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Effect of sowing date and variety on main shoot
leaf emergence and number of leaves of barley
and wheat

E. J. M. KIRBY, Margaret APPLEYARD Gwynneth FELLOWES

Plant Breeding Institute, Trumpington, Cambridge CB2 2LQ, UK

SUMMARY Rate of leaf emergence and number of leaves was measured on nine varieties of wheat and nine varieties of

barley on four sowing dates in each of two years. Number of leaves declined the later the plants were sown,
except for the February or March sowing when the number of leaves increased in the winter varieties. There
were differences between varieties and a strong variety x sowing date interaction, which was probably due to
differences in vernalisation response.
The rate of leaf emergence was faster the later the sowing date and there were differences between varieties.
Analysis by regression of number of leaves on accumulated temperature showed that the rate was up to
80 per cent faster in the last sowing, compared with the first. Differences of up to 18 per cent were found
between varieties, but there was little or no interaction with sowing date. Leaves of barley emerged more
quickly than those of wheat.
There was a correlation between rate of leaf emergence and rate of change of daylength at the time of plant
emergence, similar to that found by other workers. There was evidence that the base temperature varied with
date of sowing.

Additional key words : Vernalisation, accumulated temperature, rate of change of daylength, base

temperature.

RÉSUMÉ Effet de la date de semis et de la variété sur le rythme d’apparition des feuilles du brin-maître et
leur nombre total chez l’orge et le blé.
La vitesse d’apparition des feuilles et leur nombre ont été observés pour 9 variétés de blé et 9 variétés d’orge et
pour 4 dates de semis au cours de 3 années successives. Le nombre final de feuilles diminue lorsque les dates
de semis sont de plus en plus tardives, sauf pour le semis de février ou de mars pour lequel le nombre de feuil-
les est plus élevé chez les variétés d’hiver. On constate des différences entre variétés ainsi qu’une forte interac-
tion variété x date de semis, qui sont probablement liées à des différences de sensibilité à la vernalisation.
La vitesse d’apparition des feuilles augmente pour des semis plus tardifs et varie entre variétés. L’analyse, par
régression linéaire, des relations entre le nombre de feuilles et les sommes de température accumulées montre
une plus grande vitesse d’apparition des feuilles, de l’ordre de 80 %, pour le semis le plus tardif par rapport
au plus précoce. Les différences entre variétés vont jusqu’à 18 %, mais l’interaction entre la date de semis et
la variété est faible à nulle. Le rythme d’apparition des feuilles est plus rapide chez l’orge que chez le blé.
Ce rythme est corrélé à la vitesse de changement de la durée du jour au moment de l’apparition du pied, selon
une relation comparable à celle constatée par d’autres auteurs. On montre que la température de base (ou
seuil) varie selon la date de semis.

Mots clés additionnels : Vernalisation, température accumulée, vitesse de changement de la durée du jour,
température de base.

I. INTRODUCTION

Leaf production of the cereal plant has been used
to quantify both development and growth. For

example the Zadoks growth stage scale, used exten-
sively in Europe for timing herbicide and fertiliser
treatments, uses expanded leaves on the main shoot as

a criterion of development and other similar schemes
have been devised (e.g. HAUN, 1973). In cereal growth
studies considerable emphasis has been given to the
importance of leaf area and its relation to growth and
yield and models which seek to simulate growth and
yield of cereal crops necessarily have sub-routines
which produce leaf area growth, sometimes on an



individual leaf basis (PORTER et al., 1982). While
much information exists about leaf’ initiation, growth
and emergence, recent field studies have revealed that
there may be significant differences in rate of

leaf emergence of plants sown at different dates

throughout the normal sowing season (BAKER et al.,
1980 ; KiRSY et al., 1982). These differences are not
explicable in terms of differences in length of day and
it has been suggested that the cereal plant may

respond to differences in the rate of change of

daylength (BAKER et al., 1980 ; K!RSY et al., 1982)
which may affect temperature response or that sowing
date may affect the base temperature for leaf

emergence (KIRBY et al., 1982).
Genotypic differences in leaf emergence rates are

also known and these have been used in breeding
programmes to select for certain plant types (SYME,
1974). Selection and breeding studies in forage grasses
have shown that leaf emergence rate is highly
heritable and that considerable changes can be

produced within relatively few generations (EDWARDS
& COOPER, 1963).

Because of the significance of leaf production,
work was done to explore variation in leaf parameters
in barley and wheat and to analyse the effect of

genetic and environmental factors. Results from such
analyses may provide the bases for analysis and

prediction of leaf production using simulation

techniques. In this paper we give data for wheat from
two seasons which confirm that sowing date has a
strong effect on the rate of leaf emergence and show
that while there is genetic variation within both wheat
and barley, there is little interaction between variety
and sowing date so that genetic differences in rate

may be expressed over a wide range of environments.

II. MATERIALS AND METHODS

A. Experimental design

The experiments were done at the Plant Breeding
Institute (Latitude 52° 11’) with wheat in 1980/81 and
1981/82 and with barley in 1979/80 and 1980/81. In
each year there were 4 sowing dates (table 1 ). Several
genotypes were grown in each year of the experiment
(table 2). In the wheat experiment most were com-
mercial winter varieties with a vernalisation response,
but also included were ’Fenman’, ’Highbury’, ’Wem-
bley’ and a winter barley variety, ‘Igri’. Most of the
barley genotypes were commercial winter varieties or
advanced breeding lines of winter types. Some of the
results for the barley experiments have been reported
(KtRSY et al., 1982). The experiments were organised
so that each year x species combination formed a
separate unit each with the same experimental design.



The main treatment was sowing date with 2 blocks for
each of the 4 dates. Each block was divided into
2 sub-blocks within which the 9 variety plots were
fully randomised. Thus within each sowing date there
were 4 replications for variety.
The soil type where the experiments were done was

a sandy loam overlying river gravel. Seeds were hand-
sown, evenly spaced in rows 76 mm wide, at a density
of 258 seeds m-z. Seedling establishment was gene-
rally more than 90 per cent. A top dressing of nitro-
gen fertiliser (75 kg N ha-1) was applied when most
varieties in a sowing date treatment had reached
terminal spikelet stage. Plant diseases and pests were
controlled when necessary. Temperature data for the
experiments were obtained from thermometers sited in
a Stevenson screen, 2 m above ground level in the
Institute weather station, less than 200 m from the

experimental site (fig. 1).
The measurements of number of emerged leaves

were part of a full developmental analysis and were
made on plants removed from the plot. Sample plants
were taken only from areas of full establishment such
that each plant was surrounded by 8 intact neigh-
bours, and proceeding systematically through the plot
leaving adequate discard plants at the edge of the plot
and between sampling places. One or two samplings
were made each week depending on temperature and
at each sampling one plant per variety per replicate
was taken viz. 4 plants per variety. The number of
emerged leaves was counted on the main shoot and a
leaf was defined as having emerged when the tip of
the lamina was visible above the uppermost auricles of
the subtending leaves. Generally, counts continued
from seedling emergence until ear emergence, but in
the first sowing in some seasons leaf death made it
difficult to make reliable counts in the later stages of
the life cycle and counting stopped before ear

emergence. In all sowings total number of leaves per
main shoot was determined by dissection, counts

being made after the collar was clearly recognisable
and before leaf death made total leaf number counts
difficult. The total number of leaves was estimated
from 15 to 30 plants for wheat and 20 to 60 plants for
barley.

B. Analysis of rate using thermal time

In order to compensate for seasonal fluctuations in

temperature several workers (table 6) have analysed
leaf emergence as a function of accumulated tem-

perature (thermal time, heat units) (GALLAGHER,
1976). This analysis is based on the fact that the

response to temperature of the rate of many botanical
phenomena is linear over the range of normal field

temperatures (c. 0-25 °C). At a certain temperature
the rate is zero and this is usually referred to as the
base temperature.

If these assumptions are correct, then when tem-
perature above the ’true’ base temperature is accumu-
lated over time, there is a linear response of number
or size (integral of the rate) to accumulated tempe-
rature. As the base temperature selected for calcu-
lation of accumulated temperature deviates from the
’true’ base temperature there is a systematic deviation
from a linear response. Based on these considerations,
a regression technique may be used for the estimation
of base temperature (GALLAGHER, 1976 ; DURAND et

al., 1982). Accumulated temperature is calculated

using a range of temperatures as the base and the

temperature which gives a minimum residual in

regression (or minimum r2 in correlation) analysis
(SNEDECOR & COCHRAN, 1972) is selected as the best
estimate of base temperature.

III. RESULTS

A. Number of leaves

The greatest number of leaves was found on the
main shoot in sowing 1 (table 3). The winter wheat
varieties excluding ’Talent’ (1980/81) but including
’Fenman’ formed either 14 or 13 leaves but spring
varieties formed only between 12 and 10 leaves. With
later sowing the number of leaves declined systema-
tically to a minimum of between 11 and 9 in sowing 3.
In winter varieties (excluding ’Fenman’) more leaves
were formed in sowing 4 than in sowing 3, whereas in
the spring varieties and ’Fenman’ the number of
leaves were least in sowing 4.
The change in number of leaves with sowing date in

barley was generally similar to that in wheat (table 3),
but sowing 4 had less leaves than sowing 3.

B. Rate of leaf emergence

When number of leaves for wheat was plotted
against time it was clear that leaves emerged fastest
the later the sowing date (e.g. ‘Norman’. fig. 2). Thus
there was a period from November until the end of
April when sowings 1 and 2 could be compared and
from mid-January until the end of April when sowing
1, 2 and 3 could be compared. During these times the
rate at which leaves emerged in sowing 2 was faster
than that in sowing 1 and leaves emerged faster in

sowing 3 than either sowing 1 or 2. Over the whole

period there was considerable fluctuation in the rate
of leaf emergence e.g. in sowing 1 the highest rates
occurred in October and April, although leaf emer-
gence continued, albeit at a slow rate, throughout the
winter.



In barley, when number of leaves was plotted
against time, a similar response to sowing date was
found (KIRBY et al., 1982).
When number of leaves for varieties within a

sowing was plotted against time it was seen that the
rate of leaf emergence differed amongst varieties both
in wheat and in barley (fig. 3). The differences were
similar in each sowing.

C. Variation of base temperature

In analyses of wheat leaf emergence the base

temperature is usually taken as 0 °C (table 6) and this
generally gives a linear response, with any deviations

from the fitted line appearing to be random. It has
been shown for barley that there appeared to be a
systematic change in base temperature with sowing
date (KIRSY et al., 1982). When the wheat data for
sowing I of this experiment were plotted against
accumulated temperature with base temperature 0 °C,



although there was a highly significant regression,
there was also a systematic deviation from a linear
response (fig. 4). For values of accumulated tempe-
rature less than about 350 and above 850 °Cd the
observed values were below those predicted by linear
regression ; from 350 to 850 °Cd almost all the
observed values were greater than predicted. Using
5 °C instead of 0 °C to calculate accumulated tem-
perature maximised the r2 and there was no systematic
deviation of the observed values about the fitted line
(fig. 4).
The base temperature which maximised r2 was

determined for each variety of wheat in each sowing.
There was no indication of any varietal differences in
estimated base temperatures and the mean values over
all varieties are given for each sowing in table 4. In

both years the estimated base temperature for the

mid-September sowing (sowing 1) was about 5 °C,
but fell to about 0 °C for the October and November

sowings (sowing 2 and 3). Base temperature value for
sowing 4 was estimated to be - 3 °C, but for this

sowing the ambient temperature during the period of
estimation was higher than the other sowings and
considerable extrapolation was involved (see base

temperature values for barley in KntBY et al., 1982).

D. Comparison of leaf emergence rate

Although there was evidence of variation in base

temperature in response to sowing date, very highly
significant. In wheat there was a significant inter-
accumulated temperature were obtained using a

constant base temperature over all sowings. Therefore
for comparison between sowings and for comparison
with results from other experiments further analysis
was made using one base temperature (0 °C for

wheat, 1 °C for barley) over all sowings.
There was variation in rate of leaf emergence (on

the basis of accumulated temperature) due both to

sowing date and variety (table 5). Analysis of variance
indicated that variation due to both these factors was

significant. In wheat there was a significant inter-
action between variety and sowing date, but this was
small in magnitude and accounted for a small

proportion of the sum of squares. In barley the
interaction between genotype and sowing date was not
significant. In wheat the rate of leaf emergence of
most varieties increased by about 70 per cent from
sowing 1 to sowing 4. In barley in 1979/80 the

average increase was about 80 per cent, but in
1980/81 the increase was only about 45 per cent. The
difference between varieties with the highest (’Hunts-
man’) and lowest (’Highbury’) rates in wheat was
about 16 per cent, similar to differences (18 per cent)
between the barley variety ’Sonja’ with the fastest rate
and the one with the slowest rate (’Ark Royal’).

E. Difference in rate of leaf emergence between
wheat and barley

Table 5 showed that the rate of leaf emergence in

barley was generally higher than that of wheat. A
direct comparison was possible in the wheat experi-
ment, in which ’Igri’ was included. In this com-

parison the rate of leaf emergence was higher for

’Igri’ than for any of the wheat varieties (table 5).

IV. DISCUSSION

A. Effect of date of sowing

The results confirm those of BAKER et al. (1980)
and KIRBY et al. (1982) which showed that rate of leaf
emergence responded strongly to date of sowing.
BAKER et al. (1980) examined the factors which might
elicit this response and established a strong correlation
between rate of leaf emergence and rate of change of
daylength (civil twilight to civil twilight) at the time
of emergence of the first leaf. A similar relationship
was found for barley (KIRBY et al., 1982). The



relationship between rate of leaf emergence and rate
of change of daylength (at the time of seedling
emergence) was similar for all wheat varieties reported
in the present paper. The response of the variety
’Huntsman’, was very close to that reported by
BAKER et al. (1980) (fig. 5).
A survey of leaf emergence rates (table 6) shows

variation with sowing date, but the contrast between
winter and spring sowings is confounded with species.
It also shows that in some experiments there was no
response to sowing date (HAY & TUNNIICLIFFE WILSON,
1982) or the trend was reversed (DELECOLLE & GUR-

NADE, 1980). In the two experiments in controlled
environments (table 6), in which there was a constant
length of day, there was a response to daylength of
about 30 per cent increase from 12 to 24 h day- I

photoperiod (FA!REY et al., 1975) or 45 per cent from
12 to 18 day-’ (KIRBY & EiSENBERG, 1966). In both
these controlled environment experiments the length
of day was confounded with radiation receipt, so that
the latter, rather than the former factor may have
been responsible for the differences. Over such a

range of experiments there would be a wide range of
levels of available nitrogen (and other mineral

nutrients) but nitrogen level appears not to affect rate
of leaf emergence (WtLLtNG’roN & BISCOE, 1983) and
so was unlikely to account for variation between
different authors’ results.



Some variation in base temperature for leaf

emergence between sowings was shown by GALLA-
GHER (1976) but it was small compared with the
variation found in both wheat and barley cported in
this paper. The biggest change in base temperature
was found between the September sowing and the
later sowings (table 4 and table 5 in KIRBY et al.,
1982). Comparable early sowings were not made by
GALLAGHER. The estimation of base temperature
depends upon the selection of a maximum r2, but the

variation in r2 with base temperature is small (KIRBY
et al., 1982). The technique also assumes a similar
response to temperature over all leaves, but there is
some evidence of ontogenetic changes in the rate of
leaf appearance (BLONSTEIN, 1982).

All the data summarised here clearly establish that
there is considerable variation in the rate of leaf
appearance with date of sowing, which is unrelated to
variation in temperature. For purposes of analysis or
prediction of leaf emergence the use of accumulated



temperature provides a satisfactory technique and the
significant correlation with rate of change of daylength
enables allowance to be made for date of sowing.
However, there are uncertainties about the control of
this phenomenon which probably cannot be resolved
by statistical techniques used in this paper and will

require experimentation with controlled variation of
such factors as rate of change of daylength to

elucidate them.

B. Varietal differences in number of leaves and leaf

emergence rate

Much of the interaction between variety and sowing
date for number of leaves on the main shoot can be

explained by differences in vernalisation response.
The true winter varieties e.g. ’Huntsman’, which have
a marked vernalisation response (NSDO, 1983) had
the highest number of leaves in sowing 1. In this

sowing, leaf initiation rates were high and plants
made considerable leaf growth during the warm

weather of late September and October when the

average daily temperature was above 10 °C and
vernalisation proceeded slowly. In the October and
November sowings, the rate of leaf initiation and

growth were slower in the lower temperatures and the
vernalisation requirement was satisfied in the small

seedling, with a consequent reduction in number of
leaves. In sowing 4, particularly the March sowing in
1981/82 the higher temperature during seedling stage
again led to a higher number of leaves in the winter
varieties. In contrast, the spring varieties e.g.

’Highbury’, which have little or no vernalisation

response the number of leaves differs less between

sowing 1, 2 and 3. In sowing 4 there was a further
reduction in number of leaves in response to the

longer daylength at seedling emergence. ’Fenman’
which is known to have no vernalisation response

(NSDO, 1983) had more leaves in sowing 1, like the

winter varieties, but leaf number was low in sowing 4.
There were differences in leaf number between
varieties with a similar response to sowing date e.g.
’Huntsman’ and ’Talent’.

Unlike number of leaves, the rate of leaf emergence
showed either no variety x date of sowing interaction
or, in wheat, it was small in magnitude and accounted
for only a small portion of variation. Therefore the
observed relative differences are likely to be main-
tained irrespective of sowing date.

In both wheat and barley the true winter varieties
e.g. ’Norman’ and ’Sonja’ tended to have the higher
rates and in both species a spring type (’Highbury’
and ’Ark Royal’) had the lowest rates. However, this
may not be general ; the number of varieties examined
was small and amongst the wheats the spring variety
’Wembley’ had a rate comparable to the winter
varieties.

It is clear from the results presented in this paper
and from the other papers cited that date of sowing
and variety affects the production of leaves in a

complex way. In addition to number of leaves per
shoot and rate of leaf emergence, leaf size may be
affected (GALLAGHER, 1976 ; KtRSY et al., 1982) and
there may be interactions between these characters. In

addition, rate of leaf emergence and final number of
leaves per shoot affects the rate at which tillers are

produced and the maximum number of tillers (KIRBY
et al., 1985). The differences in leaf characters will

probably affect the development of the leaf canopy,
but it is not easy to deduce what the effect may be

because, in addition to variation in leaf parameters
with variety and sowing date, temperature and day-
length also vary with sowing date. To ascertain if
these changes in leaf parameters have any adaptive or
yield advantages further research is necessary.
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