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ABSTRACT

Differences in the magnitude of the response to daylength 
(8h S.D. and 16h L.D.) of a large number of two-row spring 

barley genotypes were found in both final spikelet number 

(100 cultivars, glasshouse) and in apical development (five 

cultivars, growth rooms). Apical growth and development of 
all genotypes was accelerated in L.D. compared with S.D. 
treatment and two physiological groups could be distinguished 
on the basis of the magnitude of this response. Group one 

cultivars (Clipper and Spartan) showed a more marked 
acceleration of apical development in long days compared with 
group two cultivars (Domen, Golden Promise and Ymer) and this 
was reflected in rapid spikelet primordium production resulting 
in a reduced maximum spikelet primordium number. A high 
spikelet primordium maximum was reflected in a high spikelet 
number.

Apical growth and development, and spikelet primordium 
production w«re similarly accelerated by late sowing treatment 

in the field, both in 1976 (14 cultivars) and in 1977 (five 
cultivars), and cultivars differed in the magnitude of this 

response. Two physiological groups could again be 
distinguished and these corresponded to the two groups 
distinguished on the basis of their apical response to daylength. 
Because of the similarities in the apical response to daylength 
(growth room) and to sowing date (field) it vs suggested that 
daylength is an important environmental factor influencing 
apical development in the field. A high spikelet primordium 
maximum was again reflected in high spikelet and grain numbers. 
Grain yield per plant was decreased by late sowing and this



reduction was associated with grain number per plant (both 
ear number per plant and grain number per ear) rather than 
1000 grain weight. This indicated the importance of the 
sink capacity of the plant in determining final grain yield.

Photoperiod studies (using both Night interruption and 
Day extension treatments) indicated that cultivars which 
were very sensitive to long days (e.g. Clipper) responded to 

both the photoperiodic and radiation components of daylength 
whereas cultivars which were less responsive to daylength 

treatment (e.g. Golden Promise) were only responsive to the 
light energy available for photosynthesis. Movement of
luC-labelled assimilates to the main shoot apex was increased 
in both L.D. and D.E. treatments compared with short days 
for Clipper but, in contrast, was increased only in L.D. 

compared with D.E. and S.D. conditions for Golden Promise. 
This indicated that daylength, through the light energy 
available for photosynthesis, may control the absolute 
amount of assimilate available for transport to the apex, 
while superimposed on this, is the effect of photoperiod on 
apical development which, in turn, may alter the distribution 

pattern of assimilate movement to the apex.
The implications of these physiological studies to 

plant breeding, with particular reference to Scottish growing 

conditions, is discussed.
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GENERAL INTRODUCTION

Cereal crops are one of the major sources of carbohydrate 

in the world and are grown in both temperate and tropical 
climates. In Britain, the cereal species are represented 
by Hordeum vulgare (barley) , Triticum aestivum (wheat) and 
Avena sativa (oats). These occupy more than 75% of the cul­

tivated land area in both Britain as a whole and in Scotland 
(Table 1). Nearly 50% of the total tillage in Britain is 
sown with barley and the percentage is even higher in Scotland 
where it has increased from 53 to 63% between 1971 and 1975 
(Table 1). Thus, in terms of the area on which it is grown, 
barley is the most important cereal crop in both Britain as a 
whole and in Scotland in particular. This thesis will be 
primarily concerned with barley although some of the work 
discussed in this review has been drawn from investigations 

into wheat and oats.
Cereal yield is defined as the grain weight per unit area 

and, in order to suggest methods by which grain yield potential 

may be increased, it is important to understand how the 
parameters contributing to yield are genetically and environ­
mentally determined. Early attempts to study these parameters 
were based on the yield component analysis of Engledow and 
Wadham (1923) on field crops of wheat. Although these studies 
recognise that grain yield was determined by three components: 
ear number per unit area, grain number per ear and grain 
weight, they provided little information of the physiological 

determinants of grain yield.
Growth analysis studies of field crops by Watson (1952) 

suggested that crop productivity was controlled by the total 
dry matter accumulation and by the partition to the
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economically useful part of the plant. However, this work is 
of somewhat limited physiological value because the period of 
grain filling is less for cereals than the corresponding 
period of dry matter accumulation for other crops such as 
potato and sugar beet (Watson 1971).

More recent genetic and physiological work has therefore 
been focussed on the parameters determining grain yield 
rather than dry weight accumulation. These parameters may be 
divided into 1) factors affecting the ability of the crop to 

photosynthesise carbohydrate for grain filling i.e. photo­
synthetic capacity and 2) the ability of the ear to accumulate 
the photosynthates, i.e. ear capacity.
Photosynthetic capacity

Studies on barley by Archbold (1942) and Porter et al

(1950) demonstrated that carbohydrate movement to the grain
was mainly derived from current photosynthesis. This has

been confirmed by many other reports including studies by
Buttrose and May (1959), Quinlan and Sagar (1962), Stoy (1963,

14 . .1965) and Lupton (1966) using C-labelled assimilate 

distribution assays on wheat and by Thorne (1965) and Carr & 
Wardlaw (1965) with gas analysis studies on barley and wheat 
respectively. These authors have shown that the majority of 
the assimilates from the flag leaf are transported to the ear 
and relatively little is translocated down to the stem.
Most of the ear photosynthate is retained within the ear and 
though the lower leaves contribute some assimilate to the 
developing grain this is relatively unimportant.

F«u> estimates of all the sources of carbohydrate for 
grain filling have been made in the same study. Lupton (1968) 
has attempted to estimate the contributions to the wheat grain
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of photosynthesis of a) ear, b) flag leaf and sheath and
c) second leaf and sheath by measuring leaf photosynthesis
using an infra-red gas analyser at several times during grain

14filling and calculating the fraction of fed COj in the
grain. He computed the values of 10%, 58% and 32% for the
contributions of ear, flag leaf and second leaf photosynthate
to grain filling, respectively. In two further experiments

14in 1969 and 1972 in which he combined the gas analysis/ C- 

assimilate movement techniques with models he derived the 

following values: 12%, 62% and 26%, and 23%, 74% and 3% for 
ear, flag leaf and second leaf, respectively (Lupton 1969, 
1972). The percentage contribution to grain filling of the 
ear of barley has been shown to be greater than wheat 

(Thorne 1963, 1965 and Birecka et al 1964, Bireka and 
Dakic-Wlodkowska 1966) and this has been attributed to the 

presence of awns.
In the above studies the contribution of stem stored 

assimilate to grain filling was found to be small, generally 
in the region of 15-20% (Thorne 1966, 1974; Rawson & Evans 
1971 and Bidinger et al 1977). Until recently, the 

contribution from the stem has not usually been regarded as 
important although it was known that if assimilate movement 
from the flag leaf is decreased then compensation from stem 
carbohydrate can occur (Wardlaw et al 1965 and Wardlau 1968). 
However, Yoshida (1969) reported that translocation of stored 
assimilate of 40% was possible and Gallagher et al (1975) has 
suggested that in conditions of extreme drought compensation 

could be as high as 70%.
However, because of the assumption that grain yield 

was determined by photosynthetic capacity of the crop and the
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carbohydrate required for grain filling was supplied by 

current photosynthesis, many workers tried to correlate grain 
yield with the leaf area duration (LAD) at anthesis (i.e. the 

potential photosynthetic capacity of the crop before total leaf 
senescense). Early studies reported good correlations between 

grain yield and LAD (Thorne and Watson 1965 and Watson et al 
1958, 1963). Welbank et al (1966) found that the correlation 
of yield with LAD was improved when LAD was measured from 

anthesis onwards instead of at ear emergence and was improved 
still further when only the flag leaf duration was considered. 
However, Thorne (1974) has indicated that recent studies at 
Rothamsted did not show such a close relationship and Fischer 
and Kohn (1966) with wheat and Yap and Harvey (1972) with barley,
have found strong correlations between grain yield and both

. 2 LAD and grain number per m .
This observation suggests that grain yield may be

determined by both the photosynthetic capacity of the crop
2and the ear capacity per m . Evidence accumulated during

the past decade increasingly suggests that the sink capacity
of the crop, defined here as the potential grain weight per

unit area has an important influence on grain yield.
Evidence for the importance of sink capacity

Evidence for the influence of sink capacity in determining

grain yield can be derived from a wide range of studies
(Willey and Dent 1969; Bingham 1969, 1971 and Thorne 1974).
These can be divided into those experiments in which ear
capacity has been shown to regulate assimilate movement to 

4 n i ItLConJly , ¿tuL<L«9 o f ¿ l a i d  p o p u la tio n *  i«  whicK S r a ^ 1

the grain,^yield was dependent on grain number per m .
Wardlaw (1965) found that if the ear size was decreased 

(e.g. by spikelet removal) the velocity of assimilate movement



from the flag leaf node was decreased with a corresponding 
increase in assimilate movement down the stem to the young 
tillers and roots thus suggesting that the demand for 
assimilates was regulated by sink size. This has been 
confirmed by King et al (1967) who inhibited ear photosynthesis 
using DCMU (3-(3 ,4-dichlorophenyl)-l,1-dimethyl urea) and 
found a corresponding increase in flag leaf photosynthesis to 
compensate for the reduction in ear assimilate. Later work 
by Evans and Rawson (1970) and Rawson and Evans (1971) 
suggested that the measured photosynthesis by the flag leaf 
and ear of wheat alone were sufficient to meet the growth 
requirements of the grain even during the most rapid period 

of grain growth.
Bingham (1966) drew attention to the importance of 

genotype in determining final grain size in an experiment in 
which he emasculated hybrid ears of a Cappelle x Holdfast 
cross and pollinated one row of spikelets with the larger 
grain cultivar, Cappelle and the other row with the smaller 
grain cultivar, Holdfast. He found that the larger grains 
on the FI ear were derived from the Cappelle parent thus 
suggesting that, because the potential assimilate supply for 
each row was identical, there was a sink effect which was 
dependent on the genotype of the grain. In a similar study 
on a field crop of wheat, Cappelle-Desprez (Bingham 1967) 
reduction of grain number by hand-pollinating a limited 
number of florets caused an increase in the size of the 
restricted number of grains thereby indicating control by 
the photosynthetic capacity but the final grain yield was 
decreased thus suggesting control by grain capacity.

mm



Studies on field populations on both wheat and barley
have revealed that grain yield is often correlated with 

. ograin number per m (Fischer and Kohn 1966 and Yap and
Harvey 1972). This relationship has also been suggested by
Willey and Holliday (1971 a,b) in a series of shading

studies on barley and wheat. Shading of barley during the

pre-anthesis period decreased yield by reducing grain number 
2per m but post-anthesis shading had no effect on grain 

yield. They attributed this to compensation by stored pre- 
anthesis assimilate indicating that there was an excess of 
assimilate available and the sink capacity of the grain was
limiting final yield. Pre-anthesis shading of wheat again

. . . 2 reduced grain yield by decreasing grain number per m but,
in contrast to the barley study, post-anthesis shading did
reduce yield thus suggesting control by source factors.

Clearly the sink capacity of the cereal crop is a more

important determinant of grain yield than was once thought.

It is unlikely, however, that grain yield is controlled
solely by either the photosynthetic or ear capacity but by
the interaction of the two parameters (Willey and Dent 1969;

Thorne 1974 and Gifford 1974). Several authors have
suggested that grain yield may be increased by increasing
the sink capacity of the crop (Donald 1968; Langer 1967,
and Bingham 1969, 1971) and the components contributing to
sink capacity of the crop are described in the following

sub-section.
Components of sink capacity

The sink capacity of the cereal crop is determined by
2three components: ear number per m , grain number per ear 

and potential mean grain weight. These three components are
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interdependent such that a reduction say, in ear number per 
2m may be compensated by increased g r a m  number per ear 

and/or grain weight. The influence of these components 

on grain yield will be discussed in turn in the following 
pages.

1. Ear number per unit area

Following the studies of Engledow and Wadham (1923), 
tiller development has been recognised as one of the major 
components of grain yield. Tiller buds are formed in the 
axils of the early leaves of the main stem (Bergal and 
Clemenset 1962 and Jarviss 1972) and thus the final number 
of primary tillers is limited, e.g. five to six in the barley 
cultivar, Proctor (Fletcher and Dale 1974). Secondary, 
tertiary and quaternary tiller buds may also be formed from 

the primary tillers.
Initially, tillers are dependent on photosynthate 

produced by the main stem (Quinlan and Sagar 1962 and Lupton 
1966) and, in particular, from the leaf immediately above it 

on the main stem (Fletcher and Dale 1974). Some re­
translocation of assimilate may occur between the main shoot 

and tiller but this is generally small (Clifford et al 1973). 
Adventitious roots are formed and the tillers become 
autonomous after emergence from the subtending leaf sheath 

(Aspinall 1961 and Lupton 1966).
Tillering reaches a peak during the early growth of 

the plant then declines to a constant level before ear 
emergence (Cannell 1969). The duration and rate of tiller 
production may be increased by increased light intensity 
(Aspinall and Paleg 1964) or increased nutrient supply



(Aspinall 1961).

The earliest formed tillers ear earlier than later formed 
tillers and have a higher grain number and grain weight 
(Aspinall 1961 and Cannell 1969). In the study by Cannell 
(1969), 91% of the final yield was accounted for by the main 

shoot, coleoptile tiller and the first two primary tillers.
Some of the last formed primary tillers and most of the 

second and third order tillers fail to ear and therefore 
contribute little to grain yield (Thorne 1962 and Kirby and 
Jones 1977). These tillers will, therefore, be in direct 

competition with the main shoot and primary tillers for 
assimilates during the period of early growth and 
development of the plant and may therefore reduce the 
potential size and final grain yield of these shoots (Thorne 

1962 and Aspinall 1963). Kirby and Jones (1977) and Jones 
and Kirby (1977) in a series of de-tillering experiments 
found that grain yield of the main shoot and primary tillers 
could be increased with a resultant overall increase in yield 
by excising all second and third order tillers. Failure of 
these late-formed tillers to produce ears constitutes a 
loss of assimilated dry matter and although some remobilization 
of assimilate and other nutrients such as nitrogen occurs, 
this will not be complete (Donald 1968 and Puckridge and 

Donald 1967).
The increased yields of some modern barley cultivars 

(e.g. of Proctor compared with Plumage Archer) has been 
attributed to better dry matter partition between the ears 
and the rest of the plant (Watson et al 1958 and Thorne 1962). 
These cultivars tend to exhibit a low tiller number combined 
with high tiller survival with correspondingly larger ears.



Although Donald (1968) has suggested that the ’ideal' 
wheat should be uniculm, the potential for tillering can be 

valuable in order to compensate for poor seedling 
establishment. Boyd (1952); Kirby (1967) and Kirby and 
Faris (1972) have suggested that the principal reason for 
the comparatively narrow range of grain yield over a wide 
range of sowing densities can be attributable to the crop's 

capacity for tillering. However, if the sowing density is
too low, the compensation may not be sufficient; and if the 
density is too high, tillering may result in a reduction of 
both grain number per ear and grain weight with a subsequent 
decrease in yield (Kirby 1967, 1969, and Puckridge and Donald 

1967).

2. Grain number per ear.
The importance of an ear containing a large number of 

grains as a means of increasing the sink capacity of a crop 
has been stressed by many authors including Donald (1968), 
Bingham (1969, 1971), Thorne (1974), Langer and Dougherty 
(1976) and Williams and Hayes (1978). This thesis is 
primarily concerned with this component of grain yield.

In the dry barley or wheat grain the coleoptile, coleoptile 

tiller bud and three or four leaf initials have already been 
formed (Bonnett 1966 ; Felippe and Dale 1973 and Kirby 1977).
The first three to ten primordia to be initiated on the apex 
will form leaves and these appear as alternate, lateral, 
simple ridges formed acropetally from below the apical 
meristem dome. The leaf primordium then grows to envelop the 
dome but within the preceding leaf (Barnard 1955 and Williams 
1966, 1974). These primoria are formed at a constant but slow
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rate (Nicholls and May 1963; Kirby 1973, 1974 and 1977, and 
Lucas 1972).

Axillary buds develop in the axils of these primordia 
and the buds will either form tiller buds or spikelet 
initials depending on the stage of formation (Barnard 1955) 

and, as the spikelet initial develops, the leaf initial is 
suppressed. The axillary primordium differentiates to form 
a single many-flowered spikelet in wheat or three single- 
flowered spikelets in barley (Bonnett1966, Nicholls 1974 and 
Kirby 1973a, 1974, 1977). In barley, the central spikelets 

develop faster than the side-spikelets and, in the case of 
two-row cultivars, the side-spikelets do not set grain. The 

rate of spikelet primordium production is faster than that 
of the leaf primordium (Kirby 1973a, 1974, 1977; Lucas 1972 

and Allison and Daynard 1976).
Kirby (1977) in a detailed study on the barley apex noted 

that the primordium size at initiation and the rate of its 

subsequent growth was affected by position on the apex. 
Although the relative volume growth rate exhibited an 
acropetal increase from the collar primordium, the complex 
gradients of primordial development resulted in the most 
morphologically advanced primordia occurring in the lower-mid 
region of the ear. Other workers have also noted that the 
spikelet primordia in this region are more advanced than those 
basipetal and acropetal to this area (Nicholls and May 
1963; Bonnett 1966; Rawson and Evans 1970; Kirby 1973, 1977; 

Bremner and Rawson 1978 and Pinthus and Millett 1978).
These early differences in initiation and growth rates persist 
through to maturity such that final grain weight is greatest 

in this region.



Maximum spikelet primordium number is generally high in 
barley and approximately HO spikelet primodia may be set 
down on the main shoot apex (Aspinall 1966; Kirby and Faris 
1970 and Kirby 1977). Degeneration of the last-formed distal 
primordia occurs, however, after this maximum has been 
reached with the subsequent loss of potential spikelets and, 
therefore, of final grain number.

Grain number in wheat is determined by both the spikelet 
number per ear and the number of fertile florets per spikelet 
(Kirby 197*+). The maximum spikelet number is generally about 
25 (Rawson 1970, 1971 and Wall and Cartwright 1974), and up 
to nine florets may be formed per spikelet but usually only 
between two and four will develop to form grains (Kirby 1974 
and Langer and Dougherty 1976). Floret initiation occurs 
first in the morphologically most advanced spikelets (in the 
mid-region of the ear) and development within each spikelet 
begins at the base and proceeds acropetally (Kirby 1974).
These differences in the pattern of floret development in the 
ear is again reflected in the final grain number and grain 
weight (Kirby 1974; Bremner and Rawson 1978, and Pinthus 

and Millett 1978).
It has been shown that the longer the period of spikelet 

primordium set down the greater the final spikelet number 
determined (Aspinall 1966 and Kirby and Faris 1970 for barley, 
and Rawson 1970, 1971; Wall and Cartwright 1974 and Allison 
and Daynard 1976 for wheat). However, it is not known what 
causes the death of the distal spikelet primordia in barley 
or floret number per spikelet in wheat. Several workers 
(Kirby and Faris 1970 and Kirby 1977 for barley, and Bremner 
1972 and Kirby 1974 for wheat) have suggested that death of
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the distal florets may be due to a shortage of assimilate 
caused by competition from the morphologically better developed 
middle and basal spikelet primordia (floret primordia in 
wheat).

Control over final spikelet and grain numbers may also 
be exerted through a hormonal system of correlative 
inhibition (Kirby and Faris 1970 and Nicholls 1974 for barley, 
and Langer and Dougherty 1976 and Pinthus and Millett 1978 
for wheat) either through a direct effect on the apex or 
by influencing assimilate movement. This aspect will be 

examined in greater detail in page 82.

3. Potential grain weight
It has generally been considered that grain weight is 

determined by the photosynthetic capacity of the crop during 

the post-anthesis period of growth (Watson 1952 and Thorne 
1966 among others - see page 2). However, Willey and Holliday 

(1971a,b) have shown that grain weight may be influenced by 
environmental factors before anthesis. The idea that 
assimilate supply to the grain may be less important than 
at first thought and factors operating within the grain may 
be equally as important in determining final grain weight has 

gained strength during the past decade.
Following fertilization of the ovary, the endosperm is 

coenocytic for several days (i.e. nuclear division occurs 
without cell wall division) during which time 5000 free nuclei 
may be formed (Brocklehurst 1979). Cell walls then form and 
cell division occurs normally, with the production of 100,000 
to 150,000 endosperm cells. Brocklehurst (1977) suggested 
that the final number of endosperm cells may be regulated by



supply of assimilate available to the grain but cell number 

may also be regulated by internal resistance to the transport 
of assimilates (Bremner and Rawson 1972) or by some form of 

hormonal control (Wheeler 1972, 1976).
There then follows a period of cell expansion during 

which the final endosperm cell weight is dependent on the 
potential cell size, and the rate and duration of starch 
deposition before the onset of grain maturation. Jenner and 

Rathjan (1972a,b) and Sofield et al (1977) have suggested 
that dry matter accumulation in the grain may cease even if 
there is sufficient carbohydrate available for starch synthesis. 
Jenner and Rathjan (1975) further suggested that the onset of 
this phase may be caused by the reduced capacity of the grains 
to synthesise starch.

Final grain size is, therefore, dependent on the number 
of endosperm cells formed during the period of active cell 
division and by the rate and duration of starch synthesis.
An increase in the duration of either or both of these phases 
may result in increased yield (Brocklehurst 1977, 1979).

The sink capacity of the barley crop is clearly a more 

important determinant of grain yield than was once thought.
This thesis is primarily concerned with the apical development 
and spikelet primordium production on the main shoot apex and 
the subsequent spikelet and grain number per ear. Spikelet 
primordium production occurs during the early growth and 
development of the plant (page 9) and it is to be expected 
that any environmental factor which affects the early growth 
of the plant may also influence spikelet primordium set down 
and thus potential grain number. The literature on the 
influence of environmental factors including daylength, light

13.

A
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intensity and temperature on apical growth and development 
is reviewed in Section 1.

The underlying objective of much of the physiological 

work on cereals has been to gain a better understanding of 
the factors limiting yield as an aid to defining useful 
physiological features which may be incorporated by plant 

breeders into new genotypes. Much of this work has, however, 
been carried out on a limited number of cultivars but it is 
of more relevance to plant breeding to examine the effect of 
environemntal factors such as daylength on a wide range of 
cultivars. In this way, physiological responses that 
influence yield in a large number of cultivars can be 
revealed. Further, by examining a large number of cultivars, 
it is possible to determine the extent of the physiological 
variation between cultivars from which new genotypes may be 

derived.
In this thesis, the influence of one environmental 

factor, daylength was examined on one hundred barley cultivars 
and from the range of response exhibited by these cultivars 
(Section 1), more detailed physiological studies were carried 
out on genotypes which contrasted in their response to 
daylength. The effect of daylength on apical growth and 
development of these cultivars was examined both in controlled 
environment conditions and in the field using different 
sowing dates (Section 1). Many other studies have examined 
the effect of environmental factors on barley cultivars either 
in the field or in controlled environments. In the field, 
such results are often difficult to interpret physiologically 
because several environmental factors may be changed by 
changes in one agronomic factor and this is the case when the



effects of different sowing dates are compared. Experiments 

carried out in controlled environment conditions also have 
their limitations because these often involve extremes of 

conditions not usually found in the field and it is therefore 
difficult to extrapolate results of such experiments directly 
to the field situation. Thus, in this thesis, the apical 
response to daylength was examined both in growth rooms and 
in the field in an attempt to investigate physiological 
responses relevant to growth in the field. Other environ­
mental factors such as temperature will be altered with 
different sowing dates and the influence of temperature on the 
apical development of two cultivars which contrasted in their 

response to sowing date is examined in Section 2. The nature 
of the daylength response was clarified in Section 3 using 
cultivars which contrasted in their response to daylength 
determined in Section 1. In the final section (Section 4) 
the movement of 14C-labelled assimilates to the apex was 
investigated for two cultivars with contrasting responses to 

daylength.
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on the ear development of selected genotypes.

SECTION 1. The influence of daylength and sowing date

INTRODUCTION

Grain yield per unit area is the result of the inter­
action between the environment and the genotype of the plant. 
Many environmental factors during growth and development in 
the field may influence cereal yield including: daylength, 

light intensity, temperature, and nutrient and water 
availability. This thesis will consider only the first three 
factors. Physiological analyses of the interaction of these 
factors on the development of barley and wheat cultivars are 

of assistance to plant breeders in that such analyses may 
suggest the selection criteria that can be used to match 
genotype with environment so as to achieve improvements in 
yield (Lupton and Whitehouse 1961; Bell and Kirby 1966;
Lupton and Kirby 1968; Bingham 1972, and Thorne 197U).

Comparisons of the responses of cultivars to different 
sowing dates is one approach to the investigation of the 
interaction between genotype and the environmental factors 
of daylength, light intensity and temperature. Late sowing 
conditions may arise in normal agricultural practice due to 

adverse weather conditions but such field comparisons are 
complicated by the fact that, in the sowing date treatments, 
all three factors are confused. Early sowings are characterised 
by shorter daylength, lower light intensity and lower 
temperature during the early stages of plant growth and 
development compared with later sowings. The situation is 
further complicated because these factors have manifold effects 
on plant growth and development influencing vegetative growth,



Previous work under controlled environmental conditions 
has shown that daylength, light intensity, temperature, and 
nutrient and water availability can have an important 
influence on grain yield per unit area of cereals (Thorne 
1966, 1974). Since this thesis is primarily concerned with 

the environmental factors that differ between different sowing 

dates (daylength , light intensity and temperature) and 
their effects on apical development and final spikelet and 
grain number per ear, consideration of previous work will 
emphasise the effects of these factors on ear development. 
Firstly, studies in which these environmental factors have 

been examined under controlled environmental conditions will 
be reviewed, followed by a resume of the work concerned with 
the effect of sowing date on cereal growth and development in 

the field.
Barley and wheat are generally regarded as quantitative 

long day plants, although a wide range of response between 
different cultivars of both barley and wheat have been found 
(Takahashi and Yasuda 1960; Ormrod 1963; Aspinall 1966;

Kirby 1969, and Allison and Daynard 1976). Long days are 
not essential for ear emergence but the physiological 
development of the plant is accelerated and, as a consequence 
of this more rapid development, both leaf number and spikelet 
number per ear are reduced. Although plants in short day 
conditions have a slower rate of spikelet primordium production, 
the period of set down is prolonged resulting in a larger 
spikelet number (Aspinall and Paleg 1963 and Paleg and Aspinall 
1964 for barley, and Rawson 1971 and Lucas 1972 for wheat).

The developmental stage at which daylength is varied

apical development and grain filling.



determines which of the yield components are most affected.

In a series of comparisons on barley (Guitard 1960 and Thorne 

et al 1967) and wheat (Thorne et al 1968), short days during 
the period of sowing to the onset of spikelet primordium 
production were found to increase yield by increased grain 
number per ear in both cereal species. Grain yield of both 
barley and wheat was considerably decreased when short day 
treatment was provided in the period up to anthesis because 
of reduced grain number per unit area caused by a low ear number 

per unit area and a reduction in floret fertility. Later 
stages of growth can also be affected by daylength and both 
sets of workers found that grain yield was reduced by short 
day treatment during the post-anthesis period due to decreased 
grain weight.

Many of the daylength investigations have involved only a 

limited number of cultivars and thus some of the conclusions 
derived from these studies may not be generally applicable to 
all barley and wheat genotypes. The initial objective of 
this project was, therefore, to examine the effect of daylength 
in the glasshouse on the spikelet and grain number per ear of 
a large number of barley cultivars originating from different 
regions of the world and to compare the magnitude of the 
response between cultivars. On the basis of these comparisons, 
further experiments were designed to investigate in more 
detail the response of apical development and final grain yield 
to different sowing date conditions in the field using 
cultivars which exhibited a contrasted response to daylength 
in the glasshouse. A further daylength experiment was 
designed to examine the influence of daylength on the apical 
development of selected genotypes again showing a contrasted
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response to daylength.

At this stage, no attempt was made to distinguish 

between the photoperiods and radiation components which are 

confounded in daylength. This aspect will be discussed more 
fully in Section 3. However, since daylength does contain 
a radiation component it is appropriate to consider at 
this point, studies examining the effect of light intensity 
on apical growth and development. Under low light 
intensities, the rate of apical morphogenesis and spikelet 
primordium production is slow with a subsequent reduction in 
the maximum number of spikelet primordia (Aspinall and Paleg 

1963 on barley, and Friend et al 1963 and Friend 1965 on 
wheat). The lower spikelet primordium number can be 
attributed to the reduction in the light energy available 
for photosynthesis. All three components of yield:ear number 
per unit area, grain number per ear and grain weight are 
increased with increased light intensity both when given 
throughout the life-cycle and at specific growth stages 

(Friend et al 1963 and Friend 1965).
Similar effects on yield can also be obtained by shade 

treatments. The shading studies of Willey and Holliday 
(1971a, b) on barley and wheat, again indicated that the 
effect of shade treatment on grain yield depended on the time 
of treatment. Early and late shading during the pre-anthesis 
development of barley reduced yield either by decreasing ear 
number per unit area or by a reduction in grain number per 
ear respectively. Post—anthesis shading did not affect grain
yield. In wheat, pre-anthesis shading again reduced grain 
yield; earlier shading reduced ear number per unit area 
accompanied by a small decrease in spikelet number per ear and
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later shading reduced yield by decreasing grain number per 

spikelet. Post-anthesis shading did, however, decrease yield 
because of reduced grain weight.

Temperature is the third environmental factor which is 
altered with change in sowing date. Increased temperature 
hastens the rate of development of all phases of growth: 

vegetative, spikelet production, ear emergence and maturity 
(Guitard 1960 and Thorne et al 1967 on barley, and Friend et 
al 1963; Friend 1965 and Thorne et al 1968 for wheat). This 

rapid development leads to reduced tiller number, grain 
number per ear and grain weight. Several workers (Friend 
1966; Aspinall 1969 and Wall and Cartwright 1974) have 
suggested an optimal temperature for grain number per ear for 
both barley and wheat in the range 10-15%. The interaction 
between daylength and temperature will clearly be important 

in influencing grain number per ear and Guitard (1960) and 
Thorne et al (1968) working with barley and wheat respectively 
have suggested that optimal grain number per ear occurs with 
low temperature (15°C) and short days during the spikelet 
production phase followed by cool long days after anthesis.

The effect of temperature on apical development and grain 
number per ear is complicated by the vernalization response 
(Hasle and Weir 1970; Rawson 1970 and Wall and Cartwright 
1974). Vernalization treatment hastens spikelet production 
with a subsequent reduction in grain number per ear. The 
cold requirement appears to be quantitative rather than 
qualitative in nature and Chujo (1961) and Gott (1961) have 
found that temperatures of around 10°C may be sufficient to 
vernalize several cultivars of barley and wheat respectively.

The environmental factors of daylength, light intensity



and temperature are clearly important influences on ear 

development and final grain yield of barley. The interaction 
between genotype and these factors may be examined in the 
field using a range of different sowing dates although, as 
indicated earlier, all three factors will be confounded in the 

response to sowing date treatment.
Late-sown crops of barley and wheat exhibit a reduced 

time to anthesis and maturity (Last 1957; Kirby 1969 and Nass 
et al 1974). Generally there is a marked decrease in yield 

with delay in sowing but, because of the variability in 
environmental factors during the growing season, the results 
may be inconsistent (Jessop and Ivins 1970). All three 
yield components (ear number per unit area, grain number per 
ear and grain weight) may be reduced but, again, there are 
variations as to which component contributes most to the 
reduced yield. This is partly due to the compensation which 
occurs between these components. For example, if ear number 
per unit area is reduced, this may be compensated for by an 
increased grain number per ear. Generally, cereal yield of 
crops sown at different dates is determined by the grain 

number per unit area (Thorne 1966, 1974 and Cannell 1969) but 
grain weight may also be reduced by late sowing (Kirby 1969).

All these studies have examined the effect of sowing 
date on external morphological characters. Little work has 
been done on the effect of environmental factors on apical 
development in the field and no work has been published on 
the apical response to sowing date. However, other aspects 
of apical development in the field have been investigated. 
Paleg and Aspinall (1966) subjected field plots of barley to 
a two-hour light break of varying intensities of incandescent 
light given in the middle of the night, and found that the



light break treatment accelerated apical development and 

spikelet primordium production. However, as with long day 
treatment, both leaf and spikelet number were reduced with 
this treatment. This study will be discussed further in 
Section 3. Kirby and Faris (1970) showed that the rate of 
apical development increased as plant density increased and 
this was reflected in a lower spikelet primordium maximum 

due to the reduced period of set down.
Evidence presented earlier suggests that factors which 

affect apical development and spikelet primordium production 
also influence final grain number per ear. In the sowing 
date field trials described in this section of the thesis, 
the effect of sowing date on both apical development and 
final grain yeild is examined in order to gain a clearer 
picture of the effect of late sowing on ear development.

Kirby and Eisenberg (1966) have suggested that one of 
the major environmental factors influencing the effect of 
sowing date on cereal yields in Britain is daylength. The 
daylength impinging on the crop is dependent on the time of 
sowing and on the latitude and will, therefore, be different 
under Scottish and English growing conditions. Much of the 
spring barley sown in England (e.g. in the Cambridge area) 
is carried out during late February and early March although 
some crops on sandy soil may be sown much earlier in January 
(F. R. Hubbardt pers. comm. 1979 ). These crops will be sown 
in relatively short daylength conditions of 9 to 12h daylight 
(Fig. 1). Sowing dates are later in Scotland, generally from 
March until mid-April and are, therefore, sown under longer 
daylength conditions (between 10.5 and l*th) and in North 
Scotland sowing may be delayed until early May (daylength of





15h) (M. Richardson, pers. comm. 19 79 ). Thus the daylengths 

under which many Scottish barley crops undergo their early 

development is rather longer than is the case in Southern 

England.
Although the effect of sowing date on grain number and 

grain yield in barley has been investigated in England (Kirby 
1969 , at the Plant Breeding Institute, Cambridge), little 
information is available for the somewhat different Scottish 

growing conditions (Davies 1973). One of the objectives of 
this thesis is to investigate the effect of sowing date on 
apical development, spikelet primordium number and final grain 
number in the field under Scottish conditions (at the Scottish

T u ic r i t j  -n in f t
Plant Breeding Station, Edinburgh). and fifteen
cultivars were examined in two sowing date field trials in 

1976 and 1979 respectively; these cultivars being selected 
from the one hundred cultivars examined in the initial glasshouse 
daylength experiment so as to include a range of cultivar 
responses. It was also thought that comparison of the 
responses of the cultivars in sowing date trials in the field 
with the daylength responses under controlled environment 
conditions (glasshouse and growth room) may indicate the 
extent of the influence of the daylength differences associated 
with sowing dates on the apical development and final grain 

number per ear observed in the field.

23.
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MATERIALS AND METHODS

Glasshouse daylength experiment

The effect of daylength on spikelet and grain number per 

main ear was examined in the glasshouse on one hundred two-row 
spring barley cultivars obtained from the genotype collection 
at the Scottish Plant Breeding Station, Pentlandfield, 
Edinburgh. The cultivars were selected so as to include 
representatives from as wide a range of growing conditions as 
possible including cultivars from both North temperate and 
Mediterranean climates as well as accessions from the Southern 
hemisphere. The cultivars selected and their area of 
accession are presented in Table 2. The cultivars chosen 

were thought to have little vernalization requirement (Giles, 
1975 pers. comm.).

The experiment was designed as a split plot in four 
replicate blocks with the two daylength treatments (8h short 
day and 16h long day light periods) as the main plot treatment. 
Within each main plot, each subplot consisted of one pot 
representing one cultivar and these were completely randomised 
within each daylength treatment. To minimize the effects of 
variation of temperature or light intensity within the glass­
house, the main treatments and the subplots were re-randomised 

at weekly intervals.
Long day and short day treatments were obtained by using 

supplemental high intensity light of 16h and 8h duration 
respectively. The supplemental light which consisted of a 
combination of mercury vapour, fluorescent and incandescent 
light to provide a balanced spectral composition (c. 20,000 lux, 
150 Wm-2), was used in addition to the natural daylight at the 
time of the experiment (autumn-winter 1975). Each replicate



TABLE 2 One hundred two row spring barley cultivars and 
country of accession sown in glasshouse daylength 
experiment

No Cultivar Country of Accession
1 Abacus Great Britain
2 Ackermanns MGZ Germany
3 Afghan R668 Afghanistan
4 Akka Sweden
5 Alfor Holland
6 Alpha France
7 Archer Great Britain
8 Ariel France
9 Ark Royal Great Britain

10 Aria Sweden
11 Autotele Poland
12 Banba Eire
13 Betina France
14 Bohmerwald Austria
15 Camion Great Britain
16 Charlotte Town 80 Canada
17 Chevallier Great Britain
18 Cl 5791 Canada
19 Chipper Australia
20 Cossack France
21 Danpro Denmark
22 Domen Norway
23 Dr Sauli (0192) Finland
24 Drusp W Pakistan
25 Early 12A Bonus Sweden
26 Ethiopian (ST 473) Ethiopia
27 Ethiopian (ST 1746) Ethiopia
28 Freyman Iran
29 Georgie Great Britain
30 German (MR2) W Germany
31 Golden ARcher Great Britain
32 Golden Promise Great Britain
33 Gold (Morayshire) Great Britain
34 Gull (Selection) Sweden
35 Gunilla Sweden



Table 2 (contd.)

No Cultivar Country of accession

36 Hannchen Canada
37 Heils Franken W Germany
38 Hemma Austria
39 Hen Gymro A Great Britain
40 Hillmarsh Holland
41 Hiproly Sweden
42 Ingrid Sweden
43 Jet Ethiopia
44 Julia Holland
45 Kenia Denmark
46 Klages United States
47 Klintso Denmark
48 Larni Denmark
49 La Prevision 19 Argentina
50 Lara Australia
51 Long-eared Nottingham Great Britain
52 Malta Denmark
53 Mari Sweden
54 Maris Badger Great Britain
55 Maris Baldric Great Britain
56 Maris Mink Great Britain
57 Maythorpe Great Britain
58 Mazurka Holland
59 Midas Great Britain
60 Mimi Great Britain
61 Minn 84.7 United States
62 Minn 90.5 United States
63 Margennot W Germany
64 Mosane Belgium
65 Mayjor Norway
66 Naked 2-row Great Britain
67 Nepal 1 Nepal
68 Prior Great Britain
69 Proctor Great Britain
70 Rene Guillemart France
71 Riff Great Britain
72 Rogue A Great Britain



Table 2 (contd.)

No Cultivar Country of accession
78 Ruby Great Britain
74 Russian (Kaluga) Russia
75 Russian (Mosdoksky) Russie
76 Scotch Common Great Britain
77 Short-awned mutant Sweden
78 Smyrnakorn Austria
79 Spartan United States
80 Spratt Great Britain
81 Spratt Archer Eire
82 Sultan Holland
83 Turkish 1106 Turkey
84 Turkish 1823 Turkey
85 Tyra Denmark
86 Union W Germany
87 Urais 062 Finland
88 Uzu Sweden
89 Voila W Germany
90 W5414 Sweden
91 Wieselburger Austria
92 Wisa Denmark
93 Ymer Sweden
94 Yugoslavian I Yugoslavia
95 Yugoslavian J Yugoslavia
96 Yugoslavian J895 Yugoslavia
97 Yugoslavian (Maksimir) Yugoslavia
98 Zarina Great Britain
99 Zephyr Holland

100 Zoe Holland



block consisted of four trolleys (two per daylength treatment) 
and these trolleys were positioned directly below one of the 
light cradles.

The long day supplemental light period was controlled by 
automatic time-clocks from 6.00 to 22.00h. The short day 
treatment remained under the light cradle from 8.00 to 16.00h 
before being transferred to adjacent brick garages and the 
blackout screens drawn. At the end of the 16h dark period, 
the short day treatment was removed from the garages and 
positioned directly below the light cradles.

Temperature was maintained at approximately 20°C during 
the day but fell to around 10°C during the dark period in both 
glasshouse and garages.

Sowing was carried out on 27 October 1975 and completed 
within the day. For each of the one hundred cultivars, four 
seeds were sown per 10.2 cm diameter plastic pot containing 
John Innes No 2 compost, at a depth of 2.5 cm. Once the

seedlings were established they were thinned to give a final 
number of two plants per pot.

Seeds of cultivars which failed to emerge within 14- days 
of sowing were given a short period of thermal stratification. 
Fifty seeds of these genotypes were placed on moist germination 
paper in petri dishes and stored at -4°C for four days. The 
germination dishes were then transferred to a controlled 
environment room at 20°C for a further two days. The 
germinated seeds were then transplanted into pots as described 
above. In all instances, seedlings were successfully trans­
planted after only one period of stratification.

Plants were staked and tied at several stages during growth. 
This served as support for the stems and was particularly
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necessary for the short day plants which were especially prone 
to injury during the manual transfer of trolleys to the 
garages because of the weaker stems often associated with 
short day treatment. The plants were watered in the morning 
and afternoon when required.

Several of the plants showed signs of attack by mushroom
fly (Lycoriella auripila) after 14 days, and all pots were
treated with the commercial pesticide 'Diazitol' (containing
diazinon; supplied by Ciba-Geigy, Agrochemical division) at 

3 ”1a rate of 2.0 cm 1 . A slight infection of mildew (Erysiphe
graminis f.sp. hordei) was noticed on a few plants after 70
days and this was immediately treated with the commercial
systematic fungicide, ’Calixin' (75% w/v tridemorph) at a 

3 —1rate of 2.0 cm 1 . This proved to be completely effective

and only one spray was required.
When it was estimated that spikelet primordium production 

was complete on the main shoot apex for all cultivars in both 
daylength treatments (90 days after sowing), all short day 
plants were transferred to long day conditions. All plants 
then remained in long days until maturity. At the time of 
transfer, all plants were fed with the commerical liquid 
nutrient feed 'Vitafeed 101* (nitrogen N2 26%, phos. acid P20,.-, 
potash K20 26%, plus trace elements: boron, copper, iron, 
magnesium, manganese, molybdenum and zinc) at a rate of 5g per 

10 litres.
The grain was defined as mature and ready for harvest 

when the kernel was hard and could not be scratched by finger­
nail. The long day treatment was harvested between 8-12 
March 1976 but, because of the slower development of short day 
plants, harvest did not commence until 5 April. Spikelet
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number and grain number both per main ear and per tiller were 

counted separately for the one hundred cultivars. Grain set 
was not determined because of the low grain set found in many 
of the cultivars.

Growth room daylength experiment.

(i) Plant culture

The influence of daylengths on the apical development of 
five two-row spring barley cultivars was examined in growth 
rooms. The five cultivars were selected from the one 
hundred cultivars examined in the initial glasshouse experiment 
which showed contrasted response to daylength in spikelet 
number per main ear. The cultivars, country of accession, 

and the daylength response in the glasshouse are presented in 
Table 3.

The two daylength treatments used in this study were 
short day (S.D., 8h light period) and long day (L.D., 16h 
light period). The required daylength was obtained by 
automatic time-clocks. Artificial lighting consisted of a 
combination of fluorescent tubes and incandescent strip lights 
to obtain a balanced spectral light composition. The lights 
were separated from the main growth room by glass plate. The 
total light intensity measured at pot level was c. 15,000 lux,
(c. 120 Wm“2).

The temperature in both growth rooms was maintained at 

20°C - 1°C. Air was introduced from one side of the growth 
room, circulated around the room then vented through the 
opposite side. No control of atmosphere humidity was attempted.

Each growth room measured 2.0U x 1.66 x 1.9Um and thus 
only four trolleys each containing 20 plastic pots (diameter 
12.5cm) could be positioned in each room. This allowed for
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TABLE 3. Name, country of accession and daylength response

of five two-row barley cultivars examined in growth 
room daylength experiment. Daylength response
based on means of 6 to 8 plants in each daylength 
treatment. A negative value denotes an increase 

in spikelet number in L.D. treatment.

Cultivar Country of accession
Main ear 
% spikelet 
reduction 
in L.D.

Clipper Australia 46.5

Spartan United States 30.5

Domen Norway 2.4

Golden Promise Great Britain -3.7

Ymer Sweden -27.9



eight sampling occassions (two pots per sample) for each of 

the five cultivars examined.

Two days prior to sowing, all pots were treated with the 

commercial pesticide ’Diazitol* (containing diazinon; supplied 
by Ciba-Geigy, Agrochemical division) at a rate of 2.0 cm̂ Jl  ̂
to prevent attack by mushroom fly (Lycoriella auripila).

Six seeds were sown per 12.5cm diameter plastic pot 
containing John Innes No 2 compost at a depth of 2.5cm and 
the sowing was completed within the day. Once the seedlings 

were established they were thinned to give four seedlings per 
pot.

In order to reduce the effects of light intensity and 

temperature variations within each growth room, all pots were 
completely randomised at the beginning of the experiment and 
then re-randomised on alternate days. The pots were watered 
morning and afternoon when required. The plants were staked 
and tied at several stages during growth. No infection of 
mildew (Erysiphe graminis f.sp. hordei),was noticed in the 
growth room plants.

(ii) Samples for apical dissection
For each cultivar, each sample consisted of two randomly 

selected replicate pots per daylength treatment. All four 

plants per pot were carefully and individually removed for 
apical dissection thus giving a final total of eight plants 
per sampling time for each daylength treatment for each of 
the five cultivars.

Sampling commenced seven days after sowing for both 
daylength treatments and continued at seven-day intervals in 
the long day treatment until the maximum spikelet primordium 
number had been reached for all cultivars (week 7). Because 
of the slower apical development in short days, it occasionally

28.



proved necessary to sample on alternate weeks to enable a 

value for spikelet primordium maximum to be obtained within 
the experimental period.

(iii) Technique of apical dissection
In all studies of apical development in this thesis only 

the main shoot apex was examined.
The "shoot apex" is defined so as to include both the 

shoot apical meristem and the undifferentiated primordia 
basal to it (Kirby 1974). The "shoot apical meristem" refers 
to the hemispherical dome of tissue at the tip of the apex 
acropetal to the last-formed primordi (Fig. 2). A 
"primordium" was defined as being initiated when a clear 

discontinuity could be Seen at the upper and lower limit of the 
primordium (Fig. 2).

The total number of primordia produced was taken to 
include both the differentiated leaves on the main stem and 
the undifferentiated lateral structures on the shoot apex. 
During the early stages of apical development it cannot be 
determined whether a primordium will differentiate into a 
leaf or spikelet primordium. At this stage, the total 
primordium number was counted and the spikelet primordium 
number was determined by subtracting the final leaf number 
per main shoot, determined from later sample occasions, plus 
the collar from the total primordium number.

When the leaf and spikelet primordia could be 
distinguished, these were counted separately. At this stage, 
the collar (the vestigeal leaf-like structure on the lowermost 
node of the ear) was designated c (Bonnett 1966 and Kirby 1974) 
and given the number, 0. Counting of the spikelet primordia 
then proceeded in an acropetal sequence.



Fig. 2. Diagram of shoot apex, showing leaf collar and 
spikelet primordia, at double ridge stage of 
development.

a = apex length 
m.d. = meristem dome length
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Death of some of the last-formed distal spikelet 

primordia occurs after the maximum spikelet number has been 
produced. After this stage, living and degenerated spikelet 
primordia were counted separately.

A ten-stage scoring scale was used to assess the 
developmental stage of the shoot apex (Table 7). In 
the vegetative phase (i.e. before the onset of spikelet 

primordium production, the assessment was based on the shape 
of the apical meristem dome. During reproductive development 
the assessment was based on the developmental stage of the 
most advanced spikelet primordium usually found in the lower- 
middle region of the shoot apex. The scoring technique is a 
slight modification of that used by Nicholls and May (1968), 
Bonnett (1966) and Kirby and Faris (1970).

Several of these developmental stages are illustrated 
in Plates 1-4 for cv. Golden Promise grown in 16h light period 
at 20°C in the growth room.

It should be noted that the assessment scores are 
qualitative in nature and not quantitative. The time interval 
between any two stages will vary depending on the developmental 
stages involved.

Apical dissections were performed using a binocular 
dissecting microscope on freshly harvested plant material.
Each differentiated leaf on the main shoot was carefully 
removed in sequence with sharpened dissecting needles until the 
main shoot apex was visible. Before the collar could be 
distinguished, the dissection was continued by removing all 
undifferentiated structures on the shoot apex which overlapped 
the primordium initial immediately acropetal to it on the same 
side of the apex. Once the collar could be distinguished, 

all leaves and differentiated leaf primordia were removed from
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Plate 2.
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Plate 1.

Plate 2 .
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Main shoot apex of Golden Promise at Simple 
ridge (late, LS) stage of development.
12 day old, primordia on apex = 5, apex length = 039mm 

SR = simple ridge.

Main shoot apex of Golden Promise at Double ri_d_ge 

(DR) stage of development.
21 day old, primordia on apex = 22, apex length = 1.11mm 

SR = simple ridge 
DR = double ridge 
LP = leaf primordium



Plate 3. Main shoot apex of Golden Promise at Stamen initial 
(S) stage of development.
33 day old, spikelet primordium number = 32, 

apex length = 1.95mm 

DR = double ridge 
SQ = square ridge 
TM = triple mound 
L = lemma initial 
S = stamen initial 

C = collar



t,

Plate 3. Main shoot apex of Golden Promise at Stamen initial 

(S) stage of development.
33 day old, spikelet primordium number = 32, 

apex length = 1.95mm 
DR = double ridge 
SQ = square ridge 
TM = triple mound 
L = lemma initial 
S = stamen initial 

C = collar
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the shoot apex until only the collar and the reproductive apex 

remained.

Each dissection had to be carried out quickly to prevent 
drying up of the shoot apex. Leaf number per main shoot (i.e. 

emerged leaves plus differentiated leaf primordia) , total 
primordium and spikelet number per main shoot apex were then 
determined, and the apical developmental stage assessed 
according to the scoring technique described earlier.

The shoot apex was quickly excised from the shoot and 
placed in a drop of water on a clean microscope slide and the 
apex length and apex meristem length measured using an eyepiece 
graticule fitted in a stereoscopic microscope. During the 
period of apical development before the collar can be 
distinguished, the apex length was measured from the base of 
the undifferentiated primordium which just overlapped the 
primordium initial immediately acropetal to it on the same side 
of the apex to the meristem dome tip (Fig. 2). Once the 
collar was distinguishable, apex length was measured from the 

base of the collar to the tip of the meristem dome.
Length of the main shoot meristem dome was measured from 

the upper limit of the last-initiated primordium to the tip of 

the meristem dome (Fig. 2).
After degeneration of the distal spikelet primordia had 

occurred, the apex length was measured using an eyepiece 
graticule fitted in the binocular dissecting microscope. No mea­

surement of meristem length was made.
The dry weight of the apex was obtained by carefully 

placing the excised apex in a small aluminium container and 
dried in an oven at 80°C for 48h. The container was then 
placed in a desiccator until cool and the dry weight obtained
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on a microforce balance (Beckman Microbalance LM 500). The 

procedure was repeated until constant dry weight was obtained.

If plant material had to be stored overnight, the samples 

were wrapped in moist tissue paper, placed in a polythene bag 
and kept in a refrigerator (0-5°C) overnight. No noticeable 
deterioration in the shoot apex was observed.

Sowing date field trials in 1976 and 1977
(i) Plant culture
The influence of sowing date on the apical development 

and grain yield of 29 cultivars in 1976 and 15 cultivars in 

1977 was examined in the field at the Scottish Plant Breeding 
Station, Pentlandfield, Edinburgh. These cultivars were 
selected from the one hundred cultivars examined in the initial 
glasshouse daylength experiment to show contrasted responses 
in spikelet number per main ear to daylength. A secondary 
criterion used for selection was the country of accession 
which allowed the selection of cultivars from different 

regions of the world and thus different growing conditions.
The 29 cultivars selected in 1976 and the 15 cultivars selected 

in 1977 are presented in Table H.
The three sowing dates used in 1976 were: 27 March (S.l), 

20 April (S.2) and 17 May (S.3) and the two sowing dates in 
1977 were: 15 March (S.l) and 20 May (S.2). The two sowing 
dates in 1977 thus correspond to the first and third sowings 
of 1976. A full description of the environmental conditions 
during the period of early plant growth and development is 

presented on page 53.
Both field trials were laid out in the form of a split 

plot design with three replicate blocks. The sowing dates 
(three in 1976 and two in 1977) were the main plot treatments



TABLE 4 Name, country of accession and daylength response in 
the glasshouse of 29 barley cultivars selected for 
sowing date field trial in 1576. Daylength response 
based on means of 6 to 8 plants in each daylength 
treatment. A negative value indicates an increase 
in spikelet number in long days. The cultivars 
underlined were also sown in the 1977 sowing date trial.

Cultivar Country of accession
% spikelet 
no/main ear 
reduction 
in L.D.

Apex
development

Early 12A Bonus Sweden 46.7
Clipper Australia 46.5 **
Spartan United States 30.5 **
Turkish 1106 Turkey 28.1
Cl 5791 Canada 19.1 *
Ingrid Sweden 17.1 ft

Banba Eire 16.4
Chevallier Great Britain 15.8 *
Midas Great Britain 9.9
Bohmerwald Austria 6.2 *
Heils Franken W Germany 5.8
Lami Denmark 5.6 *

Mimi Great Britain 5.2
Charlottetown 80 Canada 2.9
Domen Norway 2.4 ft*

Scotch Common Great Britain 2.1
Tyra Denmark 2.0
Proctor Great Britain 0.8
Ark Royal Great Britain 0.7
Afghan R668 Afghanistan -1.5
Zephyr Holland -1.9
Maris Mink Great Britain -3.0 ft

Ariel France -3.7
Golden Promise Great Britain -3.7 ft*

Abacus Great Britain -5.0
Spratt Great Britain -10.2 ft

Hillmarsh Holland -10.5 *
Uzu Sweden -14.4 *

Ymer Sweden -27.9 **

* cultivars selected for apex development examination in 1976
* *  it " 1976 and 1977If If ft ft ft



and were randomised within each replicate block. Within 
each main plot, 29 and 20 subplot treatments for 1976 and 
1977 respectively were completely randomised.

In 1976, each subplot consisted of one cultivar which 
was used for both apical development analysis (for 14 of the 
29 cultivars) and for grain yield analysis (for all 29 
cultivars). In 1977, IS of the total 20 subplots corresponded 
to the 15 cultivars examined and these subplots were used for 
final grain yield analysis. The five remaining subplots 
corresponded to five of the 15 cultivars (Clipper, Spartan, 
Domen, Golden Promise and Ymer) for which apical development 

would be examined. As in 1976, each subplot consisted of 
one cultivar.

Each subplot consisted of six one-metre rows at 0.5m
spacing. Twenty seeds were sown per row thus giving a final

2sowing density of 220 seeds per m . The sowing was carried 
out mechanically (Scottish plot seeder, designed at S.P.B.S.) 
and each sowing was completed within the one day.

The soil type was slightly different in the two field 
trials. In 19 76 , the soil type was of an alluvium soil series, 

silty loam and in 1977 was of a Winton-Macmerry soil type, 
medium heavy loam. Fertilizer treatment consisted of 29.4 kg N 
hectare  ̂ in both field trials and was applied at the time of 

the first sowing on all plots.
Guard rows of the cultivar Maris Mink were sown around 

the perimeter of the replicate blocks in both trials. All 
plots were covered with netting to prevent bird damage and 
were removed when the seedlings of the final sowing were 

established.
Weeding of the plots was carried out manually because of

33.



the possible danger of spraying herbicides which may affect 

apical development. An infection of mildew (Erysiphe graminis 
f.sp. hordei) was noticed in the 1976 field trial and was 
effectively brought under control by an immediate single 
application of the commercial fungicide 'Calixin' (75% w/v 
tridemorph) at a rate of 4.0 cm 1 . Several small pustules
of mildew were noticed in the 1977 field trial but the 
infection did not develop and no treatment was required for 
control.

(ii) Samples for apical dissection
The development of the main shoot apex was examined for 

14 of the 29 cultivars in 1976 and for 5 of the 15 cultivars 
in 1977. The cultivars were selected to show a range of 

contrasted response in spikelet number per main ear to 
daylength in the glasshouse. The selected cultivars are 

denoted by an asterisk in Table 4.
In the 1976 field trial, sampling commenced three weeks 

after sowing for each of the three sowing dates and samples 
were taken thereafter at 14 day intervals. In the 1977 field 
trial, sampling commenced at the time of emergence of the first 
leaf from the coleoptile. This stage occurred 28 days after 
sowing for the early sowing date (15 March) but was reached 
after only 14 days for the late sowing (20 May). Samples 
were taken thereafter at 7 day intervals. In both years, 
sampling was continued until maximum spikelet primordium number 

had been reached for all cultivars.
The sampling technique was similar in both years. Each 

sample consisted of two plants of each cultivar from each of 
the three replicate blocks thus giving a total of six plants 
per cultivar for dissection at each sampling time. In 1976,
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the two plants were randomly selected from rows 2 and 5 from 

each plot. In 1977, the two plants were randomly selected 
from rows 2, 3, 4 and 5 from the plots set aside specifically 
for apical dissection studies. Plants at the extreme ends of 

the rows were excluded from the samples.
Apical dissections in both years were performed as 

described on page 29 with the exception that dry weight of 
the main shoot apex was not measured.

(iii) Yield component analysis
The grain was defined as being mature and ready for harvest 

when the kernel could not be scratched by the thumbnail. The 
plots were harvested by individually removing the plants by 

hand from the central two rows of each plot excluding plants 
from the extreme ends of the row.

In 1976, the early sowing (S.l) was harvested between 1-10 

September, second sowing (S.2) between 16-21 September and the 
third sowing (S.3) between 28 September - 15 October. The 
lateness of the S.3 harvest was due to the very heavy rainfall 
in October which resulted in severe lodging and, in extreme 

instances, germination in the ear.
The 1977 harvest was completed earlier than in 1976; the 

first sowing (S.l) was harvested between 29 August - 9 
September and the late sowing (S.2) between 14-23 September. 
Samples were then stored in loose sheaths in a warm dry 

atmosphere until they could be analysed.
The data collected for each sample included the total 

and fertile tiller number per plant. Spikelet number and 
grain number per ear were measured separately for the main 
shoot and tillers. In the case of the main shoot all plants 

per plot were analysed but a subsample of 50 ears were



measured in the case of the tiller ears. The ears were then
threshed on a laboratory threshing machine (F. Walter-H. 
Wintersteiger, K.G. LD 180 SH 4) and the 1000 grain weight 

measured separately for the main shoot and tillers.
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RESULTS

Comparisons of response to daylength in the glasshouse
This sub-section is primarily concerned with the effect of 

daylength on spikelet number per main ear with a view to 
selecting cultivars which exhibited a range in the magnitude of 
their response in spikelet number to daylength for further 
study.

(i) Spikelet number per main ear
Spikelet number per main ear for each of the two day- 

length treatments is presented in Table 5 for 98 of the 100 
cultivars examined. The other two cultivars have been 
omitted because of insufficient data due to high plant death.
In the short day treatment (S.D.) there was a range in spikelet 

number from 14.0 (La Prevision 19) to 34.4 (Yugoslavian J895). 
The range was similar in the long day treatment (L.D.) although 
the final spikelet number was slightly reduced giving a range 
from 10.6 (Clipper) to 31.8 (Ymer). Cultivars differed in 
the magnitude of their response to long days. Eighteen of 
the 98 cultivars showed a significant decrease (p - 0.05) in 
spikelet number in L.D. compared with S.D., and four cultivars 
showed a significant increase in spikelet number in L.D. (Table 
5). The remaining 76 cultivars were not significantly 

affected by daylength.
Cultivars exhibited a wide range in the percentage 

reduction of spikelet number per main ear in long days with a 
greated response being found in the percentage reduction in 

L.D. (e.g. Early 12A Bonus 46.7% and Clipper 46.5%) than the 
increase in L.D. (Cossack 28.8% reduction in L.D.)

The spikelet number attained in S.D. does not appear to 
be indicative of the cultivar's response to L.D. treatment



TABLE 5. Influence of daylength on spikelet number per main 
ear of 98 barley cultivars in the glasshouse.
Each number is based on mean of 6 to 8 plants. A 
negative value for % reduction in L.D. denotes an 
increase in spikelet no. in L.D.

Cultivar
Spikelet no/main ear

S - D - ï f . h .  L - D -

% reduction 
in L.D.

Selection 
for further 
study ☆

Early 12A Bonus 30.8 * 16.4 46.7 S

Clipper 19.9 it 10.6 46.5 X S SS
Spartan 20.1 * 14.0 30.5 X s SS

Turkish 1106 17.6 it 12.6 28.1 S
Jet 22.5 it 17.6 21.6
La Prevision 19 14.0 11.3 19.6
Cl 5791 22.9 St 18.5 19.1 s ss

Julia 31.5 it 25.5 19.1
Ingrid 25,5 22.1 17.1 s s s

Hiprody 20.7 St 17.3 16.7
Banta 30.5 St 25.5 16.4 s

Yugoslavian J895 34.4 St 28.9 16.1
Chevallier 26.1 St 22.0 15.8 s s s

Rene Guillemart 20.6 12.5 15.2
Autotele 24.2 St 20.6 14.9
Turkish 1823 26.1 it 22.5 13.9
Russian (Mosdoksky) 20.5 17.8 13.4
Mosane 28.0 St 24.3 13.4
Maris Badger 28.4 it 24.9 12.3
Long-eared Nottingham 31.1 it 27.4 12.1
Russian (Kaluga) 29.8 St 26.3 12.0
Archer 32.2 it 28.4 11.8
Voila 26.5 23.8 10.4
W 5414 26.6 24.0 9.9
Midas 29.4 26.5 9.9 s

Freyman 24.7 22.4 9.4
Kenia 27.8 25.3 9.0
Lara 25.0 22.8 9.0
Spratt Archer 30.6 28.1 8.2
Minn 90-5 31.0 28.5 8.1
lirais 062 29.5 27.1 8.0

contd



TABLE 5 (contd.) 
Cultivar

Spikelet no. 
c n signif 
•D* L.S.D.

/main ear 
L.D.

% reduction 
in L.D.

Selection 
for further 
study

Yugoslavian 1 30.1 27.7 8.0
Ethiopian (ST1746) 22.3 20.6 7.9
Yugoslavian (Maksimis) 32.3 29.9 7.5
Morgenrot 21.9 20.3 7.5
Danpro 30.1+ 28.4 6.6
Hemma 24.8 23.1 6.6
Hannchen 27.0 25.3 6.5
Bohmerwald 30.3 28.4 6.2 S SS
Union 24.5 23.0 6.1
Heils Franken 23.1 26.5 5.8 S
Land 21.5 20.3 5.6 S SS
Mind 27.3 25.9 5.2 S
Aria 25.1 23.9 5.1
Drusp 23.5 21.1 4.7
Prior 16.5 15.8 4.6
Sultan 25.9 24.8 4.4
Gull Selection 28.0 26.9 4.0
Ackernanns MGZ 25.3 24.3 4.0
Hen Gymro A 29.6 28.5 3.6
Charlottetown 80 27.3 26.5 2.9 s

German (MR 2) 29.8 29.0 2.5
Domen 26.1 25.5 2.4 X S SS
Scotch Coninon 23.9 23.4 2.1 s

Tyra 24.6 24.1 2.0 s

Klages 26.0 25.6 1.4
Zoe 21.7 21.5 1.0
Mqyjar 26.6 26.4 0.9
Smymakom 29.0 28.8 0.9
Proctor 30.4 30.1 0.8 s

Ark Royal 27.4 27.3 0.7 s

Akka 27.0 26.9 0.4
Golden Archer 30.1 30.0 0.4
Wisa 24.6 24.5 0.3
Dr Sauli (0192) 26.6 26.6 0.0
Maythorpe 29.1 29.5 -1.2
Afghan R668 22.3 22.6 -1.5 S SS

Zephyr 26.9 27.4 -1.9 S
Klintso 27.1 27.7 -2.1
Betina 24.0 24.6 -2.5

contd



TABLE 5 (ccntd.) 
Cultivar

Spikelet no./main ear
S-D- sS d! ‘-b .

% reduction 
in L.D.

Selection 
for further 
study

Malta 21.3 21.9 -2.8
Naked 2-rcw 23.7 24.4 -2.8
Maris Mink 20.6 21.3 -3.0 S SS
Ariel 24.0 24.9 -3.7 s
Golden Premise 27.0 28.0 -3.7 X S SS
Yugoslavian J mixture 30.4 31.6 -4.1
Gold (Morayshire) 28.7 30.0 -4.6
Nepal 1 26.1 27.4 -4.7
Abacus 23.6 24.7 -5.0 s
Minn 84.7 25.0 26.3 -5.2
Maris Baldric 25.4 26.8 -5.2
Riff 27.3 28.8 -5.5
Gunilla 24.3 25.6 -5.5
Ruby 24.8 26.3 -6.1
Alpha 25.0 26.7 -6.7
Ethiopian (ST473) 25.6 27.4 -7.1
Wieselburger 24.0 26.3 -9.5
Georgie 21.7 23.8 -9.6
Camion 28.0 30.7 -9.7
Spratt 27.6 30.4 -10.2 s SS
Zarina 18.3 20.1 -10.3
Hillmarsh 27.1 30.0 -10.5 S SS
Alfor 22.9 25.5 -11.5
Short-awned mutant 25.4 28.8 -13.1
Rogue A 27.1 is 30.9 -13.8
Uzu 24.6 * 28.1 -14.4 S SS
Ymer 24.8 * 31.8 -27.9 X S SS
Cossack 21.6 * 27.9 -28.8

Spikelet no/main ear mean of between 6 and 8 plants

* significant at pi 0.05
’i-r X cultivars examined in growth room daylength study 

S cultivars examined in 1976 sewing date field trial 
SS cultivars examined in 1977 sewing date field trial



since they were not correlated (r = 0.113, N.S.). However,

cultivars which have a low spikelet number per main ear in 
L.D. show a marked response to L.D. in the percentage spikelet 
reduction (r = -0.560, p* 0.001) and this relationship is 
depicted in Fig. 3 for the 29 cultivars selected to be examined 
in the 1976 sowing date field trial. Cultivars which have a 
high spikelet number in L.D. are cultivars which show little 
reduction in long days compared with short days.

(ii) Grain number per main ear
The response of grain number per main ear to daylength is 

available for only 46 of the initial 100 cultivars because 
many tari failed to emerge from the flag leaf sheath.
Although it proved possible to excise the immature ear to 
determine the spikelet number, the grain set was considerably 
reduced and, in some cases, no grain was set. Because of the 
limited data available the results for grain number will not 

be described.
(iii) Spikelet and grain number per tiller ear
Analysis of the influence of daylength on spikelet and

grain number per tiller ear is complicated by two factors: 

transfer of short day plants to long day growing conditions 
after maximum spikelet primordium number per main ear had been 
attained and secondly, poor grain set. Tiller development is 
slower than that of the main shoot and thus the time of 
transfer may have occured during the period of spikelet 
primordium production on the litters. Final spikelet number 
per tiller ear would therefore be a combination of S.D. during 
the early period of spikelet primordium production and L.D. 
during later development. Grain set was also poor in tiller 
ears and because of these factors, data for final spikelet and

38.
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Fig. 3. Relationship between spikelet no./mean ear in L.D.
and the percentage reduction of spikelet no./main 
ear in L.D. for 29 barley cultivars in the glasshouse.

Each point is a mean of between 6 and 8 plants.
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grain number per tiller ear have not been included.
The cultivars examined in this study therefore show a 

wide range of response in spikelet number per main ear to 
daylength. The main group of cultivars (76 cvs) were not 
significantly affected by daylength treatment and of the 
remaining 22 cultivars, eighteen showed a significantly 
decreased spikelet number in L.D. compared to S.D. treatment 
and only four showed a significant increase in spikelet number 
in L.D. conditions.

The influence of daylength on the apical development of 
five of these cultivars was examined in the growth room 
experiment. The five cultivars (Clipper, Spartan, Domen,

Golden Promise and Ymer) were selected to show contrasted 
responses in spikelet number of daylength (denoted 'X* in 

Table 5).
The influence of sowing date on apical development and 

final grain yield was examined in the field on 29 cultivars 
in 1976 and 15 cultivars in 1977, denoted 'S' and ' SS' in 
Table 5 for 1976 and 1977 respectively). These cultivars 
were again selected to show a range in the magnitude of the 

response of spikelet number to daylength.

Comparisons of apical response of selected genotypes to 

daylength in growth rooms.
The five cultivars examined in this study (Clipper, Spartan, 

Domen, Golden Promise and Ymer) were selected from the 100 
cultivars examined in the previous glasshouse daylength study 
to show contrasted response in spikelet number per main ear 
to daylength. The response of the apical development of these 
cultivars to daylength is described in two parts. Firstly, 
the effect of daylength on main shoot apical development with



TABLE 6. Influence of daylength on final leaf number per 
main shoot of five barley cultivars in growth rooms. 
Each value is a mean of at least 10 plants.

Cultivar
Final leaf number per main 

significant 
S.D. L.S.D.

shoot
L.D.

Clipper 11.3 ft ft ft 7.0
Spartan 13.1+ * * * 8.0
Domen 10.5 * 8.9
Golden Promise 13.1 ft* 11.1
Ymer 11.7 ft 10.3

significant at p f 0.05 ) 
pi 0.01 ) 
p i 0.001)

L.S.D. calculated following an 
analysis of variance for each 
cultivar separately.
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time will be described in terms of the following parameters: 
final leaf number per main shoot, apical stage of development, 
spikelet primordium number, length and dry weight of the shoot 
apex and finally, apical meristem dome length. Particular 
emphasis will be placed on the response of spikelet primordium 
production to daylength and the aspects of apical development 
determining the spikelet primordium response. Secondly, 
comparisons of the cultivars1 apical response to daylength in 
the growth room and the response of spikelet number per main 
ear to daylength in the glasshouse will be made. From this 
comparison it may be possible to evaluate the importance of 
the influence of daylength on early plant growth and 
development in determining final spikelet number.
1. Apical development in the growth room.

(i) Final leaf number per main shoot
The response of leaf number per main shoot to daylength 

for the five cultivars examined in this study Is presented 
in Table 6. Cultivars exhibited a range in leaf number in 
both daylength conditions, from 10.5 (Domen) to 13.4 (Spartan) 
in S.D. and a slightly wider range in L.D. from 7.0 (Clipper) 

to 11.1 (Golden Promise).
The duration of leaf primordium production can be 

calculated from the graph of the change of total primordium 
number with time (Fig. 6) in which cessation of leaf primordium 
production occurs when total primordium number equals leaf 
number. Final leaf number was determined earlier in L.D. than 
in S.D. and the reduced period of leaf primordium production 
was reflected in the reduced leaf number for all cultivars in 
the L.D. treatment. This reduction was significant for all 

cultivars and, in particular, for Clipper and Spartan (p- 0.001) 

(Table 6).
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(ii) Apical developmental stage

The effect of daylength on main shoot apical developmental 
stage with time for the five cultivars examined is presented 
in Fig. 4. The ten stages distinguished are described in 
Table 7. Apical development was accelerated in L.D. compared 
with S.D. treatment for all cultivars but cultivars differed 
in the magnitude of their response. This can be clearly seen 
if several stages of apical development are considered 
separately.

Although the double ridge stage (DR) is often assumed to 
correspond to the change from vegetative to floral develop­
ment with the onset of spikelet primordium set down, this is 
clearly not the case in the cultivars examined (Fig. 4). In 
both daylength treatments for all cultivars, DR occurs after 
the onset of spikelet primordium production. The time taken 
to reach DR was reduced in L.D. treatment for all cultivars 
to 14 days after sowing (d.a.s.) for four cultivars (Spartan, 
Domen, Golden Promise and Ymer) and 11 d.a.s. for Clipper.
The DR stage was delayed until 21 d.a.s. under S.D. conditions 

for all cultivars except Domen (14 d.a.s.).
The time taken to reach each subsequent stage was 

similarly reduced in L.D. treatment. The awn initial stage 
(stage A) was reached earlier for all cultivars in L.D. 
than S.D. treatment. The time taken was reduced to only 
three and four weeks for Clipper and Spartan respectively but 
was reached later in the other cultivars (Domen after five 
weeks, Golden Promise and Ymer after six weeks). This stage 
was not reached in S.D. treatment until 10-11 weeks after 

sowing (w.a.s.) for all cultivars.



TABLE 7. Developmental stages of main shoot apex

Stage
Apical stage 
of development Description

ES Simple ridge (early) Meristem dome short and rounded 
<0.1mm

LS Simple ridge (late) Meristem dome elongated * 0.1mm
DR Double ridge Spikelet primordium initial 

visible
SQ Square ridge Increased development of spikelet 

primordium initial
TM Triple mound Formation of lateral spikelet 

primordia
G Glume initial
L Lemma initial
S Stamen initial
A Awn initial

TD Tip death Degeneration of distal spikelet 
primordia
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Fig. 4. Effect of day length (8h S.D, and 16h L.D.) on apical developmental 
stags of 5 barley cultivars in grewth rooms.
Each point is a mean of between 4 and 8 plants.
Vertical bars indicate L.S.D. significant at p4 0.05, calculated 
following an analysis of variance for each cultivar separately. 
Arrows indicate onset of spikelet primordium production.
Only every second apical developmental stage is presented 
on y-axis - see Table 7.
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Degeneration of distal primordia (stage TD) occurred 
within the experimental period for Clipper and Spartan in 
L.D. but this stage was not reached in L.D. for any of the 
other cultivars (Domen, Golden Promise and Ymer) or in S.D. 
conditions for any cultivar. This again indicates the very 

rapid apical development of Clipper and Spartan in long days.
Although all cultivars exhibit more rapid apical 

development in L.D. than S.D. there were differences between 

cultivars in the magnitude of the response. The apical 
development of Clipper and Spartan was more rapid than that 
of Domen, Golden Promise and Ymer in the L.D. treatment and 

further evidence to support this suggestion can be derived 

from an analysis of the other parameters of apex development 
studied.

(iii) Spikelet primordium number
The effect of daylength on spikelet primordium number is 

presented in Fig. 5. The onset of spikelet primordium 
production on the apex occurred earlier in L.D. than S.D. 
conditions (Fig. 5). Although the sample times do not 
correspond to the exact time of onset of spikelet primordium 
set down it is possible to estimate the time of onset 
retrospectively by reference to the total primordium 
production (Fig. 6). The first spikelet primordium occurs 
when the total primordium equals leaf number and collar plus 
one. The onset of spikelet primordium set down is, therefore, 
associated with the leaf number per main shoot. Cultivars 
which have a low leaf number also have an early onset of 

spikelet primordium production..
Maximum spikelet primordium number was reached during 

the awn initial stage of development before tip degeneration
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Fig. 5. Effect of daylength (8h S.D. and 16h L.D.) on spikelet primordium 
production of 5 barley cultivars in growth rooms.
Each point is a mean of between 4 and 8 plants.
Vertical bars indicate L.S.D. significant at pi0-05, calculated 
foilowing an analysis of variance for each cultivar separately. 
Horizontal bar indicates period of awn initial stage of apical 
development for L.D. treatment.
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(Kirby 1977) and this can be seen in the L.D. treatment (Fig. 
5). Because of this association between maximum spikelet 
number with awn initial stage of development, the values of 
spikelet primordium number at the last sample occasion in 
S.D. can be taken as the maximum for each cultivar except 
Domen. Little information is available for the later stages 
of spikelet primordium production for Domen in S.D. because 
of death of the main shoot apex and, therefore, no estimate 
of the spikelet primordium maximum has been made. The 
early development of the apex was unaffected and this data 
has been included for comparison.

The maximum primordium number was reached much earlier 
in L.D. compared with S.D. treatment for all cultivars.
The spikelet primordium maximum was significantly reduced 
(p ¿0.05) in the L.D. compared with S.D. treatment for both 
Clipper and Spartan (Fig. 5). Long day treatment had no 
significant influence on the spikelet primordium maximum of 
Ymer but Golden Primise exhibited a significant increase 
(p ¿0.05) in the maximum attained in long days. The 
difference in the magnitude of the responses of these cultivars 
to L.D. treatment resulted in a wide range of spikelet 
primordium maximum in the L.D. treatment (from 26.5 for 
Clipper to 44.9 for Golden Promise; Table 8). However, the 
maximum determined in short days was comparatively similar 
for all cultivars (36.9 for Clipper to 42.6 for Spartan).

Maximum spikelet primordium number appears to be 
determined both by the duration and the initial rate of 
spikelet primordium production. The duration of set down is 
much longer in S.D. than in L.D. conditions for all cultivars 
(Table 8) and the period of set down in S.D. ranged from



1+4.

55d (Clipper) to 62d (Ymer). The period of production was 

considerably reduced in L.D. treatment and the five cultivars 
exhibited a range in the magnitude of their response. For 
Clipper and Spartan, the duration of this period was very 
short (20 and 19 days respectively) but this period was much 
longer for Domen, Golden Promise and Ymtr ( 35 , 3 8 and 3 7 days 
respectively). The range in the response of the cultivars 
with respect to the duration of the period of set down is, 

therefore, greater in L.D. than in S.D. conditions.
The pattern of spikelet primordium production found in 

both daylength treatments is characteristic of plants grown 
in supplemental incandescent light (Paleg and Aspinall 1964)
(Fig. 5). The initial rapid linear rate of spikelet primordium 
set down is followed by a slower, curvilinear pattern of set 

down until spikelet primordium maximum has been determined.
This latter phase was very pronounced in the S.D. treatment 
for all cultivars but was found only in the L.D. treatment for 
Domen, Golden Promise and Ymer. Cessation of spikelet 
primordium production was more abruptly determined in Clipper 

and Spartan in L.D. treatment.
The rate of spikelet primordium production during this 

initial rapid set down period (3-4 week period after the 
onset of spikelet primordium production) is presented in Table 
8. All five cultivars showed an increased rate of spikelet 
primordium set down in L.D. compared to S.D. treatment but this 
difference was significant (p i0.05) only for Clipper and 

Spartan.
Long day treatment, therefore, has a marked influence on 

spikelet primordium production and two groups of cultivars can 
be distinguished on the basis of the magnitude of their response.



TABLE 8. Influence of daylength on some parameters of 
spikelet primordium production of five barley 
cultivars in growth rooms. Maximum spikelet 
primoraium number based on mean of between 6 and 
8 plants„

SpdJcelet primordi urn 
maximum

Duration of 
Production (days)

Initial rate of 
production (spikelet 
primordia per day)

Cultivar S.D. L.D. S.D. L.D. S.D. LoDa

Clipper 36.9x 26.5 55 17 1.37 1.98
Spartan 4Z.6x it 32.5 to 12 1.13 * 2.59
Donen - 39.0 - 14 1.21 N.S. 1.74
Golden Promise 37.9x * 44.9 to 17 1.45 N.S. 2.00

Ymer 42.5x N.S. 44.3 bZ 23 1.21 N.S. 1.74

x = apex at awn stage of development - see text

a N.S. not significant ) L.S.D. values calculated following an
) analysis of variance for each cultivar 

* significant at pi 0.05) separately.

b N.S. not significant ) 
* significant at pi 0.05)

Significant differences calculated following 
comparison of regression coefficients for 
each cultivar separately.
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primordium set down occurred much earlier and the initial rate 
uias

of set dowi^more rapid in L.D. than in S.D. conditions. 
However, the duration of production was greatly reduced in 
L.D. resulting in a low spikelet primordium maximum which 
was attained four weeks after sowing. If the percentage of 
the spikelet primordium maximum set down after three weeks 
is considered (Table 9), both Clipper and Spartan set down 
over 90% of the maximum within the first three weeks of plant 
growth and development in L.D. but less than 25% for the 
corresponding period under S.D. conditions. The percentage 
set down at three weeks is determined by both the earliness of 
the onset of spikelet primordium production, which is itself 
dependent on the duration of leaf primordium formation, and 

the initial rate of production.
Although cultivars: Domen, Golden Promise and Ymer, 

exhibited a slightly earlier onset of spikelet primordium 
production and a slightly faster initial rate of set down in 
L.D. compared with S.D. treatment, the response to long days 
was less pronounced than that found for Clipper and Spartan. 
The duration of set down is larger than the corresponding 
period for Clipper and Spartan and the spikelet primordium 
maximum attained was either similar in the two daylength 
conditions (Ymer) or greater in long days (Golden Promise).
The maximum spikelet primordium number attained in long days 
was higher for Golden Promise and Ymer than the maxima for 
Clipper and Spartan although there was little difference in 

the S.D. maxima between any of the cultivars.
Spikelet primordium maximum is associated with the 

percentage spikelet primordia set down at three weeks and with

In both Clipper and Spartan the onset of spikelet



TABLE 9. Influence of daylength on spikelet primordium 

maximum and the percentage of the maximum set 
down at three weeks for five barley cultivars in 
growth rooms. Maximum spikelet primordium number 
based on mean of between 6 and 8 plants.

Cultivar Spikelet primordium 
maximum

S.D. L.D.

Percentage of spikelet pri­
mordium max. set down at 
3 weeks
S.D. L.D. L.D.—S.D.

Clipper 36.9x 26.5 24.4 97.7 73.3
Spartan 42.6x 32.5 15.3 93.6 78.4
Donen - 39.0 - 76.4 -

Golden Promise 37.9x 44.9 28.0 48.6 20.6

Ymer 42.5x 44.3 33.3 51.5 18.2

x = apex at awn initial stage of development - see text.



the overall duration of set down. The percentage of the 
maximum set down is higher in long days for both Golden 

Promise and Ymer than in S.D. treatment (Table 9) but the 
difference in the percentage set down between the two 
daylengths (20.6% and 18.2% respectively) was much smaller 

than the percentage set down for Clipper and Spartan (73.3% 
and 78.4% respectively). This seems to suggest that 
cultivars which produce a high proportion of the spikelet 
primordium maximum within the first three weeks of plant 
growth also produce a low maximum e.g. Clipper and Spartan in 
long days. This suggestion is confirmed by the significant 
and negative relationship (r = -0.961, p iO.Ol) between the 
percentage set down at three weeks and the spikelet primordium 
maximum in long days. This relationship is depicted in 
Fig. 7. Spikelet primordium set down is much slower in the 
S.D. treatment and appears to have no determining influence 
on the maximum attained (r = -0.127, N.S.).

(iv) Apex length
The effect of daylength on the change of apex length 

with time is presented in Fig. 8. There are three distinct 
phases of apex length increase with time. The initial 
increase in apex length is very slow with little absolute 
increase in length. This phase is abruptly followed by a 
second, very rapid length increase when a maximum ear length 
is attained after which ear length remains constant.

The duration of the initial length increase was reduced 
in L.D. treatment for all cultivars although there were 
differences between cultivars in the magnitude of their response. 
For Clipper and Spartan, this initial period ceased after only 
two to three weeks but the abrupt change to the second phase

4 6
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Percentage spikelet primordia set dcwn at 3 weeks in L.D.

Fig. 7. Relationship between the percentage spikelet
primordia set down at 3 weeks and the spikelet 
primordium maximum in L.D. in the growth room.
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for Domen, Golden Promise and Ymer did not occur until weeks 

five to six. The duration of this initial period was prolonged 
in the S.D. treatment and the change to the phase of rapid 
length increase does not occur until week ten. This abrupt
change occurs at the awn initial stage of apical development 
(stage A) and, as noted earlier, this stage corresponds to the 
cessation of spikelet primordium production. Thus at the 
time of this rapid increase in apex length most, if not all, of 
the spikelet primordia have been formed. It cannot be
determined from the available data whether daylength has any 
influence on either the duration of this second phase or on 
the final length attained.

(v) Apex dry weight
The response of apex dry weight to daylength treatment 

for all five cultivars is presented in Fig. 9. Apical dry 
weight increased more rapidly in L.D. compared with S.D. 
treatment for all cutlivars and the difference between daylength 
treatments was more pronounced at an early stage for Clipper 
and Spartan than for Domen, Golden Promise and Ymer. The 
difference can be attributed to the early onset of the fast 
rate of dry matter increase for Clipper and Spartan under long 

days.
Three apical growth rates can be distinguished and are 

linked with the pattern of apical length increase described 
above. The first, slower rate of dry matter increase 
corresponds to the initial period of slow apex length increase 
and is associated with the set down of primordia on the apex.
The second faster rate of dry matter accumulation coincides 
with the abrupt change in the pattern of apex length increase 
(Fig. 8) as a result of rachis internode elongation. The third
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period is characterised by a slower relative rate of dry 

matter accumulation although the absolute dry weight increase 

is large. This phase corresponds to the period of grain 
filling after ear emergence and was only found within the 

experimental period for Clipper and Spartan in long days.
The duration of the initial phase was prolonged in short 

days for all cultivars and the absolute dry weight increase 
was relatively small. The pattern of dry matter increase in 

short days was similar for all cultivars.
(vi) Apex meristem dome length
The change of meristem dome length with time exhibits 

three distinct phases of development (Fig. 10). The first phase 

is characterised by the elongation, during the first two to 
three weeks of apical development, of the initial hemispherical 

shaped meristem dome until a maximum length is attained. This 
maximum dome length was reached earlier in L.D. (week two) 
than in S.D. treatment (week three) for Clipper and Spartan 
but the time taken to reach maximum length was not affected by 
daylength treatment in any of the other cultivars. In all 
cases, maximum dome length occurred at or shortly before the 

time of double ridges.
The second phase consists of a gradual decrease in dome 

length until a minimum value is reached and this is followed 
by an abrupt increase in length after which both the dome and 
the last-formed distal primordia degenerate. This decrease 
in dome size is caused by the production of spikelet primordia 
in acropetal succession from the meristem dome. The duration 
of this phase was reduced in long days for all cultivars 
although there were differences in the magnitude of response.
This phase was reduced to only seven days in Clipper and
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Spartan and this was associated with only a small overall 

decrease in length. Domen, Golden Promise and Ymer on the 

other hand exhibited a longer and more gradual period of dome 
length decrease. The duration of this phase was considerably 
prolonged by short days and did not occur until week ten for 

Clipper and Ymer and was not reached within the sampling 
period of this study for the other cultivars. Both Clipper 
and Spartan showed a significant reduction (p-0.05) in the 
minimum dome length in S.D. compared with L.D. treatment.

The two cultivars which exhibited the largest fall in 
spikelet primordium maximum in L.D. compared with S.D. 
treatment, Clipper and Spartan, also showed both a very short 
combined period of dome length increase followed by decrease 

in length and, associated with this period, a small reduction 
in dome length from maximum to minimum values. The duration 
of these two combined periods was considerably longer in short 
days and the decrease in length correspondingly greater, thus 
suggesting that a high spikelet primordium number is associated 
with long period of dome length increase followed bija long 
gradual decrease in length until a low minimum value is reached.

Spikelet primordium set down may still occur after this 
minimum value has been determined in long days (Spartan, Domen 
and Ymer) but the number is small. Insufficient data is 
available to determine whether this is also the case in the S.D. 

treatment.
(vii) Summary of apical developmental responses to daylength

The development of the main shoot apex of the five selected 

cultivars (Clipper, Spartan, Domen, Golden Promise and Ymer) 
examined in this study was more rapid in L.D. than in S.D. 
conditions. This was observed in all the parameters measured:

49.



leaf number per main shoot, main shoot apical development 

stage, spikelet primordium number, length and dry weight of 

the apex and apex meristem length.
Cultivars differed in the magnitude of their responses 

to L.D. treatment and two groups could be distinguished. The 

first group (Clipper and Spartan) are characterised by 
exhibiting a much greater response to L.D. treatment than the 
second group (Domen, Golden Promise and Ymer).

Apical development is extremely rapid in Clipper and 

Spartan under L.D. conditions with an associated rapid spikelet 
primordium production during the first three weeks of growth 
and development resulting in a low maximum. The other 
parameters of apical development confirm the very rapid 
development of these two cultivars in L.D. conditions.

The second group (Domen, Golden Promise and Ymer) exhibit 

a less pronounced response to L.D. treatment in all parameters 
of apical development. Spikelet primordium production after 
three weeks is slower for all three cultivars than in group one 
resulting in either a similar maximum in both daylength 
treatments (Ymer) or an increased maximum in long days (Golden 

Promise).

2. Comparisons of the responses of spikelet primordium number
(growth rooms) and spikelet number (glasshouse) to daylength. 
In the growth room experiment it was not possible to sample 

beyond the stage of maximum spikelet primordium number because 
of space limitations. No direct comparison can therefore be 
made on how the apical response to daylength was manifested in 
final spikelet number per main ear. However, it is possible 
to compare the spikelet primordia response observed in the 
growth room with the spikelet number response found in the

50.
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glasshouse in which the same daylength treatments (8h S.D. 
and 16h L.D.) were used.

The effect of daylength on spikelet primordium maximum 

in the growth room and spikelet number per main ear in the 
glasshouse is presented in Table 10. The cultivars 
examined show a wide range of response in both spikelet 
primordium maximum and spikelet number to daylength.

It was suggested earlier that two groups of cultivars 
could be distinguished on the basis of the magnitude of the 

apical response to daylength. Both the spikelet primordium 
maximum and the spikelet number are greater in L.D. treatment 
for Domen, Golden Promise and Ymer (Group two) compared to 
Clipper and Spartan (Group one). This clearly suggests that 
cultivars which have a high spikelet primordium maximim will 

have a correspondingly higher spikelet number compared to 
cultivars with a lower spikelet primordium maximum. This is 
confirmed by the significant correlation (r = 0.970, p ;0.01) 
between these two parameters and this relationship is 

depicted in Fig. 11.
Apical development was slow in the S.D. treatment for 

all cultivars and, of the four cultivars for which the S.D. 
spikelet primofdia maximum could be determined, only Golden 
Promise exhibited a higher maximum in L.D. compared with S.D. 
conditions. In the glasshouse S.D. treatment, only Ymer 
showed a significantly increased (p ¿0.05) spikelet number per 

main ear compared with long days. No relationship between 
the spikelet primordium maximum and spikelet number in S.D. 

conditions (r = -0.047) was found.



TABLE 10 Influence of daylength on spikelet primordium max.
(growth rooms) and spikelet number per main ear 
(glass-house). Values based on means of between 
6 and 8 plants.

Cultivar
Growth room 
spikelet primordium 
maximum
S.D. L.D.

Glasshouse 
spikelet noJ 
main ear
S.D. L.D.

Clipper 36.9x 24.5 19.9 10.6

Spartan 42.6x 32.5 20.1 14-.0

Domen - 39.0 26.1 25.5

Golden Promise 37.9x 44.9 27.0 28.0

Ymer 42.5x 44.3 24.8 31.8

x = apex at awn initial stage of development - see text
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It appears, therefore, that daylength has an important 
influence on apical development and final spikelet numbers.
Long days accelerate development and reduce the maximum number 
of spikelet primordia set down compared with short days for 
same cultivars (Clipper and Spartan) whereas other cultivars 
are less markedly affected (Domen, Golden Promise and Ymer). 
These differences in the apical response to long days in 
the growth room were reflected in the response of final 
spikelet number to long days but this relationship was not 
found in short days. This is an important consideration in 

the field where sowing of spring barley may be delayed 

because of adverse weather conditions. It is suggested from 
the daylength results that cultivars may show differences in 
both the apical development and final spikelet and grain 
number to late sowings which are characterised by long days.
This suggestion was examined in two sowing date field trials 
in 1976 and 1977 on 29 and 15 cultivars respectively 
(denoted ' S* and ' SS' in Table 5) and these cultivars were 
selected to show a range of response to daylength in spikelet 

number per main ear.

Comparisons of apical and final grain yield responses of 

selected genotypes to sowing date in the field.
The influence of sowing date on apical development and 

final grain yield in the field is described in five sub­

sections. Firstly, an account of some of the environmental 
conditions in the field during the period of apical 
development is presented for both years and this is followed 
by a detailed description of the effect of sowing date on 
apical growth and development. This is considered in terms 
of the following parameters: final leaf number per main shoot,
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apex developmental stage, spikelet primordium number, and 

apex length and apex meristem dome length. Several 
environmental factors are confounded in any comparison of 
sowing date treatments in the field including daylength and 
temperature. An attempt was made in the third sub-section 
to evaluate the possible importance of daylength in 
influencing apical development in the field by comparisons 

of the apical response to sowing date in the field with the 

growth room daylength response described above. The fourth 
sub-section examines the relationship between spikelet 
primordium number with spikelet and grain number, and, 
finally, the influence of sowing date on final grain yield 

is considered in the fifth sub-section.

1. Environmental conditions in the field during apical

development.
Data for changes in some environmental parameters 

(daylength, air minimum and maximum temperatures, grass 
temperature and rainfall) from sowing to maximum spikelet 
primordium number are presented in Tables la and lb in the 
Appendix for 1976 and 1977 respectively. Daylength values 
were estimated from Smithsonian Tables for latitude 56 N 
and are tabulated as the mean daily daylength for each week 
after sowing. Temperature and rainfall values were 
calculated from data collected from the weather station at 

Pentlandfield where the field trials were carried out.
The range of values for daylength and temperature from 

sowing to spikelet primordium maximum are presented in Table 

11 for 1976 and 1977 respectively. Rainfall is presented 
as the average weekly rainfall during this period of apical 

development.



apex developmental stage, spikelet primordium number, and 

apex length and apex meristem dome length. Several 
environmental factors are confounded in any comparison of 
sowing date treatments in the field including daylength and 
temperature. An attempt was made in the third sub-section 
to evaluate the possible importance of daylength in 
influencing apical development in the field by comparisons 
of the apical response to sowing date in the field with the 
growth room daylength response described above. The fourth 
sub-section examines the relationship between spikelet 
primordium number with spikelet and grain number, and, 
finally, the influence of sowing date on final grain yield 

is considered in the fifth sub-section.

1. Environmental conditions in the field during apical
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Data for changes in some environmental parameters 
(daylength, air minimum and maximum temperatures, grass 
temperature and rainfall) from sowing to maximum spikelet 
primordium number are presented in Tables la and lb in the 
Appendix for 1976 and 1977 respectively. Daylength values 

were estimated from Smithsonian Tables for latitude 56°N 
and are tabulated as the mean daily daylength for each week 
after sowing. Temperature and rainfall values were 
calculated from data collected from the weather station at 
Pentlandfield where the field trials were carried out.

The range of values for daylength and temperature from 
sowing to spikelet primordium maximum are presented in Table 
11 for 1976 and 1977 respectively. Rainfall is presented 
as the average weekly rainfall during this period of apical 

development.



TABLE 11. Environmental conditions in the field during
apical development.

a) 1976
S.l

(17 March)
S. 2

(20 April)
S. 3

(17 May)

Daylength (h) * 12.9-17.4 14.5-17.7 16.7-17.5

Air temp. max.(°C)* 8.5-20.4 10.2-16.1 14.9-25.3

Air temp. min.(°C)* 2.2-10.9 2.9- 8.3 7.7-12.5

Grass temp. (°C)* 2.4- 9.3 3.1- 7.3 5.9-11.2

Rainfall (mm)** 3.5 1.4 1.5

b) 1977
S.l

(15 March)
S 2

(20 May)

Daylength (h)* 12.0-17.5 16.8-17.4

Air temp. max.(°C)* 8.1-12.1 16.3-23.0

Air temp. min. (°C)* 3.9- 5.6 5.5-11.8

Grass temp. (°C)* 2.6- 4.7 4.0- 9.3

Rainfall (mm)** 2.2 2.3

* Range in mean daily values per week from sowing to 
spikelet primordium maximum.

** Average rainfall per week from sowing to spikelet 
primordium max.
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Daylength, at the time of sowing, is increased with 

progressive delay in sowing although in any one year, the 

range of daylength conditions experienced by the plant is 
reduced with late sowing. In this case the plant is exposed 
to long days throughout its growth and development and is, 
therefore, directly comparable to plants sown under long day 

treatment. The daylength conditions for the first and last 
sowing in 1976 (S.l and S.3) are equivalent to the two sowing 
dates used in 1977. However, it should be remembered that 

the daylength values are 'ideal* values calculated from 
daylength tables and may not represent the true daylength 

experienced by the plant.
Similarly, the three parameters of temperature measured 

(air maximum and minimum temperature and grass temperature) 
are increased with delay in sowing for both years. In 
general, the temperature was lower in 1977 than in 1976 in 

the first and final sowing dates.
The average weekly rainfall was higher in S.l in 1976 

than in the other sowing date treatments and this can be 
attributed to the heavy rainfall during weeks 10 and 11 

after sowing.

2. Influence of sowing date on apical development in the

field.
Before a description of the influence of sowing date on 

the apical development of cultivars in the field is presented, 
it should be noted that significant differences in plant 
number per plot wtr® found between the two sowing dates in 
1977 (Appendix, Table III). However, because of the very 
low plant density used in this study (220 seeds per m ) it was



considered that little inter-plant competition would 

occur during early plant growth and development at the time 
of spikelet primordium production and, therefore, the 

results of apical development have been included.
Little is known about the effect of plant density on 

apical development of barley cultivars. Kirby and Faris 
(1970) observed that apical development was accelerated by 

increased density with a corresponding reduction in total 
primordium number per main shoot. However, there was little 
difference in the pattern of apical development at the lowest 

densities used in their study (50 and 100 plants per m ) 
which corresponds to the observed plant number per plot for 

S.l and S.2 respectively. This suggests that the comparisons 
drawn between the two sowing date treatments in 1977 are 
valid. The close similarities found between the influence of 

sowing date on apical development in the 1976 and 1977 field 
trials also support the reliability of the results presented 

for apical development.
i) Leaf number per main shoot.
The influence of sowing date on final leaf number per 

main shoot is presented in Table 12 for both 1976 and 1977 
field trials. In 1976, cultivars exhibited a range in leaf 
number in S.l (27 March) from 7.8 (Clipper) to 9.8 (Spratt).
Eleven of the total 14 cultivars show a small reduction in leaf 
number in S.2 (20 April) compared with S.l but this was only 
significant (p 2 0.05) for Clipper and Cl 5791. All 14 
cultivars showed a decrease in leaf number in the final sowing 
(S.3, 17 May) compared with S.l although this reduction was 

significant for only five cultivars (Table 12).
In 1977, the range of leaf number in the early sowing
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TABLE 12 Influence of sowing date on final leaf number 
per main shoot of 14 and 5 barley cultivars in
1976 and 1977 respectively. Each value is a
mean of at least 9 plants (1976) or 24 plants (1977).

Cultivar
sewing:
date:

S.l
(27/3)

1976
S.2

(20/4)
S.3

(17/5)
S.l

(15/3)

1977

L.S.D.
S.2

(20/5)

Clipper 7.8ax 7.3b 6.9c 7.5 N.S. 7.1

Spartan 8.4a 8.0a 7.9a 8.2 N.S. 7.8

Cl 5791 8.7a 8.4b 8.1c

Ingrid 9.2a 8.9a 8.4b

Chevallier 8.5a 8.1a 7.8b

Bohmerwald 9.1a 9.2a 8.3b

Lami 8.2a 8.0a 7.8a

Domen 8.5a 8.6a 8.1a 9.2 N.S. 8.6

Maris Mink 9.3a 9.0a 8.5a

Golden Promise 9.4a 9.4a 9.0a 9.6 N.S. 9.1

Spratt 9.8a 9.7a 9.4a

Hillmarsh 9.2a 9.1a 8 • 8a.

Uzu 9.2a 9.0a 8.9a

Ymer 8.8a 8.8a 8.1a 9.0 N.S. 8.3

x = Multiple range test, significant at p * 0.05, calculated following an 
analysis of variance for each cultivar separately. Means with same 
letters are not significantly different.

y = L.S.D. (p* 0.05) values, calculated following an analysis of variance 
for each cultivar separately.
N.S. = not significant.
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(S.lj 15 March) was similar to that observed for the first 
sowing in 1976. Leaf number ranged from 7.5 (Clipper) to 
9.6 (Golden Promise). All five cultivars showed a small but 
non-significant decrease in leaf number in S.2 (20 May) 
compared with S.l.

The reduced leaf number with progressively later sowing 
is associated with the more rapid vegetative development of 

the plant in late sowing conditions. This results in fewer 

leaves produced on the main shoot apex before the onset of 
spikelet primordium production.

ii) Apical developmental stage.
The effect of sowing date on the development of the main 

shoot apex for the 14 cultivars examined in 1976 and the five 
cultivars examined in 1977 are presented in Figs. 12 and 13 
respectively. The ten developmental stages distinguished 

are as shown in Table 7.
For all cultivars in both field trials, the time taken for 

each developmental stage to be reached was reduced with 
progressively later sowing. This can be clearly seen if the 
following three developmental stages of: double ridge (DR), 

awn initials (A) and tip degeneration (TD) are discussed 

separately.
In 1976, all cultivars exhibited a reduction in the period 

from sowing to DR formation as sowing became progressively 
later. Double ridges were formed between four and five weeks 

after sowing (w.a.s.) in the early sowing (S.l) but this 
period was reduced to only three-four weeks in S.2 and, for 
Clipper and Lami, to only three weeks. Apical development was 
extremely rapid in the final sowing (S.3) and this stage 
occurred before the first sampling time (three w.a.s.) for all
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cultivars.

The hastening effect of late sowing on apical development 
can be clearly seen in the 1977 field trial (Fig 13). The 
DR stage occurred six to seven weeks after sowing for all 
cultivars in the early sowing (S.l) but commenced earlier in 
the late sowing (S.2). Although all cultivars showed 
accelerated apical development in the late sowing, there were 
differences between cultivars in the magnitude of their 
response. Double ridges were formed after only 10 to 11 d.a.s. 

for Clipper and Spartan but the response was less pronounced 
in Domen, Golden Promise and Ymer and this stage was reached 
after 14 days. It was indicated in the growth room daylength 

study that spikelet primordium production occurs before DR 
stage of development. Confirmation of this suggestion can be 
derived from the 1977 field trial (Fig. 13).

The time taken to reach each subsequent developmental 
stage was similarly reduced with progressively later sowing.

In 1976, the awn initial stage (stage A) was reached after nine 
weeks for most cultivars in S.l although there were differences 
between cultivars. The period between sowing and this stage 
was reduced with progressively later sowing and again cultivars 
exhibited differences in the magnitude of their response. For 
example, in S.3 the time taken to reach awn initials was reduced 
to less than five weeks for Clipper and Spartan but the apical 
development of the other cultivars was slightly slower and this 

stage was not reached until five to six w.a.s.
The accelerated apical development found in late compared 

with early sowing was confirmed in the 1977 field trial. The 
awn initial stage occurred 10 to 12 w.a.s. in S.l for the five 
cultivars examined but this period was reduced to only six or
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Clipper and Spartan exhibited a faster apical development and 
this stage was reached less than six weeks after sowing.

The final stage of apical development distinguished, tip 
degeneration (stage TD), occurs after the maximum number of 
spikelet primordia had been determined and results in the 
subsequent loss of potential spikelets per ear. Tip degene­

ration occurred 11 w.a.s. for most cultivars in S.l and this 
period was reduced with progressive delay in sowing.

A similar situation was found in the 1977 field trial, in 
which tip degeneration occurred six weeks earlier in S.2 
compared with S.l for Spartan, Domen, Golden Promise and Ymer 

(Fig. 13). As in 1976, Clipper was very responsive to late 
sowing and this period was reduced to only five weeks.

Although all cultivars showed accelerated apical development 

with progressively later sowing there were differences between 
cultivars in the magnitude of their response and this will be 
examined in the other parameters of apical development 
followed. The more rapid apical development in late sowing 
was identical to the effect of L.D. treatment on apical 
development in growth rooms described earlier. This relation­

ship will be discussed more fully at the end of the section.
iii) Spikelet primordium number.
The influence of sowing date on spikelet primordium 

number per main shoot apex is presented in Fig. 14 for 1976 
and Fig. 15 for 1977. In 1976, the time taken to reach 
maximum spikelet primordium number was reduced with progressive 
delay in sowing but cultivars differed in the magnitude of 
their response and this was particularly evident in S.3.
Spikelet primordium maximum was not determined for Maris Mink
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seven weeks for Domen, Golden Promise and Ymer. Again,
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and Spratt during the seven-week sampling period but, in 
Spartan, the maximum was reached after five weeks and 
degeneration of the distal primordia had occurred at week 

seven. In the other cultivars, spikelet primordium maximum 
reached a plateau between five and seven w.a.s. although the 
data for Clipper is unusual in that this period extended from 

week three to week seven.
There was no significant difference in the spikelet 

primordium maximum attained between S.l and S.2 for any of 
the cultivars. However, nine of the 14 cultivars (Clipper, 
Spartan, Cl 5791, Ingrid, Lami, Domen, Maris Mink, Hillmarsh 
and Ymer) showed a significant (p - 0.05) decrease in the 
maximum in S.3 compared to S.l. Only Chevallier, Bohmerwald, 
Golden Promise, Spratt and Uzu, maintained a relatively stable 
spikelet primordium maximum over the range of sowing dates 

studied.
A similar situation was observed in 1977, in which the 

spikelet primordium maximum was determined 11 to 13 w.a.s. 
in S.l but was reduced to six weeks in S.2 for Spartan, Domen, 
Golden Promise and Ymer and further reduced to only five weeks 

for Clipper.
The different magnitudes of response exhibited by cultivars 

to late sowing is clearly illustrated by the maximum spikelet 
primordium number attained in the two sowing dates. The 
maximum was not significantly affected by late sowing for 
Domen, Golden Promise and Ymer but was significantly reduced 
(p * 0.05) in S.2 for Clipper and Spartan. This confirms the 

results of the 1976 field trial in which both Clipper and 
Spartan showed a significant reduction in spikelet primordium 

maximum in the final compared to early sowing.



It was noted earlier (page 43) that the maximum spikelet 

primordium number was determined both by the duration and the 

rate of spikelet primordium production. A low spikelet 
primordium maximum was also associated with an early onset of 
spikelet primordium set down. The influence of sowing date on 
three parameters will be described below for both field trials.

In 1976, five of the 14 cultivars (Clipper, Spartan, 
Chevallier, Lami and Domen) had initiated spikelet primordium 
production at the time of the first sample (three w.a.s.)
(Fig. 14). The onset of spikelet primordium production 
occurred earlier with progressively later sowing and all 
cultivars had initiated spikelet primordium production after 

three weeks in S.2 and S.3. Although it is possible to 
estimate the time of onset of production retrospectively by 
reference to the total primordium number as described on 

page 42, this cannot be calculated for S.2 and S.3 because of 

the high primordium number set down at three weeks.
Similarly, because the onset of spikelet primordium 

production cannot be determined for S.2 and S.3, it is not 
possible to determine either the duration or the rate of 
production. Although it is not possible to compare the rates 

of spikelet primordium production in the three sowing date 
treatments it is possible to examine the effect of sowing date 
on the early set down of spikelet primordia. Associated with 
both the onset and the initial rate of production is the 
percentage of the maximum set down during the first three 

weeks of plant growth and development.
The influence of sowing date on the maximum spikelet 

primordium number and the percentage of this maximum set down 
st three weeks is presented in Table 13. Only five of the 14



TABLE 13. Influence of sowing date on spikelet primordium 
max, and percentage set down at three weeks for 
14 cultivars in the field in 1976.

Cultivar

X
Spikelet primordium max. 
S.l S.2 S.3

% of spikelet primordium 
max. set down at 3 weeks 
S.l S.2 S.3

Clipper 26.2 26.3 23.2 3.4 32.2 93.9

Spartan 32.7 30.5 28.3 1.4 21.3 73.0

CI 5791 31.2 31.7 27.0 0 12.9 70.8

Ingrid 41.3 39.5 36.8 0 11.6 49.6

Chevallier 31.8 32.3 29.2 0.3 20.7 73.8

Bohmerwald 41.2 39.2 39.5 0 8.1 44.7

Lami 30.8 29.2 25.7 5.2 33.2 82.5

Domen 41.0 40.0 35.6 1.4 21.3 73.0

Maris Mink 38.7 37.7 35.7 0 11.6 39.3

Golden Promise 41.3 40.8 39.5 0 11.1 44.7

Spratt 45.3 45.8 42.2 0 6.9 27.0

Hillmarsh 40.7 37.8 36.8 0 11.7 46.6

Uzu 38.0 37.5 35.0 0 16.5 47.4

Ymer 42.0 40.7 37.5 0 14.5 42.0

x Each value is a mean of between 4 and 6 plants
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cultivars (Clipper, Spartan, Chevallier, Lami and Domen) had 
commenced spikelet primordium production after three weeks in 
S.l but all cultivars had initiated spikelet primordia at 
this stage in S.2 and S.3. The percentage set down was 
increased with progressively later sowing for all cultivars 

thus indicating that either or both of the parameters 

determining the percentage set down (i.e. the onset and the 

initial rate of production) may be hastened by late sowing.
Cultivars exhibited differences in the magnitude of their 

response to late sowing such that the five cultivars which 
had initiated spikelet primordia at three weeks in S.l plus 
Cl 5791 exhibited the highest percentage set down in both S.2 
and S.3. The other cultivars showed a less pronounced 
response to late sowing and the difference in the percentage 
set down between sowing date treatments was less marked than 
observed for the six cultivars described above.

It appears, therefore, that the range of magnitude of 
response between cultivars is increased as sowing date is 
delayed, i.e. cultivars which are responsive to late sowing 
become increasingly more responsive as sowing is progressively 

delayed compared with less sensitive cultivars.
Five of the six cultivars (Clipper, Spartan, Cl 5791, 

Chevallier and Lami) which exhibit the highest percentage of 
the maximum spikelet primordium number set down at three weeks 
in S.3 also show the lowest maximum in S.3. This clearly 
suggests that cultivars which exhibit a high spikelet primordium 
percentage set down during the early growth and development of 
the plant will also have a low maximum. This suggestion is 
confirmed by the significant relationship (r = -0.789, p - 0.001) 
between the percentage set down at three weeks and the final
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maximum attained in S.2 and a more marked correlation (r =
-0.916, p - 0.001) in S.3. The relationship between the 
percentage spikelet primordia set down and the maximum for S.3 

is depicted in Fig. 16. Cultivars which produce a large 
percentage of the spikelet primordium maximum within the first 
three weeks of development (e.g. Clipper) are also those 
cultivars which exhibit a low final maximum. Conversely, 

cultivars which exhibit a high maximum (e.g. Golden Promise) 

show a smaller percentage set down.
In the 1977 field trial, the onset of spikelet primordium 

production can be determined as described on page 42 and the 
duration of the period of set down and the initial rate of 
production have been calculated and the results presented in 

Table 14.
The period between sowing and the onset of spikelet 

primordium production was reduced from between 39 and 37 days 
to between 13 and 16 days for all cultivars. This observation 
corresponds to the reduced leaf number per main shoot with 
late sowing, i.e. a low leaf number is indicative of an early 
transition from negative to floral development associated with 
the early onset of spikelet primordium set down. The duration 
of the period of spikelet primordium production was similarly 

reduced with delay in sowing such that set down ceased for 
Clipper in S.2 after only 22 days but was slightly longer for 
the other cultivars (e.g. Golden Promise cessation occurred after 

33 days).
The rate of spikelet primordium production is calculated 

for the initial period of linear set down before the onset of 
the curvilinear phase prior to maximum spikelet primordium

The duration of this period is dependent on the genotypenumber.
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of the cultivar and the sowing date treatment and extends from 

three to six weeks after the onset of set down. This rate 
was significantly increased (p £ 0.05) with late sowing for all 
cultivars but, in the case of Clipper and Spartan, the 

increase in rate was not sufficient to compensate for the 
reduced period of set down and thus a significantly lower maxi­

mum (p - 0.05) was attained in the late sowing.
It was suggested in the 1976 field trial that cultivars 

which set down a large percentage of the spikelet primordium 
maximum after three weeks of plant growth also determined a 
low maximum and confirmation of this suggestion can be derived 
from the 1977 field trial. The influence of sowing date on 
the percentage set down at three weeks and the maximum 
attained is presented in Table 15. Cultivars again differed 
in the magnitude of their response to late sowing and two 
groups may be distinguished. Group one (Clipper and Spartan) 
exhibited a more pronounced response to late sowing than the 
second group (Domen, Golden Promise and Ymer) and this was 
also reflected in the maximum spikelet primordium number.
The relationship between these two parameters was significant 

in the late sowing (r = -0.980, p * 0.001) and is depicted in 

Fig. 17.
It was suggested earlier (page 42 ) that spikelet 

primordium maximum was attained during the awn initial stage 
of development. Confirmation of this suggestion can be 
derived from the 1977 field trial and is illustrated in Fig.15.

Final spikelet and grain number per ear is determined by 
both the spikelet primordium maximum and the proportion of 
this number which survive to form potential fertile spikelets per 
ear. Degeneration of the distal spikelet primordia is



TABLE 15 Influence of sowing date on maximum spikelet 
primordium number and the percentage of the maximum 
set down at three weeks for five barley cultivars in 
the field in 1977.

Cultivar

Spikelet 
maximum a

S.l

primordium

S.2

Percentage spikelet 
primordia set down 
at 3 weeks

S.l S.2

Clipper 28.0 24.5 0 49.7

Spartan 31.8 29.2 0 42.9

Domen 39.2 37.0 0 29.5

Golden Promise 40.7 41.2 0 14.3

Ymer 43.3 38.5 0 19.2

a = values based on means of 5 or 6 plants



Percentage spikelet primordia. set dcwn at 3 weeks 
in S.2.

Fig. 17. Relationship between percentage spikelet primorida set down 
at 3 weeks and spikelet primordium max, for 5 barley

cultivars in S.2 in 1976.
O = Clipper 
□ = Golden Promise
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represented by the dashed line in Fig.lH for 1976 and Fig. 15 

for 1977. Clearly, because the spikelet primordium maximum 

is determined earlier with progressively later sowing in 
both field trials, the time of onset of tip degeneration is 
hastened by late sowing. The decline in spikelet primordium 
number levelled out in some cultivars (Clipper, Spartan, CI5791 
and Chevallier in S.l in 1976 and Clipper and Spartan in S.l 
in 1977) within the period of sampling and this plateau 
corresponds to the final spikelet number per main ear. A 

more detailed description of the influence of sowing date on 
final spikelet and grain number per main ear will be presented 

later in the section.
iv) Apex length.
The influence of sowing date on the length of the main 

shoot apex is presented in Fig. 18 for 1976 and Fig. 19 for 
1977. Three distinct growth rates are evident for all cultivars 
in both years and these phases have been described earlier on 
page i+6 . The initial phase of apex length increase was very 
slow with little absolute increase in length. The duration 
of this period was reduced with progressive delay in sowing 
for all cultivars in both field trials but, again, Clipper and 
Spartan exhibited a more pronounced response to late sowing in 

both years than the other cultivars. The second phase is 
characterised by an abrupt change to a period of very rapid 
length increase and, as noted previously (page H7), this phase 
coincides with the cessation of spikelet primordium production 
and degeneration of the distal primordia. It cannot be 
readily determined from the available data whether sowing date 
has any influence on either the duration of this phase or on 
the final ear length attained. Comparisons of the first two
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Fig. 18. Field Trial 1976
Effect of sowing date (1) 27.3.76, (2) 20.U.76 and (3) 17.5.76 
on apex length in 14 barley cultivars in the field.

contd



Fig. 18 (contd.) Field Trial 1976. Effect of sewing date (1) 2 7 ^  76,
(2) 20.4.76 and (3) 17.5.76 on apex length in 14 barley
cultivare in the field contd,
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Fig. 18. (contd.) Field Trial 1976. Effect of sowing date (1) 27.3.76, 
(2) 20.4.76 and (3) 17.5.76 on apex length in m  
barley cultivare in the field.
Each point is a nean of between 4 and 6 plants. •

• = S.l, 27.3.76 
o = S.2, 20.4.76 
O = S.3, 17.5.76
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sowing dates in 1976 suggests that the duration was not 
significantly reduced but this cannot be confirmed by the 
final sowing (S.3) in 1976 or by the 1977 field trial. 
Similarly, sowing date appears to have no consistent influence 
on final ear length in S.l and S.2. in 19 76 .

v) Meristem dome length.

Because of the limited data available for meristem 
dome length in the 1976 field trial, the influence of sowing 
date on dome length is only presented for 1977 (Fig. 20).
Three distinct phases of meristem dome development can be 
distinguished and these have been described previously 

(page 4 7).
The development of the meristem dome was accelerated by 

late sowing such that maximum dome length was attained after 
only two to three weeks although maximum length does not 
appear to be significantly affected for any of the cultivars. 
Meristem dome development at this stage was slightly different 
in Clipper and Spartan compared with the other three cultivars. 
Maximum dome length was usually determined earlier and the dome 
length lower in Clipper and Spartan than the other cultivars 
and these differences were more evident in the late sowing 

(S.2) than in S.l.
The second phase was characterised by a gradual decrease 

in dome length and the duration of this phase was reduced in 
S.2 for all cultivars except Golden Promise. However, this 
cultivar exhibited a protracted period of meristem dome 
elongation and the combined periods of elongation and length 

decrease was much greater in S.l than in S.2. The final phase 
of dome development comprises the period between the abrupt 
increase in dome length after the minimum has been determined



me
ri
st
em
 l
en
gt
h 
(ji
m) 

Ap
ex
 m
er
is
te
m 
le
ng
th
 (
uni
) 

Ap
ex
 m
er
is
te
m 
le
ng
th
 (
nm
)

.30

.25

.30
Clipper

T  .25
Spartan

.20
_L J

o ‘20

\--
1o

__
L

.15 - / \  /  \  L - / v f

.10 - "  . >  \  i . O .X/• o

.05  ̂.05 -

0
XL j. oi i___ i____i___ i___ i i< --- 1--- 1--- 1—

V

V* 1

0 2 4 6 8 10 12 14
weeks after sowing

JL J
0 2 4 6 8 10 12 14
weeks after sewing

. 30 r Domen 

.25 - 2

.20 -

.15

.10 _

.05 -

0
L

Air
•30 r Golden Promise 

O  t

<A I  A

\ 6

.25 _

.20 -

.15

! -i° i-•H
2  .0 5  L

_L _L JL . J_____ L
0 2 4 6 8 10 12 14
weeks after sewing

x
K oj <

o;S^°2
/

/
/

J_____L J_____L J_____L J

.3 0 r- Ymer 

.25 _

.20

.15

.10 _

, .05
\ 0_ 

u

o2

0 2 4 6 8 10 12 14
weeks after sowing

• = S.l, 15.3.77 
o r S.2, 20.5.77

_L
0 2 4 6 8 10 12 14
weeks after sewing
Fig. 20. Field trial 1977. Effect of sowing date (1) 15.3.77 and 

(2) 20.5.77 on apex meristem length in 5 barley cultivars
in the field.
Each point is a mean of 5 or 6 plants. Vertical lines indicate 
L.S.D. significant at p -0.05, calculated following an analysis 
of variance for each cultivar separately. .. r



until tip degeneration. The period between sowing and the 

beginning of this phase was considerably reduced by late

66.

sowing. The increase in meristem length occurs before the 
maximum spikelet primordium number has been attained although 
none of the spikelet primordia produced after this stage 
will develop into fertile spikelets. This aspect will be 
discussed more fully later in the section.

vi) Summary of apical development in sowing date field 
trials.

Apical development was accelerated by progressively later 
sowing for all cultivars examined in the two field trials and 

this was reflected in all the parameters of apical development 
measured. Cultivars differed in the magnitude of their 
response to sowing date and, for the five cultivars examined 

in both years, two groups could be distinguished on the basis 

of their response.
The first group (Clipper and Spartan) are characterised 

by a more pronounced acceleration of apical growth and 
development in late sowing than the second group of Domen,
Golden Promise and Ymer and this was reflected in the 
significant (p - 0.05) reduction in the maximum spikelet 
primordium number for Clipper and Spartan between S.l and S.3 
in 1976 and between S.l and S.2 in 1977. Associated with 
the more rapid apical development of these two cultivars in 
late sowing conditions is the high percentage spikelet primordium 

set down during the first three weeks of plant growth and 
development. The second group exhibited a less pronounced 
response to late sowing and this was reflected in both the 
small but non-significant reduction in spikelet primordium 

maximum and in the lower percentage set down.
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3. Comparison between cultivar’s apical response to
daylength (growth room) and to sowing date in the field.
It was suggested in the Introduction to this section that 

daylength may be one of the main environmental factors 
influencing growth and development of barley in the field. 
Comparisons of the spikelet primordium number response to 
daylength in the growth room with the influence of sowing 

date on spikelet primordium number in the field may enable 
the relative importance of daylength in influencing the sowing 
date response to be evaluated.

The influence of sowing date on the apical development 
of the five cultivars examined in 1976 and 1977 (Clipper, 
Spartan, Domen, Golden Promise and Ymer) was similar to the 
influence of daylength on the apical development of these 
cultivars in growth rooms. Clipper and Spartan exhibited a 

pronounced hastening of apical development in long day and 
late sowing treatments resulting in a significant reduction 
(p - 0.05) in spikelet primordium maxima in both treatments 

(cf Figs 5, 14 and 15). The apical development of Domen 
Golden Promise and Ymer was less responsive to L.D. and late 
sowing treatments and this was reflected in their spikelet 
primordium maxima which were not significantly affected by 
either treatment compared with short days or early sowing, 
with the exception of Golden Promise in L.D. conditions (Tables 

8, 13 and 14).
These observations apparently suggest that the response 

of spikelet primordium maximum to L.D. and to late sowing 
treatment is similar. This is also suggested by the 
significant relationships between the spikelet primordium 
maximum in long days (growth room) and the maximum attained
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in the final sowing dates in 1976 (S.3) and in 1977 (S.2)

(Table 16 , and the relationship between the spikelet 
primordium maximum in L.D. and in S.3 in 1976 is illustrated 
in Fig. 21. However, there are also significant correlations 
between the maximum in L.D. treatment and the maxima determined 
in S.l and S.2 in 1976 (Fig. 21), and in S.l in 1977. Thus 
it appears that a high spikelet primordium number in long 
days is a feature of cultivars that produced a high maximum 
for all sowing dates in the two years of field trials. It 
may be that daylength during the period of set down for all 

plants is relatively long even in the early sowings (l?.9h 
for S.l in 1976 and 12.Oh for S.l in 1977) compared with the 
8h S.D. period in the growth room such that plants are 
exhibiting a long day response for all sowings. Similarly, 
the period of spikelet primordium production is prolonged in 
the early sowing date treatments such that maximum spikelet 
primordium number is attained in daylengths of over 16h.

If the early stages of apical development are examined, 
there was a significant relationship between the percentage 
of the spikelet primordium maximum set down at three weeks in 

long days with the percentage set down in the final sowings 
in 1976 (S.3) and in 1977 (S.2) but this relationship was not 

found in the early sowing dates (Table 17 and Fig. 22).
No relationship was found between the maximum spikelet 

primordium number in short days and the maximum attained in any 

of the sowing date treatments in either field trial. This 
can presumably be attributed to the longer daylengths impinging 

on plant growth and development for all sowing dates as 

described above.



TABLE 16 Relationship between the response of spikelet 

primordium max, to daylength (growth room) and 
to sowing date (field) for five barley cultivars.

Spikelet primordium 
max. (field)

Spikelet primordium max. (growth room) 
S.D. L •D .

1976 S.l r = 0.378 N.S. r = 0.965 **
S.2 0.261 N.S. 0.967 **

S. 3 0.230 N.S. 0.991 ***

1977 S.l 0.133 N.S. 0.977 **

S.2 0.187 N.S. 0.986 **

N.S. Not Significant 
** significant at p - 0.01 
*** •• •• p i 0.001
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room) and spikelet primordium max, in different sewing dates
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TABLE 17. Relationship between the percentage of the
spikelet primordium max, set down at three weeks 
in Ions days (growth room) and in different 

sowing dates (field) for five barley cultivars.

Percentage max. set dcwn 
at three weeks (field)

Percentage max. set down at 
three weeks L.D. (growth room)

1976 S.l r = 0.588 N.S.

S.2 0.761 N.S.

S.3 0.910 *

1977 S.l -

S.2 0.985 **

N.S. Not significant 
* significant at p - 0.05

• • •• p £ 0.01ri tt

not determined



TABLE 17. Relationship between the percentage of the

spikelet primordium max, set down at three weeks 
in long days (growth room) and in different 
sowing dates (field) for five barley cultivars.

Percentage max. set dcwn 
at three weeks (field)

Percentage max. set down at 
three weeks L.D. (growth room)

1976 S.l r = 0.588 N.S.

S.2 0.761 N.S.

S.3 0.910 *

1977 S.l -

S.2 0.985 **

N.S. Not significant
* significant at p - 0.05
* * •• » p i  0.01

not determined



% spikelet primordia set down at 3 weeks in L.D. 
(growth room)

Fig. 22. Relationship between the percentage of the spikelet primordium 
max, set down at 3 weeks in L.D. (growth room) and the 
percentage set down in different sowing dates in the field (1976).

• S.l, 27.3.76, 
□ S.2, 20.4.76, 
O S.3, 17.5.76,

y = 0.06x - 2.27, 
y = 0.33x - 2.09, 
y = 0.91x - 0.03,

r = 0.585 N.S. 
r = 0.761 N.S. 
r = 0.910 p i 0.05
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4. Relationship between spikelet primordium number, and

spikelet and grain number per main ear of 14 genotypes 
in the field(in 1976).
It was suggested earlier (page 43) that spikelet 

primordium production was determined by both the duration and 
the initial rate of production. Cultivars which exhibited a 
low maximum were characterised by having a short period of 
production although the initial rate of set down was very 
rapid. A low maximum was associated with the early onset of 
set down and a high percentage set down at three weeks. The 
relationship between the spikelet primordium maximum per main 
shoot and the spikelet and grain number per main ear is 

examined in this section.
The spikelet primordium maximum, spikelet number and 

grain number for the 14 genotypes examined in sowing dates 
one and two in 1976 are presented in Table 18. The 
percentage reduction of these parameters with late sowing (S.2) 
is presented in Table 19. Data for the final sowing (S.3) 
in 19 76 hav* been omitted because of the heavy rainfall 
immediately before harvest which resulted in severe lodging 

with subsequent grain loss.
The influence of sowing date on spikelet primordium 

maximum has been described earlier in the section (page 42).
The 14 cultivars exhibited a wide range of spikelet number per 
main ear in S.l and S.2 in 1976 and these values ranged from 

17.1 (Clipper) to 30.7 (Spratt) in S.l and from 18.5 (Clipper) 
to 31.9 (Spratt) in S.2. Sowing date appeared to have no 

consistent influence on spikelet number and differences 
between sowing dates are non-significant (Table 18).

Grain number per main ear was lower than the spikelet



TABLE 18 Influence of sowing date on spikelet primordium 
maximum spikelet number and grain number per main 
earfor 14 cultivars in the field i n 1976.

Spikelet primordium 
naximum. a„

Spikelet no/ 
nain ear. b.

grain no./ 
main ear. b.

Cultivar S.l S.2 S.l S.2 S.l S.2

Clipper 26.2 26.3 17.1 18.5 14.7 15.9

Spartan 32.7 30.5 20.6 19.8 11.8 13.3

Cl 5791 31.2 31.7 20.2 20.6 18.2 j'c 14.7
Ingrid 41.3 39.5 26.5 27.8 23.5 24.0

Chevallier 31.8 32.3 22.3 23.2 19.9 20.1

Bohmerwald 41.2 39.2 28.1 29.3 25.9 26.1

Lami 30.8 29.2 25.2 25.7 23.6 22.5

Domen 41.0 40.0 26.5 25.0 24.1 * 21.1

Haris Mink 78.7 37.7 26.1 28.4 24.2 25.8

Golden Premise 41.3 40.8 28.0 28.9 25.4 25.9

Spratt 45.3 45.8 30.7 31.9 27.8 26.4

Hillnarsh 40.7 37.8 28.3 27.8 26.2 * 24.0

Uzu 38.0 37.5 28.7 29.7 24.5 ft 16.2

Ymer 42.0 40.7 29.4 29.7 26.7 26.2

a Values based on mean of 6 plants, 
b Values based on mean of between 24- and 92 plants.
* L.S.D. significant at p*0.05, calculated following an analysis 

of variance.
All other ccuparisans between S.l and S.2 for: maximum spikelet 
primordium number, spikelet number per main ear, and grain number per 

main ear are not significantly different.



TABLE 19. The percentage reduction of spikelet primordium 
maximum, spikelet number and grain number per 
main ear in S.2 compared with S.l for 14 cultivars 
in the field in 1976. A negative value denotes 
an increase in S.2

Cultivar

% reduction
spikelet
primordia

in S.2 of:
spikelet
number

grain
number

Clipper 1 o • o -8.3 -7.9

Spartan 0.70 3.8 -13.4

Cl 5791 CMO•01 -1.7 19.3

Ingrid 0.04 -4.9 -2.0

Chevallier CM

O•o -4.0 -1.3

Bohmerwald 0.05 -4.5 -0.5

Lami 0.05 -1. 8 4.8

Domen 0.02 5.7 12.5

Maris Mink 0.03 -8.8 -6.9

Golden Promise 0.01 -3.4 -1.8

Spratt -0.01 -4.0 5.0

Hillmarsh 0.07 1.7 8.9

Uzu 0.01 -3.7 34.0

Ymer 0.03 -0.7 1.6



number for all cultivars and the values ranged from 11.8 

(Spartan) to 27.3 (Spratt) in S.l and from 13.3 (Spartan) to 
over 26 (Bohmerwald, Spratt and Ymer) in S.2. Later sowing 

has no consistent influence on grain number in the 14 cultivars 
examined (Table 18). Grain number was reduced in S.2 for 
seven cultivars and this reduction was significant (p - 0.05) 
for four of these but the increase in grain number for the 
other cultivars was not significant.

Sowing date in these field trials had no consistent 

influence on spikelet and grain number per main ear. It 
was suggested earlier (page 68) that the spikelet primordium 
maximum was not significantly different in S.2 compared with 
S.l because of the prolonged period of set down in S.l and 
thus the later stages of set down occurred in long days.
The final sowing in 1976 (S.3) exhibited the most marked 
response of spikelet primordium production to late and thus 
may have been expected to show the most marked response of 
spikelet and grain number per main ear to late sowing, but 
this data is unfortunately not available.

It was noted earlier (page 51) that there was a 
significant relationship between the spikelet primordium 
maximum in long days (growth room) and final spikelet number 
in long days (glasshouse) and it was suggested that cultivars 
(e.g. Golden Promise) which exhibit a high maximum spikelet 
primordium maximum also exhibit a high final spikelet number. 
This suggestion is supported by the significant correlations 
between the spikelet primordium maximum and both spikelet and 
grain numbers for both sowing dates (Table 20) and their 

relationships are depicted in Figs. 23 and 24.
Maximum spikelet primordium number was much greater than

70.



TABLE 20. Relationship between spikelet maximum, spikelet 
number and grain number per main ear with sowing 
date for 14 cultivars in the field in 1976.

Sow. 1 Sow. 2

Spikelet 
main ear 
main ear

primordia max./ 
v. spikelet no^

r=0.912 s’c *  * r=0.864 s’c s’c s’;

Spikelet 

main ear 
ear

primordia max./ 

v. grain no/main
0.812 *** 0.721 s’c *

Spikelet no/main ear v. 
grain no/main ear 0.933 *** 0.865 ***

significant at p - 0.01
s’c s’c s’c - 0.001



Gr
ai
n 
no

/m
in

 e
ar
 i
n 
S.
l 

Sp
iW
el
et
 n
o/
Ma
in
 e
ar
 i
n 
S.
l

I______I______I------1------ 1------1
0 10 20 30 40 50
Spikelet primordia max. in S.l

40 r
b.

30

20 _

10 y = 0.681x - 2.800 

r = 0.812, piO.OOl

0 10 20 30 40 50
Spikelet primordia max. in S.l

Fig. 23. Relationship between spikelet primordia max, and (a) spikelet 
no.and (b) grain no.per main ear in S.l in 1976.

o = Clipper
□ = Golden Premise



Gr
ai
n 

no
./
na
in
 e
ar
 i
n 
S.
2 

Sp
ik
el
et
 n
o.
/m
ai
n 
ea
r 
in
 S
.2

_L
10

_L
20

1_
30

Spikelet primordia max. in S.2
_L
40

_1
50

0 10 20 30 40 50
Spikelet primordia max. in S.2

Fig. 24. Relationship between spikelet primordia max, and (a)
spikelet no. and (b) grain no. per main ear in S.2 in 1976.

o = Clipper
□ = Golden Premise



71.

the spikelet and grain numbers for all cultivars in both 
sowing dates (Table 18). The percentage of the maximum 
spikelet primordia which form spikelets and the proportion 

which form grains, and the spikelet fertility for the 14 
cultivars in S.l and S.2 in 1976 are presented in Table 21.
The percentage reduction of these parameters in late sowing 
(S.2) is presented in Table 22.

The percentage of the spikelet primordium maximum 
which set spikelets and grains was low in both sowing dates, 
generally between 60 to 80% for spikelet number and between 50 
to 70% for grain number for both sowing dates. The percentage 
of the spikelets which set grain was comparatively high. In 
S.l, all cultivars except Spartan (53.0%) exhibited a spikelet 
fertility greater than 85% and in S.2, only three cultivars 
(Spartan, CF 5791 and Uzu) showed a spikelet fertility less 

than 80%.
None of these parameters were consistently affected by 

delay in sowing (Table 22). The percentage of the spikelet 
primordium maximum to form spikelets was increased in S.2 
for all cultivars except Domen but this increase was 
generally small. The percentage of the spikelet primordium 
maximum to set grains was reduced in eight of the 14 cultivars 
but the response of this parameter to late sowing was 
inconsistent and the range of response was large, from 33.1% 
(Uzu) to -21.4% for Spartan (i.e. an increased value in late 
sowing). All cultivars except Domen showed a reduction in 
spikelet fertility with late sowing and although this 
reduction was generally small, it was more marked in Cl 5791 

(20.7%) and Uzu (36.3%).
It may have been expected that cultivars which exhibit



TABLE 21

(a) spikelet primordium maximum which formed
spikelets, (b) spikelet primordium max, which 

edform grains, and (c) spikelet number which set 
grains per main shoot ear for 14 cultivars in 
the field in 1976.

Influence of sowing date on the percentage of

Cultivar

Percentage of spikelet 
primordium max. which 
form spikelets

S.l S.2

Percentage of 
spikelet pri­
mordium max. 
which set grains 
S.l S.2

Percentage of 
spikelets which 
set grains
S.l S.2

Clipper 65.2 70.2 56.1 60.2 86.1 85.8

Spartan 63.1 65.0 36.0 43.7 53.0 67.2

Cl 5791 64.9 65.0 58.5 46.4 90.0 71.4

Ingrid 64.1 70.4 56.9 60.7 38.8 86.3

Chevallier 70.1 71.7 62.4 62.2 89.1 86.8

Bohmerwald 68.1 74.8 63.0 66.5 92.4 88.9

Lami 81.7 88.0 76.6 72.4 93.7 87.6

Domen 64.6 62.5 58.7 52.6 90.8 84.3

Maris Mink 67.4 75.3 62.8 68.5 92.6 91.0

Golden Promise 67.7 70.9 61.6 63.4 90.9 89.5

Spratt 67.7 69.6 61.3 57.6 90.6 82.8

Hillmarsh 69.6 74.5 64.5 67.3 92.6 86.3

Uzu 75.4 79.2 64.5 43.2 85.6 54.5

Ymer 67.8 72.9 63.5 57.5 90.6 88.5



(a) spikelet primordium maximum which formed
spikelets, (b) spikelet primordium max, which 

adform grains, and (c) spikelet number which set 
grains per main shoot ear in S.2 compared with 
S.l for 14 cultivars in the field in 1976.
A negative value denotes an increased percentage 
in S.2.

TABLE 22. Percentage reduction of the percentage of

Percentage reduction in S.2 in the percentage of:

Cultivar
spikelet primordium 
max« - spikelet no.

spikelet primordium 
max. - grain no.

spikelet na 
-grain no.

Clipper -7.6 -7.3 0.4

Spartan -3.0 -21.4 -17.9

CI 5791 -0.1 20.6 20.7

Ingrid -9.7 -6.7 2.8

Chevallier -2.4 0.3 2.6

Bohmerwald -9*8 -5.6 3.8

Lami -7.6 5.4 6.5

Domen 3.3 10.3 7.2

Maris Mink -11.7 -9.7 1. 8

Golden Promise -4.5 -3.0 1.5

Spratt -2.8 6.0 8.6

Hillmarsh -7.1 -4.3 6.8

Uzu -5.1 33.1 36.3

Ymer -7.6 9.4 2.3



rapid spikelet primordium production may show a reduced 

capacity of the spikelet primordium maximum to set spikelets 

and grains (Kirby and Faris 1971 and Williams, R.H. personal 
communication 1979). However, consideration of the 
relationships between the difference between S. 2 and S.l 

in the percentage spikelet primordium set down at three 
weeks and the percentage reduction of the spikelet primordium 
capacity above, suggests that this is not the case (r = 0.138 
and -0.028 respectively, both non-significant). This 
appears to indicate that the pattern of spikelet primordium 
production during the early stages of apical development is 
not an important determinant of the ability of the spikelet 
primordium number to set spikelets and grains. However, 
the largest difference in the pattern of spikelet primordium 
set down was observed between S.3 and S.l in 1976. It may 
be possible that very rapid set down of spikelet primordia 

during early development, found in S.3, may result in a 
marked reduction in the proportion of the spikelet primordia 

which form spikelets and grains.

5. Influence of sowing date on grain yield.

i) 1976 field trial
Plant number per plot.
Plant numbers per plot for the 29 cultivars sown in S.l 

and S.2 are presented in Table 23. Plant number (and final 
yield data) for S.3 has been omitted because of the heavy 
rainfall before harvest which resulted in severe lodging and 

subsequent yield reduction. Cultivars showed a large 
variation in plant number per plot in both sowing dates with 
3 range between 20.7 (Early 12A Bonus) to 32.7 (Abacus) in S.l



TABLE 23. The effect of sewing date on plant number per plot for 29 
barley cultivars in the field in 1976. A negative value 
denotes an increase in plant number in S.2

Cultivar

Plant no. per plot 
signif.

S.l L.S.D. S.2

% reduction in S.2 
compared with S.l

Early 12A Bonus 20.7 24.3 -17.7
Clipper 24.3 28.0 -15.1
Spartan 23.3 27.0 -15.7
Turkish 1106 25.7 27.0 - 5.2
Cl 5791 24.0 * 29.7 -23.6
Ingrid 26.3 26.0 1.3
Banba 26.7 21.7 18.8
Chevallier 28.0 29.3 -4.8
Midas 30.7 25.7 16.3
Bohmerwald 29.0 28.7 1.1
Heils Franken 27.0 25.3 6.2
Lami 25.3 29.0 -14.5
Mimi 26.3 28.3 -7.6
Charlottetown 80 27.3 24.3 11.0
Domen 26.3 28.7 -8.9
Scotch Cornnon 23.7 21.0 11.3
Tyra 31.7 27.3 13.7
Proctor 31.0 33.0 -6.5
Ark Royal 25.3 29.7 -17.1
Afghan R668 23.0 26.0 -13.0
Zephyr 25.7 27.7 -3.8
Maris Mink 27.7 25.3 8.5
Ariel 29.3 27.0 7.9
Golden Promise 27.7 25.7 7.2
Abacus 32.7 29.0 11.2
Spratt 23.7 27.0 -14.1
Hillmarsh 25.7 28.3 -10.4
Uzu 25.7 23.3 9.1
Ymer 27.3 28.0 -2.5

* significant at p — 0.05 L.S.D. calculated following an analysis of 
variance.



and between 21.0 (Scotch Common) to 33.3 (Proctor) in S.2.

The effect of sowing date on plant number was inconsistent 
and only one cultivar (Cl 5791) showed a significant response 
(p - 0.05) to late sowing. Clearly, plant establishment 
was not significantly influenced by sowing date and 
variations which existed may be due to soil conditions.

Grain yield per plant.
The separate components of grain yield per plant:ear 

number per plant; grain number and 1000 grain weight
per main ear; and grain number and 1000 grain weight per
tiller ear for the 29 cultivars in S.l and S.2 were measured
separately and are presented in Tables III a, b in the
Appendix. The computed grain number per ear, grain number 
per plant and 1000 grain weight for each sowing are included 
in these tables. The percentage reduction of these parameters 

in S.2 are presented in Table IV in the Appendix.
Final grain yield is calculated as the grain yield per 

plant and the results for the 29 cultivars in S.l and S.2 
are presented in Table 24. Cultivars exhibited a wide range 
in groin yield per plant in each sowing date from 2.51 g plant 
(Spartan) to 6.1 (Lami in S.l and from 2.23 (Spartan) to 4.66 
g plant 1 (Ymer) in S.2. Grain yield per plant was 
reduced in the late sowing (S.2) for all cultivars (Table 25) 
and this decrease was significant (p - 0.05) for 22 of the 29 
cultivars. Cultivars exhibited a wide range in the magnitude 
of the response of grain yield to sowing date and the 
percentage reduction of grain yield per plant in S.2 compared 
with S.l ranged from 5.6% (Midas) to a reduction of over 40%

(Cl 5791, Charlottetown 80 and Uzu).
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TABLE 24. Influence of sewing date on grain yield per plant of 29
barley cultivars in the field in 1976. All values of 
grain yield per plant in g plant \  *

Cultivar

Grain yield per plant 
sigpif.

S.l L.S.D. S.2

% reduction in S.2 
compared with S.l

Early 12A Bonus 4.62 * 3.80 17.8
Clipper 4.34 * 2.93 32.5
Spartan 2.51 2.23 11.2
Turkish 1106 4.40 * 3.12 29.1
Cl 5791 3.98 * 2.24 43.7
Ingrid 5.27 * 3.57 32.6
Banba 4.54 ft 3.26 28.2
Chevallier 4.87 * 3.42 29.8
Midas 4.45 4.20 5.6
Bohmerwald 4.23 3.74 11.6
Keils Franken 4.85 ft 3.26 32.8
Lami 6.10 * 4.67 23.4
Mimi 4.20 * 2.98 29.1
Char lotte tewn 80 4.18 ft 2.45 41.4
Domen 3.83 3.34 12.8
Scotch Common 4.11 3.55 13.6
Tyra 5.46 * 4.33 20.7
Proctor 4.52 3.86 14.6
Ark Royal 5.62 * 4.36 22.4
Afghan R668 4.61 * 2.78 39.7
Zephyr 4.68 * 3.68 21.4
Maris Mink 4.71 3.74 15.2
Ariel 4.77 ft 3.69 22.6
Golden Premise 3.85 * 2.80 27.3
Abacus 5.43 ft 3.57 37.9
Spratt 5.10 ft 3.14 38.4
Hillmarsh 4.71 4.03 14.4
Uzu 4.62 ft 2.27 55.2
Ymer 6.06 ft 3.97 34.5

* Significant at p ¿0.05, L.S.D. calculated follcwing an analysis 
of variance.



ABLE 25. Percentage reduction of grain yield per plant and grain 
yield components in S.2 compared with S.l in 1976. A 
negative value denotes an increase in S.2

Cultivar

Percentage reduction in S.2 of;
grain yield ear no. grain no. 
per plant per plant per ear

grain no. 
per plant

1000 grain 
weight

Early 12A Bonus 17.8 14.8 -4.3 11.0 8.7
Clipper 32.5 31.4 -7.3 26.5 8.7
Spartan 11.2 12.0 -7.7 5.3 6.5
Turkish 1106 29.1 22.8 2.9 25.1 7.2
Cl 5791 43.7 22.0 28.8 44.4 0.3
Ingrid 32.6 25.7 -6.7 20.7 15.2
Banba . 28.2 18.1 7.8 24.5 6.2
Chevallier 29.8 22.0 -1.3 21.9 12.0
Midas 5.6 6.9 2.1 8.8 -2.8
Bohmeiwald 11.6 8.5 0.9 9.2 2.4
Heils Franken 22.8 6.4 13.7 19.2 15.9

! Land. 23.4 22.6 5.8 27.1 -0.6
| Mind 29.1 29.4 -0.1 29.0 0.9
i Charlotte Town 80- 41.4 25.5 6.3 30.2 17.5
, Domen 12.8 3.0 7.6 10.4 0.8
1 Scotch Common 13.6 2.8 2.4 5.1 7.1
! Tyre 20.7 32.6 -14.4 22.7 -3.4
■ Proctor 14.6 19.8 -6.3 14.7 -1.7
! Ark Rpyal 28.4 19.0 -11.1 10.0 15.3
i Afgian R668 39.7 2.2 23.7 25.4 21.0
! Zephyr 21.4 20.0 0.8 20.6 1.4
i Maris Mink 15.2 13.9 -3.8 10.7 6.3
Ariel 22.6 13.4 -3.5 10.4 10.8
Golden Premise 27.3 31.4 -6.6 26.8 -1.8
Abacus 37.9 30.4 1.1 31.2 9.8
Spratt 38.4 27.5 13.7 37.4 8.6
Hillmarsh 14.4 0.9 8.1 8.9 6.8
Uzu 55.2 26.1 30.4 48.6 5.1
Ymer 34.5 31.1 -0.4 30.2 6.2



The percentage reduction of the components of grain yield 
per plant rear number per plant, grain number per ear and 1000 
grain weight in late sowing (S.2) compared with early sowing 
(S.l) are presented in Table 25. The percentage reduction 
of grain number per plant in S.2 is also included. Late 
sowing caused a marked decrease in ear number per plant in 
all 29 cultivars and there was a wide range in the magnitude 
of the cultivar's response to late sowing from a percentage 
reduction in S.2 of 2.0% (Afghan R668) to over 30% (e.g. 
Clipper). Ear number per plant is clearly influenced by 
late sowing and was significantly correlated (p - 0.01) with 

the percentage grain yield per plant reduction in S.2 
(Table 2 6).

Grain number per ear was reduced with delay in sowing 
for 16 of the 29 cultivars (Table 25). Cultivars again 
exhibited a range in the magnitude of their response to late 
sowing from 30.4% reduction in S.2 to an increase in grain 
number per ear (i.e. —14.4% reduction in S.2, for Tyra).
Although the results appear inconsistent there was a significant 

correlation (p i 0.01) (Table 26) between the percentage 
reduction in grain yield per plant and the percentage grain 

number per ear reduction in S.2.
Grain number per plant is derived from the combination 

of the two above components of grain yield per plant:ear 
number per plant and grain number per ear. The response of 
grain number per plant to late sowing therefore follows a 
similar pattern to than observed for the two component 
parameters. Grain number per plant was decreased in S.2 
for all cultivars and the percentage reduction varied from

Components of grain yield.



TABLE 26. Relationship between the percentage reduction of

grain yield per plant with the percentage 
reduction of the components of grain yield per 
plant in S.2 compared with S.l for 29 genotypes 
in 1976.

Percentage reduction of components Percentage reduction of grain

of grain yield per plant in S.2 yield per plant in S.2

ear number per plant r = 0.518 **

grain number per ear 0.573 **

grain number per plant 0.902 ***
1000 grain weigjrt 0.405 *

significant at:
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around 5% (Spartan and Scotch Common) to over 40% (Cl 5791 
and Uzu). This parameter was significantly correlated 
(p - 0.001) with the percentage reduction in grain yield per 
plant (Table 26) and this relationship is depicted in Fig. 25.

The third component of grain yield per plant, 1000 grain 
weight was generally decreased with late sowing although five 
cultivars (Midas, Lami, Tyra, Proctor and Golden Promise) 
showed a slight increase in grain weight in S.2 (Table 25). 
Cultivars again exhibited a range in the magnitude of their 
response to late sowing from 21.0% reduction in S.2 (Afghan 
R668) to an increase in S.2 (-3.4% reduction, Tyra). The 
percentage reduction of 1000 grain weight in S.2 was just 
significantly correlated (p - 0.05) with the percentage grain 
yield reduction (Table 2 6).

The decrease in grain yield per plant with late sowing 
was primarily associated with the reduced grain number per 
plant (r = 0.902, p * 0.001). Both components of grain yield 
contributing to this parameter (ear number per plant and 
grain number per ear) were also correlated (p - 0.01) with the 
grain yield reduction. Grain weight, although influenced by 
sowing date, was not a major determinant of the grain yield 

reduction in late sowing in this study.

ii) 1977 field trial.
Plant number per plot.
Plant number per plot for both sowing dates in 1977 are 

presented in Table II, Appendix. There was a significant 
decrease (p i 0.05) in plant number per plot for all cultivars 
in S.2. Seedling establishement was poor in S.l because of 
the heavy rainfall at the time of sowing and this was 
reflected in the final plant number per plot. Because of



% 
re
du
ct
io
n 
in
 g
ra
in
 y
ie
ld
 / 
pl
an
t 
in
 S
. 2

601-

Fig. 25. Relationship between percentage reduction in grain no/

plant in S2 and percentage reduction in grain yield/plant



the significant reduction in plant number, the effect of 
sowing date is confounded by density and therefore the 
results of grain yield will not be presented.
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DISCUSSION

Previous studies on the effect of environmental factors 
such as daylength and sowing date on barley growth and 
development have tended to concentrate on mature plant 

morphological characters. In this study, emphasis has been 
placed on the effect of these factors on apical development 
of the main shoot and the subsequent effect on spikelet and 

grain number per main ear and final grain yield per plant.
The discussion is divided into five sub-sections which 

follow the style of presentation used in the Results section.
The first two parts consider the influence of daylength on 
spikelet number and apical development under controlled 
environment conditions and the next two consider the influence 
of sowing date on apical development and final grain yield in 
the field. The final sub-section discusses the importance 
of daylength in determining the apical response to sowing date 

in the field.

Influence of daylength on spikelet number
Barley has been described as a quantitative long day 

plant in terms of the increased rate of plant growth, and 
earlier heading and maturity in long days compared with short 
days (Takahashi and Yasuda 1960; Ormrod 1963; Kirby and 
Eisenberg 1966 and Kirby 1969a). Cultivars differ, however, 
in the magnitude of their response to daylength; some exhibit 
a. marked response to daylength treatment, and others are 
virtually day—neutral. The glasshouse daylength study confirms 
the wide range between cultivars in the magnitude of their 
response to long day treatment. Although plant growth and 
development was accelerated in L.D. compared with S.D. treatment,



the final spikelet number per main ear was generally not 
significantly influenced by daylength regime. However, 18 
of the 98 cultivars did exhibit a significant decrease 
(p - 0.05) in spikelet number in long days and four cultivars 
showed a significant increase in the L.D. treatment.

The second daylength study carried out in growth rooms 
in which the response of apical development to daylength was 
examined, indicated that maximum spikelet primordium number 

was determined about 84 days after sowing (84 d.a.s.) in the 
S.D. treatment. The time of the switch of the S.D. plants 
to L.D. conditions in this glasshouse study (90 d.a.s.) 
therefore coincides with the cessation of spikelet primordium 
production. Studies on barley in which daylength has been 
altered at different stages of plant growth have shown that 
optimum spikelet number is attained as a result of S.D. 
treatment during the period of spikelet primordium production 
followed by long days until maturity (Guitard 1960, and 
Thorne et al 1967). The observed high spikelet number of 
Ymer and several other cultivars in S.D. conditions may be the 
result of the optimal combination of the two daylength 
regimes for spikelet primordium production.

Final grain number per ear could not be determined for 

many of the cultivars because of poor grain set and, in many 
instances, the ears failed to emerge from the flag leaf 
sheath. Reduced fertility in short days has been found by 
other workers (Borthwick et al 1941 and Guitard 1960) 
especially if combined with low light intensity. This suggests 
that the reduction in spikelet survival may be caused by 
insufficient assimilate supply to maintain a high spikelet 
number. Short days have also been shown to reduce spikelet



fertility as a result of male sterility (Batch and Morgan 
1974) and this effect was greatest when S.D. treatment given 
during the period of apical development.

Floret fertility may also be affected by the low nutrient 
availability and restricted root growth often associated with 
pot experiments carried out in controlled environment conditions. 
Low nutrient levels has been shown to decrease both leaf and 
spikelet number (Aspinall 1961 and Holmes 1973) and Single 
(1964) has suggested that spikelet fertility may be reduced by 
low nitrogen levels at ear emergence. Although liquid
nutrient ('Vitafeed 101') was supplied to the plants 80 days 
after sowing, this may not have been sufficient for the continued 
normal growth and development of the plants until maturity.

Several workers have attempted to link the cultivar's 
response to daylength with the latitude of origin but no 
consistent relationship has been suggested (Kirby and 
Eisenberg 1966 and Kirby 1969a). From the glasshouse data it 
is possible to distinguish certain broad trends between the 
daylength response and the latitude of accession but the 
picture is confused because some cultivars do not fit the pattern.

Cultivars from N.W. European latitudes (e.g. Norway,
Sweden and Great Britain) tend to be less responsive to 
daylength than cultivars from Mediterranean and Australian 
growing conditions. For example, Clipper (Australia),
Spartan (America), Turkish 1106 (Turkey), Jet (Ethiopia) and 
La Prevision 19 (Argentian) show a marked response to L.D. 
compared with S.D. treatment with a marked reduction in spikelet 
number. N.W. European cultivars, on the other hand, tended 
to be less responsive to daylength and determined a similar 
spikelet number in both S.D. and L.D. treatments. This



suggestion finds support in the review by Kirby (1969) who 

noted that there was a closer link between Mediterranean- 
Australian cultivars than between British-Australian genotypes. 
However, several cultivars do not fit into this pattern, e.g. 
Early 12A Bonus (Sweden) was sensitive to L.D. treatment but 
Nepal and Ethiopian ST.473 were not influenced by daylength. 
Not all the cultivars examined in this study are commercially 
sown in the country of accession which itself may not be the 
country of origin. No direct relationship between the 
response to daylength and the latitude of the country of 
origin can, therefore, be suggested. However, the response to 
daylength can still be usea to predict how a cultivar may 
behave in a new area and this aspect will be discussed later.

Influence of daylength on apical development
The cultivars examined in this study (Clipper, Spartan, 

Domen, Golden Promise and Ymer) exhibited accelerated apical 
development in L.D. compared with S.D. treatment and thus 
confirms the earlier study by Aspinall (1966). Cultivars 
differed in the magnitude of their apical response to long 
days and these differences were reflected in the spikelet 
primordium production. Clipper and Spartan exhibited a 
marked response to L.D. treatment with a significant reduction 
in the spikelet primordium maximum. The other cultivars were 
less responsive to daylength; Ymer attained a similar maximum 
in both daylength treatments, and Golden Promise exhibited an 
increase in spikelet primordium maximum in long days.

It has generally been assumed that environmental 
conditions such as long days which lead to more rapid apical 
development also result in a lower maximum spikelet primordium
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number. The result for Golden Promise would appear to 
contradict this assumption but Aspinall (1966) found that 
two cultivars in his study (Proctor and Piroline) also 

attained a higher maximum in 16h than 8h daylength in spite 
of the faster apical development. A possible explanation 
for this observation will be discussed later (Section 3, 
page 118).

Maximum spikelet primordium number was found to be 
determined by both the duration and initial rate of 
production. Although the initial rate of production was 
increased in L.D. compared with S.D. treatment the duration 
of set down was reduced and thus a lower spikelet primordium 
maximum was often determined. This has also been found by 
Aspinall and Paleg (1963) and Paleg and Aspinall (1964) for 
barley, and Rawson (1971) and Lucas (1972) for wheat. The 
duration of set down of Golden Promise and Ymer was less 
responsive to daylength than that of Clipper and Spartan and, 

therefore, a higher maximum was determined.
A low spikelet primordium maximum was associated with 

early onset of spikelet primordium production and this is 
itself determined by the final leaf number per main shoot.
Many studies have associated the rapid plant growth and 
development in long days with reduced leaf number and have 
suggested that the response of leaf number to daylength is a 
good indication of the cultivar's response to daylength (Gott 
et al 1955; Aspinall 1966; Pugsley 1966 and Rawson 1970, 
1971).

This is clearly confirmed in this study; cultivars which 
were responsive to L.D. treatment and attained a low spikelet 
primordium maximum also determined a low leaf number. For



example, Clipper produced only 7.0 leaves per main shoot 
in L.D. conditions and this agrees well with Dale and Wilson 
(1978) who found a final leaf number of 6.0 at high nutrient 
levels under L.D. conditions. It is known that the number 
of primordia in the dry grain is between three and four and 
thus at least two further leaf primordia have to be set down 
before spikelet primordium formation can occur (Kirby 1974).

Associated with the early onset of spikelet primordium 
production was the percentage of the maximum set down during 
the first three weeks of plant growth and development. This 
parameter is determined by both the onset and the initial rate 
of production and was closely correlated (p - 0.001) with the 
final maximum attained. The five cultivars examined showed 
marked differences in their response to daylength and two 
physiological groups could be distinguished. Clipper and 
Spartan exhibited a higher percentage set down at three weeks 
in L.D. compared to the second group of Domen, Golden Promise 
and Ymer resulting in a low spikelet primordium maximum.

Aspinall (1966) in his study of ten barley cultivars also 
distinguished two groups on the basis of the magnitude of 
their response to daylength. Although none of the cultivars 
examined in his study were duplicated in this present study, 
it is interesting to note that the two Australian cultivars 
examined (Noyep and Prior) were very responsive to daylength 
(cf. Clipper in this study) and Proctor and Freja (Great 
Britain and Sweden respectively) were less responsive (cf. 
Domen-Norway, Golden Promise-Great Britain and Ymer-Sweden).

Previous studies have attempted to link cessation of 
spikelet primordium production with certain apical develop­
mental stages. Aspinall and Paleg (1963) and Nicholls and



May (1963) have suggested tha maximum spikelet primordium 
number coincides with the formation of stamen initials but 
data from this study and the 1977 field trial suggests that 
the maximum occurs at awn initial stage of development and 
is, therefore, in agreement with Kirby and Faris (1970) and 
Kirby (1971).

Because the response of apical development and spikelet 
primordium production to daylength are similar Aspinall and 

Paleg (1963) and Nicholls and May (1963) have suggested that 
both are under the same endogenous control. Several authors 
have implicated gibberellins in the control of apical 
development and floral organogenesis (Nicholls and May 1964 

and Kirby and Faris 1970).
Gibberellic acid (GA) concentration within the shoot apex 

is known to be greater in L.D. compared with S.D. plants both 
at double ridges and at stamen initial stages of apical develop' 
ment (Nicholls and May 1964). Further work by James and Lund 
(1965) and Nicholls (1974, 1978) has shown that a single 
application of GA to a young barley plant resulted in enhanced 
apical growth which Nicholls (1978) suggested could be caused 

either by a direct effect on meristem growth or an effect on 

the diffusivity of nutrients to the meristem.
Radley (1970) found that G.A. stimulated apical growth 

of tall but not dwarf wheat cultivars and she suggested that 
this could be caused by a block on the utilization of GA in 
dwarf genotypes. Similarly, Holmes (1973) suggested that 
the regulation of development of both apical and lateral 
meristems in the wheat shoot apex may involve the relative 
rates of utilization of GA and inhibitor(s) such as abscissin
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rather than their relative levels. He further suggested 
that apices of dwarf wheats contained high levels of GA with 

a corresponding reduction in the GA gradient within the apex.
The low level of utilization would delay formation and 
development of spikelet primordia and result in the synchronous 
development of the primordia and a high maximum spikelet 
primordium number. For the other wheat cultivar examined 

in his study (Marquis, tall cultivar) he suggested that the 
rapid development in long days was due to the steep gradient 
of GA within the apex and high rate of utilization resulting 
in rapid spikelet development with a low final spikelet 
number. He suggested that the apical development of this 
cultivar in short days was, therefore, limited by the 
endogenous GA level.

Similarly, Kirby and Faris (1970) linked the rapid apical 
development of barley at high plant densities with high GA 
levels. The authors proposed that during the early stages 
of apical development, assimilates for spikelet primordium 
set down and for spikelet growth resulted from diffusion through 
the apex but that, after a period, the demand for assimilates 
by the growing spikelets would establish a gradient within the 
apex and new primordium set down would stop. At high plant 
densities, the more rapid floret organogenesis may give rise 
to earlier competition for assimilates thereby causing a 
reduction in the supply to the meristem dome, and thus an 
early cessation of primordium set down would result with a 
correspondingly low maximum number. The low spikelet number 
may therefore be caused by either an increase in GA concentration 
resulting in accelerated apical development and/or a reduction 

in assimilate supply to the apex.
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Both Kirby and Faris (1970) and Holmes (1973) have 
suggested that endogenous gibberellic acid concentration may 
be increased because of differences in the light environment 
such as daylength or light intensity.

Although it seems likely that apical development is 
under some form of hormonal control, further investigation is 
required before the mechanism of endogenous control is fully 
understood.

The effect of daylength on the early development of the 
plant was also reflected in final spikelet number per main 
ear (r = 0.970, p £ 0.01) in the L.D. treatment although this 
relationship was not found under short days. As indicated 
earlier, this suggests that a cultivar*s response to daylength 
is linked with its response to long days; the range of 
spikelet primordium maximum and final spikelet number between 
cultivars being greater in L.D. compared with S.D. treatment.

Degeneration of the distal spikelet primordia involves 
the death of a comparatively large number of primordia with a 
loss of potential spikelets of between 10 and 15 (growth room 
daylength study and 1976 sowing date field trial; and Kirby 
1973, 1977). It has been suggested that tip degeneration 
may be caused by increased concentrations of endogenous 
gibberellic acid (GA) in the shoot apex resulting in more rapid 
floret morphogenesis (Kirby and Faris 1970) or as a result of 
different levels in the rate of utilization of GA (Holmes 1973). 
This may then give rise to an earlier competition for assimilates 
with a subsequent reduction in assimilate supply to the apical 

dome and distal primordia.
During the early stages of apical development, 

undifferentiated leaf and spikelet primordia will be dependent

t i
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on diffusâtes from the ends of phloem tubes (Kirby and Rymer 
197H). Inflorescence procambial traces are first formed in 
the lower-mid region of the apex and differentiation then 
proceeds both acropetally and basipetally. Procambial 
connections to the rest of the plant were not completed until 
later in development and protophloem was again formed 
initially in the lower-mid region of the apex but was not 
formed in the terminal 10 to 16 spikelets which subsequently 
aborted. The authors suggested, therefore, that the relative 
growth rates found in the ear and the death of the terminal 
spikelet primordia may be related to vascular differentiation.

It is interesting to note that both these suggestions to 
explain tip degeneration are linked to the supply of assimilate 
to the developing apex. Both studies associate death of 
the distal spikelet primordia with a reduced carbohydrate supply 
to the meristem dome and although this was not examined in 
the present study this suggestion will be discussed later in 

this thesis (Section 4.).
The extent of the variation of the response of maximum 

spikelet primordium number between cultivars to daylength (in 
growth rooms, Table 8 ) reflected that of spikelet number (in 
the glasshouse, Table 5 ) and is thus in agreement with the 
earlier work of Aspinall (1966, cf. Fig.3 and Table 2).
Maximum spikelet primordium number was significantly 
correlated with final spikelet numbers (r = 0.970, p - 0.01) 
in long days although no such relationship was found in short 
days. Cultivars which have a high spikelet primordium 
maximum in long days similarly attain a high final spikelet 
number compared with cultivars with a lower maximum number of 
spikelet p.rimordia. This has been found by other workers



both for barley (Aspinall 1966) and for wheat (Rawson 1971 

and Holmes 1973) over a range of genotypes thus indicating 
the generality of this relationship. Environmental factors 
such as daylength which affect the apical development of the 
plant, therefore, have an important influence on final 
spikelet numbers and, therefore, on potential grain yield.
The effect of sowing date treatment in the field on apical 
development, and on spikelet and grain number per main ear 
and grain yield per plant is discussed in the following three 
sub-sections.

Influence of sowing date on apical development in the field.
Apical development and spikelet primordium production 

was hastened with progressive delay in sowing in both field 
trials and the magnitude of the accelerated apical development 
was reflected in the maximum spikelet primordium number attained. 
Nine of the 14 cultivars in 1976 showed a significant 
reduction (p £ 0.05) in the maximum in the final sowing (S.3) 
compared with early sowing (S.l). In 1977, two of the five 
cultivars (Clipper and Spartan) exhibited a significant 
reduction (p - 0.05) in the maximum with late sowing (S.2) 
compared with S.l whereas the other cultivars (Domen, Golden 

Promise and Ymer) were unaffected.
No comparable study has examined the effect of sowing 

date on apical development of barley cultivars in the field.
In a night break study carried out in the field, Paleg and 
Aspinall (1966) found that light treatment accelerated 
apical development and spikelet primordium production with a 
subsequent reduction in the maximum spikelet primordium 
number. The reduced maximum was caused by a reduction in the
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period of set down and is thus in agreement with the present 
study in suggesting that the duration of spikelet primordium 
production is an important parameter determining the final 
maximum number attained. The determining influence of 
the duration of the set down period on the maximum has also 
been noted by Kirby and Faris (1970). In their study, the 
low spikelet number of barley plants sown at high densities 
was caused by the earlier cessation of spikelet primordium 
production; the rate of production was unaffected by density 
treatment.

The similarities between the apical response of the five 
cultivars to daylength and the apical response of these 
cultivars to sowing date in the field suggested that daylength 
was an important environmental factor determining the 
influence of sowing date on plant growth and development.
This is in agreement with other workers (Aspinall 1966,
Kirby and Eisenberg 1966 and Kirby 1969a) who have also 
suggested that daylength is one of the main environmental 

factors influencing plant growth.
However, many other environmental factors including 

light intensity and temperature also influence plant growth 
and both are confounded with daylength in the sowing date 
response. Both environmental factors are known to accelerate 
apical development and spikelet primordium production for 
both barley and wheat. High light intensity, however, 
results in a higher spikelet number per ear (Aspinall and 
Paleg 1963 for barley, and Friend et al 1963 and Friend 1965 
for wheat) whereas high temperature results in a reduction 
in spikelet number (Aspinall 1965 for barley, and Friend et 
al 1963; Friend 1965 and Wall and Cartwright 1974 for wheat).



All three environmental factors of daylength, light 
intensity and temperature will influence apical development 
in the field and all three are confounded in the sowing date 
treatment. Several workers (Aspinall 1969 for barley, 
and Rawson 1970, 1971 and Wall and Cartwright 1974 for wheat) 
have indicated that the second-order interactions between 
these factors and their effect on apical development is 
complex. However, the significant relationship found 
between the apical response to daylength and to sowing date 
(r = 0.991, p - 0.001, for S.3 in 1976) indicates that 
daylength is an important environmental influence on apical 
development in the field and this relationship is discussed 
more fully on page 92. The influence of temperature on 
apical development of two cultivars which contrasted in their 
response to sowing date treatment in the field (Clipper and 
Golden Promise) is examined in the next section (Section 2).
A comparison of the apical response to daylength and to 
temperature with the response found to sowing date treatment 
may enable the relative importance of daylength and 
temperature on apical development in the field to be evaluated.

Influence of sowing date on grain number and final grain yield 
in the field.

The extent of the variation between genotypes in the 
response of spikelet primordium maximum to sowing date (S.l 
and S.2 in 1976) in the field was reflected in the wide range 
of spikelet and grain numbers per main ear (Table 18).
Spikelet and grain numbers were again closely linked with the 
spikelet primordium maximum such that cultivars with a high 
maximum number also attained a high spikelet and grain number 
compared with cultivars with a lower maximum, and thus confirmed
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the earlier suggestion of this relationship (page 51 ).
Sowing date treatment (S.l and S.2 in 1976) appeared, however, 
to have no influence on spikelet or grain numbers but, as 
noted earlier (page 68), maximum spikelet primordium number 
was similar in these two sowing dates because of the long 
period of set down in S .1 such that the later stages of 
spikelet primordium production and subseuqent tip degeneration 
occurred under the same environmental conditions as S.2.
Maximum spikelet primordium number was reduced in the final 
sowing (S.3) in 1976 for some genotypes and this reduction 
might have been expected to be reflected in a decreased 
spikelet and grain number. Unfortunately, this data is not 
available and further work is required before the influence 
of sowing date on the degeneration of distal primordia and 
the parameters determining the subsequent spikelet and grain 
numbers in the field is fully understood.

Grain yield (defined as grain yield per plant) was 
reduced with late sowing for all cultivars and thus confirms 
the previous studies on barley of Kirby (1969b); Jessop and 
Ivins (1970); Davies (1973) and Nass et al (197l̂ ). The 
reduction in yield was more closely correlated with ear number 
per plant and grain number per ear than 1000 grain weight and 
this indicated the importance of sink capacity in determining 
yield. However, because of the compensation which occurs 
between these components of grain yield it is not possible to 
consistently associate reduction in grain yield with any one 
component. Kirby (1969b) and Davies (1973) found that the 
grain yield reduction with late sowing was caused by a 
reduction in grain number per ear and 1000 grain weight. Ear 
number per m^ was either unaffected by sowing date (Davies 1973)
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or increased with late sowing (Kirby 1969b). Studies by

Jessop and Ivins (1970) on the other hand indicated that
reductions in grain yield of barley and wheat were correlated 
. owith ear number per m and grain weight was relatively 

constant. It is difficult to reconcile the differences 
between the above studies.

Many workers including Willey and Holliday (1969) and
Langer and Dougherty (1976) have suggested that grain number
per unit area rather than 1000 grain weight is the main
determinant of grain yield. In a series of shading studies
on barley and wheat, Willey and Holliday (1971a,b) found that
grain yield was generally more closely related to grain 

2 *t©number per m than/grain weight. The effect of shade 
treatment on grain yield and the components of grain yield 
was dependent on the stage of treatment.

In barley, shade treatment between seedling establishment 
and ear initiation decreased yield by reducing ear number per 
m , and shading between ear initiation and anthesis caused 
marked reductions in yield due to a large decrease in grain 
number per ear although grain weight was also slightly 
decreased. Shading after anthesis did not reduce yield as 
might have been expected and they suggested that this was due 
to compensation by stored pre-anthesis carbohydrate transported 
to the grain during the post-anthesis period. These results 
indicate the importance of sink capacity in determining 
grain yield and, because of the effect of late pre-anthesis 
shading on grain weight, the authors suggested that the 
potential grain size may be partly determined by environmental 
factors during the early growth of the plant.

In wheat, early pre-anthesis shading caused a slight
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decrease in spikelet number per ear. Later shading during 
the pre-anthesis period decreased yield by a reduction in 
grain number per spikelet. In contrast to the barley study 
however, post-anthesis shading did result in decreased grain 
weight which they suggested may be due to the limited 
compensatory ability of wheat compared with barley. Thinning 
of the wheat plants produced a slight increase in grain yield, 
and yield per ear decreased as thinning was progressively 
delayed and decreased most rapidly at high populations.
Because grain weight was little affected by time of thinning, 
they suggested that both source and sink factors operate in 
limiting yield.

In a study on the two-row barley cultivar, Proctor, 
Gallagher et al (1975) found that grain weight was relatively 
constant over a wide range of environmental conditions and
grain yield was more closely associated with grain number per
2 . . .  m than grain weight. Recent studies by Williams and Hayes
(1977) on barley, and Bremner and Davidson (1978) and Pinthus
and Millett (1978) on wheat also confirmed the importance of
grain number per m in determining grain yield. Williams
and Hayes (1977) noted that a plateau in yield was not reached
in their study even with high grain number and suggested,
therefore, that sink capacity rather than assimilate supply
during grain filling was limiting grain yields.

Relationship between daylength (growth room) and sowing date 

(field) studies.
The similarities between a cultivar's apical response to 

daylength in the growth room and the apical response to 
sowing date in the field (page 67) suggested that daylength
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was an important environmental factor in determining the 
influence of sowing date on apical growth and development in 
the field. This is in agreement with other workers (Kirby 
and Eisenberg 1966 and Kirby 1969a,b) who have also 
suggested that daylength is one of the main environmental 
factors influencing plant growth in the field in Britain.
This relationship was, however, more noticeable when only the 
early apical development was considered, and it was suggested 
that the later period of spikelet primordium production 
occurred in long days in all sowing date treatments as a 
result of the protracted period of development in early sowings. 
The effect of late sowing compared with early sowing on the 
maximum spikelet primordium number was, therefore, greatest as 
late sowing was progressively delayed, i.e. as the daylength 
during the early period of development became longer. A 
cultivar sensitive to long days (e.g. Clipper) would produce 
a high proportion of this maximum after only three weeks in 
late sowing and would subsequently attain a low final maximum. 
Such a cultivar would be described as an early genotype in 
British conditions and would be characterised by the pattern 
of apical development outlined in Table 27. A cultivar 
relatively unresponsive to daylength (e.g. Golden Promise) 
exhibits a less pronounced acceleration of apical development 
with late sowing and would therefore be considered to be a 
late genotype compared with the above group (Table 27). It 
is suggested that such a cultivar would attain a high spikelet 
primordium maximum over a wide range of sowing dates.

As indicated above, a high spikelet primordium maximum 
is associated with higher spikelet and grain numbers than a 
lower maximum and thus it is suggested that late genotypes



TA
BL
E 

2 7
. 

Ch
ar

ac
te

ri
st

ic
s 

of
 e

ar
ly

 a
nd
 l

at
e 

ba
rl

ey
 g

en
ot
yp
es
.

Da
ta
 n
ot
 p
re
se
nt
ed
, 
de
ri
ve
d 
ir
on
 b
ot
h 
19
76
 a
nd
 1
97
7 
so
wi
ng
 d
at
e 
fi
el
d 
tr
ia
ls
.



would generally attain higher spikelet and grain numbers than 
early genotypes (Table 2 7).

The direct influence of daylength in determining final 
spikelet and grain numbers is, however, less readily 
distinguishable than that for early apical development. The 
only data available for spikelet and grain numbers, in S.l 
and S.2 in 1976, was found to be unaffected by sowing date 
treatment and it was suggested that this is because the later 
stages of spikelet primordium production occurred in long 
days for both sowing dates and thus the spikelet primordium 
maximum attained was similar in both treatments. Maximum 
spikelet primordium number was, however, reduced for some 
cultivars in the final sowing (S.3) in 1976 and it was 
suggested that this decrease resulted from long days during 
early apical development. Unfortunately, no data is available 
for final spikelet and grain numbers and it is suggested that 
these components might have been expected to show a decrease 
compared with S.l thereby confirming the importance of 
daylength in influencing both maximum spikelet primordium 
number and final grain number per ear in the field.

Daylength studies may be used to predict how new barley 
genotypes are likely to behave in new areas and this will be 
examined in the General Discussion. Particular reference 
will be made to Scottish growing conditions because of the 
wider range of daylength found between early and late sowing 

dates compared with English conditions.
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SECTION 2. The influence of temperature on apical
development of two selected genotypes in 
growth rooms.

INTRODUCTION
Long day treatment has been shown to accelerate apical 

growth and development and spikelet primordium production 
compared with short days (Section 1) and cultivars exhibited 
differences in the magnitude of their response. Cultivars, 
Clipper and Spartan, exhibited a more pronounced hastening 
of spikelet primordium production in L.D. compared with S.D. 
conditions than the second group consisting of Domen,
Golden Promise and Ymer, and this was reflected in a 
significantly lower maximum spikelet primordium number.

A similar response was observed in two sowing date field 
trials in 1976 and 1977 in which Clipper and Spartan again 
exhibited a more marked acceleration of apical development 
with delay in sowing than the other cultivars. It was 
suggested that, because of the similarities of the apical 
response to daylength (growth room) and to sowing date (field) 
that daylength was an important environmental factor in 
influencing the magnitude of the sowing date response. However, 
many other environmental factors are confounded in sowing date 

treatments including temperature.
Most of the studies which have examined the effect of 

temperature on barley and wheat have tended to concentrate on 
the morphological development of the plant and the period of 
grain filling rather than on apical development (e.g.
Takahashi and Yasuda 1960 and Thorne et al 1967 on barley, 
and Thorne et al 1968 and Marcelles and Single 1971 and 1972



on wheat). Temperature is known to affect spikelet number 
in wheat (Friend et al 1963, Friend 1965, Thorne et al 1968 
and Rawson 1970) but few studies have examined the effect 
of temperature on the apical development of barley (Aspinall 
1969 and Kirby 1973).

In this section, the influence of temperature on the 
apical development and spikelet primordium number is 
examined for two cultivars (Clipper and Golden Promise) known 
to exhibit contrasted responses to both daylength and sowing 
date. Comparisons of the influence of daylength and 
temperature on apical development in growth rooms may give an 
indication of the relative importance of temperature in 
influencing the sowing date response in the field.

MATERIALS AND METHODS
i) Plant culture.
The influence of temperature on the apical development 

of two two-row spring barley cultivars (Clipper and Golden 
Promise) was examined in growth rooms. Two temperature 
treatments were used in this study: low temperature (1U°C 
-2°C) and high temperature (20°C-1°C) and growing conditions 
were as described in the growth room daylength study (Section 
1, page 27) except that only long daylength (16h) conditions 
were used. Sowing and plant culture methods were carried 

out as described earlier (page 28).

ii) Samples for apical dissection.
For each cultivar, each sample consisted of randomly 

selecting two replicate pots per temperature treatment as 
described previously (Section 1, page 28). Sampling
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commenced seven days after sowing for both treatments and 
continued at seven-day intervals until the spikelet 
primordium maximum had been attained (week seven for 20°C 
and week eight for 14°C).

Apical dissections were performed as described in 
Section 1, page 29, and the following parameters were measured: 
final leaf number per main shoot, and apical developmental 
stage and spikelet primordium number of the main shoot apex. 
Apex developmental stage was assessed according to Table 7 with 
the exception that meristem dome elongation was assessed 
visually.

RESULTS
i) Final leaf number per main shoot.
Leaf number was greater in Golden Promise than Clipper

in both temperature treatments (Table 28) but was not
significantly affected by temperature increase from 14°C
to 20°C for either cultivar. However, temperature did have
a slight effect on leaf primordium production. The
duration of set down can be calculated from the graph of the
change in total primordium number with time (not presented)
as described on page 42, and was reduced from 9 and 13 days

Pram !««
after sowing (d.a.s.) for Clipper and respectively
at 14°C to 7 and 11 d.a.s. respectively at 20°C.

ii) Apical developmental stage.
Apical development was hastened by increased temperature 

for both cultivars and this was particularly evident for 
Clipper (Fig. 26). As indicated earlier (page 41), double 
ridge stage (DR) occurs before the onset of spikelet primordium 
production and this stage was reached 14 and 11 d.a.s. for



TABLE 28 „ Influence of temperature on final leaf number 
per main shoot of Clipper and Golden Promise 
(growth room). Each value is a mean of at 

least 16 plants.

Leaf number per main shoot
Cultivar signif.

14°C L.S.D. 20 C

Clipper 7.6 N.S. 7.8

Golden Promise 10.5 N.S. 11.0

N.S. Not significant, L.S.D.q calculated following
an analysis of variance for each 
cultivar separately.
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Fig. 26. Effect of tenperature (1U°C and 20°C) on apical developmental 
stage of Clipper and Golden Promise (grewth room).
Only alternate apical developmental stages are shewn on 
y-axis, see Table 7. Each point is a mean of 7 or 8 plants. 
Vertical bars indicate L.S.D. significant at p £0.05, 
calculated following an analysis of variance for each 
cultivar separately. Arrows indicate onset of spikelet 
primordium production.
▲ = 1U°C 
A = 20°C
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Clipper at 14 and 20°C respectively and 14 d.a.s. for Golden 
Promise at both Temperatures. The time taken to reach each 
subsequent stage was similarly reduced at 20°C compared with 
14°C treatment for both cultivars although the response to 
high temperature was more marked for Clipper than Golden 
Promise. The final stage of apical development distinguished, 
tip degeneration (TD) occurred after only five weeks for 
Clipper at 20°C but was slightly delayed at the cooler 
temperature. This stage was reached for some of the plants 
comprising the final sample for Golden Promise (seven and 
eight weeks after sowing, w.a.s., for 20°C and 14°C 
respectively).

iii) Spikelet primordium number.
Maximum spikelet primordium number was greater in 

Golden Promise than Clipper for both temperature treatments 
(Fig. 27 and Table 29) and thus confirms the close relationship 
found between final leaf number and spikelet primordium 
maximum (cf. growth room daylength study, Section 1). An 
increase in temperature resulted in a significant decrease 
(p - 0.05) in the maximum for Clipper but this was not 
observed for Golden Promise. It is possible to attribute 
the reduced maximum for Clipper at 20 C to the much reduced 
period of set down rather than to the initial rate of production 
which, although increased at 20°C, was not significantly 
affected (Table 29). The duration of production was not 
markedly affected by temperature treatment for Golden Promise 
although the rate was just significantly increased (pi0.05) at

the higher temperature (Table 29).
The percentage of the spikelet primordium maximum set 

down at three weeks was increased with increase in temperature



40 _
Clipper

0 2 4 6 8
weeks after sewing

50

40

30

20

10

0
A

I________I________I________I
0 2 4 6
weeks after sewing

Fig. 27. Effect cf temperature (14°C and 20°C) on spikelet primordium 
no.of Clipper and Golden Promise (growth room).
Each point is a mean of 7 or 8 plants. Vertical bars 
indicate L.S.D. significant at p i 0.05, calculated 
following an analysis of variance for each cultivar
separately.
▲ = 14°C 
A = 20°C



TABLE 29. Influence of temperature on some parameters of 
spikelet primordium production of Clipper and
Golden Promise (growth room).

Spikelet primor- 
dium maximum

Duration of pro­
duction (days)

Initial rate of 
production (spike, 
primordia per day).

Cultivar 14°C 20°C li+°C 20°C li+°C 20°C

Clipper 32.5 *a 28.8 32 20 1.57 N.S.b 1.97

Golden Promise 1+7.8 N.S. 1+6.6 75 37 1.1+9 * 1.72

Maximum spikelet primordium number based on a mean of 8 plants.

a * significant at p i 0.05) L.S.D. values calculated following an
analysis of variance for each cultivar 

N.S. not significant ) separately.

b.* significant at p i 0.05 ) significance calculated following
conparison of regression coefficients 

N.S. not significant ) for each cultivar separately.
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for both cultivars (52.1% and 89.2% for Clipper at 14°C and 
20°C respectively and 24.0% and 38.7% respectively for 
Golden Promise). The increased percentage set down is 
due to both the earlier onset of spikelet primordium set 
down and the slightly faster initial rate of set down.
As in the earlier growth room daylength study (Section 1), a 
large percentage set down at three weeks is associated with 
a low spikelet primordium maximum (e.g. Clipper at 20°C).

DISCUSSION
The discussion is divided into two sub-sections.

First, the results described above on the influence of 
temperature on apical development of barley will be 
discussed in relation to previous work on both barley and 
wheat. Secondly, the relationship between the response to 
daylength and temperature in the growth room is examined 
with a view to evaluating the possible importance of 
temperature in influencing the sowing date response in the 

field.

The influence of temperature on apical development (growth 

rooms)
Leaf primordium production was influenced by an increase 

in temperature from 1H°C to 20°C for both cultivars and, 
although the duration of production was reduced, this was 
not reflected in final leaf number because of the slightly 
slower rate of set down. Studies by Friend et al (1965) 
and Hasle and Weir (1970) on wheat have also suggested that 
leaf number was not significantly influenced by temperature 
and Kirby (1973) only noticed a slight decrease in leaf



number of barley at the lowest temperature (7°C) used in 
his study.

Apical development and spikelet primordium production 
were hastened by increased temperature for both cultivars 
although the response was greater for Clipper than for Golden 
Promise. Spikelet primordium maximum was decreased with 
increase in temperature for both cultivars although this 
increase was only significant (p±0.05) for Clipper. Other 
studies have also indicated that spikelet number is reduced 
with increase in temperature (Borthwick et al 1941 and Guitard 
1960 for barley, and Friend 1965 and Wall and Cartwright 1974 
for wheat). However, Rawson (1970) in his study on 12 wheat 
cultivars found that spikelet number was lower at day/night 
temperature of 15/10°C compared with 21/16°C. He suggested 
that the low spikelet number in the 15/10°C treatment may be 
caused by the low temperature partially fulfilling any cold 
requirement of the cultivars examined.

The cold requirement of barley and wheat appears to be 
quantitative rather than qualitative in character and Chujo 
(1961) and Gott (1961) have found that temperatures of around 
10°C may be sufficient to vernalize several cultivars of 
barley and wheat respectively. Rao and Witcombe (1977) have 
similarly found that barley and wheat cultivars differ in the 
magnitude of their response to vernalization treatment.
Cold treatment has been shown to hasten apical development of 
the plant with a subsequent reduction in the period of 
spikelet/resulting in a low spikelet number (Rawson 19 70 and 
Wall and Cartwright 1974) for wheat. Clearly, vernalization 
treatment confounds the effect of temperature on ear 
development and a cultivar's response to temperature can be



altered by prior vernalization treatment (Hasle and Weir 
1970, and Wall and Cartwright 1974).

In this study, increased temperature resulted in an 
earlier onset of spikelet primordium production together 
with an increased rate of set down but the significant 
reduction in the maximum for Clipper at 20°C was associated 
with the short duration of set down. This confirms the 
work by Friend (1965) and Wall and Cartwright (1974) on wheat 
who also stressed the importance of the duration of this 
period of set down in influencing final spikelet number.

Because of the close relationship between spikelet 
primordium maximum and final spikelet and grain number per 
ear (Section 1 of this study), the effect of temperature on 
apical development and spikelet primordium production may 
also influence final grain number per ear and final grain 
yield. Confirmation of this suggestion can be derived from 
the studies by Thorne et al (1967 and 1968) on barley and 
wheat. These workers found that the decrease in grain yield 
resulting from increased temperature during the early growth 
of the plant could be attributed to the reduction in grain 

number per ear.

Relationship between the influences of daylength, temperature 
and sowing date on apical development.

Apical development and spikelet primordium production 
w«r* hastened in long day and 20°C treatments compared with 
short day and 14°C treatments respectively and cultivars 
differed in the magnitude of their response. Apical develop­
ment and spikelet primordium production of Clipper was more 
responsive to L.D. and 20°C treatments than Golden Promise 
and this was reflected in a significant (pi0.05) reduction in

1 0 1 .
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maximum spikelet primordium number in these treatments.
Although daylength and temperature have similar effects 

on apical development it does not necessarily follow that 
their action is mediated through the same control mechanism.
It was suggested earlier (page 86) that daylength may exert 
an effect on apical growth and development either by 
influencing assimilate movement to the apex and /or by 
influencing the production or utilization of hormones within 
the apex. Friend et al (1963) have similarly suggested that 
the more rapid apical development as a result of increased 
temperature may be caused by either an increase in the rate of 
production or rate of utilization of a flower-inducing 
substance.

The contrasted differences between Clipper and Golden 
Promise in the magnitude of their responses to daylength and 
temperature confirms an earlier study on barley by Takahashi 
and Yasuda (1960). They suggested that early cultivars 
(e.g. Clipper in this study) were more responsive to both 
L.D. and high temperature treatments than late cultivars 
(e.g. Golden Promise in this study) which tended to be day- 
neutral and relatively unresponsive to temperature.
However, because of the limited number of cultivars used in 
these studies (the present study and Takahashi and Yasuda 1960) 
it cannot be assumed that all cultivars which are responsive 
to daylength will also be sensitive to temperature.

In the previous section, it was suggested that daylength 
was one of the main environmental factors influencing the 
effect of sowing date on apical development in the field. 
However, the similarities of the response of apical development 
to temperature in growth rooms and to sowing date in the field



suggests that temperature may also contribute to the 
accelerated apical development with late sowing. Temperature 
increased with progressive delay in sowing (Table 10) and 
thus paralleled the increase in daylength conditions. The 
apical response to increased temperature (growth room) for 
both Clipper and Golden Promise was less than that found 
for differences in daylength (Section 1, growth room study) 
but it should be noted that two extreme daylengths were 
used (8h S.D. and 16h L.D. ) and this range was greater than 
that found in the field (Table 10). The air temperature 
difference between early and late sowing date treatments in 
the field (Table 10) was similar to the difference in 
temperatures used in the growth room (1H°C and 20°C) although 
the absolute temperatures were generally lower in the field 
particularly when minimum air and grass temperatures are 
considered. These low temperatures may have fulfilled any 
cold requirement of the cultivars examined and thus would 
confound the effect of temperature on apical development in 
the field. More physiological work is required to gain a 
better understanding of the influence of temperature and cold 
treatment on apical development in the field. It is clear, 
however, that both daylength and temperature are important 
environmental influences in the field and act simultaneously 

on apical development.



104

SECTION 3. The influence of photoperiod on apical development 
of selected genotypes under controlled environment 
conditions.

INTRODUCTION
Daylength (8h S.D. and 16h L.D.) was shown to influence 

the apical development and spikelet primordium production of 
barley genotypes in the growth room (Section 1). All 
cultivars exhibited an accelerated apical development in L.D. 
compared with S.D. conditions but cultivars differed in the 
magnitude of their response. Two cultivars, Clipper and 
Spartan, were particularly responsive to long days compared 
with the other three cultivars examined: Domen, Golden 
Promise and Ymer and a lower spikelet primordium maximum was 
subsequently determined in L.D. compared with S.D. conditions 
for the responsive cultivars.

No attempt was made in the daylength experiments of the 
first section to separate the two components of daylength, 
photoperiod and radiation. Either or both of these 
components may influence apical development and the studies 
in this section examine the relative contributions of these 
components to the apical response of cultivars to daylength.

The relative influences of the photoperiod and radiation 
components of daylength may be separated either by means of a 
Night Interruption study (N.I.) in which the long dark period 
(16h) is broken by a short period of supplemental light 
(Fig. 28) or by a Day extension treatment (D.E.) in which the 
8h high light intensity period is followed by a period of low 
intensity supplemental light (Fig. 28). Night interruption 
and Day extension treatments are, therefore, photoperiodically 
similar to the L.D. treatment but have only the short high



Treatment

Short day

Night interruption 

Day extension 

Long day

□
Ü

high intesnity light
low intensity incandescent light

dark period

Fig. 28. Night Interruption (N.I.) and Day Extension (D.E.) 

photoperiod treatments.



energy radiation period associated with S.D. conditions.
Both N.I. and D.E. treatments have been employed to 

examine the effects of photoperiod on cereal development 
(Borthwick et al 1948 and Downs et al 1959 among others) 

and both methods will be used in this section.
Barley cultivars have been shown by Borthwick et al (1948) 

to be sensitive to an incandescent light break during the dark 
period resulting in an earlier onset of floral initiation 
compared with S.D. treatment. Incandescent light is more 
effective than fluorescent light in evoking a photoperiodic 
response when used either as a N.I. treatment (Friend et al 
1959) or to extend the light period (Downs et al 1959 and 
Friend et al 1961). The magnitude of the photoperiodic 
response has been shown to increase with increased levels of 
incandescent light whether used by itself or in conjunction 
with fluorescent light (Friend 1964 and Paleg and Aspinall 
1964) although Aspinall and Paleg (1966) found that even low 
intensities of incandescent light (1 Foot candle, 10.8 lux) 
are sufficient to promote apical development in a N.I. study 

in the field.
Many studies on the influence of photoperiod on the growth 

and development of barley and wheat cultivars have examined 
only a limited number of cultivars and have not necessarily 
included cultivars which exhibit a contrasted response to 
daylength. The influence of N.I. treatment in this study
was, therefore, examined on five cultivars (Clipper, Spartan, 
Domen, Golden Promise and Uzu) which showed a contrasted 
response to daylength in the initial glasshouse experiment.
The apical response of four of these cultivars (Clipper,
Spartan, Domen and Golden Promise) to daylength has been
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examined in the growth room experiment and the fifth 
cultivar, Uzu, was selected to show a similar daylength 
response to Ymer.

106.

The relative effectiveness of D.E. treatment in 
separating the two daylength components was examined in a 
second study for two cultivars, Clipper and Golden Promise, 
in growth rooms. Plants used in this study were retained 
for radio-isotope feeding and distribution assays which will 

be described in the following section.
The influence of photoperiod on apical development was 

examined in a further experiment to determine whether the 
pattern of apical development and spikelet primordium 
production could be altered by change in photoperiod treatment. 
Studies by Lucas (1972) and Allison and Daynard (1976) have 
indicated that the pattern of apical development of wheat can 
be changed by transferring plants from one photoperiod 
treatment to another. Although several workers (Guitard 
1960 and Thorne et al 1967) have shown that the growth 
pattern of barley plants may be changed by changes in daylength 

conditions, no comparable study has examined the effect of 
photoperiod transfer on the apical development of barley.
The effect of transferring plants from D.E. to S.D. conditions 
at various stages of apical growth was examined for one 
cultivar, Clipper, shown by the above studies to be photo- 

periodically sensitive.

MATERIALS AND METHODS

Night interruption experiment
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i) Plant culture.
The influence of photoperiod on apical development of 

five two-row spring barley cultivars was examined using a 
Night interruption treatment (N.I.) in the glasshouse.
The five cultivars examined were selected from the one hundred 
cultivars sown in the initial glasshouse daylength experiment 
to show a known contrasted response to daylength (Table 30). 
The apical response to daylength of four of these cultivars 
has been previously examined in the growth room study and 
the response of spikelet primordium maximum to daylength 
of these cultivars is also presented in Table 30. The fifth 
cultivar used in the above study, Ymer, was not sown in this 
N.I. study because of insufficient seed and Uzu was selected 
as a suitable replacement exhibiting a similar response 

to daylength (Table 5).
The experiment was designed as a split plot trial with 

the three photoperiod treatments (8h S.D., 16h L.D. and N.I. 
treatment consisting of 8h high intensity light with the 16h 
dark period interrupted by 30 min. light break in the middle 
of the night). Within each main plot, 14 pots of each of 
the five cultivars were completely randomised giving a final 

total of 80 subplots per main plot treatment. The L.D. 
treatment was replicated three times and the N.I. and S.D. 
treatments twice. In order to minimize the effects of 
variation of temperature and light intensity within the 
glasshouse, the main treatments and the subplots were re­

randomised at weekly intervals.
Short day and long day treatments were obtained by 

using high intensity light (20,000 lux, 250 Wm ) of 8h and 
16h duration respectively as described earlier (Section 1,



TABLE 30. Spikelet number and spikelet primordium maximum 
per main shoot ear of five barley cultivars 
examined in Night Interruption study (glasshouse) 
Values based on the mean of between 6 and 8 plant

Spikelet no./ 
main ear
S,D. L.D.

Spikelet primordium 
maximum

S.D. L.D.

Clipper 19.9 10.6 36.9x 26.5

Spartan 20.1 14.0 43.6x 32.5

Domen 26.1 25.5 - 39.0

Golden Promise 27.0 28.0 37.9x 44.9

Uzu 24.6 28.1 - -

x = awn stage of apical development (see text) 

- = not determined
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page 24). The artificial lighting was controlled by time 
switches and was used to supplement the natural daylight 
at the time of the experiment (summer-autumn 1976). The 
N.I. treatment remained under the same 8h photoperiod 
conditions as the S.D. plants but each replicate block was 
transferred to separate garages at the end of the light 
period and positioned directly under one 100W incandescent
light bulb situated in the ceiling of the garage. This

• . . -2 provided a light intensity of 2.8 Wm measured at pot level
and the light break treatment given in the middle of the
night period from 24.00 to 24.30h. Temperature was maintained
at approximately 20°C during the day but fell to c. 10°C min.
during the dark period in both glasshouse and garages.

Two days prior to sowing the soil in all pots was
treated with 'Diazitol' (containing Diazinon, supplied by

3 1Ciba-Geigy, Agrochemical Division) at a rate of 2.0 cm 1 
to prevent insect damage. Sowing was carried out on 11 June 
197b and completed within the day. Six seeds were sown per 

15.3 cm diameter plastic pot containing J. Innes No. 2 
compost at a depth of 2.5 cm. Once the seedlings were 
established they were thinned to give a final number of four 
plants per plot. Plant culture was then carried out as 
described previously (Section 1, page 25).

Several plants showed signs of a slight infection of 
mildew (Erysiphe graminis f. sp. hordei) after 25 days and 
all plants were immediately treated with sulphur which 
prevented spread of the infection. When all plants had 
developed five fully-emerged leaves on the main stems the 
infection was treated with a single spray of 'Calixin* (75% 
w/v tridemorph) at a concentration of 2.0 cm 1 which proved
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completely effective.

ii) Samples for apical dissection.
Eight sample occasions were possible for each of the 

three photoperiod treatments and sampling commenced seven 
days after sowing. Sampling continued at seven-day 
intervals in the L.D. treatment until the spikelet primordium 
maximum had been attained for all cultivars but, because of 
the slower apical development in both N.I. and S.D. treatments, 
it occasionally proved necessary to sample at 14-day 
intervals to enable a value for the maximum to be determined.

For each cultivar, each sample consisted of randomly 
selecting one pot per replicate treatment thus providing a 
total of three replicate pots for the L.D. treatment and two 
replicate pots for the N.I. and S.D. treatments. All four 
plants per pot were carefully and individually removed for 
apical dissection which were performed as described in 

Section 1, page 29.
The following parameters of the development of the main 

shoot apex were measured at each sample occasion: apical 
developmental stage (assessed according to Table 7), total 
and spikelet primordium number and apex length. Apex dry 
weight was measured from sample two onwards in the L.D. 
treatment and from sample three in the N.I. and S.D. treat­
ments. As soon as the final leaf number per main shoot 
could be determined, this parameter was also counted.

Day extension experiment 

i) Plant culture.
The influence of photoperiod (using Day extension 

treatment) on the apical development (and on the movement



of C-assimilates to the developing apex, Section 4) was 
examined in growth rooms for two cultivars, Clipper and 
Golden Promise, known to exhibit a contrasted response to 
daylength treatment (Table 30).

Three daylength treatments were employed: 8h short 
day (S.D.) and 16h long day (L.D.) as in the earlier growth 
room daylength study (Section 1) plus a day extension 
treatment (D.E.) in which the 8h high radiation period was 

immediately followed by 8h low intensity incandescent 
light (cf. Fig. 28). Temperature was maintained at 20-l°C 
for all treatments.

Two days prior to sowing, all pots were treated with the 
commercial pesticide 'Diazitol' (containing Diazinon) at a

O — 1rate of 2.0 cm . Each of the three daylength treatments 
were sown on consecutive days and plant culture was then 

carried out as described for the earlier growth room study 
(Section 1, page 28). As only three growth rooms were 
available and space within each growth room was limited, 
Golden Promise and Clipper were sown in two separate 
experiments. No infection by mildew (Erysiphe graminis f. 
sp. hordei) or other foliar pathogens was present in any of 

the growth room plants.
ii) Samples for apical dissection.
For each cultivar, four replicate pots (for L.D. and 

D.E. treatments) or three replicate pots (for S.D. treatment) 
were randomly selected at each sample occasion. Three of 
the four plants per pot were carefully and individually 
removed for apical dissections thus giving a final total of 
12 plants (in L.D. and D.E. conditions) and nine plants (in 
short days) per sample. The remaining single plant was

14



retained in the pot for subsequent net photosynthesis 
measurement by Infra-red gas analysis and for radio-isotope 
labelling.

Sampling commenced seven d.a.s. for each treatment for 
both cultivars and, in Clipper, continued at seven day 

intervals until the experiment was terminated 42 d.a.s. (49 
d.a.s. in short days). Maximum spikelet primordium number 
was determined within the sampling period under L.D. and 
D.E. conditions but had not been reached in short days. For 
Golden Promise, the second and third samples for all three 
treatments were taken 14 and 24 d.a.s. respectively and 
continued thereafter at seven-day intervals. Sampling 
stopped 53 d.a.s. by which time, spikelet primordium maximum 
had been determined under L.D. conditions but not in the 

other treatments.
Apical dissections were carried out as described in 

Section 1 (page 29) and the following parameters of apical 
growth were measured: main shoot apical developmental stage 
(assessed according to Table 7) and total and spikelet 
primordium number. Apex length was measured using a 
calibrated eyepiece graticule as before and apex dry weight 
was measured from sample two onwards in all treatments. As 
soon as the final leaf number could be determined on the 
main shoot, this parameter was also measured.

Photoperiod transfer experiment

i) Plant culture.
The influence of photoperiodic switch from day extension 

(D.E.) to short day (S.D.) conditions was examined in this 
growth room study for one cultivar, Clipper. The two
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The two photoperiod treatments were obtained as described 
above (page 110) and temperature in both growth rooms was 
maintained at 20-l°C.

Sowing and plant culture methods were performed as 
described for the growth room daylength experiment (Section 1, 
page 28). Initially, 80 and 20 pots were sown in the D.E. 
and S.D. treatments respectively and, at weekly intervals,
14 pots were randomly selected from the D.E. treatment and 
transferred to S.D. conditions for the remainder of the 
experimental period. All pots were completely re-randomized 
within each photoperiod treatment after each transfer. The 
transfer from D.E. to S.D. conditions continued until the 
maximum spikelet primordium number had been determined in 
the D.E. treatment (week four), giving a final total of 
three transfer treatments (D.E.l, D.E.2 and D.E.3).

No infection of mildew (Erysiphe graminis f. sp. hordei) 
or other foliar pathogens was present in any of the growth 

room plants.
ii) Samples for apical dissection.
On each sampling occasion, two replicate pots were 

randomly selected from the D.E. and S.D. treatments and from 
the appropriate photoperiod switch treatments. Sampling 
commenced seven d.a.s. for the D.E. and S.D. photoperiod 
treatments and continued at seven-day intervals until the 
experiment was terminated seven weeks after sowing. Samples 
of the photoperiod transfer treatments were taken seven days 
after transfer to S.D. conditions, thus plants transferred 

seven d.a.s. (D.E.l) were first sampled 14 d.a.s.
Apical dissections were carried out as described in 

Section 1 (page 29) and the following parameters were



measured: final leaf number per main shoot, apical
developmental stage, and total and spikelet primordium 
number per main shoot apex. Apex developmental stage was 
assessed according to Table 7 with the exception that 
meristem dome development (stages E.S. and L.S.) was 
assessed visually.

RESULTS
The response of apical growth and development to 

photoperiod was similar in both Night interruption and Day 
extension experiments. The results of the five cultivars 
examined in the N.I. study are described in detail and data 
from the D.E. study used as confirmation of this response 
for Clipper and Golden Promise. Part two of the Results 
section examines the effect of photoperiod transfer from 
D.E. to S.D. conditions on the apical development of one of 

these cultivars, Clipper.

Night interruption and Day extension photoperiod experiments

i) Final leaf number per main shoot.
The influence of photoperiod on final leaf number for 

all five cultivars examined in the N.I. study and for 
Clipper and Golden Promise in the D.E. study is presented 
in Tables 31 a,b respectively. As in the earlier growth 
room daylength experiment (Section 1, Table 6) all cultivars 

showed a significant reduction (p - 0.05) in leaf number in 
L.D. compared to S.D. conditions in both photoperiod studies 

but cultivars differed both in the magnitude of the difference 
of their response to daylength and in their response to N.I. 

and D.E. treatments.
Clipper and Spartan determined an intermediate leaf number
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TABLE 31. Influence of photoperiod on final leaf number

per main shoot of selected genotypes.

a. Night interruption experiment (glasshouse).

Cultivar Short day Night inter. Long day

Clipper
Spartan
Domen
Golden Promise 

Uzu

10.4 ax 80.6 b 6.3 c 
12.6 a 9.5 b 6.9 c 
10.2 a  10.3 a  7.6 b  
12.0 a 12.6 a 9.0 b 

13.1+ a 13.2 a 9.2 b

b. Day extension experiment (growth room).

Cultivar Short day Day extn. Long day

Clipper 11.3 ax 7.7 b 7.0 b

Golden Promise 12.6 a 12.5 a 11.3 b

Each value is a mean of at least 12 plants.
= Multiple range test significant at p - 0.05, calculated 

for each cultivar.separately. Means with same letters 

are not significantly different.

X



Final leaf number was not significantly different between the 
N.I. and S.D. treatments for Domen, Golden Promise and Uzu 
indicating that leaf number was determined by the light energy 
available for photosynthesis rather than the longer 
photoperiod.

The reduced leaf number in L.D. conditions tends to be 
associated with the reduced duration of leaf primordium 
production before the onset of spikelet primordium set down 
(Fig. 29). Similarly, the increased leaf number in S.D. 
compared with N.I. treatment for Clipper and Spartan is linked 
with the delayed onset of spikelet primordium production 
whereas the cessation of leaf primordium set down in both 
treatments for the other cultivars occurs at the same time.

The contrasted response of final leaf number for Clipper 
and Golden Promise to photoperiod treatment was confirmed in 
the Day extension study (Table 31b) although the difference 
between D.E. and L.D. treatments was less pronounced than 
between N.I. and L.D. treatments. Final leaf number could 
again be linked with the duration of leaf primordium set 
down with a large leaf number being associated with a pro­
longed period of production (cf. Fig. 30 and Table 31b).

ii) Apical developmental stage.
The influence of photoperiod on the apical development 

of selected genotypes is presented in Fig. 29 for the Night 
interruption study and Fig. 30 for the Day extension study.
The ten developmental stages distinguished are described 

in Table 7.

in N.I. compared to L.D. and S.D. conditions thus suggesting

that leaf number in these cultivars is sensitive to both

the photoperiodic and radiation components of daylength.
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Apical development was accelerated in L.D. compared 

with S.D. conditions for all cultivars in both studies and 

therefore confirms the pattern of development found in the 
earlier growth room daylength experiment (Section 1,

Fig. 4).
Cultivars differed in their response to photoperiod 

treatment and two physiological groups can be distinguished. 
Apical development of Clipper and Spartan under N.I. 
conditions was intermediate between L.D. and S.D. conditions 

but there was no significant difference between the pattern 

of apical development in N.I. and S.D. treatments for the 
other cultivars. If the two contrasted cultivars, Clipper 
and Golden Promise, are considered, double ridge stage (DR) 

was reached 9, 14 and 21 d.a.s. for Clipper in L.D., N.I. 
and S.D. treatments respectively but 11 d.a.s. in L.D. and 

22 d.a.s. in both N.I. and S.D. treatments for Golden 
Promise. The contrasted development of these cultivars 
with N.I. treatment was maintained in the subsequent stages 

such that awn initials (stage A) occurred 20, 32 and 56 
d.a.s. for Clipper and 35, 60 and 56 d.a.s. for Golden 
Promise in L.D., N.I. and S.D. treatments respectively. Tip 
degeneration (stage TD) occurred within the experimental 
period for all cultivars in L.D. conditions and in N.I. 
treatment for Clipper and Spartan but did not occur in the 

other treatments.
The contrasted pattern of apical development between 

cultivars with N.I. treatment clearly indicates the promotive 

influence of photoperiod on Clipper and Spartan and 
confirmation of the photoperiodic sensitivity of Clipper can 

be derived from the Day extension study (Fig. 30). Apical



development of both Clipper and Golden Promise was 

accelerated in long days compared with the D.E. and S.D. 
treatments because of the increased radiation energy for 

photosynthesis. However, the response was less pronounced 
than found above (cf. Fig. 29) and this may be due to the 
lower light intensity in the growth rooms compared with the 
natural daylight during summer-autumn in the glasshouse 

Night interruption study. The influence of the radiation 
component of daylength on apical growth and development is 

discussed in more detail in Section 4.
iii) Spikelet primordium number.
Spikelet primordium production was accelerated in L.D. 

compared with S.D. treatment for all cultivars in both N.I.
(Fig. 31) and D.E. (Fig. 32) studies (cf. Section 1, Fig. 5). 
Cultivars exhibited differences in the magnitude of their 
response to daylength treatment (long days) and this was 
reflected in their response to photoperiod treatment.

The pattern of spikelet primordium production for 

Clipper and Spartan under N.I. treatment was intermediate 
between the S.D. and L.D. treatments but no significant 
difference was found in the pattern of set down between N.I. 
and S.D. treatments for Domen, Golden Promise and Uzu. The 

contrasted response of these cultivars to light break is 
reflected in the maximum determined (Table 32). The maximum 
was not reached within the experimental period in several 
treatments and the number attained at the final sample in 
these cases has been taken to be the maximum (cf. page 42).
This number may underestimate the potential maximum but it is 
suggested that this would involve a limited number of 
primordia and would not invalidate any comparisons. The
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maximum number of spikelet primordia was significantly 

reduced (p - 0.05) in L.D. compared with N.I. and S.D. 
treatments for Clipper and Spartan although the decrease 
found in N.I. compared with S.D. treatment was not 
significant. The spikelet primordium maximum was not 
significantly different in N.I. compared with the L.D. and 

S.D. treatments for the other cultivars (Table 32).
It has been shown that the maximum is determined by 

both the duration and the initial rate of set down (page 43)• 
These parameters have been calculated using the method of 
analysis described on page 42 and are presented in Table 32.

The duration of set down was reduced in L.D. compared 
with S.D. conditions for all cultivars and this difference 
was particularly evident for Clipper and Spartan (cf. Table 8). 
The period of production with light break treatment was 
intermediate between S.D. and L.D. conditions for all 
cultivars except Domen which exhibited a slightly longer 
period of set down in N.I. treatment. However, the effect 
of photoperiod was greatest for Clipper and Spartan than for

the other cultivars.
The initial rate of spikelet primordium production for 

the period of linear increase in numbers following the onset 
of set down was increased for all cultivars in L.D. compared 

with S.D. conditions but this increase was significant 
(p - 0.05) only for Clipper and Spartan (cf. Table 8). The 
influence of night interruption on the rate of production 
for both cultivars was intermediate between S.D. and L.D. 
conditions with significant differences between N.I. with 
both S.D. and L.D. conditions for Spartan. The effect of 
N.I. treatment was less pronounced in the other cultivars and
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was not significantly different from either S.D. or L.D. 

conditions except for Domen and Golden Promise in long days. 
Confirmation of the contracted responsiveness between these 
cultivars to photoperiod can be derived from the magnitude 
of the difference between N.I. and S.D. treatments in the 

percentage of the spikelet primordium maximum set down at 
three weeks from sowing, for example between the cultivars 
Clipper and Golden Promise (Table 33). The high percentage 
set down at three weeks in N.I. and L.D. conditions for 

Clipper compared with Golden Promise is due to both the 

early onset of set down and the rapid initial rate of set 

down.
In the Day extension experiment, the pattern of spikelet 

primordium production for Clipper under S.D. and L.D. 
conditions (Fig. 32) was similar to that found in the N.I. 

study above but the pattern of set down was different for 
Golden Promise. The spikelet primordium maximum for 
Golden Promise was higher in L.D. than D.E. and S.D. conditions 
(Fig. 32 and Table 3i+) (cf. growth room day length study, Fig. 5) 
whereas the maximum was unaffected by daylength treatment in 
the glasshouse. It is suggested that the relatively low 
maximum attained under S.D. and D.E. conditions may be 
attributed to the low light intensity used in the growth room. 
Supplemental light intensity in the growth rooms was 15,000 lux, 
120 Wm-2 compared with a light intensity of 20,000 lux, 200 Wm 2 
in the glasshouse and this value does not include the natural 
daylight intensity at the time of the experiment (summer- 

autumn 1977).
Under these conditions assimilate production may not be 

sufficient to maintain apical growth and development with a



TABLE 33. Influence of photoperiod (Night Interruption) on 

spikelet primordium maximum and percentage set down 
at three weeks for five barley cultivars (glasshouse).

Spikelet primordium max.
% of spikelet primordium 
max. set down at 3 weeks

Cultivar S.D. N.I. L.D. S.D. N.I. L.D.
Clipper 35.3 29.3 18.4 28.4 73.5 100
Spartan 38.9 38.4 22.5 23.8 48.6 100
Domen 32.5 35.0 32.3 50.8 40.5 79.8
Golden Premise 37.0 35.9 36.0 23.6 25.8 66.2
Uzu 38.2 39.1 35.6 16.0 13.8 60.0

Each value for spikelet promordium maximum is a mean of between 4 and 8 
plants.
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subsequently early cessation of spikelet primordium production 
and a lower final spikelet primordium number. It may be 
suggested that with increased light intensity, the increased 

photosynthesis possible would prolong set down and allow a 
higher maximum to be determined. This confirms the 

sensitivity of Golden Promise to the radiation component of 
daylength and this explanation would explain the low spikelet 
primordium maximum attained in the D.E. treatment.

Spikelet primordium production of Clipper was accelerated 

by increased photoperiod and the final maximum attained was 
intermediate between L.D. and S.D. conditions (Table 34). It 

may again be suggested that the difference between L.D. and 
D.E. treatments was less pronounced than might have been 
expected because of the low radiation energy in the growth 
rooms. The pattern of spikelet primordium set down of Golden 

Promise was unaffected by photoperiod treatment and the maximum 

was similar in both D.E. and S.D. treatments (Table 34).
The influence of photoperiod (Day extension treatment) 

on the time of onset of spikelet primordium production (Fig.
30) and on the duration and initial rate of set down (Table 
34) was similar to that found in the Night interruption study 
(Fig. 29 and Table 34) and will therefore not be described 
in detail. The contrasted response between Clipper and Golden 
Promise to photoperiod is evident from all parameters and it 
should be noted that in all treatments marked *x' in Table 34, 

the duration of production will be longer than the value 

given (see above).
iv) Apex length.
The influence of photoperiod treatment on apical length 

for the five cultivars examined in the Night interruption
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study is presented in Fig. 33 and for the two selected 

genotypes in the Day extension study in Fig. 34. The 
pattern of apical length increase with time in the S.D. and 

L.D. in both studies was similar to the response found in 
the earlier growth room daylength study (Section 1, Fig. 8).
The duration of the initial slow rate of length increase 

was reduced in long days for all cultivars in both studies 

and apical length was significantly greater (p - 0.05) 
under L.D. compared with the other treatments 14 d.a.s. for 
all cultivars in the N.I. study and at 14 and 24 d.a.s. for 
Clipper and Golden Promise respectively in the D.E. study 
(significant differences calculated from Multiple range test 

following an analysis of variance).
Cultivars exhibited differences in the magnitude of 

their response to long days and this difference was reflected 
in their response to photoperiod. In the N.I. study, the 
onset of the period of rapid length increase with light break 
treatment was intermediate between S.D. and L.D. treatments for 
Clipper and Spartan (significant, p - 0.05, five and six 
w.a.s. respectively) and this pattern of apical length increase 
for Clipper with increased photoperiod was confirmed in the 
Day extension study (Fig. 34). Apical length of the other 
cultivars was not affected by increased photoperiod either 

with night interruption or day extension.
The longer period of the initial slow growth rate for 

Clipper and Spartan in N.I. compared with L.D. treatment was 
reflected in a correspondingly longer period of rapid increase 

attaining a greater ear length at emergence. This may be 
due to either the increased spikelet number determined in 
N.I. compared with L.D. treatment or to differences in rachis
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internode length but this was not measured in this study.
Final ear length was not determined in the other treatments 
in either study because of the slower apical development.

v) Main apex dry weight.
The influence of S.D. and L.D. treatments on apex dry 

weight (Fig. 35 for Night interruption study and Fig. 36 

for Day extension study) confirms the response pattern found 

in the earlier growth room daylength experiment (Section 1, 

Fig. 9) and will, therefore, not be described in detail.
The pattern of dry matter increase with time for Clipper 

and Spartan with increased photoperiod (N.I. treatment) was 
intermediate between S.D. and L.D. conditions and was 
associated with the earlier onset of the phase of rapid dry 
matter increase compared with short days. Increased 
photoperiod had no effect on the pattern of dry weight 
increase for the other cultivars. The contrasted response 
of dry matter increase to photoperiod treatment between 

Clipper and Golden Promise was confirmed in the Day extension 
study (Fig. 36) again indicating the photoperiodic sensitivity 

of Clipper.
The onset of the phase of rapid apical dry weight 

increase corresponded to the period of rapid length increase 

(Figs. 35 and 36) again suggesting that their two parameters 
are under the same endogenous control. The effect of photo­
period treatment (either night interruption or day extension) 

on final ear dry weight cannot be determined from the 
available data although the pattern of dry matter increase 
for Clipper in L.D. and N.I. conditions suggests that the 
duration of increase is prolonged with N.I. treatment 
culminating in a heavier final dry weight. This would,



Lo
g 
ap
ex
 d
ry
 w
ei
gh
t 
(x
lO
 
g) 

Lo
g 
ap
ex
 d
ry
 w
ei
gh
t 
(x
lO
 
g) 

Lo
g 
ap
ex
 d
ry
 w
ei
gh
t 

(x
lO
 
g)

10°  _

ICf

io"

10 -

o Li

m  inner
c a__n  M  T M

R

10"

»S.D.
<j/

1 N.I.

10

10"

$
!  ///; '•S.D.

J _____ L
0 2 4 6 8 10 12
weeks after sewing

_L J
0 2 4 6 8 10 12
weeks after sewing

10c

10,5 .

10,4 -

,2 .

0 L

Demen jO L.D. 10|6 _
t>0

/
.D. 10

o

or

□

10z

Golden Premise „L.D
S ’

/

N.ir #S,D'
o

J
7/

_l___ l_
0 2 4 6 8 10 12
weeks after sewing

0 2 4 6 8
weeks after sewing

10 12

10c

10°  -

■a 4 *

10 -

0 L

Uzu , L.D.
/u

/

m = S.D., short day, 8h day 
□ = Night inter., N.I., 8+8h night 
o = Long day, L.D., 16h day

./ , N.I.
*S.D.

_l___ I
0 2 4 6 8 10 12
weeks after sewing

lg. 35. Effect of photoperiod (night interruption) on apical dry 
weight of five barley cultivars (glass-house)
Each point is a mean of between 4 and 12 plants.

indicate onset of rapid apex length increase.



I________I________I________I_______ I
0 2 4 6 8
weeks after sowing

I________I________I--------1------- 1
0 2 4 6 8
weeks after sewing

Fig. 36. Effect of photoperiod (day extension) on apex dry wei#vt 
of Clipper and Golden Promise (growth room).
Each point is a mean of between 8 and 12 plants.
Arrows indicate onset of rapid length increase.

□
o

= Short day, S.D., 8h day 
= Day extn., D.E., 8+8h day 
= Long day, L.D., 16h day



therefore, be in agreement with the greater ear length 
observed for Clipper in N.I. compared with L.D. treatment 

(Fig. 33).
vi) Summary of apical developmental responses to 

photoperiod.
Cultivars differed in the magnitude of their apical 

response to daylength treatment (cf. growth room daylength 
study, Section 1) and this was reflected in their contrasted 

response to photoperiod treatment. The pattern of apical 
growth and development for Clipper and Spartan with N.I. 
treatment was intermediate between the response to S.D. and 
L.D. treatments but light break appeared to have no effect on 
apical development for the other cultivars (Domen, Golden 
Promise and Uzu). It was suggested that Clipper and Spartan 
were responsive to both the photoperiodic and radiation 
components of daylength whereas apical development of the 
other cultivars was influenced only by the light energy 
available for photosynthesis and was unresponsive to photoperiod. 

Confirmation of the contrasted response of these cultivars to 

photoperiod treatment can be similarly derived from the 
accelerated spikelet primordium production with N.I. treatment 

for Clipper and Spartan resulting in a lower maximum but 
which was unaffected by increased photoperiod for the other 

cultivars.
Apical growth and development was similarly affected by 

increased photoperiod when given by a day extension treatment 
and the contrasted photoperiodic sensitivity between Clipper 

and Golden Promise was confirmed.

122.
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Photoperiod transfer experiment

The influence of photoperiod on apical development was 

examined further in this study. Plants of one photo- 
periodically-sensitive cultivar, Clipper, were transferred 
from one photoperiod treatment to another (D.E. to S.D.) 
and the pattern of apical development followed. This cultivar 
has been shown to be responsive to photoperiod treatment (see 

above).
i) Final leaf number per main shoot.
Leaf number was significantly reduced under D.E. 

conditions and in all photoperiod transfer treatments, D.E.l, 

D.E.2 and D.E.3 (i.e. plants transferred one, two and three 
w.a.s. respectively) compared with S.D. treatment (Table 35). 
Early transfer (D.E.l) resulted in an intermediate leaf number 

between D.E. and S.D. conditions whereas later transfer 

(D.E.2 and D.E.3) had no effect on the final number.
Cessation of leaf primordium production in Clipper 

under D.E. treatment occurred seven d.a.s. (see page 40) and 

final number was determined after 14 days. Transfer of 
plants to S.D. conditions within this period (D.E.l) resulted 
in an increase in leaf number thus indicating that some of 
the primordia set down during this period may be induced to 
develop into either spikelet or leaf primordia depending on 
the subsequent treatment. Photoperiod transfer after 14 

days (D.E.2 and D.E.3), therefore, had no effect on final 
number because this had already been determined. Duration 
of leaf primordium production was prolonged in short days 

and cessation did not occur until 15 d.a.s. with a 

correspondingly high leaf number.
ii) Apical developmental stage.



TABLE 35. Influence of photoperiod transfer from D.E. to 
S.D. conditions on final leaf number per main 

shoot of Clipper (growth room).

Treatment
Final leaf number 
per main shoot

D.E. 6.88 a x

S.D. 11.46 b

D.E.l H O • CD -P O

D.E.2 6.98 a

D.E. 3 6.77 a

D.E.l, D.E.2 and D.E.3 - plants transferred from D.E. to
S.D. conditions one, two and three 
weeks after sowing respectively.

Each value is a mean of at least 24 plants, 
x = multiple range test, significant at p - 0.05. 

with same letters do not differ significantly.

Means



124

The effect of photoperiod on apical development of 
Clipper under D.E., S.D., D.E.l and D.E.2 treatments is 
presented in Fig. 37. The pattern of apical development in 

D.E.3 was identical to D.E. treatment and has not been 

included.
Apical development was accelerated in D.E. compared with 

S.D. conditions and the final stage of development 
distinguished, tip degeneration (TD) occurred four w.a.s. 
in D.E. treatment but was not reached within the experimental 
period (seven weeks) in short days. Transfer of plants after 
seven days (D.E.l) resulted in a slower rate of development 
similar to that observed for S.D. plants and this pattern was 

maintained throughout the experimental period. Apical 
morphogenesis was again prolonged after transfer to short days 
in D.E.2 photoperiod treatment and tip degeneration did not 
occur until seven w.a.s. The change in the pattern of apical 
development in both D.E.l and D.E.2 treatments was noticeable 
at the time of the first sample after transfer although it 
cannot be determined whether tbe change was immediate or 

occurred after a delay of several days.
iii) Spikelet primordium number.
The influence of photoperiod transfer treatment on 

spikelet primordium production of Clipper is shown in Fig. 38 
and the maximum number (or number at the final sample for 
S.D. and D.E.l treatment) is presented in Table 36. Tfce 

duration and rate of set down was calculated as described 
earlier (page 42) and these parameters are also included in 

the Table.
Spikelet primordium maximum was significantly reduced 

(p - 0.05) in D.E. compared with S.D. conditions and this
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Fig. 37. Effect of photoperiod transfer from day extension (D.E.) to
short day (S.D.) treatment on apex developmental stage of 
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Each point is a mean of between 6 and 8 plants.
Vertical bar indicates L.S.D. significant at pi 0.05, 
calculated following an analysis of variance.
Arrows indicate onset of spikelet primordium production. •

• = Short day, S.D., 8h day 
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TABLE 36. Influence of photoperiod transfer from D.E. to
S.D. conditions on several parameters of spikelet 

primordium production of Clipper (growth room).

Treatment
Spikelet primor­
dium maximum

Duration of pro­
duction (days)

Initial rate of
production
(sp. primordia/day)

D.E. 21.1 à? 1*4 2.02 az

S.D. 32.8 x b 33 x 1.53 ab

D.E.l 32.9 x b 37 x 1.54 b

D.E.2 23.3 a 42 -

D.E.3 21.1 a 14 -

D.E.l, D.E.2 and D.E.3 - plants transferred from D.E. to S.D. conditions
one, two and three weeks after sewing respectively. 

Each value of spikelet primordium max. is a mean of 8 plants, 
x = spikelet primordium number at final sample - see text, 
y = multiple range test, significant at p - 0.05. Means with same 

letters are not significantly different, 
z = comparison of regression coefficients, significant at p - 0.05,

Rates with same letters are not significantly different, 

were not calculated for D.E.2 and D.E.3 treatments.

Rates



decrease was caused by the reduced duration of the period 

of production although the rate was slightly but not signi­
ficantly increased (Table 36). Early photoperiod transfer 
(D.E.l) resulted in the later onset of set down (Fig. 38) 

combined with both a longer period and a significantly 
(p - 0.05) reduced rate of production (Table 36) compared 
with D.E. treatment and the subsequent pattern was similar 
to S.D. plants. The curvilinear phase of production was 

prolonged by D.E.2 treatment although the maximum attained 
was not significantly affected. Similarly, increased 
delay in the time of transfer (D.E.3) had no effect on the 
maximum determined although there was a slightly longer 
period of set down of the last-formed primordia.

Clipper is clearly influenced by changes in photoperiod 
during apical development but because of the rapid development 
under promotive photoperiod treatments (i.e. photoperiodically 

long days), the transfer of plants to shorter photoperiods 
must occur during the very early growth of the plant to 

significantly affect spikelet primordium number.

DISCUSSION
Apical development and spikelet primordium production 

was accelerated in L.D. compared with S.D. treatment for all 
cultivars in both Night interruption and Day extension 
studies (cf. growth room daylength experiment, Section 1) 
and cultivars differed in the magnitude of their response.
This difference was reflected in their apical response to 

photoperiod treatment using either night interruption or day 
extension treatment. For example, apical growth and 
development of the daylength highly-sensitive cultivar,

125.



Clipper, with either N.I. or D.E. treatment was intermediate 
between L.D. and S.D. conditions with a subsequent reduction 

in the spikelet primordium maximum attained. Apical 
development of Golden Promise on the other hand was similar 
in N.I. and D.E. treatments compared with short days and 
the maximum number was unaffected by photoperiod treatment.

Aspinall (1966) and Paleg and Aspinall (1966) similarly 
found apical development and spikelet primordium production 
to be accelerated for most cultivars examined with N.I. 
treatment, e.g. Cl 5611 and Prior with a subsequent decrease 
in the maximum attained, but other cultivars, e.g. Proctor, 
were relatively unresponsive. Aspinall suggested that the 
response to night interruption was a good indication of its 
response to daylength and confirmation of this can be 
derived from the present study. Clipper and Spartan 
exhibited a greater response to L.D. and N.I. treatment 
compared with Domen, Golden Promise and Uzu (cf. Cl 5611 

and Proctor respectively, Aspinall 1966).
Two physiological groups can, therefore, be 

distinguished on the basis of their response to night 
interruption. Group one (Clipper and Spartan) appeared to 
be sensitive to both the photoperiodic and radiation 
components of daylength whereas group two (Domen, Golden 
Promise and Uzu) appeared to be unresponsive to photoperiod 
end apical development and spikelet primordium production 
was determined by the light energy for photosynthesis.

The contrasted photoperiodic sensitivity of Clipper and 

Golden Promise was confirmed in the Day extension study thus 
suggesting that both night interruption and day extension 
treatments may be used to evaluate the photoperiodic

126
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responsiveness of barley genotypes. This contradicts the 

earlier work by Lane et al (1965) on Wintex barley which was 
unresponsive to light break but was sensitive to photo­
period if provided by day extension period.

As in the previous growth room daylength study, there is 
a close relationship between both the duration of leaf 

primordium production and final leaf number and the duration 
of spikelet primordium set down and the maximum attained in 
both photoperiod studies. All parameters were influenced 

by night interruption for Clipper and Spartan (and for 
Clipper with D.E. treatment). The duration of the period 
of leaf primordium set down with N.I. and D.E. treatments was 

intermediate between S.D. and L.D. conditions and the sub­
sequent final leaf number was intermediate between the two 
daylength regimes. Consequently, the onset of spikelet 
primordium production was earlier with increased photoperiod 
and the period of set down was markedly reduced with a 
resulting decrease in the maximum number determined by Clipper 
despite the increased rate of production. Aspinall (1966) 
also found cessation of set down occurred earlier with light 
break treatment than in short days and that the duration of 

the period of set down was more important than the rate of 
set down in determining the final number. In this study, 
however, maximum spikelet primordium number of Spartan was 
unaffected by N.I. compared with S.D. treatment because the 
reduced period of set down was compensated by the increased 

rate of production.
Many other studies using day extension treatments have 

similarly indicated that photoperiod treatment reduces the 
period of both leaf and spikelet primordium production of wheat



cultivars although the rate of set down is increased 

(Rawson 1970, Lucas 1972, Holmes 1973, Wall and Cartwright 
1974 and Allison and Daynard 1976). Spikelet number is 
generally reduced with increased photoperiod although 
cultivars differ in the magnitude of their response.
Holmes (1973) found that Marquis wheat was sensitive to 
photoperiod and was characterised by a short duration of set 
down compared with Pitic wheat which was relatively unresponsive 
to photoperiod treatment (cf. Clipper and Golden Promise in 

this study and Cl 5611 and Proctor in Aspinall 1966).
The effect of photoperiod transfer from D.E. to S.D. 

conditions on apical development and spikelet primordium 
number for Clipper depended on the apical stage at time of 
transfer and thus confirms the earlier work by Lucas (1972) 
and Allison and Daynard (1976) on wheat. Early transfer 
reduces the rate of both leaf and spikelet primordium 
production with a subsequent increase in both leaf and spikelet 
number. Late transfer has no effect of leaf number and only 
the later stages of spikelet primordium production are affected. 

Clearly, the earlier the change to photoperiodically- 
different conditions the greater the potential for the photo­
period to be manifested in final spikelet number. It is 
suggested, therefore, that an early change from short to long 

photoperiods would result in decreased leaf and spikelet 
number and an associated prolonged period of apical growth 
and development. Aspinall (1969) and Allison and Daynard 
(1976) have suggested that several days may elapse before 
apical development is affected and although this seems likely, 

the present study cannot clarify this point.
The contrasted sensitivity of apical development and

128.



129

spikelet primordium production to photoperiod between 
Clipper and Golden Promise was also reflected in the pattern 
of response for apex length and dry weight. The rapid 

increase in dry weight coincided with the onset of rapid 
rachis internode elongation (Fig. 35, Night interruption 

study and Fig. 36, Day extension study) which similarly 
occurred at around the time of the cessation of spikelet 
primordium formation. The close relationships between the 
patterns of leaf and spikelet primordium production with 
apical growth and development indicates control by the 

same endogenous mechanism (cf. Section 1, page 83). It may 
also be possible that the effect of photoperiod on apical 

growth, leaf and spikelet primordium set down and floret 
development of Clipper and Spartan may also be mediated by 
the same mechanism of control.

However, the marked apical response of Clipper to 

photoperiod treatment compared with Golden Promise may also 
be caused by a possible differential response of these 
cultivars to incandescent light used for the light break 
and day extension period. Barley and wheat cultivars are 
known to be more responsive to incandescent than fluorescent 

light when given either as a Night interruption or day 
extension treatment due to the higher level of far-red light 
in incandescent light (Borthwick et al 1948, Downs et al 1959, 

Friend et al 1959, 1961). Similarly, it has been shown 
that the apical response is further accelerated with increased 
levels of incandescent light energy (Friendet al 1961, Paleg 

and Aspinall 1966 and Aspinall 1969).
In Aspinall’s later study, he found that cultivars 

exhibited differences in the magnitude of their response to
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increased levels of incandescent light used as an extension 
period such that Prior and Cl 5611 were more responsive 
than Cl 3576. It may, therefore, be possible that, in 
this study, Clipper and Spartan are not only more 

responsive to daylength than the other cultivars but are 

also more responsive to both the photoperiod and spectral 
quality of the light-source.

It is suggested, however, that because plants in N.I. 

treatment would only receive 30 mins, of low intensity 
incandescent light more than S.D. plants, the marked 

difference in the response of Clipper and Spartan to these 
treatments could not be attributed to the accelerated apical 
development in incandescent light alone. However, Friend 
(1964) has suggested that the promotive effect of far-red 
light was quantitative and partly dependent on the duration 
of the period of illumination and thus the promotive effect 
of incandescent light may be more important in the D.E. 
treatment. However, the similarities in the magnitude of 

the apical response of Clipper and Golden Promise to both 
N.I. and D.E. treatment (this study and Section 4) suggests 

the importance of photoperiod rather than spectral quality 

in determining the response of Clipper to those treatments 
whereas Golden Promise appears to be unresponsive to both 

daylength factors.
It is suggested, therefore, that Clipper and Spartan are 

long day or short night cultivars photoperiodically. 
Phytochrome has been implicated in the photoperiodic response 
of cereals (Borthwick et al 1948, Downs 1956 among many 
others) such that the inactive red-absorbing form (Pr) 
undergoes photoconversion by red light to produce the active
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far-red absorbing form (Pfr) until a dynamic photo-stationary 
equilibrium is reached.

red
Pr Pfr

far-red
Apical development of Clipper and Spartan was 

accelerated in long days implying that apical development 
was promoted by enhanced levels of P^ but the light source 
for L.D. treatment was supplemented by incandescent light 
which has a high proportion of its energy in the far-red 

region of the spectrum (730nm). Similarly, apical development 
was also hastened with incandescent light supplied either as 

a N.I. or D.E. photoperiod treatment and these treatments 
could only have resulted in decreased levels of P^r at the 
start of the dark period.

Mohr (1962) has suggested that plants may have two 

photoreactive systems - a photoreversible phytochrome system 
and a non-reversible high energy system with peaks in the 
blue and far-red regions of the spectrum and that both 
systems may mediate the same photoresponse. This has also 
been suggested by other workers both for barley (Paleg and 

Aspinall, 1964) and wheat (Friend 1964). Paleg and 
Aspinall (1964) suggested that in intermediate photoperiods 

(16h), the large apical response exhibited by barley 
cultivars to incandescent light was due to the activation 
of the high energy system but in short days, the phytochrome 

system dominated the response. Friend (1964) similarly 
argued that far-red would normally inhibit floral development 

but if given in high intensity light or in long photoperiods 
then a small but significant absorption of Pr may occur with 
far-red light and this may over-ride the photoreversible
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phytochrome system. Further work by Aspinall (1969) has 

confirmed the sensitivity of barley cultivars to far-red 

light and has indicated that blue light is relatively 
ineffective in accelerating apical development compared 
with far-red. This mechanism would also help explain the 
increased response found with increased far-red energy 
found by many workers suggesting that it is the absolute 
amount of energy in red/far-red which determined the magni­
tude of the response rather than the ratio.

The apparent non-responsiveness of Domen, Golden Promise 
and Uzu to incandescent light supplied as a light break may, 
therefore, be due to a higher threshold for activation of 
this photoreactive system than Clipper and Spartan.
Similarly, the 30 minute light break may not have been 
sufficiently long for activation, and the photoreversible 
phytochrome system dominated the response. The lack of 
photoperiodic response of these cultivars may also be due to 
a block on the sequence of biochemical events following the 

photo-activation of the high energy system.
Some phytochrome controlled responses may involve 

changes in the level of some hormones (Galston and Davies 
1969, Kendrick and Frankland 1976) and it may be suggested 
that the flowering stimulus may involve a hormone, florigen, 

although this has not yet been isolated and identified.
Other growth substances have also been implicated in 

the flowering response and Galston and Davies (1969) have 
suggested that photoperiods favourable to flowering may 
perhaps affect the ratio of GA to inhibitor(s) such as 
abscissin. Other studies implicating GA in apical develop­
ment (Nicholls and May 1964, Kirby and Faris 1970, Kirby 1971



Holmes 1973 and Nicholls 1974, 1978) have been discussed 
earlier (Section 1).

Zeevart (1971) indicated that in spinach (Spinacia 
oleracea) there was both an increased biosynthesis of GA in 
long days and also an increased sensitivity to GA. This 

confirms suggestions by Kirby and Faris (19 70)and Holmes(1973) 
that under certain treatments, such as long photoperiod 
regimes, the increased levels of GA in the apex as a result 
of these treatments will usually cause increased apical 
development with a subsequent reduction in spikelet primordium 
maximum. This would suggest that apical development of 

Clipper and Spartan was sensitive to changes in endogenous GA 
level and thus any environmental treatment which increases 
this level will result in accelerated apical development and 

a lower spikelet primordium number.
Some cultivars, however, (such as Pitic in Holmes’ 

study and Golden Promise in the present study) may have a 
low level of utilization or sensitivity to GA with slower 
apical development and spikelet primordium production 

resulting in the concurrent establishment of primordia 
leading to a high final spikelet number. Under short days 
it may be suggested, therefore, that the low levels of 
endogenous GA will result in slower apical development and 
spikelet primordium production with a subsequently high 

maximum.
All cultivars were influenced by the radiation component 

of daylength thus suggesting that the delayed apical develop­

ment in short days was at least partly due to the limited 
photosynthate supply to the apex. This is in agreement with 
the earlier suggestion that the reduced spikelet primordium
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maximum for Golden Promise in D.E. and S.D. treatments in 
the Day extension study was due to the low light intensity 
used in the growth room. Both apical development and 

spikelet number has been shown to be decreased by both low 
light intensity treatment (Aspinall and Paleg 1963, 1964 
for barley, and Friend et al 1963, Friend 1964 and Lucas 
1972 for wheat) and also by shade treatment (Dale, Felippe 

and Fletcher 1972 and Dale and Felippe 1972). The effect of 
low light intensities has similarly been shown to be more 

pronounced when used in conjunction with S.D. treatment 
(Aspinall and Paleg 1963 for barley, and Williams and 
Williams 1968 for wheat). The combination of the slow apical 
development of Golden Promise in S.D. and D.E. treatments 
with their associated short high light intensity period plus 
the delayed development with low radiation levels may have 

resulted in a protracted period of spikelet primordium 
production such that assimilate production may not have been 

sufficient to supply the required carbohydrate for continued 
growth. It was suggested that this would result in both an 
earlier cessation of the initial linear period of production 
and a prolonged subsequent curvilinear period of increase 
resulting in a comparatively low spikelet primordium 

maximum.
The increased light energy present in long days compared 

with S.D., N.I. and D.E. treatments may, therefore, exert its 

effect through the increased photosynthate availability to 
the developing apex with a subsequent increase in apical 
growth and development. Conversely, long days, either by 
photoperiod or radiation level, may accelerate apical growth, 
say by increased endogenous GA level described above, thereby
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increasing the competitive strength of the main shoot apex 
with respect to other sinks such as tiller buds. This, in 
turn, may then regulate the pattern and rate of assimilate 

distribution to the apex.
The effect of photoperiod (using day extension treatment) 

on assimilate movement to the apex using radio-isotope 
labelling and distribution assay for two cultivars, Clipper 

and Golden Promise, is examined in the following section.
This experiment was carried out concurrently with the Day

extension apical study described above.
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SECTION 4. The influence of photoperiod on ^C-labelled 

assimilate movement to the apex of selected 
genotypes.

INTRODUCTION

Barley cultivars appear to show two types of physio­
logical response to daylength conditions (8h S.D. and 16h 
L.D.). Group one cultivars (Clipper and Spartan) appear 

to be influenced by both the photoperiod and radiation 
components of daylength with an accelerated pattern of apical 
growth and development resulting in a subsequent reduction in 
spikelet primordium number in long photoperiods compared 
with short days. Group two cultivars (Domen, Golden 
Promise and Uzu) were unaffected by photoperiod treatment and 
apical growth and development appeared to be controlled only 
by the radiation level available for photosynthesis.

It has been suggested that the effect of daylength on 
apical development may either be directly mediated through 
the increased supply of assimilates to the apex caused by 

the increased photosynthesis possible in long days or 
through an initial effect on apical development. Assimilate 

supply to the developing apex will subsequently be increased 
due to the increased sink strength of the larger apex.

The movement of 11+C-labelled assimilates to different 
parts of the plant has been examined by several workers 
both for barley (Felippe and Dale 1972» 1973) and wheat 
(Quinlan and Sagar 1962, Doodson et al 1964, Lupton 1966 and 
Rawson and Holstra 1969) as well as other grass species such 
as Lolium multiflorum (Sagar and Marshall 1966, Ryle 1970,

1972 and Ryle and Powell 1972, 1974).
During the early stages of growth, assimilates move



freely from the expanded leaves to the different parts of 
the plant and accumulate in regions of meristematic 
activity (expanding leaves, apical meristem, tiller buds 
and roots) (Quinlan and Sagar 1962, Doodson et al 1964,
Lupton 1966, Rawson and Hofstra 1969 and Felippe and Dale 
1972, 1973). The assimilate supply to the expanding 
leaves reaches a maximum around the time of full expansion 
but then decreases as the rate of leaf expansion falls.
The supply from the lower leaves and the increased supply 
from the expanding leaf is then switched to the next leaf in 
sequence (Doodson et al 1964, Rawson and Hofstra 1969 and 

Felippe and Dale 1972). At this time, reciprocal transfer 
of assimilates between main shoot and tillers freely occurs 
although once internode elongation of the main stem occurs, 
the tillers become independent (Quinlan and Sagar 1962, and 

Lupton 1966). However, Rawson and Hofstra (1969) suggested 

that full independence is never attained and studies by 
Marshall and Sagar (1968), Clifford et al (1973) and 
Nyahoza et al (1974) for Lolium multiflorum and Poa pratensis 
have indicated that reciprocal transfer of carbohydrate may 

still occur even at ear emergence.
During the later stages of plant growth of wheat, 

translocate movement becomes polarized and each recently 
expanded leaf supplies carbohydrate preferentially to the 
expanding leaves, stem and inflorescence whereas the lower 
leaves supply the lower parts of the stem, tillers and roots 
(Quinlan and Sagar 1962; Lupton 1966 and Rawson and Hofstra 

1969) although transfer from the upper leaves to the roots 
is still possible. The preferential distribution of 
assimilates in wheat becomes even more sharply polarized at
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grain filling during which the ear derives almost all its 
carbohydrate from the flag leaf, penultimate leaf and top 
stem internode (Stoy 1963, 1965 and Austin and Edrich 1975 
among many others). This preferential pattern of 
assimilate distribution to the nearest actively-growing 
meristematic region of the plant is confirmed by the detailed 
series of studies by Ryle on Lolium multiflorum (Ryle 1970, 
1972 and Ryle and Powell 1972, 1974).

These studies have generally followed the pattern of 
assimilate movement to the different parts of the plant 
under only one set of environmental conditions. In this
section, the influence of daylength (S.D. and L.D.

. 14conditions) and day extension treatment on C-labelled 

assimilate movement to the main shoot apex is followed for 
the two photoperiodically-contrasted cultivars, Clipper and 
Golden Promise. The response of apical growth and develop­

ment to day extension photoperiod treatment was examined in 
a parallel study and has been described previously (Section 

3).
Many of the earlier radio-isotope labelling studies

have expressed the data in terms of the percentage supply of
assimilates to the different regions of the plant and although

this provides information on the qualitative distribution of
carbohydrate it gives no indication of the absolute amount
involved. In the present study, the net photosynthesis of

14a single barley plant was measured immediately prior to C- 
labelling and thus the absolute amount of labelled carbo­

hydrate present in the apex could be measured.
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MATERIALS AND METHODS

i) Plant culture.

This radio-isotope labelling and distribution study 
was carried out in conjunction with the apical response to 
day extension treatment discussed previously and thus 
sowing and plant culture methods are as described earlier 
(Section 3).

ii) Measurement of net photosynthesis by single plants.
For both cultivars, net photosynthesis of single

plants was measured for the plants retained following the 
removal of samples for apical dissection (Section 3, page 
110). As far as possible the plants selected were of 
uniform external morphological appearance. The carbon 
dioxide uptake of plants was measured at different times 
during the photoperiod: one, four, seven and ten hours into 
the L.D. and D.E. photoperiods and at: one, four and seven 

hours under short day conditions.
Net photosynthesis of single plants was determined 

using an open circuit, differential infra-red gas analyser 
(IRGA; Grubb-Parsons, model SB2 connected to a Servoscribe 
15 chart recorder) (Fig. 39). Air was pumped into a 25 
litre reservoir to buffer the effect of small variations in 
temperature and atmospheric CO2 levels and to saturate the 
air with water vapour before passing through a rate-meter 
to regulate the air flow. The flow rate was normally 
maintained at 800 cm min but was increased to 1600 cm 
min  ̂if CO2 depletion exceeded 50ppm. Air was then passed 
through a secondary humidifier before entering the reference 
tube of the IRGA and finally through an assimilation chamber 

(6867 cm3 capacity) sealed onto the outer rim of a pot
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containing a single plant (Fig. 40).

The assimilation chamber consisted of a glass bell- 
jar clamped onto a 5mm thick perspex base-plate and the 

seal made air-tight with petroleum jelly. The base­
plate contained two hollow glass tubes (8mm internal 

diameter - inlet and outlet pipes) and a 5cm diameter hole 
was cut in the plate for the plant shoot. The base of the 
pot was sealed to prevent leakage and it was also found 

necessary to seal off the soil surface to prevent respiratory 
carbon dioxide from the soil entering the chamber. This 
was achieved using a 13cm diameter circular perspex disc 
designed to fit tightly onto the inner rim of the pot and 
sealed with petroleum jelly. The perspex discs were cut in 
half and contained a small central hole of different 
diameters designed to fit plant stems of increasing age and 
the shoot sealed in the central hole with petroleum jelly.

Air was circulated within the chamber by means of a 
small fan and then passed via a second humidifier to the 
analysis tube of the IRGA and then vented. A second flow 
meter could be situated in the air flow prior to venting to 

ensure that no leaks were present in the circuit.
Artificial lighting was provided by a single 500W 

incandescent bulb positioned directly above the assimilation 
chamber and a highly reflective convex aluminium shield 
positioned around the chamber to provide more equal 
illumination of the leaves. The light intensity was 12,500 
lux (120 Wm~2) at soil level and thus equivalent to the 

intensity used in the growth rooms.
Plants were maintained under these conditions for 45 

minutes or until a steady photosynthesis reading could be



Fig. 40. Diagram of photosynthesis assimilation chamber.
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obtained. The assimilation chamber was sealed off from 

the rest of the circuit and the plant exposed to ll*C02 for 
30 minutes as described in the following section. After 
this presentation period, the chamber was reconnected to the 
IRGA and a second photosynthesis reading obtained as above.

The values of net photosynthesis presented (in mg C h-1plant_1) 
are the means of these two readings.

Sampling commenced seven d.a.s. for Clipper and continued 
thereafter at seven day intervals until the experiment was 

terminated 28 d.a.s. for L.D. treatment and 35 d.a.s. under 
D.E. and S.D. conditions. The very rapid plant growth of 
Clipper in L.D. and D.E. conditions meant that older plants 
could not be positioned in the chamber without physical 
damage to the main stem and leaves and therefore fewer samples 
were taken than had been hoped. Samples were taken seven,

14 and 24 d.a.s. for Golden Promise and continued at seven 
day intervals until 46 d.a.s.

iii) 1L*C-labelled assimilate movement to the main

shoot apex.
The circuit and chamber described above were modified

14to allow the plant to be labelled with C02> Two
3ethanolamine traps, each containing 5.0 cm of an ethanolamine:

2-methoxyethanol solution (1:1 v/v), were positioned in
14series prior to venting in order to absorb C02 not 

assimilated by the plant both during the initial period of 
photosynthesis and after feeding. These were emptied into 
10.0 cm^ graduated conical flasks at the end of both periods 
and each trap flushed with a further 5.0 cm aliquot of the 
ethanolamine: 2-methoxyethanol solution. The efficiency of 

these traps was estimated to be 96.9% (S.E. * 0.8%).



. 14Five ¿il of C-sodium bicarbonate (equivalent to 10.0 îCi) 
was placed in a small watch glass inside the chamber at the 
beginning of the experiment. After the initial net photo­
synthesis value had been determined, the air flow was 
disconnected and the chamber sealed off from the rest of the
circuit. A small quantity of 0.1N lactic acid was added by

. 14syringe through a serum stopper to liberate the C02 for
a presentation period of 30 minutes. The chamber was then

. . 14reconnected to the circuit and the residual CO2 flushed 
into the series of ethanolamine traps as described above.

For each of the four flasks of absorbent per plant, 2.0 
cm aliquots were incorporated into 15.0 cm of toluene-based

scintillation fluid (containing 5.5g PP0, 0.5g dimethyl
Q 3P0P0P, 200 cm 2-methoxyethanol and 800 cm toluene) in a

glass counting vial and counted on a Packard scintillation
spectrometer. A calibration curve was constructed for

14counting efficiency (Fig. 41) using C-hexadecane as an 
internal standard (lOpl = 1.7492 x 10^ DPM) and the counts 
(minus background level) expressed as disintegrations per 

minute (DPM).
Radio-isotope (14C02) uptake by the plant was calculated 

from the following equations:
Total 14C02 in chamber at start of expt. = 10 tyiCi) x 3.7xl04DPM

= A

Total 1‘tC02 fed to plant = A - (DPM trap 1+DPM trap 2) = B
Total "^COj left after feeding = B - (DPM trap 3 + DPM trap 4)

= C

•*. Total ll+C02 fixed = B - C = D

The fed plant was removed from the assimilation chamber 
and returned to the appropriate photoperiod treatment for 24h.
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The main shoot apex was dissected out as described in
q

Section 1 (page 29) and placed in 1.0 cm ’Soluene 350', a 
tissue solubiliser, in a glass counting vial for 24h at 50°C. 
Fifteen ml of toluene-based scintillation fluid (containing 
5.0g PPO, 0.5g dimethyl P0P0P and one litre toluene) and 

the radioactivity determined as previously. The radio­
activity of the apex fainus background level and computed as
DPM), E, was then used to determine the percentage of the 

14plant CO2 uptake transported to the main shoot apex (E/D
x 100%). It should be noted, however, that this value is
not equivalent to the proportion of the 14-carbon available

14for incorporation. Loss of COj will occur during the 24h 

period following feeding and this may differ between 
cultivars and daylength-photoperiod treatments. This 
parameter was not measured in this study and will be discussed 

later in the section.
14 . .Finally, the total amount of C-labelled assimilate 

incorporated in the apex was calculated by multiplying the 
whole plant net photosynthesis (from IRGA measurements) by 
the percentage of the lijC02 fixed by the plant accumulated 
in the apex and the results expressed as mg C h 1.

RESULTS
The influence of daylength and photoperiod treatment 

(using an extended day period) on apical growth and development 
of Clipper and Golden Promise has been discussed previously 
(Section 3) and will not be commented upon further. The 

Results section will concentrate on the effect of these 
treatments on the movement of C-labelled assimilate to the 

main shoot apex for Clipper and Golden Promise (Fig. 42)
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t-• 14fig. 42. Effect of photoperiod (day extension) on C-assimilate
movement to the main shoot apex in Clipper and Golden
Promise (growth room).
Each point is a mean of between two and four plants. 
Arrows indicate onset of spikelet primordium production. 
• = Short day, S.D., 8h day 
□ = Day extn., D.E., 8+8h day 
o = Long day, L.D., 16h day
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although reference to the apical response will be made in 
the Discussion.

14Accumulation of C-assimilate into the apex increased 
with age of plant for both cultivars and the amount 
incorporated was increased in L.D. compared to S.D. 

conditions. The cultivars exhibited differences in the 
magnitude of their response to long days thus confirming the 
pattern of apical growth and development described in 
previous studies.

For Clipper, the incorporation of 14-carbon into
the apex under long days was significantly greater (p - 0.05)
after two weeks and this coincided with the increased apical

14growth observed earlier. Accumulation of C-assimilate 
was similar in both L.D. and S.D. treatments during the early 
growth of Golden Promise and was not significantly increased 

(p - 0.05) until plants were 22 days old. Labelled 
material continued to be accumulated at a constant but slow 
rate under short days for both cultivars and, after five 
weeks, the absolute amount incorporated was similar (2.0 x 

10  ̂mg C h ''').
The influence of photoperiod (Day extension treatment) 

on the incorporation of labelled material into the apex 
again reflected the difference between the two cultivars in 
the magnitude of their response to daylength. For Clipper, 
assimilate movement increased with increase in photoperiod 

(significant, p i 0.05, at three weeks) and the subsequent 
pattern of accumulation was intermediate between that found 

in L.D. and S.D. conditions. Photoperiod had no effect on 
the amount of 14-carbon present in the apex of Golden 
Promise, however, and the pattern of accumulation was similar

rt
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in both treatments throughout the experimental period.

The influence of daylength and photoperiod on the
14absolute amount of C-assimilate incorporated into the apex 

may be caused by either or both a change in net photosynthesis 

of the plant or by a change in the pattern of ^C-assimilate 
distribution. The effect of these treatments on net carbon 
dioxide uptake per plant and the percentage of the ll*C02 

uptake translocated to the apex is shown in Figs. 43 and 44 
respectively.

14The increased C-assimilate accumulation in the apex 
of Clipper in L.D. and D.E. treatments is more clearly 
attributable to the increased proportion of translocate to
the apex than to any differences in plant net photosynthesis.

14In contrast, the increased incorporation of C-assimilate 
in the apex of Golden Promise in L.D. compared with D.E. and 
S.D. treatments appears to be caused by increased plant net 

photosynthesis in long days rather than to any differences 
in assimilate movement. For Clipper, the net carbon dioxide 

uptake was slightly higher in L.D. than in D.E. or S.D. 
conditions for all sample occasions but was only just 

significant (p - 0.05) at week three. The large L.S.D.
value (26.0), however, indicates that the measurements 
obtained were rather variable (cf. Golden Promise, 41.6) and 
this may have obscured any small but important differences 
between treatments. Similarly, no measurement of net 
photosynthesis of L.D. plants of Clipper was taken 35 d.a.s. 
when greater differences in C02 uptake between treatments as 
plants aged may have been expected (cf. Golden Promise).
The data suggests, therefore, that assuming the photosynthetic 
efficiency (i.e. the conversion of carbon dioxide uptake
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fig. 43. Effect of photoperiod (day extension) on net photosynthesis 
of single barley plants of Clipper and Golden Promise 
Cgrcwth room).
Each point is a mean of between 2 and 4 plants.
Vertical bars indicate L.S.D. significant at p s0.05, 
calculated following an analysis of variance for each 
cultivar separately.
• = Short day, S.D., 8h day 
□ = Day extn., D.E., 8+8h day 
o = Long day, L.D., 16h day
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into assimilate) was similar for Clipper in all three treat­
ments, the potential assimilate supply to the meristematic 
regions of the plant including the main shoot apex would also 
be similar.

Net plant photosynthesis of Golden Promise was similar
in all three treatments during early growth (Fig. 43) but
later increased 32 d.a.s. (p ± 0.05) in L.D. compared with
D.E. and S.D. treatments and this difference was maintained

throughout the remainder cf the experimental period. The
increase in the rate of plant net photosynthesis with time
appeared to be unaffected by photoperiod treatment.

The effect of daylength and photoperiod on the partitioning

of labelled material for Clipper (Fig. 44) paralleled the
14response pattern showed by the accumulation of C-assimilate

in the apex (Fig. 42). In view of the limited response of
net plant photosynthesis to these treatments it is suggested

14that the incorporation of C-assimilate in the apex of
Clipper in L.D. and D.E. conditions may be due to increased
percentage distribution of assimilate. The increased
percentage distribution to the apex in long days occurred
after two weeks and continued to rise exponentially until

14nearly two percent of the C02 uptake was transported to the 
developing apex after four weeks. Distribution of labelled 
material to the apex was significantly increased (p - 0.05) 
three w.a.s. in D.E. compared with S.D. treatment but 
continued to increase at a slower rate than in long day plants. 

The percentage movement to the apex was maintained at a 
constant but slow rate in short days and this was reflected in 
the low absolute incorporation of labelled material (Fig. 42).

For Golden Promise, the percentage distribution of
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labelled material increased initially at a slow, constant
rate in all treatments (Fig. 44) but subsequently increased
in L.D. conditions (32 d.a.s.) and was significantly greater
(p - 0.05) after 46 days. Although the exact timing of this
increase cannot be determined, it would appear that it
occurred after the increased rate of net plant photosynthesis

(Fig. 43). It is suggested, therefore, that the increased 
14C- accumulation in the apex was due to the increased 
assimilate supply to the apex as a result of greater plant 
net photosynthesis. The larger sink size subsequently 
increased the demand for assimilates and hence altered the 
partitioning of carbohydrate such that a larger proportion was 

translocated to the main shoot apex.

DISCUSSION
The influence of daylength and photoperiod on the pattern 

of 14C-labelled assimilate accumulation in the apex for both 
Clipper and Golden Promise reflected the response of apical 
growth and development to these treatments (Section 3). 
Incorporation of labelled material increased significantly 
after two weeks in long days for Clipper and after three weeks 
with day extension treatment. It was suggested that the 
increased 14-carbon accumulation resulted from the increased 
proportion of assimilate distribution to the apex rather than 
to any immediate change in plant net photosynthesis. For 
Golden Promise, incorporation of labelled material did not 
increase in L.D. compared with D.E. and S.D. treatments until 

32 d.a.s. and appeared to be due to increased CO2 uptake 
rather than to differences in the partition of assimilates.

The potential assimilate supply to the main shoot apex
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is determined by the photosynthetic capacity of the plant 
(which is itself dependent on the number, surface area, 
position and age of the expanded leaves of the plant), the 

photosynthetic efficiency (here, defined as the efficiency of 
conversion of C02 uptake by the plant to assimilate available 
for transport to the apex) and on the pattern of translocation. 
The distribution of assimilate may be controlled either 
directly by environmental factors (e.g. by affecting the 
loading of assimilate into the phloem, cf. Wardlaw 1968) or 
by competitive demand from the actively growing meristematic 
regions such as expanding leaves, main shoot apex, internode 

meristems, tiller buds and root meristems.
During the early growth of the plant, assimilates are 

translocated freely about the plant (Quinlan and Sagar 1962, 
Doodson et al 1964 and Rawson and Hofstra 1969). The main 
shoot apex will, therefore, be in competition from the other 
meristematic regions and, in particular, from the expanding 
leaves (Dale and Felippe 1972, and Felippe and Dale 1972, 1973) 
and thus the supply to the apex will be very small (Fig. 42, 
cf. Felippe and Dale 1973). Assimilate supply will increase 
with age due to both the increased plant photosynthesis 
(Fig. 43) as a result of increased leaf surface area per plant 
as the plant ages (due to both increased leaf and tiller number) 
and due to a change in the partitioning of assimilate (Fig. 44) 
as a result of increased sink size and thus greater demand.
In later growth, assimilates tend to be translocated 
preferentially to the nearest actively-growing sink such that 
upper mature leaves supply expanding leaves, stem and terminal 
meristem whereas lower leaves supply the base of the stem,

roots and tillers
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The influence of daylength and photoperiod treatment on
the incorporation of 14-carbon into the apex of Clipper and
Golden Promise paralleled the observed contrasted apical

14response pattern. C-accumulation was affected by both
the photoperiodic and radiation components of daylength in 
Clipper but Golden Promise responded only to the radiation 
component. The contrasted response may be due to the 
different relative influences of the two physiological 
determinants of carbohydrate accumulation in the apex - 

photosynthetic capacity and assimilate distribution.
The greater 14-carbon incorporation for Golden Promise 

under L.D. compared to D.E. and S.D. conditions was 
associated with the higher net carbon dioxide uptake thereby

increasing the assimilate 'pool1 for translocation.
14Partitioning of C-assimilate to the apex did not increase 

until after apical growth had been accelerated, i.e. after 
apical size and, therefore, demand had been increased.

The increased plant net photosynthesis under long days 
for both cultivars (significant for Golden Promise after 32 
days but only slightly increased for Clipper), may be caused 
by either an increased leaf surface area per plant (either 
due to higher leaf number, leaf surface area or tiller 
number) or to an increased photosynthetic efficiency.

Leaf surface area was not measured but data for leaf 
number per main shoot and tiller number (not presented) 
indicate that both parameters are increased in L.D. compared 
with D.E. and S.D. conditions after 24 days for Golden 
Promise and these differences were maintained throughout the 
experimental period. In Clipper, leaf number was greater in 
L.D. than D.E. or S.D. treatments from week three until
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flag-leaf emergence at week five, however, tillering was 
inconsistently affected by treatment.

Similarly, Friend et al (1967) working with wheat 
also noted an increased leaf area per plant with increased 
photoperiod treatment and this was caused by both an 
increased leaf and tiller number. Friend et al (1962) on 
wheat and Kirby and Eisenberg (1966) on barley, however, found 
that leaf surface area increased in long days until leaf 
three but later decreased. It can be suggested, therefore, 

that the significantly increased net photosynthesis of 
Golden Promise can be attributed to the increased leaf surface 
area per plant as a result of increased leaf number per main 
shoot and tiller number. Neither component may have been 
sufficiently increased in Clipper to offset the presumed 
reduction in leaf area to significantly increase net photo­

synthesis .
Dale and Felippe (1972) and Felippe and Dale (1972) 

examined the effect of shade treatment on young barley plants 

(cv. Proctor) and suggested that shading reduced carbon 
dioxide uptake both directly through an effect on the photo­
synthetic rate and also through a morphogenic system which 
reduced the photosynthetic efficiency of the leaves. A 
similar situation may occur as a result of short day treatment 
or as a result of low total light energy in a given photo­
period with a subsequent reduction in assimilate supply.

The increased 14C-assimilate accumulation under L.D. 
and D.E. conditions for Clipper on the other hand was attributed 
to the increased percentage distribution of 14-carbon to the 
apex rather than to the slightly increased plant net photo­
synthesis. The increased partitioning to the apex may be



due to either a direct effect of light on translocation, e.g. 
loading on translocate from leaves into phloem traces 
(cf. Wardlaw 1968) or through an effect of daylength on 
apical growth resulting in increased sink size and therefore 
increased demand for assimilates.

Felippe and Dale (1972) have suggested it unlikely that 
light directly affects the loading of assimilate into the 
translocate system and it seems more probable that assimilate 
movement was increased to the apex as a result of increased 
demand due to increased sink size.

Seedling emergence occurred five d.a.s. in all three
treatments and the influence of daylength and photoperiod
treatments on apical development was observed shortly after
the time of the first sample (seven d.a.s.) with the earlier
onset of spikelet primordium set down. Clearly, the
increased daylength and photoperiod stimulus was rapidly

perceived resulting in accelerated apical development and
spikelet primordium production which was reflected in a
significantly greater 14-carbon accumulation in the apex after

] 4only 14 days. Little difference in the magnitude of the C- 
assimilate incorporation between treatments would be expected 
at seven days because the first leaf does not supply the 
apical region until day six (Felippe and Dale 1973). Ryle 
and Powell (1976) found that there was only a slight delay 
of one to two days between differences in the light treatment 
(as a result of contrasting light intensities) being reflected 
in the translocation pattern of Lolium temulentum although 

complete adaptation may not occur until day seven.
A similar situation is envisaged for Clipper in which the 

accelerated apical development and spikelet primordium

151
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production resulted in a greater proportion of the assimilate 
being transported to the main shoot apex because of increased 
sink strength.

The absolute amount of "^C-assimilate incorporation
will also be determined by the amount of lost by
respiration during the 24h period following feeding. Various

attempts have been made to estimate this loss and values include
20% for wheat (Rawson and Hofstra 1969 and Rawson and Evans
1971), 33% for barley (Birecka et al 1967) and 35% for
Lolium temulentum (Ryle 1972). In a detailed study, Ryle
et al (1976) on the uniculm barley cultivar, Kindred, found 

14that the loss of C-assimilate through respiration after 24h 
could be as high as 50%, of which most occurred after the 
first three hours. He distinguished two types of 
respiratory loss: an initial high rate of biosynthetic 
respiration loss (as a result of translocation to meristems) 
of 25 to 35% over the first 24h followed by a second, constant 

but slow rate of efflux, maintenance loss (due to respiration 

of mature tissues) of 12 to 27%.
No measurement of respiratory loss was made in this 

study but it should be noted that Ruckenbauer (1975) has 
suggested that respiratory losses may differ between cultivars 
and it has been shown (Hofstra et al 1969 and Ryle et al 1976) 
that light intensity and daylength may also affect this 
parameter. Clearly the incorporation of labelled material 
may be due to differences in respiration rate between the 
treatments rather than to simply differences in net photo­
synthesis or in dry matter distribution. Further physiological

14research is required to elucidate the response of C- 
assimilate incorporation to daylength treatments with respect
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to this parameter.

The effect of daylength on apical development may either 
be direct, resulting from an increase in net photosynthesis 
or indirect, as a result of influencing the rate of develop­

ment and spikelet primordium production say, by affecting 
hormonal levels within the shoot apex. As a result of the 
greater sink strength, an increased proportion of the 
available assimilate will be transported to the apex. In view 
of the contrasted response between Clipper and Golden Promise, 
it is suggested that daylength may control the absolute 
amount of assimilate available for translocation while super­
imposed on this, is the effect of photoperiod on the growth 
and development of the actively-growing tissues such as the 
main shoot apex and thus the relative sink strength. In 
the case of the photoperiodically-sensitive Clipper, both 

factors will influence the incorporation of assimilate into 
the apex whereas, for Golden Promise, only the availability 
of assimilate will influence apical growth. It is envisaged 
that the two patterns of assimilate incorporation described 
above would apply to all barley genotypes although only photo- 
periodically-responsive cultivars would exhibit the second 

pattern of incorporation.
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GENERAL DISCUSSION

The one hundred barley cultivars examined in the initial 
glasshouse daylength study exhibited a wide range in the 

magnitude of the response of spikelet number per main ear to 
daylength. This suggested that barley genotypes could be 
regarded as quantitative long day plants in that the growth 
and development of the plant was hastened by long days.
Spikelet number per main ear was generally unaffected by 
daylength treatment but 18 of the 98 cultivars for which 
results are available showed a significant reduction (p ~ 0.05) 
in spikelet number in long days and four cultivars exhibited 
a significant increase in long days.

From this initial study, the effect of daylength on 
apical development of a selected number of genotypes which 
contrasted in their spikelet number response to daylength was 
examined in growth rooms. The effect of daylength in the 
field was carried out using sowing date treatments in 1976 and 
1977 on a further number of selected genotypes which again 
contrasted in their spikelet number response to daylength.
The influence of sowing date on spikelet and grain number per 
main ear, and on grain yield was also examined in these 

cultivars.
Apical development was accelerated for all cutlivars in 

long days compared with short days (growth rooms) and by late 
sowing compared to early sowing (in the field). Cultivars 
differed in the magnitude of their apical response to daylength 
and to sowing date and it was suggested that cultivars could 
be broadly divided into two groups on the basis of this

Group one cultivars were characterised by showing

1

response.



a marked sensitivity to long day and late sowing treatments 
and were considered to be early genotypes (Table 27). Group 
two cultivars were less responsive to daylength and sowing date 
treatments and were considered to be late genotypes (Table 27). 
This is in agreement with earlier work by Bell (1939) who 
suggested that genotypes which reach anthesis relatively 
early from a late spring sowing exhibit a more marked sensi­
tivity to daylength than later cultivars.

It was suggested that Group one cultivars consisted 
mainly of Mediterranean and Australian cultivars whereas Group 
two cultivars consisted generally of N.W. European genotypes 
(cf. Aspinall 1966). In Mediterranean and S. Australian 
environments, the optimal date of ear emergence is governed 
principally by the onset of soil moisture stress in spring and 
therefore cultivars are sown in a daylength from 10 to 13.5h 
during the period of spikelet primordium production. Although 
final spikelet numbers are lower than in Britain, the 
accelerated plant growth and development results in higher 
yields than would be obtained with British cultivars which 
would ear later and thus be subject to drought conditions. 
Scottish growing conditions, however, require genotypes which 
are relatively insensitive to environmental factors including 

daylength during the period of spikelet primordium production 
and thus have the ability to maintain comparatively high 
yields even from later sowings. From this point of view it 
is interesting to note that the two cultivars which were 
least responsive to daylength in the growth room (Golden 
Promise and Ymer) are particularly associated with Scotland.
Ymer was formerly the most popular cultivar and Golden Promise 
currently is the most widely-grown cultivar occupying nearly
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70% of the barley acreage in Scotland.

A high spikelet primordium maximum was associated with 
correspondingly higher spikelet and grain numbers than a 
lower maximum under both controlled environment daylength 
studies and in sowing date treatments in the field. Grain 
yield (per plant) was clearly linked with ear number per 
plant and with grain number per ear, thus indicating the 
importance of sink capacity in determining fj.nal grain yield. 
It has been suggested that modern cultivars have higher 
yields than older varieties because of better dry matter 
distribution rather than greater total dry weight (Thorne 
1966, 1974; Holliday and Willey 1969 and Bingham 1969, 1971). 
Kirby (1973a) has suggested that the more efficient 
partitioning of carbohydrate may be attributed to the larger 
ears of modern genotypes and to reduced competition from non­
productive high-order tillers. This study has stressed the 

importance of grain number per ear in determining final grain 
yield and many other studies have also reported the physio­
logical desirability of having a large grain number per ear 
for both barley (Kirby 1973a and Dyson 1977) and for wheat 
(Donald 1968, Rawson 1970, 1971 and Kirby 1974).

Grain number per ear may be increased either by 

increasing maximum spikelet primordium number or by increasing 
the proportion of the maximum which eventually form spikelets 
and set grain. Maximum spikelet primordium number is 
determined by the duration of the period of set down and by 
the initial rate of production (page 43). Maximum spikelet 

primordium number could be increased by a longer
period of set down either as a result of an earlier onset of 
initiation or a delay in the cessation of production.
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However, in this study, an earlier onset was associated with 
a small leaf number and selecting for this feature is, 
therefore, probably inadvisable in view of the limited 

photosynthetic capacity during later growth. A delay in the 
cessation of spikelet primordium production may also be 
inadvisable because of the reduced period for optimal grain 
filling during the long days and high radiation levels in 
June and July. Similarly, a late harvest as a consequence 
of the extended period of set down may result in grain loss 
due to heavy rainfall during autumn.

number
A high spikelet primordium/may be attained following a 

rapid rate of set down but this is normally associated with an 
earlier cessation of production and a comparatively low 

final number. Spikelet primordium number would be increased, 
however, if a high rate of production could be maintained 
over a long period and Rawson (1971) observed that these 
features were characteristic of Triticale wheat. He 
attributed the high spikelet number to the concurrent develop­
ment of spikelets along the apex and other workers (Pinthus 
1967; Fisher 1973 and Holmes 1973) have also found this to be 
a characteristic of high-yielding Mexican dwarf wheats.
Holmes (1973) has suggested that the pattern of spikelet 
organogenesis may be linked to the low rate of GA utilization 
within the apex as described previously (page 83). No marked 
difference in the pattern of spikelet development within the 
apex was noticed between cultivars in short days in this 
study but the contrasted apical development between, for 
example, Clipper and Golden Promise with L.D. treatment 
confirms the importance of concurrent spikelet development in 
attaining a high maximum. Maximum spikelet primordium

• • it \



number could, therefore, be increased if the sink strength 
of the shoot apex could be increased early on in apical 
development with a corresponding increased assimilate supply 
to the apex but without rapid spikelet organogenesis in 
relation to spikelet primordium set down. The importance 
of maintaining a large assimilate supply during apical deve­
lopment especially in British genotypes is discussed later.

This study (Section 1) has stressed the importance of 
daylength in influencing apical growth and development in the 
field but other environmental factors including temperature 
are confounded with daylength in the different sowing date 
treatments used in the field. The influence of temperature 
on apical development was examined in growth rooms (Section 
2) for two cultivars, Clipper and Golden Promise, which 
contrasted in their apical response to sowing date.
Increased temperature (20°C compared with 14°C) accelerated 
apical development for both cultivars but the two cultivars 
differed in the magnitude of their response and this 
paralleled the response observed to both daylength and sowing 
date treatments. This cannot be taken, however, to indicate 
that cultivars sensitive to daylength will be equally 
responsive to temperature and it has been shown that the 
second order interaction between daylength, temperature and 
cultivar on apical development is complex (Aspinall 1969 and 
Rawson 1970, 1971). The similarities of the apical response 
to temperature and to sowing date treatment suggested that 
temperature also influences apical development in the field. 
Takahashi and Yasuda (1960) have suggested that early 
cultivars of barley were responsive to temperature but not 
later genotypes. It may be suggested that early and late



genotypes with regard to their temperature response may be 
similarly characterised by the patterns of development 
outlined in Table 27 although there is no reason, per se, to 
suggest that temperature and daylength influence apical 
development through the same system of control. Further 
work is required in this area to elucidate the physiological 
response of apical development to variations in temperature.

More detailed physiological analyses of the effect of 
daylength on apical development was carried out in Sections 
3 and 4 on a limited number of genotypes which contrasted in 
their spikelet number response to daylength in the glasshouse 
(Section 1). Daylength contains both a photoperiodic and a 
radiation component and the relative influences of these 
components on apical development was evaluated using both 
Night interruption and Day extension treatments. Cultivars 
which were highly sensitive to long days (e.g. Clipper) 
responded to both the photoperiodic and radiation components 
whereas cultivars which were less responsive to daylength 
treatment (e.g. Golden Promise) were only sensitive to the 

light energy available for photosynthesis.
It was suggested that, for the photoperiodically- 

sensitive genotypes e.g. Clipper, photoperiod accelerates 
apical development and spikelet primordium production resulting 
in greater sink strength and thus in increased distribution of 
assimilates to the main shoot apex. The very rapid apical 
development results, however, in an earlier cessation of set 
down and a low spikelet primordium maximum. It is envisaged 
that the earlier cessation of set down is a result of either 
competition within the apex for assimilates or in different 
rates of utilization of endogenous gibberellic acid similar to



that outlined by Kirby and Faris (1970) and Holmes (1973) 
(cf. page 83).
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Radiation level (either by increased light intensity 
within one photoperiod regime or higher radiation level 
within different photoperiods) appears to affect apical 
development by influencing photosynthesis and thus assimilate 
supply to the apex. It is suggested that if there is a 
large 'pool* of available assimilate then apical development 
and spikelet primordium production will proceed at a fast 
rate and continue over a comparatively long period. However, 

if the radiation level is low, apical growth and development 
will be delayed and spikelet primordium production will 
cease earlier (cf. Dale and Felippe 1973). It may be that 
all barley cultivars examined in this study would respond to 
increased radiation levels in this way.

The effects of photoperiod and radiation level on 
apical development and assimilate movement to the apex 
described above have two important implications for plant 
breeding. It is suggested that the 'earliness' of a cultivar 

(Table 27) is partly determined by its photoperiodic sensitivity 
(cf. Clipper - early genotype, and Golden Promise - late 
genotype). In view of the greater contrast in daylengths 
with progressively later sowing in Scottish compared with 
English growing conditions, it is suggested that new genotypes 
for Scotland should be selected which are insensitive to 
photoperiod. Photoperiodically-insensitive cultivars may be 
rapidly selected by examining the apical development of the 
new genotype in two photoperiod treatments (8h S.D. coupled 
with either a Night interruption of Day extension treatment) 
until maximum spikelet primordium number is attained.



Genotypes which determine a high spikelet primordium maximum 
in both treatments may be regarded as photoperiodically- 
insensitive and, providing other morphological characters are 
optimal, may be sown in areas which show marked differences 
in daylength conditions (e.g. different sowing dates in 
North Scotland) anc}/maintain a relatively high spikelet 
number per ear.

Secondly, Sections 3 and 4 have stressed the importance 
of maintaining an adequate supply of assimilate to the apex in 
order to attain a high maximum spikelet primordium number and 
thus also a high spikelet number, and this was particularly 
evident for the photoperiodically-insensitive Golden Promise. 
Maintaining a high assimilate supply to the apex is 
particularly important for Britain as a whole, and for Scotland 
in particular, because radiation levels may be quite low and 
are generally lower than say, in Australia (Thorne 1974). 
Williams and Hayes (1977) noted a strong correlation between 
final spikelet number per ear and the area and duration of 
the F-2 leaf (i.e. second leaf before the flag leaf) thus 
suggesting the importance of a large leaf area per plant 
during the pre-anthesis period of plant growth and development. 
Although this was not examined directly in this study, 
results for leaf number per plant (not presented) indicate 
that the F-2 leaf emerged shortly before the spikelet 
primordium maximum per main shoot apex was determined. This 
leaf would, therefore, supply the main shoot apex during the 
critical period of development including the determination of 
the spikelet primordium maximum and subsequent tip degeneration.

It is clearly important to optimise assimilate movement 
to the apex during this period of development and it may be
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possible to achieve this by selecting for a large leaf-area 
during the pre-anthesis period. Although it has long been 
recognised by plant breeders that optimal carbohydrate 
supply to the ear during grain filling is important, few 
studies have examined the range in pre-anthesis leaf area 
between genotypes. Cultivars with a high leaf area may 
have an increased potential supply of assimilate available 
to be transported to the developing apex and therefore 
potentially more able to maintain a high spikelet number.
A greater assimilate supply to the apex may also be achieved 
by increased distribution of assimilate and, in this context, 
it is important to supply only the apices which will eventually 
be fertile and contribute to final grain yield. Increased 
carbohydrate movement to these apices could therefore be 
achieved at the expense of high-order tillers.

The underlying objective of this thesis has been to 
develop a better understanding of the influence of one 
environmental factor, daylength, on the apical development 
and subsequent grain number per ear both in controlled 
environment conditions and in the field, as a means of helping 
plant breeders gain a better insight into the physiological 
parameters affecting ear development in the field. The 
influence of daylength on spikelet number per ear was 
examined in the glasshouse for a large number of cultivars and, 
from the range of response exhibited, cultivars were selected 
for more detailed physiological analyses of the response of 
apical development to daylength both in controlled environment 
conditions and in the field using sowing date treatments.
These studies have enabled us to gain a better understanding 
of the physiological response of apical development to daylength

" -
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and have also drawn attention to other areas which require 

further study. A feature of this thesis has been an 
examination of the implications of these physiological 
studies for plant breeding, with particular regard to geno­
types which are appropriate to Scottish growing conditions.
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APPENDIX TABLE II

Influence of sowing date on plant number per plot for 15

barley cultivars in the field in 1977. A negative value

denotes an increase in S.2.

Cultivar Plant no. per plot % reduction in S.2

Clipper 19.0 * 30.3 -59.6

Spartan 16.0 it 28.7 -79.2

Cl 5791 18.3 * 28.7 -56.4

Ingrid 16.7 27.0 -62.0

Chevallier 17.7 î’c 28.3 -60.3

Bohmervald 16.0 * 29.7 -85.4

Lami 21.3 * 30.7 -43.8

Domen 16.0 i: 29.3 -83.3

Afghan R668 15.7 it 22.3 -42.5

Maris Mink 19.3 it 30.0 -55.2

Golden Promise 16.3 « 27.0 -65.3

Spratt 15.0 * 27.7 -84.5

Hillmarsh 17.3 it 28.3 -63.5

Uzu 17.3 ft 29.2 -69.2

Ymer 23.7 & 30.7 -29.6



APPENDIX TABLE Illa
Influence of sowing date on components of grain yield per plant. Sewing 1.

Cultivar
Ear no./ 
plant a

Grain no./ 
main ear b

Grain no./ 
tiller earc

Grain no./ 
ear d

1000
Grain wt./ 
main ear e

1000
Grain wt./ 
tiller eare

1000
Grain wt./ 
ear e

Early 12A Bonus 5.S 22.6 18.1 18.9 48.5 43.1 44.1

Clipper 7.2 11*. 7 12.7 13.0 51.8 45.6 46.4

Spartan >«.6 11.8 11.4 11.5 51.4 46.9 47.9

Turkish 5.0 18.5 16.0 16.5 61.3 51.7 53.6

a  5691 5.7 18.2 14.8 15.4 48.7 w+.6 45.3

Ingrid 6.1 23.5 19.1 19.8 49.3 42.1 43.3

Banba 5.0 25.5 20.7 21.6 45.9 39.9 41.1

Chevallier 5.7 19.9 17.2 ' 17.7 53.5 47.2 48.3

Midas 5.2 26.7 22.9 23.7 41.2 34.8 36.0

Bohmezwald >«.6 25.9 19.9 21.2 48.5 41.2 42.8

Heils Franken 4.4 21*.7 20.8 21.7 53.3 49.8 50.6

Lami 6.3 23.6 20.8 21.2 49.8 44.6 45.5

Mjjni ’ 5.1 25.8 21.6 22.4 35.4 30.0 30.9

Charlottetown 80 *+.*+ 26.3 21.7 22.7 45.3 40.1 41.3

Denen 4.4 21*.1 19.1 20.3 49.3 40.1 42.2

Scotch Cannon 4.7 26.5 20.1 21.5 45.9 37.7 39.5

TVra 6.9 26.0 16.5 17.1 52.4 44.4 45.5

Proctor 5.>» 25.9 20.1 21.2 44.9 38.1 39.4

Ark Royal 6.4 21*.3 20.7 21.2 46.5 40.5 41.4

Afghan R668 5.5 22.3 18.3 19.0 50.1 42.9 44.2

Zephyr 5.2 26.0 20.5 21.5 48.5 39.5 41.3

Maris Kink 5.5 24.2 20.2 20.9 42.4 38.2 39.0

Ariel 4.6 26.2 21.5 22.5 49.7 44.4 45.6

Golden Premise 5.7 25.4 20.5 21.3 36.0 30.5 31.5

Abacus ■*.7 26.2 22.5 23.3 54.7 47.6 49.1

Spratt •+.7 27.8 26.5 26.7 48.1 42.0 43.3

Hillmersh 4.6 26.2 21.2 22.3 50.4 44.5 45.8

Uzu 6.0 24.5 16.5 19.5 44.8 38.4 39.5

Ymer 6.2 26.7 20.2 21.3 52.9 44.9 46.2

a = Values Based on a mean cf Between 21* and 92 plants.
B = Values Based on a mean of Between 24 and 92 main ears,
a = Values Based on a mean cf Between 109 and 150 tiller ears,
d = Values computed frem previous colons.
e = Values for 1000 grain weight in g (computed from sub-samples of

25C grain).



Influence of sowing date on catpcnents of grain yield per plant. Sewing 2.

APPENDIX - TABLE IHb

Cultivar
Ear no./ 
plant a

Grain no./ 
sain ear b

Grain no./ 
tinpt ear

Grain no./ 
ear d

3000
Grain wt./ 
main ear

1000
Grain wt./ 
tiller ear®

1000
Grain wt./ 
ear e

Early 12a Bonus *♦.7 21.3 19.4 19.8 49.6 37.8 40.3

Clipper 5.0 15.9 13.4 13.9 51.3 40.1 42.4

Spartan 4.0 13.3 12.0 12.3 49.0 43.4 44.8

Turkish 1106 3.9 17.7 15.5 16.0 63.1 45.1 49.7

Q  5791 4.5 14.7 9.9 11.0 49.5 43.9 45.2

Ingrid 4.5 24.0 20.4 21.2 45.5 34.3 36.7

Banba 4 .1 24.1 18.0 20.0 46.5 36.0 38.6

Chevallier 4.4 20.1 17.0 17.7 49.2 40.6 42.5

Midas 4.8 27.2 22.1 23.2 45.4 34.9 37.1

Bahmervald 4.2 26.1 19.5 21.0 49.6 39.4 41.8

Kails Franken 4.1 22.0 17.6 18.7 50.8 40.0 ■ 42.6

>*.9 22.5 19.3 20.0 51.2 44.3 45.7

Mimi 4.3 26.5 21.2 22.4 39.0 28.1 30.7

Charlottetown 60 3.3 25.0 19.7 21.3 38.2 32.2 34.0

Dcraen 4.3 21.1 18.0 18.7 52.0 38.7 41.8

Scotch Cannon 4.6 23.8 20.1 20.9 46.4 34.0 36.7

Tyra 4.7 21.8 19.0 19.6 59.0 43.8 47.1

Proctor 4.3 26.4 21.3 22.5 49.6 37.2 40.0

Ark Ppyal 5.2 27.6 22.7 23.6 45.1 32.7 35.1

Af^ian R668 5.4 18.1 13.7 14.5 45.3 32.5 34.9

Zephyr 4.2 23.4 20.7 21.3 45.4 39.2 40.7

Maris Mink 4.6 25.8 20.6 21.7 46.4 33.9 36.6

Ariel 4.0 27.2 22.0 23.3 49.3 37.8 40.6

Golden Prardse 3.9 25.9 21.7 22.7 39.9 29.3 32.0

Abacus 3.3 24.4 22.4 23.0 51.7 41.1 44.3

Spratt 3.4 26.4 21.7 23.1 47.5 36.3 39.6

Hillsarsh 4.6 25.5 19.1 20.7 51.1 40.4 42.7

Uzu 4.4 16.2 12.8 13.6 46.5 34.8 37.5

Ymer 4.3 26.2 19.9 21.4 50.3 40.9 43.1

a
b
c

= Values 
= Values 
= Values

based on a 
based on a 
based on a

mean
mean
mean

of between 
of between 
of between

34 and 53 plants.
26 and 93 tain ears.
66 and 150 tiller ears.

d -  Values confuted from previous colums.
e = Values fer 100C grain weisht in g (computed from sub-samples

of 250 grain).



APPENDIX - TABLE IV
Percentage reduction of caipcnents of grain yield per plant in S.2 compared with S.i. A negative value indicates 

an increase in S.2.

Cultivar
Ear no./ 
plant

Grain no./ 
main ear

Grain no./ 
tiller ear

Grain no./ 
ear

1000
Grain wt./ 
main ear

1000
Grain wt./ 
tiller ear

1000
Grain wt. / 
ear

Early 12A Sonus 14.8 5.9 -6.8 -4.3 -2.2 12.4 8.7

Clipper 31.4 -7.9 -5.7 -7.2 0.9 11.9 8.7

Spartan 12.0 -15.4 -5.5 -7.7 *.8 7.4 6.5

Turkish 166 22.8 3.5 2.9 -2.9 12.3 7.2

Cl 5791 22.0 19.3 33.2 28.8 1.8 1.6 0.3

Ingrid 25.7 -2.0 -6.8 -6.7 8.6 18.6 15.2 ’

Eanba 18.1 -2.4 13.1 7.8 4.9 9.3 6.2
Chevallier 22.0 -1.3 1.2 -0.1 8.0 14.1 12.0
Midas 6.9 -2.0 3.6 2.1 -10.1 -0.2 -2.8

Bohmervald 3.5 -0.S 2.2 0.9 -2.3 4.6 2.4

Heils Franken 6.4 10.9 15.1 13.7 4.9 19.8 15.9

Lami 22.6 4.8 6.8 5.8 -2.8 0.8 -0.6

Mimi 29.4 -2.6 1.8 -0.4 -10.2 6.5 0.9

Charlottetown 90 25.5 5.1 9.2 6.3 15.7 19.7 17.5

Doœn 3.0 12.7 6.0 7.6 -5.3 3.8 0.8
Scotch Carnai 2.8 10.4 -0.3 2.4 -1.1 9.9 7.1

Tyra 32.6 -3.6 -15.3 -1U.4 -12.7 1.2 -3.4

Procter 19.8 -1.9 -6.2 -6.3 -10.3 2.4 -1.7

Ark Royal 19.0 -13.5 -9.5 -11.1 3.1 19.3 15.3

Afghan R668 2.2 18.6 25.2 23.7 9.5 24.1 21.0
Zephyr 20.0 9.9 -1.1 0.8 6.7 0.8 1.4

Maris Mink 13.9 -6.9 -2.0 -3.8 -9.4 11.5 6.3

Ariel 13.4 -4.1 -2.3 -3.5 -0.8 15.0 10.3

Golden Pranise 31.4 -1.8 -5.9 -6.6 -10.8 3.3 -1.3

Abacus 30.4 6.8 0.4 1.1 5.4 13.7 9.8

Spratt 27.5 5.0 18.1 13.7 1.3 13.6 8.6
Hillmarsh 0.9 2.9 10.0 8.1 -1.4 9.3 6.8
Uzu 26.1 34.0 30.8 30.4 -3.7 9.4 5.1

ïmer 31.1 1.6 1.8 -0.4 U. 8 8.9 6.7
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