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i.

Many factors are operative in determining the overall
productivity of any system of farming. In most cases these
can be plaged into distinet groups, and where animal
production from pasture is concerned three such groups can
be distinguishedie

(a) Factors affecting the amount of dry matter
which is produced by the pasture.
(b) Pactors affecting the proportion of this |
which is harvested. ‘
(c) PFactors affecting the efficiency with which
harvested dry matter is converted into
animal products.

khile all of these factors affect the ultimate level of
production only those concerned with pasture dry matter
production are considered in this thesias.

lany studies have been carried out in an attempt to
improve the understanding of those factors which affeet the
amount of dry matter produced by the pasture. Some of
these have been concerned with the roles of intensity and
frequency of defoliation, and in general, they demonstrate
an inverse relationship between the yield of pasture dry
matter and both the severity and frequency of defoliation.

In the light of such information many farmers have attempted
to increase the overall ocutput from their grassland by
adopting grazing systems in which, ideally, grezing and
spelliing alternate at intervals appropriate to the climatic



and edaphic environments and to the specific pasture type.

In recent years several systems of grazing
management have been tested on a famm scale (MNelieelkan, 1960).
These studies show that the amount of animl material
produced from management systems based on the results of
pasture studies is little, if any, greater than that from
systems previously employed. In order to explain such
results, and to facilitate the development of better grazing
methods, a more precise understanding of pasture growth has
become necessary.

Many recent attempts to obtain a more detailed
understanding of pasture growth have involved an intensive
study of relationshiips between the rate of dry matter increase
and various chamcteristics of the photesynthetic system.
Leaf area has been widely used as a meagure of the size of
the photosynthetic system deapite the fact that many
photosynthetically active cells ooccur in tie stallks, sheaths
and petioles. Chlorophyll is essential for photosynthesis
and Brougham (1960) found that there was a better correlation
between maximun rate of dry matter increase and the
chlorophyll content per unit of ground area above the level
at which 95¢ of the noon light was intercepted than between
seximn vete of dry matter inorease and leaf aves index' )
above a similar measurement level. As a logical extension
of such work this theslis invelves a study of the relationships

(*) The term leaf area index is used to refer to the ratio of
wmummm{m 1947).
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between rate of dry matter increase, leaf area index and
chlorophiyll content per unit of ground area durlng the
grouth of a pasture.
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Pig. 1, Leaf Efficiency Index at various stages
of growth.

(Brougham, 1956 ),



Brougham (1956) defoliated swards of short rotation
ryegrass - white eclover - red clover to three different
levels and found that in all cases the rate of aerial dry
matter increase reached & maximum when sufficient leaf was
present to intercept 95° of the noon light. The leaf area
index at this point was 5, and although the leaf area index
increased to 9, no further change in the rate of dry matter
increase was recorded. The overall relationsiip between
leaf area index and rate of dry matter increase was thus
agymptotic.

The guantity of dry matter accumlating per unit of
leaf area per unit of time (leaf efficiency index) was
influenced by the intensity of defoliation, as is shown in
Fig., 1. The low value following defoliation to 1" frem
ground level was explained on the assumption that tihese
swards would expend a larger proportion of their synthesised
carbohydrate in respiration, and the higher maximum value
was attributed to the bulk of the leaves being at the
optimum age for photosynthesis. In the later stages of
growth the rate of dry matter increase per unit of leaf area
declined and it was suggested that this was due to muthl
shading, although leaf age was considered as a poasible
factor.
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In a further study Brougham (1958a) showed that
different species intercepted different amcunts of light
with the same measured leaf area., The amount of leaf
necessary to bring about maxirum rate of dry matter increase
at any particular light receipt thus varies between species.
This has been substantiated by further studies (Watson,
1958; vatson and French, 1958; Davidson and Domald, 1958)
of the relationships between leaf area index and rate of dry
mtter increase.

watson (1958) obtained stands of sugar beet and kale
with different leaf area indices, and avoided the
conplications experienced when plants are differentially
defoliated, by thinning them to different densities. lie
measured the total dry matter increase during the subsequent
ten days and found that in lkale the rate of dry matter
increase was at a maximum when the leaf area index was
between 3.0 and 4.0 and was slightly lower when this was
between 5.0 and 5.5, The relationship between leaf area
index and rate of dry matter increase was thus guadratic.
This contrasted with the relationship established in the
stands of sugar-beet, the mate of dry matter accumulation
of which increased up to the maximun leaf area index value
investigated (6.3). A similar relationship to this was
established by Watson and Fremeh (1958) in stands of barley,
the maxinun leaf area index investigated in this case being
9.0. In all cases the rate of dry matter inecrease per

unit of leaf area (net assimilation rate) was inversely
related to the leaf area index. An increase of ene leaf
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area index unit did, however, have a much greater cffect on
the net assimilation rate in lale than in barley or sugar-
beet.

The relationship between rate of dry matter inecrease and
leaf area index established in lale by Watson (lgog git) was
similar to that found by Davidson and Domald (1958) in stands
of subterrancan clover. In these stands the mate of dry
matter increase was at a maxinum at a leaf area index of
between 4 and 5., At the highest leaf area index reached
(8.7) the rate of dry matter increase was 307 below the
maximum,

Monsi and Saeki (1953) applied theoretical considerations
to the relationship between leaf area index and rate of dry
matter increase. They pointed out that within a plant
community competition for light or carbon dicxide would limit
the assimilation possible by individual leaves. Although
this would become more severe at higher leaf area index
values, the rate at which dry matter accumlated in the
commnity would increase as long as the carbon diexide
fixation in each unit of leaf tissue was sufficient to offset
its loss of carbohydrate in respiration., Up to this pednt,
therefore, the relationahip between leaf avea index and rate
of dry mmtter incremse would take the form of a diminishing
IRSponse CUIVe.

The authors pointed out that the amount of leaf
necessary to bring about the maximum rate of dry matter
increase depended largely on the amount of light yeceived
and on the optical properties of the foliage. Theoretical
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considerations suggest that the light absorption properties
of the foliage vary acecording to the arrangement, dispersion
and orientation of the leaves (litchell and Calder, 1958;
Saeki, 1960; Warren ¥Wilson, 1960a), but much experimentation
is required before the exact relationships between such
factors and the ability to intercept light is fully understood.

Davidson and Philip (1958) and Davidson and Denald (1958)
extended the thesis of Monsi and Saeld (lgg cit) and suggested
that the rate of dry matter increase would be reduced at leaf
area indices sbove a certain optimun value. They considered
that leaves would survive and become seml-parasitic, so
drawing on internal plant carbohydrate until the dry matter
los8s in respiration of a whole stand egualled its gross dry
matter gain in photosyntiesis, at which stage the mate of dry
mtter loss would be zero.

This hypothesis was, however, considered invalid by
Black (1958) and Saeki (1960). They both pointed out that
there was very little evidence to suggeat that a plant
maintains meture leaves in a position unfavourable for
photosynthesis. Further support for thelr argument was
provided by Kursanov (1961). In a review of the transport
of organic substances in plants he pointed out that several
worikers had been unable to bring about a flow of carbohydrate
to a mature leaf, even by prolenged shading. Most of the
experinentation had been carried ocut with soya~beans and
other annual plants and the author concluded that in anmual
plants there is very little exchange of carbohydmate between
mature leaves at different levels,
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In an extension of the argument Saeki (1960) pointed
cut that the relationship between leaf area index and rete
of dry matter increase would depend om the rate at whieh
leaves decayed when their loss of carbohydrate in
respiration exceeded their gain from photosynthesis. Few
studies of the rate of decay of plant material have been
reported, but Brougham (1956b) found that white clover
leaves passed through their life cycle and decayed completely
in thirty days.

(a) Overali Relationships.

In a study of the growth of several pure stands of crop
and pasture species Broughan (1960) measured the amount of
chloropiyll contained in the herbage above the 957 light
interception level and compared this with the eritical leaf
area index., For perennial ryegrass 35 mg. of chlorophyll
per sguare foot of leaf area was recorded in Pebruary, whereas
for red clover and white clover the values ranged between 42
and 47 mg. per square foot. These values depended on both
the relationship between chlorophyll contained in the leaves
and in other parts of the plant and on the relationship
between chlorophyll content and leaf ares in individual
leaves, For this reason it 1s necessary to consider these
relationships separately.

(v) HRelationships between Chlowophyll Contained in the

leaves and in other Parts of the Flant,

Broughan (1gg git) reported that the chlorophyll in the
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stems accounted for 15° of the total ehlorophyll contained
in a stand of red clover with a leaf area index of between
4 and 5 in Pebruary. In grasses the green leaf sheath may
make up a considerable proportion of the total assimilating
surface (Blaciman and Black, 1959) and at certain times
assimilation in the ear of cereals is known to be appreciable
(vatson and Norman, 19393 Porter gt gl., 19503 Thorne,
1960). Chlorophyll found in organs other than leaf may thus
contribute a considerable amount to the measured chlorophyll
content per unit of ground area, particularly at certain
times of the year and stages of growth.

(¢) Relationships between Chlorophyll Content and Leaf

Area in Individual Leaves.

The chlorophyll content of individual leaves of a large
mmber of species varies between 36 and 76 mg. per sguare
foot of leaf area (Seybold and Egle, 1940; HRabinowiteh,
1945). Part of this variation is caused by a characteristic
change throughout the life history of the leaf, The
chlorophyll content increases until a maximum 15 attalned
about the time that the leaf reaches full size, it then
remains relatively constant through maturity and finally
decreases as the leaf senecsces (Skene, 1948).

Hutritiomal and genetic factors also influence the
ehlorophyll content per unit of leaf area. Bomner and
Galston (1952) pointed cut that the production of chlorophyll
is controlled by a great number of different genes, and that
mutation or loss of any of these will result in plants which
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have a different amount of chlorophyll per unit of leaf area.
A deficlency of either magnesium or nitrogen, essential
components of the chlorophyll molecule, will also have an
effect, and any leaves produced will be yellow and of low
chlorophyll content (Rabinowiteh, 1945). A eimilar effect
is noted when iron, zinc or copper are deficient. These
are not themselves constituents of the chlorophyll molecule
but they are reguired for its synthesis (Rabincwite:, Jog ¢it).
When mutrients are in adequate supply, the chlorophyll
content por unit of leaf ares in plants of one particular
genotype is controlled by the light and temperature
conditions under which the leaves develop (Smith and Young,
1956).- Shirley (1929) reported that in a mumber of broad
leaved plants a five~fold reduction in light intensity
increased the chlorophiyll content per unit of green weight
but had an inconsistent effect on the chlorophyll content
per unit of leaf area. Friexd (1960; 1961a) found that the
rate of formation and the maximum guantity of chlorophiyll in
the first three leaves of Marguis wheat is controlled by
light and temperature, but is not affected by photoperied.
At temperatures between 20°C and 30°C the chlorophyll centent
per unit of dry weight inereased as the light intensity was
increased from 200 to 1,000 foot candles. At higher light
intensities there was an interaction between the effects of
light and temperature, and under optimum temperatures the
chlorophyll content increased until light intensities of
2,500 foot candles were reached. At temperatures lower than
20°C the chleropiyll content decreased as the light intemsity
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was increased., This effect was explained in terms of two
opposing reactions, pigment preduction from the precursor
protochlorophyll and pigment destruction, both under the
influence of light, At low temperatures the mate of
production of protochlorophyll was retarded whereas the lighte
activated pigment brealdown centimued unhampered. In a
further study Friend (1961) reported that there was a strong
correlation between chlorophyll content and leaf thickness.
Thus, under conditions which favoured an inerease in the
thicimess of the leaves the chloropliyll content per unit leaf
area was increasoed.

The relationahip between leaf area and chlorophyll
content may change tlroughout the day. Doubt as to the
existence of diurnal changes does however exist, Bulmtsch
(1930) working with Bumex alpimus and Adenostyles aibifrons
and Bavrina (1959) working with red perilla, Japanese millet
and rudbecicia, have both reported the existence of such changes
whereas VWilgsatter and Stoll (1918) reported that ehlerophyll
content remained relatively constant.

C.

Several studies of the relationship between chlorophyll
content per unit area of water surface and the rate of dry
mtter increase in agquatic commnities have been reported
(Manning and Juday, 19413 Iehimure, 19543 Odum, 1959). In
these communities the chlorophyll content per sguare foot of
wvater surface area varied between 5 and 300 mg. The mate of
assimilation per unit of chlorophyll appeared to be very



12,

similar in the different commmnities and this led Odum (1959)
to suggest that the chlorophyll content of a community could
be used as an index of potential productivity.

Bray (1960) investigated the relationships between
chloropiyll content per unit of ground area and the
productivity of some nmative and managed plant comminities in
Central Minnesota. He found that there was a highly
significant relationship betuween the maximum weight attained
by the aerial parts of annual herbaceous stands and the
chlarophyll content per unit of ground area, This 1s
supported by a recent investigation which established a
highly significant correlation (r = + 0.912) between the
maximm rate of dry matter increase and the amount of
chlorophyll per unit of ground area above the 95¢ light
interception level (Broughanm, 1960). Pure stands of
perennial ryegrass, short rotation ryegrass, white clover and
several other pasture and crop plants were used in the
investigation carried out by Brougham (log. cit.).



3.
CHAPTER 2
HATERIALS AND METHODS

Pure swards of certified liew Zealand perennial ryegrass
(Ielium perenng L.) in their third year from sowing were
used, These were growing on an open, level terrace in
fertile Manawatu silt loam on part of the field plot
experimental area at the Palmerston North station of the
Grasslands Division, Department of Secientific and Industrial
Research (Latitude 40° 30' S.). In 1959 and 1960 the swards
had been used for a study of pasture growth invelving dally
cutting and in 1961 they had been grased regularly with sheep.

Two experiments were carried out, preparation for the
firet beginning in early Mareh, 1961,

Eirst Experiment.

On 4th Hareh the herbage was cut to a height of 1 in,
from ground level and the clippings removed. The swawrds
were then allowed to grow for a week tefore being ceut to the
same level again. Subsequently, they were allowed to grow
unchecked and dressings of sulphate of ammonia were applied
on 15th and 21st Mareh, In total the equivalent of 100 lbs.
of nitregen per acre was used in oxder to ensure that
contimuous growth was maintained throughout the first
experimental period of 41 days and to reduce any unevenness
of grouth caused Ly sheep excrement.

¥hen the swards reached a height of appreximately J in.
four replications, each 40 ft. by 20 ft., were measured out
and mariked off with wooden pegs. The surrounds were mown
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back to be used as access areas. Previous experiments
conducted at Grasslands Division suggested that four
replications would be sufficient (Broughan, perg. comm.).
Each replicate was divided into two plots, each 40 ft. by
10 £t., and on the 28th March one of these was cut to a
height of 1 in. from ground level and the other to 2% in.
fronm ground level. The allocation of the defeliation
treatments vas made at random,.

In order to ease the sampling procedure 10 sub=plots
of approximately 10 ft. by 2 ft. 6 in, were selected in each
plot at the beginmning of the experiment. Areas which
included apparent weak spots were excluded, A sube-plot at
the end of cach plot was selected at random and the first
samples were cut on this area., On the second sampling
date the adjacent sube-plot was used; this process was
repeated throughout the course of the experiment so that
each sub-plot was sampled once only. A strip of grass at
least € in. wide was discarded between the sub-plots, This
was nocessary to overcome edge effects (Blask, 1961).

On each sub-plot samples for the determination of
chleorophyll content per unit of ground areca and dry matter
yield were taken, A half square foot guadrat was cut to
ground level for the chlorophyll deternimation and on the
following day a 2 ft. by 7 - 10 £ft. area was cut to 1 in,
from ground level for the dry matter yield determination. On
the plots which had been cut to | in, from ground level this
procesa was repeated every four days until 95¢ of the noon
iight was intercepted by the herbage above one half inch from
ground level, and from then on at intervals of eight days. The
plots which had been cut to 2§ in., at the commencement of the
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experinent were not sampled until sufficient herbage had been
formed to intercept approximately 90F of the noon light,
The first day on which samples were cut on these swards
coincided with the day on which the swards cut to 1 in. from
ground level were sampled, In order to ease the pressure of
work the seccond sample for chlorophiyll determination was cut
seven days later, After this an interval of eight days
passed between samplings. An eight day interval between
dry matter yleld samplings was adhered to throughout so that
two days elapsed between chlorophyll and dry matter yield
samplings on all but the first sampling on the swawxis cut to
2% in,

Segond cxperiment.

After completion of the first experiment, the areas
were grazed by sheep and then maintained by mowing to 1 in.
fron ground level at freguent intervals. Dressings of
60 1b per acre of nitrogen in the form of sulphate of ammonia
were applied in June and September. In early liovember, the
swards were irrigated and prepared as for the first experiment.
The swaxds at this time were reasonably uwniform anxd there was
no evidence of a carry-over effect from the first experiment.

The experiment, which differed fyom the first only in
the timing of some of the samplings for chloropiyll content
per unit of ground area was started on November 22nd, In
order to maintain continuous growth, the swards were irrigated
on several occasions during the course of the experiment,
Determlnation of the O3 Lisht Interecption Icvel.

The perventage of light that penetrated inte the swaxd
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was meagsured Ly using a small (1.8 x 1,1 em.) barrier-layer
selenium photocell comnected to a sensitive galvanometer.
The apparatus has been desceribed by Barrvowman (1956). A
check recording was taken with the photocell exposed to full
1ight, and after pushing the recording head carefully inteo
the swaxd a second reading was made., At least six sueh
determinations in each plot were used to calculate the
pereentage interception. All measurements were talken during
bright sunlight about local noon, when fluctuation in the
intensity of light was relatively small (Brougham 1956a).
The percentage penctration was measured at various heights
above and below the level to which oaly 5¢ of the noon light
penetrated., The 957 light interception level was determined
by linear interpolation between the two points enclosing the

Bray (1960) pointed ocut tiat chlorophyll in detached
herbage degrades quite rapidly when it 1s exposed to light
at normal room temperatures, but in a refrigerator the rate of
degradation is reduced though not halted completely. In view
of this, it was considered ecssential to place harvested
herbage in a refrigerator as quickly as possible and to complete
all chlorophyll extractions within a fow hours of harvesting.
Prelininary investigations showed that one person could harvest
the material from four quadrats of one half square foot eaech,
could subsample these and extract the chloropiyll from two sube
samples from each quadrat in between 6 and 7 hours. In the
light of this informmtion, the following procedure was adopted
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as the one which made full use of the available times~

(2) Field sampling procedure,

Two randonly sited one half sguare foot guadrats were
cut to ground level on cach sube-plot. One guadrat in each
sub=plot was cut between 6.30 and 5.0 a.n, and the other
between 1,00 and 2,50 pemie In this way it was hoped that
any possible error caused by diurnal variation in chlorophyll
content (Bulatseh, 19303 Bavrina, 1959) would be minimised.
The herbage was clipped with a palr of surgical scissors
with 3> in, curved blades. During clipping the herbdage
immediately on either side of the edge of the gquadrats was
carefully separeted. The material collected from the
gquadrats was placed in a plastic bag, and was placed in
the refrigerator as soon as the full complement of samples
had been collected,

After the 95" 1light interception level was reached the
material above the 95¢ point was harvested separately from
the material below the point. The material above the 95¢
level was first collected using a pair of shears with € in,
blades and welded sides, and then the remaining material
was cut to ground level using curved scisesors.

(v) Iaboratory sub-sampling procedure.

and a subsample of between | and 2 gn. weight was taken for
chlorophyll extmaction, At the same time two similayr
subsamples were talken for dry matter percentage determination.
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These samples were obtained by thoroughly mixing the herbage
on the disscction table and then dividing, by hand, the
whole pile of herbage into 2, 4 and so on until the requisite
size of sample was obtained., In this way, the separation
of small particles from the bulk was avoided and a
representative sample of the herbage obtained. The
resulting subsamples were weighed accurately on a Mettler
air-damped balance, and then placed in a small aluminium
container, One of the subscamples was stored in the
refrigerator until reguired for chlorophyll determination.
The other two were placed in an oven and dried for 24 hours
at between 160 and 180°F, The herbage remaining was placed
in a plastic bag and stored in the refrigerator until
reqguired for further subsampliing for leal weig t/arca matio,
dead matter, percentage of stem and leaf area index
determinations. After further subsampling the remainder
was dried and the total dry matter yleld of the quadrat
determined by adding the weight of the remainder to the
dry welight of the subsamples.
(¢) Determination of the chlorophyll content of the subsamples.
The subsamples were extmacted in a 431 (by volume)
mixture of acetone and ethyl alcchol (Macicdnney, 19413
Zescheile and Comar, 19413 Arnon, 1949; Pruilnem, 1961).
In order to prevent brealiown of chloropiyll only one sample
at a time was processed. The material was ground up in
the acetone-aleohol mixture using & pestle and mertar, and
the resulting solution decanted into a 100 mi. measuring
cylinder, This was stored in the dark., A further
exztraction wvas made and this process was repeated until
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mextrxmertxtkat the material was completely extracted,
The lack of any green colour in the remaining plant material
and the lack of colour in the acetone-alcohol following
extraction were the criteria used in this judgment,

¥hen extraction was complete tie solution in the
measuring cylinder was immediately made up to 100 ml,
with the acctone-alcohol mixture, and after thorough stirring
an aliguot of the crude extract was centrifuged for about
five minutes in a Griffin and George autopolse centrifuge
™un at approximately 2,500 r.p.m. Five minutes was in
all cases sufficient to clear the supermatant. A pipette
was then used to transfer 1| nl, of the chloropiyll sclution
into a 10 ml. measuring cylinder, This was made up to
10 ml, with the acetone-alconol mixture and well shaken.
A small cuvette was filled with the solution and the
optical density determined at wave-lengths of 645 and 663 mu
in a2 Unicam SP 600 spectrophotometer,.

The amount of chloropiyll in the extract was calculated
using the equations of Arnon (1949):-

Chlorophyll & = (o.mm'n&t.,5 - 0.0036@545) mﬁ. tf‘er

Chlorophyll b = (0.0229D.,; = 0.00468D.c.) _ss e

(Where D is the optical density at the particular wavelength
shown in subseript).

The reliability of the acetone spectrophotometer method
has been Tound to decrease when either chlorophyll 'a’ or
'b' becomes 3«5 times more concentrated than the other
(van Norman, 1957). The ratio of chlorophyll a: chloropiyll b
rarely increased zhove 4 in the present investigation and this
was not conaldered to be an important source of ervor.



(a) cCalculation of the Chlorophyll Content per Unit of

Ground Area.

In order to overcome some of the complications
associated with extraneous water and diurnal variation in
the planta' dry matter percentage the dry weight basis
was used in this calculation. The dry weight of the
chlorophyll subsamples was calculated from the mean of three
dry matter percentage determinations, smll subsamples
weighed ocut at the same time as the subsample for chlorophyll
extraction providing two of the determimations, the third
being determined on a gquadrat basis by relating the total
dry weight of the hamvested material to its fresh weight.
The chlorophiyll content per unit of ground area was
calculated by relating the chlorophyll content and calculated
dry welght of the subsample to the total dry welght of the
material harvested from the guadrat,

The herbage remaining after subsampling for the
chlorophyll determinations was used, From ecach sample a
variable number of leaf laminae with a total surface area
of between 30 and 50 square centimetres was taken. The
area of these was determined by using an air-flow planimeter
similar to the one deseribed by Jenidns (1959), they were

then dried and weighed, and the leaf weight/area ratio
caloulated. ‘

Detexmisation of the Percentage of Stem ia the Iivine Matter.
Sie Jeaf Area Index and the Doad Matter Yield.

From the material remaining after subsampling for
chlorophyll and leaf area/weight determinations a subsample



of between 5 and 10 gn, fresh weight was taken. This size
was chosen in order to obtain at least 0.2 gm. of dried
dead matter after separation. The remainder of the
material taken from the guadrat was dried at a temperature
between 160 and 100°F.

The subsample was separated into leaf, stem and dead
matter. Only the laminane were classed as leaf, the leaf
sheath being included in the stem fraection. An arbitrary
demarcation between the living and dead matter was adopted.
The yellow leaves were included along with the completely
brown dead ones and classed as dead matter. The various
fractions were dried and the total weight of dead matter,
stem and leaf in the quadret semple calculated. From these
figures an estimate of the total dead matter yield and of
the percentage of stem in the living matter was obtained,
The area of leaf taken from the gquadrat was found by
relating the leaf weight to the leaf weight/area ratio.
When the area of leaf taken from the quadrat 1s divided by
the ground area of the quadrat 1t 13, by definition, leaf
area index (watsonm, 1947).

Retermination of the Dry Matter Xield.

A 2 £t, wide strip was cut to | in, from ground level
along the length of the sub-plots. A Demnis rotating drum
mover was used for this purpose. The area mown varied in
length between 7 £t. and 10 £t. and included the areas
harvested for chlorophyll content per unit of ground area
determinations, In view of this the area mown was
measured in each case. The herbage was carried to the



oven room in & jute sac and all the harvested material
dried at a temperature between 180 and 200°F. for 24 hours.
It was then weighed and the dry matter yield calculated.

Statistical Procedupe.
Hegression cquations and standard errors of the means
were calculated according to methods described by
Snedecor (1956). Where two samples per plot had been
taken replication effects were removed by caleculating the
standazxd error of the mean in the following manner.-

Smmwmemfm-mm&p.h
_of Squares.
(n) (n - ).

Where n is the number of observatione and r is the
number of replications. The standard ervor of the rate of
dry matter increase was ealculated according to the following

formulase
/ m,! + 332!
L = %

Where SE,% and SE,” are the otandaxd errors of the dry weight
determinations at times ¢, and t, respectively.




Dry matter yield (lbs/acre).

Fig. 2. Dry matter yields at warious

stages of growth.
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The dry weight of the material harvested above 1"
from ground level increased with time in both experiments.
This 418 illustreted in Pig. 2. (Experimental data are
presented in Appendix 1). Dry matter ylelds measured by
cutting half sqguare foot guadrats to ground level were
approximtely 1,000 lbs. per acre greater than when ylelds
were measured by cutting to 1" from ground level, The
data from the first and last samplings in both experiments
are shown in Table 1. Couplete data are presented in
Appendices 1 and 2,

Zable 1. Comparison of dry matter yields measured by cutting

“Mmuwzthmwwmtumm
1" from ground level.

Cut to ground level Cut to 1" from ground level
Days of growth llean id Days of growth Ilean 1d
(1vs ) (1bs )
Experiment 1.
Swards cut to 1" from ground level.
1,126 & 4 $
!uj) 3,011 & ?29 41 a.og H ?12
Swards cut to 24" from ground level.
7 1 80 8 2y
39 3:%3930 41 2,515 § 121
Experiment 2.
mmut'mmm.
1 t T 2 140
29 t 223 30 3,585

Swards cut to 2§" from ground level.
2 wmin & umim
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Hates of Pry Iatter Increase.

The rates at which dry matter accumilated were
calculated from the measurements of dry mtter yileld made
by cutting to 1" from ground level. These calculations
show that the rate of dry matter increase on the suards
cut to 1" from ground level in the first experiment
increased from 19 lbs. per acre per day on the third day
of growth to 65 lbs. per acre per day on the thirty-first day
of growth, In the second experiment the rate of dry matter
increase on the owards cut to 1" from ground level was 70 lbs.
per acre per day during the first few days of growth and a
maximum of 170 1lbe. per acre per day on the seventeenth day
of grouwth. The rates at whieh dry matter accumulated and
their standard errors are shown in Table 2.

Igble 2. HRates of dry matter incrcase at various stages of

Days of growth Rate of dry Days of growth: hRate of dry
mtter increase
(ibs./acre/day) (1bs./acre/day)

3 1921 1 70ts
7 2983 5 50tz
9 90 &4
13 95 26
19 47 %32 17 170 £ 15
21
29

23 51 21 170 £ 24
31 6 2 156 £ 29
40 70 £ 17
Swards cut to 24" from ground level,
4 2 13 16 160 £ 23
57 217 24 160 £ 32
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Dead latter ¥leld Veasurements
The amount of dead matter fluctuated considerably. A

moxioum quantity of 1,234 1ba. per acre was measured after
sixteen days of growth om the swards cut to 24" from ground
level in the second experiment. The ndinimum amount

(211 1bs. per acre) was recorded nineteen days after cutting
to 1° from ground level in the first experiment. The
dead matter yields and their standard errors are presented
in Table .

Table 5. Dead matter yields at variocus stages of growth,

Experiment 1, Experinent 2.

Days of growth: Dead matter Days of grouwth Dead matter
(1#54:7 (1&5&7
mt;or/acn) mtésr/ann)

Swards cut to 1" from ground level,

3 352 & 26 1 913 ¥ 81
7 362 & 34 5 610 £ 61
11 345 ¥ 50 9 696 ¥ 51
15 262 ¥ 49 13 s27 & 47
19 211 £ 55 i7 LTI
23 2io ¥ 45 21 460 2 50
31 440 2 42 29 1,004 £ 99
40 492 £ 51

Swards cut to 2§" from ground level,

7 31 25 16 1,234 £ a1
% 240 2 60 24 722 &
22 428 £ 46
30 534 ¥ 33
39 686 2



The percentage of stem in the living matter varied between
4.2 and 38.5. In the first experiment (April) the renge uas
rm7.2to16.8mumnmmmmmut""
from ground level, and from 4,2 to 15.5 in material taken from
the swards cut to 24" from ground level, In the second
experiment (December) the percentage of stem was higher and
varied between 24,0 and 38.3. This is shoun in Table 4,

Iable 4., Percentage of stem in the living matter harvested
at various stages of growth,

Experinment 1 Experiment 2
Days of growt: Percentage of Days of pgrowti: Percentage of
stem in the stem in the
iiving matter 1iving matter
Swards cut to 1" from ground level.,
3 14,8 2 1.1 i 38.3 & 2.1
7 15.8 £ 2.1 5 4 E23
" 16.8 £ 1.1 9 30.5 £ 1.9
15 2.1 £ 1.0 13 o4.3 ¥ 2,7
19 12.6 £ 1.1 17 24,0 2.9
23 12,1 21,2 21 19.4 £ 2.6
31 7.2 £ 0.7 29 30.6 £ 2,7
40 164 2122
Swards cut to 24" from ground lovel.
7 13.5 £ 0.6 16 30.2 £ 2,8
" 7.4 £ 0.8 24 32.7 ¥ 3.2
22 4.2 2on
30 5.1 £ 0.9
39 12.8 2 0.9
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Leaf Arca Index Meagurenents.

In the first experiment the leaf area index increased
from 1.1 to 6.4 in the swards cut to 1" from ground level,
and from 3.3 to 7.7 in the swards cut down to 24". 1In the
second experiment higher values were reached and the
incvease was from 1.6 to 8.9 in the swards cut to 1" from
ground level, and from 7.8 to 8.6 in the swards cut to 2§".
The valucs incronced rapidly in the carly stages of growth
and this 1s illustrated in Pig. J. Data are presented in
Appendix 3.

The leaf area index above the level at which 95¢ of
the noon light was intercepted was greater during the
second experiment than during the first, as is shown in
Table 5.

Zable 5. Leaf Area Index above the level at whieh 957 of
the noon light was intercepted at various stages
of growth.

Experinent 1 Experinent 2
Days of growth Leaf area index Days of growth Ieaf area index
Swards cut to 1" from ground level.

31 5.4 £ 0.5 17 6.2 £ 0.3

40 5.3 £ 0.3 29 6.5 £ o4

Swards cut to 2§" from ground level,
"% 3.9 £ 0.1 16 6.9 £ 0.4
22 4,5 2 0.5 24 6.5 % 0.8
30 S¢1 £ 0.5
39 51 2 041



m.
Leaf Welsnt/Apea Neasurements.

The leaf weight/area mtios are shown in Table 6,

Zable 6. lLeaf weight/area ratios at variocus stages of growth.
Experiment 1 Experiment 2
Days of growth ILeaf weight/area Days of growth lLeaf weight/area

m
oy~ g /o

Swards cut to 1" from ground level.

3 4.11 2 0.8 1 4,00 £ o.21

7 4e15 £ 0.18 5 4.02 £ 017
1 3449 2 0.11 9 3,97 £ 0.16
15 3.76 ¥ 0.12 13 3.61 £ 0,17
19 3,08 £ 0.12 17 2,65 £ 0.12
23 3445 £ 0.09 21 2.99 ¥ 0,12
31 3.15 £ 0.1 29 2,92 £ 0,13
Lo 3.69 £ 0.10

Swaxds cut to 23" from ground level.

7 3.90 ¥ 0.20 16 2.95 £ 0.14
1% 3.72 £ 0.08 24 3.01 £ 0,16
22 3.48 £ 0.09
30 342 £ 0.13
39 3.64 £ 0,07

In the swards cut to 1" from ground level the leaf

weight/area ratio decreamsed throughout the growing period, and
regreassions for leaf weight/ares ratio on time were calculated

for both experiments. In the second experiment the regression
uas significantly lincar at the 5¢ level, but this was not the

case in the firet., The regression amalyses are shown in
Appendixz 4, The regression coefficients and their standard
ervors were -0.017 £ 0,011 ngn.per on® per day for
experiment one and ~0.051 £ 0,015 ngm. per en® per day for
experiment two. The regressions did not differ significantly
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and the data were combined to give an overall regression
equ- tion (Appendix 4). The regression coefficient so
obtained was-0.026 £ 0,010 mgm. per cu® per day. This was
significant at the 57 level.

The chlorophyll content per unit of ground area increased
repidly following defoliation to 1" from ground level in both
experiments., Thie rate at which chlorophyll accumulated
declined in the later stages of pgrowth and corresponded more
closely with that measured on tie swamds cut to 23" from
ground level. This is shown in Fig. 4, the data being
oresented in Appendix 5.

The cihllorophyll content per unit of ground area above
the level at which 95¢ of the noon light was intercepted is
gi:ovm in Table 7.

Table 7. 1l Content per Unit of Ground Area above

thelm at which 957 of the noon light was
intercepted at various stages of growth,

Experiment 1 Experiment 2
Days of growth Chloropiiyli Days of growth Chlorophyll
content per unit content per unit

* agneoa.cee * egneoa.cts

Swards cut to 1" from ground level.

31 a2 %148 17 290 2 11

40 238 & 20 29 298 £ 17
Swards cut to 2§" from ground level.

% 192 £ 20 16 311 £ 47

22 215 & 20 a4 53 $ay

30 229 ¥ 18

39 221 & 19
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The regression lines for rate of dry matter increase
on leaf area index in the two experiments are shown in Pig. 5.
Data obtained from the swawrds cut to 1" and 2§" from ground
level are ugsed in tie calculation of these regressions, and
the regression anmalyses are shown in Appendix 6, The
regression coefficlents and thelr standard errors were
7.3 £ 1.0 for experiment one and 15.8 £ 2,8 for experiment
two, 1.¢., an increase of 1 sguare foot of leaf area was
accompanied by an increase in thie rate at which dry matter
accumulated of 7.7 lbs. per acre per day in experiment one and
15.0 1bs. per acre per day in experiment two, The linear
equations were highly significantly different from zero, but
the improvement due to fitting a gquadratic was only asignificant
at the 107 level in the firet experinent and not significant
in the seeond.

ighly significant linear regressions of chlorophyll
content per unit of ground area on leaf area index were
obtained. The regression coefficients were 40.5 & 1.4 for
the firet experiment and 48.7 £ 2,2 for the second (Appendix 7).
There was a highly significant difference between the
vegressions but the data were coubined and a highly ‘
significant lincar regression with a coefficient of
45.5 £ 1,5 obtained (Appendix 7). The regression line for
the combined data is shown in Pig. 6.
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The regression lines for rate of dry matter increase
on chlorophyll content per unit of ground area are shown in
Fig. 7. Data from both treatments were used in the

caleulation of the regressions, and the analyses are shown
in Apperndix 8. The regression coefficients and their
standard errors were 0.183 % 0.067 for experiment one and
6.319 ¥ 0,060 for experiment two. The linear equations
were highly signifiecantly different from zero, but the
improvement due to fitting a guadratic was not significant
in either case (Appendix 8).

When the ehlorophyll whiech was below the 95% light
interception level was excluded from the analyses highly
signifieant linear regressions with coeffieclents of
0.304 ¥ 0,030 for the first experiment and 0.471 % 0.059
for the second were obtained. The regression analyses are
shown in Appendix 8 and the regression lines in Fig. 7.



In both experiments & significant linear regression of
rate of dry matter increase on leaf area index was obtained
(Appendix 6), Approximately constant maximum rates of dry
matter increase were, however, maintained when sufficlent
foliage had been formed to intercept 95° of the noon light.
This latter finding corresponded with that of Brougham (1956)
and suggested that asymptotic relationships would have been
obtained in the present study if a greater mumber of replicates
had been used. This 1s supported by the fact that a quadratic
relationship, significant at the 107 level, was obtained in the
first experiment,

Influence of dead matter bulld-up and decay.

watson (1958) and Davidson and Donald (1958) recorded
a maximunm rate of dry matter increase at one particular leaf
area index in stands of kale and subterranean clover. In
the present investigation maximum rates of dry matter inerease
were maintained over a range of leaf area index values. It
was observed, however, that when the rate of dry matter
increase was constant the guantity of dead matter present in
the sward increased at a rate corresponding with the rate of
increase in total aerial dry matter. lo information is
available on the amount of dead matter that was present in
the stands studied by Vatson (log, cit.) and Davidson and
Donald (log. ¢it.). Brougham (19580) has however reported
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that the rate of decay of white clover leaves in undisturbed
stands is very repid, and Frame (1957) has reported that leaf
shedding began shortly after a stand of marrow stem lale
completely covered the ground surface, It may well be that
the reduction in the rate of dry matter accumlation recorded
in the studies of Watson (loc, ¢it.) and Davidson and Donald
(g, cit.) was due to a rapid destruction of dead plant
material and was not due to a growth response in the plant
itself., Further woric is however, necessary before a complete
understanding of the significance of dead matter bulld up and
decay in pastures and crops is obtained, In view of the
saprophytic mode of mutrition of the facial eczema fungus

Pithomyees chartarum (Brook, 1961) this 1s of special
significance in New Zealand.

Importance of the 95 light interception level.

Studies reported by Warren Wilson (1960a) on the
relationship between light intensity and dry matter
accumulation in individual leaves support the contention that
the relationship between leaf area index and rate of dry
matter increase is curvilinear. These show that the
individual leaves of many crop plants can bulld up suffiecient
dry matter to compensate for their losses of dry matter in
respiration when exposed continucusly to a light intensity
of 100 foot candles. At Palmerston North the light
intensity on a horizontal surface at noon in midsummer is
approximately 10,000 foot candles (Brougham, 1958a). Leaf
tissue receiving 5¢ of the noon light would be exposed to
500 foot candles for a short time in the middle of the day,
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but would receive very little light in the morning and
afternoon. Over the 24 hours of the day such a leaf may '
well receive light of an average intensity of less than
100 foot candles. If grass leaves require 100 foot candles
before their dry matter gain through photesynthesis exceeds
losses through respiration such a leaf would be unable to
make a contribution to the dry matter accumulation of the
commnity. Photoaynthetic tissue below the level at whieh
95% of the noon light is intercepted is thus of little value
and studies of the effective photosynthetic system can be
restricted to the tissue situated above the 957 light
intereeption level.

Ieaf area indices above the 95° light interception level.

The leaf area index above the 95¢ light interception
level was termed the 'critical leaf area index' by Brougham
(1956a) and the mean value of this was 4.9 ¥ 0.3 in Aprid
and 6.5 £ 0.4 in December (Table 5).

In the first experiment however, a critical leaf area
m«r:.gto.1mmmm1nth. The
eritical leaf area index increased subseguently and on
27th April had reached a figure of 5.1 £ 0.3. A simtlar
mmumwmﬂmmw
Black (19568a). He explained a change of from 4 to 7 in
the eritical leaf area index as being due to an increase in
the amount of light transmitted through each leaf, The
mximum difference in the amount of light so transmitted
would appear to be about 13¢ (Geiger, 1950; Noss and
Loomis, 1952), se that changes in leaf transmissibility
would not fully aceount for the measured difference in
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critical leaf area index. A change in the form of the
photosynthetic canopy may have been invelved, as appeared
to be the case in the first experiment of the present
investigation. The change of form in this case involved a
certain amount of flagging (a tendency for the tips of the
leaves to bend towards the horizontal) following a period
of rainy weather. A change in form of this type would
reduce the extent to which light penetrated into the sward
(Mitehell and Calder, 1957) and so lower the critical leaf
area index. Further growth in the sward resulted in the
re-e¢stablishment of the normal hablit of growth, this would
change the light absorbing propertiea of the folliage and so
increase the amount of tissue needed to intercept 957 of
the noon light,

In December the critical leaf area index of perennial |
ryegrass swards has been measured as 7.1 ¥ 0.9 (Broughan
1958a). This does not differ significantly from the mean
figure of 6.5 ¥ 0.4 measured in experiment two. The mean
critical leaf area index at this time of year is higher
than in April, and this difference is explained by a higher
maximun elevation of the sun and dependent upon this, a
higher noon light intensity. These factors would act
independently and both would inerease the extent to whieh
1light penetrated into the sward (Brougham, 1958a) and hence,
the leaf area index necessary to intercept 95¢ of the
incoming light at noon.

Net assimilation rate calculations.

The relationship between leaf area index and rate of
dry matter increase at any one time can be expressed in
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one figure as the "net assimilation rate' (Watsem 1952).
The term "net assimilation rate' is generally used to refer
to the figure caleulated by dividing the rate of inecrease of
total dry weight by the leaf area, rather than the one caleculated
using aerial dry weight data only (Watsen, loc, git.). The term
can, however, be used more widely and without confusion if it is
qualified by reference to the material used in the calculation
of the rate of dry matter inerease. In the present experiments
this is restricted to all material above 1 in. from ground level
and net assimilation rate calculated in this way corresponds to
the 'leaf efficiency index' referred to by Brougham (1956).

In this investigation the net assimilation rate can be
calculated by inserting appropriate values in the regression
eguation of rate of dry matter increase on leaf area index
(Appendixz 7) and then dividing the rete of dry matter increase
by the leaf area index, In the first experiment (April) the net
assimilation rate at the mean critical leaf area index (4.9) was
approximately 9.7 £ 0.4{*) 1vs. of dry matter per scre of leaf
tissue per day. In the second experiment (December) the rate

(#) The standard error of an estimated net assimilation rate at
a given leaf area index is the same as the standaxd error of the
estimated rate of dry matter increase. In all cases where a
particular value (¥), which 1s in this case rate of dry matter
inerease, is calculated from a regression eguation the standard
error is given byt~

2 . " ﬁ-ﬁf
n S8z,

Where 52 13 the residual variance from the regression amalysis,
X is the mean of the concomitant variable, n is the number of
observations and S.3.; is the corrected 8.5, for X.
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of dry matter increase was approaching the maximum attainable
and the net assimilation mate at the mean critical leaf area
index (6.5) was 21.2 £ 1,2 1bs. of dry matter per acre of
leaf tissue per day. A similar figure to that obtained in
the second experiment can be calculated when the mate of dry
matter increase measured in midsummer (156 lbs. of dry matter
per acre per day) by Brougham (1960) is related to the
critical leafl area index of 7.1 measured in another experiment
carried out at the same time of year (Brougham 1958a). The
net assimilation rate calculated from these data is 21.9 lbs.
of dry matter per acre of leaf per day.

The net assimilation rate at the critical leaf area
index, when converted to gm. per square metre per week, was
approximtely 5.2 in the first experiment and 11.7 in the
second., These figures contrast with the figure of
approximately 55 gm. per square metre which Heat: and Gregory
(1938) accepted as the net assimilation rate for all species
and environments. Subsequent work has shown that the
net assimilation rate can vary sccording to tie enviromment
(Blaciman and Wilson, 19513 Warren VWilson, 1960b) the leaf
area index (uWatson, 1958; Wateon and Witts, 1959) and tie
species (Watson, 1947). The difference between the figures
obtained in the present study and the figure of Heath and
Gregory (log. git.) may be explainable in these temms, On
the other hand, no acecount was taken of root growth in the
present investigation, so that the low values may have been
due to a higher proportion of the dry matter produced being
accumulated in underground organs.
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Seasonal variation in net asaimilation rates.

The difference in the net assimilation rates caleulated
for eritical leaf area index values in April and December
is attributed to seasonal change in climatic factors. It 1is
difficult to distingulish which factors are responsible,
however, for those wiilch are likely to affect net assimilation
rate, yiz. temperature, length of day and maximum light
intensity are highly correlated., The mean alr temperatures
(59.7°F. in April and 64.1°F. in December) measured at an
official climatological station sited approximately 400 yards
from the experimental site were, however, within the range
considered coptimm for tle growth of perennial ryegrass by
Mitchell (1956). In view of this, the difference in net
assimlilation rates can be attributed to a difference in the
amount of lig ¢t received each day. In December tihe mid-day
light intensity and the daylength are both approachlng the
maximum values, and the amount of light energy received
each day i1s in comsequence nigher than in the autumm., This
is shown in the following table whieh is taken from data

published by Brougham (1959).

Average amount of solar radiation received
s i A A & B RN Y
Month Nov. Dee, Jan., Feb. lMarech April Iny

Radiation
received 450 500 475 400 350 250 150
per day.

(g.cal.per cnt.)
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Species variation in net assimilation rates.

watson (1947) used the dry matter increases of both
above and below ground organs in the calculation of net
asaimilation rate and showed that the net assimlilation rate
of sugar-beet was nearly twlce that of wheat. A similar
difference between sugar-beet and tarley was reported by
Thorne (1960) and 1t would appear that the net assimilation
rate of cereal crops is lower than that of dicotyledonous
root crops.

A true comparison of tine differences in net assimilation
ratees of different specles can, however, only be made when
the speecies are grown in environments where the same amnount
of light 1s intercepted. lo data are avallable for
dicotyledonous specles where both the rate of dry matter
inerease and the critical leaf area index were recoxded at the
came time. VUatson (1956) however measured 2 net assiuilation
rate of approxzimately 50 gm. per sguare metre for a stand of
kale growing at its maximum rate at a leaf area index of 3.0
and of approximately 45 gm. per square metre for a stand of
sugar-beet at a leaf area index of 5.5. The leal area index
when stands reach thelir maximum rate of dry matter increase
nay well correspond with the eritical leaf area index, If
this is so the figures obtained by Watson (lec. cit.) can be
coupared with those obtained in the present study. Suech a
comparison shows that the net assimilation mate in both
experiments carvied out with ryegrass swards was much lower
than in the dicotyledonocus stands, despite the fact that the
second experiment was carried ocut when conditions for growth
were very good.
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Deficiencies of nitrogen, phosphorous and potassium
can all affect the net assimilation rate (latson, 1952)
but as adeguate nitrogen had been applied to the swards
and as Chere were no indications that potassium or phosphozrus
were deficient, it is unlikely that the low values were
caused by minerel defieclency. It would thus appear that the
net assimilation of peremmial ryegrass and possibly other
graminacesus aspeclies is inherently lower than that of
dicctyledonous root cropes. A much more intensive study of
tiie photosynthetle system of different species and of the
direction in wihich dry matter ls distributed among different
plant organs ls, however, essential before firm conclusions

can be maGe.

Effect of increasing leaf area index on net assimilation rate.

In the first experiment the net assimilation rate declined
from 19.0 ¥ 4.3 1bs. per acre of leaf tissue per day (10.4
gn./o° fueek) to 9.0 £ 0.4 1bs. per acre of leaf per day
(u.gsn./lalnlk)uthemrmmmrmme
te seven. Change in the leaf area index had a great effect
on net assimilation rate in experiment two and the decrease
over the same leaf area index range was from 50.7 & 14,7 1bs.
per acre of leaf per day (27.78 gm./s”/week) to 20.8 £ 1.4 1vs.
per acre of leaf per day (11.4 gm./’/week). In both
experiments the standax error of the estimated net assimilation
rate was mech greater at the lower leaf area index value, This
is explainable because the lower leaf area index was further
away from the mean of the leaf area index measurements (4.8 in
experiment one and 5.7 in experiment twe).
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A fall in the net assimilation rate as the leafl area
mmmmmnumwhm(tgsbs 1958).
Sueh a reduction could be due to competition for carbon
dioxide, a change in the photosynthetlc abllity of the leaves,
or competition for light.

Major reductions below normal atmospheric carbon dioxide
concentration have not been reported, although several studles
of the atmosphere wilthiln the canepy of crops and pastures
have been carried out (Fuller, 1948; Ilemon, 1960; Tamm and
Krzysech, 1961). IMitchell (1960) however, considered that
competition for carbon dioxide would adversely affect pasture
growth when leaves flagped and formed a horizontal thateh
acrosg the top of the canopy. In the present investigation
flagging of leaves was relatively unimportant and only assumed
significance for a short pericd during the first experiment.
It would thus appear that competition for carbon dioxide was
not the main factor in determining the reduction in net
asaimilation rate. Watson (1958) came to a similar conclusion
in his study of the relationships between leaf area index and
rate of dry matter increase in stands of sugar beet and kale.

The ageing of leaves and chloroplasts may have been
partially responsible for the reduction in net assimilation
rate (Singh and Ial, 1935; Clendimning and Gorham, 1958).
In the study carried cut by Vatson (1958) however, a decline
in net assimilation rate was recorded even though the leaves
and chloroplasts were of comparable age. It would thus
appear that the main facter responsible for & decline in net
assimllation mate as the leaf area index increases is mutual



shading of leaves.

Changes in the leaf weight/area matio.

Variation in the light intemsity under which leaves
develop is normally linked with a ehange in the leaf weight
to leaf area ratio (Blac!man, Black and Kemp, 19553 Mitchell,
1955; Blackman, 1956), and in both of the present experiments
the leaf weight/area ratio declined throughout the growing
period. £ similar phenomenon was noted during the growth of
a subterrenean ¢lover sward by Davidson and Donald (i958).
Thus, the reduction in net assimilation wate could also be
associated witi: a reduction in leaf weight/area ratio.

Friend (i1961) reported that a redustion in tie leaf
weight/area ratio was associated with a reduction in the
¢i:loropiiyll content per unit of leaf area, In the first

of the present experiments the regression equation of
ehlorophyll content per unit of ground area on leaf area index
was y = 40,461 x + 27.03. (vhere y is the chlorophyll eontent
per unit of ground area in mgm./sq.ft. and x the leaf area index.
Appendix 8). Inserting the appropriate values for the leaf
area index it can be calculated that there was a significant
change in the c¢hlorophyll content per unit area of leaf as
the leaf area increased from one to seven. At a leaf area
index of one the chlorophyll content was 67.5 £ 5.8 mgm. per
square foot of leal ares ani at a leal area index of seoven it
wss 44,3 £ 0.6 mgn. per square foot, In experiment two,
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however, there was no significant change in the calsculated
chlorophyll content. At a leaf area index of one this was
38.9 ¥ 11.5 mgm. per square foot of leaf area and at a leaf
am:nduormenw.jto.gm.mmrwt.

The difference between the two experiments ean be explained
in terms of the physiological state of the majority of tillers.
In the first experiment no heads were formed, whereas in the
second many tillers were in the floral stage and the mean
percentage of stem in the living matter was much greater
(11.6 £ 1,0 in the first experiment and 29.4 ¥ 2.6 in the
second). The fallure to measure any change in the chloropiyll
content per unit of leaf area may thus have been due to
echlorophyll contained in the stem and ear.

The chlorophyll content caleulated for the mean critical
leaf area index was 46.0 ¥ 0.5 mgm. per square foot in the
firat experiment and 47.2 ¥ 0.9 mgnm. per square foot in the
second ., Maefmmhigkuﬂmﬁmﬂgmot:ss!B
mgm. per square foot measured by Brougham (1960} Yellow
leaves were included along with the living ones in the
investigation carried cut by Broughan (pers, comm.) and this
would reduce the chlorophyll content per unit dry weight.
When converted to chlorophyll content per 100 square
centimetres the values were 4.9 and 5.1 mgn. for the first
and second experiments respectively. These are very similar
to the figures obtained by Seybold and Egle (1940) for a
mumber of species.

The relationships between chlorophyll content per unit of
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ground area and rate of dry matter increase are similar in
form to the relationships between leaf area index and rate
of dry matter increase (Appendices 6 and 8). Examination
of the variance of estimate for the two experiments shows
that there are no significant differences in the efficlency
of estimating rate of dry matter increase from leaf area
index or chlorophyll content per unit of ground area.

In the discussion of the relationships between chlorophyll
content per unit of ground area and leaf area index 1t was,
however, pointed ocut that the chlorophyll content per unit
of ground area was reduced eiznificantly as the leaf area
index increased from one to seven in the first experiment.
In this reage of leaf area index values the reduction in
rate of dry matter increase per unit of leaf area (net
assinmilation rate) would thus be significantly greater than
the reductlion in mate of dry matter increase per unit of
chlorophyll. In the second experiment there was no
significant change in the chlorophyll content per unit of
leaf area as the leaf area index inereased from one to seven.
The reduetion in net assimilation rate would thus not differ
significantly from the reduction in rate of dry matter
increase per unit of chlorophyll., The percentage
reductions in net assimilation mate and in rate of dry
matter increase per unit of chlorophyll are shown in Table
.
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Zable 9. et Assimilation Rate and Rate of Matter Increase
per Unit of Chlorophyll at two leaf Indices.

mt.um Rate of Dry Matter Increase
per Unit of Chlorophyll

Experiment 1,

leaf area index of 1 19 & s 0.28
leaf avea index of 7 9 me = 0.20
Percentage reduction 53 28
Experiment 2.

leaf area index of 1 51 ﬁ]:g a 1.3
Leaf area index of 7 21 % = 0.44
Percentage reduction 59 66

In the light of the above discussion it can be suggested
that leaf area is related to rate of dry matter inecrease only
insofar as it is related to chloropiyll content. In the
discussion of the relationships between leaf area index and
rate of dry matter increase it was, however, stated that
photosynthetic tissue below the 95 light interception level
is unable to make a contribution to the dry matter accumulation
of the commnity. The regressions of rate of dry matter
increase on chlorophyll content above the 95¢ light interception
level were highly significantly linear (Appendix 8) and 1t
would appear that the above suggestion should be restricted to
ehlorophyll above the 95¢ light interception level,

The ehlorophyll content per unit of ground area above
the 95¢ iight interception was different in the two experiments.
In the first experiment the mean value was 223 £ 19 mgn. per
square foot, a figure not significantly different frem the
one of 209 ¥ 19 ugn. per square foot measured by Broughem (1960)
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in similar swards in February. In December the figure was
303 ¥ 16 mgn. per square foot. The higher figure at this
time of year is explainable in view of the increase in the
elevation of the sun and in the noon light intensity between
April and December.

In econclusion it is suggested that chlerophyll
determinations can play a valuable part in further amalytical
studies of crop and pasture growth. The use of chlorophyll
will obviate the arbitrary division of leaf tissue into
sheath and lamina, or into living, senescing and dead
fractions, and will impart a little more precision into
grouth studies., This will be of great value in suggesting
reasons for those nore elusive changes in net assimilation
rates and in leaf efficiencsy indices which now remaln
unexplained,
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SUMMARY

Two experiments were carried out to study the
relationships between leaf area index, chlorophyll content
per unit of ground area and rate of dry matter increase.

An established perennial ryegrass sward was used and at the
commencement of the experiments areas of this were cut to

1 in. and 2% in. from ground level, leasurements were

taken at varying intervals over a period of 41 days in the
auturn and 30 days in the spring of herbage dry matter yleld,
dead matter yield, percentage of stem in the liiving matter,
leaf weight/area ratio, leaf area index above and below the
957 light intereeption level and chloropiiyll content per

unit of ground area above and below the 95° light interception
level.

The rate at whieh dry matter accumilated inereased until
suffieient foliage had been formed to intercept 55~ of the
noon light and thereafter almost constant maximum rates were
sustained.

The leaf area index increased rapidly in tie early
stages of growth but after sufficient herbage was formed to
intercept 95¢ of the noon light the rate of increase declined.
The maximum leaf area index measured in experiment one was
7.7 £ 0.4 and in experiment two 8.9 £ 0.4. In the former
the mean leaf area index above the level at which 95¢ of the
noon light was intercepted was 4.9 £ 0.3 and in %he latter,
6.5 £ 0.4,

The changes in chlorophyll content per unit of ground
- area were similar to the changes in leaf area index, the
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maxtmum chlorophyll content per unit of ground area in
experiment one being 328 ¥ 18 mgn./sq.ft. and in experiment
two 437 ¥ 18 mgn./sq.ft. The mean chlorophyll content per
unit of ground area above the level at which 957 of the
noon 1igit was intercepted was 223 £ 19 in the first
experiment and 303 ¥ 16 in the second.

Significant linear regressions were obltained for rate
of dry mtter increase on leaf area index, chlarophyll
content per unit of ground area on leaf erea index and rate
of dry matter inerease on chlorophyll content per unit of
ground area. In cach case the regresssions czlculated for
experiment one differed significantly from those for

experinent two.
The suggestion was made that leafl area is related to

rate of dry mmiter increase only insofar as it is related

to tue cnlorophyll content of the commmnity and in particular
to the ehlorophyll above the 95° light interception level.

It was conecluded that ehlorophyll determinations ean play a
valuable part in further amalytical studies of crop growth.
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_ APPENDIX I

Dry matter yield measurements
(Above 1" from ground level)

Days of Mean yield Standard Error
growth (1be of dry matter ?tmean
per acre) n =4)

Experiment 1, Swards cut to 1" from ground level.

; . 3
i & 2
24 2
5 é:;% 12

Swards cut to 24" from ground level,

8 790 43
16 1,136 96
2“ 12 '

1 2,515 121

Experiment 2, Swaxds cut to 1" from ground level.

2 140 10

6 240 13
8 e %
= 2 128
30 3.585 204

Swaxds cut to 24" from ground level.

|: 1,861 13
1 2 140
26 3:# 212



APPENDIX IX

Dry matter yleld measurements
(Avove ground level)

Mean yield Standaxd Error
(1bs of dry matter ?fmn
per acre) n=28

Swards cut to 1" from ground level.

1,126
1,401
1,

1235
1,631
2,157
2,610
3,011

Swards cut to 23" from ground level.

Swards cut to 24" from ground level.

2 He



APPENDIX IIIX

Ieaf area index measurements

Days of Mean leaf Standaxd Error
grouth area index us:):
na=

Experiment 1. Swards cut to 1" from ground level.

3 1.90 0.03
T 233 0.10
1" Je2D 0.22
15 3-25 0.23
19 .Q 0.17
2> Se O.
ag 6.% 0.2
6.29
Swards cut to 24" from ground level.
36 C.14
A 432 0116
22 595 030
30 T.10 033
29 TTh 0.39

Experiment 2, Swards cut to 1" from ground level.

1 1.57 0.08
3 3237 ou27
13 3.67 0.17
17 6.15 0.31
21 ;.&o 0
29 «90 0

Swaxrds cut to 24" from ground level.
16 . 0.41
55 047



APPENDIX IV

Analyses of regressions of leaf weight/area
ratio on time
Data presented in Table ©

y is leaf weight/area ratio (mg/cu®)
X is time measured in days from start of experiment

Experiment 1: Swards cut to 1" from ground level.
Sy = 28.88 Sx = 149 n = 8
S8y = 1.1030 88x = 1079.87 Skxy = 18.60
y=-F = b (x=-XK)

b oo S . TR - -0.0i72

¥y = =0.0172x + 3.9304
SS due to regression of y on x = b (SPxy) = 0.3199

Teat for significance of linear regression.




Experiment 23 Swards cut to 1" from ground level.

y = «0,0513z ¢+ 4.4

Test for significance of linear regression.

T
Source SeSe d.f. M.Se T Fo Result
. m a1
Regression | 1.4677 ) 1 14677 | 12.48 *
Error 0.5882 5 0.1176
.
Total 2. 6 J]
0559 |
S 2 0.0145
.)h = - - 5
Teat for difference betuween regressions.
SmmeJ d:fs SSx SPxy Ssy Ssy !l d.t.i l_
4
Exp. 1 7 1079.87 ] =-18.60) 1.1030 | 0.7827 6
Exp. 2] 6 557.71 | =28.61 ] 2.0559 | 0.5883 5
13710 11 T
o ) I I K |
4 w {_ » 'e - ‘& '




Combining data from both experiments.

b 4

Test for significance of linear regression.

= =0,02558 ¢ 3.4

8, = %0.0097

Source 5.5, | a.2.] m.s. F. | Result
1
Regression | 1.1274 1 1.1274 | 6.89 *
Error 2.12541 13 0.1634
Total 2528 4
K | 2-2528] |



APPENDIX V

Chlorophyll content per unit of ground
area measurements

Days of Hean chlorophyll Standaxd Error
growth content per unit mean
ofgmuﬂ“aﬂl ne8)
8g.ft.

Experiment 1. Swards cut to 1" from ground level,

3 92.8 34

7 116.2 2.7

1 154, 2.5

15 164 .6 2.6

19 332.1 z.o
23 1
5 260 ,
295 i

Swards cut to 24" from ground level.

Z 172.1 4.4
i 216 11
270 i3
30 312 10
29 328 18

Experiment 2., Swamds cut to 1" from ground level,

1 06 300

: oy i3
13 2180 6.1
; - :
29 %57 i

Swards cut to 2}" from ground level.

28 % i



APPENDIX VI
Analyses of regressions of rate of dry mtter
increase on leaf area index

Data presented in Tables | and 5 and Appendix 5

¥y 4s rate of dry matter increcase (1lbs/acre/day).
X 18 leaf area index.

Experinent 13
g - § = b (x ‘z).

b o= +FREEE - 47315

¥y = #7315z ¢ 11,667
SS due to regression of yonx = b SPxy = 2140,59
Test for significance of linear regression.

Souree 303. d.f. H.S, l F, Result L
Regression 2140.59 1 2140.59 5141 i
Error §19.17 i0o 41,92
Total 2559.76 T i T

! . - 4

L : 1 .m_.

Y e




8Sxb, + SPxxbh, = SPxy
SPxxatH#Sszhz nSPyte

b, = #18.2172 b, = =1.149

g & #18.22x ¢ (=1.15) %= = 10.35
b, (SPxy) + by(sPx’y)

SS due to curvilinear regression of yon x =
s 2274,60

Test for significance of curvilinear regression

T
Source of
SeSe l d.f. R Fe Result
cassimoirmic B " SN | 4
Quadratic
regression 2274 .60 e
Linear
regression 2150.59 1
Quadratic
increment 134 .01 1 135,01 | 4.2 #
. & } i T
Error 285416 9 31,68 1
Total 2559.7;[ 1 l I
= B L I

' /( ) (ssxx) - (ssxx®)®

= % 5,308

’52 L
v wm)-wf

-zﬂ.ﬁ



y = #15.857x + 34.86
5 = fe.768

Quadratic b, = +32.,576 by, = =i 570

Source S.S. &a.r.l H.S. l p.j(aamn 1
an-u'

regression | 14916.9 1 14916.9 | 32.7 *
Error 3188.5 7 45545

Quadratie 15405.4 2

Quadratic

increment 48545 1 485.5 1,09] HN.3.
Error 2700.0 6 450.0

Total 18105.4 8 I 1 j




Test for difference between regressions.

i ! ]
Surce | 5.5. l = ] FJ Mtl
Difference
between
regressions | 1683.02 1 1683.02 | 10,68 i
Residual 2836.54] 18 157459 {
* 4 r l F-nr e e B
Total 4519.561 19
4 Ml | |

Combining data from both experiments.
s #5.58x ¢+ 4,94

J

Teat for significance of linear regression.

|  source | s.s. d.f. MeS. LF. lfhmlt
t |
Regression | 219237,.76 i 219237.76 | 938.0
Error 4674.15f 20 233.7T1
U ! | - : -
Total 223911.91] 21
l - H J _b

Shcti.,bg



APPENDIX VII

Analyses of regressions of chlorophyll content per unit
ground area on leaf area index

Data presented in appendices 5 amd 6

y 4s ehlorophyll content per unit of ground area (mgm/sq.ft.).
X is leaf area index.

Experiment 13
y = #0461 2 + 27.03

Test for significance of linear regression

Source + SeSe %d.f. M.S. P, Result l
Regression | 69082.,30f 1 69082.30 | 898.9 "
Error 8'55-32 il 76085 L

- 4
Total 69927 .62 12
:'
S, = % 0.1349
Experiment 23

¥ = #8.72 x «9.61
Test for significance of linear regression
Hi173.02

Hn.oe
1977.25 282.46

mn—--

s.-t:,m




APPENDIX VIIX

Amalyses of regressions of rate of dry matter increase on
chlorophiyll content per unit ground area

Data presented in Tables 1 and 7 and Appendix 6

y 4s rate of dry matter increase (1lbs per acre per day).
x 4is chlorophyll content per unit of ground area (mgm./s5q.ft.).

A. Zotal chloropiyll
Experiment 13
Idnear y = 40.18%32 x + 6.380%

8 = 2 0.0665

Quadretic y = 40.3556 z = 0.0406x° = 7.5103
%, = %0.1383

p, = ¥ o0.0322

Test for significance of regressions




Iinear y = 40,3189 x + 39.67
8 = 2 0.0595

Quadratic y = 40.8269 x - 0,0982x° - 10.40
Sb" oo sb1. 2 0.0527

Test for significance of regressions

: ! 8.8. Hd.r.! .S, p.__l ﬂeault_l

regression 14559 i 14559 28.7 “n
Lrror 3546 7 507 «6
Quadratic

regression 15859 2
Quadratic

inerement 1300 i 1000 347 H.Se
Error 2246 6 374.3

r, :-—-i ‘ - 4'
Total 18105 8
| L . JL s -



y = 40,3043 x - 10.2518

Source SeSe I dorol H.S. Fe lm“l
Regression | 2344.33 1 2344.33 | 104.7 ol
Error 201 .49 9 e2.29

L 4
i Total 2545.82 | 10
| ] i |

s, = 2o0.0297

' Experiment 23
¥ = 04706 x ¢ 14.85

M,8,

14417
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