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Summary &mdash; The change in the specific leaf area (ie the leaf area per dry matter weight unit) of 2 single maize hybrids
studied in 4 field experiments carried out in central and northern Greece in 1987 and 1988. It was found that the
overall specific leaf area of maize takes an initial value much lower than the values suggested for central European
conditions and decreases as a function of the development stage of the crop, independent of location, cultivar, plant
density (within the normal range), soil conditions, irrigation management and crop growth. A methodology for calculating the development stage based on the accumulated thermal units method is also discussed. Further, the validity of
the produced empirical relation between specific leaf area and development stage was tested for 13 more maize
plantings grown in western Greece in 1991. A fairly good agreement with the measured values especially before flowering (end of leaf growth) was found, suggesting that the empirical relation may be used in modern crop growth models
simulating maize growth under Greek and more generally Mediterranean conditions.
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Résumé &mdash; Modification de la surface foliaire spécifique du maïs dans les conditions culturales méditerranéennes. La modification de la surface foliaire spécifique (surface foliaire par unité de poids de matière sèche) de 2
de maïs a été étudiée, dans 4 expérimentations au champ, dans le centre et le nord de la Grèce en 1987 et
été constaté que la surface foliaire spécifique totale a une valeur initiale assez faible par rapport aux valeurs
qui sont proposées pour les conditions d’Europe centrale. Elle diminue avec le stade de développement de la culture
indépendamment du lieu, de la variété, de la densité de plantation (dans la gamme couramment utilisée), des conditions du sol, de la gestion de l’irrigation et de la croissance des plantes. Une méthode de calcul du stade de développement, basée sur la méthode des sommes de températures, a été aussi discutée. En outre, la validité de la relation
empirique obtenue entre la surface foliaire spécifique et le stade du développement a été testée sur 13 cultures de
maïs dans l’ouest de la Grèce en 1991. Une bonne concordance a été constatée, particulièrement pour les valeurs
obtenues avant la floraison (fin du développement des feuilles), montrant que cette relation empirique pourrait être utilisée dans des modèles modernes de simulation du développement des plantes et spécialement du développement du
maïs dans les conditions culturales grecques et plus généralement méditerranéennes.
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INTRODUCTION
Leaf

expansion is of great importance for
light interception and for photosynthesis; it varies
with the quantity of assimilates allocated to the
production of leaves and the ratio of the leaf area
produced per unit of leaf dry matter. The specific
leaf area (SLA, normally expressed in m
2 kg
) is
-1
a morphological plant characteristic; for a given
species, its value changes as a function of

more

generally

area

environmental conditions and age of the crop.
Many authors have demonstrated that an
inverse proportionality exists between SLA and

light intensity (Blackman et al, 1955; Cooper,
1966; Butt, 1968; Pears and Lee, 1969; Gmeling
Meyling, 1973). As a general symptom, at high
light intensities and photosynthetic rates, the
thickness of the leaves increases and therefore
SLA decreases, because carbon fixation exceeds
translocation. Chatterton et al (1972) consider
the SLA as a measure of the photosynthate production-translocation balance and that its
change may reflect productivity potential; the
inability to rapidly translocate and utilize the products of photosynthesis may reduce the potential
growth of many plants. The same authors found
diurnal fluctuations in experiments with maize
and alfalfa, suggesting the use of diurnal change
of SLA as a selecting criteria for identifying genotypes for efficient translocation. The fact that SLA
is also affected by temperature at high levels of
light was shown by Blackman et al (1955) and
Gmeling Meyling (1973): maize leaves become
thicker at lower temperatures but are not much
longer and this goes with a decrease in fresh and
dry SLA (Brower et al, 1973). This phenomenon
has been attributed to a lower conversion rate of
primary photosynthates to structural leaf material,
with accumulation of soluble carbohydrates in the
leaves. Additionally, the rate of the leaf area
expansion may be reduced under low temperatures (Grobbelaar, 1963; Kleinendorst and

Brower, 1970).
In the last few years, SLA has received great
attention, particularly after the development of
models that accurately simulate the production of
assimilates and their distribution to the various

(SUCROS, Spitters et al, 1988;
WOFOST, Rappoldt, 1986; Wolf et al, 1986). In
such models, SLA is input as a rate variable (Van
Heemst, 1988). As the existing data on SLA are
still of an exploratory nature, the scope of the
present work is to further study the change in the
specific leaf area of maize grown under conditions of the long, warm and sunny summers that
plant

are characteristic of Greece and
the Mediterranean region.

MATERIALS AND METHODS

Field experiments
The leaf area characteristics and the change in SLA of
maize were studied in 4 field experiments in Larissa
(350 km north of Athens) and in Thessaloniki (510 km
north of Athens), involving the 2 most commonly used
cultivars in Greece. The Larissa and Thessaloniki plains
are the largest lowland formations in Greece where high
input agriculture is practised. TableI summarizes the
main characteristics of the field experiments.

Experiment

1

This concerned the growth of the maize (single-cross)
hybrid Aris on a flat, light clay soil in Larissa (central
Greece) in 1987 (table I). A randomized block design
was used with 3 replicate plots of 6 x 6 m = 36 m
. The
2
site received adequate fertilization and irrigation for
maximum growth (table I). The dates of 50% emergence, flowering (tasselling), silking and maturity were
recorded. The occurrence of a black layer on 50% of
the kernels was used as an indication that the crop
had fully matured (Rench and Shaw, 1971).The crop
was harvested on the following dates: 10/6, 25/6, 15/7,
30/7, 20/8, 3/9 and 18/9/1987. The sampling was finalized within 2 h after sunrise. For the first 2 harvests, 2
strips of 2 m were taken from each replicate. Later, the
size of the harvested strips was reduced, with sample
weights of no more than 300-400 g per replicate and
per treatment. Leaf blades, leaf sheaths, stalks and
cobs + husks were harvested separately. The surface
area of 20 leaf blades from each replicate was accurately measured by planometer and correlated with the
leaf length and width (see Results and Discussion).
The total leaf area of the crop was then calculated
from the measured lengths and widths of all leaves in
the sample. All the samples were dried at 70°C until
constant weight. Combining the leaf area and dry leaf
weight produced the instantaneous average specific
leaf area (m
2 leaf/kg dry leaf mass). The daily maximum and minimum air temperatures (at the nearby
Larissa Station) were supplied by the National

Meteorological Service (fig 1).

Experiment 2

organs

This was conducted on a flat, loamy sandy soil in
Thessaloniki (northern Greece) in 1987. The site
received fertilization and irrigation for optimum growth
(table I). The same design as in Experiment1 was
2 each. The crop
used with 3 replicate plots of 12 m
was harvested on the following dates: 28/5, 19/6, 17/7,
31/7, 21/8, 4/9 and 21/9/1987. The daily maximum and
minimum temperatures were recorded on-site.

Experiment 3

Experiment 5

This was established on the Larissa clay soil in 1988.
The site received optimum fertilization (table I). Drip
irrigation was applied at a constant (low) discharge of
2.5 mm/h. A randomized block design was used with 4
treatments and 3 replicates. The treatments were:

the measurements of maize developgrowth in Agrinio plain (western Greece)
during the growing period of 1991. In this plain, which
is characterized by recent alluvial, very deep, mediumto-fine-textured, calcareous soils, (irrigated) maize is a
widely cultivated crop.
The dates of emergence, flowering and maturity of
13 maize plantings with different cultivars, sowing
dates and sowing densities were recorded (table I).
The crops were additionally sampled for leaf dry mass

Treatment K: normal irrigation; a net total of 386 mm
irrigation water was applied from sowing to silking, and
395 mm from silking to maturity.
Treatment A: dry throughout;
applied for establishment.

only

134

mm

of water

was

production.
Treatment PY:

The crop

Y until silking, dry thereafter;
water was applied between silking to

same as

was

harvested 6 times, viz

concerns

ment and leaf

the dates 5/6, 18/6, 3/7, 18/7, 30,7 and 13/8/1991.
Before sampling, the leaf area index (LAI) was measured on site using a plant canopy analyzer (LICORLAI 2000). The specific leaf area was calculated using
the measured LAI-value and the dry leaf weight measured for the 4 plants surrounding the spot where LAI
was measured, for the given plant density. Three replicates for each of the 13 plantings were used. The
determined SLA was plotted versus the development
stage of the crop. The latter was calculated using daily
temperature records as explained below.
on

Treatment Y: the ’wet treatment’; with a total effective
irrigation water input of 860 mm from sowing to silking
and 420 mm from silking to maturity to ensure optimal

only 55 mm of
maturity.

This

on

the follow-

ing dates: 2/6, 23/6, 11/7, 28/7, 10/8 and 23/8/1988.
The sampling procedure was as in Experiment 1; the
sampled matter was divided by plant organ, and leaf
area measurements were done as in the above experiments.

Development of the crop

Experiment 4

The heat

This was laid out on the Thessaloniki loamy sand in
1988. The site received adequate fertilization for optimum growth (table I). Due to lack of water in the area,
only 2 irrigations (furrow) were given, viz on June 20
and July 6, with 70 mm effective water depth per application. The crop was harvested on 12/7 and 17/8. The
daily maximum and minimum temperatures were
recorded on site. The heat requirements for emergence, flowering and maturing of maize were calculated by interpreting records on emergence, flowering
and maturity of an additional number of plantings of cv
Aris and Pioneer 3165-Dona in neighbouring fields in
1987 and 1988.

requirements from planting or emergence to
flowering are normally established by summation of
daily effective temperatures, calculated by subtracting a
base (or threshold) temperature from the daily mean.
The superiority of the thermal time method over the calendar-day method has been shown in numerous works

(Brown, 1969; Blacklow, 1972; Arnold, 1975; Coelho,
1978; Tollenaar et al, 1979; Derieux and Bonhomme,

1982), but there is no universal agreement on the best
method to compute threshold and ceiling temperatures.
The emergence, flowering (tasselling) and maturity
of a number of maize plantings in 1987 and 1988 are
summarized in table II. The best method to calculate
the accumulated heat units would be one that minimizes their coefficient of variation (CV) obtained

between different trials (years x locations) (Derieux
and Bonhomme, 1982). For both periods from emergence to flowering and from flowering to maturity of 4
Aris plantings (table II), the smallest CV was found by
summing the daily temperatures above a threshold
value according to:

where

T
S
UM is the accumulated heat units (°C·d),
max
T
is the maximum daily temperature (°C),
min is the minimum daily temperature (°C),
T
Th is the threshold temperature equal to 10.5°C.
The present approach based on the values established for the heat requirements during emergence to
flowering and flowering to maturity (T
pre and
SUM
SUM respectively) assumes that the rate of
T
post,
development of the maize cultivars studied is constant
during these periods. Assuming a linear development
during these periods, the development stage of the
crop (DVS) at any time can be estimated as follows:

tivar Pioneer 3165-Dona is pre
SUM
T
= 780.
viz
from
flowerthe
heat
requirements
SUM
T
post,
for
cvs
to
is
850
both
degree-days
ing maturity,
Aris (CV 1.9%) and Pioneer 3165. The value of
10.5°C is almost identical to that (10°C) found in
many classical studies (Gilmore and Rogers,
1958; Arnold, 1975) and adopted in many recent
publications (Van Heemst, 1986, 1988; Driessen
and Konijn, 1992). For some European sites,
somewhat smaller threshold temperature values
were suggested (Derieux and Bonhomme, 1982),
which might be attributed to the adaptation of
maize to the lower temperatures prevailing in
those areas.
=

The superiority in predicting flowering and
maturity times based on the heat units method
rather than on the calendar-day method is apparent from figure 2, where the accumulated heat
units are plotted for 4 plantings of cv Aris in
Larissa and Thessaloniki, in 1987 and 1988. The
accumulated heat units are calculated for each
planting starting from the actual day of emergence; the days of emergence (E), flowering (tasselling) (F) and maturity (M) are indicated on the

graphs.
Leaf characteristics -

specific leaf area

where

daily air temperature (T
)/2 (°C),
min
+T
max
Th threshold temperature (10.5°C),
TACT total accumulated heat sum above Th (°C·d).

a
T

=

mean

=

=

=

In the present approach, DVS = 0.5 at flowering and
DVS 1 at maturity. The DVS approach is as easy as
the thermal time approach and has the additional
advantage of using the same scale (0-1) for all
crops/cultivars, for which the sum of degree-days may
considerably vary. It should be stressed that the sum
of temperature for a given genotype has to be known
in order to use the DVS-based approach. This sum is
constant and characterizes a given genotype. If tem=

perature sum and threshold temperature are not
known, these characteristics can be found by performing at least 2 experiments under different temperature
conditions.

RESULTS AND DISCUSSION

As mentioned above (see Materials and
Methods), a good correlation between leaf
length/width and the leaf area allowed us to estimate the latter from the measured lengths and
widths of all leaves in the sample. Actually, the
leaf surface area (E, in cm
) could be related to
2
the product of length (L, in cm) times width (W, in
cm) of the leaf blades according to the following
linear relations for cv Aris and cv Pioneer 3165,

respectively:

The change of the LAI with the DVS of Aris
and Pioneer cultivars is presented in figure 3. It
can be seen that the LAI of cv Aris ranges from
4.2 to 5.2 at maximum leaf growth and is less
than the LAI of the Pioneer which exceeds 7. It
can also be noted that the LAI is maximum at
tasselling or later (DVS 0.5-0.6). The amount
of assimilates partitioning to the leaves was
found to be nil at DVS &ge; 0.65 (Danalatos, 1993).
Later, LAI decreases drastically due to dying off
of senescent leaves, especially under dry conditions (treatment PY; fig 3).
=

Heat requirements of the studied cultivars

Applying equation [1]suggested that the cv Aris
needs 660 degree-days for flowering (T
pre
SUM
660, CV 1.1%); the heat requirement of the cul=

=

There is no strict correlation between the LAI
and the dry matter production unless it concerns
crops growing under similar (weather) conditions.
Maize cv P3165, for example, has a longer growing cycle and normally a higher LAI than cv Aris. It
actually produced a higher dry seed yield in 1987
(13.4 vs 9.9 t/ha for P3165 and Aris, respectively),
under optimum moisture conditions, but not in the
dry year 1988 (9.7 and 11.5 t/ha for P3165 and

Aris, respectively),

even though P3165 still had a
higher LAI (fig 3). Cv Aris grown in Larissa in
1987 (8.5 pl/m
), had a higher LAI than on the
2
same field in 1988 (7 pl/m
) and yet the final dry
2
seed yield in 1987 was less than in 1988.
Figures 4, 5 and 6 show that the overall SLA
of maize decreases in the course of the growing
period. Sibma (1987) studied the SLA of maize
plants at different altitudes and found that both

of the existing leaves and formation of
leaves account for this effect.
Average SLA values under Greek (Mediterranean) and Dutch (temperate) circumstances
(Sibma, 1987) are plotted for different years in
figure 4. It appears that the initial SLA values

thickening
thicker

new

under the Greek conditions are by 10-20 m
/kg
2
less
the
in
the
matter
than
values
found
dry
Netherlands. This might be associated with the
higher light intensities prevailing under
Mediterranean rather than temperate conditions
at the beginning of the growing season.

In figure 5, the overall SLA-values of maize cv
Aris over time is shown for 2 plant densities of
4.5 and 8.5 pl/m
. No interaction was found
2
between the SLA-DVS relationship and the plant
density for the studied (normal) population range.
Sibma (1987) only found an interaction for
extreme plant densities, viz 40 pl/m
, with
2
increased mutual shading, especially during late

development stages.
In figure 6, the overall (average) SLA of the
crop is plotted versus DVS values, calculated for
the experiments in Larissa and Thessaloniki. The
figure shows that SLA is highly correlated with
DVS independent of the cultivar, soil, location
and plant density. SLA can be approximated with
the following logarithmic relationship:

The correlation coefficient suggests that estimating DVS-values from the accumulated heat
units, separately for the 2 periods emergenceflowering and flowering-maturity is accurate.
At the very early stages of the crop (April), the
prevailing low radiation and temperatures around
the threshold are responsible for the initial high
values of SLA. In the period May to June, temperature (fig 1) and radiation increase sharply

towards their optimum levels for crop-growth in
the Mediterranean zone, resulting in very high
photosynthetic rates and assimilate production.
Assuming that translocation of the photosynthate
products cannot fully match the increased rates
of carbon fixation under the prevailing conditions,
this results in the thickening of the existing leaves
and the formation of thicker new leaves, and
therefore in a sharp decrease of SLA in the preanthesis period. The post-anthesis period of corn
coincides with the sunny and hot summer. During
this period, not much difference in radiation and
temperature may be expected in the
Mediterranean region. Thus, the further slight
decrease in SLA is attributed to the senescence
of the old (thinner) leaves, so that the younger
thicker leaves remain on the stand and determine
the overall SLA-value. The SLA-DVS relationship, viz the sharp decrease of SLA in the initial
stages of development to attain smaller rates
later in the season, may be better described by a
logarithmic-type model (equation [7]). It is
believed that due to the considerably low year-toyear variation in summer radiation and temperature in the Mediterranean region, one might
expect a high applicability of the proposed logarithmic equation [7] for maize grown under
Mediterranean conditions (Driessen and Konijn,

1992).

Validation
The validity of the empirical expression [7] was
tested in the Agrinio area (western Greece) for
13 maize plantings during the growing period of
1991. The result is shown in figure 7a and b and
illustrates a fairly good agreement between

(markers) and the (dashed)
curve produced using equation [7]. This agreement is particularly good for early development
stages, when maximum leaf growth takes place,
and models simulating crop growth are very
sensitive (sigmoid growth). As shown in figure 7,
measured values

the measured values at DVS &le; 0.3

are

very

different (variation &le; 2%) from predicted
values, whereas variation remains low until
anthesis (DVS &le; 0.5). As figure 7 shows, however, the discrepancy increases in the postanthesis period (DVS > 0.5) to reach a value of
10% at DVS
0.75 (middle of the grain-filling
period). The lower SLA values in Agrinio during
this period cannot be attributed either to lower
temperatures (fig 1) or to higher radiation
regimes, which was not the case. The noted discrepancy is probably due to the overestimation
of the area index of no senescent (green) leaves
by using the canopy analyzer rather than the
more precise planometer measuring. In any
case, any poor prediction of SLA in the postanthesis period cannot lead to erroneous results
in dynamic simulations since no leaf development takes place during that period.

slightly

=

Based

the above, we suggest that in modcrop-growth models such as Sucros (Spitters
et al, 1988), Wofost (Rappoldt, 1986), etc, the
SLA-DVS relationships currently in use be
replaced by equation [7] in dynamic simulations
involving cultivars of Pioneer and possibly other
single maize hybrids grown under Greek and
more generally under Mediterranean conditions.
For cultivars other than the ones studied here, a
prerequisite calibration of the DVS-thermal time
is needed.
on
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