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ABSTRACT
The aim of this study was to test the hypothesis that ryegrass
and clover, when grown under optimal conditions in mixed stands,
interact in response
resources

to available

non-limi ting,

pasture

light energy.

yield

is

wi th other

determined

by

the

efficiency with which solar radiation is intercepted by canopies
and converted into dry matter.
The clover-ryegrass interaction under varying light regimes, as
experienced in the canopies of these pastures, was studied by
investigating the growth and production of ryegrass and clover
in relation to

light harvesting abili ties and photosynthetic

utilization of intercepted light.
Pasture canopy structure and growth were studied under a fourweekly clipping treatment.

The

interception of photon flux

density (PFD) in the pasture canopy was monitored diurnally and
seasonally in mixed and mono cultures.

Light use efficiency (C0 2

fixed/ unit absorbed PFD) as well as photochemical efficiency of
photosystem II (Fv/Fm) were studied by monitoring CO 2 assimilation
rates and chlorophyll fluorescence respectively.
The results obtained from this study indicated that interaction
did

occur

pastures.

between
The

ryegrass

mixture was

and

clover,

cultivated

capable of more

in mixed

efficient

light

interception than the mono cultures, which resulted in higher
productivity.

Light interception abilities,

as manifested in

canopy architecture, and not physiological utilization of light
energy, were found to govern the interaction between the two
pasture components.
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CHAPTER 1:

INTRODUCTION

Ryegrass (Lolium multiflorum cv. Midmar) pastures can be produced
successfully only
applied.

if high

levels of ni trogen fertilizer are

Eckard (1989) recommended nitrogen fertilizer levels

of 350 kg ha- 1 to sustain ryegrass pastures for animal grazing.
This high nitrogen application is associated with high costs.
Therefore,

in

economically

order

viable

to

reduce

solution,

costs

and

ryegrass

is

ensure
often

a

more

grown

in

associated with legumes (e.g. white clover - Trifolium repens cv.
Ladino).

In addition to reducing costs,

pasture is also improved (Shelton 1990).

the quality of the

Shelton (1990) stated

that a greater total herbage yield might be obtained by growing
a grass and a

legume in association,

rather than in separate

swards.
The beneficial association of
related to

the

legumes and grasses

is mainly

fixation of atmospheric nitrogen by rhizobia

bacteria associated with the root nodules of legumes, allowing
the clover to become independent of the soil nitrogen and in time
this fixed nitrogen may become available to the grass component
via the grazing animal (Haynes 1980).
and productivity can be sustained.

In this way herbage yield
However,

it is mainly the

clover component in a mixed pasture which satisfies the energy
requirement of grazing stock.

But it is important to realize

that too much clover in a grazing animal's diet may lead to a
condition known as pasture bloat, which could be detrimental to
the grazing animal (Howarth et al. 1978).
It thus becomes obvious that ryegrass (fibre-rich) and clover
(protein-rich)
ensure

a

complement one another

balanced

digestibility,

diet

increased

for
dry

in a mixed pasture to

grazing
matter

animals.

production

Improved
and

a

more

balanced mineral content have been reported for mixed pastures
(Haynes 1980).

1

It is essential to manage these mixtures in order to maintain the
different components. Competition between legumes and associated
grasses in a mixed pasture is of great importance.

Martin and

Field (1984) and Donald (1963) stated that aerial resources are
the main factors which resul t in competi tion between ryegrass and
clover components in mixed stands.

The dry matter production of

actively growing pastures is limited by the interception and
utilization of

light energy

(Ludlow 1978).

The success and

survival of individuals in these communities depend upon the way
they

intercept,

compete

for

and

respond

to

available

light

energy.
Competition for light in plant canopies consist of two important
components:

(1)

the interception of photosynthetically active

radiation (PAR) and (2) photosynthetic utilization of intercepted
light.

Light energy becomes

pasture canopy.

attenuated as

it penetrates

a

Radiation is absorbed, transmi tted and reflected

by plant material and in this way becomes reduced in intensity
as it passes through plant canopies.

Caldwell (1987) stated that

light interception depends mostly on canopy structure of the
different components in a mixed pasture.
It is generally accepted that grasses normally have a competitive
advantage over legumes with regards to light harvesting, due to
differences

in

growth

form

dominate in mixed pastures.

and

canopy

height,

and

tend

to

According to Thompson and Harper

(1985), ryegrass has an upright growth form with closely packed
tillers, and in a mixed pasture tends to outgrow the clover
component which has a plagiotropic shoot system.
Most of the radiation intercepted by a field crop is absorbed by
the leaves.

Therefore, structure of the canopy is fundamental

to light interception by plants.
the most

important feature

Haynes (1980) suggested that

of plants which determines

their

competitive ability for light interception is their height.

Most

often

more

in

mixed

pastures

the

grasses

are

taller

and

vigorously growing than the legumes and this leads to shading of
2

the legumes.

Charles-Edwards et al.(1986) postulated that the

component in a mixture with the largest leaf area higher in the
canopy is at a general advantage for light interception.

The

amount of leaf material present in a canopy is expressed as the
Leaf Area Index (LAI), the ratio of total leaf to ground area
beneath the canopy. Lang (1973a, cited in Frame and Newbould,
1986) has stated that many clovers have horizontally orientated
leaves, they reach a critical LAI more quickly than grasses, and
from this time onwards light within the canopy becomes a critical
factor,

limiting CO 2 fixation within the canopy.

(Critical LAI

can be defined as the LAI where maximum - not necessarily 100% amount of

light

is

being

intercepted by

a

specific pasture

canopy) .
Leaf angle (inclination)

is an important determinant of light

interception.

possess

Legumes

planophile

or

horizontally

inclined leaves and are able to absorb light from only a few
layers of leaves, while in the erectophile or vertically inclined
leaves of grasses light is distributed more evenly.

However,

because of petiole elongation, clover leaves are held fairly high
in the canopy (Dennis and Woledge 1982) and this enhances their
competitive ability.
Light which has been intercepted by the leaves of pasture plants
in the different layers of the canopy can be utilized during the
process of photosynthesis for growth and production.
Ludlow (1983)

Wilson and

stated that the dry matter production of plant

canopies are dependent on the net photosynthetic contribution of
their

components.

It

is

thus

important

to

understand

the

behaviour of these components for predicting and understanding
limitations to productivity.
Both Lolium multiflorum Midmar and Trifolium repens Ladino are
C3 species, which suggests that the maximum photosynthetic rates
are reached at relatively low light intensities.
Wilson

and

Ludlow

photosynthetic

(1992)

efficiency

light
except

3

is
at

not
low

a
PAR

According to

determinant
levels,

as

of
are

expe rienc ed in the lowe r laye rs of the cano pies.
cons idere d when
Diff eren t seaso nal grow th patte rns shou ld also be
Acco rding to Denn is and
study ing comp eti ti ve inter actio n.
in midsu mmer
Wole dge (198 2), grow th of whit e clov er is grea test
cultu re or in
when the grow th of gras s, whet her in mono
The poor
.
asso ciati on with clov er, is usua lly depr essed
pastu re recei ves
perfo rman ce of gras s at this time , even when the
is attri buta ble to the low
adeq uate wate r and mine rals,
), resu lting
phot osyn theti c capa city of its canop y (Lea fe 1972
essiv e, newl yfrom a fall in the phot osyn theti c capa city of succ
This fall is in turn due to the incre asing ly
expa nded leav es.
lopin g leave s as
poor ligh t envir onme nt expe rienc ing by the deve
the swar d gets dens er.
ied corr ectly
It is impo rtant that mana geme nt prac tices be appl
pastu re and to
to mixe d pastu res in orde r to ensu re a balan ced
rtant mana geme nt
main tain both comp onen ts in this past ure. Impo
ferti liza tion
techn ique s to cons ider are: (1) clipp ing and (2)
appl icati ons.
leaf area and
Defo liatio n (eg. by clipp ing or graz ing) redu ces
It may also chang e the
can alte r canop y arch itect ure.
alter ing the age
phot osyn theti c char acte risti cs of the sward by
t envir onme nt
struc ture of leave s in the canop y and thei r ligh
Domi nance or
(Ludl ow 1978 and Char les-E dwar ds et al. 1986 ).
be illus trate d
supp ressi on of spec ies in a mixt ure can large ly
n allow s ligh t
by mean s of defo liati on (Hay nes 1980 ). Defo liatio
lay thei r leaf
to pene trate to leve ls wher e pros trate spec ies disp
ity of talle rcano pies and defo liati on can rest rict the abil
shade pros trate
grow ing spec ies to elev ate thei r leave s to
e relat ions hips
spec ies. Hayn es (1980 ) cauti oned that comp etitiv
of defo liati on.
are alter ed by inten sity, frequ ency and meth od
be plann ed in
Thus , frequ ency and inten sity of defo liati on must
acte risti cs of
acco rdanc e with the grow th habi t and regro wth char
indiv idua l comp onen ts of a past ure.

4

rtant impa cts
The appl icati on of ni troge n fert ilize r can have impo
e abil ity of
on the prod uctio n, grow th and ultim ately comp etitiv
N-fe rtili zer stim ulate d
the comp onen ts of a mixe d past ure.
th (Den nis and
ryeg rass grow th, but seem ed to depr ess clov er grow
dge (1985 ) noted
wole dge 1985 ) and Dona ld (196 3). Denn is and Wole
grow th was the
that the nega tive nitro gen effe ct on clov er
Incre ased gras s grow th resu lted from
prod uct of comp etitio n.
This in turn cause d shad ing
incre ased nitro gen ferti liza tion .
ing led to lowe r
of the clov er comp onen t and reduc ed grow th. Shad
py, wher e the
avai lable ligh t energ y leve ls lowe r down in the cano
Low
1970 ).
clov er comp onen t was situa ted (Che stnut t and Lowe
comp onen t, by
nitro gen leve ls, in turn , bene fitte d the clov er
It thus becom es
redu cing grow th of ryeg rass (Don ald 1963 ).
r play s a key
obvio us that the appl icati on of nitro gen fert ilize
clov er mixe d
role in prod uctio n and balan ce of a ryeg rass/
the
Ni troge n fert ilize r has a dire ct effe ct on
past ure.
cept ion.
comp etitiv e abil ity betw een spec ies for ligh t inter
viou r of the
Pres ently there is littl e infor mati on on the beha
stand s unde r
indiv idua l comp onen ts of mixe d ryeg rass/ clov er
on migh t lead
Sout hern Afric an cond i tion s. This lack of infor mati
of this study
to unsu itabl e mana geme nt of these mixt ures. The aim
respo nses of
was to inve stiga te the phys iolog ical and grow th
onal ly vary ing
ryeg rass and clov er in a mixe d pastu re with seas
in mono speci fic
ligh t inten sity. Ryeg rass and clov er were grow n
r were appl ied
stand s and in mixt ures. Two leve ls of N fert ilize
The
Graz ing was stim ulate d by clipp ing.
to the mixt ure.
abil ity in the
deve lopm ent of the canop y and ligh t inter cept ion
grow ing seaso n
inter val betw een clipp ings were follo wed over the
Plan ts were also
when incid ent ligh t leve ls vary natu rally .
ts, so that they
grow n in pots and subj ected to the same treat men
phys iolog ical
could be remo ved to the labo rator y for deta iled
n of the two
anal ysis. A bett er unde rstan ding of the inter actio
impro ved futur e
pastu re comp onen ts in mixt ures will enab le
pastu re mana geme nt prac tices to be empl oyed .
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CHAPTER 2:

LITERATURE REVIEW

as pastu re has
The conc ept of plan ting legum es and non-l egum es
the early days
been an impo rtant featu re of agric ultur e from
of legum es in
(Nico l 1935 , cited by Hayn es 1980 ). The role
to LaRu e and
agric ultur e is incre asing in impo rtanc e. Acco rding
ort lives tock
Patte rson (198 2), legum es have been know n to supp
Hayn es (1980 ) obse rved that grass -legu me
on poor soils .
of the worl d
asso ciati ons have been used in many coun tries
ined by grow ing
beca use a grea ter tota l herba ge yield may be obta
in indiv idua l
a gras s and a legum e in asso ciati on, rathe r than
swar ds.
s is regar ded
In term s of land use, grow ing crop s in mixe d stand
y (Andr ew and
as more prod uctiv e than grow ing them sepa ratel
They state d that
Kassa m 1976 , cited by Ofor i and stern 1987 ).
of inter crop ping
some of the estab lishe d and presu med adva ntage s
y and impro ved
are; high er yield s, grea ter land use effic ienc
by fixat ion and
soil fert ility throu gh the addi tion of nitro gen
re mixt ures have
excr etion from the legum e comp onen t. Thus , pastu
expl oitin g more
the effe ct of inten sifyi ng crop prod uctio n and
ntial ly limi ting
effic ient ly envir onme nts with limi ting or pote
and Stern 1987 ).
grow th resou rces (Tren bath 1982 , cited by Ofor i
wort hwhi le to
Ofor i and stern (1987 ) obse rved that it woul d seem
to maxi mise crop
deve lop crop ping syste ms that have the capa city
ilize r nitro gen
yield s per unit land area whil e keep ing the fert
A mixe d grass /legu me pastu re woul d
requ irem ent to a minim um.
ity to obta in
fulf il this requ irem ent as legum es have the abil
from the genu s
nitro gen from the air, in symb iosis with bact eria
Rhiz obia (LaRu e and Patte rson 1981 ).
ralia n pastu res
Shel ton (1990 ) stud ied the use of legum es in Aust
and prod uctiv e
and found that legum es have raise d the fert ility
of legum es in
outp ut from often quite infe rtile land . The role
soil nitro gen
impr oving soil fert ility can be relat ed to impro ved
6

r conse quen ces
statu s and incre ased orga nic matt er leve ls. Othe
an incre ased
are: impro ved stora ge of othe r plan t nutr ients via
cond i tion and
ion exch ange capa city; impro ved soil phys ical
city; impro ved
cons eque ntly wate r infil trati on and stora ge capa
of nutr ient
biolo gica l activ i ty of soils incre asing the rate
tativ e cove r on
cycl ing from the orga nic matt er; incre ased vege
leach ing loss;
nitro gen defi cien t soils redu cing soil eros ion and
impro ve legum e
and the indi rect effe ct of ferti lize rs added to
Shel ton (1990 ) thus
grow th will impro ve soil fert ility .
the bene ficia l
conc luded that there can be no doub t conc ernin g
es are seldo m
effe cts of using legum es in mixe d past ures . Legum
on pure legum e
grow n in indiv idua l swar ds, as an anim al graz ing
qual ity and
stand s could easi ly becom e bloa ted due to the high
cont ent of prot eins in legum es (She lton 1990 ).
exis ts betw een
It is well know n that a symb iotic relat ions hip
whic h resu lts
legum es and soil bact eria of the genu s Rhizo bium
The roots of the legum es
in fixat ion of atmo sphe ric nitro gen.
Fram e and
les.
becom e infec ted by the bact eria and form nodu
influ ence this
Newb ould (1986 ) sugg ested that many facto rs
Rhiz obia are abun dant in soil only when
infec tion proc ess.
gly affec ted
asso ciate d with thei r host legum e and they are stron
ity. Leve ls
by adve rse cond ition s such as heat , drou ght and acid
h a legum e is
of nitro gen fert ilize r appl ied to mixt ures in whic
ions hip betw een
a comp onent may also influ ence the symb iotic relat
Marr iott (1979 )
the host legum e and soil bacte rium . Hays tead and
only a smal l
(cite d by Fram e and Newb ould 1986 ) state d that
er unti l nodu les
supp ly of soil mine ral nitro gen is need ed by clov
the use of a
are form ed and nitro gen fixat ion comm ences ; thus
Howe ver, too
"sta rter" fert ilize r nitro gen can be bene ficia l.
initi atio n and
much mine ral nitro gen can depr ess nodu le
ould 1986 , and
deve lopm ent (Spr ent 1979 , cited by Fram e and Newb
nt (1983 , cited
Davi dson and Robs on 1985 ). Youn g (1958 ) and Spre
appl icati on of
by Fram e and Newb ould 1986 ), confi rmed that
the respo nse
nitro gen redu ces nodu latio n and nitro gen fixat ion;
n, form of
vary ing with spec ies, culti var, Rhizo bium strai
of nitro gen
nitro gen, amou nt of nitro gen, time and site
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prev ailin g
appl icati on, age and size of host plan t, and
) state d
envir onme ntal cond ition s. Van den Berg and Krug er (1988 1
N ha- ) on
that low leve ls of nitro gen ferti liza tion (60 kg
rass) and
mixt ures of Loliu m mult iflor um cv Midm ar (Ital ian Ryeg
the best
Trifo lium vesic ulosu m cv. Amclo (Arro wlea f clov er) gave
resu lts in term s of mixt ure prod uctio n.
gen fixat ion
Shel ton (1990 ) obse rved subs tanti al amou nts of nitro
een 100 and
by legum es in graze d pastu res - year ly inpu ts of betw
1
ed past ures .
300 kg N ha- from good qual ity perm anen t legum e-bas
and 200 kg N
Valu es for nitro gen fixa tion rang ing betw een 100
1
1979 , Ever s
ha- 1 year- were also repo rted (Barn es 1961 , Stryd om
of nitro gen
1980 , cited by Fram e and Newb ould 1986 ). The amou nt
and thus on
fixed depe nds on phot osyn thate s reach ing the nodu le,
in the sward
the amou nt of phot osyn theti cally activ e leaf area
They also state d that a conf lict
(Fram e and Newb ould 1986 ).
nitro gen
exis ts betw een keep ing suff icien t clov er leaf for
Acco rding
fixat ion and prov iding suff icien t feed for anim als.
an avera ge
to Stew art (1984 , cited by Fram e and Newb ould 1986 ),
targ et.
of 30% of clov er herba ge over the seaso n is a desi rable
fixed is
Shel ton (1990 ) state d that the amou nt of nitro gen
onent of the
dire ctly prop ortio nal to the yield of the legum e comp
leve ls of
past ure. Thus , good legum e grow th woul d ensu re high
nitro gen fixa tion in the past ure.
d to the
Atmo spher ic nitro gen fixed by legum es is trans ferre
idson and
comp anion gras ses/s peci es via the graz ing anim al (Dav
raliz ation of
Robs on 1985 ) or by death , deco mpos ition and mine
by Fram e and
nodu les, roots and othe r part s (Hay stead 1983 , ci ted
er shoo ts
Newb ould 1986 ). The consu mptio n by lives tock of clov
the nitro gen
cont ainin g fixed nitro gen and the retur n of 80% of
sfer, but
to the pastu re as urine is the most rapid route for tran
tiliz atio n
it is also the route most subj ect to losse s due to vola
expe rime nts
of ammo nia and poss ibly due to leach ing too. Thus ,
acco unt that
cond ucted unde r a cutti ng regim e shou ld take into
al.
most nitro gen tran sfer occu rs via the graz ing anim
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In a study done by Brophy et al.

(1987), where they used the

isotope dilution method, they presented evidence that transfer
of

ni trogen

trefoil

from

alfafa

(Medicago

(Lotus corniculatus L.)

sativa

L.)

and birdsfoot

to reed canarygrass

(Phalaris

arundinaceae L.) occurs and that the proportion of grass nitrogen
(N) obtained from transfer was high.

The grass derived 68% of

its N from alfafa and 79% from trefoil.

This N represented 13%

of N2 fixed by trefoil and 17% of that fixed by alfafa.

They

furthermore stated that N transfer occurred over a distance of
20 cm.

Estimations of nitrogen transfer range from 26 to 154

kg N ha-

1

depending on species composition (Simpson 1976, cited

by Brophy et al., 1987).
and Marriott

(1978),

These authors also referred to Haystead

who showed that 6 to 12% of perennial

ryegrass (Lolium perenne L.) nitrogen content was derived from
neighbouring white clover in the field.
Smi th (1987) accentuated the fact that the selection of companion
legumes to be used in mixtures is very important.
that

in

intensively

fertilized

and

irrigated

He observed

pastures,

the

decline in pasture quality towards the end of the growing season
is even more important than the cost of nitrogen.

With the

incorporation of a suitable legume into the grass sward, pasture
quality is improved, nitrogen requirements are reduced and animal
performance is enhanced.

Smith (1987) tested seven legumes in

combination wi th Lolium mul tiflorum cv. Midmar (Italian Ryegrass)
and found that the perennial

legumes

(red and white clover)

appeared to be the most sui table companion legumes.
These
species were superior to any of the annual legumes in dry matter
yields,

crude protein content and the ability to extend the

growing season.

He

found

that the growing season could be

extended by at least six weeks.

Furthermore,

the saving in

nitrogen fertilizer in such a grass/legume pasture may be
considerable.
High levels of nitrogen fertilizer are required
for

individual

grass

swards

in

excess

of

400

kg

N ha- 1

(Dannhauser 1980), while only "starter" nitrogen is required in
mixtures.
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Frame and Newbould (1986) stated that white clover (Trifolium
repens

cv.

Ladino)

is

the most

temperate zones of the world.

important pasture

legume

in

It is of value because of its wide

climatic range, the high nutritional quality and digestibility
of its herbage, and the significant contribution it makes to the
economy of grass/whi te clover pastures by fixation of atmospheric
nitrogen,

especially

in

the

absence of

fertilizer

nitrogen.

Frame and Newbould (1986) further stated that white clover is not
grown in monocul tures because of the difficul ties of keeping such
swards

weed

season,

and

free,

low

concern

annual

about

production,

bloat

and

its

short

possible

growing

reproductive

problems in grazing livestock.
Chestnutt and Lowe
stated

that

important.

the

(1979,
choice

cited by Frame and Newbould 1986)
of

suitable

companion

grasses

is

It is well documented that grasses differ in their

competitiveness to clover, but the adaptation to local growing
conditions usually takes precedence over its suitability as a
companion grass to clover.
Lolium multiflorum is considered the most important temperate
grass

species

in

South Africa,

due

to

its

superior winter

yielding capacity (Van den Berg and Kruger 1989).
obtain acceptable

dry matter production,

applications in excess of 400 kg N hanecessary.
reacts

1

However, to

very high nitrogen

(Dannhauser 1980) are

The Midmar cultivar has an erect growth habit and

favourably

to

ni trogen

fertilization.

The yield of

ryegrass in various parts of South Africa varies considerably,
depending on the type of soil, fertilization, climate, irrigation
and management.
A production of 7 to 9 tons ha -1 under
irrigation appears to be a good average, although a yield of 12
tons ha-

1

is not impossible (Dannhauser 1980 and Morrison 1980).

Dannhauser (1980) also stated that if irrigation is utilized, the
farmer can successfully include ryegrass in his feed production
program as it is high yielding and has both high nutritional
value and carrying capacity.
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Plants growing in mixtures compete above ground for space and
light and below ground for space, water and nutrients.
general

agreement

that

white

clover

is

at

There is

a

competitive

disadvantage when grown with most pasture grasses.

The grasses

are taller, have a greater mass of fine roots,

and have less

precise requirements of climate and soil nutrition for growth
(Frame and Newbould 1986).
In order to obtain a well-balanced mixture of grass and clover;
it is important to pay attention to relative seeding densities.
According

to

grass/clover

Van

den

seeding

Berg

ratio

and

Kruger

should

be

(1990)

the

approximately

ideal
70:30%.

Chestnutt and Lowe (1970) concluded that a ratio of clover to
l
grass seed of 3.5 to 22-25 kg ha- was adequate for obtaining a
good clover:grass balance in a sward.
the

short-lived

effect

of

Ludlow (1978) confirmed

clover:grass

seed

ratio

when

he

examined combinations of clover seeding density (1-9 kg ha-l) and
l
grass seeding density (3-14 kg ha- ).
He also found that a
constant

clover

densities

also

seeding
had

no

density

with

significant

varying

effect

on

grass

seeding

white

clover

performance.
Considering the many viewpoints on seeding densities in mixtures,
it

may

be

concluded

that

there

is

scope

for

considerable

flexibili ty in the clover/grass seed ratio in seed mixtures.
There has however, been a scarcity of work done on the critical
seed densi ty of whi te clover necessary to establish specific
seedling populations.
Various authors have stressed the important effect that nitrogen
has on the growth and production of grass/legume pastures.

Ofori

and stern (1987) stated that nitrogen is one of the main factors
influencing the production efficiency of grass/legume pastures.
It was shown that the taller component suppresses the companion
legume through shading, and this is accentuated by application
of nitrogen fertilizer.
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s and clov er
Dona ld (1963 ) state d that the balan ce betw een gras
ntal chan ge.
in mixe d swar ds is high ly susc eptib le to envir onme
-dom inate d or
Stud ies have show n that a swar d can becom e grass
s or graz ing
clove r-dom inate d acco rding to the nutr ient statu
mana geme nt impo sed on it.
s/clo ver swar ds
The appl icati on of nitro gen ferti lize rs on gras
asing tota l
has an impa ct on herba ge yield and prod uctiv ity, incre
r exte nt than
yield of harv estab le dry matt er, altho ugh to a lesse
). The yield
in a pure gras s swar d (Che stnut t and Lowe 1970
g, but can be
incre ase is part icula rly valu able in the sprin
onent of the
accom panie d by nega tive effe cts on the clov er comp
tly stim ulate d,
mixt ure. Whil e the grow th of the gras s is grea
by Ches tnutt
that of the clov er is depr essed (Lowe 1966 , cited
on clov er in a
and Lowe 1970 ). The adve rse effe ct of nitro gen
gh the grass
mixt ure appe ars to be an indi rect one, actin g throu
ligh t from the
plan t (Den nis and Wole dge 1985 ). Com petit ion for
y mech anism
incre ased gras s grow th is thou ght to be the most likel
by the grass
(Don ald 1963 ; Ches tnutt and Lowe 1970 ), shad ing
In an
er.
redu ces the amou nt of carbo n fixed by the clov
low nitro gen
expe rime nt cond ucted by Dona ld (196 3), he found that
leve l, grass
gave almo st pure clov er wher eas at a high nitro gen
Thus , beca use of the prog ressi ve
was mark edly domi nant.
gen is appl ied
supp ressi on of clov er throu gh shad ing when nitro
appl icati on and
to mixe d swar ds, it follo ws that fert ilize r
sourc es of
rhizo bial activ ity cann ot be used as addi tive
lace rhizo bium
nitro gen. Appl ied nitro gen will cont inue to disp
ct of nitro gen
nitro gen unti l displ acem ent is comp lete. The effe
Berg and Krug er
on mixt ures was also inve stiga ted by Van den
ous to apply
(1988 ) wher e they found that it was more adva ntage
clov er mixt ures
low leve ls of nitro gen (60 kg N ha-I) to ryeg rass/
in term s of dry matt er prod uctio n.
are requ ired
In cont rast, high leve ls of fert ilize r nitro gen
Leve ls in exce ss of 400
wher e gras s is grow n in mono cultu res.
-1
and
was found nece ssary by both Dann hause r ( 1980 )
kg N ha
Ecka rd (1989 ) found the
Barth olom ew and Ches tnutt (197 7).
12

350 kg N ha
nitro gen requ irem ent of Itali an ryeg rass to be

-1

.

gen appl ied,
Ecka rd (1990 ) state d that too much fert ilize r nitro
te-N could build
not only becom es econ omic ally wast eful, but nitra
Apri l (autu mn) and
up, whic h can lead to a toxic situa tion .
nitra te-N in the
Septe mber (spri ng) appe ared to be perio ds when
nants .
plan t could reach leve ls pote ntial ly toxic to rumi
e for graz ing
The main func tion of pastu res is to prov ide forag
frequ ently sit,
anim als. Anim als also depo sit dung and urine and
ing, runn ing
lie, scra tch and paw on the past ure, as well as walk
vitie s has its
and jump ing on it (Kemp 1984 ). Each of these acti
cons idere d when
own effe ct upon plan t perfo rman ce and need s to be
As it is not
asse ssing the regu latio n of pastu re prod uctiv ity.
in expe rime nts,
alwa ys poss ible to stand ardiz e graz ing effe cts
simu late what
cutti ng techn ique s have frequ ently been used to
herba ge remo val.
seem s to be the main effe ct of graz ing, that is,
inten sity,
,
Cutt ing regim es are defin ed as the frequ ency
relat ion to the
unifo rmi ty and timin g of the defo liati on in
ver, acco rding
deve lopm ent of plan ts or swar ds (Kemp 1984 ). Howe
late graz ing
to Brya nt and Blas er (196 8), cutti ng does not simu
exce ed those
exac tly, as forag e yield s unde r cutti ng frequ ently
.
unde r graz ing, thoug h the reve rse can also be found
ng stud ies have
Fram e and Newb ould (1986 ) obse rved that many cutti
jwhi te clov er
show n that tota l herba ge prod uctio n from grass
een defo liati ons
swar ds gene rally incre ases as the inter val betw
Whit e clov er prod uctio n was incre ased as the
is lengt hene d.
3 to 6 week s,
inter val betw een defo liati ons was incre ased from
ge decre ased
but the prop ortio n of whi te clov er in the tota l herba
Van
1986 ).
(Orr and Ludlo w 1978 , cited by Fram e and Newb ould
study cond ucted in South Afri ca,
in a
(198 6),
Heer den
of a range of
inve stiga ted the prod uctio n and qual ity patte rns
frequ encie s, as
legum es and gras ses unde r diffe rent defo liati on
progr amme s to
he found a lack of infor mati on on defo liati on
His resu lts indic ated that a 6 week
assi st in mana geme nt.
romis e for the
cutti ng inter val woul d be a reaso nabl e comp
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production of dry matter.

However, he added that modifications

might be necessary for different species to obtain a competitive
balance in mixtures;

for

instance white clover and perennial

ryegrass mixtures would be favoured by frequent cuttings (2 to
4 weekly).
This was confirmed by Smith,

1987

(also

in a

South African

study), who tested the response of legume/ryegrass mixtures to
3 cutting intervals.

He

found

that dry matter yields were

significantly reduced when cutting interval was increased from
4

to

5 weeks.

However,

in

ryegrass/whi te

clover mixtures,

cutting interval had no effect on dry matter yield.

In the pure

stands of ryegrass, dry matter yields were reduced, although not
significantly, when interval was increased from 5 to 6 weeks.
Past work on grass/clover and grass swards generally showed that
close cutting (25 to 50 mm from ground level) increased total
herbage production considerably (up to 44%) compared with lax
cutting (60 to 100mm), provided adequate recovery periods were
allowed

between

defoliations

(Frame

and

Newbould

1986).

According to these authors white clover production and proportion
were either little affected by closeness or else were enhanced
by close cutting.

Anslow (1967,

cited by Frame and Newbould

1986), stated that the stimulus to total herbage production from
close cutting has been attributed largely to more efficient light
utilization, since a high proportion of a sward's production is
in the lower layers.
Furthermore, close defoliation will also
stimulate grass tillering and utilization of regrowth by removing
flowering shoots and permitting better light conditions at the
base of the sward.

The stimulus to the clover production will

include better light utilization, while it may also benefit from
reduced grass competition.
that

better

light

Dennis and Woledge (1982) pointed out

conditions

at

the

sward

base

will

also

encourage the number of clover growing points and promotion of
photosynthetically efficient leaves.
Van den berg and Kruger

(1988)
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found that heavy defoliation

(50mm) tended to increase the Land Equivalent Ratio (an index to
compare yields of mixtures relative to their respective pure
stands) compared to

light defoliation.

They speculated that the

reason for this could be that competition for light was more
detrimental to both the grass and clover components in the light
defoliation treatments.
competition between grasses and legumes for light seem to be an
important factor.
depends

on

The rate of dry matter production in crops

the

efficiency

of

the

photosynthetically active radiation

(PAR)

Graham et al. 1988).

interception

of

(Monteith 1977 and

Blackman and Black (1959, cited by Monteith

1977) stated that under conditions where growth is not restricted
by temperature or by supplies of nutrients or water, maximum
production of dry matter per unit area will be limited by leaf
area index and the amount of solar radiation.
Donald

(1963),

governing
community.

the

According to

utilization of solar radiation is
ultimate

yield of

any

the factor

particular genotype

or

He went further to say that even where there is a

shortage of water or nutrients, competition for light remains a
factor of major importance.
Results from a study conducted by Graham et al.
that

competi tion

mixtures.

for

light

is

important

in

(1988) showed

sorghum-pigweed

Even in well-watered, fertilized plots, drastic dry

matter and yield reductions could be seen, which corresponded to
similar reductions in the amount of light intercepted by sorghum.
Haynes

(1980)

stated

that

competi tion

for

light

is

unique.

Incoming light energy is instantaneously available, it must be
used or lost. According to Donald (1963) competition for light
occurs whenever one plant casts a shadow on another or when one
leaf shades another.
for

light

is between

Haynes (1980) pointed out that competition
individual

leaves,

rather than between

plants, because if leaves remain below compensation point for
long periods, they are not supported by export of assimilates
from other parts of the plants and die.
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In a pasture, foliage

of each plant will be intermingled with that of several of its
neighbours.

Thus, the successful plant is not necessarily the

plant with more foliage, but the plant which has its foliage in
an

advantageous

competi tors for

position,

relative

to

light interception.

the

Thus,

foliage

of

its

the physiological

characteristics, canopy height and architecture and whole plant
morphological characteristics determine peak photosynthetic rates
and light competitive abilities of plants (Haynes 1980).
Rhodes and stern (1978) also confirmed that competition for light
occurs not only between different species but also between any
leaves or photosynthetically active parts whenever one by its
interposition reduces the light supply falling on another, thus
These authors also stated that

reducing photosynthetic rate.

competition is regarded as having occurred when the yield of a
plant in mixed culture is lower than that in monoculture.
Light becomes attenuated as it penetrates a foliage canopy and
if

sufficiently

reduced,

may

impair

the

functioning

and

development of plants that become shaded in comparison with their
performance in unshaded conditions (Rhodes and stern 1978).
Brougham (1958) stated that growth rate is related to the amount
of

light

interception

and

leaf

area.

The

amount

of

light

intercepted by the component species in a mixed pasture depends
on foliage architecture and pasture geometry (Ofori and stern
1987).

Beyschlag et al.

(1990) and Thompson and Harper (1988)

also regarded canopy structure as playing an essential role in
the balance of competition for light between species. Thompson
and

Harper

(1988)

stated

that

white

clover

grows

as

a

plagiotropic shoot system (in contrast to stoloniferous, which
is the incorrect term),
further that

rooting at the nodules.

They stated

this type of growth habit ensures that clover

continuously "meanders"

through

the associated vegetation to

ensure that favourable light environments are reached.

The grass

component has the advantage of possessing an upright, "phalanx"
growth form,

wi th closely packed tillers which enables light
16

Brougham (1958)
harvesting (Thompson and Harper 1988).
considered orientation and shape of leaves as major factors
governing light interception abili ty, although leaf thickness and
density should also be taken into consideration.
(1967)

found that changes in plant growth habit affect light

interception and distribution.

They noted that most interception

occurred in the outer portion of the canopy.
a

Shaw and Weber

more

irregular

plant

canopy

penetration of the canopy.

They suggested that

resulted

Accordingly,

in

better

light

they found that

in

soybean canopies yield was positively correlated with both the
amount of leaf area and the volume of the canopy.

According to

stern (1962) light interception depends on the following: angle
of elevation of the sun, whether radiation is direct or diffuse,
the density of the foliage canopy, the angle at which leaves are
disposed,

the

reflection,

absorption

and

transmission

characteristics of the foliage and the extent to which gaps in
the foliage or movement will allow sunflecks to penetrate.

Monsi

and Saeki (1953) have described light attenuation in quantitative
terms (I=Ioe-kdi where I = light intercepted by a canopy,

10 =

incoming light incident upon a canopy, k = extinction coefficient
and d = canopy density) and determined the extinction coefficient
for light energy (k) as it is attenuated throughout the sward.
This varies between grass species and varieties (Rhodes and stern
1978).

Monteith (1973) found values of extinction coefficients

for clover and ryegrass

to be 1.10 and 0.43 simul taneously.

Donald (1963) speculated that the growth potential of the clovers
may be lower than the grasses due to the planophile nature of
their canopies.

However, for certain of the legumes this may be

partly due to the delayed onset of growth in spring.
Saeki

(1953)

calculated

the

relative

light

horizontal and erect foliage to be 1:0.44.

Monsi and

interception

by

Further, they showed

that in 5 species with a leaf angle from the horizontal ranging
from 0 to 75 degrees,

the value of the extinction coefficient

followed these theoretical expectations.
Duncan (1971)
considered

stated that leaf area and leaf angle should be

together

in

any

assessment
17

of

their

effect

on

photosynthetic efficiency.

According to him, the inefficiency

of plant canopies with high LAI

value which have

layers of

horizontal leaves at the top of the canopy suggests that the
photosynthetic efficiency of

grass-like plants might decrease

rapidly as the upper ends of the leaves bent over.
(1990)

and

Rhodes

and

stern

(1978)

also

Barnes et al.

stated

that

plant

attributes which are advantageous for increased production in
pure stands may not necessarily be of advantage for competition
in mixed stands.

Increased LAI or more horizontally orientated

leaves in upper canopy layers would be advantageous for a species
competing

in a

production
competition

in

mixture,

but not necessarily of benefi t

monocultures.

for

light

Ludlow

depended

(1978)

more

on

stressed
leaves

for
that

gaining

preferential access to limiting light than on the photosynthetic
response.
Thompson and Harper (1988) Rhodes and stern (1978) suggested that
communi ties wi th erect foliage are the most productive under
managements that maintain a high average leaf area index.
penetration
horizontal
foliage,

is

greater

leaves,

into

canopies

clumped or

random

of
as

erect
opposed

Light

rather

than

to

regular

and low rather than high leaf area density

(Ludlow

Red and blue wavelengths of PAR become relatively
1978) .
depleted within the canopy because they are absorbed more (Ludlow
1978).
Rhodes and stern (1978) emphasized that competition for light
cannot be considered in isolation, but should be seen through
interaction with other factors.

The major management variables,

defoliation and nutrient status, have both been found to alter
relative competitive abilities, although in many instances the
precise role of competition for light has not been elucidated.
Any factor that affects a plant's structure or ability to shade
differentially

in relation

to

its neighbours should have an

effect on its relative competitive ability.

Ross et al. (1972)

formulated a model to describe the effects of nitrogen and light
in grass-legume pastures.

They described rates of production as
18

functions of irradiance and leaf area index.

Photosynthesis of

the grass component was also seen as a function of the level of
nitrogen available for growth. Different fertilizer or clipping
treatments will have a marked effect on competitive abilities in
mixtures

(Rhodes and stern 1978).

They found that nitrogen

application, by its stimulation of grass growth, increases the
ability of the grass to shade the clover.

Likewise,

in some

mixtures, more severe defoliation prevents shading of the legume
and thus its relative competitive ability is increased.
Pearcy (1990) observed that leaves at the top of a plant canopy
or

in

periods

the most
of

conditions.

shaded understory

light

intensities

Under

large

are

steady-state

al ternating periods of sun and shade because of sunflecks.
a

leaves

approximate

long
rapid

circumstances,

most

that

may experience
to

these

However,

si tes

fraction

subjected
of

carbon

assimilation may occur under transient conditions.

dioxide

It has been

shown that on clear days 30 to 60% of the daily carbon gain by
understory plants can be attributed to utilisation of sunflecks
(Pearcy 1987, cited by Pearcy 1988).
(1984)

showed that up

to 80% of the

Measurements of Chazdon
total daily

irradiance

intercepted by understory leaves were in the form of sunflecks.
Field gas-exchange measurements showed a similar percentage (20
to 80%) of the daily CO 2 exchange of leaves in the understory can
be attributed to sunfleck utilization.
According to Pearcy (1990) much less attention has been given to
the dynamics of light regimes in crop canopies than those of
forest understories.

Light regimes in soybean canopies were

characterised by sunflecks shorter and brighter than those of
forest

understories

(Pearcy 1990).

The number of sunflecks

varied from nearly 1800 per day in the upper part of the canopy
to none for a few locations at the bottom.

At most locations

within the canopy, sunflecks contributed 40 to 90% of the daily
PAR, and of this total approximately one third was contributed
by sunflecks shorter than 10s.
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Beyschlag et al. (1990) stated that success for competition for
light between species is due to differences in either structural
features

or

photosynthetic

characteristics

which

allow

one

species to fix more carbon than its competitor. Wilson and Ludlow
(1983)

stated that the dry matter production by mixed plant

canopies depends largely on the net photosynthetic contribution
of its components.

It is therefore important to understand the

behaviour of these components, both for purposes of predicting
and for identification of limitations to productivity.

They

further stated that leaf photosynthetic rates in a canopy are
usually

measured

drawbacks.

in

one

Firstly

of

two

ways,

uptake

14C02

or

both

of

which

exchange

CO 2

have

rates

by

individual leaves or parts of leaves enclosed in chambers are
measured.

However, in short and dense canopies, canopy structure

was disturbed, resul ting in disturbance of light distribution and
photosynthetic rate.

Furthermore, insufficient number of leaves

can be measured to overcome variability among leaves.

The above

authors stated that photosynthetic rates can also be estimated
from

calculated

light

levels

(based

on

a

model

of

light

distribution which takes account of canopy structure) and assumed
photosynthetic capacities of leaves in each layer.

It is assumed

that all leaves in the canopy have the same capacity or that
their capacities decline linearly or exponentially with depth.
Wilson and Ludlow (1983) continued to say that these models are
dependant on assumptions which are not always applicable.

Leaf

age may vary with depth and shaded leaves can acclimate and
partially compensate for the lower light levels (Pearce and Lee,
1969) .
Wilson and Ludlow (1983) estimated photosynthetic rates of grass
(Setaria

sphacelata

var.

sericea)

and

a

legume

(Desmodium

intortum)

leaves at different levels in a mixed canopy.

They

found that the light level decreased as leaf area index increased
with depth in the canopy.
of

photosynthesis

illuminance was
decreased

with

60

in
to

depth,

The grass component had higher rates

the

upper

100%.
and

strata

The
rates
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where

the

superiori ty of
for

the

two

relative
the

species

grass
were

comp arabl e in the lowe r 2/3 of the canop y wher e
most of the leaf
area occu rred. Thus for 75 to 85% of the canop y
leaf area , rates
for gras ses and legum es were indis tingu isha ble.
This was due to
the fact that phot osyn thesi s is depr essed more
by shad ing in
gras ses than in legum es (Ludl ow et al. 1974 ) and
poss ibly beca use
of the lowe r avera ge illum inan ce at the surfa ce
of grass leave s
whic h are more erec t than legum e leav es. They conc
luded that the
diffe renc e in phot osyn theti c capa city is emph asize
d in the uppe r
laye rs of the canop y wher e illum inati on is
high er.
Thes e
conc lusio ns were supp orted by Ludlo w (1978 )
who state d that
pref eren tial acce ss to incid ent radia tion is the
most impo rtant
deter mina nt of comp etitio n betw een gras ses and
legum es.
Wole dge et al

(1989 )

inve stiga ted rates of phot osyn thesi s of
cano pies of a mixt ure of ryeg rass (Loli um peren
ne L.) and whit e
clov er (Trif olium repen s L.) durin g wint er
mont hs and the
part ition ing of tota l canop y phot osyn thesi s
betw een the two
comp onent spec ies, using 14 C02 . They found that
at a PAR of 552
-2
pE m
s-1, net phot osyn thesl. s for both comp onen ts range
d betw een
3.51 and 18.31 pmol m-2 s -1
Clov er had a lowe r rate of
phot osyn thesi s than gras s due to its canop y struc
ture (leav es
were near er the base of the canop y than those
of the grass )
part icula rly in the secon d half of wint er when phot
osyn thesi s per
leaf area was leas t.
Cano py LA! was smal l at this time
(app roxim ately 2) and it migh t be expe cted that
there woul d be
littl e mutu al shad ing of leave s at smal l LA!.
They found that
the tende ncy of clov er to have a
lowe r rate of mean
phot osyn thesi s than its comp anion gras s in wint
er to be reve rsed
in summ er, when clov er leave s had a grea ter phot
osyn thesi s rate
than gras s.
Clov er leave s were pred omin antly near the top
of
high LA! cano pies. They conc luded that this seaso
nal diffe renc e
in rela tive phot osyn thesi s by gras s and clov er
had a role in
deter mini ng the grow th patte rn of mixe d swar ds
in whic h clov er
had a high er rela tive grow th rate (RGR) than gras
s durin g summ er.
Denn is and Wole dge (1982 ) found the grow th of whit
e clov er to be
grea test in midsu mmer when the grow th of grass
is usua lly
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depr essed .

Leaf e (1972 ) sugg ests that the poor perfo rman ce
of
gras s at this time is attri buta ble to the low
phot osyn theti c
pote ntial of
its
cano py,
resu lting from a
decl ine
in
phot osyn theti c capa city of succ essiv e, newl y-exp
ande d leave s.
This fall, in turn is due to the incre asing
ly poor ligh t
envir onme nt expe rienc ed by the leave s as the sward
gets dens er.
Denn is and Wole dge (1982 ) found that petio le exten
sion by the
clov er comp onent play ed an impo rtant role in a mixe
d stand . The
adva ntage of petio le exten sion to clov er is
twof old.
The
detri men tal effe ct of shad e on the deve lopm
ent of the
phot osyn theti c capa ci ty of matu re leave s is avoid
ed and the
leave s are well -plac ed in the canop y to rece ive
ligh t and thus
have a high actu al rate of phot osyn thesi s. Thom
pson and Harp er
(1988 ) confi rmed that clov er has the abil ity
for linea r
exten sion of the main axes when ever it becam
e conf ined by
neigh bour ing gras ses.
Broug ham (1958 ) sugg ested phot otrop ic
move ment of leave s in the canop y of whit e clov er
occu rred, but
late r these move ments were attri bute d more to petio
le exten sion
whic h posi tions the leaf in favo urab le posi tions
for ligh t
inter cept ion. (Den nis and Wole dge 1982 ; BoIl er
and Nosb erger
1985 ) .
Denn is and Wole dge (1982 ) state d that altho ugh the
phot osyn theti c
capa city of indiv idua l clov er leave s is at leas t
as high as that
of pere nnia l ryeg rass, the publ ished data on phot
osyn thesi s of
comm uniti es
sugg ests
that
gras s
swar ds
have
a
high er
phot osyn theti c rates .
They conti nued by sayin g that sward
phot osyn thesi s depe nds not only on phot osyn theti
c capa city of
indiv idua l leav es, but also on the leaf area , how
much ligh t the
leave s inter cept , and how this ligh t is distr ibut
ed amon g the
leav es.
In an erec t crop , ligh t is more even ly distr ibut
ed at
a lowe r avera ge inten sity, and thus is more effic ient
ly used than
in a crop with hori zont al leave s in whic h the uppe
r leave s may
be ligh t satu rated whil e the lowe r ones are in
very dim ligh t.
They conc luded by sayin g that the dry matt er
prod uctio n are
limi ted by the struc ture of the canop y rathe
r than an
intri nsic ally low phot osyn theti c capa city. This
was prev iousl y
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also found by Sheeh y et al. (1979 ) wher e they state
d that ligh t
rece ption is main ly a func tion of canop y struc
ture , whic h may
deter mine phot osyn theti c prod uctiv ity by limi ting
tota l ligh t
inter cept ion of youn g stand s or by allow ing ligh
t to pene trate
easi ly into the dens e folia ge of olde r stand s.
In cont rast,
BoIl er and Nosb erger (1985 ) found that the struc
ture of the
legum e (whi te clov er) canop y was less impo rtant
in deter mini ng
canop y phot osyn thesi s comp ared with the effe cts
of leaf age.
Phot osyn thesi s of olde r stand s decli ned as a grea
ter prop ortio n
of ligh t was inter cept ed by sene scing leav es. Acco
rding to thei r
stud ies the very youn g unfo lding leave s occu pied
the lowe r leve ls
of the cano py, whil e the rece ntly unfo lded leave s
were in the top
laye rs of the canop y (due to petio le exte nsio
n).
The olde r
leave s were found in prog ressi vely lowe r laye
rs.
The ligh tphot osyn thesi s (P-I) respo nse curv es of leave s
of diffe rent age
class es were found to be simi lar, indic ating that
leaf age had
littl e influ ence on the P-I curv es of indiv idua l
leave s. BoIl er
and Nosb erger (1985 ) and Schw ank et al. (1986 ) thus
indic ated the
impo rtanc e of petio le exten sion to youn g leave
s whic h do not
reach the top laye rs of the cano py, but are able
to posi tion in
such a way that sunf lecks in the lowe r part s of
the canop y may
be utili zed. It was conc luded that such beha viou
r woul d impro ve
the spec ies chan ces of surv ival even
with tall- grow ing
comp etito rs.
Thom as and Davi es (1978 ) cond ucted a study to
inve stiga te the
effe ct of shad ing on the regro wth of Loliu m peren
ne swar ds in the
field .
They found that the curr ent herba ge yield s were
only
sligh tly affec ted when ambi ent ligh t leve ls
were reduc ed.
Shad ing to 71%, whic h simu lated ligh t leve
ls simi lar to
cond i tions in autum n, cause d no redu ction in
curr ent herba ge
prod uctio n. Howe ver, when the shade d leave s were
defo liate d and
retur ned to full ligh t, early regro wth from the depl
eted stub ble
was low comp ared with that from unsh aded swar ds.
Wole dge and Leaf e (1975 ) found that in a ryeg rass
sward whic h has
been cut, the firs t new leave s to be prod
uced had high
23

photosynthetic capaci ties.

However, as the leaf area of the crop

increased, leaves developed in lower light intensi ties, resulting
in

a

reduction

capacities.

of

more

than

50%

in

their

photosynthetic

They calculated that this lead to a depression of

about 30% in the photosynthesis of the whole canopy.
Bjorkman and Holmgren (1963) focused their investigation on the
role of light intensity as a selective factor in the adaptation
of the photosynthetic apparatus.

They stated that light shows

more variation than any other external factor which influences
the

photosynthetic

apparatus

of

the

plant.

They

studied

reactions of the photosynthetic apparatus in plants taken from
habitats with contrasting light environments but grown under
controlled conditions of high and low light intensity.

They

observed that the photosynthetic response of plants is strongly
modified by the light intensity of the growing conditions, but
that the modifications are different for populations from exposed
and shaded habitats.

Clones

from

the

exposed habitats

had

similar initial slopes of photosynthesis - irradiance curves (an
expression of the efficiency of the photochemical process)
both light treatments, whereas the

in

rates at light saturation

were considerably higher for the plants grown in strong light.
The clones from the shaded habitats showed considerably shallower
initial slopes when grown in strong light than in weak light;
whereas the rates at light saturation were about equal in both
light treatments.

They stated further that the populations from

the shaded habitats had a higher quantum efficiency than the
populations from the exposed habitats thus implying that the
photosynthetic apparatus of the former is able to utilize weak
light more

efficiently

saturation,

the populations from the exposed habitats had the

higher photosynthetic,

than
thus

that

of

the

latter.

At

light

implying that the photosynthetic

apparatus of the populations from the exposed habitats utilizes
strong light more efficiently than that of the populations from
the

shaded

habitats.

Bjorkman

and

Holmgren

(1963)

also

investigated the effect that strong light had upon mature leaves
by

transferring

a

plant

grown
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in

low

light

to

high

light

intensity.

strong light treatment caused a depression of the

photosynthetic

activi ty

of

the

leaf;

both

the photochemical

efficiency and the rate at light saturation were affected.

Their

results also indicated that the chlorophyll content of leaves
decreased when transferred from low to high light.

However, when

plants were once again subjected to weak light after a relative
short time in high light, recovery took place - indicating that
the inhibition of photosynthesis by high light is reversible.
It was concluded that the photosynthetic behaviour of plants are
consistent with the light intensities prevailing in the natural
environments,

indicating that they are a result of a genetic

adaptation to habitat.
of various species exhibiting the C3 pathway

The quantum yield
of

photosynthesis,

have

been

studied

by

various

authors.

Ehleringer and Bjorkman (1977) found a value for quantum yield
of 0.052 mol CO 2 E- 1 to be representative.

Ku and Edwards (1978)

reported quantum yield of the C3 grass, Triticum aestivum to be

0.054 mol CO 2 E- 1 •
of 0.053 mol CO 2 E
Beyschlag

et

Ehleringer and Pearcy (1983) observed a value
-1

for C3 grasses.

al.

(1990)

investigated

the

photosynthetic

characteristics of mixtures of wheat and wild oat grown in the
field and found canopy photosynthesis to be most influenced by
maximum photosynthetic capacity in the upper,

light-saturated

portions of the canopy and by quantum efficiency in the lower
levels of the canopy.

As leaves age the rate of photosynthesis

at saturating irradiance

(P~x)

declines,

but there is little

change in the quantum efficiency (Johnson and Thornley 1984).
They observed that Pmax decreased down the length of a Lolium
multiflorum leaf blade. In grass swards the leaves grow from the
base of the sward and thus, during early stages of growth in a
dense sward, their irradiance environment will be low (Johnson
and Thornley 1984).
al.

However, the above authors cited Prioul et

(1980) who have demonstrated that Lolium leaves can adapt

when transferred from a low to a high irradiance environment.
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Dennis and Woledge (1983) stated that the light conditions under
which a plant grows can have a large effect on its photosynthetic
Leaves which have developed in bright light have
capacity.
higher rates of light-saturated photosynthesis than those grown
in dim light or in the shade of other leaves, which changes both
the quality and intensity of light.

Dennis and woledge (1983)

further stated that the reduction in a
capacity

as

a

result

of

development

leaf's photosynthetic

in

dim

light

can have

important effects on the photosynthesis and growth of crops.
In contrast to the above, Dennis and Woledge (1982) found that
in white clover, in a white clover/perennial ryegrass mixture,
there is little or no reduction in the photosynthetic capacity
of successive leaves as the crop gets denser, even though new
clover

leaves are

formed near

the ground

level.

Even when

ni trogenous fertilizer was applied and the grass component of the
canopy became very dense,
photosynthetic

capaci ty

there was

of

the

little reduction in the

clover

leaves,

al though

proportion of clover in the sward was markedly reduced.

the

Dennis

and Woledge (1982) reasoned that the photosynthetic capacity of
clover leaves might be

less affected than grass

leaves when

growing in a dense sward, due to the fact that they are less
sensitive to the light conditions in which they develop.
reason

might

developing

be

laminae

that
to

rapid
the

petiole
top

of

extension
the

sward

Another

raises
while

the
their

photosynthetic capaci ty is still able to respond to the high
irradiance they receive there.
Dennis and Woledge (1982) investigated the effects of the light
conditions during development of a white clover leaf (Trifolium
repens cv. Blanca) on its photosynthetic capacity.

They found

that newly expanded leaves which have developed in dim light or
in

the

shade

of

other

leaves,

have

lower

capacities than leaves grown in bright light.

photosynthetic
They also found

that leaves grown in dim light or shade had a higher specific
leaf area.

This has been interpreted as an adaptation to shade

in that for each unit weight of leaf dry matter, a greater area
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of leaf is exposed to the available light.
Dennis and woledge
neighbouring

leaves

(1983)

stated that plants detect shade by

through

a

change

perceived by the phytochrome system.

in

the

light

quality

It is thus the intensity

or quantity of light rather than its quality that is the factor
determining photosynthetic capacity, as no difference could be
detected between the photosynthesis of clover leaves grown in dim
light or shade.

An earlier study conducted by Dennis and Woledge

(1982) showed that although clover leaves are formed at the base
of a sward, in dim light, the petioles of successive leaves grow
longer as sward height increases, so that each new laminae is
raised to the top of the sward and into full sunlight where they
reached similar photosynthetic capacities than those of leaves
un shaded throughout their development.

By contrast, a grass leaf

has no petiole and grows from its base and by the time it is
fully expanded, it is subject to a gradient of increasing shade
from top to base, with the youngest part of the leaf remaining
in dim light.

According to authors such as stern (1962) and

Donald (1963) and Chestnutt and Lowe (1970), the difficulty of
maintaining clover in a mixed clover/grass sward is a result of
competition with grass for light,

especially when nitrogenous

fertilizer is added.
It was found by various authors that plant canopy architecture,
as described elsewhere,
competition

for

characteristics
Kuppers, 1984).

played a much more important role in

light

than

single-leaf

(Beyschlag et al.

photosynthetic

1990, Ryel et al.

1990 and

The light environment within canopies and light interception in
relation

to

growth

and

productivity

numerous theoretical models.

has

been

the

topic

of

According to Johnson and Thornley

(1984), models of crop growth and production can be divided into
two

component

models:

1)

light

interception

and

canopy

architecture; where the irradiance of a leaf is calculated at a
given

depth

within

the

canopy,
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and

2)

evaluation

of

the

photosynthetic activity of a leaf as a function of its
irradiance. Norman and Jarvis (1976) realised the usefulness of
modelling as a
tool
in improving the understanding of
interactions between radiation and vegetation by postulating a
model describing radiation penetration in Sitka spruce (Picea
sitchensis (Bong) catt.).

Charles-Edwards (1986) modelled plant

growth and developments in terms of the light environment in
order to obtain a better understanding of the behaviour of the
leaf canopy.

He examined canopy structure and proposed a method

of estimating the proportion on incident light energy intercepted
by the canopy.

He also defined light-use efficiency in terms of

photosynthetic and respiratory activities.

Ryel et al.

(1990)

stated that to describe the process of light competition in a
mixed

species

canopy

using

direct

measurements

interception might prove to be difficult.

of

light

Species could differ

in height, inclination or orientation of leaves and might also
overlap with other leaves.
through

time.

In

Canopy structure might also change

addition,

leaf

age

compos i tion

and

photosynthetic capacity varies within canopies and differ among
species.

Therefore, simulation models could be implemented in

estimating light interception and describing mechanisms of light
competition.
exist

to

Therefore,

However, Caldwell (1987) observed that few models

examine

light

Ryel et al.

competition
(1990)

among

mixed

canopies.

developed a detailed model

satisfy the above requirements.

to

The model was tested for mixed

wheat/wild oat and monospecific canopies in the field.

An intensive overview of
suggested the following:

As

a

consequence

of

the

literature,

competition,

the

as

cited

productivity

above,

of

each

component is less in pasture mixtures than when each is grown in
monoculture, but the combined productivity of a mixed stand is
greater than either component in monoculture.

Competition is

predominantly at the level of light interception and so is very
28

dependent on the architecture or structure of the canopy.

This

competition is influenced by factors such as nitrogen supply and
grazing intensity.

The effect of nitrogen fertilization appears

to be an indirect one through canopy development,
direct physiological phenomena,

rather than

in that high N gives rise to

increased grass growth, which shades the clover out.
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CHAPTER 3: MATERIALS AND METHODS
3.1.

STUDY AREA

This study was conducted at the Roodeplaat Grassland Institute,
situated approximately 20 km north-east of Pretoria (25°44'S,
28°11'E).
3.2.

EXPERIMENTAL DESIGN

Italian

Ryegrass

species,

and

(Lolium

white

cv

multiflorum

clover

(Trifolium

Midmar),

repens

cv

an

annual

Ladino),

a

perennial, were planted both in mixed and mono stands in field
plots and in pots. The pots were placed in trenches in the field
to

ensure

tha t

all

treatments

were

exposed

to

similar

environmental conditions.
3.2.1. Field Trials

Plots of 12 m2 (3

*

4 m) were layed out in the field, separated

from one another by a lm path (Figure 1).

A total of 9 plots

were placed in a randomized design:
1) Mono clover (3 plots)
2) Mono ryegrass (3 plots)
3) Mixtures (3 plots)

The mixed plots were divided into two sections to enable two
different

nitrogen

applications

to

be

administered

to

each

mixture. (Nl and N2 - see below).
Inoculated clover was already established at the start of the
trial, it thus entering the second season of growth. The clover
had been planted (broadcasted) the previous season (April 1991)
at

a

seeding dens i ty of 10 kg ha -1

stands) .
bacteria

All

clover seeds were

(Rhizobium

leguminosarum

(both in mono and mixed
inoculated with Rhizobium
(biovar

Inoculated seeds were covered with a
30

trifolii)

SR4).

layer of bentonite,

to

POT TRIALS

(a)

MONO POTS

MIXTURES
MIX1_N1

MIX2_N1

MIX3_N1

R1

C1 R2 C2 R3 C3

000000000000

FIELD TRIALS

(b)

MIXTURE

CLOVER

N2

CLOVER

N1

RYEGRASS

CLOVER

RYEGRASS

RYEGRASS

MIXTURE

MIXTURE

N1

Figure 1.

N2

N2

N1

Schematic representation of (a) pot trials and (b)
field trials

ensu re that an alka line pH, idea l for germ inati on,
was obta ined .
Ryeg rass was sown into the clov er plot s in rows
, at a seed ing
dens ity of 25kg ha- l (mono and mixe d) on 16 Apri
l 1992 .
The
ryeg rass to clov er seed ing ratio were there fore
70% to 30%
(Lehm an and Meis ter 1985 cited Van den Berg and Krug
er 1990 ). The
row spac ing in all treat men ts was 30cm .
All plot s recei ved ni troge n fert ilize r (KAN/LAN,
28% N) and supe r
phos phate (10.5 %).
To enab le comp ariso ns of grow th and
phys iolog ical para mete rs, it was decid ed to apply
ferti lize rs in
iden tical amou nts to all treat men ts; altho ugh it
shou ld be kept
in mind that clov er usua lly rece ive less nitro gen
(appr oxim ately
60-10 0 kg N ha-I, Van den Berg and Krug er
1988 ) to ensu re
nodu latio n for nitro gen fixa tion .
(The proc esses of nitro gen
fixat ion and tran sfer were not inve stiga ted durin
g this study and
were thus not acco unted for).
Nitro gen fert ilize r was appl ied
in the conc entra tion of 200 kg N ha- l to all plot
s.
A secon d
nitro gen leve l (400 kg N ha-I) was admi niste red
to half of each
mixt ure plot . Thus , mixt ures (spl it plots ) recei
ved Nl (200 kg
N ha-I) and N2 (400 kg N ha-I) . All othe r plot s
recei ved 200 kg
N ha-I. The abov e amou nts was divid ed into 6 aliqu
ots whic h were
sprea d acro ss 6 harv ests (a grow ing perio d of 180
days ). Supe r
Phos phate (100 kg ha-I) (Dan nhau ser 1980 ), was
appl ied to all
plot s. This amou nt was also appl ied in aliqu ots
over the grow ing
seaso n.
Fert ilize r
was
appl ied
afte r
each
harv est,
simu ltane ously with irrig atio n.
All plot s were irrig ated twice week ly and thus
recei ved 25 mm
wate r per week (Eck ard 1990 ).
3.2.2 . Pot Tria ls

Iden tical treat men ts to the field plot s were plan
ted in pots in
the same seed ing dens ities as the field trial s.
The pots were
kept in the field .
Pot trial s were used , as pots could be
trans porte d to the labo rator y for certa in stud
ies such as gas
exch ange stud ies and chlo roph yll fluor esce nce see secti ons 3.6
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and 3.7) .

Pots cont ainin g mono cultu res had a diam eter of
30cm
and were 35cm deep .
The mixt ures were plan ted in squa re pots
with dime nsion s of 60cm * 60cm * 30cm . All pots
were place d in
trenc hes in the field whic h were fille d wi th
verm iculi te for
insu latio n agai nst temp eratu re grad ients . Soil
from the field
trial s were used as grow th mediu m for all cultu res
in pots . Pots
recei ved nitro gen (KAN/LAN) in the same conc entra
tions as the
field trial s. Fert iliza tion appl icati ons were appl
ied on a more
regu lar basi s to comp ensat e for leach ing.
In addi tion, a
nutr ient solu tion (exc ludin g ni troge n)
wi th the follo wing
cont ents, was appl ied once a week (con stitu ents
were made up to
1000m l with wate r):
1.12 0.37 g 1- 1 MgS0 .7H 0 (5ml)
4
2
2. 136.0 9 g 1- 1 KH P0 (2.5m l)
2
4
3. 109 1- 1 FeEDTA (2. 5ml )
4. 110.9 8 g 1 -1 CaC1 (10m l)
2
5.74 .55 g 1- 1 KCl (10m l)
6. Micr onut rient solu tion (2.5m l):
6 . 1. 2. 860 g 1 -1 H3 BO 3
6.2. 0.220 g 1- 1 ZnS0 .7H 0
4
2
6.3. 0.079 g 1- 1 CuS0 .5H 0
4
2
6 . 4. 1. 015 g 1 -1 MnS0
4
6.5. 0.090 g 1- 1 H Mo0 .H 0
2
4

(Due

to

diffe renc es

recei ved only 250m l,
solu tion per week ).

2

in

pot

sizes

(see

abov e)

mono cultu res

whil e mixt ures recei ved 1000m l nutr ient

3.2.3 . Soil Anal ysis

A soil anal ysis, cond ucted by the Nati onal Inst itute
for Soil and
Irrig ation (Pre toria ), was perfo rmed on the expe
rime ntal site,
prio r to comm encem ent of this study . A summ ary
of the resu lts
is given in Appe ndix 1.
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3.3.
3.3.1 .

GROWTH MEASUREMENTS
Dry matt er prod uctio n

All treat men ts were clipp ed at inter vals of appr
oxim ately four
week s. Plan t mate rial was cut to a leve l of 5
cm abov e groun d
leve l.
The cano pies of all treat ment s were divid ed
into 3
secti ons, acco rding to heig ht from groun d leve l:
Top (15-2 4cm) ,
Midd le (10-1 5cm) and Botto m (5-10 cm).
Thes e leve ls were kept
cons tant in orde r to enab le comp ariso ns betw
een diffe rent
treat men ts for the whol e of the grow ing seaso n.
Six harv ests
were perfo rmed throu ghou t the expe rime ntal perio
d, as follo ws:
6

June 1992

9

- harv est 1 ..... ..... ... day 28
- harv est 2 •••.. •••• •..• day 60
Septe mber 1992 - harv est 3 . . . . . . . . . . . . . day 85

- all mate rial was clipp ed to a leve l of 5cm
abov e groun d leve l (star ting
poin t) ..... ..... ..... . day 0

July 1992
10 Augu st 1992
4

30 Septe mber 1992 - harv est 4 ..... ..... ... day 111
29 Octo ber 1992
- harv est 5 . . . . . . . . . . . . . day 140
8 Dece mber 1992 - harv est 6 ..... ..... .. day 180
(Note : The leng thy inter val (40 days ) betw een harv
ests 5 and 6
was due to a seve re hail storm on 8 Nove mber 1992
whic h heav ily
dama ged all plan t mate rial) .
Durin g

each harv est,
a 1m2 quad rat was place d rando mly
(rect angu lar to rows) in each plot . This quad rat
was vert icall y
adju stab le to the three , prev ious ly defin ed,
laye rs of the
cano py.
Samp les were taken from all treat ment s in the
three
diffe rent laye rs of the cano py.
Harv ested plan t mate rial was
sepa rated into the diffe rent abov e-gro und plan t comp
onen ts (stem s
and leav es). Sepa rated mate rial was dried to a cons
tant mass in
an oven at 70°C . Ther eafte r, all plan t mate rial
was weig hed to
obta in dry matt er mass .
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3.3.2 .

Leaf Area Index

Leaf area index (LAI) is the leaf area per groun d area
. LAI was
deter mine d acco rding to the stra tifie d clip meth od (Coom
bs et al.
1985 ).
This meth od was used to study the distr ibut ion of leave
s
with canop y heig ht. LAI was deter mine d by harv estin
g the leaf
matt er in each laye r of the cano py, as desc ribed
abov e.
Leaf
area of clov er and ryeg rass were obta ined by
setti ng up
regre ssion curv es as follo ws:
Leaf mate rial was samp led from ryeg rass and clov er
in both mixe d
and mono stand s.
Leaf area of vario us numb ers of leave s was
deter mine d by using a Lico r plan imet er (Li31 00).
Thes e leave s
were dried and weig hed. Leaf area was then plot ted
agai nst leaf
dry mass and linea r regre ssion curv es were fitte d to
each curv e.
Afte r each harv est, the dry mass of harv ested leaf mate
rial could
thus be used to obta in valu es for leaf area .
LAI was deter mine d at each harv est for all treat ment
s durin g the
seaso n and also betw een harv ests on 2 occa sions
to get an
estim ate of LAI deve lopm ent betw een 2 succ essiv e harv
ests:
1) 20/7 ; 24/7 ; 31/7 - betw een harv ests 1 and 2
2) 14/9 ; 21/9

3.4.

3.4.1 .

- betw een harv ests 3 and 4

MEASUREMENT OF PHOTOSYNTHETICALLY ACTIVE RADIATION
(PAR)
Meas urem ent of photo n flux dens ity (PFD)

Photo n flux dens ity (PFD) was meas ured at diffe rent
laye rs of the
cano pies of ryeg rass, clov er and mixt ure (N1) in the
field plot s.
(Mix tures wi th ni troge n leve l N1 were used for meas urem
ent of all
phys iolog ical param eters and comp ared with mono cultu
res. Thus
mixt ures wi th ni troge n leve l N2 were inco rpora ted into
this study
sole ly for purp oses of estab lishi ng the influ ence of
nitro gen on
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grow th and prod uctio n.)
For meas urem ents of PFD, the vario us
cano pies were divid ed into the three vert ical
laye rs, as
desc ribed abov e. Meas urem ents were taken prio r
to each harv est
and also for the perio ds of LAI deve lopm ent, betw
een harv ests.
Diur nal (dail y betw een 09hOO and 15hOO ) as well
as seaso nal
(Sept embe r to Dece mber ) meas urem ents were made .
Meas urem ents were taken with a sunf leck cepto mete
r (Mod el SF-8 0,
Deca gon Devi ces Inc. ).
The cepto mete r has 80 ligh t sens ors
place d at one- centi metr e inter vals along a lm prob
e. This prob e
is inse rted into the cano py, and a micr opro cesso
r scan s the 80
sens ors.
In orde r to make relia ble meas urem ents and reduc
e
erro rs due to spat ial vari ation in the cano py, meas
urem ents were
taken at ten diffe rent loca tions in each canop y
laye r and these
read ings were avera ged by the cepto mete r.
The valu es of PFD
obta ined by mean s of the cepto mete r were comp ared
to those found
by a quant um sens or (Lico r Li-19 0SA) .
Valu es were not
sign ifica ntly diffe rent .
Vari ation in PFD was meas ured:
a) abov e the canop y (S)
b) in the diffe rent laye rs of the canop y - Top
(for each treat ment )
- Midd le
- Botto m
Quad ratic regre ssion curv es (y=a +bt+ ct , wher e y=PFD
and t=tim e
(hou rs)) were fitte d to each daily ligh t meas urem
ent curve and
the area unde rneat h the curv e was integ rated to
obta in a daily
irrad ianc e valu e.
It was decid ed to fit quad ratic regre ssion
curv es to the meas ured daily ligh t inten sity curv
es (abov e canop y
leve l as well as in the canop y laye rs) in this
study as these
equa tions desc ribed the data most accu ratel y. It
shou ld be kept
in mind that equa tions alrea dy exis t for desc ribin
g daily ligh t
vari ation whic h is appl ied most ly for mode lling
purp oses; e.g.
N. Papa dopo ulos (1992 ) modi fied an exis ting equa
tion by John son
and Thor nley (1983 ) in orde r to desc ribe daily
irrad ianc e; and
Mon teith (1965 ) desc ribed diurn al varia tion in
PFD by a sine
func tion.
2
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3.4.2.

Light interception by canopy leaves

Direct measurements
Radiation

intercepted by

the

foliage

in

the

treatment was also measured by the ceptometer.

canopy of each

Calculations were

made as follows (Decagon Sunfleck Ceptometer User's Manual 1989) :
f

=

1 -

t

where,
f
t

= fractional
= fractional

interception
transmission

fractional transmission of each canopy was in turn determined as
follow:
t

=

T/S

where,
T

= up-facing ceptometer reading at a certain depth in the

canopy (Top, Middle and Bottom)
S

=

up-facing ceptometer reading above the canopy

AS, described in the previous section, ten readings at different
locations wi thin each canopy layer was taken and averaged in
order to obtain a reliable reading.

The ceptometer was placed

perpendicular to rows within each plot.

To obtain comparable

values, the ceptometer was placed in the same manner in all the
plots which were measured.
Values of light interception were obtained in conjunction with
measurements

of

PFD.

Thus,

diurnal

and

seasonal

light

interception changes between the different layers of the canopy
could be established.
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Indirect measurement of light interception

Daily light interception was also obtained by calculation, using
the

daily

described

integrated
above

in

light

section

intensity

values

3.4.1.).

For

(obtained
indirect

as

light

interception measurements, the daily integrated values obtained
by calculation (integration of the areas beneath the light curves
for changes in daily light intensity) was used for PFD values
above the canopy (S) and at various depths within the canopies
(T).

These values were then used for calculation of fractional

transmission and interception (t =T/S and f = 1-t, respectively).
3.5.

CHEMICAL ANALYSIS

3.5.1.

Chlorophyll content

Chlorophyll content was determined from leaf material harvested
in pots.

These determinations were done prior to each harvest.

(Pot trials were used for chlorophyll content determinations as
parameters such as gas exchange and chlorophyll fluorescence were
also determined on pot material).
was collected before 10hOO.

To obtain uniformi ty, material

For each treatment (mono ryegrass,

mono clover, mix rye (Nl) and mix clover (Nl)), the canopy was
divided into top, middle and bottom layers.
from

each

canopy

layer

were

collected.

Three replicates
The

samples

were

transported to the laboratory on ice, where they were stored in
the refrigerator in moisture-proof bags for approximately 30
minutes to ensure turgidity of the leaves.
A modified method of Arnon
content determination.
and cut

(1949)

used for

chlorophyll

0.5g of fresh material was weighed out

into small pieces.

material in a test tube.

was

5 ml

80% acetone was added to

This material was mashed in a blendor

(Janke and Kunkel ultra-turrox T25, fitted with a rotor S25N),
for 3 minutes at 11000 rev min-

l

•

The blendor was washed with 5

ml acetone in order to obtain material entangled in the blendor.
The suspension was then centrifuged for 10 minutes in a Beckman
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GP Centrifuge at 3000 rpm.

After centrifugation, the supernatant

was decanted through filter paper into an erhlenmeyer flask.

The

pellet was re suspended in 10 ml acetone by means of a mixer
(Janke and Kunkel lKA-Vibro-Fix-VF2) and centrifuged as described
above.

The above extraction procedure was repeated 3 times.

Absorbance was measured at 645nm and 663nm for chlorophyll band
a respectively.

The slit width was 2 nm.

Acetone was used to

zero the spectrophotometer and absorbance was read against an
acetone blank.
Total chlorophyll content was determined as follows:

=

C

(20.2(A645) + 8.02(A663))/1000

where,
1
C
= total chlorophyll content (mg chI ml- chI solution)
A645 = absorbance at 645 nm

A663

=

absorbance at 663 nm

Chlorophyll content was expressed on a fresh mass (FM) basis,
C'

=

C (mg chI ml-

1

* volume acetone/g fresh mass

)

where,
C

t

=

total chlorophyll content (mg chI g FM- l

Chlorophyll
Although

content

much

differences

was

variation

determined
occurs

in moisture content,

in

on

a

fresh

)

fresh

mass

material

basis.
due

to

it has been shown by other

authors that chlorophyll determination on such a basis produces
realistic

resul ts

(Bruinsma

1963).

Chlorophyll

content was

eventually expressed on a leaf surface area basis (g chI m- 2 ) by
using linear regression curves.
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3.5.2.

Nitrogen content

Total nitrogen content of leaf material was determined for all
field treatments.
bottom layers.

Each canopy was divided into top, middle and

Three replicates of each canopy layer were used

for nitrogen determination.
each harvest.
used for

These determinations coincided with

Subsamples were taken from dried leaf-material ,

dry matter production determination.

Samples were

ground to a powder in a mill (Janke and Kunkel Mikro-FeinmuhleCulatti MFC); using a 1.5mm mesh.

Nitrogen was then determined

according to the micro-Kjeldahl method, described by Coombs et
al.

(1985).

Digestion
0.5g of dry matter was weighed onto rizzla paper and put into
Buchi digestion tubes,

together with two Kjeltabs,

containing

CuS0 4, which acted as catalyst for the digestion process.

20ml

H2 S0 4 (98%) was added to each tube.

Tubes were placed onto a

digestion block (Buchi 430 digestor).

A manifold was secured on

tubes (1 per 4 tubes) which was connected to a scrubber (Buchi
412 scrubber)

on one end.

The scrubber absorbed H2 S0 4 fumes

which escaped as a result of the digestion process.

During this

process nitrogen was converted to NH3 which reacted with H2 S0 4 to
form (NH4)2S04.
components,
digestion

(In order to prevent volatilization of nitrate

salicylic

process.

ammonium sulphate).

acid
This

and

zinc

reduced

all

were

added

ni trate

during

components

the
to

The digestion process took approximately 30

minutes to completion, until content of the tubes was a clear
green color.

Tubes were then left to cool.

Distillation and titration
This was performed by the Buchi 322 distillation unit, which in
turn was controlled by the Buchi 343 control unit.
of each tube were diluted with water.
digestion chamber and steam was

The contents

NaOH was added to the

passed through

the mixture.

Ammonia liberated from the ammonium sulphate under the alkaline
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conditions distilled over into the boric acid.

The ammonia was

then titrated with HCI to an end point determined from a blank
digestion containing all the reagents except the plant material.

3.6.
3.6.1.

PHOTOSYNTHESIS MEASUREMENTS
Determination of net CO 2 assimilation

Measurements of net CO 2 assimilation rate were conducted on pot
trials.

Measurements were made using ryegrass mono, clover mono,

ryegrass mix (Ni) and clover mix (Ni) pots. Measurements were
taken at the three different layers of the canopy (six replicates
Pots used for measurements were transported to the
each) .
laboratory and allowed to equilibrate for a period of 24 hours.

Measurements were taken using an Infra-red Gas analyzer (IRGA)
(ADC 225 MK3) in the differential mode.

The ADC 225 Mk3 CO 2 -IRGA

was calibrated regularly with 369.5 ppm special CO 2 gas and CO 2 free air from the purged air outlet from the CO 2 analyzer.

Air

was pumped from outside the laboratory with an ADC WA-197B pump.
This air intake was passed through a buffer drum to minimize
fluctuations.

Part of this air was stripped of CO 2

and water

vapour before entering the purged air inlet of the CO 2 -IRGA by
employing soda lime and "Drierite"
remainder of

the

air was

spli t

(CaS0 4 )

into

respectively.

two paths,

The

one passing

through the reference cell of the CO 2 -IRGA (after passing through
"Drierite" containers), and the other -

the analysis stream -

passed via the leaf cuvette, through "Drierite" and then through
the analysis cell of the CO 2 -IRGA.

Calibrated rotameters were

used to monitor flow rates and care was taken to prevent pressure
fluctuations in the cuvette. Volume flow rate were kept constant
at 400cm

3

min-

1

depending on CO 2 depletion rate in the cuvette.

A cuvette was constructed to enable single leaf measurements of
treatments.

*

This cuvette was constructed from aluminium (100mm

100mm and 45mm thick).

The two halves of the cuvette were
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placed together and tightened

with wing nuts.

Air flow through

the cuvette was generated by means of an ADC pump.
material

The plant

(leaf) were sealed inside the cuvette by means of

°

rings, which clamped over the leaf blade but were sufficiently
soft to prevent damage.

The ambient air temperature within the

cuvette was regulated by means of a flow-through water jacket
built into the cuvette.
the cuvette.

Water was circulated constantly through

The upper part of the cuvette was fitted with a

glass window (35mm in diameter)

to enable actinic light to be

shown onto the leaf within the cuvette. An

actinic light source

(Schott KL1500, fitted with a halogen lamp, 15V/150W) to which
bifircated

fibre-optics

distribution of light)
excess of 1000 pE m-

2

were

attached

(to

provided adequate

ensure

light intensity

even
(in

to ensure saturation of the leaf

S-l),

photosynthetic system. The light intensity of the light source
was

measured

with

a

Licor

Li190SA

qauntum

sensor.

A

thermocouple (Type K), which was attached to a datalogger (Licor
Li-l000) was inserted into the cuvette to enable the measurement
of air temperature (OC).
Measurements of CO 2 assimilation rate were taken only after CO 2
depletion inside the cuvette stabilized,
photosynthetic

rate

(Pmax)

to

be

to allow for maximum

obtained.

Following

the

measurement of gas exchange, the leaf being measured were excised
and leaf area determined by means of a planimeter (Licor Li3100).

CO 2 assimilation
Hallgren 1985):
F = Vol.FR/l000
* 1/60

rate

was

calculated

=

FR

=

follows

(Long

and

* 1/22.4 * 273.15/(273.15 + temp.) * ATM/l0l.3

where,
F

as

mole flow of air (mol
flow rate (ml min-

1

)

S-l)

of air
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22.4 = volume in dm 3 of one mole of air atS.T.P.
temp.=
ATM =

air temperature (degrees Celsius)
atmospheric pressure (For Pretoria: 883mbar at 1212m
above sealevel)

thus,
A

= (F/area)

*

delta[C0 2 ]

where,
-2

A

=

assimilation rate (pmolC0 2 m

F

=

mole flow of air (mol

S-l)

2

area = leaf area (m )
[C0 2 ] = difference of CO 2 concentration (ppm) between reference
and analysis air lines
3.6.2.

Responses of assimilation to irradiance

The photosynthetic rate responses to varying light intensities
(PFD)

(P versus I

curves),

were determined for the following

treatments in pots:
mono ryegrass
mono clover
mix ryegrass (N1)
mix clover (N1)
An ADC 225 Mk3 IRGA, operating in the differential mode was used
to determine photosynthetic rates (see section 3.6.1.).
leaves were

placed

in

the

cuvette,

as

described above,

illuminated with a KL1500 light source (halogen lamp).
intensity emitted was measured with a
sensor, placed inside the cuvette.

Single
and

Light

Licor Li190SA quantum

Plant material inside the

cuvette was exposed to light of decreasing intensities - from
approximately 2500pmol m- 2 S-l to 2.5 pmol m- 2 S-l (controlled by
settings on lamp).
Photosynthetic

rates

were

determined from

decreasing light intensities.
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leaves

exposed

to

The P versus I curve was described according to the equation by
Potvin and Lechowicz (1990):
A = Aa [l-e -k(PFD-LC)]

where,
2
A
= rate of CO 2 assimilation (pmol CO 2 mAo
k

= predicted saturated rate
= slope of the linearized

S-l)

-2

of CO 2 uptake (pmol CO 2 m
relationship (light use

efficiency) (C0 2 fixed per unit PAR)
2

PFD

=

Lc

= light compensation point

3.7.

light intensity (pmol m-

S-l)

CHLOROPHYLL FLUORESCENCE

Chlorophyll fluorescence signals give information on the carbon
reduction cycle and thus the process of photosynthesis.

Although

chlorophyll fluorescence has mostly to do with the photochemical
conversion of light energy, the end-products (ATP and NADPH) are
consumed during the Calvin cycle and the resulting effect of the
trans-thylakoid gradient and the

redox state of

the primary

acceptor of photosystem II (and thus fluorescence yield), is an
indication of photosynthetic processes (Ogren 1990).
weiss and Berry (1987) investigated the photochemical efficiency
of photosystem II.

They found that measurements of chlorophyll

fluorescence during steady state photosynthesis could be used to
obtain estimates of the apparent quantum yield for net electron
transport.

According to these authors, proper functioning of the

photosynthetic apparatus is apparent the higher the value of
variable fluorescence (Fv) relative to minimum fluorescence (Fo)
and maximum fluorescence (Fm).
efficiency of photosystem 11.

The ratio

Fv/Fm is the quantum

This ratio tends to be constant

among many species and ecotypes.

Bjorkman and Demmig (1987)

reported values of 0.832 ± 0.004 for C3 plants.

Baker et al.

(1989) concluded that the quantum efficiency of photosystem 11
seems to be the factor that limits CO 2 assimilation at limiting
levels.
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Chlorophyll

fluorescence

of

(ryegrass mono, clover mono,
(Nl».

pot

treatments

was

determined

ryegrass mix (Nl) and clover mix

Measurements (3 reps each) were taken at the top and the

bottom of each canopy.

Pots were transported to the laboratory

and (as for gas exchange studies) allowed to equilibrate for 24
hours before measurements were taken.
1 cm 2 leaf discs were excised and placed on moist filter paper in
petri dishes (Ogren and Baker 1985; Adams et al. 1990).

(Intact

leaves in a cuvette were also used, but this method was abandoned
as it was found that the available cuvette scattered too much
light,

making accurate

recording of chlorophyll fluorescence

difficult).
Chlorophyll fluorescence of leaves was determined with a pulseamplitude modulated fluorometer

(PAM 101, H.Walz,

Effeltrich,

F.R.G.) attached to a strip chart recorder (Pederson) as follows
(Pammenter et al. 1992):
All leaves were dark-incubated for a period of 15 minutes before
measurements commenced, to enable the oxidation of photosystem
11

primary acceptor QA

(PSII)

(Krause and Weiss 1984).

The

measuring beam (pulse) of PAM 101 was switched on and a lowintensity modulated light beam «10 pmol m-

2

S-1)

at a frequency

of 1.6 kHz, not sufficient to excite chlorophyll, was shone on
the leaf by means of fibre-optics (101F).

This was done in order

to determine dark fluorescence level (F o ) .
A saturated pulse
2
(3000 pmol m- S-1) was then administered from the actinic light
source (Schott KL1500),

through the fibre-optics.

lasted approximately 1

s.

recover,

a

second

After this pulse was

saturated

administered after the first.

This pulse

pulse

(5000

pmol

m-

allowed to
2

S-1)

was

These saturated pulses were given

in order to get an indication of the maximum fluorescence level
(Fmax )·

In order to obtain the value for the actual Fm value, Fm

was plotted against 1/1 to determine peak height at infinite
flash intensity ( Markgraf and Berry 1990).

An actinic light

(Schott KL1500 lamp) source was then switched on and with the aid
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of bifircated optics, an even light beam of approximately 1000
pmo 1 m-2 s -1) was shone on to the leaf.

When the steady s ta te (F s)

has been reached, 2 saturated pulses (as described above) were
given in the presence of the white actinic
measure of Fm'.

light,

to get a

This parameter is required in the calculation of

quenching parameters.

In order to get a value for actual dark

fluorescence (Fa'), the actinic light was switched off and a farred light pulse (>720nm) of three second duration was given with
the help of a far-red light filter (RG9 filter).
The quantum efficiency of photosystem 11 (fluorescence yield) was
determined as follows:
quantum yield

=

Fv/Fm

where,

Fv (variable fluorescence)

=

Fm - Fa

Quantum yield is an indication of the optimal photochemical
efficiency of photosystem 11.
Chlorophyll

fluorescence

quenching

parameters

were

calculated according to Weiss and Berry (1987) as follows:
qp

=

1 - ( Fs - Fa' ) / ( Fa' )

where,

=
=

Fa'

=

photochemical quenching
fluorescence at steady state
actual dark fluorescence

= 1 -

(Fm '

-

F a ')

where,
qn

= non-photochemical quenching

Fm'

= actual

max. fluorescence
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then

3.8.

STATISTICAL ANALYSIS

Data was analyzed by means of the statistical software package,
Genstat

5

Release

2.2;

unless

stated

otherwise.

Mul tiple

comparisons of two factor analysis of variance were done by using
the statistical test of Tukey.

The Tukey test considers the Null

hypothesis Ho:pB=pA versus HA:pB+pA (Zar 1984).

It should be

noted that the Tukey test is considered to be a very strict test
of variance beyond a sample size of twenty.

However, to obtain

uniformity, this test was used for analysis of data throughout
this thesis, unless stated otherwise.
The

following

abbreviations

are

used

for

describing

the

treatments:
Ryegrass mono . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rmono
Ryegrass mixture, nitrogen level of 200 kg N ha- 1 • • • • • • • RmixN1
Ryegrass mixture, nitrogen level of 400 kg N ha- 1 • • • • • • • RmixN2
Clover mono . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Cmono
Clover mixture, nitrogen level of 200 kg N ha- 1 • • • • • • • • • CmixN1
Clover mixture, nitrogen level of 400 kg N haTotal mixture, nitrogen level of 200 kg N ha-

1

Total mixture, nitrogen level of 400 kg N ha-

1
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CHAPTER 4:

4.1.

RESULTS

DRY MATTER PRODUCTION

4.1.1. Total DM production (leaves and stems)

Dry matter

(DM) production (g m-

stems

the

and

total

of

2

)

above.

was calculated for leaves,
Dry

matter

production

(DM

production) was determined for all treatments during the growing
period of 180 days.
be 6 June 1992.

The starting date (day 0) was considered to

Table 1 gives the dry matter production at the

end of the growing season for leaves,

stems and the total of

these two parameters. (Data was tested for homogeneity by means
of Bartlett's test, after which a multiple comparison of means
was performed by using the test of Bonferroni for homogenous
data) .
Table 1: Cumulative dry matter production (g mgrowing season

2

)

for the

(p<0.05)

TREATMENTS

TOTAL DM

LEAF DM

STEM DM

Rmono

1123

848

259

Cmono

1359

831

524

RmixNl

986

681

298

RmixN2

1149

860

312

CmixNl

557

380

198

CmixN2

535

349

180

MixN1

1543

1060

496

MixN2

1684

1209

492

LSD: 296.42

LSD: 190.73

LSD: 108.26

CV :

Cv :

CV

8.69%
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8.04%

.

10.28%

From the results in Table 1,

it is clear that no significant

Nl and N2.
However, Ryegrass in mixture Nl and mixture N2 had a higher DM

differences

exist

in

DM

production

of

Mixtures

production than Clover in mixture N1 and mixture N2 respectively.
Both mixtures

(N1

and N2)

exhibi ted significantly higher DM

productions than all other treatments,

wi th the exception of

Cmono which did not differ significantly from Mixture N1.
The DM production of ryegrass was similar in mono and mixed
treatments, while clover had a higher DM production in mono than
mixed treatments.

Both

ryegrass

and clover had

similar DM

production values with nitrogen levels of 200 and 400
ha-le

kg

It should also be noted that ryegrass in both mixtures (N1

and N2) had higher DM productions than the corresponding clover
in mixtures.
4.1.2. Total leaf DM
DM of ryegrass leaves was similar in mono and mixed cultures;
while that of clover was higher in mono than mixed cultures.
DM of both ryegrass and clover leaves was similar in mixtures
with nitrogen levels of N1 and N2.
produced more
component.

The ryegrass in both mixtures

leaf dry matter than

the corresponding clover

Mixtures Nl and N2 exhibited the highest accumulation of leaf DM
than all the treatments.
4.1.3.

Total stem DM

DM of ryegrass stems was similar in mono and mixed cultures while
clover accumulated more stem material in mono than mixed plots.
It should also be noted that clover (mono) produced more stems
than ryegrass mono and mixtures.
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Ryegrass produced similar amounts of stems in both mixtures (Nl
and N2).
4.2.

Clover followed the same pattern.

SEASONAL CHANGES IN DRY MATTER (DM) PRODUCTION (GROWTH
CURVES)

Seasonal changes in DM production for the whole experimental
period

(180

days)

were

calculated for

all

treatments.

The

relationship of dry mass versus time is illustrated in the form
of growth curves.

Hunt and Parsons (1974) devised a computer

program for analysing growth functions.

This program fits the

polynomial relationship (linear, quadratic or cubic) to the data
which describes the growth pattern the most accurately i.e.
2

y=a+bt+ct +dt

3

,

where y = dry matter production (g m-

2

)

log

and t =

time (days) from planting date.
Logistic curves were fitted to all data and the resultant growth
curves of total DM production (leaves and stems) are
(see below).

Growth curves for leaf DM and stem DM will only be

discussed and not
curve,

illustrated graphically.

For each growth

the upper and lower confidence limits

illustrated.

illustrated

(95% level)

are

The area between the upper and lower confidence

limits are shaded.

Growth curves are significantly different

where no overlapping of confidence limits (shaded areas) occur.

4.2.1.

Seasonal changes in total DM production

Table 2 gives the growth curves describing the change in total
dry matter for all treatments over time.
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Table 2: Summary of seasonal variation in DM production over
time for all treatments (p<0.05), where y = dry
matter production (g m-

2

)

and t = time (days) from

the planting date

I Treatment I Curve
Rmono

Description

I
2

log y=0.2365+0.1620t-0.0014t +0.000004t

3

2

(R =98.2%)
Cmono

log y=0.1340+0.1459t-0.0011t 2 +0.0000029t 3
2

(R =99. 2%)
log y=0.2693+0.0973t-0.00035t 2
2

RmixN1

(R =96.8%)

RmixN2

log y=-0.1108+0.1395t-0.00095t 2 +0.000002t 3
2

(R =99 .1%)
CmixN1

log y=0.1293+0.1390t-0.0011t 2 +0.0000031t 3
2

(R =99.0%)
CmixN2

log y=0.0078+0.1372t-0.0011t 2 +0.000003t 3
2

(R =99.2%)
MixN1

log y=O.0714+0.1588t-0.001231t 2 +0.0000032t 3
2

(R =99.5%)
MixN2

log y=0.018+0.1615t-0.00125t 2 +0.0000032t 3
2

(R =99.4%)

The growth curves for all treatments, as shown in Table 2, were
all

compared wi th

one

another.

Only

the

growth

curves

of

treatments which showed significant differences in growth rates
over time are illustrated as figures (see Fig.2).

Comparisons

between growth curves of treatments not displayed were similar.
Details of comparisons between the growth curves of the various
treatments, illustrated in Fig.2, are displayed in Table 5 below
(see section 4.2.3).
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4.2.2.

Seasonal changes in leaf DM

Descriptions of fitted curves depicting seasonal changes in leaf
DM production in all treatments are shown in Table 3.
Table 3: Summary of growth curves describing seasonal changes
in leaf DM production over time (p<O.05), where y =
dry matter production (g m-

ITreatment ICurve
Rmono

2

)

and t = time (days)

I

Description
2

3

2

3

log y=O.2170+0.1620t-O.0014t +O.OOOOO37t
2

(R =98.4%)
Cmono

log y=O.1011+0.1418t-O.0011t +O.OOOOO29t
2

(R =99.3%)
RmixN1

log y=O.2815+0.0955t-O.OO35t

2

2

(R =96.2%)
RmixN2

2

log y=-O.1274+0.1391t-O.00096t +O.OOOOO22t

3

2

(R =98.9%)
CmixN1

2

3

2

3

log y=O.0950+0.1406t-O.0012t +O.OOOOO33t
2

(R =99.2%)
CmixN2

log y=O.OO41+0.1334t-O.OO11t +O.OOOOO28t
2

(R =99.2%)
MixN1

log y=O.0434+0.1594t-O.OO13t 2 +O.OOOOO33t 3
2

(R =99. 5%)
MixN2

log y=O.OO54+0.1595t-O.OO12t 2 +O.OOOOO32t 3
2

(R =99.5%)

As described in section 4.2.1., leaf dry matter growth curves of
all treatments were compared and the details of curves which were
found to differ significantly from one another, are summarized
in tabular format

in Table 5

(see section 4.2. 3) .

(Leaf DM

growth curves are not shown graphically; since leaf DM production
will be thoroughly discussed in the section on Leaf Area Index see section 4.3).
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4.2.3. Seasonal changes in stem

DM

production

Seasonal changes in stem DM production is also included for the
sake of completeness (Table 4). Growth curves are not shown for
stem DM production, but differences in production between
treatments are summarized below in tabular format in Table 5.
Table 4: Summary of curves describing seasonal stem DM
production over time (p<0.05), where y = dry matter
production (g m- 2 ) and t = time (days)
Treatment

Curve Description

Rmono

log y=-0.1082+0.0517t-0.000106t

2

(R 2 =98.6%)
Cmono

log y=0.0718+0.0756t-0.00023t

2

2

(R =99.5%)
RmixNl

log y=0.1043+0.0385t
2

(R =86.2%)
RmixN2

log y=-0.734+0.0738t-0.000206t 2
(R 2 =96% )

CmixNl

log y=0.0319+0.0610t-0.000178t 2
2

(R =98.8%)
CmixN2

log y=-0.281+0.064t-0.0002t 2
2

(R =96.0%)
MixNl

log y=-0.0489+0.0748t-0.000224t 2
2
(R =99.3%)

MixN2

log y=-0.2410+0.0786t-0.00024t 2
2
(R =98.2%)

From Table 4 lt can be seen that the g rowtn curve for treatment
RmixNl produced a lower correlation coefficient (R 2 =86.2%) than
for the other treatments, which signifies a poorer fi tting. This
could be due to experimental error during data collection or
large variation in stem DM production between the three replicate
RmixNl plots.
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Table 5.

Comparisons between growth curves of treatments
which were found to differ significantly at the 95%
confidence limits

Treatments
compared

Period (days) of
difference

-2

Growth rates (g m
for periods

Curves describing total dry matter production
Rmono and
RMixNl

22 to 68

24.10 - 465.55
9.42 - 196.97

Cmono and
CMixNl

55 to 169

200.61 - 1211.30
129.34 - 451.46

CMono and
CMixN2

39 to 180

75.04 - 1500.06
48.56 - 576.11

RMixN1 and
CMixNl

93 to 149

555.33 - 1173.09
310.36 - 353.73

RMixN2 and
CMixN2

65 to 159

255.18 - 1012.92
170.48 - 382.61

Curves describing leaf dry matter production
Rmono and
Cmono

39 to 74

107.4 - 507.9
62.38 - 314.36

Rmono and
RMixNl

16 to 74

11.87 - 507.91
5.58 - 229.39

Cmono and
CMixNl

65 to 174

237.89 - 852.33
166.69 - 345.84

Cmono and
CMixN2

39 to 180

62.38 - 900.27
42.46 - 364.4

RMixNl and
CMixN1

92 to 152

450.84 - 837.27
251.78 - 250.49

RMixN2 and
CMixN2

50 to 171

110.16 - 817.75
77.89 - 301.07

MixNl and
Cmono

39 to 110

49 - 775.69
62.38 - 517.5

MixN2 and
Cmono

39 to 127

92.75 - 896.8
62.38 - 549

Curves describing stem dry matter production
Cmono and
CMixNl

28 to 180

7.44 - 499.80
4.96 - 26.50

Cmono and
CMixN2

28 to 180

7.44 - 499.80
3.92 - 171.36

MixNl and
Rmono

28 to 156

3.511 - 216.05
6.49 - 477.78
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day-l)

MixN2 and
Rmono

28 to 148

5.88 - 462.34
3.51 - 184.9

MixN1 and
CMixN2

39 to 160

12.53 - 490.38
6.9 - 173.16

MixN2 and
Rmono

28 to 148

5.88 - 462.34
3.511 - 184.9

MixN1 and
CMixN2

43 to 156

14.81 - 483.72
8.38 - 167.23

Rmono and
Cmono

28 to 161

3.51 - 236.5
7.44 - 531.87
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4.3.

LEAF AREA INDEX (LAI)

4.3.1.

Leaf area versus DM regressions

Leaf area of all treatments (ryegrass and clover both in the mono
and mixed plots) was determined by using leaf area versus dry
mass regression curves, as described in chapter 3.
Linear regression curves (y=mx+c) were fitted for all treatments
2

(where y = dry mass (g), x = leaf area (cm) and m = slope of
linear regression):
2

Ryegrass mono

y=x*(O.00388)+O.03i2 (R =99.5%, p<O.OOl)

Clover mono

y=x*(O.003i27)-O.OlOl (R =97.5%, p<O.OOl)

2

2

Ryegrass mix Ni: y=x*(0.00471)-0.00150 (R =97.9%, p<O.OOl)
Clover mix Nl

4.3.2.

2

y=x*(0.00425)+0.00762 (R =98.8%, p<O.OOl)

Seasonal change in canopy LAI for all treatments

Figure 3 illustrates the seasonal change of LA! in the various
canopy layers for all treatments.

It should be noted that the

coefficient of variation is large (41.7%) which might lead to
certain changes in LAI being non-significant.
(It should be kept

in mind that LAI was determined at each

harvest date, subjected to a cutting regime and thus indicate the
amount

of

leaf

material

approximately four weeks.
(as used below)

which

was

present

after

growth

of

The terms increase and decrease in LAI

thus indicate the rate at which leaf area is

produced in the period between harvests).
Top of the canopy

(Figure 3)

LAI of Rmono and RmixNi increased from day 28 reaching a peak at
day 111, after which LAI decreased again towards the end of the
experimental period (day 180). The seasonal pattern of LAI for
RmixN2 is similar to Rmono and RmixNl except that the peak of LAI
is reached at day 85, decreasing towards the end of the season.
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Figure 3.

Seasonal variation of Leaf Area Index (LAI) in the
canopy layers of (a) ryegrass mono, (b) ryegrass
mixture N1, (c) ryegrass mixture N2, (d) clover mono,
(e) clover mixture N1 and (f) clover mixture N2
(LSD T=O.871, p<O.001).

LAI of CmixN2 increased towards the end of the growing period.
CmixNl also increased towards day 180, although this increase was
found to be non-significant.

(This might be attributed a large

coefficient of variation of 41.7%).
towards day 111

LAI of Cmono

and stayed constant towards

increased

the end of

the

season.
Middle of the canopy

(Figure 3)

LAI of Rmono increased significantly

from day 28 to day 111

after which it decreased to day 180. This decrease was however
not significant.

LAI of RmixN2 reached a maximum at day 85,

decreasing

to

again

significant.

day

180,

the

decrease

LAI of RmixNl also showed a

also

being

non-

(non significant)

decrease towards the end of the season.
LAI of Cmono increased towards day 180, while LAI of CmixNl and
CmixN2 stayed the same throughout the season, although slight
increases can be seen from day 28 to day 85.
Bottom of the canopy (Figure 3)
LAI of Rmono exhibited the same pattern in the bottom layers as
in the top and middle layers of the canopy.

LAI of RmixNl and

RmixN2 decreased from day 60 towards day 180, with no significant
decrease in LAI of RmixN2.
LAI of CmixNl and CmixN2 did not differ throughout the season,
but LAI of Cmono showed a slight decrease from day 60 towards the
day 180.

4.3.3.

Distribution of LA! in the canopy layers of all
treatments

It was found, after statistical analysis of the data, that canopy
layer played an important role in LAI distribution.

Figure 4

depicts the relationship between canopy layers for the different
trea tmen ts .

( Seasona 1 changes,

see above,
56

are not taken in to
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Distribution of Leaf Area Index (LAI) in the canopy
layers (top, middle and bottom) of all treatments
(LSD T=O.308, p<O.001)

acco unt

when

comp aring

canop y

laye r-tre atme nt inter actio n.
Valu es of LA! in the vario us canop y laye rs throu
ghou t the seaso n
were avera ged and comp ared) .
Most of the LA! in Rmono was situa ted in the botto
m laye rs of the
cano py, whil e LA! of Rmix Nl and RmixN2 was sign
ifica ntly high er
in the top laye rs.
No diffe renc es could be found in canop y
distr ibut ion of LA! for Cmon o, Cmix Nl and Cmix N2,
altho ugh tota l
LA! for Cmono was high er than in the mixt ures.
LA! in the top laye rs was the high est in Rmix
N2,
Rmix Nl and Cmon o. Cmix Nl and CmixN2 exhi bited the

follo wed by
lowe st LA! of

all treat men ts in the top laye rs of the cano py.
No diffe renc es
betw een treat men ts was seen in the midd le laye rs
of the canop y.
LA! in the botto m of the canop y was high est in
Rmono and Cmono
with Rmix Nl and RmixN2 show ing the lowe st LA!.
4.3.4 .
For

Seas onal distr ibut ion of tota l LAI for all treat
ment s

deter mina tion

treat men t

were

of

tota l

tota lled .

LA!,
Figu re

vari ation of tota l LA!.

the
5

canop y

laye rs

depi cts

the

of

each

seaso nal

!t can be seen that LA! of Rmono incre ases up till
day 111 afte r
whic h LA! decr ease s towa rds day 180.
The LA! of Rmix Nl and
RmixN2 exhi bits a simi lar patte rn, obta ining a maxim
um in LA! at
day 85.
The LA! of Cmono incre ased towa rds the end of the
seaso n. Cmix Nl
and CmixN2 also seem ed to incre ase, but anal ysis
of the data
show ed that the incre ase in LA! was non- sign ifica
nt.
Comp ariso ns betw een LA! of treat men ts show ed that
ryeg rass had
the high est LA! from day 28 till day 111. The
LA! of Cmono was
the high est near to the end of the seaso n (day
140 and 180) .
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4.3.5.

The development of LA! between harvests

LA! development between days 28 and 60 (harvests 1 and 2)
Since the canopies of all treatments had not been well developed
this early in the experimental season, the development of total
LA! were considered, as is depicted in Figure 6(a) and (b).
During the development of LA!
differences

could

be

(for a period of 32 days),

distinguished

between

the

no

various

treatments.

(LA! was the highest at day 60 in all ryegrass

treatments).

As could be expected, LA! increased significantly

over this period. Although the LA! of CmixNl and CmixN2 did not
show significant increases, it can be accepted that the amount
of

leaf

area

present

did

increase

between

the

periods

of

clippings.
LA! development between days 85 and 111 (harvests 3 and 4)
Figure 6(c) and (d) illustrate the total LA! development for the
above period (26 days).

According to statistical analysis of the

data there are no significant increases in LA! from 10 to 26 days
after harvesting.
of variation

This might be due to a fairly high coefficient

(31%),

towards day 111.

as

LA!

of

Alternatively,

all

treatments does

increase

it might be stated that the

statistical test used was unsuitable for the above data.
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Figure 6.

The developement of LAI between harvests 1 (day 28)
and 2 (day 60) for a period of 32 days, with day 28
as starting point (a and b); and between harvests 3
(day 85) and 4 (day 111) for a period of 26 days,
with day 85 as starting point (c and d)
(a and b: LSD T=1.209, p<0.001)
(c and d: LDS T =2.221, p<0.001)

4.4.
4.4.1.

THE LIGHT REGIME
Measurement of daily light intensity above the canopy

Changes in daily light intensity was determined throughout the
season, prior to each of the canopy harvests, in order to obtain
a measurement of available

(non-intercepted)

utilization by the pasture canopy.
between 09hOO and 15hOO.

light energy for

Daily measurements were taken

Quadratic regression curves were fi tted

to each of the daily light intensity curves (y=a+bt+ct
are depicted in Figure 7.
fitted curves

2

),

which

Table 6 gives a description of the

illustrated in Figure 7,

for

the six harvests

throughout the season.
Table 6: A description of the light intensity curves obtained
from measurements made above the canopy, where y =
light intensity (pmol m- 2

and t = time (hours)

S-1)

R2

Time (days)

Curve description

28 (9 Jul)

y=-7806+1521t-63.46t

53 (4 Aug)

y=-7745+1503.5t-62.12t

82 (1 sept)

y=-11043+2130t-88.56t

109 (28 sept)

y=-7382+1564.8t-64.10t 2

137 (26 act)

y=-5626.3+1297.6t-53.329t

172 (1 Dec)

y=-9188+1895.2t-76.31t 2

2

2

2

2

(%)

P

99.9

<0.001

99.6

<0.001

94.7

0.001

99.3

0.048

100.0

0.01

99.6

0.002

The area under each of the six quadratic curves,

depicted in

Figure 7, were integrated between times 06hOO and 18hOO in order
to obtain a value for total daily incoming radiation incident on
the pasture.

Integration proceeded as follows:
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J:~a+bt+ct2)dt

2

3

18

= [at+b t /2+c t /3]
6

= 18(a+ 18b/2 +18 2 c/3)- 6(a+ 6b/2 +6 2 c/3)

=
=

18 (a+9b +108 c)-6( a+3b +12c )
12a+ 144b +187 2c

The valu es of a,b and c, cons tants obta ined afte
r integ ratio n of
each the curv es displ ayed in Figu re 7, were calc
ulate d by using
Gens tat 5 Rele ase 2.2. and are show n in Appe ndix
2.
2
Daily photo n irrad ianc e valu es were given as mole
s m- day-l e

4.4.2 .

Seas onal vari ation in radi ation incid ent on the
cano py

Seas onal vari ation in ligh t inten sity was obta ined
by calc ulati ng
integ rated daily ligh t inten sity valu es throu ghou
t the seaso n,
by using the integ ratio n meth od discu ssed abov
e.
The seaso nal
vari ation in radia tion were desc ribed by fitti
ng a logi stic
grow th curv e (y=24 . 76+4 6.27/ (1+e- O • 1l88 (X-98.9 7» to
the data , wher e
y = daily ligh t inten sity (mol m- 2 day-l ) and
x = time (days )
(Figu re 8).

4.4.3 .

Meas urem ent of phot on irrad ianc e in the canop y
of
ryeg rass mono

Meas urem ents of photo n irrad ianc e were taken in
the top, midd le
and botto m of the cano py. Daily meas urem ents,
simi lar to those
desc ribed abov e, were taken throu ghou t the seaso
n.
Quad ratic
curv es were also fitte d to all daily data .
Data for days 82,
109, 137 and 172 (corr espo ndin g to date s prio r
to harv ests 3,4,5
and 6) are depi cted in Figu re 9 for the top (a),
midd le (b) and
botto m (c) of the cano py.
Daily

ligh t

inten sity

(pho ton flux dens ity) valu es for each
canop y laye r were obta ined by mean s of integ ratio
n of the areas
bene ath the curv es show n in Figu re 9.
Seas onal varia tion of
photo n irrad ianc e could thus be obta ined for each
canop y laye r
(Tab le 7).
The integ ratio n equa tion
(y=12 a+14 4b+1 872c) ,
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desc ribed abov e, was used to obta in valu es for
tota l daily PFD.
(Valu es of a,b and c were obta ined by mean s
of stat istic al
anal ysis using Gens tat and are show n in Appe ndix
2).
Tabl e 7: Seas onal photo n irrad ianc e (PI) valu es
for the
diffe rent canop y laye rs of ryeg rass grow n in
mono cultu re
Time (days )

Integ rated PI (mole s m-2 day-I )
Top

Midd le

Botto m

82

31.89

20.31

7.05

109

45.26

27.23

22.74

137

56.69

28.94

15.51

172

65.87

52.61

24.75

(It shou ld be noted that the abov e data is not the
cont ribut ions
of each canop y laye r to ligh t meas ured in the tota
l canop y, but
rath er a man ifest ation of the cumu lativ e ligh t
regim e as found
in these spec ific loca tions ).

4.4.4 .

Measurement of phot on irrad ianc e in the canop y of
clov er mono

Daily meas urem ents of PI were also taken in the
vario us
laye rs throu ghou t the seaso n.
Figu res 10 depi cts the
vari ation in ligh t inten sity for the top, midd
le and
laye rs of the cano py.
Daily PFD (pho ton flux dens ity)
were desc ribed by fitti ng quad ratic curv es.
The

canop y
daily
botto m
trend s

area s unde r the curv es of daily PI varia tion
was also
integ rated , as desc ribed prev ious ly in orde r to obta
in valu es for
seaso nal vari ation in PI in the diffe rent canop
y laye rs. (Tab le
8).
Integ ratio n param eters (a, b and c) are given in
Appe ndix
2.
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Table 8:

Seasonal PI values for the canopy layers of clover
grown in monoculture
-2

Integrated PI values (moles m

Time(days)

day-I)

Top

Middle

Bottom

82

18.62

1.69

-0.68

109

15.93

8.20

2.70

137

15.32

8.65

-0.91

172

36.58

4.32

1.80

4.4.5.

=
=

0

0

Measurement of PI in the canopy layers of the mixture

(Hl)
Figure 11

illustrates the daily variation in PI

in the top,

middle and bottom layers of the canopy of the mixed pasture.
Quadratic curves were also fitted to each of these data sets.
These curves were

integrated

(see above)

in order to obtain

values for seasonal variation in PI in the various canopy layers
of the mixture (Table 9).
Table 9:

Summary of seasonal PI variation in the canopy
layers of the mixed pasture

Time(days)

Integrated PI values (moles m-2 day-I)
Top

Middle

Bottom

82

2.03

0.60

-0.04

109

10.34

1.95

0.07

137

10.65

-0.83

172

60.62

56.21
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4.4.6.

Comparison of photon irradiance measured in the bottom
layers of all treatments

Integrated photon

irradiance values

in the bottom layers of

ryegrass, clover and mixture (Nl) were compared throughout the
season (harvest 1 to harvest 6) in order to establish differences
(Table 10).
are

used

The photon irradiance values in the bottom layers
for

comparative

purposes,

as

these

values

are

representative of the total light intensity penetrating through
each canopy as a whole (i.e. radiation reaching the bottom of
each canopy).
Table 10:

Comparison between Daily PI reaching the bottom
layers of ryegrass, clover and mixture(Nl)

Time(days)

Integrated PI Values
(moles m- 2 day-l)
ryegrass

clover

mixture

nonintercepted
PI (above
the canopy)

28

0

0

0.10

23.62

53

5.008

0.30

0.12

26.21

82

7.05

0

0

30.07

109

22.74

2.7

0.07

60.31

137

15.51

0

0.02

70.25

172

24.75

1.80

13.12

71.27
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4.5.

CANOPY LIGHT INTERCEPTION

As described in chapter 3, percentage light intercepted by each
canopy layer of all treatments was measured using a ceptometer.
Measurements were made throughout the experimental period.
measurements were made from 08hOO to 15hOO.

Daily

Analysis of the data

showed that there were no distinguishable patterns for daily
light interception in all canopy treatments. Thus no mathematical
curves could be fitted to the data. The aim was to integrate the
area

under

each

interception.

curve

In

to

order

obtain

to

a

compare

daily

value

seasonal

for

trends,

necessary to obtain a daily value for light interception.

light
it

is

Daily

values can also be obtained by calculating the average daily
light interception.

However,

it was decided to calculate the

percentage light interception by using the photon flux density
values described above in section 4.3.
for

PFD were

obtained

experimental period.

for

each

Daily integrated values

canopy

layer

throughout

the

Percentage light interception could thus

be calculated by using the following formula:
% Light interception (%LI)

=

(1-T/S)*100

where,
T
S

=
=

daily integrated PI in the canopy
Daily integrated PI above the canopy

The integrated % LI values were fairly similar to average values
obtained with the ceptometer.

Table 11 gives an indication of

integrated %LI values for days 82 (harvest 3), 109 (harvest 4),
137 (harvest 5) and 172 (harvest 6).
(Data from harvests 1 and 2 were not used, as the canopy layers
of

the

treatments were

inadequately developed at this

time,

therefore data from harvests 3,4,5 and 6 will be compared).
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Table 11: contribution of each canopy layer to total
integrated canopy light interception (%) for all
treatments
TREATMENT

Ryegrass

Clover

Mixture

DAY 82

DAY 109

DAY 137

DAY 172

(1 sept)

(28 Sept)

(26 Oct)

(1 Dec)

Top

0.00

24.95

19.3

7.58

Middle

32.46

29.90

39.50

18.60

Bottom

44.10

7.44

19.12

39.09

Total

76.56

62.29

77.92

65.27

Top

38.08

73.59

78.19

48.67

Middle

56.30

12.81

9.50

45.27

Bottom

5.62

9.13

12.31

3.53

Total

100.00

95.53

100.00

97.47

Top

93.25

82.86

84.84

14.94

Middle

4.75

13.91

15.16

6.19

Bottom

2.00

3.11

0.00

60.46

Total

100.00

99.88

99.97

81.59

CANOPY

When comparing total % light interception (LI), it can be seen
that the ryegrass canopy intercepted less light (approximately
70%) than the canopies of clover (98%) and the mixture (100%),
which were very similar in light interception abilities.
(It should be noted however, that the light intercepted by the
canopy of the mixture exhibited an abnormal pattern on day 172.
Most of the incoming radiation was intercepted in the bottom
layers of the canopy (and not in the top layers) and total %LI
was much reduced - 81.59%.

The mixture canopy was thus not well-

developed which could be attributed to damage caused by the hail
storm (mentioned in section 3.2), or another factor like ryegrass
senescence or a nutrient deficiency.
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From Table 11,

it can also be seen,

that light interception

patterns in each canopy layer changed throughout the season.
Ryegrass intercepted most of the incoming radiation in the bottom
layers of the canopy on days 82 and 172, while most light was
intercepted in the middle layers on days 109 and 137 (September
and October).
Most of the incoming radiation was intercepted in the middle
layers of the clover canopy on day 82.

On days 109 and 137, the

top layers intercepted most of the radiation, while on day 172
most of the interception took place in both the top and middle
canopy layers.
The mixture interception most radiation in the top layers of the
canopy, except on day 172 when most light interception occurred
in the bottom layers.
4.5.1.

Relationship between light interception and leaf area
index

The amount of photon irradiance being intercepted in the canopy
of each treatment is closely related to the amount of foliage
present in each canopy
relationship between
treatment

was

i. e.

light

canopy densi ty.

Therefore,

interception and the LA!

the

of each

investigated.

Figure 12
illustrates
the
relationship between % light interception and LA! for ryegrass,
clover and the mixture.
Ryegrass (Figure 12a) intercepted 72.73% of incoming radiation
at a LA! of 3.0. When LA! was increased beyond 3.0, more light
was not intercepted.

Clover (Figure 12b) showed maximum light

interception of 93.51% at a LA! of 2.5.

The ryegrass-clover

mixed canopy intercepted all of the incoming radiation (100%) at
a LA! of 3.5.
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4.6.

CHLOROPHYLL CONTENT

Chlorophyll content (g chI m-

2

leaf surface) was determined in

the canopy layers of all treatments throughout the experimental
period. Chlorophyll content determined on a fresh mass basis was
converted to a leaf area basis by using linear regression curves.
Figure

13

illustrates

the

seasonal

changes

in

chlorophyll

content.
No statistically significant differences in chlorophyll content
were evident between canopy layers of each treatment. Therefore,
an average chlorophyll

value for

the canopy as

a whole was

determined for each treatment.
Seasonal

changes

in

chlorophyll

ryegrass

in the mono cuI tures,

content

could

be

seen

for

where the chlorophyll content

increased significantly towards the end of the season (0.371 to
0.731 g chI m-

2

leaf area).

Chlorophyll content of ryegrass in

the mixture and clover in mono stands increased towards the end
of

the

season,

significant.

but

this

increase

were

found

to

be

non-

The chlorophyll content of clover in the mixture

showed no significant seasonal pattern.
Comparisons between

treatments

showed

that

no difference

in

chlorophyll content could be distinguished, except towards the
end of the season where ryegrass in both the mono and mixed
stands had significantly higher chlorophyll contents that clover
in mono and mixed stands

(0.731 and 0.739 g chI m- 2 leaf area in

contrast to 0.297 and 0.423 g chI m- 2 leaf area).
(Statistical analysis

of variance was done according to

Bonferroni method for homogenous data).
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ryegrass and clover in both mono and mixed (N1)
stands
(LSD=O.303, p<O.001)

4.7.

DETERMINATION OF NITROGEN CONTENT

4.7.1.

Leaf nitrogen concentration

Leaf nitrogen concentration (%) of the different canopy layers
of each treatment (averaged throughout the season) is illustrated
(A single statistical analysis was performed on
in Figure 14.
the data set, including all treatments and all canopy layers).
The

nitrogen

statistical

concentration
differences

in

with

canopy

layers

concentration

exhibited
decreasing

significantly from the top of the canopy downwards towards the
bottom in all treatments.
In the top layers clover mono and clover in Mixture N2 had the
highest

nitrogen

concentration

(6.0

and

6.2

respectively).

Ryegrass mono had the lowest nitrogen content of 2.9%.
Clover in mixtures Ni and N2 had the highest nitrogen content in
both

the

middle

and

the

bottom

layers

with

ryegrass

mono

containing the least nitrogen in both middle and bottom layers.
4.7.2.

Nitrogen content (g N m- 2 )

The nitrogen content of each canopy layer, expressed per unit
ground

area

(g

N

m-

2

),

was

calculated

from

concentration and LAI of each canopy layer,

the

nitrogen

and the data are

presented in Figure 15 (values of all harvests were averaged).
This permits the contribution of each canopy layer to the total
leaf nitrogen pool to be assessed.
The largest nitrogen pool was located in the top of the canopies,
except for ryegrass mono and the clover in mixtures where no
significant difference between canopy layers could be found.
Comparing between treatments,

it can be seen that in the top

layer of the canopy, clover mono and ryegrass in both mixtures
had the highest amount of nitrogen.

Clover mono had the largest

nitrogen pool of all treatments in both the middle and bottom
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canopy layers.
Figure

16

shows

the

variation

in

total

nitrogen

(the whole

canopy) between treatments for the experimental period (days 28
to 180).

From this figure the following can be seen:

Ryegrass mono increased in nitrogen content to day 111 and then
decreased again towards the end of the growing season.

Ryegrass

in both mixtures also showed this pattern of initial increase
until midseason with a following decrease towards the end of the
season.

Clover

significantly

mono

towards

and
day

clover
180.

in

mixture

Clover

in

Nl

increases

mixture

N2

also

appeared to increase, although not significantly.
Comparing between treatments, it was found that initially (day
28) all treatments had similar nitrogen contents.

The nitrogen

content of ryegrass in the mixtures increased significantly. At
day 85 ryegrass mixture N2, clover mono and Ryegrass mixture Nl
had significantly higher nitrogen values than ryegrass mono and
clover

in

compared
Towards

mixtures
to

day

2.657,
180;

Nl

and

1.933
the

N2
and

nitrogen

(7 .201,
2.202

6.512,
g

content

N mof

2

4.549

g

N m-

2

respectively).

clover

mono

was

significantly higher (6.226) than the other treatments.
It should be stressed once more that the above data was obtained
from trials subjected to a clipping regime.

Therefore, seasonal

changes in nitrogen accumulation by the canopy represent changes
in ni trogen pools during the growth between harvests.

A decrease

in canopy nitrogen content thus does not indicate a decrease in
canopy nitrogen, but rather a decrease in the rate of nitrogen
accumulation whilst growing between harvests.

This could be due

to either (or both) a lower leaf area produced or leaves with a
lower nitrogen concentration.
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4.8.

CARBON DIOXIDE ASSIMILATION

4.8.1.

Determination of maximum CO 2 assimilation rates

Net carbon dioxide assimilation rates of leaves of pot grown
plants were measured at different leaf positions representative
of

the different canopy

layers.

Measurements were made on

ryegrass mono, clover mono and mixture Nl. Table 12 gives the
maximum photosynthetic rates obtained for the above treatments.
Table 12.

Maximum CO 2 assimilation rates
measured in canopy layers

(

pmolC0 2 m-2

Top

Middle

Bottom

Rmono

17.217

12.892

11.576

RmixN1

19.040

10.000

9.607

Cmono

18.997

14.910

13.354

CmixN1

18.770

11.947

11.017

S-l)

LSD = 2.8150 (Bonferroni method)
CV

= 6.336%

Maximum photosynthetic rates were higher in the top than the
middle and bottom layers of all treatments.

The middle and

bottom layers did not differ from each other in terms of max.
photosynthetic rates.
There were however no significant
differences in maximum assimilation rates between the various
treatments -

with the exception of clover mono in the middle

layers, which had higher photosynthetic rates than the other
treatments.
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4.8.2.

Determination of photosynthetic responses to varying
irradiance levels (P versus I curves)

Photosynthetic

responses

to

varying

irradiance

levels

were

investigated for all the treatments, using single leaves from the
top and bottom layers of each canopy.

Curves were fitted by non-

linear regressions, using the regression function (Mitscherlich)
described by Potvin and Lechowicz (1990) (see Chapter 3).
Photosynthetic

light

response

curves

of

the

top

layers

of

ryegrass and clover in both mono and mixed stands are illustrated
in Figure 17.
were

similar

A comparison between these curves showed that they
in

both

their

linear

light

use

efficiencies) and the maximum photosynthetic rates obtained.

The

photosynthetic apparatus of all

slopes

(a

treatments were shown to be

.

-2

saturated at PFD values ln excess of 1000pmol m

s

-1

.

Tables 13A and 13B give a comparison of the parameters obtained
from curve fittings done of the P versus I curves for both leaves
measured in the top and bottom layers of all treatments.
both

the

top

and

bottom

layers,

no

significant

For

differences

between the various parameters could be found between the various
treatments.

When comparing between the top and bottom canopy

layers, it can be seen that the Pmax values in the bottom layers
were significantly lower than in the top layers (as mentioned in
section 4.8.1. above).
were

The values for quantum efficiencies (a)

significantly higher

for

leaves measured in the bottom

layers than in the top layers.
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Table 13A.

A comparison of the parametres obtained of P
versus I curves for single leaves from the top
layers of the canopy
R2 (%)

-1
pmol m-2 s

1
molC0 2 E-

light comp.
point
-1
pE m-2 S

Rmono

16.862

0.0470

24.83

98.6

RmixNl

18.620

0.0370

10.60

90.4

Cmono

19.300

0.0223

18.00

90.7

CmixNl

19.060

0.0360

36.10

94.4

P max

Table 13B.

a

A comparison between the parameters obtained of P
versus I curves for single leaves from the bottom
layers of the canopy
R2 (%)

molC0 2 E

light comp.
point
pE m-2 S -1

12.026

0.0661

24.15

99.0

RmixNl

11.836

0.0713

13.58

98.1

Cmono

13.059

0.0528

9.18

99.1

CmixNl

11.619

0.0686

29.97

99.0

P max

pmol m-2 s -1

Rmono

a
-1
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4.9.

CHLOROPHYLL FLUORESCENCE

Chlorophyll fluorescence parameters were determined as described
in Chapter 3.

Fv/Fm'

which is a measures of the quantum use

efficiency of photosystem 11, photochemical quenching (qp) and
non-photochemical quenching (qN) were calculated for ryegrass and
clover,

in both mono and mixed stands (in the top and bottom

layers of the canopy), and are presented in Table 14. (qN and qp
were both measured at saturating light conditions).
Table 14.

Chlorophyll fluorescence parameters

Treatments

qN

Fv/Fm

qp

Cmono (top)

0.788

0.783

0.356

Cmono (bot)

0.784

0.777

0.428

Rmono (top)

0.781

0.885

0.498

Rmono (bot)

0.747

0.873

0.373

CmixN1 (top)

0.756

0.755

0.505

CmixN1 (bot)

0.710

0.707

0.598

RmixN1 (top)

0.748

0.839

0.401

RmixN1 (bot)

0.715

0.831

0.412

0.0329

0.0774

0.2308

LSD:

1.428%

3.144%
16.934%
(The statistical analysis were done using the test of Bonferroni)
CV

:

The top canopy layers had significantly higher values of Fv/Fm
than the bottom layers, with the exception of Cmono, where no
differences between canopy layers could be distinguished.
There were also differences between treatments. Ryegrass in mono
stands had a higher quantum use efficiency than ryegrass in the
mixtures.

Similarly,

clover in mono stands exhibited higher

rates than clover in mixtures.

Clover mono in the bottom canopy
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layers had a higher quantum use efficiency than ryegrass mono in
the bottom canopy

layers,

while

ryegrass

and

clover

in

the

mixtures (in all canopy layers) had similar rates.
There were no significant differences in qN between the canopy
layers in all treatments.

Ryegrass mono had a higher qN value

(0.879) than clover mono (0.780), while ryegrass in mixtures also
had a higher value (0.835) than clover in mixtures (0.731).
No significant differences in qp could be detected between canopy
layers in each treatment and also between the various treatments.
However,

clover

in

mixture

Ni

had

a

significantly

higher

photochemical quenching (0.598) than clover in the monoculture
(0.356).

74

CHAPTER 5: DISCUSSION AND CONCLUSIONS
Rhodes and Stern (1978)

stated that competition has occurred

between two components grown in a mixed culture when yield of a
component in mixture is lower than that in monoculture.

This

statement, however, can be seen as an oversimplification, as the
above might merely be a manifestation of interaction between
pasture components rather than the occurrence of competition.
Therefore,

care

should

"competition".

It

be

should

taken

when

first

be

using

the

established

term

whether

interaction between pasture components for a limiting resource
does

occur,

before

the

nature

of

the

interaction

can

be

discussed.

It was the main aim of this study to investigate the

nature

interactive

of

responses

between

ryegrass

and white

clover, grown in a mixed pasture, in relation to the prevailing
light environment in the pasture canopy.
Differences in total dry matter production were found for the
various treatments
production

were

monocul tures.
mixture

N1

in this study.

much

higher

in

Measured values of total
the

mixtures

than

in

Pasture yield values of 15 tons ha -1 yr-

and

16

tons

ha -1

yr -1

for

mixture

N2

1

the
for

compared

favourably with values cited in the literature (values obtained
from

the

national

Newbould 1986).
tons ha-

1

yr-

1

trials

in

the

United

Kingdom,

Frame

and

Ryegrass production in monostands of 11

seemed realistic when compared to values obtained

by Smith (1987) in a clipping study conducted at Ermelo, where
he found yield values of 15 tons ha- 1 yr- 1 for grass pastures
1

receiving 400 kg N ha- • Davidson and Robson (1986) found values
in the order of 12 tons ha -1 yr- 1 for ryegrass production. Smi th
(1987) also found dry matter values for white clover, under a
4-weekly

clipping

regime,

to

be

13

tons

ha- 1 yr- 1 •

monoculture yield in this study was 13 tons ha- 1 yr- 1 •

Clover

There were

no significant difference in the yields between ryegrass and
clover grown in monocultures.
component

yield

was

For both ryegrass and clover, the

decreased
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in

mixtures

relative

to

monocultures (Table 1).
Differences between yields obtained in mixtures and monocultures
(yield of mixtures exceeded that of monocultures) is indicative
of interactive responses between components
This

interaction

must

be

related

to

in the mixtures.

morphological

and/or

physiological characteristics.
Ludlow (1978) stated that pasture yield is limited by both light
interception and utilization.
light as

the

abili ty

of plants

According to Beyschlag et al.
influenced

more

by

He defined competitiveness for
to

capture

available

light.

(1990), competition for light is

differences

in

canopy

structure

physiological characteristics of individual leaves.

than

The results

obtained from this study also indicate that light interception
by the pasture canopy is the major factor determining growth and
interactive responses.
Canopy structure and architecture affects the penetration and
distribution of photon flux density (PFD) in pasture canopies.
A study of the canopy structures of ryegrass and clover in mono
stands and in a mixture showed major differences.
The distribution and orientation of leaves in a canopy is of
major significance in relation to light interception.

Monsi and

Saeki (1953) stated that light energy penetrating a canopy is a
function of the incident light energy and leaf area index (an
adaptation of Beer's law).

Brougham (1958) and Graham et al.

(1988) observed an exponential relationship between the amount
of light intercepted and cumulative LA! for numerous crops.
relationship

was

confirmed

in

this

study

where

correlation was found for the treatments investigated.
term "critical LA!",
value.

a

This

similar
Here, the

as first used by Brougham (1958),

is of

Critical LA! can be defined as the value for LA! where

the maximum amount of incident light energy is being intercepted
by a specific pasture canopy (maximum interception by a
canopy is not necessarily 100%).
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leaf

When LA! is increased beyond

the critical LA! value, no further increase in light interception
will be observed, due to factors such as canopy closure which
results in shading of leaves found in the lower canopy levels.
A value for LA! of 5 for a ryegrass-clover mixture (in Australia)
was found by Brougham (1958) to intercept 95% of the incident
radiation.

critical LA! values are strongly influenced by canopy

structure and growth forms and will vary between mono and mixed
stands.

An important assumption is made in connection with the

relationship of LA! versus light interception, namely that all
the

leaves

of

a

species

capacities and also,

have

uniform

light

intercepting

no account is taken of changes in light

quality distribution, vertically through the pasture.
Leaf orientation and shape are
studying

canopy

structure.

important considerations when

Ryegrass

in

mono

stands

has

a

relatively open canopy structure, with erect leaves (long and
slender), directing incoming radiation to lower levels of the
canopy (light is being reflected from the surface of ryegrass
leaves downwards to lower canopy layers) and also allowing for
direct light penetration towards the bottom layers of the canopy.
Most of the LA! in the ryegrass monoculture canopy seem to be
distributed towards the bottom of the canopy (Figure 4), thus
enabling the whole canopy to
radia tion.

However,

seasonal

intercept most of the incoming
changes

in canopy growth

(LA!

distribution) could be observed towards the end of the growing
season (Figure 3a).
annual

nature

of

This phenomenon can be attributed to the

ryegrass,

where

the

reproductive

entered near the end of the growing season.

phase

is

From Figure 12a, it

can be seen that the critical LA! value for ryegrass in mono
stands is 3, where maximum light interception is 72.73% of the
incident radiation.

Results on the seasonal variation in total

canopy LA! (Figure 5), shows that the critical LA! is exceeded
only between September and October (Day 111) when a value of 3.75
for LA! was obtained; implying that maximum light was intercepted
(72.73%).

The ryegrass canopy was well-developed at this time.

The phenomenon of leaf flagging (Brougham 1958) was also observed
during this period.

This can be described as the tendency of the
77

leaf to bend towards the horizontal as it elongates. This
mechanism acts to increase leaf area exposed to light and would
therefore also increase the amount of light being intercepted by
the canopy.
Values obtained for light interception (maximum of 77.92% was
measured in the field) exceeded that of the maximum potential
light interception (72.73%) calculated from LAI versus light
interception graphs. This might be attributed to the fact that
the exponential curve describing the relationship between LAI and
% light interception is an under-estimation of the real situation
(R 2 =79.6%), due to possible noise in the data set. However, a
realistic indication is still provided of the light regime within
the ryegrass canopy, which can be used as a guideline for the
implementation of management strategies.
The clover monoculture canopy is very different from that of
ryegrass monoculture. Clover leaves are horizontally disposed
and are therefore more favourably orientated to intercept light
energy during most of the day than an equal area of ryegrass.
Various authors (Brougham 1958 and Ludlow 1978) have observed
phototropic leaf movements for white clover, whereby the leaves
orientate themselves facing the sun throughout the day. However,
proof for this phenomenon is still lacking and doubtful. These
movements are phytochrome dependent, and due to light quality
changes within the canopy (Wilson and Ludlow 1992), it is unsure
whether phytochrome could trigger these movements (Ludlow 1978).
Suffice to say that clover leaves remain horizontal in the canopy
to capture light most effectively. Maximum light is received at
the top of the canopy by light saturated leaves. In this study,
no differences in LAI distribution with depth through the canopy
was observed.
However, it was noted that bigger leaves were
placed at the top of the canopy; while numerous smaller leaves
could be found in the lower canopy layers.
Total canopy LAI, produced during inter-harvest periods, varied
seasonally, but reached a peak value of 3.10 between October and
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November

(Figure 5).

Values recorded for light interception

ranged between 9,5 .53% and 100%.

Critical LAI of clover was found

to be 2.5 (Figure 12) when interception is saturated at a maximum
of 93.51%.

Brougham 1958, found the critical LAI of white clover

Total light interception was greater in clover
to be 3.5.
monoculture than ryegrass monoculture, due to the more closed
canopy structure of clover.

It should be noted that a high LAI

was maintained in the instance of the clover canopy towards the
end of the season; while the LAI of ryegrass declined due to
annual canopy deterioration towards December.
The ryegrass-clover mixed canopy had a higher pasture yield than
both the monocultures.

This implied that the mixture was able

to intercept (or utilize)

light energy more effectively.

The

canopy structure consisted of erect ryegrass leaves as well as
horizontal clover leaves.
more

tillers

that

Ryegrass grown in the mixture formed

bore

into

the

top

layers

of

the

canopy,

resulting in most ryegrass LAI in the top layers, throughout the
season.

Clover exhibi ted a

monoculture.
white

structure as

in

It was stated by BoIler and Nosberger (1985) that

clover

therefore,

similar canopy

in

mixed

canopies

can

although situated lower

utilize

sunflecks

and

in the mixed canopy than

ryegrass, are exposed to an adequate light environment.

This

ability was not investigated in this study, but might play a role
in the ability of clover to interact successfully with ryegrass
with

regard

to

the

light

environment

in

the

mixed

canopy.

Another characteristic attributed to clover growth form is the
phenomenon of petiole extension.
Schwank et al.

Thompson and Harper (1988) and

(1985) noted that clover, when in the vicinity

of grasses, grows almost linearly upright by extension of the
petiole to ensure that clover leaves are favourably placed for
light

interception

in

the

top

layers

of

phenomenon was not observed in this study.

the

canopy.

This
Clover in the mixed

canopy produced less stem material (1978 kg ha- 1 yr- 1 ) relative
to clover

in monoculture

stem:leaf ratios.

(5241 kg ha-

1

yr- 1 ) ,

having similar

(0.631 for clover monoculture and 0.521 for

clover in mixture N1).

(The overall production of clover in
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mixtures was reduced relative to clover in monocultures).

The

mixture was found to have a higher total LAI than the respective
monocultures, reaching values of 4.21.

With a critical LAI of

3.5 where 100% of incident radiation was absorbed;

it is not

surprising that the mixture obtained the highest yield of all
treatments.

critical LAI was exceeded in the mixture between

July and October;

implying that LAI was allowed to develop to

such an extent that no resultant benefit in light interception
was obtained due to shading effects caused by canopy closure.
Light interception was complete at a LAI of 3.5.

An increase in

LAI to very high values might lead to a decrease of light being
intercepted due to shading of lower canopy layers. The importance
of correct management will be discussed later in this section.
Ludlow (1978) stated that the erect structure of grass leaves and
horizontal clover leaves, combined in a mixed pasture canopy,
contributed to minimizing differences in "competitiveness" and
leads to stability in mixtures.
Intercepted light is utilized by the process of photosynthesis.
Both ryegrass and clover are C3 species, which utilize only the
Calvin

cycle

for

CO 2

fixation.

The

light

level

at

which

photosynthesis saturates generally is below that of full sunlight
in C3 species (Bjorkrnan 1981).

Results from this study indicated

that all treatments had similar light requirements for light
saturation of photosynthesis i. e. in excess of 1000 pmol m- 2

S-l.

Due to the fact that light levels decrease with increasing depth
through canopies, most photosynthesis takes place in the upper
parts of plant canopies (Beyschlag et al. 1990) where leaves are
light saturated.
The results from this study confirmed these
findings.

In

all

treatments

studied,

maximum rates

of

CO 2

assimilation were highest in the top layers of the canopies
(ranging from 10.040 to 17.217 pmol CO 2 m- 2 S-l); and decreased
significantly towards the bottom layers of the canopy (in the
range of 9.607 to 13.354 pmol CO 2 m- 2

S-l,

Table 12).

These

results compared favourably with values cited by Woledge et al.
(1989) .

There were however no differences in photosynthetic

rates between treatments in each canopy layer, indicating similar
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capacities for CO 2 assimilation for all treatments.

Decline in

photosynthetic capaci ties from the top to the bottom of the
canopy indicates adaptation to high light conditions, but might
also

be

attributed

to

(1)

the

lower

light

experienced in the bottom layers due to

environment,

interception in top

layers and thus shading effects, results in the photosynthetic
apparatus not saturated in the bottom canopy layers) and/or (2)
leaf age gradients

in the pasture canopy

(as pointed out by

Wilson and Ludlow 1983) results in newly formed leaves and older
senescing leaves being found in the lower canopy layers.
However, as shown by Wilson and Ludlow (1992), light becomes a
determinant of photosynthetic rate only at low PFD levels, such
as occur in the lower levels of canopy.

An investigation into

the light use efficiencies (quantum yield) of assimilation of
CO 2 ,

showed that no differences between any of the treatments

occurred, in either the top or bottom layers (quantum yield for
the top layers varied between 0.0223 and 0.0470 mol CO 2 E13a).

1

,

Table

However, the quantum yield in the bottom canopy layers

were found to be higher than for those measured in the top layers
(ranging between 0.0528
showing adaptation

to

and 0.0713

low

mol

-1

CO 2 E ,

light condi tions.

Table

13b),

There were no

differences between the treatments in these responses.
Measurements
emittance
complement

of

of

photochemical

chlorophyll

measurements

of

activity,

fluorescence,
gas

and
were

exchange.

In

particularly
undertaken
this

information on carbon assimilation could be obtained.
al.

(1989)

way

to
more

Baker et

showed that the above ' parameters are valuable

in

obtaining a physiological and biochemical bases for understanding
the possible differences in the ability of leaves to assimilate
CO 2 •
The quantum use efficiency of photosystem 11 (Fv/Fm' Table 15) in
the chloroplasts shows that the top layers of all treatments had
significantly higher Fv/Fm values than the bottom layers (also
expressed in higher CO 2 assimilation rates).
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Both ryegrass and

clover in monocultures had higher quantum use efficiency rates
than in

mixtures.

Absorbed energy not used

in photochemistry is dissipated as
Photochemical and non-

ei ther fluorescence or heat energy.

photochemical fluorescence quenching can be used to distinguish
between

allocation

transport

of

sustaining

energy
CO 2

dissipation processes.

to

photochemistry

reduction)

Quenching

is

and

to

defined as

(electron

radiationless
any

kind

of

decrease in chlorophyll fluorescence emission. Demmig and winter
(1988) showed that non-photochemical quenching is well correlated
with changes in electron transport rate in response to light.
Results from this study showed that clover in monoculture had a
higher quantum use efficiency of photosystem II in the bottom
canopy

layers

than

ryegrass

in

monoculture.

Ryegrass

in

monoculture exhibited higher non-photochemical quenching values
(0.885) than clover in monoculture (0.783) which indicates that
more

radiationless

decay

occur

in

ryegrass.

This

is

an

indication that ryegrass is more efficient at dissipating excess
energy (qp and qN was measured at saturating light intensities).
Similarly, ryegrass in mixture also exhibited the same pattern
as above in relation to the clover component in mixture in both
the top and bottom canopy layers.

Determinations of chlorophyll-pigments were made in conjunction
with chlorophyll fluorescence

and gas exchange studies.

No

differences were found in chlorophyll content between the
treatments, except towards the end of the growing season when
ryegrass (mono and mixed) had much higher chlorophyll contents
than clover

(mono and mixed)

(Figure 13).

This increase in

ryegrass chlorophyll content might be an adaptation to compensate
for a decrease in leaf area, in order to maintain photosynthetic
ability towards the end of the season.

(Chlorophyll values of

white clover compared favourably with values obtained by Howarth
et al. (1978) for white clover.)
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Results from this study are therefore in agreement with various
authors (Ludlow 1978; Dennis and woledge 1983; Beyschlag 1990)
who

found

that dry matter production and pasture growth

is

determined more by light interception ability of the pasture
canopy

than

photosynthetic

utilization

of

intercepted

light

energy.
The interaction between components in a mixture for light energy
cannot be

seen

relation

to

in

isolation but needs

other

variables.

Canopy

to

be

considered

structure

is

in

greatly

influenced by management practices like nutrient application and
clipping (i.e. grazing) - both of which will be considered below.
Before discussing the importance of nutrient status on pasture
canopy structure;

it should be kept in mind that the present

study focused on the interaction of above-ground components, but
the

importance of root competi tion and its effect on canopy

architecture should not be excluded.
As discussed by numerous authors

(e.g.

Smith 1987 and Eckard

1990), the application of nitrogen fertilization is one of the
financially
fertilizer

costly

requirements

of

ryegrass

cost has been overcome to a

pastures.

This

large extent by the

introduction of a ni trogen-fixing legume, like whi te clover, into
mixtures.
(The process of nitrogen fixation and transfer from
the clover to the grass component was beyond the extent of this
study:

many

studies

have

been

conducted

on

this

subject).

Nitrogen transfer is difficult to quantify in a clipping study,
where

a

major

constantly

nitrogen

removed

and

source

from

decomposing

little

transfer

is

leaves,

expected

in

is
a

relatively short experimental period as in this study. (Frame and
Newbould, 1986, observed a slight increase in soil fertility only
after the fourth harvest of the season).
mineral

ni trogen

fertilizer

was

For these reasons,

applied to

all

experimental

plots, with an added nitrogen treatment to mixtures to monitor
the effect of nitrogen on the interaction of pasture components.
No significant differences were found between either ryegrass or
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clover in mixture N1 and mixture N2; although ryegrass increased
slightly in mixture N2 while clover decreased to a small extent
in mixture N2 in reaction to the increased ni trogen level.
Various authors have reported on the detrimental effect nitrogen
fertilizer has on the growth of the clover component in mixtures
(Chapter 2). Clover growth is depressed mainly due to shading
caused by increased ryegrass growth. This phenomenon could not
be seen to such an extent in this study, possibly because the
length of the inter-harvest interval did not permit growth to
such an extent. Of significance in this study is the differences
in nitrogen content found between the various treatments. Clover
in both mixtures N1 and N2, as well as clover in monocultures had
a much higher ni trogen concentration than ryegrass in both
monocul tures and mixtures (Figure 14). These results are similar
to results obtained by Davidson and Robson (1985) in a glasshouse
study, where they found that clover had a much higher nitrogen
content than ryegrass (although a nitrogen content of 3% can be
regarded as sufficient for clover). As this study did not focus
on ni trogen metabolism, it can only be speculated as to why
clover nitrogen content is so much higher than that of ryegrass.
It might be that clover has a higher nitrogen requirement for
growth, as it is restricted by its position of leaves in the
canopy and does not have the ability to expand leaf area as fast
as ryegrass.
Secondly, it is important to take ni trogen
availability (and not only content) into account when monitoring
growth (here differences in uptake by the roots of both
components might be important). By looking at the nitrogen pool
present in each canopy treatment (i.e. nitrogen as a fraction of
total above-ground dry matter content, Figure 15), it was noted
that ryegrass in mixture had a higher ni trogen content than
ryegrass in monocul ture. This could imply that nitrogen transfer
did occur from clover in mixture to the ryegrass component,
although no increase in production was evident for ryegrass in
mixture.
Another important factor to consider is that of clipping
(grazing). Clipping alters canopy structure, as leaf material
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is removed and the light regime within the canopy is changed.
Canopy structure development and architecture should therefore
be taken into account when decisions on clipping strategies are
being made.

For maximum production of a pasture canopy,

LAI

should be allowed to develop in such a way that critical LAI is
reached for maximum
production

does

critical LAI.

not

light

interception.

benefit

if

canopy

Pasture growth and
LAI

develops

beyond

Canopy closure would result with a decrease in

light being intercepted by leaves in the lower canopy layers.
Leaf death due to shading could also result.

Results from this

study indicate that the mixed canopy might benefit from improved
management, if the clipping interval was reduced from 4 weeks to
3 weeks.
develop

A 4-weekly clipping interval was found to allow LAI to
beyond

resul ting.

the

critical

LAI

value,

with

canopy

closure

The monocul tures of ryegrass and clover, however, did

not exceed the critical LAI values during the 4-weekly clipping
period.
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CONCLUSIONS
Ryegrass and white clover are cultivated extensively in mixtures
in South Africa because of numerous reasons mentioned in Chapter
2, ego cost savings of nitrogenous fertilizers, higher pasture
quality and high dry matter production.

This type of mixture is

used mainly as winter feed for grazing animals
production has
personal

been

reported on

communication

Pietermaritzburg, RSA).

1993,

(high animal

these pastures,

Cedara

Goodenough,

Agricultural

College,

Management strategies are formulated

mainly on grounds of studies conducted on nutrient status and
nutrient requirements of plants.

Few studies have been ini tiated

in South Africa which have concentrated on morphological and
physiological characteristics of ryegrass and clover in mixed
pastures.

Much

information

can

be

obtained

conducted on mixtures in the United Kingdom,

from

studies

New-Zealand and

Australia, although these findings are difficult to extrapolate
to

South African

different and

condi tions

should be

as

taken

environmental
into

account.

condi tions

are

Management of

cultivated pastures in South Africa itself also differs from
region to region due to variability in environmental factors and
should be adapted to ensure maximum yield.
It was the aim of this study to investigate morphological and
physiological

responses of components

in a

mixed pasture

in

reaction to the light environment experienced in the pasture
canopy.
(canopy

It

can

be

structure),

concluded
rather

that morphological
than

physiological

parameters
responses,

influenced the interactive responses between ryegrass and clover.
Competitive ability is expressed as the ability of a species to
place most of the leaf area in the upper canopy layers and to
orientate

leaves

favourably

for

maximum

light

interception.

Ryegrass and clover, due to their different canopy structures,
minimizes the negative competitive effects in mixed canopies.
(Negative competition is defined as competition to the detriment
of one component).

Both components are maintained successfully

in the mixed canopy throughout the season to ensure a balanced
86

grazing pasture for animals, and complement each other.

(Yields

obtained in mixtures are higher than for those cuI ti va ted in
monocultures).

If managed correctly, ryegrass-clover mixtures

can be of great economical value to agriculture in South Africa
as a winter/spring pasture to maintain high rates of animal
production.
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APPENDIX 1
Analysis of soil obtained from study site.
Particle size distribution

REP 1

REP 2

REP3

c/g sand 2 - 0.5 mm

4.1

4.8

5.5

m sand 0.5 - 0.25 mm

13.7

15.4

7.8

f sand 0.25 - 0.1 mm

13.2

12.8

14.9

v/b f sand 0.1 - 0.05 mm

6.7

6.4

8.2

c/g silt 0.05 · - 0.02 mm

8.8

8.8

9.9

f silt 0.02 - 0.002 mm

13.6

13.0

13.8

clay 0.002mm

37.2

36.2

36.9

P mg/kg Ambic

23.7

22.5

20.8

C %

1.17

1.17

1.16

N %

0.072

0.077

0.074

pH H 2O

7.06

7.08

7.03

Na

0.56

0.41

0.39

K

0.29

0.33

0.33

Ca

11.91

10.69

10.94

Mg

6.04

5.89

5.91

18.80

17.32

17.57

T value (CEC)

13.60

15.35

13.60

% Fe

1.99

2.19

1.97

% Al

0.139

0.150

0.142

% Mn

0.0829

0.0828

0.0828

\

Exchangeable/Extractable
cations me/l00g oven dry
(100 °c) soil

S

value

99

APPENDIX 2

Integration parametres (a, b and c) obtained

Table 1.

from integration of daily light intensity data
Treatment

b

a

Time(days)

c

INTEGRATIONS FOR ABOVE THE PASTURE CANOPY

\

Day 28

-28.10

5.48

-0.228

Day 53

-27.88

5.41

-0.224

Day 82

-39.75

7.67

-0.319

Day 109

-26.58

5.63

-0.231

Day 137

-20.25

4.67

-0.192

Day 172

-33.08

6.82

-0.275

Day 82

-9825.76

1900.03

-78.4388

Day 109

-5398.07

1155.96

-47.6012

Day 137

-4848

1103.75

-45.4157

Day 172

-8433.41

1745.65

-70.4469

Day 82

-7461.70

1405.87

-57.5495

Day 109

-1905.02

411.46

-17.0759

Day 137

-1749.92

391.80

-16.6483

Day 172

-197.20

161.54

-5.7340

Day 82

-3195.9

585.68

-24.2646

Day 109

-1326.61

308.80

-13.7159

Day 137

-1134.91

256.69

-10.8900

Day 172

-5366.14

1199.59

-48.8822

1914.96

-80.5408

TOP LAYERS OF THE CANOPY

Ryegrass

Clover

Mixture

MIDDLE LAYERS OF THE CANOPY

Ryegrass

Day 82

-9945.02

Clover

Mixture

\

Day 109

-4157.55

860.33

-68.8260

Day 137

-7108.30

1447.59

-35.4867

Day 172

-10303.50

2033.33

-82.5555

Day 82

-3630.23

682.28

-28.9617

Day 109

-1332.40

267.25

-10.7995

Day 137

-736.18

177.70

-7.6667

Day 172

-5324.18

992 '.41

-41.5680

Day 82

-328.92

60.44

-2.4518

Day 109

-172.41

39.39

-1.6360

Day 137

-1530.36

268.26

-10.9488

Day 172

-1237.34

445.55

-18.000

BOTTOM LAYERS OF THE CANOPY

Ryegrass

Clover

Mixture

Day 28

-7392.71

1289.01

-52.0779

Day 53

-7070.59

1272.15

-51.7902

Day 82

-4805.88

889.68

-36.5834

Day 109

-2512.27

537.54

-21.8707

Day 137

-6670.06

1253.87

-51.3935

Day 172

-14527.41

2678.56

-109.2462

Day 28

-5266.43

953.35

-39.8325

Day 53

-1271.47

234.06

-9.8092

Day 82

-757.60

138.91

-5.9300

Day 109

-199.90

46.59

-1.9018

Day 137

-758.12

135.20

-5.6751

Day 172

-908.14

169.49

-6.9494

Day 28

4314.50

-549.79

19.0100

Day 5.3

-581.27

97.91

-3.7869

Day 82

-77.32

13.54

-0.5516

Day 109

-25.82

5.21

-0.2244

Day 137

-142.86

26.61

-1.1281

Day 172

-2819.83

566.11

-23.5233

APPENDIX 3

Equations describing variation in light intensity
for the various treatments

Table 1.

-2

Daily PFD above the canopy of all treatments (llmol m
Day number

R2

equation
y=-7806+1521t63.46t

28

2
2

53

y=-7745+1503.5t-62.12t

82

y=-11043+2130t-88.56t

109

y=-7382+1564.8t-64.10t

137

y=-5626.3+1297.6t-53.329t

172

\

2
2

y=-9188+1895.2t-76.31t
-2

Daily PFD (llmol m

S-1)

2

2

(%)

s -1)

99.9

P
<0.001

99.6

<0.001

94.7

<0.001

99.3

<0.001

100

<0.001

99.6

<0.001

in the canopy layers of ryegrass

Top layers of the canopy
2

82

y=-9826+900t-78.4t

109

y=-5398+1156t-47.60t

2

93.6

0.008

99.2

0.053

99.8

0.027

99.7

0.002

91.4

0.003

91.9

0.164

98.4

0.073

2

99.8

0.001

y=-4806+889.7t-36.58t

2

88.7

0.006

109

y=-2512+537.5t-21.87t

2

44.7

0.429

137

2

71.3

0.310

97.4

0.013

137

y=-4848+1103.7t-45.42t

2

172

y=-8433+1745.7t-70.45t

2

Middle layers of the canopy
82

y=-9945+1915t-80.54t

2

109

y=-4158+860.3t-35.49t

137

y=-7108+1448t-61.49t

172

y=-10303+2033t-82.56t

2

2

Bottom layers of the canopy
82

172

y=-6670+1254t-51.39t

y=-14527+2679t-l09.2t

2

Daily PFD (pmol m-2 S-1) in the canopy layers of clover
Top layers of the canopy
82
109
137

y=-7462+1406t-57.55t 2
y=-1905+411.5t-17.08t

2

y=-1750+391.8t-16.65t

2

97.5

0.012

85.3

0.221

85.7

0.218

Table cont.
2

84.6

0.754

2

91.6

0.042

2

100

*

63.6

0.349

56.2

0.219

y=-197.2+1610.5t-5.74t

172

Middle layers of the canopy
82

y=-3630+682.3t-28.96t

109

y=-1332+267.3t-10.80t

y=-736.2+177.7t-7.667t

137

-5324+992.4t-41.57t

172

2

2

Bottom layers of the canopy
82

y=-757.6+138.9t-5.930t

2

89.3

0.054

109

y=-199.9+46.59t-l.902t

2

89.6

0.186

y=-758.1+135.2t-5.675t

2

79.2

0.263

83.2

0.084

137
172

\

y=-908.1+169.5t-6.949t
-2

Daily PFD (pmol m

2

s -1) in the canopy layers of the mixture

Top layers of the canopy
y=-3196+585.7t-24.26t

2

96.0

0.020

109

y=-1327+308.8t-13.72t

2

91.6

0.167

137

y=-113S+256.7t-10.89t

32.1

0.476

172

y=-5366+1200t-48.88t

96.8

0.016

93.3

0.034

95.1

0.127

91.4

0.170

84.0

0.080

82

2

2

Middle layers of the canopy
82

y=-328.9+60.44t-20.45t

109

y=-172.4+39t-1.636t

137
172

2

y=-1530+268.3t-10.95t
y=-1237+445.6t-18t

2

2

2

Bottom layers of the canopy
82

y=-77.32+13.54t-0.552t 2

73.6

0.132

109

y=-25.82+5.205t-0.2244t 2

84.7

0.132

137

y=-142.9+26.61t-l.128t 2

62.1

0.652

172

y=-2820+566.1t-23.52t 2

85.7

0.072

