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1.0.0. GENERAL INTRODUCTION.

Competition begins with a shortage of an essential factor and
leads to a relationship of dominance and suppression. In plant
Populations, such competition is manifest by a reduction of individual
Plant yield and changes in botanical composition, and with high plant
Populations by the attainment of ceiling yields and a decline in plant
Bpmbers. Although there have beean many investigations in which the
Water and nutrient supply was regulated, these studies have often falled
to distinguish Yetween various forms of competition or to evaluate the
dogree of competition. DBesause of its ubi»quitcrus nature, light has not
often been considered to be im short supply and this facter was not
sufficiently well understood to manage it effectiwvely in agriculture.
In this thesis, light was the principal factor examined im studying the
Compotition between pasture plants.

Measurements of plant stature, of leaf area distribution and of
light intensity profiles are pertinent te any analysis of competition
for light and there are comparatively few such data for pasture. An
a3sogiation of species of contrasting growth habits provides a suitable
Starting point for studies of the mature of the light distributiom im
Swards and of competition for light between individuals. However,
Sompetition for other factors may proceed simultameously with
Competition for light, and any treatment favouring the stature and
leat growth of one member of am association of herbage plants is likely



2e
to give it an advantage with respect to light imterception over other
mombers in the same community, although this difference in stature or
loaf arca may be small initially. In order to understand the role of
light in mixed herbage associations it is necessary to appreciate, inm
the broadest possible terms all the factars which govern the balance
between specias, and a discussion along these lines introduces the
literature review., Light relationships are influenmced by the seed
mixture, by envirommental factors such as temperature and moisture, and
by the effects of defoliation and nitrogen. Although there are
numerous studies involving these factors, there are few light records
amongst them. A catalogue of the available light moasurements in
Pastures is therefare presented, and this s followsd by a discussion
of the role of light in pasture growth. Finally the literature
Yoview covers the techniques of studying competition for light, and
of mpasuring light inmtensities in pastures.

An account of the programme of investigation expressing the
Philosophy of the work dome follows the literature review. The
®Xperimental programme comprised

1) A study of the distribution of vegetationm, leaf area

profile and light gradient im a range of grass and
elover swards.

2) A study of the recovery of clover swards from varying

periods of shading by grass.

3)  An examimation of the growth of individual plants and

leaves in swards of subterransan slover of different

initial densities.



3
The methods, results and discussion deal with each experiment in turnm,

and a general discussion comcludes the thesis.

2.,0.00 LITERATURE REVIEW.

2¢1.0 Factors influeneimg the grass clover belance.

There are countless examples of changes in botamical
Somposition of pasture and these are usually attributed to competition
of one kind or another. In this section of the literature review, somes
of the factors which influence the grass clover belance are examined,
&iving consideration to the possible rels of light im the competition
between species.

The suecession im sown pasture varies a great deal and is
dictated by the emviromment, e.g. moisture, temperature oar mutrient
8upply, and mansgement (Martin Jones 1933, Meadley 1946, Blaser et ml -
195Q, Willoughby 1954, Walker 1960). Small changes in the emvironment
Can hWring about marked changes im the balance between grass and clover
and the reasons for this will become appsrent as the analysis develops.
The fagtors oxamimed are:

(8) Seed rates of srass and clover: this affords the imitial cemtrol
of botaniocal composition.

() The influemce of season: this deals with some dowinant envirom-
mental factors over which there is virtually mo comtrel.

(o) e influence of defoliation: a potent facter in medifying
botanical eomposition.

(@) The influence of applied mitrogens this provides a means of

modifying the botamical composition and imcreasing everall



(e)

(£)

4.

production per unit of land.

The influence of nutrients other tham nitrogen: the necessity
of including certain elements to ensure the presence of clover.
Grazing simultaneously checke and promotes pasture growth, and
80 gemerates changes in botanical composition. Because many
processes operate simultansously under grazing this section

will be a synthesis of the points previously raised.

(a) The imfluence of seed rates on the botamical composition

of mixed pasture.
The initisl conmtrol of botanical composition im

sown pasture may be achieved by adjusting the seed
mixture, but those species which emerge and develop
rapidly, draw on the light, water, and mineral nutrient
supply, to an extent which depresses the development of
the associate species (Donald 1946). Species are usually
rated for aggression on the basis of vigour of emergence
and seedling growth, and both may be modified by manage-
mont i.e. nitrogen applications, time of sowing and depth
of sowing (Blaser et al 1952, O'Brien 1966). Because
of their faster growth rate, grasses are generally mare
aggrossive than logumes (Caputa 1948, Blaser et al 1956a,
BEreughanm 19597)-

Where the nutriemt supply is adequate the rapid
early development of grass roots, fellowed by imcreasing

ti1ler numbersat about four weeks from sowing, gnerally

glwes grass a sirong competitive advantags in mixed
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5e
sowing with clover. High early yields of grass lead
to a reduction of clover yield. Brougham (1954?)
examined sowing mixtwres O, 10, 15, 20, 30, 40 and 60
pounds per acre of short rotation ryegrass with 4 pounds
of red and 3 pounds of white clover. Over a period of
twelve months there were no differences in total yield
between treatments, but the clover content declined
with increasing seed rates of ryegrass. The number of
clover plants surviving six months after sowing decreased
with increasing seed rates of ryograss (Fig. 1) and this
was explained on the basis of competition fer light.

The factors which may lead to clover suppression
when sowing down pasture are:

(a) a beavy sowing of grass to establish a

larger grass population;

(») faster emergence of grass seedlings;

(¢) faster seedling growth by grass;

(d) 1eavy tillering by grass.

Some environmental fastora which may modify the grass
clover balance.

Good managewent is based on s sound appreeciation
of the seasonal produstion of pasture in a particular
enviromment., Blackman (1933) stressed the relevamce of
the seasonal productivity curves of individual species
in & sward, to interpret changes in botamical composition.

Total anmal production may nmet vary greatly, provided no



6o

o ORIGINAL MEANS
3 ADJUSTED MEANS

.92
2

WHITE CLOVER

RED CLOVER

NUMBER OF SURVIVING CLOVER PLANTS AT

SEEDING RATE OF RYLGRASS ({LBS PLR ACRE)

Fige 1o = The number of clover plants surviving in mixture
with varying seeding rates of ryegrass (after
Brougham 19547



Te
extremes in season are encountered (Brougham 1960),
but botanical composition can change merkedly from
year to year.

Soil Moisture: The soil moisture status may alter the

belance between species (Ahlgren amd Fuellemen 1950,
Teterson amd Hagan 1953). A good moisture supply may
counteract the adverse effects of defoliation ar high
nitrogen dressings on the clover content of mixed
pasture (Robinson, Sprague and Iueck 1952, Low and
Armitage 1959)e Where the severity of competition for
moisture can be reduced by tillage practices, clover
may be retained in the pasture (Calder 1952)s In
Southern Australia a large propartion of sown pastures
consist of the annual self-regenerating subterrancan
clover and anmel grasses and these do not germinate
until the opening of the growing season in autumn. If
rain falls early while temperatures are still high, the
pasture temds to be clover dominant; if late,
temperatures are low, and the pasture will be grass-
dominant (Tiver 1954).

Temperature in the presence of applied mutrients may
be quite impartant in promoting early growth of grass
ar clover amd so incline the balance either way. 1In
Southern New South Wales, the application of nitrogen
and phospharus to mixed pasture at the beginning of

the season increased clover yields more, than applica-



Be
tions three months later. Willoughby (1954)
attributed this to the mare effectiwve competition
by clover for these nutrients before temperatures
fells At Jealott's Hill Blackman (1936) found that
nitrogen applied in very early spring while temper-
atures were rising, increased yield at the beginning
of the season (Table 1), and brought farward the first
grezing by a mamber of days.

Table 1

Relative Growth Rates of pastures with varying temperatures

(after Blackman 1936)

Mean soil nitrogen nil nitrogen
temperature applied
(9 SelRe @ 4“)

42° no growth no growth
42-44° 0.024 0.009
44-47° 0.026 0.021

AT 0.039 0.039

The effect of applied nitrogen was greatest
in tke soil temperature rangs from 42-479F, because
of the differential growth of grass and clover at
these temperatures. These examples from Willeughby's
and Blackman's work illustrate the same phemomenan
j.e. the uptake of nitrogen by grass at low temperature,
during the winter in New South Wales and during very
esrly spring in the Upited Kingdon.

Mitchell's studies (Mitchell 1953, 1954, 1955amh,
1956, Mitchell aud Celes 1955), isolated the responses



9.
of the important species of New Zealand sown pasture
plants to the dominant envirommental factors, part-
jcularly light and temperature. In grazing studies
with a ryegrass, white and red clover pasture Brougham
(1959‘3 obtained clover dominance in the late summer
and autumm, and grass dominance during early summer,
spring and winter: the changes in botanical composit-
jon are explained in terms of the differential
temperature and light tolerance btetween species
demonstrated by Mitchell.
Photoperiod: By influencing gstature or modifying the
distribution of plant parts of individual species,
photoperiod may alter the competitive oapacity of
olover and grass (Robinson and Sprague 1947, Keller
and Peterson 1950).
Iight: In reviewing the influsnce of varying light
intensity on the growth of herbage plants, Black
(19579 emphasised that there were no measurements to
show how one species altered the light to another in
a pesture association. Since the publication of
this review there were two further contributions on
the influence of light intensity on the growth of
perbage plants. Gist and Mott (1957) subjected
Medicago sative, Trifolium pratense and lLotus
carniculatus to three light intensities and fowr

levels of watering, at four temperatures and the
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Pig. 2. - The interaction of light intensity and temperature

on the growth of temperate legumes (derived from
Gist and Mott 1957).
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experiment was harvested at 45 days.
The results for the three species were pooled as
they showed similar trends and are presented in
Fig. 2. Decreasing light intensity reduced growth
of both roots and tops. The interaction between
light and temperature was more marked with top growth
than with root growth. When moisture was varied,
only a very small response to increasing soil molsture
was noted at low light intensities: +that is, the
response to light was only fully realised when soil
moisture was adequate. The results showed:-

(a) +that the comparatively large top growth
of red clover at low light intensities
was not accompapied by root development.

(b) that the drought tolerance of lucerne
developed only after the seedlings had
been exposed to high light and had
formed an extensive root system.

Although the highest light intensities im
this experiment did not approach values gemerally
encountered in the open, they were of an arder whieh
might be expected where shading from a taller grow-
ing grass ocouwrs. _

In a clover and ryegrass pasture, Erougham
(1959; found that ceiling yields, and the time re-

quired to reach them, were positively carrelated
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with light and temperature. In winter the
growth rate was dominated by ryegrass and in late
surrer and early autumm by clover. Increases in
the growth rate of ryegrass were associated with
decreases in the growth rate of clover and Brougham
argued that the changes in botanical composition
depended on species temperature tolerance and
inter-species competition for light.
The influence of defoliation on the botanical composition
of mixed swards.

Defoliation is known to exert a strong influence
in modifying the botanical composition of mixed pasture.
Quite apart from any other effects, the act of removing
vegetation changes the light microclimate in a sward.
Although botanical changes can be attrituted to causes
other than light intensity, it is likely that the balance
between species depends in considerable measure on the
light microclimates It is difficult to genmeralise on
the effects of defoliation without specifying the nature
of the defoliation because a pasture may be defoliated
in many ways and to varying degrees. Defoliation by
mowing removes the vegetation abruptly and completely
but with grazing the proc;ss tales place mare gradusally
and involves the return of nutrients and growth-promot-
ing substances to the pasture. In examining the effeots
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of defoliation on the botanical composition of pasture
we are concerned with
(a) the proportion of each botanical component in
the pasture at defoliation,
and (b) the regrowth of each botanical component
between defoliation.
The growth of a species after defoliation is influenced
in part by the energy stored in the residual tissues, by
the amount of assimilating leaf surface that remains or
can be developed within a short time after defoliatiom,
by the mmber of points available to resume growth, amd
by the relative growth rates of the species.
1et us now examine the effects of treatments in
which the frequency and intensity of defoliation are
varied in a pasture consisting of two species, one erect,
ee&+ Tyegrass and the other prostrate e.ge white clowvere.
For the time being let the growth rates of the species be
jdentical and constant throughoute The frequenmey of
defoliation refers to the recurrent reduction in height
of pasture, and is in inverse relation to the intervals
between defoliations - i.e. the periods of regrowth. If
defoliation is frequent, the taller species repeatedly
loses its tissues and is unable to develop full stature
because the period of regrowth is cut shart; in this way
the prostrate species contributes an increasing propartion

of the residual tissues at each defoliatiom. If defolia-
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tion is infrequent, the periods of regrowth are
prolonged and the taller species overshadows the
prosirate species; competition for light gradually
suppressas the prostrate species and the taller species
forms an inoreasing proportion of the residual tissue
at each successive defoliatioms Thus by varying the
frequency of defoliation, differences in residual tissues
between species may develop, to tring about changes in
the botanical composition of a simple mixture.

Intensity of defoliation refers to the height of
pasture remaining at defoliation. Severe defoliation
removes the bulk of the taller species and the prostrate
species farms most of the remaining tissues. If
defoliation is lax, sheding of the prostrate species is
intensified as the taller species regains stature. Iax
and infrequent defoliations ascentuate competition for
light, and can be expected to have similar effects.
With intense defoliation the light relationships between
species change drastically and quickly, and for this
reason intensity-of-defoliation~treatments are likely to
show more striking effects on botanical composition than
frequency-cf-defoliatiom-treatments, in which differences
in the light relationships between species develop mare

gradually.
Feedless to say, growth rates vary considerably

botween species and respond differently to climatic
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influences ar artificial treatments, and species and
strains show great variations in growth habit - grasses
are not always erect nor are clovers always prostrate.
Fitrogen promotes the growth of grasses. Consequently
the relationships between species in simple mixture dis-
cussed so far are further modified by differential growth
rates, which are constantly changing. It is not sur-
prising therefore to find changes in botanical composition
attributed to dominant environmental ar seasonal factors
which have a strong influence on the growth rate of
species.

let us now examine the effects of infensity and
frequency of defoliation on the botanical composition of
a mumber of pastures and begin with those studies in
which both were varied at the same time.

Martin Jomes (1933) demonstrated changes in
botanical composition on swards which were inmitially
similar and consisted primcipally of ryegrass and white
clovere. V'Re treatments, and the mature of the changes
weres

(a) very close grazing throughout the growing
season resulted in clover dominance;

(b) very 1ight grasing in spring brought about
grass dominance;

(o) intensive rotational grazimg to 2 ins. in

winter,
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4 ins. in spring andautumm,

and 5 ins. in summer,

reduced the invasion by weeds, and maintained

a desirable balance between grass and clover;

(d) overgrazing in winter and spring and 1light

grazing in summer and autumn, which were

normal farm practice, resulted in a reasonable

balance between grass and clower but a heavy

weed infestation.
Blaockman (1933) explained fluctuations in the red clover
content in a number of pastures on the basis of shading
by the grass component of the pasture, and referred to
differences in time (frequency) and severity (intensity)
of grazing as oritical factars in bringing about changes
in botanical composition.

Beruldson and Morgan (1936) in Victaria varied
the frequency of cutting on a pasture comsisting meinly
of perennial ryegrass, cocksfoot, prairie grass, white
clover and strawberry clover. Table 2 shows the
percentage composition of the total dry matter and the
change over from clover to grass dominance.

A rest period of about a month maintained
clover in the sward, and increased grass production,

especially from 1ate autumn to early spring.
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Table 2.

The Change in botanical composition
by varying the interval between cuts.

(Beruldson and Morgan 1936).

h’eea.tment Grasses legumes Weeds
Cut week1ly 4042 593 0.5
" fortnightly 48.3 5048 0.9
" 3-weekly 48.7 5042 1.1
" 4-week1y 5106 4608 1.6
" S-weekly 568 .8 39.6 1.6
" 8~weekly 6647 31.8 1.5
"
far hay then

" 3-weekly 81.7 16.4 1.9
\
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Peterson and Hagan (1953) showed that the
proportion of grasses increased with frequent cutting.
The plots were cut back to 2 inches and the average

heights on cutting were:

Table 3

Cutting treatments and grass content of
a mixed pasture consisting of seweral
legumes and grasses.
(Peterson and Hagan 1953).

" S——

[nterval between cuts Average height Grass in mixture
when cut July cut September cut
(inches) (per cent.) (per oent.)
2 6-8 20 40
3 9-12 16 34
4 11-20 9 15
5 10-26 4 8
P ——

The table shows that frequent cutting prevented
the pasture from achieving full stature between cuts.
The shorter pastures tended to be white clover dominant
and the taller ones lucerms dominant. Iucernme was a
strong competitor in these mixtures by virtue of its
rapid and erect growth after mowing. Clover was affacted

adversely (Wagmer 1952b), and clover content was reduoced

by infrequent cutting, cutting high or applying nitrogen
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(Sprague and Garber 1950). Conversely clover dominance
developed with frequent and early cutting (Wagner 1952a).

Recent work by Brougham (1959b) showed that in-
frequent grazing favoured grass growth and reduced the
white clover content of mixed pasture; hard grazing
suppressed red clover, but not infrequent grazing.

White clover dominance in autumn was followed by reduced
ryegrass growth in winter. Weed invagion was greatest
with hard grazing. Walker et al (1954) suggested that
in arder to obtain the highest yields of dry matter,
grasses should not be allowed to grow beyond a oertain
stage 1.0+ they should not be allowed to absarb all the
incident light (Brougham 1956).

Intense defoliation generally favours the
retention of clover in mixed pasture. This may vary
with the species of grass in the mixture (Burger et al
1956) and with the amount of nitrogem applied (Robinson
and Sprague 1947, Robinson, Sprague and Ineck 1952, Reid

1959).

In reoent work Brougham (1960) emphasised the
haramful effects of overgrazing during periods of low
pasture production on botanical somposition and total
yield., Hard grazing in summer reduced the ameunt of
grass and jncreased the proportion of white clover iam-
pairing the subsequent produstion of the pastures. Hard

autusn greszing reduced clover yields without adverse
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effect to botanical composition over the whole year
and was recommended to change dominance from clover to
grass, and to encourage tillering in grass.

Most of the experimental data examined are
consistent with the suggestion that the principal effect
of defoliation are due to changes in the light micro-
olimate within the sward. Yet the published comments on
the changes in the botanical composition are often no more
than "Competition far light", "Competition for nutrients"
or "Competition far water, light and nutrients", without
ovidence in support of these statements. It would seem
that many observations recarded in this section could
have been put on a sounder basis had they been interpreted

in terms of 1light intensity readings and measures of L.A.I.

The influsnce of applied nitrogen on the botanical

cmosition of mixed pastures.
To appreciate fully the effects of nitrogen

fertilizer this practice needs to be considered in re-
lation to the function of clover in the pasture. In-
creasing nitrogen fertilizer:

(a) reduces the effectiveness of the clover-
rhizobium symbiosis (Young 1958, Allos and
Bartholomew 1959) and hemce the contribution
of clover nitrogen,

and (b) promotes the growth of grass preferemtially,
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intensifying the competition for light
between species (Black:m.n 1938, Blackman
and Templemans 1938).
Dealing with the nitrogen contribution by
clover first. Estimates of the nitrogen contribution
by clover range from 500-600 pounds of nitrogen per acre
per anmm (Searsy 1953, Walker et al 1954, 1956) under
very favourable circumstances in New Zealand, to average
values of 200 pounds of nitrogen per acre per anmm in
the British Isles (Holmes and Maclusky 1955, Herriott and
Wells 1960) to 100 pounds per acre per ennum or less in
Australia, where low fertility and strong seasonal influenc-
es are not wholly favourable far the clover-rhizobium
symbiosis. TUtilization of symbiotic nitrogen depends ons
(a) the annual pattern of the contributionm,
(b) the uptake by grass in different seasons,
(¢) the retention in the soil of umused nitrogen

(Allison 1955) and its availability at a
later date.

Fertilizer nitrogen should be regarded only as a means of
supplementing the supply of symbiotic nitrogen to grass
(Young 1958) if the balance between grass and clover is
to be maintained. The form in which nitrogen is applied
is not impartant (Walker et al 1953). Walker, Qrchiston

and Adams (1954) established a relationship to determine

the fate of nitrogen from various
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sources (including fertilizer nitrogen) in pastures

and soil.

n

Yield of

applied N

in grass

G, = 0.67 (C, +Fp) +K

- G. - G

n Do
Yield of N Yield of N
in grass in grass
with applied without

N applied N
where fertilizer
rate is Ny

and similarly for the other symbols, where C, is the

yield of nitrogen in clover and F  is fertilizer

nitrogen.

Tha factor 0.67 varies slightly from trial

to trial and K is a constant for any particular trial.

These authors made a number of assumptions to derive the

equations and these were:

(a)

(b)

(c)

(a)

(e)

all the available soil nitrogen was taken
up by the grass;
all the nitrogen in the legume was fixed
symbiotiocallys;
the acoretion of nitrogen in grass in mixed
gwards, above the level of nitrogen in pure
grass gwards was due to nitrogen in the
lo gume 3
the ratio of tops to roots was
3:1 in mature clover
and 2:1 in mature grass;

the nitrogen equilibrium in soil outside
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roots, is a balance between contributions
by free-living organisms and rain, and
uptake of mineralized nitrogen in the
herbage and losses by leaching;

(f) the rate of net mineralization is propor-
tional to the amount of organic matter
present.

Several key assumptions can only apply in a uniform
and contimously favourable environment, and while they
may be reasonable approximations for New Zealand condit-
jons they are not universally acceptable. Therefare
the equation given is of limited value only.

In Table 4, a comparison is made of grass
swards with and without nitrogen, and with clover
(Holmes and Medusky 1955); moderate nitrogen dressings
on the mixed pasture did not eliminate clover from the
gward and slightly improved total yields. The dats in
the Table 4(b) suggest, and other evidence has confirmed,
that light dressings of nitrogen on mixed pasture -~ up
to about 60 pounds per acre do not seem to have any
marked effect on production or botanical composition
(Wheeler 1958). Unless the extra herbage can be
comverted to animal products it is uneconomic to apply
nitrogens Woodman and Underwood (1932) found that a
single dressing at the beginning of the season gave the

wost offective recovery of mitrogen.  Bab the concensus
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Table 4
The influence of clover on the yield of pasture and the effect of

Comparison of combined nitrogen and clover.

Pure grass swards Clover and grass
1949-53 1949-53
mg
Nitrogen Nil 140-208 350-416 Nl
Der acre in 4-6 in 5-6
nnually dressings| dressings
Averags
Teyg 2180 5940 8300 4630
(Pound g
\
(b) Nitrogen on a mixed grass and clover sward
1949-51 : no nitrogen
1951-53 : nitrogen treatments as shown
e ——
Poundg
Yitrogen Ml 35 in epring 140-208
T acre 35 in late summer | in 4-6
fnmally dressings
S —————
Average
Hela 5780 6340 T240
(Pound s
Per acre)
EBffeot lover Clover depressed Clover further
Swarqd on ?oge;t by some grasses depressed by
those grasses |
Clover content maintained in
presence of timothy and fescue
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of opinion is that split dressings are mare desirable
to maintein the balance between grasses amd clover
(Walker et al 1953, Hughes and Evans 1951, Nelson and
Robins 1956). The intensive system of grassland
management (Greenhill 1930) involves frequent nitrogen
dressings to mixed pasture and grazing the additional
herbage by rotating the stocke 85 per cent. of the
nitrogen ingested by the grazing animal is returned to
the pasture (MoDonald 1960) and the retwurn of mutrients
in dung and urine influences botanical composition
(Sears 1949, Sears and Thurston 1953). Sears (1949)
estimated that mature sheep on productive pastures re-
turred in urine the equivalent of 2000 pounds per acre
of sulphate of ammonia and in dung 700 pounds. Wheeler
(1958) found that the effect of animal excreta on
botanical composition was related to its content of
readily available nitrogen (Table 6), but that it had
no appreciable effect on total yield. Where nitrogen
was applied (Table 5) the clover content declined with
increasing rates of nitrogen application but more
readily where dung and urine were returned to the
pasture. The values in Table 5 are means for two
years. Herbage ylelds were significantly increased by
urine in combination with fertilizer nitrogen, as showm

in the last column of Table 5. The plots which received
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Table 5

The influemce of increasing nitrogen fertilizer and return

[ —

of excreta on mixed pastures

(from Wheeler 1958).

Annual Clover content of pasture| Additional herbege
Nitrogen per cent. production due to
Application urine
pounds/acre
No return Full return pounds/acre
Nil 44 25 55
52 43 18 955
about 170 16 2 1865
8bout 290 2 - 2455
——————

urine contained about 13 per cent. less clover than the

plots which received no urine. Nitrogen dressings have
to be matched with heavier stocking to maintain an even
grazing pressure, otherwise grass dominance develops and
competition for light will again control the balance
between species.

The suppression of clover from mixed associations
to which nitrogen has been applied is now ascribed to
light and all previocus thearies can be safely dieregarded.
Blackman (1938) ard Blackman and Templeman (1938) reparted

a series of experiments which included two levels of
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of shading and various nitrogen treatments on pure
stands of grass and clover. Clover was not depressed
by nitrogen applications, but there were significant
reductions in yield due to shadinge With frequent
defoliation and shading, leaf growth of grasses was
depressed by the addition of nitrogen but the leaf
growth of clover at successive defoliations remained
unaffected by additional nitrogen. Unlike clower,
grasses at low light intensities still actively absarbed
nitrogen. In the course of this work Blackman had
come to accept the view "that the balance between legumes
and grasses is dependent upon competition for light", and
this is discussed at length in these papers.

The boost which applied nitrogen gives to grass
in mixed pasture (Blackman and Templeman 1938) without a
parallel stimulus to the already nitrogen rich clover,
considerably acoentuates the shading of clover by the
ta.lier growing grass. Thus, where defoliation is
absent or infrequent, fertilizer nitrogen rapidly promotes
and sustains shading of clover and in this way exerts a
distinot influence on the botanical composition of the
pasture.

On the other hand, where intense or frequent
defoliation is practiced, the role of nitrogen in

influencing the balance between species will in part be



(e)

28.
determined by the extent to which nitrogen applications
may aid the grass to overcome the adverse effects of
defoliation, relative to the recovery of the clover.
With reductions in light intensity, frequent defoliation
and the application of nitrogen, Blackman and Templeman
(1940) showed an effect on root development, and a
transfer of carbohydrates from roots to leaves with a
concommitant reduotion of protein synthesis in leaves.
The question is asked to what extent the interval between
defoliations can modify the depressing effect of high
nitrogen, at low light intensities? 1In pure stands of
coastal Bermuda grass at low light intensities and high

nitrogen dressings, yields relative to unshaded plots,

. contimied to decline in spite of progressively longer

periods between defoliations Burton et al. 1959).

The influence of nutrients other tham nitrogen on the
botanical composition of grass and clover swards.

The growth of clover is severely reduced where
mutrient deficiencies are acute, and the following
general remarks apply to the grass clover balance under
these conditionss

(a) Clover is more sensitive than grass, and
therefore does not contribute much to yield.
(b) Grass ia able to develop a tetter root system

ard therefare bas a competitive advantage over

clover.

I T S S
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The tremendous increase in the acreage of sown pasture
in Southern Australia is due almost entirely to the use
of the anmal self-regenerating pesture legume sub-
terranean clover, and to the correction of a mumber of
soil nutrient deficiencies (Stepbens and Donald 1958).

In Australia phosphorusg is deficient in nearly
all agricultural soils and this may be remedied by
applying superphosphate at the rate of 3-4 cwte per acre
on new pasture, and following this with annual or
biennial dressings of 2 cwte. per acres Pasture on
potassium deficient land lacks vigour, contains 1little
clover, and is often invaded by weeds (Brown and Rouse
1953). Clover growth can be restored by applyling 1-2
owt. per acre of potassium fertilizer followed by
applications of 4-% owt. per acre (Fewmen 1956).
Calcium ions are essential for the satisfactory nodula-
tion of subterranean clover (Loneragen 1959). The
Sulphur requirement is partially met by applications of
superphosphate. Hilder and Spencer (1954) obtained
large increases in the production of natural pasture
with rising Sulphr levels as a result of better legume
yield in the pasture. Millikan (1953, 1958) has
described deficiency symptoms in clover and Stephens and
Donald (1958) have given an account of the major

deficiencies in Australian soils, illustrating it with
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some data on pasture responses. These show how the
yield of clover is depressed in the absence of an
essential nutrient. Copper deficiency is always
associated with phosphoarus deficiency, and commonly with
zinc, molybdernum, and potassium deficiencies. Copper
was rnecessary far the establishment of legumes (Riceman
and Donald 1938) and the average percentage of subterran-
ean clover in pastures increased from 27 per cente. to
58 per cente on applications of 15-¢0 pounds Bluestone
per acre (Jomes and Elliott 1945). Molybdenum is re-
quired by the Rhizobium (Anderson 1956) for effective
nitrogen fixation. Grasses showed no response
(Anderson and Thomas 1946). Zinc was also critical far
the establishment of subterranean clover (Riceman 1948).

Where deficiencies are not acute, the nutrient
status may also influence botanical composition. The
use of diverse species in an association initiates
competition for mutrients, (Walker 1960), especially
during the early stages of growth. If these differences
are allowed to develop they ultimately affect the balance
between grass and clover in a mixed association. In
this regard Mouatt and Walker (1959) commented that light
competition from the fast growing grass was "implemented
before phosphate deficiency was felt by the clover®.
Trumble and Shapter (1937) studied the effect of applied

phosphate and nitrogen in sand culture and found that
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for every increase in the lewel of nitrogen, grass
responded to higher applications of phosphate; clover
was depressed by an increase in the available nitrogen
and to a lesser extent by a decline in the awailable
phosphate. These results may be attributed to the inter-
action of competition for light and for mutrients.
Willoughby (1954) found that the decline of the grass
component in sown pasture was due to competition with
clover for nitrogen and phosphorus early in the season
and a rising clover density. Superphosphate in the
presence of sulphate of ammonia increased grass yields
without reducing clover yields, but that additional
superphosphate alone improved clover yields only.

Donald (1958) has shown how competition for even
a single factor involved competition far another factor,
albeit indirectly. Where there is competition for light
between grass and clover the clover has a reduced capacity
to exploit its own mtrient supply. Where there is com-
petition for nutrients, the grass intrudes into the
mutrient supply of clover and thus the clover has a
reduced capacity to exploit is its own light supply.

(See Table 9 pe 83 )e

The influence of grazing on the botanical composition

of grass and clover swards.
The season, the frequency and the intensity of

defoliation have been shown to influence the belance
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between species in mixed pasture. The return of
animal excreta was also shown to be important and in
addition the animal may exert an influence by selective
grazing (Norman 1957), treading (Edmond 1958) and damage
to plants (Davies 1946, Scott 1956). Because of the
inter-relationship of so many factors, some investigators
consider that an equilibrium exists between soil fert-
ility, pasture production ani the output of animal
products (Sears 1953)s 1In effect it is an equilibrium
of the nitrogen which the soil can retain and supply
for pasture growth. Equilibrium nitrogen may be main-
tained at a high level in some environments and under
some systems of management, but is susceptidle to unfav-
ourable environmmental circumstances and is readily
altered by agronomic practices (Willoughby 1954, Allison
1955).

In examining the effects of grazing on the
botanical composition of pasture it is appropriate to
begin with a brief statement on management studies.

The adjustment of grazing pressures and intensities to
the year-round growth of pasture affords some control
over seasonal conditionse If varied in accordance with
the growth cycle of the important components of the

pasture it is possible to regulate botanical composition,
Crazing pressure is the propartion of pasture growth
ecaten by animals (Davies 1946) and grazing intensity is
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the height of herbage remaining after each grazing
(Brougham 19593 .

In a comparison of continuous grazing with a
4-week and B-week rotation, Mooreée,,Barrie and Kipps
(1946) found that the summer-growing lucerne was lost
from the pasture under contimous grazing, and retained
on the B8-week rotation making a substantial contribution
to yield; in the 4-week rotation the position was inter-
mediates Under contimuous grazing Phalaris and subterr-
anean clover formed a stable pasture and using these
species Willoughby (1959) showed that animal production
increased as grazing parallelled pasture growth; mneither
the time n& the intensity of grazing greatly influenced
botanical composition. This must be qualified, because
consumption by animels at all levels of stocking did not
exceed the growth rate of pasture, i.e. grazing pressure
was less than 100 per cent. at all times.

In New Zealand, frequent hard grazing in spring
reduced total dry matter yields, but had no long term
effects on botanical composition. Brougham (1960)
suggested that anmal pasture yield may be increased
45 per cent. by adopting the following key practices:

(a) Moderate grazing during the period immediately
before the trough in the aamual production
ourve, (Jamsary to March) to meintain a

desirable balance between species.
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(v) Intensive grazing during late autumn and
and early winter to tring about a rapid change
from clover dominance in summer to grass
dominance in autumm and winter; a desirable
balance between species was maintained in
spring, because the grass made better growth
than clover in the previous winter.
In these studies no animal responses were recorded: to
deplete the pasture to the height required for each
treatment within 24-28 hours, Brougham (1959b)varied
the stock numbers at each grazinge It may be argued
that there was no real adjustment of grazing pressure
to the seasonal growth rate of pasture and that the only
valid conclusions therefare were those based on results
obtained during the trough of pasture production.
Since Brougham's recommendations were to graze intensive-
ly during the low ebb of seasonal production the question
of the method of stocking in these experiments does not
arise. ‘

Wheeler's data (1960, in press) showed that
gang-mowing (Chippindale and Merricks 1956) in the
spring was better than grazing, to maintain a desirable
botanical composition; in other wards, the regular
and even removal of herbage was preferable to sslective
grazing and excessive consumption by animals. Gang-

mowing also reduced pasture to a unifarm height (Regg
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and Maclusky 1960) when the differences in the growth
rates between species were greatest, thus preventing
orne species from overshadowing another.

Sears (1953) summarized his own work in New
Zealand in which he considered the pattern of pasture
and soil fertility development under grazing. The
inclusion of clover not only increased the total produc-
tion of herbage but also the yield and nitrogen content
of the associate grass. 1In some cases total herbage
Yields increased by ower 500 per cent. with a con-
commitant increase of over 100 per cent. in the yield
of grass. Red clover was not nearly as effective as
white clover but on the other hand it enhanced the value
of the pasture as summer feed. Changes in botanical
composition attendant on fertilizer application were
closely associated with soil fertility, initially
favouring the clover and subsequently the grass. With
complete return of dung and urine Sears (1953) found
that total hernage production was increased and that
there was a better spread of seasonal production.
Additional nitrogen in the soil stimulated the growth
of ryegrass in the spring and winter. With nil mitrogen

Wheeler (1958) did not obtain any significant inarease in
nerbage production (Pable 6) but he obtained a similar
effect aé Sears, where small amounts of nitrogen were

added to the pasture. Sears found that with the
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Table 6

Botanical composition of mixed pasture with and without return of
excreta (after Sears 1949 and Wheeler 1958).

Av. Annual]l Botanical Compositioq Percentage
Dry per cente. Growth in
Matter Winter
pounds Clover Grass
per acre
Palmerston North, New
Zealand (194145).
No retwrn of dung or 10600 51 49 9.0
urine
Return of dung and
urine 14000 28 T2 2.3
Iincoln, New Zealand
(1945-48).
No return of dung ar
urine 9500 66 34 1.9
Return of qung and
urine 9600 24 76 6e3
Wye, United Kinglom Other species]
(1954)
No return of dung or
urine 6740 50 AT 3
Dung alome 6430 51 45 4
Urine alone 6510 43 54 3
and urine 6940 38 58 4
L.SJD. within
columns at
0.05 1940 11 9 4
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complete return of nutrients, clover did not disappear
from the pasture, and this is attributed to nitrogen
losses from the cyocle.

Undoubtedly the animal benefits from the presence
of the legume in a pasture mixture. (Hein and Cook 1937,
Blaser ot al 1956(b), Davis and Bell 1957, Van Keuren and
Heinemann 1958, Heinemann and van Keuren 1958, I.C.I.
1959(a). Yot it is difficult to foresee how a desirable
balance can be sustained over a period of time, in the
woesence of the grazing animal whose influence disturbs the
equilibrium between species. ILimitations to animal prod-
uction do not necessarily synchronise with the limitations
to pasture productions (lambourne 1958, Willoughby 1959)
and consequently rapid changes in grazing pressurs may
develope This will have repercussions on the botanical
components in the pasture, and the nature of the botanical
changes will depend on the time at which grazing pressure

is most intense (Martin Jones 1933).

Conclugsion. The foregoing review shows that a complex of factors
influences the grass clover bslance and though changes in botanical com-
Position of ‘mixed pastures have been interpreted in terms of photoperiod,
temperature, moisture regime, nitrogen supply, other nutrients and
defoliation, they have not been examined in terms of the light supply.
The influence of light is generally accepted but the mature of light

competition in limiting yield and influencing survivel
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of species in mixed association needs to be better understood if the
light supply is to be managed effectively for a desirable grass clover

balance.

2¢2e0. light Intensity in Pastures.

2.20,1. Records of Light Intensity in Pastures.

Studies of micro-environment have been conducted in
many types of vegetation, ranging from naturally occurring to planted
commmnities and from pasture to tall farest. Of the factors involwed,
light is the one which has been measured least, mainly because
appropriately calitrated instruments have only recently become avail-
able and partly because of the problems involved in measuring light
within a plant community. These'broblems may be accentuated in pasture
due to the small distances involved and the difficulties in locating
instruments without seriously disturbing the leaf cover. Before ex-
amining the available records of light measurements in pastures let
us consider the features which distinguish pastures from other forms
of vegetation in respect to the problem of light measurement.

() The diversity of pastures. A pasture generally
consists of several species of differing morphological
form present in varying propartions; other species
may invade the pasture and modify it still further.
Pastures are seasonal in character and are frequently
disturbed by grasing, mowing or trampling. They
may be rendered even more diverse by simple treatments,

such as fertilizer application.
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(b) The dimensions of pastures. Pastures are generally
short and until recently, recording instruments have
not been sufficiently small for use in pasturese.
However as the area of the sensitive surface on a
photocell is reduced, so the problem of calibration
is increased.

(¢) The changing nature of pastures. Because of their
seasonal character, pastures rapidly change in
structure and dimensions. In addition diwrnal
movements (of nastic, pulvinal or phototropic
origin) of individual plants are apt to bring about
changes in environmental conditions over wvery short
distances.

In Table 7 data from a number of sources are assembled so
that an assessment can be made of the contribution of each paper to
the gemeral understanding of the light regime within pasture swards.
Some caution, however, is necessary in drawing inferences from one
publication to the next since there was no single underlying concept
which prompted these observations, and consequently they differ in
nature and in the way in which they were made; sporadic interest in
the subject itself is evident from the dates of publication.

fngstr¥nm (1925) was interested in measuring the physical
properties of ground and atmosphere particularly in regard to radia-
tion and in comparing the performance of the pprrheliometer with that
of the pyranometer; the values shown in the Table 7 represent some

of the readings recorded. The values of light intensity at various
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Table Te

Worker and Time of year Instrument lature of Vegetation and any Height of Fandings
Location Special Circumstances measurement
o )
Angstréh (1925) 26-6-1925 Pyranometer
Stockholm
13-8-1925
18-8-1925
late Cummer Pasture sward of Phleum pratense Above Sward 100 per cent. of incident ligh} energy
and Dactylis slomerata approx. 50 cms. 96 per cent.  1.08g/cal./on/min.
100 cms high = 10 cms. 26 per cent.
Ground level 18 per cent.
Steiger (1930) 192¢ Clements Upland prairie and in particular sround lovel izzzz;t%ﬁtzgionrrzgﬁed iightund .
Lincoln, Nebraska Photometer under Psoralea floribunda o Asity to 20 per ocent. at ero evel)
Amarpha canecscens - per cent. under Ps floribunda
under bushes 6 per cent. on grass under

P. floribuma
4 per cent. under A. canescens.

Low prairie

Usually 5 - 10 per cent. at ground lovel
and 1 -2 per cent. in dense
vegetation
Absence of upland species due to
competition for light
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Worker and Time of year Instrument Nature of Vegetation and any Height of Findings
Iocation Special Circumstances measurement
Ribel (1932) Probably June
Pontresina or August Trisetum flayescens At various At upper leaves 60 to 70 per cent.
leaf lower leaves 40 per cent.
positions ground level Oe7 to 025 per cente.
and
ground level
Poa pratensis Under flowers 83 per cent.
At upper leaves 7O to 75 per cent.
Avena pubescens Under leawves 50 per cent.
Ground level 20 to 25 per cent.
Polygonum bisterta At surface 100 per cent.
At leaves 70 per cent.
Ground level 0.7 per cent.
Flory (1933) 15-7-1933 Clements Andropogon scopiarus; 33 cms. At 33 cms. 100 per cert.
Iincoln, Nebraska Photome ter Stipe sparta ) Association 16 cms. 16 cms. 24 per cent.
Toelaria eristata ) Ground level Ground level 5 per cent.
Poa pratensis S
L.A.I. of this prairie was 6.3
Sauberer (1937) May-June 13 types of The paper includes a study of
cells examined the specteral composition of
a number of light in plant stands.
filters Measurements made in forests,
tested in shrubs, crops and pasture.
Photocell with: Clcudiress rated at 10 Ground level
Ilford Filter -
- Oreen With Ilford Green 12.7 per cente.
- Red Red  10.9 per cent.
Agfa Filter - 33 Agfa - 83 23.0 per cent.
-84 - 84 32.2 per cent.
6=5-1535 Photocell Measurements throughout the day Ground level Maximum light intensity recorded at

ir the open, in a clover sward
and in crops of barley and rye.

Clover Swards 25 cms. - 30 cms.
tall.

midday and in crops shortly afterwardse.
Direction of sowing of some significance

in crops.
At ground level 3 to T per cent.
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Worker ard Time of year Instrument Nature of Vegetation and any Height of Findings

Location Special Circumstances measurement

Pohjakallio Mean values Iune lund Red clover 30 cms. tall. Ground level In ret.i clover 1 per cent in direct

1952) for the Potassium _ sunlight . . .

Vik and year - 1951 Photocell Young shoots of Phleum pratense In_tlmothy 18 per cent in diffuse

Mudusniem Ex- 30 cms. tall. light.

periment of "Flagging" of IHitchell and Calder

Stations) .

Finland

. 1ight Photographs of light pattern at ground

Monsi and May to Sept. Photocell or Foregt Associations : . : _ X

Saeki (1953) 1949 Fder-Hechtschen] Meadows at low alititudes) mainly intensities at le?vel, in 6 cgntr:ashng coquumt:.Les.

near Tokyo and Vedge Photo- |lkadows at high altitudes ) Miscanthus| approx. 10 cm. Diagrams showing how lightintensity
April to July meter dominant | intervals changes with height and vertiocal leaf
g 1950 Phragmites communities ‘ distribution in one community on 8

nragmiies

sampling occasions.

Iight intensity profiles and vertical
distribution of vegetative material

in a number of plant communities.

The relationship between light intensit
and leaf area index is examined in some
detail.

Theoretical light extinction and the
minimum light intensity obserwved in
some communities.

Theoretical considerations relating
these observations to productivity.

_ Le multi- 25 che Light interception plotted against
E];..;‘Slgl)mm 16-9-1934 (Lolium ReEe X floxim:mtjl ) Associa- L.A.I. gave a consistent relationship
Palmerston North Trifolium repens ; tion geﬁ§l:§§ of initial intensity.of
New Zealand Trifolium pratense efoliation.

Swards initially defoliated to 1",

3“ and 5".
Shul'gin (1956) 18-7-1954 Yanishevskii Readings taken in natural and sown 10 cms. In 80::11 grasses g per cen:.
Zvenigorod Pyranome ter pastures, in crops and in forest. meadow per cent.

Biolosical _grass mixture 18 per cent.
ologica

Station, U.S.3.R.
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initial mowing to 25 cms.

Associations examined were

l. Ilolium perenne

2+ (Lo _perenne X Ls multiflorum)

3« DPhleum pratense

4. Trifolium repens

5 T, repens and (Le perenne x
Le multiflorum)

.
Worker and Time of year Instrument Nature of Vegetation and any deight of rindings
Lecation Special Circumstances megsurement
Alekseenko 1956~1957 ot stated Phleum pratense ) Grown singly 60 cmse Light intensity (per cent) as swards
(1958) (ay-July) Yegtuca pratensis ) and in 40 cms. enter reproductive phase (July 1lst).
Ieningrad Dactylis glomerata, associations 20 cms.
Agrice Inst. Trifolium pratense Gele
tedicago sativa
) e ;
The structure of perennial pasture %: g E fg § E g
stands was examined 4-5 times in H § S EH9 '3'%5
2 seasons. Frofiles of light 13 ~ o £%3 8%
intensity, air temperature and
relative humidity measurad at 20 cme Above sward 100 100 100 100 100
intervals. Transpiration in clover At 60 cmse. 48 47 100 46 52
and photosynthesis in lucerne At 40 cms. 21 14 6 2 1
measured. At 20 cms. 11 5 1 3 3
At G.L. cms. 4 2 1 1 1
Relative volume of vegetative mass of
a species is greater in mixture than
in pure sowing.
L.A.I., Relative Humidity and Total
rate of photosynthesis greater in
mixtures than in pure sowings.
Rate of photosynthesis of a species
is less in mixture than in pure sowing.
Some strucitures give better yield than
other structures.
Black (1958) lay-August Dense swards of Irifolium Vertioal llost of light is absorbed by the
Adelaide 1957 subterrancum of 2 different initial interval of uppermost le.aves of the canopy.
South secd sizes, Sown singly and 2 cme up to Ir.l the earller.' stg.ges of @OWFh,
Australia together 24 cmSe light abs?rl-)tlox:l is greatest in
plants originating from large seed.
Brougham (1958) 4=12-1956 Iight readings at 2.5 cms. and Isaf 205 cme Diffgrence in fcrzfl of light %nter-
Palmerston North to Area Tndex of regroWth at 4 day ception pattern with increasing
New Zealand 5-1-1957 intervals up to 32 days, after Ieaf Area Index for the different

species.
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February.

Associations examined were:

1. lLolium perenne

2. (L. perenne X L. multiflorum)

3+ 'frifolium repens

4. T. repens and (L. perenne X
L. multiflorun)

Worker and Time of year Instrument Tature of Vegetation and any deight of Findings

Location Special Circumstances measurement

Brougham (cont.) ] 19-12-1956 Hourly readings throughout the day 2.5 cmSe Patterns of light interception through-w
Z23-1-1957 on regrowth 15 days old in December out the day, were alike, in general,
21~1-1957 and January and 11 days old in but differed in magnitude and in

particular detail. These differences
were due to angle of elevation of the
sun and to differences in leaf area
and form.

Mitchell and

Jamary to

1.8 cm. x 1ol cme

Eight assorted summer pastures and

For seven pasture

Three distinct patterns of light pene-

South Australia

Three strains of different petiole
lengths were used and sown in
mixed cultures, and pure cultures
as controls.

26 cms.

Calder (1958) May 1956 Barrier - layer | five assorted autumn pastures con- types readings at tration established depending on the
Palmerston North Selenium sisting mainly of Lolium sppe. 5 cme. intervals species and partly on the development
New Zealand photocell Trifolium repens and ‘‘rifolium and for six types of the pasture.-
pratense. at 2.5 cme inter-
vals.
Black (1960) April-June Mixed swards consisting of 2 Vertical interval Strains with longer petioles inter-~
Adelaide 1959 strains of Trifelium subterranecum. of 2 cmse. up to cepted most of the incident light

and hence suppressed growth of the
companion straine The degree of
suppression was determined by extent
of shading. :

Saeki (1960)
Central Japan

uMiscanthus sacchariflorus commnity

Vertical interval
12.5 cms. up to
240 cms.

Light intensity at height can
be expressed as a function of L.A.TI.

- K¢

I = Ke -

Io
I = 1light intensity received by the

leaves at height

Io = incident light
F = L.AtIo
¥ = extinction coefficient
m = leaf transmissibility

This equation tends to overestimate
where leaves are erect in the upper
layers.
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levels conform to the general pattern of light interception in
grasses established later but suggest a thin stand; another possible
explanation for the higher values is that leaves readily transmit
radiation of wavelength higher than 0«7 , and a pyranometer is more
sensitive to these values than a photocell. Steiger (1930) made an
ecological study of upland and lowland prairie in Nebraska, and measur-
ed soil moisture, temperature, evaporation and light intensities at
various sites. Under dense cover the light values ranged from 1 to
5 per cent. and under sparse cover they were of the order of 10 to 20
per cent. Steiger considered that light was important in the develop-
ment of seedlings of prairie plants. Rubel's (1932) main interest
was in ecological plant geography and he reported isolated readings
among grasses in discussing the light micro-climate in vegetation.
His data showed intense light reductions below leaves, and it is
interesting to note that he recarded reductions in light intensity of
up to 17 per cent due to inflorescences alone. Flory (1933) made a
general comparison of the micro-climate in a prairie and in a nearby
field of maize. The light readings given were limited to those shown
in Table 7. These data are used again by Weaver and Flory. (1934).
Sauberer (1937) dealt with a rnumber of aspects of light measurements
in vegetation and his paper shows a consciocusness of some of the
problems involved. He used a range of measuring instruments and
indicated their shoartcomings. He considered light penetration and
the spectral composition of light in vegetative stands. In reporting

measurements throughout the day in several stands he referred to

cloudiness, the elevation of the sun and the position of leaves. He
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does not discuss the significance of these measurements in relation
to the biological material handled. Pohjakallio (1952) compared
radiation in Northern with that in Southern Finlan@ and dealt briefly
with light intensity under young crop and pasture. The table from
which the readings were taken compared light intensity on clear and
cloudy days.

Monsi and Saeldi (1953) examined the light distribution in a
number of communities in relation to the distribution of leaf
"aphotosynthetic" material, and the number of stalks at vertical inter-
vals of 10 cm. They show how the light is distributed within the
vegetation, and this is the first study of its kind; in this respect
this is an original and significant contribution.

Brougham's interest in light in pastures arose from previous
work on the rate of pasture growth. In this study Brougham (1956)
measured light intensity 1 ine. above ground level in well~established |
swards initially defoliated to 1, 3 and 5 ins. Iight intensities
at 1 in. were related to the amount of leaf material present. He
showed that the rate of pasture regrowth increased until complete light
interception was approached and that thereafter an almost constant
maximum rate was sustained; the more intense the defoliation, the
longer it took to achieve complete light interception. Shul'gin (1956)
recorded an assortment of light intensity readings in farest, crops
and pastures on isolated occasions. The patterns were not adequately
described and it is not clear why he chose to read light intensities
from 10 cm. from the ground.

In the U.S.S.R. Alekseenko (1958) studied
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(a) The structure of some perennial grasses in pure stands
and in mixtures.

(b) The micro-environment within the swards.

(e) The influence of structure on the micro-environment and
the effect of the latter on some physiological processes
and yield of plants.

Unfortunately the full text of Alekseenko's findings is embodied in a
thesis and only fragments of his ligat intensity data are available.
The date shown irn Table 7 were obtained from several sources, but main-
1y from the publication by the U.S.S.R. Ministry of Agriculture. In
general, his results showed that in pure grass stands the greatest light
reductions within the swards ocoured during the period of maximal tiller
development. At tillering, leaf concentration in timothy was greatest
in the zone from 40 to 70 cm, and in cocksfoot and fescue from 10-40 cm.
For this reason light intensities abow 40 cme in timothy were less than
in the other two species, but greater at ground levels The valuss of
light intensity were less in profiles of grass-legume mixtures than in
pure grass stands. Pure clover stands showed abrupt reductions in
light intensity near the top of the swards but this was not so marked
in lucerne. Iegumes in mixed stands accentuste light reductions
within the swards, especially in the region of their upper leaves.
In mid-summer, reductions in light intensity of 50 per cent. were re-~
corded near the top of the grass swards.

Black (19583 in South Australia demonstrated the suppression,
in swards of subterramean clover, of plants which grew from small seeds
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when sown in mixture with large seeds. By appartioning the light
intensity received within each 2 cm. layer between plants from large
and small seed he showed that the smmll-seeded plants were growing in
progresslvely increasing shade until they received only 2 par cente.
of daylight at their smrface. This experiment followed earlier work
by Black (19571 in which he showed that larger-séeded plamts resched e
critical Isaf Area Indext before smaller-seeded plants.

Broughsm (1958] wished to examine how the L.A.T. for meximm
light inferception, previously reported as 5 (Brougham 1956) varied,

(8) with different pastures, and

(b) for the same pasture, at different times of the year,

particularly when the L.A.I. was similar on the
different occasions.

Once again he measured light intensity at 1 in., and L.A.I. at 4-day
intervals over a period of 32 days during regrowth after mowing to
1 inche He established different patterns of light interception
for swards consisting of plants of different configuration, with clover
swards at one extreme and grass swards on the other (Fige 4). From
these data it is clear that the L.A.I. at which 95 per cent. light
interception (defined by Brougham as the aritical L.A.I.) differed
for different standse He also examined changes in percentage light
penetration with time of day for four types of pastures on three
occasions about a month aparte From these results Brougham sugsested

saasonal differences in oritiocal L.A.I. values.

% The Ieaf Area Index (L.A.I.) is the leaf area per unit of land

(Watson 1947).
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r _
3 3

LIGHT INTERCEPTION
3

L 1 L] L L) T

| 2 3 4 5 6 7 8
LEAF AREA INDEX

Fige 4+ - The relationship between light interception and L.A.I.
(after Brougham 19587.
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The work of Mitchell and Calder (1958) supplements the foregoing
results of Brougham, and showed the light interception patterns in
different kinds of pastures at any one time. They examined eight
summer pastures, some of which were grass-dominant others clover-
dominent and a mumber of mixed swards, all of which were at different
stages of growthe These pastures varied in form and the height ranged
from 3¢5 ins. to 19.0 ins., Three patterns of light interception are
distinguishable (Fige 5). It is clear from work already quoted that
L.A.T. and light interception are closely linked and that the pattern
of light interception can be expecfed to vary with the structure of a
pastures The camment by Mitchell and Calder to the effect that the
standard errors of the light readings were at a ma:d.mm at the ocentre,
may be interpreted to mean that the greatest variation in light readings
occurred where there was the greatest variation in the position at
Jeaves were held above ground level. The conclusions that can be
drawn from their results must be limited while they remain unsupported
by data of leaf distribution profiles. TFurthermcre these readings
were taken on a singls occasion only, and consequently have temparal
value only. Black (1960§ stulied the effect of differences in
petiole length on the component yield, when two strains of differing
petiole lengths were sown in mixbure. Though no data were given far
poticle lengths, these may be inferred from Fig. 5 in Black's paper in
which the spatial arganisation of leaf erea is ghown in the six ex-
perimental swards. The light intensity profiles at 60 days (the final
sampling occasion) showed marked differences between strains in the

height at which light extinction ocowrred. In pure sowings these were
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100

DISCONTINUOUS
LEAF
COVER

LIGHT

INTERCEPTION 50
PER CENT.

CONTINUOUS
LEAF COVER

O 50 100

HEIGHT
PER CENT.

Fige 5o = The influence of height of pasture and the nature
of the pasture canopy on the percentage light
interception (derived from Mitchell and Calder 1958).
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Tallarook 4 cme above ground level
Bacchus Marsh 1O cm. " n "
Yarloop l6cme " n n

The percentage of incoming light apportioned between the components

of mixed swards consisting of Tallaroock and Yarloop showed that
Tallarook (shortest petioleswas completely shaded by Yarloop (longest
petioles) within a month of emergemce. TFrom the data it is possible
to deduce that equal L.A.TI. values do not necessarily ming about
equal light reductions, and in fact, light is reduced more where an
equivalent L.A.I., is concentrated in a shart vertical interval.

Saeki (1960) restates and refines the equations previously formmlated
by Monsi ard Saski (1953) concerning light intensity, L.A.I. and photo-
synthesis. The noteworthy contribution of these papers is that the
relationship between L.A.I. and production im established through the
medium of light distribution in a plant commmity, and the demonstration
that the L.A.I. -light relationship may be modified in accordance with

leaf configuration.

Conclusion. Interest in light intensity in pastures ia
increasing and more records are becoming available. The data avail-
able so far suggest that the L.A.T.-~-light relationship is not a
constant one but, is nevertheless amenable to formulation. A tharough
investigation of the relationship between L.A.I. and light intensity

might well begin with artificial models in & photometric laboratary.
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2+2¢2+. The Significance of Light Intensity and L.A.I. in Pasture Growth

In a regular environment, the relationship of yield and
LeA.T. with time usually takes a form which satisfies the differential
equation

A = kW (1-W
dt A

where k and A are constants. (Davidson and Philip 1956, Shinozaki and
Kira 1956, Nelder, Austin, Bleasdale and Salter 1960). This is a
logistic curve, but a decline in yield ar L.A.I. may be recorded if
the experiment is allowed to proceed long enough (Davidson 1954, .
Nidiparovid and Strogonova 1957) ar where irreversible checks (Nelder
et al 1960) ocour. In the study of yield, the interdependence of
incident radiation, leaf area index, and growth has now come to be re-
cognised (Monsi and Saeki 1953, Brougham 1956, Davidson and Philip
1956, Nidiparovié 1956, Donald and Black 1958, Iwalki 1958, Watson
1958, Pearsall 1959, Blackman and Black 1959, dé Wit 1959, Saeki 1960,
and Felder et al 1960) and where a complete canopy of foliage develops
during the vegetative phase of growth - as in mesophytic pasture - the
following propositions require consideration:
(a) the density and disposition of foliage determine the
relationship between light intensity and LeAoLes
(b) in swards the level of production depends on the
incident radiation, and competition far light seis a
ceiling to yield;
(¢) the relationship of optimum Lei.I. %o the light
gradient within the foliage.
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Iight intensity and L.A.T. In the absence of crop about 80

per cent. of the sun radiation which is transmitted by the atmosphere is
absorbed by the ground. Where a crop is grown, the amount of radiation
absorbed by the crop depends on the amount of leaf tissue. Figure 6
may be compared with Fige 4 in which the relationship of L.A.I. and light
interception of ryegrass and clover are shown.

Iight intensity within a stand. The light intensity and profile

within a sward may be expressed by Beer's Iaw (Monsi and Saeki 1953,
Davidson and Philip 1956, Brougham 1956§ Nelder et al 1960).
U ceeenees (1)
where I = actual light intensity under an L.A.I. of A
I, = incident light value
k = coefficient of extinction which ranges from
0e3 = 0¢5 in communities with erect leaves, and from
0s5 = 1e0 in commmnities with horizontal leaves.
Values reported were:
Perennial ryegrass 0627 (Brougham 1958)

Short rotation ryegrass 0.46 (Brougham 1958)

White clover 0.69 (Brougham 1958)
Miscanthus 0+5-0.6 (Monsi and Saeki 1953)
Belianthus 0e8-049 (Monsi and Saeki 1953)

Subterranean Clover 0.90 (Davidson and Philip 1956)
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Fige 6. - Distribution of incident radiation in a growing crop
(after Nidiporovid 1956).
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-kA

The relationship may be expressed as I =« e
Io

where I is the mean relative light intensity ar the daylight
I

factor (see page 99)

The relationship is not valid where the form of growth changes
with the stage of growth (Brougham 1958, Nelder et al 1960) and the
value of k may be modified by stalks, ar a concentration of leawes in
a short vertical interval.

Transmission in leaves may alter the extinction coefficient,
and the inoclusion of a faoctor "m" for light transmission through
leaves (Kasanagd and Monsi 1954) gives the relationship (Saeki 1960)

- KA

- k e00s000000 2
2 e I=) (2)

(o]

Disposition of leaves. Monsi and Saeki (1953) discuss in
some detail the quantitative aspects of leaf disposition and show how
this may influence the coefficient of extinoction k. In the cases of
leaves horizontally disposed where the area of onme side of the cube is

S and leaf area is a. (Fige 7)
K—>1 as (a/8)—1

{.2¢ the cosfficient of extinction approaches 1 as the area of leaf
inoreases. For leaves such as grass leaves which maks an angle
with the vertical k —~1 as the angle approaches 90°, ar the leaf
becomes harizontal. In fact the greatest change in the coefficient
of extinotion takes place as the lsaf moves from 0° to 45° from the
vertical (Fige 7). The light intensity beneath a given L.A.I. will

vary according to the disposition of the foliage and Fig. 8 shows
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a = 10° from vertical o= 30° from vertical o =70° trom vertical

Fige Te = The diagrammetic presentation of the effect of increasing

leaf area ar increasing leaf angle on the coefficient of
extinction.
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Fige 8+ = The relationship between L.A.I. and light intensity
with varying k values, and varying leaf angles
(derived from Monsi and Saeld 1953).
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this relationship for varying k values and various leaf angles. The
calculated values of the extinction coefficient agree reasonably well
with the observed values, i.e. where there were no problems associated
with the measurement of leaf angle and leaf disposition. Reductions
in light intensity are very rapid as k approaches unity. Thus the
relationship between the light profile in the sward and L.A.I. is not
constant but varies with incident radiation, depth of canopy, and
angle of foliage.

Ceiling yield. The current recard yields of pasture are of
the order of 15 tonnes/hectare (Sears 1949, de Wit 1959) but estimates
based on theoretical considerations (de Wit 1959) and experimental
evidence (Brougham 19593" suggest that anmial production of the arder of
24 - 35 tonnes/hectare may be possible. Watson (1952) attributed
variations in the net assimilation rate to changes in external factars
(especially light and temperature) and stated that increases in L.A.I.
were the most effective means of increasing production. He did not
think it likely that photosynthetic efficiency could be improved. On
the other hand, NiGiparovi¥ (1956) expressed the view that higher
yields may be obtained firstly by increasing photosynthetic efficiency
(iees by a greater rate of photosynthesis ani & longer duration of
photosynthesis) and hence net assimilation, and secondly by developing
more leaf tissue early. Far the assimilation of one atom of Carbdon,
four quanta of light emergy are required, and since the absorption of
energy takes place mainly in the leaves it seems that the most effic-

jent means of raising productivity is to expose as much leaf tissue

far as long as possible (daily and seasonally) to incoming light.
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When this is achieved it is likely that 002 will become limitinge.
It is patently clear that any discussion of ceiling yields must always
be in relation to Blackman's principles of limiting factors (Blackman
1905) and the magnitude of the factors involved should be considered
relative to one another.

Yield of dry matter and light intensity. The relative

growth rate is approximately a linear function of the log of light
intensity (Black 1957#‘3.11& the interception of light by foliage
approximates Beer's law; these relationships satisfy the conditions
for a logistic expression of yield of dry matter with time (Nelder

et al 1960). The reviews of Black (195757 and Donald and Black (1958)
and Blackman and Black (1959) indicate that provided temperature is not
limiting and water and nutrients are in adequate supply the rate of
growth is dependent on diurnal radiation when most of the incident
light is intercepted by the foliage. Brougham (19594 in New Zealand
found that radiation values fluctuated by as much as 40 per cent. of
the mean daily total received, and mean temperature showed weekly
fluctuations of 10° F. On pasture that was cut fortnightly to 1 in.,
he showed the following changes in weekly growth rates with changes

of one unit of climatic factor. The analysis of Brougham's data in
these terms (Glenday 1959) depends on a roughly constant growth rate;
only the data for the first 6 weeks of growth were used, those from

6 to 14 weeks being discarded because they were too variable. The
lack of any response of clover to radiation may be due to the fact
that light intensities were not measured at the surface of clover and

seriously affects the validity of the conclusions. An estimate



based on his mrevious work (Brougham 19587 would suggest reductions

in light intensity at the surface of clover of the arder of 15-25 per

cent. in 14 days.

Table 8

The relation between growth rate and climatic factors.

Total Herbage Ryegrass Clover
pounds dry pounds dry pounds dry
matter/week matter/week | matter/week

Radiation
100 103 -
Fm cals oms
Temperature
Range 17.0 19.0 -
Op
Maximam
Temperature - - 40.0
%‘ ‘w
Season Winter Winter Summer '
Spring Spring Early Autum

The light intensity determines the efficiency of production as can be

seen from these figures taken from Nidiporovi& (1956).

light Intensity
X cal/m?/hour

700 - 800
100 = 200

100

Utilisation of Energy
per cent.

0.75

25 - 3.0

decreases to 0
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The compensation point is usually in the vicinity of 20-30 K cal/mz/hoaro
While photosynthesis at normal 60, concentrations of air is largely
influenced by light intensity, the dominant influences on respiration
are temperature and the concemtration of substrate. 1In a crop, the
rate of photosynthesis is narmally 5-10 times the rate of respiration.
(Thomas and Hill 1949). With mitual shading the rate of photosynthesis
of individual leaves will depend on their location with respect to the
inocident 1ight (Saeki 1959); consequently with increasing L.A.I. the
rate of photosynthesis of the entirg stand will be less than the rate
of individual leaves which are fully exposed to light (Fig. 9).
Clearly then the gross photosynthesis of a sward depends on the nature
of the 1light gradient within the stand. The natwral increase in leaf
area with time (Monsi and Saekd 1953, Hodgson and Blackman 1956, Black
1958(a), 1960(a) or increasing density (Hodgson and Blackman 1956, Saeki
and Kurowa 1959) modify the light profile; the magnitude and directionm
of the incident light also influences the light gradient. Consequent-
ly the L.A.I. which reduces the light intensity to the compensation
point for the lowest leaves will vary.

This L.A.I. has been termed the "marginal compensation area™
by Davidson and Philip (1956), and Fopt. by Kasanaga and Monsi (1954)
and by Saeki (1960) who gives a family of curves for different values
of k (See Fig. 10). This changing relationship was recognised by
Brougham (1958(a) when he said that "complete utilisation of available
light will be obtained by a smaller amount of foliage in winter than
in summer". Similarly (Black 1958(a) showed that the L.A.I. required

foar complete light absorption increased from about four in mid-June to
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about seven in mid-August. The records of mean insolation (I.C.I.
1959? were subsequently examined ard it was noted that the mean
insolation increased from 210 to 324 g cal om™2 per day - a ratio of
4 to 6+5. This seems to provide an adequate explanation of Black's
observation. Therefore as the optimum L.A.I. - at which the rate of
dry weight increase is greatest ~ is approached, competition for light
within the sward will become more intense. Increases in leaf area
beyond the optimum L.A.I. signify an inefficient utilisation of the
incoming radiant energy for dry matter production, and in this way
competition far light sets a oceiling to yleld.

Ieaf Area Index and Growth. Watson (1952) considered that
there was little oppartunity for increasing the net assimilation rate
and that the development of successful crop husbandry largely depended
on "discovering empirically the optimal conditions for leaf area
production in a particular enviromment". Others claim that there is
scope for improving the photosynthetic efficiency of crops (Niliparovi¥
1956) and lreeding far net assimilation rate (Morley 1958). It is
rash to predict the conditions for maximum production because of the
danger of oversimplification, but from density experiments it is kmnown
that an intermediate number of plants is capable of producing ceiling
yields (Kieselbach 1925, Clements, Weaver and Hanson 1929, Donald 1951)
and it might therefore be expectad that an optimum relationship exists
between L.A.I. and the weight of dry matter for a& stand of homogeneous
plants (Shinozaki and Kira 1956). By definition, the met absolute
contribution of the sward to dry matter is maximal at optimum L..I.

(Donald and Black 1958). With dense swards of subterranean clover,
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absolute growth rate was found to be greatest at about L.A.I. 4=5
and to fall away to zero at L.A.I. 847. (Davidson and Donald 1958).
Brougham (1956) on the other hand, found that approximately constant
rates of dry matter increase were maintained when the L.A.I. was suffic-
ient to absorb all the incident light. In experiments with kale,
Watson (1958) obtained an optimum L.A.I. of about 3, but with sugar
beet the range of L.A.I. tested (L.A.I. 1-6) was not adequate to deter-
mine optimum L.A.I.

Watson (1958) suggested that the opportunity to increase kale
yields was in the early growth stages when L.A.I. was below the optimum
value. The continuous removal of small amounts of herbage about the
optimum L.A.I. was considered by Davidson and Philip (1956) to be the
most efficient system of pasture production. Saeki (1960) stated that
"daily maximum surplus production me. is perfarmed by 'optimum L.A.I.'%.
He showed the dependence of me. on Io and k and this led him to
conclude that maximum yields depended on the incident radiation and the
disposition of leaves. Watson and Witts (1959) considered that the
disposition of leaves of cultivated beet gave a more uniform illumina-
tion of the whole leaf area than in wild sugar beet, and that this
accounted for differences in the net assimilation rate between the two

tms.
The interdependence of factors. During the vegetative

phase and until the optimum L.A.I. is reached, increases in L.A.I. and
weight of dry matter are dependent on the same environmental factors -

the 7 of Nelder et al (1960) - albeit at different rates. Good

correlations between yield of dry metter and L.A.I. might therefare be



664
expected over short experimental periods (Brougham 1956). The fact
that the growth rate becomes steady (Brougham 1956) or declines
(Davidson and Donald 1958) at optimum L.A.I. is an expression of the
fact that competition for light is becoming severe. From then on the
vital relationships are:
(a) the light intensity - L.A.I. profiles of the
vegetation (Kasanaga and Monsi 1954).
and (b) the relationship of L.A.I. with time
(Ni€iporovid 1956).

Where two species are grown together. There are very few

studies in which competition between species has been studied in terms
of light intensity, L.A.I. and growthe Iwaki (1959) demonstrated the
suppression of green gram from a mixed stand of green grams and buck-
wheat due to reduced photosynthesis and increased respiration as a

result of shading by buckwheat. The effects of shading on growth

have been studied by the Oxford school in the last 25 years; a trief
sumnary was given by Blackman (1956) and those findings ;rhich apply to
pastures were Teviswed by Black (19575]. The grass clover balance

lends itself to the study of competition for light between two species
in terms of L.A.I., light intensity and growth, and this was the basis

for two experiments in this thesis.
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2+3¢0e Procedures in studies of competition for light in pastures.

There are several ways in which competition for 1light
in pastures may be analysed, and these will be discussed in this
section of the literature review. Changes in the enviromment common-
ly lead to changes in plant form and plant number and it is therefore
appropriate to begin with a discussion of census studies.

Census Studies.

A quantitative analysis of population changes may
often direct attention to limiting environmental influences or indicate
when these become limitings Census studies are of two kinds. In the
first instance the number of individuals in the population is studied
from germination to maturity and in the second, the morphological
characters such as tiller number, leaf number, etc. are classified on
an individual and a population basise The usefulness of census
studies was summarised by Watson (1952) when discussing variations in
leaf area. "General descriptions of the changes in plant population
a.ndjin the morphology of the crop plants can be amplified and made
quantitative . by means of census and development studies, but they
give no informetion on the physiological causes of variation in leaf
area". Census and growth measurements should be supported by data
concerning the dominant environmental influences.

Plant numbers from germination to matwrity. There are a

number of studies which have examined plant numbers in pastures.
Under monoculture langer (1956) followed the life histories of

individual tillers of timothy in relation to growth and nutrition.
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He emphasised the continuous nature of tiller production i.e. the
farmation of new and the death of old ones. From an analysis of the
tiller population of timothy and meadow fescue langer (1958, 1959)
showed a decline in tiller number from April to June which was reduced
by frequent defoliation in a wet summer. Be also showed that the
response to cutting treatment was related to the stage of development
of the species. Mitchell and Glenday (1958) review the methods which
have been used to assess botanical composition in pastures and suggest
that tiller counts are preferable to weight estimates because they are
independent of the immediate past history of the pasture.

In clover swards Black (1958b) observed "that wherever planting
density is high, plant numbers decline rapidly as camplete light ab-
sorption approaches, finally settling down between about 12 to
20/100 cms.2 ngira (1956) and his colleagues refer to this as "auto-
regulation", and say "In & plant commmity which started growth under
very high density, part of the initial population is successively
eliminated as plants grow due to the competitive interaction between
neighbouring individuals". These authars examine competition in terms
of the C-D (Competition-Density) effect and its derivative Y-D (Yield-
Density) effect, and assume that

(a) that the growth of a plant ocan be described by &
logistic curve
and (b) that at higher densities final yleld per unit area

is constant regardless of density.

The complex analysis is based on the equation
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T
Ar + B

where y = yleld
r = density
and A and B are assumed to be independent of density; +this is not
always the case, as these authars point oute.

Holliday (1960) makes essentially the same assumptions as the
Japansse warkers and subjects yield and plant population data for single
orops to a similar analysise The only difference in his treatment is
that he makes allowance for the number of plants lost and takes it for
granted that yield is compensated by the surviving plants. He suggests
that this form of analysis may be useful in examining more complex
situations where two ar more species are in competition. de Wit and
Ennick (1958) extended to pastures an analysis of seed sown and seed
harvested in successive generations of mixed sowings of barley and oats
consisting of 2 species. Constant growing conditions were agsumed for
the analysise The relative reproductive rate for each species in the
pasture may be determined from the number of growing points surviving
from one dormant period to the next. They introduced a special factor
in the equation far cases where one species may have a beneficial effect
on its associate, e.gs a3 legume on & grass. Although the authors
attempted some assessment of "mutual competition" between associated
species, the form which this competition might take is not considered,
in sufficient detail, and so long as they think of competition as an

abstract phenomenon the analysis has little merit. de Wit 4is contin-
uing his studies with further experimental work in environmental
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b
cabinets. Black (19605 reported a decline in plant numbers in pure

and in mixed stands of red clover (T. pratense) and lucerne (M. sativa)

at a range of planting densitiess Seedling mortality was much higher
in lucerne than in clover. He referred to Biswell and Graham (1956)
and Schulze and Sommerfeldt (1958), as the only other warkers who
examined plant numbers in pastures, in the course of their studies.

Morphological studies. The census studies with cotton

(Balls 1953) and cereals (Watson 1952) which reached a peak in the years
from 1920-1940 attempted to relate vegetative characters to yield.

The comment by Russel and Watson (1940) is appropriate and reflects on
the usefulness of such studies. "In gemeral it may be said that all
growth attributes which have been discussed are related to yield, and
the nearer the time of observation to harvest the closer is the rela-
tion" .‘ Where yleld is composed of the entire crop, as in pastures it
is perhaps more significant to analyse the morphological changes with
time, rather than to relate morphological characteristics to yield.
There are comparatively few studies of morphological changes due to
competition during the experimental period. If plant losses occur

as bas been indicated, it is only reasonable to expect some rather
gignificant changes in plant farm. If surviving plants compensate

for those which have been lost then the individuals to be examined
will range from vigorous ones to the remnants of plants which have
died or are about to die. In other words, a loss in plant numbers is
accompanied by an increasing variability of the morphological character-
jistios of individual plants, and expresses the fact that competitive

gtresses within the aggregate population are becoming more severe. It
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is therefare better to have a frequent sampling programme to show up
the dominant trends with time rather than sample less frequently and
more extensively. Few workers have set out to examine in this way,
the individuals in an aggregate population of pasture plants.

Evans (1942, 1949) examined the formation and growth of leaves
in Kentucky bluegrass and the longevity of fertile and infertile
tillers, but this work does not seem to have been published in its
entirity. Ienger (1956) made a detailed study of tiller development
in timothy grown at a density of 30 plants/100 em°. For each tiller
an examination was made of the position, nmumber of dead and living
leaves, the height of the stem, the time of appearance of the flag
leaf and inflorescence and the length of the inflorescences Knight
and Hollowell (1959) examined the effect of stand demsity in cximson
clover on height, number of vegetative stems, number of seed heads per
plant, number of flarets per head, and farage yielde In most of this
wark the emphasis is on the reproductive parts. Mitchell (1954, 1955,
1956) examined in detail the growth of a number of New Zealand pasture
species and made frequent observations of

(a) tiller number and position of each new tiller
() number of leaves
(c) rate of elongation of successive leaves on the
main stem.
The plants were not grown under sward conditions but were subjected to
a range of light and temperature treatmntse The influence of density
on the growth form of subterranean clover plants is illustrated by

Davidson (1954) in a series of photographs taken regularly but no data
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are given in the text of changes in leaf number per plant. Davidson
and Donald (1958) record the number and size of leaves per plant in
subterrancan clover swards sown at four densities and subjected to
four defoliation treatments. In an analysis of competition between
plants of different initial seed sizes in swards of subterranean clover
Black (19588) distinguished between the growth of the individuals and
the growth of the aggregate population. A steady decline in plant
numbers occurred in all swards, and in the swards of mixed initial seed
size it was due entirely to the loss of small seeded plants. Ieaf
distribution in vertical intervals of 2 cm. and mumber of leaves per
plant were examined.

Growth Analysis.

Yield, L.A.I. and Light Intensity. The yield of pasture is
usually expressed as the dry weight of the botanical components at a
single cute Occasionally a number of cuts are made and thus a curve
of seasonal productivity may be obtainede The analysis of competition
far light in terms of yield alone leads to speculation concerning the
1ight micro-environment and is therefore unsatisfactory. Donald (1951)
studied the growth of Wimmera Ryegrass and subterranean clover sown at
a range of densities, on the basis of aggregate yield and yield per
plant and attritutes competitive effects in grasses to competition far
nitrogen and in subterranean clover to competition for light. 1In
further work (Donald 1958) a technique was developed to isolate
competition far light and for nitrogen between two species of grass

growing together, and by successfully isolating these factors yield

was an adequate criterion in the analysis of competition. Bleasdale
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(1956) suggests that the onset of competition between two species
growing together may be shown by plotting the log of yield of ome
against the other. If the points fall about a curve of the hyper-
bolic type, the inflection signifies the onset of competition. He
states that the data of Mann and Barnes on ryegrass and clover may be
examined in this way. This however still dées not give any informa-
tion on the natue of competition.

Yield and its derived functions have been reviewed in detail
by Watson (1952) and it is not intended to dwell on the methods of
classical growth analysis except to disouss them in relation to the
analysis of competition far light. Watson deals at langth with the
limitations of the concept of N.A-R. and shows that in general, dry
matter yield depends more on variation in leaf area than in N.AR.
Though Watson regards the leaf area as a measure of the photosynthetio
system of a orop he does not at this stage consciously consider competi-
tion far light. Nidiparovie (1956) on the other hand reviews much
the same field in a series of lectures entitled "Photosynthesis and
the theory of high crop yield" and sets out to show how yilelds might be
increased if the absorption of light by crops can be improved. "Once
the optimum leaf development is attained, further increases in yield
can only be obtained by increasing either the efficiency of photo-
synthesis or the transfer of material to the economic parts of the
plants". Donald and Blaock (1958) have stated the importance of
measuring L.A.I. in studying pasture growth and have approached this

from the point of view of light competition. "The ultimate criterion

of the efficiency of the agriculture could be well expressed in terms
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of the proportion of the incoming light energy utilised by crops ar
pastures. In turn this will depend in considerable measure on the
area of photosynthetic tissue displayed for the interception of light
energy, in particular the area of leaf".

Since yield of dry matter and L.A.I. are significant growth
attributes of pasture it is appropriate to discuss how they may be used
to examine competition for light. In the first place it is desirable
to obtain during a cycle of growth, as many values as possible, of
yield (Kleges 1933) and L.A.I. of each botanical component of the
pasture. The primary considerations with respect to yield are whether
a ceiling has been achieved amd whether the botanical components are
present in desirable proportions. The optimum and ceiling values of
L.A.I. of the pasture (Donald and Black 1958) should be determined,
and also whether the optimum has been reached in the shartest possible
time (NiSiparovi® 1956).  Though the measurement of leaf area was
tedious at one time, several rapid and reliable methods are now avail-
able (Milthorpe (Chape 15) 1956, Donovan, Magee and Kalbfleisch 1958,
Batyuk, Rybalko, Okanenko 1958, Jenkins 1959, Warren. Wilson 1959) and
these have facilitated the determination of L.A.I.

Yield and L.A.I. have baen related in a number of ways.
Davidson and Donald (1958) related the rate of dry matter production
to L.A.I. and found that it reached a maximum about L.A.I. 4-5 and
fell as the L.A.I. increased to 8-9. This is attributed to reduotions
in light intensity within the sward to below the compensation point,
and rendering a partion of the sward "parasitic". The rate of leaf

growth was reduced mare than the rate of stem growthe In defoliation
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treatments it was shown that the increase in total weight in the
sward in the ensuing four weeks was influenced by the L.A.I. at the
beginning of this period, and this is again attributed to the L.A.T.-
light relationship. Unfortunately light intensities were not recorded
in this experiment. Ianger (1959) in his studies of grass swards
suggests competition far nutrients and tentatively for light, but
provides no data in support of either. There is no doubt that
competition far light exists in his swards of timothy and meadow
fescue when he says "the leaf canopy will gradually tend to be raised".
He shows that the weight of leaf per unit area remaining after cutting,
influenced the rate of increment of living tissue after each cute.
Brougham (1956) studied pasture during a month of regrowih after mowing
to determine when the leaf surface was no longer efficient in absorb-
ing all the incident light. He first examined the light being inter-
cepted by the pasture during regrowth after it had been mown to differ-
ent heightss Then he plotted

(a) & regression of L.A.I. on yleld (Fige 3);

(b) leaf efficiency index (rate of increase of herbage

yield per L.A.I.) against time (Fig. 4);

(¢) the daily dry matter increment on L.A.I. (Fig. 6).
The regression of L.A.I. on yield showed that in each treatment the
rate of leaf area inorease was similar to the rate of yleld increase.
With moderate defoliation the maximum leaf efficiency coincided with
the complete light interception and with intense defoliation leaf
efficiency was higher. The dry matter increment data showed that

approximately constant rates were maintained when enough foliage had



T6.

been formed to intercept most of the light.

Davidson and Philip (1956) working on Davidson's data (1956)
and making certain assumptions, concerning light penetration in &
pasture profile, a constant environment, constant respiration rate,
etc., derived curves relating L.A.I. and N.AR. (Fige 9 in Davidson
and Philip) and a family of curves relating the efficiency of production
(Fige 8 in Davidson and Philip) to L.A.I. The relationship between
L.A.I. and N.A.R. showed a sharp initial rise of N.A.R. at LeA.I.
values less than 2, and gradually falling away as L.i.X. increased.
Watson (1958) examined the relation of L.A.I. and N.AR. for kale and
for sugar beet between L.A.I. values of 1 and 5, and for potatoes
between L.A.I. 2 and 3; he plotted linear regressions in each case.
The family of curves foar the efficiency of production given by Davidson
and Philip (1956) suggest that the rate of growth is greatest at certain
light intensities and L.A.I. values and that the efficiency falls as
the light intensity ar L.A.T. departs from these values. Although this
form of analysis may be quite valid with dry matter data, it may be more
rewarding to apply it to data of gas exchange in sward. The comment
by Monsi and Saeki (1953) "there exists for the production of the plant
association at a defined light intensity an optimum amount of leaf,
which in the final instance is also determined by the light intensity"
underlines the importance of the changing interrelationship between
light and L.i.I. In discussing productivity of photosynthesis as a
factor in crop yield capacity Nidiporovi¥ (1956) used N.AR. and L..T.
to caloulate growth rates. He makes a prognosis of the optimum

development of L.A.I. and N.A.R. and from these calculated the daily
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increment in dry matter which should be possible and also the optimum
course of dry matter accumulatione He does not at any time relate
LA.I. and yleld directly but discusses their relationship through
light intensity.

The evidence clearly suggests that although the trends of yield
and L.A.I. with time may describe the growth of a pasture, it is also
necessary to record light intensity within the pasture to study compet-
ition for light. Since the area of leaves and their distribution
determine the light gradient in the sward, these should be measured
similtaneously. Monsi and Saelkd (1953) were the first to attempt this
with any degree of precision and studied the "productive structure™ of
a Phragmites/Sanguisorbia community by stratified cuts at intervals of
10 cm. and measured the light intensity at the swrface of each layer.
Monsi and Seeki use their results to discuss production under conditions
of varying light intensity and infer competition for light between
speciés in the association. Several warkers in Japan have adopted the
methods of Monsi and Saeki in the study of orop ecology. Similarly
Aleksgenko (1958) cut pastures in 10 cm. layers and took light readings
at 20 cm. intervelse He merely recorded the structure of pasture with-
out analysing growthe 1In a sward of subterranean clover congisting of
a mixture of two contrasting seed sizes Black (1958‘3 (in a study already
referred to) showed that plants ariginating from small seeds had their
uppermost leaves located in an unfavourable light environment which was
created by the plants from large seedse The critical data were the

1eaf distribution expressed as the L.A.I. profile of the sward together

with the light intensity profile of the sward.
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The components of Ieaf Area Index. While the analysis

of leaf distribution in pasture clarifies the relationship between
L.A.T. and light intensity, it does not provide any .ini‘ormation con-
cerning the nature of L.A.I. or its development and persistence in
gwards. In discussing the physiological analysis of variation in leaf
area Watson (1952) draws attention to the fragmentary information within
a gpecies concerning

(a) increase in the number of growing points,

(b) leaf expansion,

(c¢) senescence and death.
The relative importance of each of these with regard to competition
far light in pasture is of particular relevance to this review. The
above points have been examined by Ienger (1957) for grasses but not
in relation to the light micro-environment. He investigated the growth

of Timothy (Phleum pratense) and showed that the decline in the area of

leaf of a whole plant began btefore maximum dry matter production was
achieved, and that additional leaf area - from the continued production
of tillers - was not enough to compensate for the loss tlrough death.
The suggestion of a continuous turnover of leaves in clover
gwards (Brougham 1958a, Davidson and Donald 1958, Black 1958“5 was ex-
amined by Broughaem (1958? who followed the development of individual
leaves in swards of white clover, at different stages of growth after
defoliation. Terminal bud leaves were labelled at six-day intervals,
on seven occasions after defoliation. Thereafter a number of marked

leaves were harvested every two days over a period of five weekse The

leaves were grouped in six categories according to their condition and
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colour and the following data were collected:
(a) individual petiole length;
(b) dry weight of the total number of petioles in
each category;
(¢) dry weight of the total amount of leaf lamina
in each category;
(d) mean area per leaf in each class - derived from
the leaf area/leaf weight ratio of various discs.
These studies were made with random samples of leaves and not on indiv-
idual plants, and therefore are relevant to points (b) and (c) only,
raised by Watsone They do not throw any light on the interrelation-
ship between the individual plant and the entire population, but show
the average trend in petiole and lamina development during a short
period of regrowth in a dense clover sward, as competition far light
becomes more severe.

There is still scope to study leaf initiation, expansion
senescence and death and to investigate further the role of shading on
the useful life, and ageing of a leaf in swards. Since grass has a
determinate habit of growth in contrast to clover which has an in-
determinate habit they will hawve to be studied separately.

Techniques.

The purpose of this section is to examine ways in which
competition for light may be studied and outline some general principles
to be kept in mind in planning an investigation. It is important to
recard light intensities within the sward in each experiment, and the

problems of light measurements in pastures are discussed in section 2.4.0.
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of the thesis. The way in which light readings are to be used, ought
to be clearly understood at the outset of the investigation. It is
not enough to show that light intensities are reduced, but necessary
to indicate how competition for light occurs. TUseful primery data is
generally obtained if light readings are made at frequent interwvals,
both in space and in time. Monsi and his co-workers in Japen,
Brougham in New Zealand and Black in South Australia have all made
effective use of their light meters. Alekseenko, and Mitchell and
Calder on the other hand have merely recorded light intensities.

Turning now to the plant material under examination. While
directing attention to competition far light, care should be taken
not to overlook similtaneous competition for other factors. The
moisture characteristics of the soil need to be understood, the
nutrient supply should be catered for, especially where relative up-
take between species may differ and give one a competitive advantage
over the other. The genetic background of the species under study
and the response to temperature and photoperiod should be kmown. The
best agronomic practices regarding planting material, method of plant-
ing etc. must be observed. Where an artificial treatment such as
shading is imposed every precaution should be taken to guard against
gide effects: ee.g. filtering of light, undesirable reflections, change
in the temperature regime. In order to bring mare factors under con-
trol, there has been a tendency to conduct competition studies with
uniform plant material, using smaller plots, and to plant experiments
in large contairers (Caputa 1948, Black 1956] langsr 1957). This

degree of refinement is unnecessary where a high degree of uniformity
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of the plant material can be achieved in the field (Glenday 1955, 1959).
If the analysis of competition far light is the sole objective, then
the distinction between intra- and inter-specific competition is resolv-
ed into a study of competition with like and unlike growth farms.

In pure cultures. The obvious means of bringing about

different degrees of competitive stress in swards of a single species
is to manipulate density at planting. Donald (1951) studied sub-
terranean clover swards at 8 densities, Wimmera ryegrass at 10 densities
and Bromus at 6 densities.  Davidson (1954) studied subterranean clover
swards at 5 densities. In the clover swards the effects observed are
attributed to competition for light between individuals, and in the
grasses to competition far nitrogen. Black (19577 studied the growth
of subterranean clover swards grown from seed of varying size. The
relative growth rate of each sward slowed down as it approached an
L.A.I. 4 and fell progressively until the swards reached a common
ceiling yielde Light interception was deemed complete at L.A.I. 4.
Previous wark on the influsnce of seed size is discussed and the comment
made that intra-specific competition was not a mejor consideration in
these studiese The orucial argument in Black's paper is that the
pattern of dry matter production of a sward depends on the initial
cotyledon area per unit of ground - however this may be achieved - and
this determines the time at which complete light interception occurs.
Lawson and Rossiter (1956) sowed large and small seeds of two strains
of subterramsan clover at constant seeding rates per unit area and
found no effect on the growth rate of the swards, i.e. seed size

per_se had no effect and total cotyledonary area was the criterion as
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in Black's study. These authors do not examine their results in terms
of competition for light and suggest that consideration should be given
to the early growth of roots. Black (19557 gsowed large and small seeds
together and showed how large seeded plants suppressed small seeded plants.
Similar effects of intra-specific competition may be obtained by manipulat-
ing the germination in swards so as to obtain a delay in establishment of
a portion of the population =~ either by differential depth of sowing, or
by different rates of germination amongst individuals.

Studies of this kind are dependent on the constancy of the
relative growth rate in the absence of competition, and this condition
only applies to genetically pure material. These studies also depend
on a simple seed morphology and where the seed is almost wholly "emibxyo""
without endosperm, as in the self-pollinating subterranean clover, a high
degree of uniformity between plants from seed of the same size may be
achieved. In other species, uniform seed size does not necessarily
imply uniform relative growth rates, but there is no decisive evidence
on this point.

In mixed culture. Mixed culture may mean the association of
similar forms such as two clovers or two grasses, or the association of
contrasting forms such as a oclover and a grass. Whether the association
be of like or unlike forms, the photoperiodic response of the species
chosen for study should be lept in mind, so that any observed affects may
be correctly attributed to competition for light without qualification
in respect to photoperiodic effectse A uniform planting pattern is des-
irable so that the effects of competition far light may be evenly dis-

tributed throughout the association. Black (1960? grew three swards

of subterranean clover each oonsisting of two strains sown at high
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densities; he examined petiole lengths, light profiles and vertical
leaf distribution, and concluded that strain differences in petiole
longth determined the success of a strain under competition. That
is, the success of a strain in a mixture depended on the relatiwve
location of foliage in respect to the incident light.

Donald (1958) discussed a technique to study competition far
light and competition for nutrients and applied this to a study of

competition between Iolium and Phalaris. A distinction is made between

single factors and groups of factors, direct effects and indirecot
effects and the nature of interactions was examined. The findings

were summarised qualitatively in the following way (Table 9)s

Species Competition ! Competition for both Light

Effect of 1 Effect of } Effect of Competition
for Light for Nutrienta l\[ and Nutrienta

Aggressor Slight decrease in Moderate decrease in | Yield equal or almost equal to that
species yield yield ) in pure culture with no

! competition
|

Suppressed | Moderate decrease in Marked decrease in Extreme decrease in yield, exceed-

species yield yield ing the sum of the separate effects
of light and nutrient competition

! o
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The methods outlined for pure cultures can also be applied
in mixsd cultures. The density of the associate species may be
varied. Black (196(3 grew lucerne and red clover in mixed stands in
all combinations of 50, 250, 1250 and 6250 plants per square metre,
ie¢s in 16 combinations. TUnfortunately there were only two harvests
17 days apart and the first one was made six weeks after emergence.
Because of the shallow containers in which the swards were grown and
in the absence of light readings, the analysis of these results is
difficult and open to considerable speculation. Brougham's experi-
ments with mixed herbage are concerned with regrowth after mowing, and
they are not of sufficient duration to study the effects of competition
between species. However, Brougham (1954, a, b, c¢) made use of this
principle in earlier wark, by varying the density of the component
species in the mixture.

The only investigations where competition for 1igh‘.t in
associations of contrasting' species was studied by examining the
vertical distribution of L.A.I. and vegetative material in conjunction

with the light profile, are those of Monsi and his school (1953, et seq.)

in Japan. A Phragmites/Sanguisorbia association was selected for
detailed study and cut on half a dozen occasions during the season.
Although these authors claim that shading by Phragmites suppressed the
Sanguisarbia the evidence is not sufficiently clear-cut to rule out the
offect of an adverse photoperiodic influence in Sanguisarbia. . Alek-
seenko (19568) cut sown pasture in harizontal layers on a mumber of
occasions during a season and these were determined by the stage of

development of the swarde He made no attempt to relate his findings
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to the analysis of growth, or competition far light.

Conclusione A number of gemeral conclusions may be
drawn from this reviews The first, is that an array of factors un-
related to light may influence procedurs, and this must be considered
if competition for light is to be successfully demonstrated. A
standard planting is desirable in competition studies, and though this
is most easily achieved by conducting experiments in large containers,
it is possible also to obtain a high degree of unifarmity in field
plantings. Refinements in procedure will permit a reduction in plot
size and possibly lead to a greater number of observations; the value
of simple observations which are outlined in the text, such as changes
in plant number during the course of an experiment, should not be under-
estimated. A prior evaluation of the mature of light competition may
reveal some rewarding methods for measuring light within the experimental
gwards, and these will enhance the value of any growth data recarded.
Growth analysis to be applied should be considered with some caution
for while the rate of photosynthesis is dependent on light, the rate of
respiration is not, and dry weights can only estimate the net result of
these two processes. It may well be that gas analyses are the most
effectual way of measuring the effects of competition far light on

plants - but in the meantime much may be learnt by using the existing

methods at our disposal.
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2+4.0s The measurement of the light profile in a pasture.

A number of problems in ecological photometry need
to be congidered in relation to the measurement of light intensity in
pastures. The earlier work has been summarised by Klugh (1925) but
he does not deal with pastures. The factors involved in measuring
light intensity in pasture can be conveniently grouped into photometric
problems and ecological factars.

Photometric problems. The primary aim in measuring the

light intensity in pasture is to assess the use of the incoming erergye.
In addition to measuring the amount of light, it is necessary to assess
the quality of the light. Plant material acts as a gselective filter
and the wave-lengths therefore alter as the light percolates through
the sward. The light energy depends on the colowr of the light, and
the reflection, absorption and transmission within the sward will
{nfluence the emergy distributione The wave-lengths most effective
in photosynthesis have been established (0e3 - 0.76/4 )y ut a veriety
of relations can exist between wave-length and photosynthetic effic-
iency, depending on anatomical structure, the nature and distribution
of the pigments in the plant, and the energy content of the light
absarbed. (Roussel 1953, Wassink and Stolwijk 1956). It is diffic-
ult to measure the light intensity aveilsble for photosynthesis,
because there is no standard response curve for a plant in the same
gense as there is a ngtandard eye", which enables {illnmination
engineers to determine whether there is adequate lighting.

Since it is convenient to measure and express the light energy

in pastures in units of visual photometry, it is lmportant to specify



87.
the spectral sensitivity of the measuring apparatus (Mestre 1935)
and to assess the response of the instrument to equal energy input
at various wawve-length within the range 0.3 to 076 ol o If this
is done the results obtained by various workers can be converted to
energy units and compared. It should also be possible to define a
mean response curve for plants and this has already been attempted by
Schulze (1956) (Fige 11). Trickett, Moulsley and Edwards (1957) say
that such a definition "must await the development of large controlled
chambers with suitable lighting and the measurement of the spectral
response absorption and transmission characteristics of living plant
foliage in bulk"e In the meantime much is to be gained by recognising
an empiric relationship even if it has to be modified from time to
time. TFurthermore if the response curve were expressed in terms of
absolute energy rather than illumination units it would clear up the
confusion at present existing between illumination flux and energy
distributione If an arbitrary response curve of the anabolic process
in assimilation as a function of wave-length were accepted it would
lead to a clearer concept of the distribution and use of radiant
energy in plant communities.

Consideration should be given to the direction of the incident
lighte Sunlight penetration into a sward depends on the angle of
elevation of the sun, but diffuse radiation which is always present is
a further source of emergye  (Bleksley 1954, Jacobs 1955, Drummond
1958)e The estimate of illumination also depends on the amount of
diffuse radiation received, which is related to atmospheric turbidity

and cloudiness (Smithsonian Tables 1951, Roussel 1953) and the type of
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receiving surface on the photocell and the plane in which the sensit-
jve surface is exposed (Atkins, Poole and Stanbury 1937, Giovanelli
1953, McCree 1955, Trickett, Moulsley and Edwards 1957, Richardson
1959). The sensitivity of a flat-surface instrument falls off as the
angle between the normal and incident beam increases (Walsh 1953, Keitz
1955) where as a spherical meter gives "an unambiguous estimation of
the influx into a space" (Wassink and Scheer 1951, Wassink 1954). These
authars attempted to relate daylight readings taken with a spherical
instrument with those taken by a flat surface type of instrument and
found that the conversion factor altered during the day. It is doubt-
ful whether a correlation is warranted because the instruments do in
fact measure the light intensities in different circumstancese. Richard-
son (1959) showed that a spherical meter was less sensitive than a
flat one to changes in the direction of light, btut more sensitive to
changes in light intensity due to vegetation. Atkins, Poole and Stan-
bury (1937) consider that a small sphere might be the best form of
sensitive surface to measure the total illumination aveilable forl
photosynthesise

In photometry it is necessary to avoid measuring reflected
light which is not ordinarily present and which may result from a dis-
turbance of the system, such as the insertion of a photocell into a
dense sward, or by btringing a reflecting surface close to the photocell.

Sunflecks within the canopy (Evans 1956) occur as light pene-
trates botween lsaves and are a source of variation of light readings.
Iight intensity may also vary where there are differences in plant

density. Roussel (1953) reports studies which examined the shadow
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pattern in gaps occuring in foarest canopies. The formula and diagrams
he presents related the size and shape of the gap, the height of the
trees, and the apparent motion of the sun. Such calculations can
readily be made for any situation (Phillips 1951), but the circumstances
mist be adequately specified. In assessing the average light condit-
ions in a pasture sward it is difficult to decide how readings are to be
interpreted, especially if the incidence of sunflecks is highe Evans
and Coombe (1959), by means of hemispherical photography, have developed
a method by which sunlight pemetration into farests can be examined in
relation to the apparent motion of the sun and canopy characteristics.
This makes it possible to determine whether anyselected area is typical.
It may be difficult to develop such techniques for pasture wark but the
existence of miniature cameras may make this possible.

Photocells may show a hysteresis effect with respeot to iempera-
ture and this is often dependert on previous temperature historys the
extent of this response also varies with the type of photocell (Sauberer
1558). Under humid conditions the photocell may deteriorate very quick-
1y.

A number of photocells permanently placed on a grid system and
comnected to contimuously recarding devices would be the best apparatus
for measuring the distribution of light intensity within a gward, for
such readings would take into consideration day to day changes due to
the angular distribution of daylight, diurnal movement of the leaves
in the sward, and would indicate the incidence and distribution of

sunflecks. A mumber of practical difficulties arise in such an arrange-

ment: prolonged exposure of the photocell may cause & drift in the
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response which may presist for some time.

An interesting alternative is the use of chemical methods
for measwring light (Ieighton and Forbes 1930) and since these methods
integrate the light received with respect to time, they might be
readily adapted to studies of light in pastures. Their apparent
advantages are independence from a directional effect of sunlight,
economy, ease of handling, and the fact that readings can be made under
a variety of climatic conditions. The spectral response of, and the
effect of temperature on the reactions involved would need to be known.
One of the difficulties far pasture wark is that the vials would have to
be small enough to be positioned with the minimum of disturbance to the
sward. Dare (1958) notes a method which could have some application
for pasture wark.

The construction and calibtration of small, porteble and durable
photocells is far easier today than it has bteen in the past. Although
there are a mumber of problems associated with their use, these will be
resolved as the methods of photometry are applied more widely. The
important points th;t should be observed by the pasture ecologist are

(a) to define the spectral semsitivity of the
apparatus used

and (b) to test the photocell under a standard light each

time before taking it into the field.

Ecological Factars. The structure of a sward depends
amongst other things on the species content, the density of sowing and

the age of the pasture. In the early stages, leaf material predomin-

ates, but with further growth, stem development begins in the lower
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layers (Monsi and Saeld 1953, Alekseenko 1958). 1In a clover-dominant
sward the leaf material forms the surface and is generally concentrated
in a relatively narrow band with petiole and stem below. The leafy
layer deepens as growth continues, and as a result the petioles and
growing point may eventually be located in total darknmess (Black 1958%
19607. After some time a residue of dead leaves and petioles litter
the ground (Brougham 1958b). In grass pasture infloresences eventually
dominate the surface of the pasture, shading the leafy layer beneathe.
Grass in mixed pasture may bring about significant reductions in light
intensity due to stem and infloresence even at high angles of elevation
of the sune Though the surface of pasture may be homogeneous, it
cannot be considered to bte horizontal or uniform. It reflects,
transmits and diffuses the light falling upon it; the patterns of the
diffusion and reflection indicatrix depend on the angle of incidence
of the light source and the nature and extent of the "crests" amd
"troughs" of the surface. 1In this regard a grass sward will obviously
exhibit greater irregularities than a clover sward. The depth of the
"troughs" and their direction with respect to the light source can
create some apparent anomalies in light readings, and areas of high
luminance may result from multiple reflection. The extent of this
will in part depend on the reflecting and transmitting properties of
the boundary planes i.e. the leaves, which cannot be regarded as being
stationarye.

Light absorption by leaves has been studied extensively and
though individual results vary tremendously the magnitudes are gener-
ally of the same arder (Moss and Loomis 1952, Kleshmin and Shul'gin
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1959). Approximately 30 per cent. of the incident light is reflected
and transmitted and 70 per cent. absarbed. Absorption is greatest
in the shorter wave-lengths (around 0e47p )y and Fige 12 shows the
amount of the incoming solar radiation absorbed by a leaf in the
different wave-lengths. It is obvious that as the incoming energy
passes through more and mare leaves its composition will alter in
favouwr of the higher wave-lengths (around 0.67/w )e  Samberer (1937)
suggested that readings taken in dense stands could be in serious error
unless the instrument used is appropriately calitrated. Egle (1937)
studied the distribution of the light intensity in deciduous forest
during leaf development and found that the reduction in intensity is
proportionately less in the red wawve-lengths than in the blue. This
applied to pasture as well, ard was dependent on the angle of incidence
of the lighte Similarly, Coombe (1957) made the point that estimates
of the daylight factor (page 99) could differ significantly, when
instruments of different spectral sensitivity were used. ‘Terrien,
Pruffaut and Carles (1957) attrituted the difficulties in measuring
the radiation dispersed by leaves to the insensitivity of the available
measuring devices, and referred partiocularly to the radiation at higher
wave-lengths. The published evidence indicates that most of the
incoming radiant energy useful far assimilation can be absarbded by two
leaves superimposed on each other (Kmuchel 1914, Seybold 1932, Sidorin
1945, Rabideau, French and Holt 1946, Kasanaga and Monsi 1954). This
will not be strictly true as the distance between leaves is increased
or as leaf movement takes place. Shul'gin and Kleshnin (1959) claimed

that the optiocal properties of leaves did not change when the chloro-
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phyll concentration exceeded 3 mgm 100 cms'-2 of leaf surface.

The movement of foliage could result from a number of stimuli.
"Plant movements taking place under natural conditions result from a
combination of the effects of both tropic (directiona])and nastic
(diffuse) stimuli". (Stiles 1936). The nyctinastic movements of
leaves (so described because of their association with onset of night)
are for the most part attributed to photonasty. Although this form

of movement is very pronounced in the families Oxalidacease and

Ieguminoseae, it can occur even in the Gramineae and Darwin (1880)

has described circummutation in Phalaris canariensis. Most grasses

exhibit an involute curling of the upper leaves during periods of
relative moisture deficiency, and some authars have expressed the view
that all diurnal movements are in part attributable to this hydronasty.
Bunning (1959) concludes that the light-dark change is the most
important single factor leading to diurnal movements of leaves. Such
movements lead to changes in the configuration of the pastuwre and,
concurrently with the changes in the angular distribution of daylight,
differences in the pattern of light pemetration can be expected. The
day to day differences in these patterns may be small and could be mod-
ified by existing conditions, but over longer periods, such as a month
they may become significant. Daylength, azimuth and altitude of the
sun at three latitudes in the southern hemisphere are tabulated for the
21st day of each month in Table 10. The differences in azimuth and
altitude are of sufficient magnitude to influsnce the amplitude of the
directional movement of leaves while changes in daylength would alter

the duration or "rhythm" of these movements. (Binning 1959, Holdsworth
1959).
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Table 10

(data kindly supplied by Mount Stromlo Observatary 1960).

(8]

At latitudes =30 (N.S.W. and Queensland border, and Narth of Perth) and
~35° (Albany, Adelaide, Canberra) and
-40° (North Island, New Zealand).
Jan. Febe Mar. April May June July Aug. Sépt. Oote Nove. Dece
21st 21st 21st 21st 21st 218t 218t 218t 21st 21st 218t 21st
Daylength
-30° 138 46| 128 s59] 12" P | 1fsm| 1P| 12 | 1P| 12Pos | 1259 13%46| Ut e
350 ub o7 | 13" 10| 22° o | 1| Pasl| 1o m o] 2o | Pl uPe| w30
40 uh 32 | 1P 2s| 22" 1P s | ohas| om2o| oPas | 1has | 2P0 | 23| Um| 1a
x
Azimath
-30° 66 7 90 104 114 118 114 104 91 18 67 62
-35° 65 76 90 105 115 119 116 105 91 1 65 61
~40° 63 75 90 106 117 122 118 106 91 16 63 58
x
Maximum Altitude
-30° 80 p! 60 48 40 37 39 48 59 71 80 83
-35° 75 66 55 43 35 32 34 43 54 66 75 78
.4q° 70 61 50 38 30 27 29 38 49 61 70 3

& At all longitudes between 100° g and 180° E

Rise:

From Se. over Eo

Set: From S. over We

Ak between 111 44 and O® 16 local mean tims
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As seasonal changes take place, especially in radiation

(de Wit's Fig. 14 1958), so leaf movement becomes more or less pro-
nounced. With increasing leaf folding or rolling, shading by leaf
laminae becomes less, and the shading by stems and petioles becomes
more importante In winter, the uppermost leaves of a sward hardly
fold or roll during the day and light penstration is negligible, but
in summer leaf folding or rolling is more pronounced and the angle of
elevation of the sun is greater. Consequently the light intemnsity
within a sward is higher in summer than in winter (Brougham 1958a 3,
This view is supported by the data of Monsi and Saeld (1953) which
showed the dependence of the extinction coefficient (k) on the leaf
angle and how at given L.A.I., the light intensity decrgased as the
leaf angle from the vertical increased (See Figss 7 and 8). Fortanier

(1954) showed that in Arachis Hypogea leaf movement was less pronounced

at low light intensities than at high light intensities, but emphasis-
ed that this was a complex phenomenon depending not only on prevailing
conditions, but also on the intensity, colour and duration of the pre-~
ceding illumination (or period of darkness).

A generalisation on the influence of environmental factars on
the light regime in pastures is diffiocult, without taking into account
the time of the year, topographical features of the site, the stage of
growth of the pasture and the instrument used in measuring the light
jintensities. Here, I only wish to refer to daily or topical changes
that may modify a set of readings and which have to be considered in
interpreting results that are obtainede In humid weather, the photo-

cell may be urreliamble and every care has to be taken to ensure that
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it continues to register. Water on the surface of vegetation alters
the reflection and consequently absorption of light; this varies
with the nature of the vegetation and depends on whether it is overcast
(Smithsonian Tables 1951)s On windy days, leaf movement increases the
variability of light rea;dings and where the vegetation is short sub-
stantial errors in light intensity readings may occur. S