3.95  1.97 0.31 1.57 286  14.32 270.52 13526 83.28  41.64
Six-row barleys (S) 2 071 036 0.68 3.41 0.69 3.43 5.17 259 250.60 125.30
Tvs. S 1 16,53 16.53™"  0.15 0.15 8.33 833" 3661.10 3661.10°" 1602.38 1602.38"""
GxE 20 3380 1697 533 26777 415 2077 1426.06 71307 605.11 3026
TxE 8 998 125 180 225 1.12 1.40 299.54 37.44 25112 31.39
SxE 8 6.96 087 1.34 1.68 0.57 0.72 770.60 96.44 64.91 8.11
(Tvs.S)xE 4 1686 422" 219 0.55 2.46 0.62 355.92 88.98""  289.08 7227
Pooled error 75 1375  0.18 260 035 2.18 0.29 1566.50 20.89 561.96  7.49

There was a noticeable difference between two- and
six-rowed barley cultivars in their responsiveness to
more favourable environmental conditions (Fig. 2).
The coefficients of regression of yield, averaged for all
cultivars within each group, and environmental index
(mean site grain yield) was 1.27 and 0.73 for the two-
and six-rowed cultivars, respectively. This level of
interaction implied that the trend, and the actual
yields, crossed over (Fig. 2). Thus, the six-rowed
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Fig. 2. Relationship between yield of the two- (open symbols) or
six-rowed barley (closed symbols), averaged across cultivars within
each type, and the environmental index (calculated as the average
of yield of all cultivars grown in each experiment). Lines were
fitted by linear regression before averaging the data of cultivars for
each spike type (n = 15).

cultivar, on the average, out-yielded the two-rowed
barleys in the lowest-yielding environment.

Individual cultivars, within each group, also differed
significantly in their responsiveness (Table 3). However,
each of the three two-rowed cultivars included in the
present study were more responsive than each of the
three six-rowed cultivars, which exhibited perceptibly
less variable and hence more stable yields (Table 3).
Furthermore, the newer the cultivar within each group,
according to their respective dates of inscription in the
National List (data not presented), the more responsive.

The crossover of the linear trends was even more
marked when comparing the extreme cultivars than for
the average within each group. Melusine, the two-
rowed cultivar with the highest yield in the best
environmental condition of this study, exhibited also
the lowest yield in the poorest environment, while the
opposite was true for H. Grignon, one of the six-rowed
cultivars (Table 3).

In fact, there was a clear positive trend between the
coefficient of regression (of the relationship between
yield of individual cultivars and environmental index)
and the maximum yield recorded for each cultivar in
the study (Fig. 3). The trend represented not only
yielding differences between cultivars of different
spike morphology, but also among cultivars of each
group, thus showing the effect of accumulation in the
newer cultivars of genes that positively affected grain
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Table 3

Parameters of the regression (coefficients of regression, CR, with its standard error, S.E., and correlation, r) for the relationship between yield
of individual cultivars in each environment and average yield of all cultivars in these environments (environmental index) for two- (Melusine,
Finesse, Alpha) and six-rowed cultivars (Plaisant, Barberousse, H. Grignon) grown at two sites and in three seasons in southern Spain

Cultivar CR* S.E. r Observed yields (Mg ha™!)

Minimum Maximum Mean
Melusine 1.52 +0.23 0.968 1.470 6.787 3.876
Finesse 1.24 +0.13 0.984 2.128 6.279 4.468
Alpha 1.06 +0.20 0.949 2.664 6.290 4.354
Plaisant 0.93 +0.24 0.910 2.271 5.359 3.666
Barberousse 0.66 +0.12 0.956 2.526 4.879 3.632
H. Grignon 0.59 +0.13 0.939 2.513 4.743 3474

# Values in italics are significantly different from unity at P < 0.05. Cultivars with values in italics are considered stables.

yield or, in other words, the temporal effect of plant
breeding on yield increase.

3.2. Yield components

There were two sources of yield differences: (i)
between yields of two- and six-rowed cultivars and (ii)
responses to environmental changes within each
group. To fulfil the objective of the study, we focused
on the causes of the differential yields between envir-
onments to understand the reasons for differential
yield stability between barleys of different spike mor-
phology. However, the differences between yields of
two- and six-rowed cultivars in particular environ-
ments were largely consistent with the literature: two-
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Plaisant | 3
0.8 g
Barberousse x
0.64 H. Grignon @
0.4 r . : T .
3 4 5 6 7 8

Maximum yield (Mg ha'')

Fig. 3. Relationship between the slope of the Finlay and Wilkinson
(1963) regressions (Table 2) and the maximum yield recorded in
the study for each cultivar. Cultivars are identified and the two- and
six-rowed forms are represented with open and closed symbols,
respectively. The line was fitted by linear regression.

rowed cultivars had far more spikes per m” than six-
rowed cultivars, while the latter consistently had more
grains per spike, with a lesser average grain weight.
Averaging across cultivars of the same spike morphol-
ogy, the ranges exhibited by two-rowed barleys were
374-743 spikes per m?, 18.6-23.5 grains per spike and
29.9-41.1 mg per grain; while the corresponding
ranges for six-rowed cultivars were 338-515 spikes
per m?, 26.1-37.6 grains per spike and 25.8-33.4 mg
per grain.

Yield differences among environments, for both
groups of cultivars, were more associated with
changes in number of grains per unit of land area
than with differences in individual grain weight. The
correlation coefficients between yield and number of
grains per m” (Fig. 4a) were higher than the corre-
sponding coefficients between yield and individual
grain weight (0.83"" and 0.11 for the two- and six-
rowed cultivars, respectively), although this correla-
tion was statistically significant for the two-rowed
barleys only.

Differences in number of grains per m® were, in
turn, related more to the number of spikes per unit land
area (Fig. 4b) than to differences in number of grains
per spike within each cultivar. The constitutive dif-
ference between two- and six-rowed cultivars in the
number of grains per spike is evident in that the data
points corresponding to six-rowed cultivars are always
higher than those corresponding to two-rowed barleys
(Fig. 4b). The correlation coefficients for the relation-
ship between number of grains per m* and number of
grains per spike were 0.47 and 0.66"" for the two- and
six-rowed cultivars, respectively.
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Fig. 4. Relationship between yield and the number of grains per
unit of land area (a), and between the latter and the number of
spikes per unit of land area (b). Symbols stand for the two- (open
symbols) or six-rowed (closed symbols) cultivars (for symbols of
each cultivar please see inset in Fig. 3). Lines were fitted by linear
regression.

The response of the number of spikes per m” to the
environmental index reflected a trend similar to that of
yield (Fig. 5). In fact, yield was very closely associated
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Fig. 5. Relationship between the number of spikes per unit of land
area of the two- (open symbols) or six-rowed barley (closed
symbols), averaged across cultivars within each type, and the
environmental index (calculated as the average of spikes per m* of
all cultivars grown in each experiment). Lines were fitted by linear
regression before averaging the data of cultivars for each spike type
(n =15).

with the number of spikes per m* (r = 0.85** for
two-rowed cultivars and r = 0.77*** for six-rowed
cultivars).

3.3. Developmental differences

Although differences in time to heading are critical
for better adaptation in Mediterranean environments,
cultivars included in this study were known to be well
adapted to the region, and consequently no major
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Fig. 6. Duration of the period from sowing to anthesis in each of the five experiments, averaged across cultivars of the same spike type (a), and
relationship between grain yield of each cultivar in each environment and duration (b). Open and closed symbols or bars stand for two- and
six-rowed cultivars, respectively (for symbols of each cultivar in (b), please see inset in Fig. 2).
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Fig. 7. Proportion of spikelet abortion on the main-shoot spikes (left half) and tiller mortality (right half) in each of the five experiments,
averaged for cultivars of two- (open bars) and six-rowed spikes (closed bars). The arrows on the ordinates indicate the overall average of
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of tillering) and number of spike-bearing tillers at maturity.

differences were observed in time to heading between
two- and six-rowed cultivars (Fig. 6a). In fact, differ-
ences among growing environments were not related
to the length of the cycle either (r = 0.37 for two-
rowed cultivars and r = 0.34 for six-rowed cultivars)
(Fig. 6b). Therefore, characteristics making two- and
six-rowed barleys respond differently to changing
environments, in this set of adapted winter cultivars,
it must be related to the generation or survival pro-
cesses occurring during the pre-flowering develop-
ment of the crop.

There was a large difference between two- and six-
rowed cultivars in spikelet abortion (Fig. 7, left), but
the proportion of abortion was fairly stable across
environments. Consequently, this trait did not account
for the differences in yield stability between cultivars
of two- and six-rowed spikes.

On the other hand, tiller mortality was quite variable
among environments (Fig. 7, right). However, the
differential tiller mortality among environments
could not explain the differences in yield stability
between two- and six-rowed cultivars. Firstly, there
were no clear differences among these two groups of
cultivars in tiller mortality. Secondly, the relationship
between yield and tiller mortality was non-significant
(r = 0.31) for the six-rowed cultivars, although it was
significant for the two-rowed barleys (r = 0.68*").
Thirdly, and most importantly, these relationships

were positive (that is, the trend was: the higher the
mortality, the higher the yield), implying that the
factor responsible for yield responsiveness capacity
of two-rowed cultivars was also simultaneously,
though not strongly, producing the conditions for
higher tiller mortality.

Therefore, the major constitutive difference
between cultivars of two- and six-rowed spikes,
explaining differences in yield stability/responsive-
ness in this study, was necessarily related to early
developmental features. Six-rowed cultivars, as
expected, produced almost threefold more spikelets
per spike than the two-rowed cultivars (Fig. 8, bottom
panels). The rate of spikelet initiation strongly differed
between these cultivars immediately after triple
mound when the development of two- and six-rowed
varieties begins to differ (Bonnett, 1966), and the
development of the lateral spikelets markedly slows
down in two-rowed barleys (Fig. 8, bottom panels).
Consequently, while two-rowed cultivars, averaged
across genotypes and environments, initiated ca. 40
spikelet primordia in the main-shoot apex at awn
initiation, the six-rowed barleys had by then initiated
ca. 107 spikelet primordia.

The counterpart of this was evidenced with tillering
(Fig. 8, top panels), which occurred to a large degree
simultaneously with spikelet initiation in this study.
Two-rowed cultivars consistently tillered at a higher
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Fig. 8. Number of spikelet primordia on the main-shoot apex (bottom panels) and tillers per plant (top panels), counted at different times from
double ridge to awn initiation (when the maximum number of spikelet primordia are found) averaged for cultivars of two- (open symbols) and

six-rowed spikes (closed symbols) for each of the five field environments (inset each panel) in which the study was conducted.

rate than did the six-rowed barleys (averaged across
environments and cultivars, the rates were 0.11 and
0.07 tillers per day), though the magnitude of the
difference in tillering was more affected by the envir-
onment than was the difference in spikelet initiation
(Fig. 8). The maximum number of tillers varied
accordingly between cultivars of these groups, the
values were ca. 8 and 5 for two- and six-rowed barleys,
respectively.

4. Discussion

The yields across the range of environments
explored were somewhat higher than those normally
found within the range of other experiments in Anda-
lusia. This was apparently due to the better growth
conditions of relatively lower temperatures in the
Province of Granada compared with those of western
Andalusia, and that winter cultivars were grown. The
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range was sufficient to compare the behaviour of these
two groups of cultivars under mild to moderate stress
conditions (Slafer and Araus, 1998).

Yield stability was markedly different in two- and six-
rowed cultivars. Even though a large degree of variation
was found between cultivars of each group, the yield of
all two-rowed cultivars was more responsive to envir-
onmental changes than that of the six-rowed cultivars,
which consistently showed more stable behaviour.
Although there are no reports available in the literature
of this differential behaviour under Mediterranean con-
ditions (regardless of differences in general adaptation
given by timing of anthesis, making the crop match its
development with seasonal rainfall pattern; see e.g.
Gonzilez et al., 1999; Villegas et al., 2000), the results
were far from surprising. In fact, they were in line with
the hypothesised behaviour.

Two-rowed cultivars, with intrinsically higher ability
to tiller, consistently produced a higher number of tillers
than did the six-rowed cultivars and then generated the
crop structure capable of using resources that could
become available under good growing conditions. In
these circumstances, the amount of resources used to
produce ultimately unproductive tillers does not chal-
lenge the availability of resources for later growth of the
canopy. It actually improves the ability of the canopy to
capture available resources (probably due to better
radiation interception and soil exploration) during cri-
tical stages of immediate pre-anthesis development,
when the number of grains, which will later become
the main yield component, are being determined (Mir-
alles et al., 2000). However, the opposite occurs under
poorer environmental conditions. Under such condi-
tions, the inherent higher tillering ability of two-rowed
cultivars resulted in use of scarce resources to produce a
canopy structure with limited additional resources to
capture. Under these circumstances the constitutive
capacity of six-rowed cultivars of reduced tillering rate,
even under favourable growing conditions, compared
with that of two-rowed cultivars becomes a useful trait
to save resources that may be more efficiently used
during the critical phases of yield determination.
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