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ABSTRACT

A series of trials investigated the contribution of introduced
grasses (Lolium perenne and Bromus catharticus) to seasonal production
of a high yielding dairy sward containing paspalum (Paspalum
dilatatum). The persistence of the introduced species was also
determined.

Autumn overdrilling improved (<500 kg DM/ha) herbage production
in the following winter/spring and autumn, but thereafter differences
between drilled and undrilled swards disappeared. The monitoring of
individual plants showed that there were high summer losses of
introduced plants; up to 56% were lost by one year after drilling.
The contribution of Bromus catharticus to herbage mass was less than
that for Lolium perenne, as summer losses of the former plants were
higher than for the latter because of increased susceptibility to
direct 'animal effects' (eg. 'pulling'). Bromus catharticus was
therefore excluded from subsequent experiments. Summer growth of
introduced plants was more restricted when they were closely
associated with established paspalum than with other resident species,
and large plants had better summer persistence than small plants.

Manipulation of the light environment of the introduced ryegrass
plants by regular clipping (10 mm stubble) of surrounding resident
herbage markedly improved their ability to survive summer management
and environmental stresses. The introduced plants were able to attain
a large average size (20 to 50 tillers per plant) before the onset of
summer.

Summer losses of introduced plants were higher when grazed at a

short (2-3 week) rather than a long (3-4 week) interval and if



paspalum was a close neighbour. About 20% of total losses were
related to direct cow damage, namely, severe grazing, 'pulling', dung
and urine deposition, and trampling. The latter effects may be
important where stocking densities are high. Other treatments such as
late-winter/early-spring application of nitrogen fertiliser and
irrigation during summer/autumn, failed to improve persistence of
introduced ryegrass.

One of the various ecological strategies that gives paspalum a
competitive advantage over ryegrass is its ability to accumulate
large reserves of carbohydrate. Measurement of nonstructural
carbohydrate accumulated in above-and below-ground organs indicated
that these reached a maximum for both species towards the end of the
period of their most active growth. At this time the nonstructural
carbohydrate level for paspalum at 1050 kg/ha, was four times greater
than that for ryegrass.

Possible practical methods for improving the persistence of

ryegrass introduced into established swards are discussed.
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INTRODUCTION

About 90% of New Zealand's dairy production is obtained from
North Island flat and rolling country, the main regions being
Northland, Auckland, Waikato, Bay of Plenty and Taranaki. Dairy
production has intensified over the past 20 to 30 years, the best
farmers now achieving production of 700 to 800 kg of milkfat per
grazed hectare, about double that of 30 years ago.

This production is generally achieved from pastures containing
mixtures of grasses (predominantly ryegrasses, in particular Lolium
perenne) and white clover (Trifolium repens) (Lancashire 1982).
However, in northern New Zealand (Northland, Auckland, Waikato and Bay
of Plenty) summer growing paspalum (Paspalum dilatatum) is widespread
in dairy pastures (Percival 1977) and during its winter/spring
dormancy, Poa spp. may occupy available niches (Bryant & Parker
1971).

High stocking rates, dry summers and insect damage have on
occasions led to pasture deterioration. Volunteer paspalum has
become dominant in some areas possibly because of the combined effect
of high stocking rates and frequent dry, hot (daily screen maximum
>25 °C) spells during summer. Paspalum dominance usually means poorer
spring pasture production because of a reduced contribution from
perennial ryegrass. This poses a serious feed supply problem on
seasonal dairy farms since about 80% of total milkfat production can
be achieved from July to January (Campbell & Bryant 1978).

The recent development in New Zealand of overdrilling equipment
(Baker 1980) offers a relatively cheap method, compared to
conventional cultivation, of renovating lowland pastures. Current

costs are only 20 to 35% of the costs of conventional cultivation,



depending on the seed and herbicide used. In a recent survey,
Sangakkara et al. (1982) found many farmers used overdrilling on an
annual basis to introduce improved cultivars into some of their
pastures. Lolium perenne cultivars such as ‘Grasslands Nui' and
'Ellett' are most often used, while of the other grasses, prairie
grass (Bromus catharticus) is preferred (Sangakkara et al. 1982),

With adequate moisture, seedling emergence of autumn overdrilled
grasses has generally been satisfactory. Of concern to many farmers
is the poor persistence of the introduced species. Some believe it is
necessary to drill each autumn. Suggestions have been made as to why
the persistence of introduced species is poor (Baker 1980) but the
problem has received little attention from agronomists.

The present investigation was initiated to obtain a measure of
the seasonal extent of the persistence problem and to develop methods
of achieving satisfactory persistence of grasses introduced into
pasture containing paspalum. At the field experimental sites during
summer paspalum comprised 45 to 55% of the herbage mass. Paspalum
occupied 30 to 40%, and after dry summers, up to 60% of the area.
Most but not all was located in areas that supported predominantly
paspalum,

The first chapter reviews the literature on factors affecting the
growth of perennial grasses and how competition for the various growth
factors modifies their growth and persistence in mixed pastures.

Work reported in the second chapter describes the extent of the
contribution of overdrilled Lolium peremne and Bromus catharticus to
seasonal dry matter production of a paspalum pasture. The fate of the
introduced species was monitored by periodic measurements on
jndividual plants. Subsequently, the need for information on the

growth strategies and morphological structures of potentially



competitive species (Loliwm peremne and Paspalum dilatatum) was
identified and is described in chapter 3.

In the two field experiments described in chapter 4 the
application of nitrogen fertiliser during winter/spring is used to
modify the relative competitive abilities of the introduced and
resident plants. The effects of nitrogen fertiliser on the
persistence of introduced Loliwnm perenne plants located in areas with
paspalum or other pasture species as close neighbours are described.
In one experiment, contrasting grazing intervals were included as
variables. A complementary glasshouse experiment (chapter 5) provides
an opportunity to study competition between Lolium perenne and
Paspalum dilatatum without interference from confounding factors
(eg. grazing animal, periodic moisture stress).

In the final field experiment (chapter 6) the growth of resident
species surrounding introduced ryegrass plants was controlled by
clipping. The effects of this treatment on the growth and persistence
of introduced ryegrass were studied using the experimental design as
described for chapter 4. Other variables included contrasting grazing
intervals with a 'crossover' of treatments in early summer, and
irrigation during summer/autumn. The final chapter discusses the
major findings of the experimental programme and suggests possible

alternatives for future study.



CHAPTER 1

REVIEW OF LITERATURE

1.1 INTRODUCTION

Plant species and cultivars differ in their requirements for
various growth factors and competition for these factors is an
important determinant of pasture composition and species distribution
(Grime 1979). The responses of plants to competition have been
researched in depth and have been the subject of extensive reviews
(Clements et al. 1929; Donald 1963; Black 1966; Risser 1969; Rhodes
1970; Etherington 1975; Haynes 1980).

This review is largely restricted to the environmental factors
affecting the growth of perennial grasses; how growth is modified by
competition between neighbours with particular emphasis on the nature
of competitive stress; the characters associated with competitive
ability and the effects of the environment on competitiveness. The
factors affecting the contributions of perennial grass plants to the
seasonal production of swards rotationally grazed by dairy cattle are
emphasised. Particular reference is given to pasture in warm-
temperate environments containing mixtures of grasses of temperate and
subtropical origins, and to the management problems relating to the

maintenance of an appropriate species balance.

1.2 GROWTH OF PERENNIAL GRASSES
1.2.1 Tillers - the units of growth

The grass seedling consists of a short stem bearing leaves at
nodes. In the axil of each leaf are buds from which axillary shoots
or tillers grow as the result of meristematic activity. Tillering or

axillary bud development in grasses has been thoroughly researched and



there are reviews of a general nature (Langer 1963, 1972) or that
emphasise cutting for conservation (Dorrington Williams 1970) or plant
factors controlling tillering during reproductive development (Jewiss
1972).

Intravaginal tillers grow upwards within the leaf sheath and
emerge near the base of the parent lamina; this type of tillering is
most common in tufted or tussock-forming grasses (eg. Lolium peremne).
Extravaginal tillers may break through the base of the leaf sheath and
give rise to rhizomes or stolons (eg. Poa trivialis) (Langer 1963,
1972; Jewiss 1972), Tiller abnormalities in Lolium perenne include
'aerial tillering', usually at the nodes of flowering stems (Simons
et al. 1974; Davies 1978; Minderhoud 1978, 1980a,b) and stoloniferous
growth (Harris et al. 1979; Minderhoud 1980b).

The number of tillers produced by the grass plant is the most
important determinant of its size when plants are at a low density and
before the sward is closed and is achieving full light interception
(Luxmoore & Millington 1971; Kays & Harper 1974). Thereafter as
tiller deaths begin to occur and tiller density stabilises, tiller
weight becomes more important in governing yield response (Nelson &
Zarrough 1981). The individual tiller is therefore viewed as the unit
of plant growth. The abilities of grass species to produce tillers
and to maintain tiller production is variable and their classification
on the basis of persistence ranges from semi-annual to true perennial

(Langer 1963).

1.2.2 Factors affecting tiller production
Environmental factors such as light, water, nutrients and
temperature affect tiller growth in perennial grasses. The responses

of plants to these factors are modified by interspecific and



intraspecific competition between neighbouring plants and/or
allelopathic secretions, defoliation management, animal damage during
grazing and attack by insects and pathogenic diseases. Most research
has concentrated on the responses of temperate grasses and in

particular Lolium perenne.

1.2,2.1 Light intensity

Tiller production in perennial grasses is favoured by high light
intensity (Mitchell 1953a b, 1955; Donald 1958; Langer et al. 1964;
Spiertz & Ellen 1972; Hunt & Halligan 1981). Interactions with
temperature have also been reported (Section 1.2.2.3).

Mitchell (1955) demonstrated an inhibitory effect of continuous
shading on tiller formation in young Lolium peremne, Dactylis
glomerata and Paspalum dilatatwn plants with various defoliation
regimes. The work of Mitchell (1953a,b) and Mitchell & Coles (1955)
suggested that ryegrass plants were sensitive to current rather than
previous light conditions, as plants transferred from shade to full
sunlight resumed tillering at the same rate as unshaded plants.
However, if shading was prolonged dormant buds were difficult to
stimulate and tillers developing from such buds lacked vigour. Auda
et al. (1966) also reported a reduced tillering rate for Dactylis
glomerata in response to reduced Tight intensity and increased
photoperiod.

In field experiments Langer et al. (1964), Spiertz & Ellen (1972)
and Hebblethwaite (1977) have recorded mortality of vegetative tillers
of Lolium perenne, Phleum pratense and Festuca pratensis, especially
at the time of stem elongation in reproductive tillers. These workers
invoked competition for light, and therefore the products of

photosynthesis, to explain these results which the work of Ong et al.



(1978) confirmed. The tillers that died were small, suffered intense
shading, and were unable to compete with the larger reproductive
tillers for the available assimilates. Furthermore, the work of
Woledge & Leafe (1976) and Woledge (1977, 1979) has shown the
photosynthetic capacity of leaves of Lolium perenne developing in the
shaded base of the canopy to be lower, and to decline at a faster
rate, than in the flag leaf on reproductive tillers developing in full
sunlight. Thus, illumination during leaf expansion is important for
establishing a high photosynthetic rate.

Rhodes (1968b) showed that grasses may respond to variation in
their light environment during regrowth by changing tiller number or
leaf size and leaf area production per tiller. Plasticity in tiller
number or leaf area production per tiller was also partly attributed

to the selection pressures to which the species had been subjected.

1.2.2.2 Leaf area and light interception

Many reviewers have emphasised the importance of rate of
accumulation of leaf area in pasture production (Donald & Black 1958;
Cooper & Tainton 1968; Brown & Blaser 1968). Interception of light
energy is dependent on the leaf area developed by the pasture plants.
The concept of leaf area index (LAI), defined as the ratio of leaf
area to the area of ground it occupies (Watson 1947) has been widely
adopted to aid the description of light interception by pastures.

At a LAI of 5.0, Brougham (1956) found about 95% of light energy
was intercepted by the canopy and in a later publication (Brougham
1958) he referred to it as the 'critical' LAI. As the LAI of the
pasture increased above the critical or optimum value the pasture

growth rate was reduced (Stern & Donald 1962), due to the leaves lower



in the canopy losing dry matter as their photosynthetic capacity
declined because of shading.

Light interception and distribution within sward canopies is
influenced by factors such as angle of elevation of the sun; whether
radiation is direct or diffuse; the reflection, absorption and
transmission characteristics of the foliage and the extent to which
gaps in the foliage or its movement allows sunflecks to penetrate
(Stern 1962). The influence of leaf arrangement on the light profile
of the sward was demonstrated by Monsi & Saeki (1953) using an

adaption of Beer's Law:

IL =1 e-kL where IL = light energy penetrating through a
0 leaf area L
Io = incident light energy
k = extinction coefficient

The extinction coefficient k ranges from 0.3 to 0.5 in
communities with erect leaves such as grasses and from 0.5 to 1.0 in
communities with horizontal leaves such as clovers. Grasses therefore
require a greater LAI than do clovers to intercept a given amount of
light (Brown & Blaser 1968).

The effects of leaf orientation and LAI are illustrated by the
following examples. Stern & Donald (1962) found that the grass in
grass/clover pastures fertilised with nitrogen became dominant because
its rapid growth caused shading of clovers. Harris (1970) found that
deaths of Loliwn (multiflorum x perenne) and Lolium perenne plants
were greater with infrequent rather than frequent cutting, mainly due
to competition for light excluding the more prostrate individuals. In
an experiment incorporating various degrees of shading of Poa

trivialis and Lolium perenne grown in 50:50 mixtures in simulated



swards, the competitive ability of prostrate Poa trivialis was less
than for the erect form (Vartha 1973). The difference was attributed
to lower tillering ability of the prostrate compared to the erect form
of Poa trivialis.

Sward characteristics affect both photosynthetic and tillering
activity (Hodgson et al. 1981). At a low LAI high tiller densities
can be maintained. However, at a high LAI, any advantages in
photosynthetic efficiency and herbage growth are partially

counterbalanced by increased losses of mature tissues.

1.2.2.3 Temperature

In general, the optimum ambient temperature for growth of
temperate species is in the range of 18 to 25 °C (Langer 1972;
McWilliam 1978) with a minimum of about 5 °C and a maximum of 30 to
35 °C (McWilliam 1978). The optimum temperature for growth of
subtropical species is higher (35 °C) (Langer 1972; McWilliam 1978)
with lower and upper limits of 15 and about 45 °C (McWilliam 1978).

The experiment of Mitchell (1956) illustrates that temperature
optima for tiller production vary with genotype. He grew young Lolium
perenne, Loliwn (multiflorum X perenne), Dactylis glomerata, and
Paspalun dilatatunm plants in a controlled-climate laboratory at a
range (7 to 35 °C) of constant (day and night) temperatures, and a
light intensity of about 29 000 lux for a 12 hour day. The respective
temperature optima for tillering were 12.8 and 18.3 °C, 18.3 and
23.9 °C, and 23.9 and 29.4 °C for Dactylis glomerata and Paspalum
dilatatun. Tillering in Paspaluwn dilatatum continued at a high rate
as the temperature was increased to 35 °C.

Lowering of the ambient temperature increased tillering in some

grasses (Mitchell 1956; Alberda 1957; Ryle 1964) but the response was
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affected by genotype and physiological age of the plant (McWilliam
1978). High temperature tends to increase the rate of leaf appearance
and leaf area expansion (McWilliam 1978). In some species (Lolium
perenne, Dactylis glomerata and Agrostis tenuis), tillering was
increased by lowering the night temperature from 7.2 °C to 1.7 °C
after the plants had been grown at 15.6 °C during the day (Mitchell &
Lucanus 1960). Alberda (1957) showed tiller numbers were reduced in
Lolium perenne plants grown at 25 °C during the day if the night
temperature was increased from 10 °C to 15 °C or 25 °C, a finding
consistent with that of Mitchell & Lucanus (1960).

Tillering responses of Loliwm perenne, Bromus unioloides and
Paspalum dilatatun were influenced by the interaction of temperature
and light intensity (Mitchell 1955; Langer 1972; Hunt & Halligan
1981). When light intensity was low tillering was greatest at low
temperatures, but when light intensity was high, tillering was
greatest at high temperatures.

The growth of axillary buds to form tillers largely depends on
the availability of adequate carbohydrates as determined by the
relative rates of photosynthesis and respiration (Langer 1963). Any
restriction of light energy along with high night temperature may
produce an unfavourable carbon balance and thus reduce tillering,

particularly in young plants (Langer 1963; McWilliam 1978).

1.2.2.4 Water

The physiological and morphological responses of plants to water
deficits have been extensively reviewed (Hsiao 1973; Boyer & McPherson
1975; Turner & Begg 1978, 1981; Ritchie 1981). However, there is a
paucity of information in the literature on pasture species (Turner &

Begg 1978) and especially C, species.



Water stress has generally been shown to reduce tillering in
temperate grasses such as Loliwn peremne, Phalaris tuberosa and
P. minor (Luxmoore & Millington 1971; Sheehy et al. 1975; Owen 1977;
Norris & Thomas 1982a,b; Korte & Chu 1983) and increase leaf death
(McWilliam 1968; Sheehy et al. 1975), as was also found for the
subtropical species Panicum maximum (Ng et al. 1975). With Lolium
perenne tiller dry weight may be affected before tiller production,
but then if drought persists the reverse effect may occur. Work in
the field by Korte & Chu (1983) and in a glasshouse by Owen (1977)
showed these effects. Garwood (1969) reported a negative tiller
density response to irrigation by Loliwum perenne while Hebblethwaite
(1977) found a positive response to irrigation in terms of increased
total tillers (vegetative plus reproductive) for the same species.

Cell enlargement is considered to be more sensitive to water
deficits than is cell division (Turner & Begg 1978). An important
consequence of the sensitivity of cell enlargement to small water
deficits is reduced leaf area and plant growth rate. Since rate of
evapotranspiration is influenced by leaf area, the sensitivity of leaf
expansion to water deficits is a mechanism of 1imiting the evaporative
surface and delaying the development of further stress. Other
morphological and physiological adaptions of plants to water stress
(eg. leaf shedding, leaf re-orientation, stomatal control of water
loss, osmotic adjustments) have been reviewed by Hsiao (1973) and
Turner & Begg (1978, 1981), and will not be discussed further in this

review.
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1.2.2.5 Nutrients

The effects on tillering of perennial grasses of the addition of
the most commonly applied fertiliser nutrients, namely, nitrogen (N),

phosphorus (P) and potassium (K) are discussed in this Section.

(a) WNitrogen: The application of nitrogen fertiliser increases
the tiller density, tillering rate and tiller size of many pasture
species including Lolium perenne, Festuca arundinacea, Dactylis
glomerata and Paspalum notatum (Auda et al. 1966; Huokuna 1966; Beaty
et al. 1970; Harris 1973; Ishida 1975; Sampio & Beaty 1976; Wilman
et al. 1976; Bartholomew & Chestnutt 1977, 1978; Hebblethwaite & Ivins
1978; Hunt & Field 1979; Wilman 1980; Wilman & Mohamed 1980).

High nitrogen levels or the resultant high herbage mass may also
promote the formation of 'aerial tillers'. These and other tiller
abnormalities can suppress the normal basal tillering in grasses
(Simons et al. 1974; Minderhoud 1980a,b) primarily by shading of
tiller buds (Hayes, 1971; Jewiss 1972). This type of tillering is
also prevalent around dung pats because of the reluctance of cattle to
graze over or near them and the presence of nitrogen and other
elements in dung (Hayes 1971; Davies 1978; Wolton 1979). ‘Aerial
tillers' (Section 1.2.1) are more susceptible to physical removal by
cattle and sheep (Kydd 1966; Simons et al. 1974; Minderhoud 1978) and
may also be susceptible to frost damage resulting in reduced tiller
density and the appearance of bare patches in the sward (Minderhoud

1978, 1980a).

(b) Potassium and phosphorus: McAllister et al. (1971)
associated stoloniferous growth in ryegrass swards and a

predisposition to uprooting by the grazing animal, with excessively
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high levels of soil nutrients, particularly potassium. Hayes (1971),
however, considered that the abnormal pattern of growth was the result
of aerial tillering stimulated by the shading of basal buds, not to a
high nutrient level per se. The shallow rooting noted by McAllister
et al. (1971) may have been due directly to the high soil nutrient

concentrations which often reached toxic levels (Hayes 1971).

1.,2.3 Photosynthetic capacity and shoot growth rates

Temperate species such as Loliwm peremnne produce carbohydrates
using the Calvin or C3 photosynthetic pathway (Evans 1971). Those of
subtropical origins such as Paspalum dilatatum possess the Hatch and
Slack or C4 photosynthetic pathway (Hatch & Slack 1970). Uptake of
carbon dioxide by leaves of C4 plants is continuous as light
intensity increases to full sunlight and ranges from 50-100 mg/dmz/
hour. C3 species, however, assimilate only 10-35 mg of carbon
dioxide/dmz/hour and light saturates at about 20-30% of full sunlight
(Black et al. 1969; Downton 1971; Gifford 1971).

The above physiological differences are reflected in the
efficiency of use of environmental resources in biomass production.
The water use efficiency (biomass production per unit of water used in
evapotranspiration) of C4 species is about twice that of C3 species
(Slatyer 1970; Bjorkman 19715 Downton 1971). This arises from the
higher photosynthetic and growth rates of C4 plants, especially with
high 1ight intensities and temperatures, and their higher stomatal
resistance to water loss compared to C5 species. Some C, species
(eg. Paspalum dilatatum and Pennisetum clandestinum) have become
adapted to temperate areas which has further increased their water use
efficiency because their potential evapotranspiration losses are lower

in these environments (Turner & Begg 1978). In growth rooms at a
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range of day temperatures (17.5 to 35 °C) Forde et al. (1977) showed
that the mean transpiration rate (grams water/grams dry weight of
leaf/hour) of Loliwn perenne was significantly greater than that of
Paspalun dilatatun (4.74 vs 2.74). Brown (1978) reviewed data
supporting his hypothesis that nitrogen use efficiency (biomass
production per unit of nitrogen in the plant) for C4 plants was
greater than for C3 plants.

High shoot growth rates have been reported for C4 species grown
in monocultures in northern New Zealand (Taylor et al. 1976). Of the
large number of species and cultivars tested, Seteria anceps cv. Narok
produced the highest mean shoot growth rate over three consecutive
summers (November to April/May, 158 days) of 74 kg DM/ha/day for the
dryland plots. This increased to 106 kg DM/ha/day for irrigated plots
at the same site and was highest (250 kg DM/ha/day) during
December/January (Sithamparanathan 1979). Summer growth rates of 38
to 46 kg DM/ha/day have been reported for dryland plots of Paspalun
dilatatun by Baars (1976) and Taylor et al. (1976). These increased
to 63 kg DM/ha/day for irrigated plots (Taylor et al. 1976) and were
highest (160 kg PM/ha/day) in January (Sithamparanathan 1979).
Maximum growth rates for Loliwn perenne cv. Grasslands Nui during
October/November/December of 65 kg DM/ha/day were reported by
Sithamparanathan (1979), while for irrigated plots Taylor et al.
(1976) measured a mean growth rate of 33 kg DM/ha/day over three
summers for the same cultivar. Without irrigation 50% of the plants
were lost by the third year.

Growth rates of C4 grasses are reduced when exposed to Tow night
temperatures (<15 °C). This is associated with the accumulation of

starch in Paspalum and Digitaria spp. (McWilliam 1978) because of its
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slow rate of mobilisation (Lush & Evans 1974) which leads to a
depression in photosynthesis caused by chloroplast instability
(McWilliam 1978). Hacker et al. (1974) have shown that cold tolerant
C4 grasses like Paspalun dilatatwm have the ability to harden which
reduces damage after exposure to frost. C3 grasses are
physiologically adapted to withstand frost which causes little
physical damage but markedly reduces winter growth (McWilliam 1978).
Induction of summer dormancy in C3 grasses such as Loliwn perenne
and Phalaris tuberosa aid their survival of heat and moisture stress.
Regrowth occurs from dormant buds in response to a reduction in

temperature and moisture stress at the end of summer (McWilliam 1978).

1.2.4 Plant reserves

Competitive ability and the utilisation of environmental
resources for maintenance, growth and reproduction requires an
adequate energy source. Photosynthesis provides this energy source in
the form of carbohydrate which when not completely used for immediate
plant requirements, may become part of a reserve which can be used
during stress period (Trlica & Singh 1979). Reserve substances
consist largely of nonstructural carbohydrate (Cook 1966) but may
include fats, oils and some proteins (Dilz 1966; Trlica & Singh 1979).
The maintenance of critical levels of other elements such as
potassium, sodium, magnesium and phosphorus is also essential for
plant growth and development (Weinmann 1948).

Species of temperate origins 'store' carbohydrates in the form of
sucrose and fructosans while species of subtropical origins 'store'
carbohydrates as sucrose and starch (White 1973; Smith 1973). Organs
that actively 'store' reserves (or sinks) may vary with growth habit

(Rodel & Boultwood 1981) and are above-ground in non-rhizomatous
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species such as Lolium peremne (young leaves and stems) and
below-ground in rhizomatous species like Paspalum dilatatum (rhizomes)
(White 1973; Vartha & Bailey 1980). The carbohydrate concentrations
in herbage of temperate species were usually higher than in the
herbage of subtropical species (Smith 1973; Wilson & Ford 1973; Noble
& Lowe 1974; Forde et al. 1976). Seasonal carbohydrate levels in
temperate grasses were highest in winter and late-spring and were
lowest in summer and autumn (Noble & Lowe 1974; Vartha & Bailey 1980).
In subtropical species, seasonal carbohydrate levels were highest in
autumn and were lowest in the late-spring/early-summer (Cook 1966;
Humphreys & Robinson 1966).

Carbohydrate reserves can be used for respiration and limited
growth during winter and for the initiation of early spring growth.
They may also be required for regrowth after foliage removal and at
any time that photosynthesis cannot meet the demands of the plant
(Cook 1966; Trlica & Singh 1979; Menke & Trlica 1981). Nitrogen
reserves may also be mobilised and translocated to growing points
during periods of high demand (Trlica & Singh 1979). Many experiments
have investigated the effects of defoliation on regrowth; most
researchers have emphasised the interaction of reserve carbohydrates,
the photosynthetic capacity of the remaining stubble, and the size of
the root system (Section 1.2.5).

There are conflicting reports on the role of carbohydrate
reserves in regrowth after defoliation (Harris 1978). From a review
of below-ground development and reserves in grasses, Weinmann (1948)
suggested defoliation by cutting or grazing reduced the level of
carbohydrate reserves in belonground parts. The degree of reduction

depended on the intensity of defoliation, the species concerned and



the environmental conditions. May & Davidson (1958) and May (1960)
doubted this interpretation; they considered the reduction in
carbohydrate present in roots and stems was largely due to its
continued use as a respiratory substrate. Carbohydrate reserves were
thought to be of minor importance as a substrate for synthesis of new
growing points. Other workers also support the latter viewpoint
(Jameson 1963; Humphreys & Robinson 1966; Marshall & Sagar 1965;
Harris 1978). For example, Humphreys & Robinson (1966) considered a
minimal residual leaf area to be of greater importance than reserve
carbohydrates in the regrowth of Panicwn maximun and Cenchrus ciliaris
in a subtropical environment. On the contrary, Adegbola (1966) found
a positive correlation between reserve carbohydrate and regrowth in
Panicum maximum and Cynodon plectostachyus in a similar environment.
Harris (1978) considers reserve carbohydrate to be unimportant in the
regrowth of temperate ryegrass/white clover pastures in New Zealand.
Nevertheless in a recent review, Dorrington Williams (1970) suggested
reduced growth rate and sward deterioration under frequent and intense
cutting was probably caused by depletion of carbohydrate reserves
because of excessive use of nitrogen fertiliser under conditions of
high temperature and water stress. Recent findings of Ennik et al.
(1980) and Alberda and Simba (1982) support this conclusion.

The experiments of Pearce et al. (1969) and Smith & Marten
(1970) using radiocarbon assays have provided direct evidence for the
use of carbohydrate reserves in the regrowth of Medicago sativa, but
Marshall & Sagar (1965) were unable to demonstrate this effect using
similar assays of seedlings of Lolium multiflorum. However, Watson &
Ward (1970) showed for small Paspalwn dilatatwm plants that total

nonstructural carbohydrate levels in roots and stem bases (including
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any rhizome development) were reduced by clipping all tillers to

25 mm. If 10% or more tillers were left intact reserve levels were
unaffected. Bommer (1966) has also reported a reduction in total
nonstructural carbohydrate reserve levels in stubble and roots of
Loliwm peremne, Festuca pratensis and Arrhenatherwn elatius for
frequently compared to infrequently cut plots. It seems that both
reserve carbohydrates and residual leaf area contribute to regrowth in
grasses. Reserves are important to tiller and plant survival (Alberda
1966; Leafe et al. 1974; Ennik et al. 1980) when a negative carbon
balance exists as determined by severe defoliation (no residual leaf
area) or rapid growth conditions (eg. with excessive use of nitrogen
fertilisers). If photosynthetic tissue remains after defoliation, the
involvement of reserves in regrowth is likely to be smaller.

Harris (1978) considered involvement of reserves in regrowth and
persistence to be more important where growth has been previously
retarded by periods of climatic extremes such as low temperature and
drought. Storage organs for accumulation of reserves are an
adaptation of perennial plants to these environments (Harris 1978).

If a severe defoliation reduces reserves before the onset of a stress
period, survival and regrowth when favourable conditions return may be
hindered. For example, Jones (1969) reported variation in the ability
of Panicuwn and Paspalum spp. to over-winter following severe
defoliation, whereas invading plants of Paspalwn dilatatwn and
Pennisetun clandestinum showed no mortality under the conditions of
the experiment. The most frost resistant grasses in terms of carrying
green leaves through or into severe frosts were Chloris
distichlophylla, Paspalum dilatatum, Seteria sphaelata and Pennisetum

clandestinum. With a frost temperature of -2.5 °C, Hacker et al.



(1974) demonstrated that ranking order for frost tolerance was not
associated with differences in concentrations of alcohol soluble
carbohydrates in leaves of Setaria and Paspalum spp. However,
Paspalun dilatatwn had the highest frost tolerance of all tropical

grasses tested which is similar to the finding of Jones (1969).

1.2.5 Root growth
This section briefly reviews the morphology and function of
graminaceous root systems, then discusses factors affecting the growth

and distribution of roots in soils.

1.2.5.1 Function and morphology

The functions of the root system are anchorage, water and
nutrient absorption, and storage of metabolisable reserves such as
soluble sugars and proteins (Troughton 1957).

Grass root systems consist of seminal or primary roots which
arise from primordia present in the embryo contained in the seed, and
nodal or secondary roots, produced after seminal roots, usually from
stelar tissue of nodes on the true stem, rhizome or stolon (Troughton
1957; Brouwer 1966). Seminal roots are usually fine (diameter less
than 3 mm), consist of profusely branched main roots, and function for
a variable length of time in providing water and nutrients for the
seedling. Nodal roots are thin, fibrous and profusely branched, and
are thought to have a lesser water and nutrient absorbing capacity
than the seminal roots (Troughton 1957; Brouwer 1966).

Nodal root growth in temperate grasses reaches a peak in spring
and declines over summer probably because of high soil temperatures in
surface layers (Stuckey 1941; Jacques & Edmond 1952; Garwood 1967).

Root growth increases again in autumn and these roots live for a few
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days or for several months. Some roots produced in spring and some of
those surviving from the autumn continue to grow in the lower soil
horizons during early summer, and probably function in water
absorption (Garwood 1967). Information is scant for subtropical
grasses but Ueno & Yoshihara (1967) suggested for Paspalwn dilatatun,
P. notatwn and Chloris gayana that root growth was greater during
summer than for temperate grasses (eg. Loliwum peremne). This finding
suggests the optimum temperature for root growth of subtropical

grasses is higher than that for temperate grasses.

1.2.5.2 Factors affecting root growth and distribution

According to the extensive review of Troughton (1957), root depth
increases rapidly during seedling growth of the grass plant and
reaches a maximum during the second year's growth. Plant species with
greater total root length generally show a deeper penetration and
spread of roots, although evidence is scanty. Roots are not equally
distributed throughout the soil profile and tend to occur mostly in
the upper layers of soil (Troughton 1957; Evans 1978). Their actual
distribution, however, is affected by many environmental factors
including surface applied fertiliser, defoliation management, soil
physical conditions (Cornish 1981) and plant species. The following
examples illustrate some of these effects.

Doss et al. (1960) observed that in a fine sandy loam soil the
rooting depths of Paspalum dilatatwn, P. notatwm and Cynodon dactylon
were greater in soils with low compared to high moisture levels. Root
length for Paspalwn dilatatum varied from 100 cm to 75 cm at the
respective moisture levels. Evans (1978) found the roots of Dactylis
glomerata to be at a greater depth than Loliwm perenne in a

free-draining sandy loam soil during a dry summer, the former being
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the more drought tolerant species (Langer 1973). From 59 to 81% of
the roots (length per 1000 g of dry soil) of all species tested were
in the upper 20 cm of soil and the numbers of roots decreased down to
100 cm depth. Using labelled (P32) superphosphate placed at various
depths in a virgin sand, Burton et al. (1954) reported the rooting
depths of Paspalwn notatum, P. dilatatun and Cynodon dactylon to be
60, 120 and 240 cm, respectively, after 15 months growth. Root
penetration was increased in the first but not the second year by the
surface application of 224 kg N/ha. After 23 months growth about 90%
of the roots (dry weight basis) of drought susceptible species were
located in the upper 60 cm of soil while drought tolerant species such
as Cynodon dactylon had only 65% of its roots in this region.

Jacques (1941) traced root penetration of autumn (March) and
spring (August) sown perennial ryegrass and white clover in paddocks
rotationally grazed by sheep. Root penetration by the following
February had reached 198 and 115 cm (autumn sown) and 150 and 103 cm
(spring sown), respectively. In summarising the literature, Troughton
(1957) reported that perennial ryegrass roots had been found to
penetrate to depths of 58-143 cm after 4-18 months growth in diverse
European environments.

Most workers (eg. Jacques 1941; Burton et al. 1954; Troughton
1980) emphasise the importance of deeply penetrating roots to keep the
plant adequately supplied with water and possibly nutrients during dry
weather. Deeply penetrating roots usually confer a competitive
advantage over shallower rooting species (Haynes 1980). The volume of
soil within the cylinder formed by the root hair tips may also be
important in determining the plant's ability to compete for water and

nutrients. 1In this respect, Evans (1977) found the root morphology of
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grasses (eg. Loliwn perenne, Dactylis glomerata) to be superior to
that of clovers (eg. Trifolium repens, T. pratense).

Since root extension is very sensitive to changes in
carbohydrate supply from the shoots (Brouwer 1966; Evans 1971),
factors causing reduced supply, such as periods of shading (Black 1957)
and defoliation (Weaver 1930; Jacques 1937; Lovvorn 1944, 1945; Baker
1957a,b; Brouwer 1966; Evans 1971, 1972), can rapidly reduce root
growth., Black (1957) cites a number of experiments including that of
Watkins (1940) where 'root' and 'rhizome' fractions of shaded Bromis
inermis were reduced by 70% compared with unshaded plants.
Above-ground fractions ('hay' and 'stubble') were reduced 35% due to
shading. It also has been demonstrated (Lovvorn 1945; Davidson &
Milthorpe 1966; Evans 1971) that the more frequent and severe the
defoliation, the less the root elongation and the greater root death.

Increased nitrogen supply can also result in a reduction in root
mass. Ennik et al. (1980) reported that herbage yield of a perennial
ryegrass sward increased and root mass decreased with increased
nitrogen supply at two, four or six week cutting intervals.
Nevertheless, in summarising early experimental results, Troughton
(1957) considered defoliation effects on root mass to be greater than
the effects of supplying extra nitrogen fertiliser.

Underground rhizomes or stolons of some perennial grasses favour
persistence when plants are subjected to severe or continuous
defoliation regimes (Weaver 1930; Weinmann 1948; Jones et al. 1969;
Harris 1978) or heavy treading (Edmond 1966; Hunt 1979). Surviving
periods of environmental stress such as frosting or drought is also
aided by the possession of rhizomes (Harris 1978; Davies & McNaughton

1980) (Section 1.2.5). FExamples of rhizomatous (or stoloniferous)



C3 species are Agropyron repens, Agrostis tenuis and Poa trivialis,
while C4 species are Paspalum dilatatun, Pennisetum clandestinum and
Cynodon dactylon. Rhizomes function as storage organs for
carbohydrate, nitrogen and elemental reserves (Troughton 1957), and as

a means of vegetative reproduction (Evans & Ely 1935),

1.3 PLANT COMPETITION
1.3.1 Definition

There are varying interpretations or disagreements with the usage
of the term 'competition' in plant ecology. The classical definition
of plant competition (Donald 1963; Etherington 1975) is that of
F.E. Clements as reported by Clements et al. (1929):

'Competition is purely a physical process. With few exceptions,

such as crowding of tuberous plants when grown too closely, an

actual struggle between competing plants never occurs.

Competition arises from the reaction of one plant upon the

physical factors about it and the effect of the modified factors

upon its competitors. In the exact sense, two plants do not
compete with each other as long as the water content, the
nutrient material, the light and the heat are in excess of the
needs of both. When the immediate supply of a single necessary
factor falls below the combined demands of the plants competition
begins.'

Recently (Hall 1974a, 1978) pointed out that Clement's definition
of competition does not include other mutual influences
(eg. allelopathy) which may largely determine the success or failure
of a species. Some researchers have also included symbiotic
relationships where the interference effects are positive in nature.
Hall does not accept the latter inclusion and prefers Harper's broader
definition (Harper 1961), substituting 'plant interference' for 'plant
competition'. Plant interference may be defined as 'the response of

an individual plant or plant species to its total environment as this

js modified by the presence and/or growth of other individuals or
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species'. Hall (1974a) considers competition to be a facet of
interference but concedes that often it may be the one having the most
influence on the plant response. Furthermore, Hall (1974a) divides
'interference' into 'competitive interference' whereby one species
directly affects the growth of the other by competing for resource(s)
potentially available equally to both; and 'non-competitive
interference' whereby associated plants mutually benefit from their
association, for example, grasses and legumes.

De Wit (1960) refers to 'competition for space' between species,
where space is interpreted in a biological sense representing a
composite of growth factors and resources. He argues that 'space’
embraces all factors and they should not be referred to individually
as it is probably impossible to isolate one factor without affecting
the whole system. The evidence reviewed by Harper (1977) (Section
1.3.2) supports this assertion. Nevertheless, both Donald (1963) and
Hall (1974a) have argued against the use of the term 'space' as it
evades the need to recognise the actual factor for which competition
is occurring. Thus, when a single limiting factor can be identified
de Wit's approach precludes the possibility of rectifying the
situation.

Grime (1979) prefers not to dispense with the term 'competition'
but suggests a precise definition of competition which relates to its
mechanisms rather than its effects. He defines competition as 'the
tendency of neighbouring plants to utilise the same quantum of 1light,
jon of a mineral nutrient, molecule of water, or volume of space'.
This clarifies the definition of competition as it refers solely to
the acquisition of essential resources by plants. Other processes

such as allelopathy or symbiosis which may also influence vegetation



composition and distribution are excluded. Competition is therefore
viewed as only part of the mechanism whereby a plant may reduce the
fitness of a neighbour by modifying its environment. Emphasis on the
classification of mechanisms whereby certain plants are successful in
pastures should increase agronomic understanding of the reasons for
the observed changes in botanical composition. Thus the definition of

competition given by Grime (1979) is considered appropriate to this

study.

1.3.2 Competition for environmental factors

Plants may compete for any environmental growth factor for which
they have a common requirement. Competition may be for light, carbon
dioxide, nutrients, water, oxygen and space (Harper 1961; Donald 1963;
Risser 1969; Rhodes 1970; Etherington 1975; Grime 1979). Competition
in pastures is generally for light, nutrients (especially nitrogen)
and water, as these are most often deficient (Donald 1941, 1956, 1963;
Milthorpe 1961). Environmental factors like temperature and humidity
may also influence the outcome of competition (Donald 1963; Harris
et al. 198la,b) by modifying competitive ability.

As competition commonly involves more than one factor at a time
(Donald 1958, 1963; Harper 1977) problems of interpretation arise.
For example, if a particular plant is able to obtain a greater share
of a limiting nutrient the resultant increased growth and stature may
suppress competing species secondarily by shading. Furthermore,
Harper (1977) states bluntly (p. 348) that 'the analysis of which
particular factors act in any one effect of neighbour on neighbour is
bound to be extremely difficult ..... the establishment of causation
is usually barred to the scientist, who has to be content with

correlation'.
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This situation has forced experimenters to examine the growth of
associated species (usually two) in environments which provide control
over particular variables allowing others to be studied in isolation.
In pot studies, partitioning of above- and below-ground environments
of the test plants have been widely used (Donald 1958; Aspinall 1960;
King 1971; Eagles 1972; Remison & Snaydon 1978) with the aim of
quantifying the relative roles of competition for light or nutrients.
The limitations of this approach have been discussed by Harper (1977)
and Hall (1978). A number of researchers have used the de Wit model
of competition to quantify competitive effects (de Wit 1960;
van den Bergh & Elberse 1962; de Wit & van den Bergh 1965; de Wit
et al. 1966; van den Bergh 1968; Harris 1970, 1973; Harris & Thomas
1970, 1972, 1973; Hall 1974a,b; Harris et al. 198la,b; Gillard &
Elberse 1982; Sangakkara & Roberts 1982). In these experiments two
species are deliberately arranged in artificial swards or pots so that
the overall density in all treatments remains the same, that is, a
'replacement species' experimental design. The growth of each species
in the mixtures is then compared with its growth in a pure stand where
the 'degree of competition' or aggressiveness of one species towards
another can be described mathematically. This approach was used in
one experiment described here and theoretical considerations in the
use of the de Wit model of competition are discussed in Section 1.3.6.

A11 the above testing procedures involve a degree of
artificiality. Harper (1977) in discussing interactions between
species (p. 349) states: ‘'There is room for much scepticism in the
interpretation of competition experiments, particularly when they are
applied to the field.' Hall (1978), however, concludes his review by

suggesting that despite these limitations, the potential for species
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to compete with one another under the conditions of these experiments
had been forcefully demonstrated.

Interest in plant competition in pastures has been stimulated
since the 1920's with the widespread practice of sowing mixtures.
Furthermore, the suggestion from theoretical studies that mixtures of
grasses might be more efficient at utilising the available
environmental resources than monocultures, gave impetus to studies of
competition between pasture plants (Rhodes 1970). However, there have
been few studies of competitive stress in pasture plants under cutting
or grazing (Rhodes 1970), probably because the agronomic requirement
has been for data on area yield and mean plant response (Etherington
1975).

Various authors (Donald 1963; Harper 1964; Black 1966) have
emphasised that competition operates essentially at the individual
plant level. The phenomenon involves (a) the modification of the
environment by the presence of a plant and (b) the effect of these
modifications upon surrounding plants. However, results of
interactions at the plant level may be expressed in terms of higher
levels (eg. dry matter yield per hectare of a pasture or plant
population). Harris (1970, 1971) has also recognised the need for
development of techniques whereby individual pasture plants and their
component parts can be studied in a mixed sward, thus allowing for
full expression of their competitive characteristics which determine
their yield contribution to the sward.

There are few published reports of plant competition studies in
warm-temperate, subtropical or tropical environments. Competitive
interactions between species of temperate and subtropical origins have
also received scant attention despite advocacy of combinations of

species with different growth rhythms (Harris & Lazenby 1974; Harris



et al. 198la,b) as a possible means of increasing annual yields in

warm-temperate regions.

1.3.2.1 Competition for light

Competition for light is a common occurrence in pastures. Donald
(1963) considers that even if supplies of water and nutrients were
limited, plant growth would have to be severely reduced before
competition for light did not occur. Interference with the supply of
lTight is considered by Harper (1964) to be the most effective means by
which one species may succeed at the expense of another. He suggests
the roles of water and nutrients in competitive interactions may often
be in modifying the timing and extent of competition for light.

Competition for light is least during early stages of plant
establishment and immediately following defoliation (Rhodes & Stern
1978). Donald (1961) considers competition for 1ight to be
jndependent of 1ight intensity as plant canopies will develop to a
point where competition for 1ight is so intense that some leaves begin
to senesce. The extent of senescence depends on the depth of canopy
rather than the degree of competition. Thus a dense healthy sward
resulting from adequate water and nutrient supplies may give rise to
intense competition for light (Donald 1963). It is obvious that light
cannot be considered as a factor for which competition occurs in
isolation, since it often finds expression through interactions with
other factors (Donald 1963; Rhodes & Stern 1978).

Donald & Black (1958) noted the importance of leaf position in a
canopy and that ‘overtopping' usually confers a competitive advantage
for light. Mitchell & Calder (1958) found that plant height and
growth habit influenced the proportion of light penetrating to various

depths in the sward canopy. For example, with erect ryegrass pastures
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much Tight penetrated a considerable depth into the canopy while 85%
of the incident 1ight was intercepted by the upper surfaces of a
clover canopy. Monsi & Saeki (1953) using a 'stratified clip’
technique, whereby competing plants were harvested in successive
layers from the surface downwards, demonstrated the importance of
plant height in competition for light. According to Clements et al.
(1929) difference in height of only 1 mm may be significant in
competition for light as it may cause a particular leaf to overlap
another. Variation in clover petiole length also has considerable
influence on growth of clovers (Black 1958; Brougham 1958).

One of the few studies of competition in grazed swards was
conducted by Norman (1960). He compared 'competition' plots (normal
growth of test species like Dactylis glomerata and Festuca rubra) over
the experimental period, with 'no competition' plots (herbage trimmed
to ground level around the same test species). The plots were grazed
by cattle or sheep. Competition from surrounding species reduced the
yield of all test species and also increased their height and
susceptibility to the effects of grazing. Although Norman emphasised
competition for light in explanation of his results, the technique

used did not separate shoot and root competitive interactions.

1.3.2.2. Competition for water and nutrients

Root morphology and the distribution of roots in soil (Section
1.2.5) strongly influences competition between plants for water and
nutrients. For one plant to gain an advantage over another in
competition for water and nutrients, a faster growing root system
(greater length of root) is required (Trenbath 1974). Since root
competition is probably more important than shoot competition during

establishment (see below) this evidence suggests a correlation between
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seedling competitive ability and early root production (Rhodes 1970;
Cook 1980). For plants with similar root lengths, the one with the
most widespread root system will be advantaged. This early
competition by the root systems will modify the timing and extent of
the development of competition for light (Rhodes 1970).

Differences in root hair production can have an important
influence on competition for available nutrients (Trenbath 1974; Evans
1977, 1978). As grasses possess longer and greater numbers of root
hairs than do clovers, Evans (1977) postulated that in grass/clover
pastures, these differences could disadvantage clovers in water and
nutrient uptake, especially for immobile nutrients such as phosphorus.
Levels of mycorrhizal infection of roots also influence uptake of

phosphorus (Powell 1979).

(a) Water

Most pastures depend largely on rainfall for their source of
water, and where rainfall is irregular, water deficits develop which
can severely limit productivity and persistence of perennial plants
(Lucanus et al. 1960; Baars & Coulter 1974; Turner & Begg 1978). The
ability of plants to compete for water depends on the rate and
completeness with which they can make use of water stored in the soil
(Haynes 1980) and this capacity is influenced by many genotypic
attributes (Donald 1963).

It has been recognised that grasses vary in their ability to take
up water during dry periods and that drought tolerance appears largely
to be determined by the volume of the soil exploited by the roots for
water (Garwood & Sinclair 1979). Garwood & Sinclair (1979) showed that
the drought tolerant Festuca arundinacea could obtain water from a

depth greater than 100 cm whereas the less tolerant Lolium perenne was
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able to utilise water from an 80 cm soil depth. Hebblethwaite &
McGowan (1977) grew Loliwn perenne on a clay soil which was subject to
waterlogging in winter to a level of about 50 cm from the surface.
During the spring of two years, roots extracted water from about

105 cm depth in the soil profile which roughly agrees with the
findings of Garwood & Sinclair (1979). Turner & Begg (1978) indicated
that although plants may have roots penetrating the deeper and wetter
parts of the soil profile, growth may be limited more by the relative
lack of nutrients in the subsoil and the unavailability of nutrients
in the dry surface soil, than by the soil water deficit per se.
Surface dryness curtailed production of new Lolium peremne roots in
the experiment of Troughton (1980) and deep roots were necessary to
keep plants alive during dry periods. There was a rapid resumption in
root production when soil surfaces received further moisture.
Milthorpe (1961) and Hoen (1968) showed that the production of an
extensive root system, ability to obtain water, and drought
resistance, were associated with the attainment of a large leaf area.
Smaller plants experienced a shortage of water at a lower water
deficit and the water shortage itself lead to further decreases in
growth and death of many roots (Milthorpe 1961).

Turner & Begg (1978) concluded there were insufficient data
comparing morphological and physiological responses of different
species grown under the same conditions. It was therefore not
possible to predict either the effects of water deficits on mixed

communities, or the effects deficits would have on competition between

species.
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(b) Nutrients

To enable the separation of competition for nutrients and water
(root competition) from competition for light (shoot competition),
Donald (1958) grew plants in pots allowing for various partitionings
of the shoot and root environments. This technique has since been
modified (Rhodes 1968c; Snaydon 1971; King 1971; Eagles 1972; Remison
& Snaydon 1978, 1980a,b) and used to study the nature of competition
between pasture plants including Loliwn perenne, Festuca spp.,
Dactylis glomerata, Holcus lanatus, Anoxanthum odoratwm and Trifolium
repens., The experiments indicate that root competition is usually
greater than shoot competition especially during the few months
following planting. Surface concentration of roots hastens the
overlap of depletion zones around individual roots and leads to an
overestimation of the agronomic effect (eg. reduced yield) of
competition for nutrients (Trenbath 1974). Donald (1958) and
Milthorpe (1961) have also shown that interactions between shoot and
root competition can occur.

Application of fertiliser (nitrogen and phosphorus) generally
increased the root competitive ability of the aggressor species over
the suppressed species (King 1971; Remison & Snaydon 1980a). Dominant
species (eg. Lolium perenne) were able to inhibit responses of
suppressed species (eg. Festuca rubra) to nitrogen and phosphorus
fertiliser applications (King 1971; Harris 1973). King (1971)
suggests, therefore, that the dominance of established species should
be reduced by the use of mechanical or chemical treatments to improve
the chances of survival of establishing seedlings. Similar
experiments concerned with mixtures of subtropical, tropical or

subtropical and temperate species have not been reported. However,
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Cook (1980) has published a general review of the major factors
affecting establishment of oversown pasture species in the subtropics
and tropics of Australia. He considered that root competition between
the resident vegetation and establishing seedlings was the major
factor limiting seedling growth and survival.

Most published reports have been concerned with competition for
major elements such as nitrogen, phosphorus, potassium and sulphur,
Bray (1954) has hypothesised that competition is likely to be greatest
for the relatively soil-mobile elements such as nitrogen and sulphur
rather than the relatively immobile elements such as phosphorus. A
zone of depletion around roots for mobile elements is likely to
develop earlier in growth than for immobile elements, thus competition
between root systems may occur during early growth (see above).

On a worldwide basis more crops are deficient in nitrogen than in
any other element (Viets 1965). Competition for this nutrient
therefore most often arises (Donald 1963). Most agricultural plants,
particularly grasses, have been selected for their high vegetative or
reproductive yields and can be demanding nutritionally (Donald 1958;
Etherington 1975). Productive grasses like Loliwnm perenne were able
to respond to nitrogen fertiliser and dominate less productive grasses
like Poa trivialis, P. annua, Dactylis glomerata, and Festuca
pratensis (Castle & Holmes 1960; Haggar 1971; Charles et al. 1979).
This was achieved provided high levels of phosphorus and potassium
were also available (Castle & Holmes 1960; van den Bergh & Elberse
1962; Hopkins & Green 1979).

Some authors consider nutrient competition to be an important
factor in the process of pasture degeneration. The succession

occurring during degeneration is commonly associated with depletion
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of soil fertility and pasture management. Blaser and Brady (1950)
showed that the application of nitrogen fertiliser to grasses
increased their growth and their uptake of potassium, thus increased
competition for potassium also reduced the growth of the legume
associate. Cook et al. (1978a,b) showed that high annual inputs of
superphosphate were required for sown Loliwm perenne to persist in
pastures in the Northern Tablelands of New South Wales. Fertiliser
level influenced the ability of the sown grass to develop its
potential vigour and competitive ability, and was therefore an
important determinant of botanical composition. This finding agrees
with the suggestions of King (1971). For seedling establishment and
development in an existing grass sward, nutrient competition may help
maintain the existing pasture composition, unless the dominance of the

established species can be reduced by some means (King 1971).

1.3.3 Competition and genetic composition of survivors

Most of the considerable mortality that occurs during pasture
establishment when competition is intense may be non-selective in
nature (Snaydon 1978). An extensive series of experiments in Britain
by A.H. Charles, however, has demonstrated substantial changes after a
few years in the genetic composition of survivors in populations of
Lolium spp., Dactylis spp., Phleum spp., Trifolium repens and
T. pratense (Charles 1961, 1964, 1966, 1968, 1970, 1971, 1972).
Changes in herbage accumulation, tillering, flowering date, leaf size,
plant height and other characteristics were observed, all of which
were modified by grazing management, fertiliser treatment and the
presence of other species. Brougham and co-workers in New Zealand
reported similar findings for ryegrass cultivars under various grazing

managements (Brougham et al. 1960; Brougham & Harris 1967; Harris &



Brougham 1970). Snaydon (1978) concluded that competition is probably
the most important factor accelerating the rate of change in genetic
structure of established swards. The work of Charles (1971, 1972)
indicates that the surviving Lolium genotypes were generally more
productive than the original cultivar, and they survived better in
swards under the particular conditions where they had persisted,
namely, high nitrogen fertiliser inputs and intensive grazing

management.

1.3.4 Allelopathy

Competition (Section 1.3.1) is the mechanism by which one plant
interferes with the growth of another by depleting some essential
growth factor to a level that is limiting to the growth of the second
plant sharing the habitat. Allelopathy is the inhibition of plant
growth caused by the release of phytotoxic substances from
neighbouring plants (Tukey 1969; Bell & Koeppe 1972; MacFarlane et al.
1982a). The effects of competition and allelopathy are often confused
(MacFarlane et al. 1982a) and the contributions of competitive versus
allelopathic attributes to interactions between plants have rarely
been studied (Putnam & Duke 1978).

Reviews of allelopathic interactions between plants include
Bonner (1950), Woods (1960), Garb (1961), Tukey (1969), Etherington
(1975) and Haynes (1980). Emphasis here is on the results of
experiments with plants used in agriculture.

Substances potentially involved in allelopathy are liberated from
plants by (a) leaching of foliage by rain or dew (b) abscission and
litter fall (c) volatilisation from foliage (d) and root exudation
(Tukey 1969). Patrick (1971) concluded that there is a high

probability that phytotoxic substances are produced during
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decomposition of plant residues in soil. Allelopathic substances
include phenolic acids, flavonoids, terpenoid substances, alkaloids
and organic cyanides (Whittaker 1971; Whittaker & Feeney 1971),
compounds which remain in the soil for varying lengths of time
depending on microbial activity (BGrner 1971).

Plants may also exhibit autotoxic effects, whereby substances
produced by some species are toxic to themselves. Newman & Rovira
(1975) reported this effect for Loliwm perenne while a similar effect
has been demonstrated for Trifoliwnm repens (Scott 1975; MacFarlane
et al. 1982a,b). Some workers consider the ‘'sod-bound' condition
often found in old brome-grass paddocks to be due to the accumulation
of a toxic substance excreted by the roots or produced during
decomposition of root tissue (Benedict 1941; Myers & Anderson 1942),

Most evidence for allelopathic interactions between plants has
come from laboratory experiments involving applications of plant
extracts or exudates to test plants (Hoveland 1964; Grant & Sallans
1964; Overland 1966; Scott 1975; MacFarlane et al. 1982a). The
phytotoxic substances affect germination and often the subsequent
growth of the plants. This type of experiment demonstrates the
possibilities of different sorts of effects and increase the
likelihood of field recognition (Harper 1977; MacFarlane et al.
1982a,b).

Demonstration of allelopathic interactions between plants in the
field is difficult (Kershaw 1964; Harper 1977). This is because
competitive interactions for 1imiting environmental factors may occur
at the same time (Kershaw 1964; Harper 1977; Young & Bartholomew

1981). For example, Donald (1946) was unable to reproduce the



findings of Ahlgren & Aamodt (1939) of an interaction between clovers
(Trifolium hybridum and T. repens) and Poa pratensis.

Harper (1977) criticised many experiments cited by Rice (1974) as
evidence for toxic interactions in nature. Two reasons suggest toxic
interactions may be uncommon in higher plants: (i) higher plants have
shown rapid ability to evolve tolerances to environmental toxins such
as lead and zinc (ii) there is a high probability that compounds
reqgularly released from plants are rapidly broken down by the soil
microbial population (Harper 1977).

Poor germination and growth of seedlings following renovation of
pastures by direct drilling, especially if herbicide band-spraying is
incorporated, may be a result of the release of allelopathic
substances from trash (Field 1979; Habeshaw 1980).

Trenbath (1974) suggests that due to the extreme experimental
difficulties encountered in studying allelopathy under field
conditions, workers have been cautious in assigning allelopathy as the
cause of neighbour effects. So called effects of competition could be
the result of combinations of effects of competition and allelopathy,

especially if competition for nutrients is being investigated.

1.3.5 Competitive ability

Competitive ability depends on a combination of plant
characteristics. It is a function of the area, the activity, and the
distribution in space and time of plant surfaces through which
resources are absorbed (Grime 1979). The physiological and
morphological characteristics of plants influencing their competitive
abilities have been discussed above; emphasis here is given to the

contribution of seed and seedling characteristics.
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Seed size has often been assumed to be a sound predictor of
success of establishment and vigour of a sward (Chippindale 1932;
Davies 1960; Milthorpe 1961; Hayes 1975; Cook 1980), and therefore of
importance to interspecific competition (Blaser et al. 1956). For
example, Hayes (1975) found plants derived from large seeds of Lolium
perenne, Festuca arundinacea and Holcus lanatus produced a greater
number of tillers, more leaves, greater leaf area and greater dry
weight than plants derived from small seeds, especially up to four
weeks from planting. Cook (1980) also implicated large seed size in
the success of some subtropical species. Plants grown from large
seeds of Lolium (multiflorum x perenne) and Phalaris coerulescens were
found by Rhodes (1968a) to be more competitive and larger than plants
grown from small seeds. In contrast, Naylor (1980) considered
individual seed size was a poor predictor of emergence time,
subsequent tillering and production in a Loliwn peremne cultivar.
Furthermore, as Troughton (1963) demonstrated a positive relationship
between tillering and nodal root production in Lolium perenne, Rhodes
(1970) suggested that the effect of seed size on tillering may merely
reflect differences in nodal root production, which in turn is
reflected in competitive ability.

Many authors consider rapid germination and the prior occupation
of the soil by one species to be an important factor affecting
competitive ability (Rlaser et al. 1956; Mouat & Walker 1959;
Milthorpe 1961; King 1971). Rapidly germinating species usually
become increasingly dominant over competitors (Milthorpe 1961).

Rapid tillering during establishment improves the competitive
ability of the plant by rapidly providing sufficient leaf area for

complete light interception (Jewiss 1972). Although competitive



ability may change with growth stage and age (Charles 1961; Rhodes
1968b), the work of Charles (1961) demonstrates the importance of
competitive ability during the establishment phase. At two and 12
months from sowing, surviving seedlings of Lolium, Dactylis and Phleum
cultivars represented only 20 and 10%, respectively, of the viable
seed sown. Similar high losses of plants during establishment has
been reported by Langer et al. (1964) for Phleum and Festuca swards
and by Harris (1973) for ryegrass cultivars. Generally, plant numbers
declined dramatically during establishment and populations changed
from many plants with few tillers to few plants with many tillers.
High plant losses occur when seed or small plants are introduced into
established swards (Snaydon & Bradshaw 1962; Harper 1967; Davies &
Snaydon 1976).

Plants which dominate a particular community (often expressed as
a larger size than its associates) depend on a superior competitive
ability to suppress the fitness of its neighbours. The attainment of
a large size has been shown to be advantageous in many interactions
which occur between species or between individuals of the same species
(Langer et al. 1964; Hoen 1968; Harris 1973; Grime 1979). Dominance
is recognised as part of the mechanism controlling the composition of
plant communities and the differentiation of vegetation types (Grime
1979). The impact of the dominant plant (eg. by shading or nutrient
depletion) can occur at any stage of the 1ife cycle of neighbouring
plants but its greatest affect is at the seedling stage (Milthorpe
1961; Grime 1979). The dominant plant is able to expand during the
growing season and produce larger zones which are depleted of the
resources required by the smaller neighbours. The subordinate
neighbours display high rates of mortality with low rates of

reproduction, until the growth of the larger species, if unchecked,
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continues the exclusion process and the community tends towards a

monoculture (Grime 1979),

1.3.6 Competition models

Models have been developed to study the population dynamics of
various plant species (eg. Antonovics 1972; Sarukhidn & Harper 1973;
Watkinson & Harper 1978; Turkington & Harper 1979). These take the
plant demographic approach or the description and interpretation of
plant numbers in consecutive phases of the plant's life cycle. A
second approach, that of competition, analyses plant interference
during the phase of active growth (de Wit 1960). Others have
developed formulations describing the effects of density on
intraspecific competition (eg. Kira et al. 1953; Koyama & Kira 1956)
in populations of plants undergoing increasing levels of competitive
stress. Emphasis is given here to the de Wit (1960) approach to aid
the description of competitive interactions in mixed populations of
pasture grasses.

There are two experimental designs most used to analyse
interactions between species in mixtures. The first is the diallel

arrangement and the many developments in the statistical analysis of

this design are summarised by Trenbath (1978). Test species are grown

in monoculture and all possible binary combinations. A1l plots (or
containers) are sown with a constant overall density of plants, and
1:1 proportions are used in the mixtures (Trenbath 1974). The second
is the replacement series experimental design introduced by de Wit
(1960). This design includes a range of species proportions and has
been shown (Trenbath 1978) to provide a more accurate assessment of
the observed behaviour of species in mixtures than does the simpler

1:1 diallel design. Analyses of the replacement series have been
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identified as 'empirical' (eg. Hill & Shimamoto 1973) and ‘'rational’
(eg. Hall 1974a, Trenbath 1974). Trenbath (1978) favours the rational
model which assumes species yield will be non-linear with species
frequency, as opposed to the simpler model of Hill & Shimamoto (1973)
which predicts a linear relationship.

When a replacement series experimental design is used,
‘competitive power' is measured by the relative crowding coefficient
(de Wit 1960). The relative crowding coefficient (k) for species 'i'

grown in association with species 'j' in a two-component mixture is:

0,.z.
k.. = 1 J
ij (Mi - Oij)zi

where Mi is the per area yield of species i1 in its monoculture, Oij
is the per area yield of species i in a mixture with species j, and

3]

each species, k

and Zj are relative frequences of the species. The values of k for
ij and kji (and therefore the shapes of the curves
derived from these coefficents), and their product are used to
describe the level and type of interference occurring between two
species (Hall 1974a). A constraint in the use of the relative
crowding coefficient is that it remains constant over all species
frequencies.

The de Wit model assumes that the limiting growth factor(s) is
evenly distributed over the land surface but is unevenly shared
between the components of a mixture (Hall 1974a; Trenbath 1974). It
js also assumed that the response to increased uptake of the limiting
factor is linear over the range of uptakes encountered. Thus the
yield of each component of a mixture is strictly proportional to the

share of the environmental factor it can acquire. When sharing is

uneven, the yield of one component will be larger in mixture than in



monoculture, while the yield of the other will be correspondingly
smaller.

The relative crowding coefficient may not be appropriate if the
combined yields of species in mixtures are not predictable from the

monoculture yields (Harper 1977). In these cases it could be

0..
preferable to use the concept of 'Relative Yield' (R) where Ry = —&i

is the relative yield of species i using symbols previously defined 1
(de Wit & van den Bergh 1965). If the plant relative yield (based on
this concept) of a component is defined as the ratio of the per plant
yield in mixture to that in monoculture, then in such a mixture, the
plant relative yield of the aggressor will be greater than unity while
that of the subordinate will be less than unity (Trenbath 1974).

The sum of the relative yields for the two species in a mixture
gives the 'Relative Yield Total' (RYT). A theoretical consideration
of this concept is given by van den Bergh (1968). If the value of RYT
ijs close to unity, it implies the two species are making demands on
the same limiting resources of the environment. Alternatively, if RYT
is greater than 1.0, the species make different demands on resources,
avoid competition with each other, or are showing some form of
symbiotic relationship. Values of RYT of less than 1.0 imply a mutual
antagonism. In the situation where RYT = 1.0 the product of the
crowding coefficient (kij X kji)’ based on the yields per unit area
for the mixture, is also unity. This situation is of particular
ecological interest as Trenbath (1974) reported the mean RYT of 512
experimental mixtures of predominantly graminaceous species to be

1.027 + 0.006, indicating that competition for the same resources is

a common occurrence.
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Trenbath (1974) provides a detailed review of possible
interpretations when the yield of mixtures of the two species in a
replacement design is above or below the mean yield of their

monocultures.

1.4 PASTURE PRODUCTION AND PERSISTENCE

In this section pasture persistence and herbage mass responses to
defoliation, the application of nitrogen fertiliser and the supply of
irrigation water are briefly discussed. The effects of damage caused
by insects, diseases and cow grazing on the competitive ability of
pasture grasses are then discussed followed by a description of
overdrilling procedures for the renovation of established dairy
pastures. Finally, as the experiments described here are concerned
with dairy pasture containing sown Lolium perenne and volunteer
Paspalum dilatatum, a description is given of the origins of these
species and of their management and productivity in mixed pastures,

with particular reference to New Zealand.

1.4.1 Defoliation

Defoliation is normally defined in terms of three parameters
(i) frequency - the time interval between successive grazings
(ii) intensity - the proportion of herbage harvested at each
defoliation (iii) timing - in relation to the season and stage of
growth of the plants (Donald 1941; Harris 1978). Defoliation
generally changes the competitive environment of the sward since it
changes the structure of the sward (Hughes & Jackson 1974; Davies
1977). Thus defoliation interacts with environmental stresses in

determining the botanical composition of the sward (Harris 1978).



Intensive and frequent defoliation of both temperate and
tropical pastures generally results in a reduction in herbage mass
(Hedrick 1958; Jameson 1963; Harris 1978). Paddocks intensively
grazed by cattle usually develop a patchwork of contrasting areas
(Hodgson 1973) ranging from severely to laxly grazed, which may reduce
sward persistency for different reasons (Hughes & Jackson 1974),

Depending on the frequency and intensity of defoliation imposed
on the sward, the effect of natural selection can determine sward
structure. Kydd (1966) found intensive grazing by sheep lead to about
90% of perennial ryegrass plants having a prostrate growth habit.
Charles (1970) showed that plants derived from seed harvested from
grazed leys were generally more prostrate with a higher tillering
capacity than plants grown from breeders seed. A similar situation
has been reported for survivor plants of perennial ryegrass cut to a
uniform height in six to 11 year old swards (Pike et al. 1979).
Frequent defoliation caused the adaption to a prostrate growth habit
while less frequent defoliation intervals greater than six weeks
encouraged a more erect habit. Presumably the prostrate habit reduced
the proportion of herbage harvested with the consequence that
defoliation has a less profound effect on plant growth.

Long defoliation intervals generally increase herbage yield from
ryegrass/clover pasture (Brougham 1959, 1960; Agyare & Watkin 1967).
It is not the most appropriate method of utilisation for maintaining
the sward as leaf and tiller death increases at higher leaf area
indices (Langer et al. 1964; Hunt 1971; Woledge 1972). Similarly,
hard grazing during a dry summer can weaken or kill ryegrass plants
(Brougham 1960, 1961) while similar management during winter, spring

and autumn has little effect. Brougham (1961) found a single
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defoliation in mid-summer of a Lolium (multiflorum x peremne) sward to
about a 1 cm stubble height (previously defoliated to about an 8 cm
stubble height), reduced its tiller density by 86% over a 69 day
periode Such losses can have a detrimental effect on late-winter/
spring pasture production (Lancashire 1982). Dorrington Williams
(1970) cites several instances of a high leaf area index causing a
decrease in tiller density or complete failure to grow following
defoliation. Increased leaf death at the base of the sward reduced
tiller numbers because of severe shading (Section 1.2.2.1), a
situation which is compounded in flowering crops shut up for hay or
silage. Spaces left in the sward are rapidly invaded by weeds and
weed grasses (Haggar 1971). Defoliation also rapidly reduces root
growth (Section 1.2.5.2).

Genotypic persistency, like yielding ability, is a plant
characteristic which can be strongly influenced by prevailing
environmental and managerial factors such as soil conditions,
defoliation regimes and the ability to withstand animal treading
(Breese 1979). Breese (1979) points out that consistency of yield and
persistency are often in conflict although both are to do with
resistence to environmental stresses. For example, ryegrasses and
clovers often avoid cold winter or dry summer conditions by invoking
dormancy or restricted growth (Section 1.2.3). This may allow them to
persist but prolonged seasonal production requires a different
mechanism of cold and drought tolerance. The best survivors are not

necessarily the most productive in any particular grassland system.

1.4.2 Nitrogen fertiliser
Many European reports (eg. Reith & Inkson 1961; Minderhoud
ot al. 1974; Prins et al. 1980; Laidlaw 1980; MacKenzie & Daly 1982)

indicate a positive seasonal yield response to high rates of nitrogen
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fertiliser (up to 500 kg N/ha). Pure Lolium perenne swards with
intensive cutting or grazing management were often involved.

Large herbage production responses to high rates of nitrogen
fertiliser have also been reported for pastures containing species of
subtropical or tropical origins (Evans et al. 1959; Ashley et al.
1965; Beaty et al. 1970; Cassidy 1971; Colman et al. 1974; Goold
1979). For example, Cassidy (1971) recorded a highly significant
production response to spring and early-summer applications of 224 kg
N/ha by Paspalunm dilatatum growing in nitrogen deficient dairy
pastures. Goold (1979) observed a linear response to nitrogen
fertiliser increments up to 480 kg/ha for a sward dominated by
Pennisetun clandestinum. The effect was greatest during winter and
spring when Poa spp. made the largest contribution to herbage mass and
in autumn when Pennisetun clandestinum was dominant. Bryant & Parker
(1971) have also noted a similar influence of Poa spp. in swards
containing Paspalun dilatatun. Garwood et al. (1980) showed the
utilisation of nitrogen fertiliser by Lolium perenne was enhanced by
irrigation when this was sufficient to account for soil water deficits
at the time of cutting or grazing and application of fertiliser.

Nevertheless, detrimental effects of high nitrogen applications
on sward persistency have been reported (Dorrington Williams 1970;
Ishida 1975; Wilman et al. 1976; Bartholomew & Chestnutt 1977; Ennik
et al. 1980; Alberda & Simba 1982), especially in combination with
infrequent defoliation. Alberda & Simba (1982) suggested the
increased herbage mass response to increased nitrogen and reduced
defoliation frequency increased the risk of sward deterioration
because of excessive mutual shading leading to tiller and plant

mortality (Section 1.2.2.1).
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In New Zealand, nitrogen fertiliser is not used extensively on
ryegrass/white clover swards. Single tactical applications to improve
the immediate feed supplies are made when soil mineralisation or
supply from clovers does not meet the needs of the usually dominant
grass component. The literature covering the use of nitrogen
fertiliser on well developed pastures and under intensive grazing
management has been recently reviewed (Field & Ball 1978; Ball & Field
1982; 0'Connor 1982). Substantial reliable responses to nitrogen
fertiliser can be obtained in late-winter/early-spring (July to
September) to applications up to 50 kg N/ha. This is because
mineralisation of nitrogen from soil organic matter is low and
moisture levels and temperatures are usually adequate during this
period for growth of Lolium perenne. Autumn response may be reduced
by a previous dry period or lack of sufficient autumn rains, while
responses in summer are often limited by periods of soil moisture
deficit. The level of response depends on local weather conditions
and the timing of the application and may range from three to 24 kg
DM/kg N for 25 kg N/ha applied over the period June to October
(0'Connor 1982). For predominantly dairying areas (eg. Waikato),
small spring responses of 210 and 300 kg DM/ha to applications of 24
and 50 kg N/ha, respectively, were measured by 0'Connor (1982) at the

first cut after the application.

1.4.3 Irrigation

Irrigation studies in New Zealand have been concentrated in the
drought prone areas of the South Island such as north and central
Otago and the MacKenzie country (Radcliffe & Cossens 1974; Sheath
et al. 1977; Scott & Maunsell 1981). Annual herbage mass increases of

200 to 300% over dryland pastures have been achieved. Similar results
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were obtained by Korte & Chu (1983) in the southern North Island
(Manawatu).

Hutton (1978) in the Waikato reported positive herbage mass
responses to irrigation during dry summers for pastures dominated by
Paspalum dilatatum. In the same region during summer, irrigated
ryegrass cultivars outyielded unirrigated cultivars by 60% (Baars
et al. 1976). Hopewell (1958) and Baars et al. (1976) suggested that
paspalum could be successfully combined with ryegrass and white clover
in the Waikato, and that these pastures would be likely to respond to
irrigation. Hopewell (1960) reported on average for an 11 year
period, a 22 to 99% increase in annual herbage accumulation and a 37
to 575% increase in summer herbage accumulation for irrigated compared
to unirrigated pastures in the Waikato. McAneney et al. (1982) have
also reported responses to irrigation in the Waikato. They found the
ratio of herbage accumulation on unirrigated relative to irrigated

plots was 0.73 for the period November to April.

1.4.4 Plant damage and competitive ability

The competitive ability and survival of grass species can be
profoundly influenced by its susceptibility to attack by insects,
fungal and viral pathogens, and the influences of the grazing animal
(mainly by defoliation of individual plants, treading action and
excretion of dung and urine).

The most important diseases of ryegrass cultivars in New Zealand
are caused by crown rust (Puccinia coronata) and stem rust (Puceinia
graminus) fungal infections. The former is the most common and
damaging especially in summer and autumn, while the latter assumes

importance in seed crops (Latch 1980a). Barley Yellow Dwarf virus



infection is also widespread in pastures in New Zealand (Latch 1980b).
The presence of fungal and viral infections in grasses can result in a
reduction in tillering and pasture production (Lancashire & Latch
1969; Latch 1980a), which ultimately reduces host competitiveness
(Carr 1979). The two most widely preferred perennial ryegrass
cultivars at present, 'Grasslands Nui' and 'Elletts', are both
susceptible to rust attack (Latch 1980a). By comparison, subtropical
species such as Paspalum dilatatum are relatively disease free and
probably the most important pathogen attacking this species is the
ergot fungus (Claviceps paspali), which interferes with its seed
production (Latch 1980a).

The most important insect pests affecting New Zealand pastures
include grass grub (Costelytra zealandica), Argentine stem weevil
(Listronatus bonariensis), black beetle (Heteronychus arator), black
field crickets (Teleogryllus commodus), Australian soldier fly (Inopus
rubriceps) white fringed weevil (Graphognathus lecucoloma) and porina
(Wiseana cervinata). Lolium perenne is generally susceptible to some
degree to all of the above (Gerard & Parr 1977), and in some instances
establishment (Dixon & Davison 1976; Blank & Bell 1982) and
persistence (Hunt & Gaynor 1982; Kain et al. 1982) have been
seriously reduced. The major insect pest affecting the competitive
ability and persistence of Paspalwn dilatatum in northern New Zealand
is black beetle (Watson & Wrenn 1980), and sporadic outbreaks have
reduced the paspalum content of affected areas (Percival 1977; King
et al. 1982). Insects such as porina, Australian soldier fly and
grass grub may be controlled by increased grazing intensity and/or
stock trampling at critical periods of their life cycles within the

constraints of such factors as weather, and the detrimental effects of
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hard grazing and trampling on pasture production (East & Pottinger
1983).

The extensive literature covering the variety of effects grazing
animals have on swards has been summarised in a number of reviews
(Sears 1956; Moore & Biddiscombe 1964; Barrow 1967; Marsh & Campling
1970; Frame 1971; Spedding 1971; Wolfe 1972; Hodgson 1973; Brown &
Evans 1973; Watkin & Clements 1978; Charles 1979). The effects of
defoliation per se on plant and sward persistence are discussed in
Section 1.4.,1. This Section discusses the extent to which physical
damage, caused by cattle grazing and the excretion of dung and urine,
affects the competitive ability, productivity and persistence of
pasture grasses.

Activities such as sitting, lying, scratching and pawing are
considered to be of minor importance in causing damage to pasture
plants (Spedding 1971), but treading has been shown to influence the
growth and botanical composition of pastures (Edmond 1966, 1970;
Campbell 1966; Brown 1968; Gillard 1969; Harris & Brown 1971; Harris
et al. 1973; Mullen et al. 1974), with a large variation in response
heing recorded.

The variable dry matter yield responses to treading are related
to differences in soil type and its moisture content at grazing, the
quantity of herbage present, the grass species or cultivars used and
their stage of development (Charles 1979). Treading causes injury to
the growing points, leaves, stems and roots of herbage plants and the
effects generally increase with increasing stocking rate (Frame 1971;
Watkin & Clements 1978). Since plant numbers and tiller density may
be reduce by treading (Edmond 1966; Campbell 1966) and the botanical

composition may change towards plants most resistant to hoof action,
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competition between plants in swards is also modified by treading
(Watkin & Clements 1978),

Tiller loss due to uprooting by cattle during grazing (Spedding
1971; Hodgson 1973; Boswell 1977; Charles 1979), is an action which
can contribute to the development of bare areas in the sward. Plant
or tiller losses from 'pulling' are often observed in swards subjected
to intensive grazing (Hodgson 1973) and on occasions where severe
treading has destroyed soil structure causing poor root development
(Charles 1979). Further research is required to determine its
importance as a factor affecting sward persistency.

Smothering of pasture plants with dung and the occurrence of
urine scorch can cause damage or death of pasture plants (Doak 1954;
MacDiarmid & Watkin 1971; Richards & Wolton 1975; Wolton 1979). Urine
scorch is intensified in hot, dry weather and clovers are more
susceptible to burn than are grasses (Frame 1971). However, Richards
% Wolton (1975) observed scorch by cattle urine of 'S23' perennial
ryegrass under wet conditions. The scorched areas represented up to
2% of the plot areas but only 15% of the urinations caused scorch.
Regrowth replenished losses where only a few grass tillers had been
killed, but colonisation by flatweeds and annual grasses occurred
where whole plants had been killed (Richards & Wolton 1975). The
scorching effect has been attributed to the occasional voiding of
urine of high osmotic potential and the susceptibility to this of
grasses with a high nitrogen content (Wolton 1979). The main effect
of the urine appeared to be on the root system and not the foliage
(Wolton 1979).

The high nitrogen concentration in cattle urine can stimulate the

growth of grasses at the expense of clovers and can also cause a
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decline in nitrogen fixation by clovers (Ledgard et al. 1982). Under
intensive dairy farming (three cows per hectare) where urine may
affect 40% of the grazed area (Richards & Wolton 1976), nitrogen
fixation may be reduced by at least 10% per annum (Ledgard et al.
1982). Urine stimulates herbage growth to a greater extent than does
dung because of its higher nitrogen concentration. Since the area
affected by urine approximates to that affected by dung, the
stimulating effect of urine nitrogen on herbage production usually
outweighs the reduction in herbage utilisation caused by the presence

of dung pats (MacLusky 1960).

1.4.5 Pasture renovation by overdrilling

Established pastures in intensive production systems often need
renovation or reseeding because of sward deterioration caused by many
factors, some of which have already been discussed. Direct drilling
(overdrilling or sod seeding) and 'one-pass' seeding offer less costly
alternatives to conventional ploughing and reseeding (Haggar 1978;
Kunelius et al. 1982). These techniques involve placement of seed
into untilled soils and the creation of a suitable environment for
seedling germination and growth. This is facilitated by the type of
groove made by the coulter, band-spraying of herbicide to reduce
competition from surrounding herbage, and the application of
fertilisers and pesticides (Baker 1980).

Blackmore (1955, 1958) first suggested direct drilling of seed as
a method of improving deteriorating or Tow producing pastures. In a
recent series of papers Baker and co-workers have studied the effects
of coulter type (Baker 1976; Choudhary & Baker 1980, 198la,b; Baker &

Mai 1982a,b). They found moisture retention for seed germination was



best for the chisel coulter. Further modifications (Baker & Badger
1979; Baker et al. 1979a,b,c) allow for the handling of trash, the
application of fertiliser, and herbicide band-spraying. Similar work
in Britain has lead to the development of a 'slot seeder' (Squires
et al. 1979) with similar capabilities. The successful introduction
of Loliwn perenne into an existing Festuca-Agrostis sward using the
slot seeder has been recently reported (Haggar & Squires 1982).

Direct drilling equipment has been used in New Zealand and parts
of Australia as a means of introducing newly released cultivars into
swards or to maintain a desirable balance of pasture species. For
example, temperate grasses and legumes have been autumn overdrilled
into dairy pastures containing summer growing species like Paspalum
dilatatun (Crofts et al. 1957; Read 1978; Martin 1979; Baker et al.
1979c). Other New Zealand overdrilling experiments have produced
variable results with respect to grass and legume seedling
establishment (Ryan et al. 1979; Kunelius et al. 1982; Betteridge &
Baker 1983; Campbell et al. 1983). Even though renovation of
pastures by overdrilling grasses is a common occurrence (Sangakkara
et al. 1982), there have been no published reports of the persistence
and contribution of introduced cultivars to seasonal herbage
production.

Recommendations for the grazing management of overdrilled

pastures are contradictory. Early reports (Blackmore 1958; Robinson &

Cross 1960) suggested lenient grazing following overdrilling. Miller
(1973), however, based on farm observations in Taranaki, suggested
reqular severe grazing of the renovated dairy pasture was necessary
for at least three months after drilling of Lolium perenne seed, to

reduce competition from resident species. Researchers (Robinson &
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Cross 1960; Baker 1980) have noted the importance of post-drilling
management as a determinant of the success or failure of renovation by

overdrilling, but there have been no published reports of research on

this subject.

1.4.6 Description and origin of Lolium perenmne

Lolium perenne belongs to the subfamily Festucoideae and the
tribe Hordeae in the grass family Gramineae (Evans 1964). It is a
true perennial (Corkill 1949) and produces many tillers in a tufted
growth habit (Langer 1972) with limited ability to spread by
vegetative means (Harris et al. 1979; Minderhoud 1980a). Perennial
ryegrass growth is greatest in spring and although a number of strains
are available in New Zealand for use in different environments and
farming systems (Langer 1972), its growth is enhanced under conditions
of high soil fertility (Lancashire & Harris 1978; Corkill et al.
1981). Perennial ryegrass is the most widely sown grass in
New Zealand (Lancashire et al. 1979).

Perennial ryegrass became established in New Zealand in the
1880-1890 period from introductions made by English immigrants
(Frankel 1954). Distinct ecotypes have subsequently arisen. In
Hawke's Bay and Poverty Bay persistent leafy strains evolved under
permanent grassland farming while under arable farming
(eg. Canterbury), short-lived stemmy strains developed (Levy & Davies
1929, 1930; Corkill 1949). The former were referred to as ‘true
perennials' and from these a 'pedigree strain' was bred which was
superior to the best uncertified strains in production, persistency
and resistance to crown rust fungus (Puccinia coronata) (Corkill 1949;

Lancashire et al. 1979). The main seed producing areas of New Zealand
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were Auckland, Sandon, Hawke's Bay, Canterbury, Otago and Southland
(Cockayne 1914). The 'pedigree strain' was certified as New Zealand
perennial ryegrass and the first breeder's seed became available in
1936; this strain was renamed 'Grasslands Ruanui' in 1964 (Lancashire
1978).

Another distinct ecotype of perennial ryegrass was identified by
T.R. Ellett at Mangere near Auckland. This ecotype has developed over
about 60 years of lax dairy cattle grazing with the opportunity for
reseeding. The climate in the area is mild with some light frosts in
winter and a mean annual rainfall of 1200 mm with moisture deficits
common in summer. The Mangere ecotype is more erect with larger
leaves and tillers than the Hawke's Bay 'Ruanui' type. It also has a
higher winter production and tolerance to summer drought with a
superior response to autumn rains than does ‘'Grasslands Ruanui'
(Corkill et al. 1981). These characteristics of 'Grasslands Nui'
perennial ryegrass (Armstrong 1977) (derived from the Mangere ecotype)
have been shown to be favoured by infrequent mowing or grazing
(Lancashire et al. 1979). 1In 1972, a commercial seed firm began a
regional-strain breeding programme (Duder 1978) using the Mangere
ecotype as a basis which culminated in the release of Ellett perennial

ryegrass in the late 1970's.

1.4.7 Description and origin of Paspalum dilatatum

Paspalum dilatatum is a perennial grass which belongs to the
subfamily Panicoideae and the tribe Paniceae in the grass family
Gramineae (Burton 1940; Percival 1977). The morphology of the plant
has been variously described in the literature (Hamblyn 1937; Arnold

1953; Anonymous 1954; Griffith Davies & Hutton 1970; Bennett 1973).
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Morphology under New Zealand conditions (Hamblyn 1937; Arnold 1953)
resembles that described for Australian conditions (Anonymous 1954;
Griffith Davies & Hutton 1970) probably because the plant has been
naturalised in both countries under intensive dairy cow grazing.
Arnold (1953) describes paspalum as a 'strong growing deep-rooted
perennial’ which grows in clumps but due to the development of short
underground rhizomes is able to spread and eventually form a dense
sward of leafy shoots. Both Hamblyn (1937) and Arnold (1953)
recognised that the exceptional colonising ability of paspalum in
many northern New Zealand areas of variable soil fertility and soil
types, coincided with a marked increase in dairying and sheep
production. Controversy over the fertility requirements of paspalum
is evident since Whyte et al. (1959) considered it to have a high
fertility requirement while Karlovsky (1959) reported an intolerance
to higher fertility.

Paspalum dilatatum is a native of South America with its main
distribution in the humid subtropics in Argentina, Uruguay and
southern Brazil (Whyte et al. 1959). It has been introduced into a
number of warm-temperate and subtropical areas of the world including
New Zealand where it was first recorded in 1892 (Kirk 1895), Australia
in 1881 (Griffiths Davies & Hutton 1970) and the south eastern United
States of America in about 1840 (Tabor 1963). Paspalum has become
naturalised in these countries in areas with annual rainfalls greater
than 750 mm and where mild winters are experienced. In New Zealand,
jt is widely distributed throughout the northern half of the North
Island (especially in association with dairying in Northland, South
Auckland, Waikato and Bay of Plenty districts) and is found to a

lesser extent in coastal areas of the North Island and the
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north-western corner of the South Island (Percival 1977). In
Australia, the most important areas of paspalum occur under dairying
in southern Queensland and northern New South Wales, especially in
association with Trifolium repens (Griffiths Davies & Hutton 1970).

Paspalum is difficult to establish from seed because of its
extremely low seed viability and poor germination capacity (Ray &
Stewart 1937; Burton 1962; Owen 1977). Seed production can also be
affected by infection with the ergot fungus (Section 1.4.4).

In northern New Zealand the growing season for paspalum is from
about late October until April/May (A11o 1953; Owen 1977; Percival
1977; Lambert 1968) and because of winter dormancy it contributes
little to winter/spring herbage production. Paspalum displays
vigorous summer growth and has the ability to exclude other species
such as perennial ryegrass (Sturme 1977). It is therefore necessary
to develop specialised management to control its growth (Hamblyn 1937;
Arnold 1953; Karlovsky 1959) and prevent the development of
unpalatable feed in late summer/autumn and sod-bound pastures (Hamblyn
1937; Karlovsky 1959). Cutting or hard grazing are suggested means of
controlling the excess summer growth (Allo 1952a; Karlovsky 1959;
Bryant & Parker 1971) as paspalum has generally displayed tolerance to
hard grazing and treading over summer (Whyte et al. 1959; Hunt 1979;
Baars et al. 1980).

The ability of paspalum to survive periods of drought has often
been recognised and is related to its deep rooting system (Section
1.2.5.2). Paspalum has also become acclimatised to severe frosts and
can survive -7 °C without loss of leaf, although the colder the winter

the slower is its subsequent growth (Hamblyn 1937).
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Until recently no certified cultivar was available in New Zealand
and paspalum seed was imported from eastern Australia (Lancashire
et al. 1979; Percival & Couchman 1979). A New Zealand bred cultivar
Paspalum dilatatum Poir. 'Grasslands Raki', derived originally from a
bulk seed sample from Uruguay has recently become available but has
yet to make an impact on commercial farms (Lancashire et al. 1979).
‘Grasslands Raki' originally referred to as 'Gl5' was markedly
superior to unselected New Zealand populations and overseas lines in
summer/autumn dry matter accumulation in mixed pastures under sheep

grazing in Northland (Percival et al. 1979).

1.4.8 Lolium perenne/Paspalum dilatatum pasture mixtures

Early reports (Hamblyn 1937; Allo 1953; Arnold 1953; Karlovsky
1959) recommended pasture combinations of perennial ryegrass, white
clover and paspalum as a means of achieving high seasonal production
in the warm zone of New Zealand. These recommendations were based on
few data. Lynch (1953) obtained a yield of 16 700 kg DM/ha (range
12 500 to 21 300 kg DM/ha) from a rotationally grazed dairy pasture
in Northland which was dominated by perennial ryegrass in winter and
spring, and by paspalum in summer/autumn. In an unreplicated
experiment over two years in the Waikato, Karlovsky (1959) showed that
pastures containing paspalum, ryegrass and white clover outyielded
those with no paspalum, especially in summer and autumn. The work of
Baars et al. (1976) confirmed this finding. As found by Lynch (1953),
ryegrass production in winter/spring was more or less replaced by that
from paspalum in summer. Brougham (1979) noted that Lolium,
Trifolium and Paspalum species combinations in pastures generally

produce high yields in the region of 16 000 to 18 000 kg DM/ha.
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Hutton (1973) measured a maximum annual yield of 22 800 kg DM/ha for a
pasture containing paspalum at the Ruakura Agricultural Research
Station while Bryant & Parker (1971) obtained very high milk fat
production from cows grazing similar pastures.

Overdominance by paspalum during summer can result in loss of
ryegrass and clover and the consequent poor winter/spring pasture
production may seriously effect feed supplies on seasonal dairy farms
(Hamblyn 1937; Arnold 1953; Karlovsky 1959). This overdominance may
then lead to lower soil fertility and sod-bound pastures. Thus,
frequent introductions of ryegrass and white clover are required to
renovate paspalum dominant pastures (A11o 1953; Arnold 1953).

Since precise management of pastures containing paspalum is
required to prevent overdominance by this species, workers in the
Waikato and Northland examined this problem further in three
experiments (Baars et al. 1980). Two were conducted in the Waikato
and used dry cattle and sheep respectively as defoliators while the
third study was conducted under sheep grazing in Northland and has
since been the subject of a more detailed report (Percival &
McClintock 1982). 1In these experiments an increased proportion of
paspalum in the pasture was generally favoured by hard grazing the
previous spring. This treatment was associated with a decrease in the
ryegrass content. Lax grazing in spring reduced the paspalum content
in the subsequent summer. Hard grazing in summer increased the
paspalum content under cattle grazing, with a corresponding decline in
the ryegrass content, but the reverse occurred under sheep grazing.

Even though the work of Baars et al. (1980) may provide adequate
guidelines for farmers to successfully manipulate the species balance
in ryegrass/paspalum pastures, in practice many failures have been

reported, especially under intensive dairying systems. In these cases
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the ryegrass component has been reduced to the point where renovation
by overdrilling or other means is necessary (Baker et al. 1979c;
Martin 1979; Baker 1980) to provide adequate late-winter/spring feed

on seasonal dairy farms.
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CHAPTER 2

RENOVATION OF PASTURES CONTAINING PASPALUM

2.1 INTRODUCTION

In the warm-temperate regions of New Zealand, paspalum (Paspalum
dilatatum Poir.) is often an important component of dairy swards
(Percival 1977; Brougham 1979). However, where this species
represents a high proportion of the sward and where high stocking
rates are maintained, dairy farmers have found difficulty in retaining
sufficient perennial ryegrass (Lolium perenne L.) for the provision of
adequate late-winter/spring feed (Hamblyn 1937; Karlovsky 1959).
Researchers have also recognised the need for specialised management
to maintain the appropriate species balance (Hamblyn 1937; Arnold
1953; Karlovsky 1959; Baars et al. 1980). Farmers have also attempted
to improve the species balance in paspalum dominant swards by
introducing improved cultivars of perennial ryegrass (Baker 1980).
Direct drilling (overdrilling, sodseeding) of seed is often used as it
ijs a relatively cheap procedure compared to conventional cultivation
practices (Haggar 1978; Kunelius et al. 1982).

The development and testing of direct drilling equipment in
New Zealand is well advanced (eg. Baker 1976, 1980; Baker et al.
1979a,b,c). The performance of various coulter assemblies in relation
to seedling emergence under various soil moisture conditions, and in
association with band-spraying along the drill lines, has been
determined in many environments including dairy pastures in northern
New Zealand (Baker et al. 1979c; Baker 1980).

Emergence and establishment of grass and clover seedlings has
been variable when seed was overdrilled into pastures treated with

herbicide to reduce competition from resident species (Ryan et al.
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1979; Kunelius et al. 1982; Betteridge & Baker 1983; Campbell et al.
1983). Despite widespread overdrilling of grass seed (Sangakkara
et al. 1982) into deteriorated pastures, data describing the
persistence and contribution of the introduced species to seasonal
herbage production have not been reported.

In this experiment, seed of commercial lines of certified first
generation Lolium perenne L. 'Grasslands Nui' perennial ryegrass and
second generation Bromus catharticus Vahl. 'Grasslands Matua' prairie
grass were overdrilled into a sward containing paspalum. Their
persistence and contributions to sward production were followed over a
two year period from autumn 1978, Both Nui ryegrass and Matua prairie
grass represent recently released improved perennial cultivars which
are considered suitable for use on high fertility dairy farms (Rumball
1974; Armstrong 1977). The practical objective of this experiment was
to measure the effect of the introduction of temperate grasses on
seasonal dairy pasture production, in particular, from July to January
when about 80% of total milkfat production can be produced (Campbell &
Bryant 1978).

2.2 GENERAL DESCRIPTION OF EXPERIMENTAL AREA

The field experiments described in this chapter and those in
chapters three, four and six, were conducted at No. 5 Dairy, Ruakura
Agricultural Research Station, Hamilton, New Zealand (latitude
37° 47' S, longitude 175° 19' E, altitude 40 m above sea level). The
region is classified as warm-temperate (Brougham 1979) with an average
air temperature of 13° C.

Ground frosts (grass minimum temperature less than -1 °C) are
common during the cool season (May, June, July, August), average

occurrence being 28% of the cool season days (Appendix 1). Dry
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periods are also common during the warm season (December, January,
February, March) often being accompanied by high day temperatures
(screen maxima of 25 °C or greater). For example, over 13 consecutive
warm seasons from 1969/70 to 1981/82, dry spells averaged 21 days
(range, 14 to 42 days) while high screen temperatures (excluding
1975/76) occurred on an average of 38 days (range, 22 to 61 days). An
exception was 1975/76 when temperatures reached the above criterion on
only seven days.

The pastures in the experimental area had previously received
annual maintenance dressings of about 98, 49 and 49 kg/ha of
potassium, phosphorus and sulphur, respectively, as potassic
superphosphate but no lime had been applied for at least 10 years.
Soil quick tests (Cornforth 1980) taken over the whole experimental
area in July 1977, indicated a high soil fertility status with respect
to available potassium, phosphorus and magnesium. The average pH in
the upper 75 mm of soil was 5.6.

From 1969 to 1975 the pastures in the experimental area were
included in farmlet-scale studies (Bryant & Parker 1971; Hutton 1978)
and were rotationally grazed at high stocking rates (4.1 to 5.6
cows/ha). Irrigation treatments were imposed from 1972 to 1975 along
with a nitrogen fertiliser treatment (490 kg N/ha/annum) from 1973 to
1975. High stocking rates were also used during 1975 to 1978. A
feature of the pastures was the influence of summer growing paspalum

(Table 2.1).
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Table 2.1 Botanical composition (% of pre-grazing herbage mass) of
the pastures in the experimental area. (Source: Dairy Science Group

experimental records 1972 to 1975)

Species
Perennial Whited Other grasses,
Season ryegrass Paspalum Poa spp. clover dead matter, weeds
Winter 40 4 15 31 5
Spring 34 4 32 23 7
Summer 8 47 1 19 25

a Trifolium repens L.

The experimental area is flat to gently undulating and its soils
range from well drained to imperfectly drained with rare flooding
(Singleton 1981). Te Kowhia silt loam (Haplic Andaquept), a gley
soil, predominates in the poorer draining lower regions while in the
better drained raised regions Bruntwood silt Toam soils (Aquic
Dystrandept) are found. These soils are derived from similar parent
material, namely, alluvially deposited pumiceous sands (Singleton

1981).

2.3 EXPERIMENTAL DESIGN AND TREATMENTS
A split-plot experimental design was used with treatments
randomly located within five block replicates. Each block was
represented by a 0.12 ha paddock (40 m x 31 m) and five main treatment
plots were arranged at random in 40 m strips of varying widths across
each block. These treatments were:
(i) MNui ryegrass sown (11.7 kg/ha) through a triple disc coulter in

a 5 mwide strip (TN).



(ii) Nui ryegrass sown (11.7 kg/ha) through a chisel coulter in a
7.4 m wide strip (CN).

(iii) A combination of Nui ryegrass (11.2 kg/ha) and Matua prairie
grass (12.2 kg/ha) sown through a triple disc coulter in a 5 m
wide strip (TNM).

(iv) The same seed combination as for (iii) sown through a chisel
coulter in a 7.4 m wide strip (CNM). As for treatment (iii),
the seed was mixed with a small amount of untreated sawdust to
improve the sowing of the large, awned, prairie grass seed.

(v) A 6.3 mwide control strip where no drilling took place (C).

Half the width of each of the above main plot treatments received
paraquat (1,1'dimethy1-4,4'bypridinium ion) in 40 mm bands covering
the drill lines. The side to receive herbicide was chosen at random
before drilling. The paraquat was applied at the rate of 57 in 500 1
water/ha. The appropriate coulter assemblies were arranged on a
'Duncan 30 Multiseeder' drill to sow at 150 mm drill widths. In all
treatments, grooves were harrowed with a bar harrow (Baker 1970)
allowing two hours after drilling for the herbicide to dry. In the
sprayed subplots, 27% of their area received herbicide.

The experimental plots were hard-grazed to a visually estimated
residual herbage mass (Hodgson 1979) of 800-1000 kg DM/ha before
overdrilling during 20-21.4.78. No pesticides were applied at
drilling. Soil moisture levels were high since 77 mm of rain fell
over the four days preceding drilling, and the mean screen maximum,
recorded at the Ruakura Climatological Station located approximately
1 km from the experimental site, for the period 20.4.78 to 30.4.78,

was 20.5 °C.
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2.4 EXPERIMENTAL PROCEDURES AND TECHNIQUES
2.4.1 Grazing management

During the two year experimental period the plots were subjected
to 20 grazings by dairy cows (Table 2.2). The first grazing was 69
days after drilling and then at about 60 day intervals during the 1979
winter. Thereafter they were grazed at intervals of 26-36 days.

Visual estimates of herbage mass were used to determine the
number of cows per block required to complete the grazing in three to
five hours. Grazing of all blocks was usually complete over a two day
period. The sequence in which blocks were grazed was the same
throughout the study period. A1l blocks were grazed to similar levels
of residual herbage mass, but this level varied with season. Averaged
over the experimental period for spring, summer, autumn and winter,
herbage mass for pre- and post-grazing assessments were 3200 and 1800,

4300 and 2700, 4000 and 2200, and 2100 and 1200 kg DM/ha,

respectively.

2.4.2 Fertiliser policy

Each of the 0.12 ha experimental blocks received regular
maintenance dressings of potassium (K), phosphorus (P) and sulphur (S)
as potassic superphosphate. In April and again in October 1978,
10.1 kg K, 2.1 kg P and 2.1 kg S was applied. A further 2.5 kg K,
1.3 kg P and 1.3 kg S was applied in April 1979 followed by 5.8 kg K,
1.2 kg P and 1.2 kg S in November 1979. No lime was applied during

the experimental period.



B = Measurement date ).= YMeasurement zariod
i i i Tiller no. Herb. Tiller Botan. Tillar
. 3 Tiller nn. Merh. Tiller Boten. Tiller . ! it Demri o
;gr.h éér];:fgy Grazing and lencth mass 0. comy « density Grazing and length mass no comp
1979
1979 ]
3 Can. ] 16 Aug. =
9
------------- 10 ) | ] | ] 3
! ! Sept.
Jan 9-10 ). -
------------- 12-13 | | n
15 ] 12 ] =
13
16 u 18-15 ).
24 n = =
7 Feb. 7 oct
------------- ] ). | 8 [ -
9 9 | ]
12-13 | | T0-12 n
u
14 12
___________ 15 ) || 14 ). -
| 16 15
P n 17 |}
7 Mar. ) ]
——————— 38 | | -
2 4 Nov. ).
------------- 12 s -
. 13 ). ]
7-8 n
14-16 u =
9
19 u o ) )
______ 77 [ ] 11
__________ _— 4 Apr. P | |
S a -
___________ s 3 pec. N
e 9 | ] p =
10 ] u 1980
3Jan. B
11=12 n =
] 4
%6
1 Feb. n
________ —_— 9 May
10 ). n 3 ]
__________ —_— 1
4 a 4 n
- 1
--------- ] 9 Mar. B
———————— 15 =
16 | ] 10
17
™ 7 Aapr. N
1 Jun. &
] 8
19 n
12 May
--------- 8 Jul.
- 9 ). - » 13 "]
10 =
14
1 a
12 = L] -]
L B )




Table 2.2. Schedule of major events

Tiller no. Herb. Tiller Botan. Tiller Tiller no. Herb. Tiller Botan. Tiller Tiller no. Herb. Tiller Botan. Tiller
Grazing and length mass no. comp. density Grazing and length mass no. comp. density Grazing and length mass no. comp. Density
1979 1979
;z;’: - g Jan. n 16 Aug. [ ]
21-5 . :c‘» ) - - p a
» - Sept.
7 n Jan. 9-10 )I
12-13 [ ] " [ ]
;3 n . 15 n ) 12 [ ]
1 Jul.
16 ] 1 n
: 12-18 L
3 n 24 n
n 7 reb z [
10 . g . ). - ; Py . -
-1
9 n ]
7 Aug. n. 12-13 ] .
10-12 ]
27 u 15 - " 13
2 [ ] n 16 :54 ). .
0 [] > n 7
3 u 7 Mar, n
8 ] p-] ]
Segt. 9
4 || ” ; Nov. a
12 n 13 )- H =
14 a 14-16 [ ] 7-8 n
> 19 n 9 [ ]
% ). 10 n
z L] "
2 n
4 Apr.
28-1 oct. B 2 )l - » [ ]
2 n n 3 . 3 Dec. M
3 4 a
. )' 10 [} n
1980
16 ] 1-12 n 3 Jan. W
N u » n 4 L)
1 Nov. o i ~
ebe
2 a 0 n
1 ] 3 ] .
3-4 [ ]
14 | ] 4 o
6 n
15 n 9 Mar. W
7 [] 1 u 10 []
24
1 Jun. [ ] 7 apr. MW
3 Dec.
4 19 n 8 "
5 n
8 Jul. 12 May n
6 9 ]|
7 n ] 10 n n 13 [
9-11 n " [ 14 ]
19 n 12
13 ) n . ]
2 ] * n

L9



68

2.4.3 Sward measurements
2.4.3.1 Visual estimation of herbage mass

Herbage mass (Hodgson 1979) in this series of experiments
includes living and dead plant material above ground level but
excludes soil, dung and other contaminants, which were removed by
washing.

The following calibration, grading and cutting procedures were

used to estimate pre- and post-grazing plot herbage mass (Table 2.2).

(i) calibration: For each assessment one of the five blocks
were selected at random and 30 calibration quadrats (three per plot,
each 0.25 m2) were identified. Quadrats were chosen to cover block
variability in herbage mass (Campbell & Arnold 1973) and were assumed
to be representative of the herbage mass on the other blocks.
Quadrats were not sited in areas where measurement were being made on
individual plants (Section 2.4.3.2), where dung and/or urine had been
deposited and where quadrats had previously been cut. Post-grazing
estimates were made using quadrats located in one of the remaining
blocks. For each assessment, nine visual estimates were made on
quadrats before cutting but as observers gained experience, this
number was reduced to five. At the same time (12.2.79) the number of

quadrats were reduced from 30 to 10 (one per plot).

(ii) Grading: Each calibration quadrat was given a visual grade
(grade 1 = 300 kg DM/ha, grade 7.5 = 2250 kg DM/ha) by consensus of
three observers, one of whom had at least 10 years experience in
grading similar pastures. The two less experienced observers then
graded each plot in each block by recording 20 estimates of herbage
mass (each for about 0.25 m2 of pasture) at two to three step

intervals over the plot length. After each block of 10 treatments
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were assessed each observer returned to the calibration quadrats and
independently estimated their herbage mass. Thus nine visual
estimates were made on quadrats before cutting and 40 visual estimates

of herbage mass were made on each plot.

(iii) Cutting: On the completion of grading the herbage
contained in each calibration quadrat was cut to ground level using a
motorised shearing handpiece, and after washing was dried in a forced

draught oven at 100 °C for 36 hours.

The mean herbage mass estimate for each treatment plot was
adjusted using the regression of visual grade on herbage mass for the
quadrat assessments. The correlations between the dependent variable
(mean visual grade) and the independent variable (herbage mass per
quadrat) for each grazing are presented in Appendix 2. A1l were
significant (P<0.,01) (28 degrees of freedom, for grazings from 29.6.78
to 12.1.79, eight degrees of freedom for grazings from 12.2.79 to
13.5.80).

Seasonal accumulations of herbage for periods roughly equivalent
to winter, spring, summer and autumn were obtained by summing
successive growths between grazings, over these periods. In the case
of the first winter after drilling, the first pre-grazing herbage mass
estimate was included plus the growth from post-grazing one to
pre-grazing two; thus the total for this season overestimated the
actual growth. Also, the period for the 1979 spring (49 days) was
curtailed by about one month compared to the 1978 spring (87 days).

In calculating seasonal herbage accumulations no account was taken of
pasture growth over the period between pre- and post-grazing

assessments at a particular grazing.



2.4.3.2 Identification of individual plants

During May 1978, 240 Nui ryegrass and 120 Matua prairie grass
seedlings were permanently identified allowing sequential growth
measurements during each plant's life cycle. In each block, six
random diagonals were located by means of matched pegs on opposite
sides of the block. Within each treatment single ryegrass and prairie
grass seedlings resulting from overdrilling were selected at random
along the diagonals. Coloured telephone wire was placed around the
base of each of these seedlings and formed into a loop by twisting the
ends together and inserting this portion into the ground to act as an
anchor. The ring size was periodically enlarged to prevent damage to
the plant as it grew. Thus in each block, 48 Nui ryegrass and 24
Matua prairie grass plants were identified (six per drilled
treatment). When a marked plant died, or was removed by the grazing
animal, or as on a few occasions, could not be positively identified
at the appropriate site (eg. because the identifying ring was missing
or had been covered by soil as the result of animal trampling or
earthworm activity), the frequency of the plot mean was reduced by
one. Dead plants were visually identified as those consisting of

brown, necrotic, tissues with no green tissue.

2.4.3.3 Measurements on individual plants

Nui ryegrass and Matua prairie grass seedlings had emerged by
1.5.78, nine days after drilling. In mid-May counts were made in
300 mm of drill row beginning at the location of previously ringed
seedlings. Six estimates were therefore made in each treatment plot
and these were converted to a density measurement (plants/mz) by

dividing the number of seedlings of each species by a factor (0.045 =
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0.3 m x 0.15 m), representing the area potentially available to the
introduced plants.

Tiller counts were made on ringed plants in association with the
20 grazings during the experimental period and also at intervals
between grazings (Table 2.2). A1l emerged tillers on each plant were
counted at each time and records were kept as to whether they were
alive or dead or undergoing vegetative or reproductive growth. From
grazing one (29.6.78) to 14 (7.11.79) (with the exception of grazing
five) the length of the longest vegetative tiller on ringed plants was
also recorded before and after grazing (Table 2.2). The measurement
was made from the base of the plant to the tip of the longest leaf,
fully extended.

Dung deposited during grazing on or near ringed plants was

removed using a small shovel.

2.4.4 Botanical composition

Samples for botanical dissection (Table 2.2) were obtained from
random ground level clips throughout the length of each plot. The
fresh weight of a subsample consisting of 100 representative pieces of
herbage was determined for each plot. A further subsample four times
this weight was then taken for dissection into component species.
Dissected material was dried at 100 °C for 36 hours and then weighed.
The proportion of the herbage mass made up by each species was
represented by the ratio of the species dry weight over the total dry

weight of the 400 piece sample.
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2.4.5 Tiller density measurements

Cores (50 mm diameter) were taken (Mitchell & Glenday 1958) on
five occasions (Table 2.2). On each occasion four cores were taken at
random from each plot. Live tillers and rooted clover nodes were

counted on each core.

2.5 STATISTICAL METHODS
For this and the field experiments described in chapters 4 and 6,
analysis of variance models provided by the statistical package
‘Genstat V' (Lawes Agricultural Trust, Rothamsted Experimental
Station) were used to test for treatment differences at each
measurement date. Standard errors are given as follows:
(i) SED - standard error of mean differences
When a covariate was included in the model the SED cited
represents an average standard error of mean differences.
Plots of residual variances against fitted values for the model
indicated when transformations of the data were required to
obtain errors resembling the normal distribution with constant
variance. When a log transformation was used the error term
associated with geometric means (back transformed) was given as
a LSR.
(ii) LSR - least significant ratio
LSR (P<0.,05) = e25 where s = SED of log transformed means. In
comparing treatment means, if the ratio of the larger to the
smaller exceeds the stated LSR, a significant difference

exists between the treatments for the measured parameter.
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The following symbols are used to indicate levels of
significance:
P<0.001 = #***; P<0,01 = **; P<0,05 = *; P<0.10 = (t);

ns = not significant

In this experiment a split-plot analysis of variance model was
used to test for treatment differences. Treatment means and standard
errors were adjusted using a covariate to account for the proportion
of each plot previously drilled with Matua prairie grass before this
trial. The botanical composition data (proportions) were analysed as
such and when arcsin transformed to check for non-normality in the
distribution of the data and stability of the variance. Both
approaches were satisfactory as indicated by plots of residuals,
against fitted values for the models. The analysis of untransformed
data was preferred for ease of interpretation although only
approximate standard errors associated with differences between means
can be cited. However, when arcsin transformation improved the
precision of the analysis, significance levels from this.analysis are
presented. As the tiller density data covered a wide range of values
and included some zero values a log (x+l) transformation was used to
equalise the variances. The effects of treatments on plant losses
were tested using analysis of deviance (log-likelihood ratios) (Nelder

& Wedderburn 1972).

2.6 CLIMATIC DATA

A summary of monthly averages for selected variables over the
study period (April 1978 to May 1980), is presented in Appendix 1.
Comparisons with data averaged over an extended period (up until 1970)

are also presented.
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January and June 1979 were very dry months (Appendix 1), and
during January reduced pasture production was likely because of
moisture deficits (Appendix 3). However, there was a higher summer
(December, January, February) rainfall in 1979/80 (374 mm) than in
1978/79 (287 mm), the former rainfall being greater than 100 mm above
the long term average (241 mm).

A feature of the 1978 and 1979 cool seasons was the incidence of
ground frosts. In 1978 there was a total of 54 ground frosts and in
1979 another 47 from May 1 to August 31 compared to a long term
average of 34, However, the 1978 cool season was generally colder
with 22 frosts of -4 °C or less compared to 17 for the same period in
1979, The colder 1978 winter contributed to a lTower mean spring
(September, October, November) 10 cm earth temperature than the long
term average (12.5 vs 13.4 °C). The equivalent figure for 1979 was
13.3 °C. During the warm seasons of 1978/79 and 1979/80, daily screen

maxima reached 25 °C or greater on 30 and 22 days, respectively.

2.7 RESULTS
2.7.1 Establishment of overdrilled grasses

Emergence of Nui ryegrass was significantly affected by treatment
and there was a highly significant treatment x herbicide interaction
(Table 2.3). Herbicide increased the number of ryegrass seedlings

emerging in the CN but not the TNM treatment. However, the TN
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Table 2.3 Interaction between coulter and herbicide treatment for

emergence of Nui ryegrass (seed]ings/mz) in May 1978.

Herbicide (H) Coulter treatment
treatment CN CNM ™ TNM
+H 527 462 416 461
-H 455 448 367 522
SED = 25.1, comparing means within coulter treatments

31.0, otherwise

treatment gave a lower density at emergence than did other treatments,
regardless of whether or not herbicide had been applied. No
significant interactions or differences between treatments were
revealed by the analysis of the Matua prairie grass emergence data.
These data are not presented. The number of Matua prairie grass
seedlings in 300 mm row lengths was only 15% of the number of Nui

ryegrass seedlings.

2.7.2 Survival of introduced grasses

For most of the study period, generally similar reductions in the
numbers of survivors of ringed plants occurred across all treatments
(Table 2.4). This trend was maintained until the beginning of the
second summer (December 1979) after which more variable reductions

occurred, especially for Matua prairie grass. The pattern of survival
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Table 2.4

at the beginning (December 1979) and end (March 1980) of the second

summer, and at the end of the study (May 1980).

Numbers of survivors after the first summer (March 1979),

Treatment
CN TNM

+H -H +H -H +H -H +H -H
(a) Nui ryegrass:
Initial n 30 30 30 30 30 30 30 30
(May 1978)
1979
March 21 23 19 23 22 21 19 19
December 18 15 16 19 19 15 12 16
1980
March 16 12 12 16 16 13 12 16
May 12 5 10 12 14 10 9 11
(b) Matua prairie grass:
Initial n 30 30 30 30
(May 1978)
1979
March 18 16 14 14
December 9 13 9 11
1980
March 2 11 6 7
May 1 10 6 4

for both plant species was strongly influenced by season (Fige 1, 2).

The second curve situated above the 'total loss' curve (Fig. 1, 2)

represents the survivorship pattern when losses ascribed to obvious

‘animal effects' were excluded.

The difference between these curves

and the 'total loss' curves largely represents plant losses due to

animal 'pulling' (removal of plants) from the pasture and sometimes
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loss or occasional burying of ring labels by the action of the grazing
animals or earthworms, precluding positive identification of study
plants. Total losses after two years were on average greater for
Matua prairie grass (about 83%) compared to about 65% for Nui
ryegrass. Heavy losses were evident in the spring following drilling
for Matua prairie grass and in the following summer/autumn for Nui
ryegrass. Loss rates levelled off over the 1979 winter/spring for Nui
ryegrass but continued at a high rate for Matua prairie grass, because
of higher losses of the latter plants during this period caused by
animal pulling (Fig. 1, 2).

As survival of individual Nui ryegrass and Matua prairie grass
plants was strongly affected by seasonal changes (Fig. 1, 2), log
transformation to linearise the data was considered inappropriate.
Instead, because losses were largely confined to the summer/autumn
periods comparisons were made of the growth of plants from all
treatments, when grouped as follows:

Group 1 - survived the study period (21.4.78 to 14.5 80)
2 - survived until December 1979; lost over the second summer/
autumn (1.12.79 to 14.5.80) after drilling
3 - survived until December 1978; lost over the first summer/
autumn (1.12.78 to 1.5.79) after drilling

Since unequal numbers of survivors were present in each group and
each treatment at any particular time, data were analysed using a
least squares analysis of variance model with group x treatment
interaction terms included. However, on no occasions were significant
interactions detected for any variable so these were then excluded
from the model. Least squares means for pre-grazing tiller numbers
and pre- and post-grazing tiller Tengths for Nui ryegrass and Matua
prairie grass plants in the above groups are presented in Fig. 3 and

Tables 2.5 and 2.6. As least squares means for post-grazing tiller
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Fig. 3 Pre-grazing tiller numbers for Nui ryegrass and Matua prairie
grass plants classified into survival Groups 1, 2 and 3
(see text).



Table 2.5
classified into Groups 1, 2 and 3 (see text).

Pre- and post-grazing tiller lengths (mm)

for Nui ryegrass plants from 21.6.78 to 17.5.79

1 pr2d PR2 PT2 PR3 PT3 PR4 PT4 PR6C PT6
21.6.78 29.6.78 22,8,78 4.,9.78 25.9.78 4.10,78 31.10.78 7.11.78 9.1,79 16.1.79
Group b
1 (87) 145 93 145 106 200 107 284 119 226 151
2 (42) 128 81 130 100 203 108 b 274 123 220 149
3 (77) 134 74 134 87 186 90 (77) 260 95 (64) 204 124
SEDA 6.7 8.4 8.1 12.0 15.2 9.3 14.5 10.2 13.3 13.1
Sig. * * ns ns ns ns ns *x ns ns
PR7 PT7 PR8 PT8 PR9 PT9 PR10 PT10
7.2.79 15,2.79 7.3.79 14,3.79 4,4,79 11.4.79 9.5.79 17.5.79
Group
1 146 108 180 125 239 125 242 109
2 146 98 171 102 227 98 214 98
3 (51) 156 77 (38) 146 75 (20) 182 50 (0) - -
SED? 10.6 8.8 12.3 12.9 17.0 22.8 - -
S'lg. * *% * * *k *x
g average standard error of mean differences
C() number of plants in each group
q o measurements made at pre- and post-grazing five

PR = pre-grazing measurement; PT = post-grazing measurement

08



Table 2.6 Pre- and post-grazing tiller lengths (mm) for Matua prairie grass plants from 21.6.78 to 17.5.79,

classified into Groups 1, 2 and 3 (see text).

PR1 PT1d PR2 PT2 PR3 PT3 PR4 PT4 PR6C PT6
21.,6.78 29.6.78 22.8,78 4.,9.78 25.9.78 4,10.78 31.10.78 7.11.78 9.1.79 16.1.79
Group b
1 (28) 172 77 167 87 222 82 267 104 303 153
2 (16) 149 77 166 78 211 64 b 195 70 247 102
3 (39) 174 81 181 92 251 89 (39) 242 86 (25) 262 110
Nk 15.9 18.4 19.3 11.6 25.0 10.1 27.6 11.2 29.1 22.6
Sig. ns ns ns ns ns ns ns * ns *
PR7 PT7 PR8 PT8 PR9 PT9 PR10 PT10
7.2.79 15,2.79 7.3.79 14.,3.79 4.4,79 11.4.79 9.5.79 17.5.79
Group
1 187 103 263 89 298 81 289 85
2 155 90 175 73 206 66 214 81
3 (18) 156 79 (9) 180 92 (3) 165 87 (0) - -
sep? 22.4 20.1 27.7 12.7 45,9 41,1 - -
Sig. ns ns *xk ** ns ns
ﬁ average standard error of mean differences
C() number of plants in each group
4 o measurements made at pre- and post-grazing five

PR = pre-grazing measurement; PT = post-grazing measurement

18
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numbers were similar to pre-grazing measurements, analyses of these
data are not presented.

By mid-spring (25.9.78), about five months after drilling, tiller
numbers for Group 1 Nui ryegrass plants were superior to those for
Group 3 plants (Fig. 3a). This trend continued over the summer/autumn
as the number of plants in Group 3 were reduced to zero, although in
February and March 1979 differences were only significant at the 10%
level. Tiller numbers for Group 2 plants (all of which were lost from
the pasture during the 1979/80 summer/autumn) were not significantly
different to those for Group 3 plants over the 1978/79 summer/autumn.
From July 1979 tillering for Group 1 and 2 plants were compared (Fig.
3b). Markedly superior tillering occurred in the former Group from
this date and over the second summer/autumn, although in March and
April 1980 differences failed to reach significance.

For Matua prairie grass differences in tillering between plant
groups were not evident until the first summer after drilling (9.1.79)
(Fig. 3a). Tiller numbers for Group 1 plants were consistently
superior to those in Group 3 in January, February, March and April.

As found for Nui ryegrass, tillers on Group 2 plants were not
significantly different from Group 1 plants over this period. For the
comparison of Group 1 and 2 plants (Fig. 3b), tiller production was
consistently greater for the focmer plants at all measurement times,
reaching significance from September to December.

During late-spring (7.11.78) and summer/autumn, Nui ryegrass
plants in Group 3 were grazed more severely, as demonstrated by tiller
length, than those in Groups 1 or 2 (Table 2.5). This trend was also
associated with a significantly lower pre-grazing tiller length for
Group 3 plants from mid-summer (7.2.79) until autumn (4.4.79) as plant

numbers were reduced to zero. As no tiller length data were collected
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over the 1979/80 summer, this precluded a comparison of Group 1 and 2
plants over the period when plants in the latter group were lost from
the pasture. The pattern of treatment differences for tiller lengths
was less distinct for Matua prairie grass then for Nui ryegrass.
Generally over summer (16.1.79 to 14.3.79), the Group 3 plants were
grazed slightly harder than Group 1 plants (Table 2.6). However,
pre-grazing tiller lengths of Group 3 plants were also less than Group
1 plants over the summer/autumn, especially during March and April,
when numbers in the former Group reached a low level.

A second approach was used to examine the relationship between
tiller number and length and summer survival. A1l marked Nui ryegrass
and Matua prairie grass plants surviving until the 2.11.78 and the
5.11.79 (pre-grazing measurement dates immediately before the 1978/79
and 1979/80 summers) were classified into groups based on their tiller
numbers on those dates (Table 2.7). Similarly, divisions were made
dependent on post-grazing tiller lengths on the 7.11.78 and the
9,.,11.79 (Table 2.8). The numbers of plants within each group
subsequently lost over the summers were calculated and expressed as a
percentage of the total plants (losses plus survivors) within each
group (Table 2.7, 2.8). Losses during summer were much higher for
ryegrass plants with 10 tillers or less at the beginning summer, than
they were for larger plants (Table 2.7). Narrower divisions were used
for prairie grass because of its low tillering capacity compared to
ryegrass (Fig. 3). In the first summer no trend was evident but in
the second losses of small prairie grass plants (three tillers or
less) were much higher than for larger plants, hut generally only
small numbers of plants were involved in each tiller category at the
commencement of the 1979/80 summer (Table 2.7). A similar analysis of

post-grazing tiller lengths for Nui ryegrass and Matua prairie grass



Table 2.7 Tillers per plant for Nui ryegrass and Matua prairie grass at the beginning of the 1978/79 (2,11,78) and

the 1979/80 (5.11.,79) summers, and losses over these seasons.

(a) 1978/79 Summer (7.11.78 to 14.3.79)

(b) 1979/80 Summer (4.12.79 to 10.3.80)

Losses Survivors % Lost Losses Survivors % Lost
Tillers per plant (L) (S) (100 L/L+S) (L) (S) (100 L/L+S)
(i) RYEGRASS
1-5 22 62 26 7 13 35
6-10 17 38 31 6 14 30
11-20 46 11 1 24
21+ 30 6 3 60
(ii) PRAIRIE GRASS
1 3 8 27 4 2 67
2 6 13 32 3 4 43
3 8 18 31 2 3 40
4 8 13 38 2 5 29
5 1 3 25 0 1
6-9 5 9 36 0 5

¥8



suggests that plants grazed the hardest at the beginning of summer
were most likely to be lost from the pasture during the summer,
although small numbers of plants were often involved in the 0-40 mm
category (Table 2.8).

The effects of the treatments on plant losses were determined for
five seasonal groupings over the study period (Table 2.9). Means
across herbicide, coulter and plant species treatments were obtained
for Nui ryegrass and Matua prairie grass and were subjected to
analysis of deviance. Since no significant treatment effects were
detected for Matua prairie grass these data are not presented. There
were also no herbicide or coulter effects on plant losses detected for
Nui ryegrass. However, during the winter/spring period following
drilling, losses of ryegrass plants were significantly greater in
treatments where only its seed was sown (CN and TN) than when it was
sown in mixtures with Matua prairie grass (CNM and TNM). The reverse
was true during the succeeding summer (Table 2.9). There were no

significant interactions between treatments for this analysis.
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Table 2.8 Post-grazing tiller lengths (mm) for Nui ryegrass and Matua prairie grass at the beginning of the 1978/79

(7.11,78) and the 1979/80 (9.11.79) summers, and losses over these seasons.

(a) 1978/79 Summer (7.11.78 to 14.3.79) (b) 1979/80 Summer (4.12.79 to 10.3.80)
Losses Survivors % Lost Losses Survivors % Lost
Tiller lengths (L) (S) (100 L/L+S) (L) (S) (100 L/L+#S)
(i) RYEGRASS
0-40 5 6 45 2 6 25
41-80 21 42 33 10 28 26
81-120 14 65 18 4 42 9
121+ 7 66 10 2 35 5
(ii) PRAIRIE GRASS
0-40 4 3 57 2 2 50
41-80 13 25 34 4 10 29
81-120 13 22 37 5 10 33
121+ 3 15 17 2 10 17

98
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Table 2.9

on seasonal losses of Nui ryegrass plants.

The effect of herbicide (H), coulter and species mixture

Data are ratios of number

of plants lost over the season(s) to the total plants available at the

beginning of the season(s).

Season
Win. /Spr. Sum. Aut. Min./Spr. Sum. Aut.
(29.6.78- (6.11,78- (14.3.79-9.11.79) (9.11,79-  (10.3.80-
Treatment 6.11,78) 14,3.79) 10.3.80)  14,5.80)
Herbicide:
+ 6/120 28/114 23/86 10/63 12/53
H 12/120 19/108 24/89 8/65 14/57
Sig. ns ns ns ns ns
Coulter:
Chisel 9/120 19/111 23/92 11/69 14/58
Triple disc 9/120 28/111 24/83 7/59 12/52
Sig. ns ns ns ns ns
Nui 13/120 (11)a 167107 (15) 25/91 9/66 12/57
Nui-Matua 5/120 (4)  31/115 (27) 22/84 9/62 14/53
Sig. * * ns ns ns

3ratio expressed as a percentage

2.7.3

Reproductive development

Reproductive tillers (seedhead visible) on marked Nui ryegrass

(240) and Matua prairie grass (120) plants were first recorded in

October 1978.

Over the period October 1978 to January 1979, 86% of

the 101 ryegrass plants that produced reproductive tillers did so in

the months of November and December.

In spring 1979 (October,

November, December) 62 ryegrass plants possessed reproductive tillers,
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95% of these in November 1979. Matua prairie grass flowered slightly
earlier than Nui ryegrass. Ninety-five prairie grass plants bore
reproductive tillers over the period October 1978 to December 1978 of
which 77% did so in October 1978. In spring 1979, 89 prairie grass
plants bore reproductive tillers, 76% in October 1979. Thus the
majority of the marked ryegrass plants remained totally vegetative

during the study period.

2.7.4 Growth of introduced grasses

Treatment effects on the growth (tillers per plant, tiller
length) of marked plants were summarised on a seasonal basis (Table
2.10). The only consistent treatment effect was the superior tiller
length for Nui ryegrass sown through the chisel rather than the triple
disc coulter, over the winter, spring and summer following drilling.
Herbicide effects on tillering were small and restricted to the first
winter after drilling and no effects on tiller length were recorded.
Coulter type used at drilling had no effect on tillering of Nui
ryegrass and Matua prairie grass. No significant interactions between

herbicide, species mixture and coulter were revealed by the analyses.

2.7.5 Sward botanical composition

Overdrilling of Nui ryegrass substantially increased the ryegrass
content of the sward above that of undrilled plots (Table 2.11la). A
strong effect was detected during the winter/spring after drilling and
early-summer (January 1979). A positive effect was still evident by
the following spring but this had disappeared by mid-summer 1980
(February). The less frequent tiller density measurements also
indicate a strong response to overdrilling during the spring and
early-summer immediately following drilling (Table 2.11b). In plots

where a mixture of Nui ryegrass and Matua prairie grass was drilled,



Table 2.10 Treatment effects on tiller number per plant and pre-grazing tiller length (mm) for marked Nui ryegrass
and Matua prairie grass plants.

Tillers per p]an’ca Tiller length
Nui Matua Nui Nui Matua
Triple Triple
#H H LR Sig. #H H LR Sig. N WM LR Sig. Chisel disc SED Sig. Chisel disc SED Sig.
Winter I 5,3 4.0 1,18 ** 2.1 1.8 117 (1) 48 4.5 1.2 ns 14,4 1329 4,15 * 1740 168.8 10.13 ns
(21.6-22.8.78)
Spring 1 10,7 9.3 124 ns 34 3.0 1,20 ns 108 9.2 1.3 ns 22,1 216,0 7,11 % 2341 231,9 12,63 ns
(4.9-4.12,78)
Sumer 1

(1112.78-  17.9 163 L34 ns 41 46 131 ns 182 161 1,34 ns 1947 1590 1126 * 24,2 211.3 1270 (1)
7.3.79)

Autum I 15.3 15,7 1,40 ns 6.0 8.1 1.62 ns 16,6 14,5 1,30 ns 242,3 227.0 12,32 ns 269.3 262.8 22.59 ns
(14,3-9.5.79)
Winter 11 23.8 25.6 1.35 ns 10,2 11.0 2,00 ns 27.3 22.3 1.30 ns 190.5 177.5 9.60 ns 210,1 221.1 18.19 ns
(17.5-10.9.79
Spring II 27.5 30.1 1,55 ns 9.2 9.7 2.21 ns 3».7 23,3 1,44 * 257.9 253.2 15,58 ns 236.3 239.0 20,49 ns
(14.9-4,12.79)
Sumrer 11 23,8 234 1,37 ns 105 8.6 1.81 ns 28.1 19.8 1.64 ns - - - - - - - -
(9.1-10,3.80)
Autum I1 15.3 20.8 1,76 ns 18,2 21.3 1,78 ns 20,4 15,6 1.65 ns - - - - - - - -

(8.4-14,5,80)

2 data are means across pre- and post-grazing counts; H = herbicide; N = Nui ryegrass only,
NM = mixture of Nui ryegrass and Matua prairie grass

68



Table 2.11 The effect of overdri]h’nga Nui ryegrass and Matua

90

prairie grass on the ryegrass content (% of herbage mass) and tiller

density (ti]lers/dmz) of the sward.

Treatment

Date Drilled Control Sep® Sig.
(a) Ryegrass content:
28.6.78 38.9 25.9 3.38 *%
28.8.78 41.9 20.0 2.11 Kk
2.11.78 46,7 26.4 4,20 Kk k
8.1.79 37.6 19.7 3.20 Hokk
9.4.79 34.3 25.7 3.88 *
10.7.79 64.1 53.1 3.98 *
9.10.79 51.6 40.3 3.29 **
1.2.80 24.3 21.3 3.14 ns
12.5.80 39.3 37.8 3.10 ns
(b) Ryegrass tiller densitx?:

LsrY

12.9.78 40.1 5.9 2.63 *
19.12.78 35.8 6.8 2.63 *%
19.3.79 28.8 24.0 1.86 ns
13.7.79 28.3 9.9 2.33 *
17.10.79 16.9 18.5 1.90 ns

a plots were drilled on the 20-21.4.78
approximate standard error of mean differences
treatment data are geometric means

d least significant ratio
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their ryegrass contents from June 1978 until October 1979 were
consistently below (range 0.7 to 7.6% of herbage mass) those for plots
receiving only Nui ryegrass. Application of herbicide suppressed the
growth of ryegrass in the sward until early-summer (8.1.79) but the
effect was greatest nearer to the time of application (Table 2.12a).
In addition, a consistent trend for ryegrass tiller densities to be
higher in plots receiving no herbicide compared to those receiving
herbicide was revealed for the samplings on the 12.9.78, 19.12.78 and
the 19.3.79, although significant differences were found only at the
latter dates (Table 2.12b). The application of herbicide at drilling
did not significantly affect the sward content or tiller densities of
other species in the sward.

The overdrilling of Matua prairie grass initially had only a
small effect on its proportion in the sward (Table 2.13). However, by
January 1979, overdrilled plots supported a higher proportion of
prairie grass than did control plots and this trend continued until
summer 1980 (1.2.80), but the prairie grass content of the sward never
exceeded 20% of herbage mass (Table 2.13). As very little or no
prairie grass was recorded in many tiller density core samples, it was

not possible to statistically analyse these data.



Table 2.12 The effect of band-spraying herbicide (H) at drilling on

the ryegrass content (% of herbage mass) and tiller density

(ti]]ers/dmz) of the sward.

Treatment

Date + -H sen? Sig.
(a) Ryegrass content:
28.6.78 33.3 39.4 2.85 *
28.8.78 35.4 39,7 2.12 (+)
2.11,78 41.3 43.9 3.81 ns
8.1.79 33.6 34.4 2,68 ns
9.4.79 35.0 30.1 3.66 ns
10.7.79 62.6 6l.1 2.59 ns
9.10.79 48,1 50.6 3.12 ns
1,2.80 25.6 21.8 1.79 *
12.5.80 39.6 38.4 2.25 ns
(b) Ryegrass tiller densitxpz

LSR®

12.9.78 24.9 30.0 1.45 ns
19.12,.78 19.5 33.7 1.78 (1)
19.3.79 22,2 34.8 1.51 *
13.7.79 25.1 21.2 2.05 ns
17.10.79 16.5 17.9 1.79 ns

a approximate standard error of mean

treatment data are geometric means
least significant ratio

differences
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Table 2.13

The effect of overdrilling Nui ryegrass and Matua

prairie grass on the prairie grass content (% of herbage mass) of the

sward.
Treatment

Date Drilled Control Sep? Sig.
26.6.78 16.9 12,7 3.13 (t)
28.8.78 17.4 15.2 3.70 ns
2.11.78 12.7 7.0 3.36 (t)
8.1.79 10.3 1.8 2,11 *hk
9.4.79 12.0 3.6 3.17 *kk
10.7.79 19.5 9.5 3.46 *x
9.10.79 13,2 2.8 3.01 *x
1.2.80 4,7 1.3 0.82 *x
12.5.80 6.1 4.6 2.30 ns

4SED = approximate standard error of mean differences (significance

levels taken from analysis of arcsin transformed data)

The paspalum, Poa spp. and white clover contents (% of herbage

mass) of swards in overdrilled plots were generally significantly

lower than in undrilled plots from June 1978 until October 1979.

These results reflect increases in the ryegrass content (Table 2.11)

after overdrilling ryegrass into the sward.

The proportions of dead

material in the swards were highest in summer and autumn and reached a

maximum of 15% of herbage mass.

Overdrilling had no effect on tiller densities of paspalum or Poa

spp., but rooted nodes per dm2

1978 compared with the levels in swards of undrilled plots.

of white clover were reduced in spring

Coulter
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type did not significantly affect the proportions and densities of all

species in the sward.

2.7.6 Herbage accumulation

Herbage accumulation in overdrilled plots was greater than in the
control plots (undrilled sward) during the first winter and spring
after drilling (Table 2.14). However, over summer drilled plots
yielded below undrilled plots. Table 2.14 indicates that this
negative effect was from 6.11.78 to 9.3.79, being more marked from
15.1.79 to 9.3.79. By growth 8, drilled plots again outyielded the
control plots and in subsequent growth periods during winter and

spring, no significant differences were detected (Table 2.14).



Table 2.14

prairie grass

The effect of overdrilling Nui ryegrass and Matua

on seasonal herbage accumulation (kg DM/ha).

95

Growth periods Treatments
Season within seasons Drilled® Control SED Sig.
WINTER I P (21.4 -27.6.78) 2086 1803 59,9  *kx
(123 days) 1 ( 3.7 -28.8.78) 1047 873 32,9 *xk
TOTALP 3133 2676 85.8  xkk
SPRING 1 2 (31.8 -27.9.78) 1515 1429 48.3 ns
(87 days) 3 (2.10 -2.11.78) 2533 2385 36.6 o
4  (6.11 -5.12.78) 1909 1911 109.7 ns
TOTAL 5957 5725 116.0 (1)
SUMMER 1 5 (7.12.78-10.1.79) 3014 2985 100.8 ns
(82 days) 6 (15.1 -8.2.79) 1422 1705 62.2  Hxk
7 (14.2 -9.3.79) 782 974 82.6 *
TOTAL 5218 5664 169.6 *
AUTUMN 1 8  (13.3 -6.4.79) 1334 1108 82.4 *
(55 days) 9 (10.4 -11.5.79) 607 544 40.5 ns
TOTAL 1941 1652 92.3 *ox
WINTER II 10 (15.5 -10.7.79) 899 850 28.2 ns
(117 days) 11 (12.7 -11.9.79) 1335 1369 48.4 ns
TOTAL 2234 2219 56.3 ns
SPRING II 12 (13.9 -9.10.79) 1050 1054 43.9 ns
(49 days) 13 (15.10-6.11.79) 1608 1534 68.5 ns
TOTAL 2658 2588 90.0 ns

a
b

the first pre-grazing herbage mass estimate
overall seasonal herbage accumulation
means across all overdrilled plots
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A consistently greater herbage accumulation in all seasons
resulted from sowing the seed through the chisel coulter than through
the triple disc coulter (Table 2.15). These differences were small

and only reached significance (P<0.05) in Autumn I.

Table 2.15 Effect on seasonal herbage accumulation (kg DM/ha) of

drilling plots with chisel or triple disc coulters.

Treatments
Season? Chisel Triple disc SED Sig.
Winter 1 3186 3080 76.5 ns
Spring I 6053 5861 103.5 (t)
Summer I 5318 5118 151,2 ns
Autumn 1 2049 1832 82.3 *
Winter II 2268 2200 50.2 ns
Spring 11 2698 2618 80.3 ns

3 see Table 2.14

Band-spraying of herbicide at drilling reduced herbage mass in
the first winter (Table 2.16). This effect was largely due to a
highly significant reduction at the first pre-grazing estimate, 67
days after drilling. No significant interactions between grass
species mixtures, coulter type and herbicide treatments were detected

by the analysis of herbage mass data.
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Table 2.16 Effect of herbicide (H) application at drilling on

seasonal herbage accumulation (kg DM/ha).

Treatments
Season? Growth perioda +H -H SED Sig.
Winter 1 P 1896 2163 47.1 *kk
1 1023 1002 25.8 ns
Spring I 2 1497 1498 27,7 ns
3 2504 2503 23.2 ns
4 1927 1892 55.1 ns
Summer I 5 3104 2913 58.5 *
6 1460 1497 56,2 ns
7 859 781 62.7 ns
@ see Table 2.14
2.8 DISCUSSION

On dairy farms, pastures that are dominated by C4 grass species
are often overdrilled in autumn with C3 grasses to help overcome feed
deficits which may occur in the later-winter/spring period.

In this experiment, the autumn overdrilling of seed of the C3
species, perennial ryegrass and prairie grass, improved sward herbage
production over the winter and spring immediately following drilling,
but by the second winter this advantage had disappeared (Table 2.14).
The initial improvement in production of drilled plots was mainly due
to a rapid increase in the ryegrass content of the sward (Table 2.11),
since the addition of prairie grass did not significantly improve its
prairie grass content until January 1979, some nine months after
drilling (Table 2.13). The maximum increase in the ryegrass content
(22% in August 1978) coincided with the maximum seasonal improvement

in the production of the sward (Table 2.14),
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During late-spring and summer (growths four to seven, inclusive)
the production of drilled plots fell below that of undrilled plots
(Table 2.14)., This period coincides with the period of active herbage
production from paspalum. It is possible the colder than average 1978
spring (Section 2.6) may have slowed the initial herbage growth of
paspalum, reducing the magnitude of its effect on herbage production
during growths four and five (Table 2.14),

Favourable conditions for germination and emergence of
overdrilled grasses (Baker 1980) prevailed at the time of drilling
(Section 2.3). However, the grooves left by the chisel coulter
generally provided for better emergence (Table 2.3) and growth (Table
2.10) of Nui ryegrass than did those left by the triple disc coulter.
These results support the findings of C.J. Baker and co-workers (Baker
1976; Choudhary & Baker 1978, 1980; Ryan et al. 1979; Baker & Mai
1982a,b) who have reported improved seed germination and seedling
survival in grooves made by chisel coulters over those made by triple
disc coulters. This superior germination and growth was translated
into only small and probably unimportant differences in seasonal
herbage production in plots overdrilled with chisel or triple disc
coulters (Table 2.15).

Banding of herbicide at drilling, even though it covered 27% of
the plot area, had only a limited negative effect on the herbage
production of the sward (Table 2.16), and therefore the resident
species within the sward, such as ryegrass (Table 2.12). Ryan et al.
(1979) reported a similar finding. Conversely, over a similar period
of time (Table 2.10) tiller production of the introduced grasses
benefited from the action of herbicide on the resident species,
providing a counterbalance to the effect of herbicide on the resident

ryegrass.



The overdrilling practices used in this experiment represent
those generally in use on commerical farms. Benefits from such
introductions in terms of improved seasonal pasture production are
Tikely to be small and limited to the first year after drilling,
although the use of the chisel coulter rather than the triple disc
coulter may be advantageous. It is suggested that the limited
benefits accruing from autumn overdrilling are related to the high
losses of the introduced grasses during the summer/autumn seasons
(Fige 1, 2). These losses were also modified by the actions of
the grazing animal, especially for Matua prairie grass (Fig. 1, 2),
and probably by the presence of the established species (King 1971).
Nui ryegrass and Matua prairie grass were drilled into clumps of
paspalum which are a common occurrence in the sward. These clumps
were composed of a dense mass of short rhizomes located at or just
below the soil surface, from which a surface mat of large tillers
arose in late-spring/early-summer (Plate 1). In studying such
pastures, Sturme (1977) noted that perennial ryegrass was usually
excluded from paspalum clumps. This suggests that paspalum, because
of its exceptional colonising ability (Hamblyn 1937; Arnold 1953),
growth potential during summer (Hatch & Slack 1970), and ability to
withstand treading (Hunt 1979) and severe grazing (Weinmann 1948;
Harris 1978), has the potential of offering severe competition to
establishing C3 plants. Nevertheless, since paspalum occupies only
30-40% of the experimental area other resident species could also
offer vigorous competition to establishing species.

Generally, treatments did not affect the survival of the
overdrilled species, except for differences between the N and NM

species combinations during the first winter/spring and summer after
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Plate 1. Paspalum dissected from an experimental plot illustrating
the prostrate, rhizomatous, and dense growth form assumed
in intensively grazed dairy pastures.
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drilling (Table 2.9). No explanation for the latter effects can be
found.

It is unlikely that the low populations of insects such as grass
grub (Costelytra zealandia), Argentine stem weevil (Listronatus
bonariensis) and black beetle (Heteronychus arator) that were present
in the swards of the experimental area, would have caused measurable
sward deterioration. This observation was confirmed by regular
sampling by entomologists from the Ruakura Agricultural Research
Station (R.W. Watson, pers. comm.; C.F. Mercer, pers. comm.) during
this series of field experiments (1978-1982). Some control of insect
populations may have been achieved because of the prolonged use of
high stocking rates (Section 2.2) (East & Pottinger 1983). During the
present experiment, fungal infections affecting the overdrilled
grasses were slight and therefore probably did not strongly influence
their persistence. No visual symptoms of disease were noted on Matua
prairie grass plants but in February 1979, less than 10% of the 180
Nui ryegrass plants remaining in Groups 1-3 (Fig. 3) showed various
degrees of crown rust (Puccinia coronata) infection.

Data presented in Fig. 3 and Tables 2.5, 2.6, 2.7 and 2.8 show
that plant size is an important determinant of summer survival and
persistence of overdrilled perennial grasses. These findings are in
general agreement with those of Langer et al. (1964), Hoen (1968) and
Harris (1973). Large plants are presumably better able to survive
stress periods than small plants as their size improves their chances
of obtaining sufficient of the essential growth factors (nutrients,
water and light), in an intensely competitive environment provided by

the resident species.
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2.9 CONCLUSIONS

Present overdrilling procedures are satisfactory for introducing
Nui ryegrass and Matua prairie grass into swards containing paspalum .
This experiment has demonstrated, however, that the improvements in
seasonal herbage production are likely to be small and limited to the
first year after drilling, a situation which reflects the lack of
persistence of the introduced species.

This experiment has shown that large plants have a greater
capacity to survive stress periods (summers) than do small plants.
Hence to justify the use of overdrilling techniques as a means of
renovating pastures containing paspalum, better definition of
post-drilling management is required to enable a high proportion of
germinated seedlings to reach a competitive size during the
winter/spring following drilling.

One possibility is that the addition of nitrogen fertiliser to
the sward in the late-winter/spring period may modify the relative
competitive abilities of the introduced and resident species. This
is examined in chapter 4.

The ability of at least some Nui ryegrass plants to rapidly
increase in size (tiller numbers) after germination was reflected in
an improved ryegrass content of the sward. In contrast, Matua prairie
grass did not possess this ability and hence did not make a large
contribution to the herbage mass of the sward during the post-drilling
winter/spring period. Matua prairie grass was therefore excluded from

subsequent experiments.
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An understanding of the relative competitive abilities of
perennial ryegrass and paspalum would be enhanced by knowledge of the
morphological structure and seasonal physiological status
(nonstructural carbohydrate and major element levels) of these plants.
In chapter three a series of experiments designed to obtain such

information are described.
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CHAPTER 3

NONSTRUCTURAL CARBOHYDRATE AND MAJOR ELEMENT LEVELS
IN PERENNIAL RYEGRASS AND PASPALUM

3.1 INTRODUCTION

The dominance of a particular pasture species depends on its
ability to compete for limited environmental resources. The energy
for obtaining these resources and for maintenance, growth and
reproduction, is obtained from carbohydrate formed by the process of
photosynthesis. Carbohydrates, nitrogen and other essential elements
obtained in excess of immediate requirements, may be accumulated as
reserves (Weinmann 1948; Cook 1966; Trlica & Singh 1979), which
consist mainly of carbohydrate (Cook 1966).

Reserves may be remobilised to meet respiratory requirements
during dormancy or periods of reduced growth, and for the initiation
of early-spring growth. They may also be required for regrowth after
foliage removal and at any time when photosynthesis cannot meet the
energy demands of the plant (Cook 1966; Smith 1973; Trlica & Singh
1979). Menke & Trlica (1981) found that plants that replenish
reserves rapidly after a period of depletion are least affected by
defoliation and recover rapidly from severe defoliation.

Similar seasonal changes in carbohydrate reserve levels occur in
all perennial grasses but may be influenced by the growth behaviour of
the species and by climate (Weinmann 1952). Levels of plant reserves
may affect the outcome of interactions between perennial ryegrass and
paspalum. Information on the growth strategies and morphological
structure of these species was sought to provide a better
understanding of their relative competitive abilities in dairy

pastures.
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3.2 MATERIALS AND METHODS

Two experiments are described in this chapter. In Experiment 1
samples of ryegrass and paspalum were obtained over a 12 month period
for chemical analysis. Experiment 2 was similar to 1 and was used to
obtain estimates of the biomass of ryegrass and of paspalum; both
involved regular defoliation. Mown rather than grazed pastures were
used to minimise variability in plant elemental uptake caused by
uneven return of elements in dung and urine, and selective grazing by

dairy cows (Hodgson 1973).

3.2.1 Experimental sites and pre-experimental management

Separate plots (31 x 4.1 m) located in each of four paddocks
(representing replicates) in the general experimental area (Section
2.2) were used for Experiments 1 and 2. Plots were fenced off from
grazing about one month before the start of each experiment. During
this time the pastures were flail-cut on three occasions from a height
of about 100 mm to 25 mm, using a Swift Current Forage Plot Harvester,
to reduce variability in regrowth caused by the grazing animal. A1l
clippings were discarded. This defoliation procedure was used

throughout both experiments, after each sampling.

3.2.2 Fertiliser applications

Estimates of nutrient removal in herbage from regularly mown
plots were obtained by combining nutrient concentration (% of DM) data
(means over 1972 to 1975) with the estimates of pre-cutting herbage
mass obtained during the present experiments. The P, S and Mg
concentrations in the pasture herbage showed Tittle seasonal variation
and were about 0.40, 0.37 and 0.19%, respectively, over spring,
summer/autumn and winter. The K and N concentrations were at their
highest in winter, ranging from 2.9 to 3.3% and 3.9 to 4.2%,

respectively, over the seasons. Mean herbage mass estimates for the
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pastures over spring, summer/autumn and winter, were 3950, 4000 and
2150 kg DM/ha, respectively.

The amounts of P, S, Mg and K applied to the pastures to replace
the losses in cut herbage were adjusted for losses in dairy cow
products, and losses ex-pasture (Middleton & Smith 1978).
Seventy-five percent of the N in the pasture consumed by the cows was
assumed to be excreted onto the pasture (Walker et al. 1954),
Adjustments were also made for an assumed pasture utilisation by the
cows of 75% (Middleton & Smith 1978). The nutrients were applied at
about monthly intervals as ibex (25% P), flowers of sulphur (100% S),
magnesium oxide (50% Mg), potassium chloride (50% K) and urea (45% N).
The appropriate quantities of each were thoroughly mixed before
hand-spreading over the plots during rain or when rain was imminent,

to minimise burning of herbage.

3.2.3 Sampling methods
3.2.3.1 Experiment 1 (chemical analysis)

Samples of paspalum and ryegrass were taken at 14 to 21 day
intervals during spring, summer and autumn, and at intervals of 28 to
42 days during winter. Sampling took place when the pasture height
reached about 100 mm, after which the plots were mown (Section 3.2.1).
Paspalum samples were collected from 19.11.79 to 21.10.80 and ryegrass
samples from 20.5.80 to 13.4.81. Measurements were converted to a
seasonal basis by averaging data obtained in September, October and
November (spring - six sample dates), December, January and February
(summer - four sample dates), March, April and May (autumn - four
sample dates), and July and August (winter - two sample dates).

Above- and below-ground samples of paspalum and ryegrass were

obtained by inserting a 48 mm diameter corer to a depth of 150 mm.
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Samples were obtained between 8 am and 12 noon on the sample day to
minimise possible diurnal variation in sugar and starch levels (Smith
1973). At each sampling, two to five cores were obtained from each
plot at each of 10 separate, paspalum dominant areas. From December
until May the herbage mass in these areas was 50 to 80% paspalum.
Cores were bulked on a plot basis and stored in a refrigerator at

4 °C. Soil and plant material were separated by washing. A
representative subsample of paspalum was dissected into leaf (laminae
only), pseudostem, culm (from the uppermost stem node and including
the flowerhead), rhizomes, roots, and dead material (composite of
above- and below-ground brown, necrotic tissues).

Fifteen to 25 cores per plot from the centres of distinctly
separate plants provided the bulk ryegrass sample. These plants were
growing in regions generally uninhabited by paspalum. Sample
treatment was as for paspalum, but dissection was into leaf (laminae
only), pseudostem, roots, and dead tissue (above- and below-ground).
Flowering tillers were generally absent from ryegrass samples.
Definitions of grass shoot parts are given by Thomas (1980).

A11 samples were rewashed before freezing (-18 °C) 24 to 48 hours
after sampling. Within seven days of sampling, all frozen plant
tissues were placed in a freeze drier (0.5 mm Hg, -30 °C) for 48-72
hours. Haslemore et al. (1980) considered freeze drying the most
appropriate procedure when determining total nonstructural
carbohydrate (TNC) levels (soluble sugars plus starch) in plant
material. After drying, weights were recorded for each plant
component and the tissue was ground in a Wiley mill to pass a 1.0 mm
screen. Ground tissue was stored in air-tight containers at 4 to 7 °C

until chemical analysis within approximately two months.
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3.2.3.2 Experiment 2 (biomass)

Samples were taken on nine occasions from 22.4.81 to 10.3.82.
Each sample date coincided with one used for the chemical analysis
during the previous year (Experiment 1). The chemical composition
data at comparable dates were combined with the yield data to obtain
estimates of the amounts (kg/ha) of each measured constituent in the
various plant tissues. These estimates were converted to a seasonal
basis by averaging data obtained in October and November (spring - two
sample dates), December and January (summer - two sample dates),
March, April and May (autumn - three sample dates), and June and July
(winter - two sample dates).

Regions within each plot were classified as either summer/autumn
paspalum dominant (Pa) or containing little or no paspalum (NPa).
Botanical dissections of herbage (see below) from Pa regions during
these seasons gave paspalum and ryegrass contents of 77 and 7%,
respectively, compared to 6 and 55%, for NPa regions.

At each sample date estimates of above-ground herbage mass (kg
DM/ha) in Pa and NPa regions were the mean of four quadrat cuts per
plot. The cutting technique was as described in Section 2.4.3.1. 1In
addition, 10 to 20 random samples of herbage from Pa and NPa regions
were hand-cut to ground level and bulked within regions before
botanical dissection (Section 2.4.4). The perennial ryegrass and
paspalum fractions were subdivided into shoot components as described
above and the proportion of the total sample dry weight represented by
each was calculated. These proportions were combined with the
appropriate herbage mass data to derive the respective biomass of
shoot components of ryegrass and paspalum in Pa and NPa regions.

Five ryegrass plants at least 150 mm from similar plants were

selected from NPa regions in each plot for the estimation of root
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biomass. A1l herbage, plus a 50 mm soil width around each plant to a
depth of 150 mm, was removed. Soil was washed from each plant before
dissection into shoots, roots and dead material, oven drying and
weighing. Mean shoot/root and shoot/dead ratios were calculated for
each plot. These ratios were combined with ryegrass shoot biomass
data obtained from botanical analysis and quadrat cuts, to estimate
root biomass and dead material yield per hectare. It was not possible
to sample the below-ground organs of individual paspalum plants because
of their clumpy tiller growth from a network of subsurface rhizomes
(Plate 1). Instead, five soil cores (48 mm diameter, 150 mm depth)
were removed from Pa region quadrat sites after removal of
above-ground herbage. Cores were bulked within plots, washed and
dissected into rhizomes and roots, before oven drying. The total
surface area (20 cores) sampled in each plot at each date was 3.6 x
1070 ha.

Herbage mass estimates based on six quadrat cuts per plot were
also made when sampling for chemical analysis (19.11.79 to 13.4.81) to
provide, in combination with elemental composition data (Section

3.2.2), estimates of fertiliser applications rates.

3.2.4 Analytical procedures
(a) Soluble sugars

Plant material (200 mg of ground tissue) was extracted under
reflux in 80% ethanol and filtered according to the method of AOAC
(1975 - Section 3.081). The filtrates were cooled and diluted to
appropriate volumes, and total sugars were determined in 1 ml aliquots
using 0.05% anthrone in 70% sulphuric acid (Bailey 1958). Additional
1 ml aliquots of filtrate were periodically analysed in 70% sulphuric

acid with the omission of anthrone to assess the magnitude of any
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possible interference. No interference was detected. Absorbances

were read on a Spectronic 20 at 625 nm.

(b) Starch

The residue remaining after extraction by 80% ethanol was
boiled in water to gelatinise the starch (MacRae & Armstrong 1968).
After cooling to less than 60 °C, starch was determined as glucose by
the addition of an amyloglucosidase preparation (Sigma Chemicals,
Rhizopus genus mold) followed by treatment with glucose oxidase (AOAC
1975, Sections 31.211-31,214). Absorbances were read at 540 nm on a
Spectronic 20. With every set of analyses, standards of A/R potato
starch were included to assess the activity of amyloglucosidase.

Recoveries of not less than 95% were considered acceptable.

(c) Magjor elements - N, P, K, S, Mg, Ca and Na

N and P were determined on a micro-Kjeldahl digest, the former by
reduction with alkaline sodium-phenate (Gehrke et al. 1972) and the
latter by reduction of phospho-molybdate using amino-napthol-sulphonic
acid (Basson 1976). S, Mg, Ca, Na and K were determined after wet
oxidation and digestion with nitric-perchloric acid mixture. S was
determined turbidimetrically with barium chloride solution
(Mottershead 1971). Mg was determined by atomic absorption and Ca, Na

and K by flame photometry (Clinton 1967).

3.3 RESULTS

3.3.1 Seasonal changes in plant composition with regular
defoliation

(a) TNC (soluble sugars and starch) (Table 3.1) and elemental (Table

3.2) concentrations: Leaf, 'stem' and root TNC concentrations (% of

DM) for ryegrass were lowest in autumn and highest in winter. In all
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Table 3.1 Seasonal concentrations (% of DM) of soluble sugars, starch
and total nonstructural carbohydrate (TNC) in ryegrass and paspalum
growing in mixed pasture.

Spring Summer Autumn Winter
Ryegrass
Leaf ssd 9.0(0.85)2 7.0(0.63) 5.3(0.74) 11,9(0.57)
S 0.5(0.06) 0.8(0.30) 0.2(0.05) 0.3(0.06)
TNC 9.5 7.8 5.5 12,2
'Stem'D  SS 6.0(0.42) 5.8(0.52) 4,2(0.81) 11.2(0.64)
S 0.4(0.17) 0.7(0.26) 0.5(0.14) 1.0(0.29)
TNC 6.4 6.5 4,7 12.2
Root SS 1.9(0.22) 2.0(0.30) 1.1(0,20) 3.3(0.31)
S 0.1(0.07) 0.1(0,09) 0.1(0.09) 0.0
TNC 2.0 2.1 1. 3.3
Dead SS 0.7(0.13) 1.2(0,15) 0.9(0.19) 1,2(0.35)
S 0.0 0.0 0.0 0.0
TNC 0.7 1.2 0.9 1.2
Paspalum
Leaf SS 4,2(0.26) 3.4(0.33) 4.4(0,21) 5.8(0.10)
S 0.1(0.05) 0.1(0.03) 0,1(0.00) 0.1(0.00)
TNC 4,3 3.5 . 5.
'Stem'd SS 5.5(0.36) 4.6(0.,35) 11,7(1.15) 15.5(1.24)
S 0.3(0.06) 0.5(0.13) 1.5(0.35) 0.9(0.41)
TNC 5.8 5.1 13.2 16.4
Cu]mc SS = 400 - 405(0013) =
S - 0.1 - 0.2(0,04) -
TNC - 4.1 4.7 -
Rhizome SS 5.8(0.86) 8.2(0.47) 12.,1(0.52) 9.8(0.73)
S 3.3(0.27) 1.3(0.28) 7.5(0.59) 9.1(1.15)
TNC 9.1 9.5 19.6 18.9
Root SS 1.6(0.30) 1.6(0.26) 2.4(0.25) 1.9(0.12)
S 0.0 0.1(0.06) 0,1(0.05) 0.2(0.06)
TNC 1.6 1.7 2.5 2.1
Dead SS 0.7(0.06) 0.8(0.22) 0.8(0.14) 1,2(0.31)
S 0.0 0.0 0.0 0.0
TNC 0.7 0.8 0.8 1.2
a standard error of (replicate) mean
b psuedostem (leaf sheaths)
C insufficient tissue in summer for replicated analyses
d SS = soluble sugars; S = starch; TNC = total nonstructural

carbohydrate (SS plus S)
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phosphorus (P) and potassium (K) in ryegrass and paspalum growing in

Table 3.2 Seasonal concentrations (% of DM) of nitrogen (N),
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seasons leaf contained the highest soluble sugar and TNC
concentrations. Starch concentrations were generally low in all
ryegrass organs. For paspalum, TNC concentrations in all organs were
lowest in spring and summer and highest in autumn and winter. The
‘stem' and rhizome contained the largest soluble sugar concentrations
during autumn and winter and the latter organ also contained high
concentrations of starch. In all seasons, the roots and dead tissues
of both ryegrass and paspalum contained the lowest TNC concentrations.
Regular mowings (Section 3.2.1) during spring, summer and autumn,
suppressed reproductive stem (culm) development. At all samplings,
insufficient dry matter was obtained for chemical analysis of ryegrass
culm and during the above seasons, culm represented less than 1% of
the herbage mass of both ryegrass and paspalum.

Seasonal variations in elemental concentrations were generally
small and only data obtained for one month in each season are
presented. Concentrations of all major elements in ryegrass were
generally highest in leaf. 'Stem' also had higher concentrations of
N, P, K and Na, than did root (Table 3.2, Appendix 4). Paspalum leaf
and 'stem' maintained the highest concentrations of N, P, K, S and Mg
(Table 3.2, Appendix 4), although rhizome and leaf N concentrations

were comparable in October and June (Table 3.2).

(b) Biomass (Table 3.3): Leaf made the largest contribution (39 to
56%) to ryegrass biomass, especially over summer (December/January).
Roots contributed from 30 to 36% of ryegrass biomass in winter, spring
and autumn, and was lowest in summer (26%). Leaf also made the
highest contribution to paspalum biomass in summer (33%) but its
contribution in winter (6%) and spring (11%) was small. Rhizomes made

larger contributions to paspalum biomass in winter (43%), spring (45%)



Table 3.3 Seasonal biomass (kg DM/ha) of ryegrass and paspalum

growing in mixed pasture.
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Spring Summer Autumn Winter

Ryegrass in NPa regions

Leaf 1084 (86)a 2253 (420) 1172 (99) 1238 (96)
'Stem'b 209 (14) 283  (43) 150 (29) 135 (55)
Root 700 (95) 1033 (375) 1065 (117) 719 (119)
Dead 310 (61) 476 (187) 603 (68) 297 (63)
TOTAL 2303 4045 2990 2389
Paspalum in Pa regions

Leaf 430 (142) 2041 (555) 2068 (353) 314 (122)
'Stem'b 147  (8) 624 (94) 975 (171) 468 (49)
Culm - - 42 (9) 34 (12) - -
Rhizome 1767 (352) 1844 (214) 3766 (756) 2279 (471)
Root 795 (123) 919 (168) 1463 (286) 953 (79)
Dead 831 (378) 825 (211) 1667 (203) 1234 (108)
TOTAL 3970 6253 9939 5248

a8 standard error of (replicate) mean

b pseudostem (leaf sheaths)
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and autumn (38%), than in summer (30%). Roots comprised a similar

proportion of paspalum biomass (15 to 20%) in all seasons.

(c) TNC (Fig. 4) and elemental (Fig. 5) levels: Peak TNC levels in
ryegrass occurred in early summer (January) and were lowest in autumn
(April). Throughout the year less than 30% of the TNC yield per
hectare in ryegrass was located below-ground. In paspalum, TNC levels
were lowest in spring (October/November) and highest in autumn
(AprilMay). Over all samplings, 57 to 88% of accumulated TNC was
located below-ground and 52 to 81% of this resided in the rhizome.

As described for TNC, ryegrass elemental levels (kg/ha) were
maximised in summer. From 52% to 95% of the total yields of the
various elements in ryegrass were in above-ground tissues. In summer,
the above-ground organs of paspalum contained higher levels of all
elements (except Na) than below-ground organs, with the reverse
occurring in winter and spring. In autumn N, P, K and Ca levels were
greatest above-ground while the levels of S, Mg and Na were greatest

below-ground.

3.4 DISCUSSION

The experiments described here represent the first attempt in
New Zealand to obtain data on the seasonal physiological status of
grass species growing in dairy pastures. Certain limitations apply.
Firstly, although TNC and elemental yields were calculated from data
obtained from the same paddocks within the experimental area, chemical
composition data were obtained in 1980/81 and plant mass data were
obtained in 1981/82, This limitation, caused by labour and sampling
constraints in 1980/81, is probably of minor importance in the context
of the present experiments as although dry matter yield, carbohydrate

and elemental concentrations in the plants at a particular time may
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vary between years, the seasonal patterns of carbohydrate (Noble &
Lowe 1974) and elemental levels (Thompson & Warren 1979) are likely to
be similar. Secondly, the use of root sampling and washing techniques
to measure below-ground organ production unavoidably introduces
considerable errors due to the crudity of the estimation technique as
well as soil heterogeneity (Newbould 1968). Also, the use of
subjective eye assessment to separate 'living' from 'dead' roots would
have introduced further errors since living and dead roots not
sufficiently decomposed to be unrecognisable were included in the same
category. Many researchers in the past, however, have used these root
sampling techniques (Troughton 1957) and they were considered the most
appropriate for obtaining relative information on below-ground organ
production in ryegrass and paspalum. Thirdly, the plots were mown
after each sampling so that effects of regrowth interval were ignored.
Samples were however taken at intervals during a 10 week regrowth
period in late-spring/early-summer and summer/autumn. Concentrations
of chemical constituents in paspalum (Appendix 5a,b,c,d,e) were
similar to those described, indicating that chemical concentrations
were not greatly influenced by regular mowing.

The outstanding finding of the experiments described in this
chapter was the summer/autumn accumulation of large reserves of
carbohydrates (Fig. 4, Appendix 5h) and nitrogen (Fig. 5) in the
paspalum rhizome. The accumulation of high levels of reserves has
implications for the maintenance of plant vigour and competitive
ability. Probably the most important function of the carbohydrate
reserves is to provide a respiratory substrate during the
winter/spring period (May 1960; Cook 1966; Trlica & Singh 1979) when
photosynthetic rate and shoot production is severely curtailed by low

temperatures (less than 15 °C) (Cooper & Tainton 1968). This ensures
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the survival of vigorous vegetative units (rhizomes and tiller buds)
(Smith et al. 1964; Lush & Evans 1974; Harris 1978) during periods
when frosting can occur. The pattern of peak autumn TNC levels in
paspalum, declining to a minimum close to the commencement of rapid
shoot growth in November (Percival 1977) (Fig. 4) has also been
described by Humphreys & Robinson (1966) for other subtropical
species.

Paspalum's high growth rate during summer/autumn was reflected in
large increases in leaf, rhizome and total biomass over these seasons
(Table 3.3). Such increases are possible because paspalum possesses
the C4 pathway of photosynthesis (Hatch & Slack 1970) which allows for
more efficient use of environmental resources (light, nutrients and
water) in plant processes than does the C3 photosynthetic pathway
present in ryegrass (Slatyer 1970; Bjorkman 1971; Downton 1971; Brown
1978). The ability to rapidly increase in size during the growing
season helps maintain a high competitive ability (Black et al. 1969;
Grime 1979).

During summer, as growth rates increased (Table 3.3), rhizome
nitrogen levels were reduced compared to spring levels. Rhizome
nitrogen levels increased again during autumn/winter (Fig. 5) as
growth rates slowed and presumably nitrogen supply exceeded demand.
Similar seasonal changes in nitrogen reserves have also been reported
by Weinmann (1948) and Sheard (1973) for other plant species.

Carbohydrate reserves may also help maintain paspalum's growth
and vigour by providing a buffer against damage caused by regular
severe defoliations (Weaver 1930; Weinmann 1948), or damage resulting
from treading (Edmond 1966; Hunt 1979). However, according to the
recent reviews of Harris (1978) and Trlica & Singh (1979), the extent

to which carbohydrate reserves are used to promote regrowth after
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defoliation is still controversial. The argument centres around the
importance of any residual leaf area in manufacturing carbohydrates
for the recommencement of growth versus the use of reserve
carbohydrates. It may be that in the present pastures, carbohydrate
reserves are most important for the maintenance of competitive ability
by combating climatic stresses and other forms of damage, rather than
that due to defoliation. This is possible because of the generally
prostrate growth habit assumed by paspalum, which means total removal
of leaf area by cows is a rare occurrence. Thus, some highly
efficient leaf area usually remains and is capable of producing
carbohydrate which could be used in regrowth processes.

Ryegrass does not possess a specialised organ (eg. rhizome) for
the accumulation of carbohydrate and elemental reserves. Reserves
accumulate in the shoots (Fig. 4, 5), usually in young leaves and stem
bases (White 1973; Vartha & Bailey 1980), and the levels were lower
than for paspalum except for TNC levels in December (Fig. 4) and
sodium levels in all seasons (Fig. 5). TNC levels in ryegrass shoots
reached a peak in early-summer (January) before declining over
summer/autumn as environmental conditions (high summer temperatures
and possibly water stress) restricted their growth (Fig. 4). These
trends are in general agreement with the reports of Alberda (1957) and
E1 Hassan & Krueger (1980).

From 50 to 95% of the carbohydrate and elemental reserves
accumulated by ryegrass during the year were located in leaf and
'stem' (Fig. 4, 5), and because the plant generally assumes an erect
growth habit they are exposed to the risk of complete or partial loss
during each grazing. On the contrary, the majority of the
carbohydrate reserves accumulated by paspalum are located below-ground

(Fige. 4, Appendix 5h), protected from the risk of removal by the
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grazing animal. By the end of the growing season (autumn) and despite
regular defoliation, paspalum was also capable of accumulating
considerable elemental reserves (eg. nitrogen) (Fig. 5), roughly
equivalent to the amounts accumulated during uninterrupted growth
(Appendix 5g). It is suggested that ryegrass would be in a more
vulnerable position than would paspalum to suffer any deleterious

effects due to defoliation (eg. overgrazing, trampling).
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CHAPTER 4

THE EFFECTS OF NITROGEN FERTILISER ON THE GROWTH AND
PERSISTENCE OF PERENNIAL RYEGRASS INTRODUCED INTO
A PASTURE CONTAINING PASPALUM

4.1 INTRODUCTION

The results described in chapter 2 suggest the effect of over-
drilling in autumn on pasture yield disappears in one year. This
effect was associated with high losses of introduced plants during
summer/autumn. Small plants and those grazed hardest prior to and
during summer were most prone to loss. This chapter further
investigates these effects.

It was hypothesised that the application of nitrogen fertiliser
during winter/spring may modify the relative competitive abilities of
the introduced and resident plants. Many experiments have shown how
the application of nitrogen fertiliser can increase tillering in
perennial ryegrass (eg. Davies 1971, 1977; Harris 1973; Alberda &
Simba 1982) and also herbage production of ryegrass dominant swards
(Reith & Inkson 1961; Minderhoud et al. 1974; Field & Ball 1978;
Laidlaw 1980; MacKenzie & Daly 1982; Ball & Field 1982; 0'Connor
1982). This implied increase in plant size due to nitrogen suggests
that the application of nitrogen fertiliser may be an important factor
influencing the survival in a pasture of introduced ryegrass plants.
This possibility is investigated in this chapter.

The effects of two other factors known to modify ryegrass
persistence were also examined, namely, grazing interval (Brougham
1959, 1960; Agyare & Watkin 1967) and physical damage caused by the
grazing cow(Spedding 1971; Watkin & Clements 1978). The growth and

persistence of ryegrass plants in plots covered by cages during
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grazing was compared with those exposed to grazing to measure the
effects of cow grazing damage (eg. 'pulling').

In the two field experiments described, young ryegrass plants
were introduced into plots that contained predominantly paspalum (Pa)
or other pasture species (NPa) (chapter 3), to distinguish the effects
of paspalum from other potential competitors on the growth and
persistence of the introduced ryegrass. Rates of nitrogen fertiliser
comprised the main treatments in both experiments. Higher rates of
nitrogen were applied in Experiment 2 because of the possibility that
insufficient nitrogen had been applied in Experiment 1. Experiment 2
also included grazing interval as a variable and some plots were

clipped rather than grazed.

4,2 EXPERIMENTAL SITES

The experiments were conducted over two successive years in
adjacent 0.12 ha (40 m x 31 m) paddocks in the general experimental
area (Section 2.2). Experiment 1 commenced in April 1979 and
concluded in May 1980. Respective dates for Experiment 2 were April
1980 and May 198l1. A schedule of events for the experimental

procedures used form Tables 4.1 (Experiment 1) and 4.2 (Experiment 2).

4.3 EXPERIMENTAL DESIGN AND TREATMENTS
(a) Experiment 1: Nitrogen treatments coded as
NW - 63 kg N/ha as urea applied on 10.8.79 (0.563 g N in
40.5 ml water per 0.09 m? plot area)
NS - 48 kg N/ha applied on 5.10.79 (0.429 g N in 59.5 ml
water per 0.09 mé plot area)
No N - no nitrogen fertiliser addition
were applied to Pa and NPa plots (300 x 300 mm) according to a 2 x 3

factorial design with 10 replicates.
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Table 4.1. Schedule of major events (Experiment 1).
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Table 4.2 Schedule of major events (Experiment 2).
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The 60 plots (30 Pa and 30 NPa) were located on 10 diagonals
across the 31 m width of the paddock.

(b) Experiment 2: The effects of cage (herbage clipped) and no
cage (herbage grazed), nitrogen and no nitrogen fertiliser, and a long
and a short defoliation interval, were investigated in a 23 factorial
design.

In early May 1980, 32 Pa and 32 NPa plots with similar dimensions
as described above were located on diagonals running the length of the
paddock (40 m). Sixteen plots of each type were located on either
side of a temporary fence which divided the paddock area in half
(40 x 15.5 m). Each half was grazed at a long (LI) or a short (SI)
interval. Of the plots in each half, eight of each type received
nitrogen fertiliser (67 kg N/ha as urea, 0.599 g N in 180 ml of water
per 0.09 m2 plot area) on four occasions (12.8, 9.9, 6.10, 21.10.80)
while the remainder received no nitrogen fertiliser. In addition,
half of the plots receiving nitrogen fertiliser and half those
receiving no nitrogen fertiliser were covered by wooden cages during

each grazing and these plots were defoliated by clipping.

4.4 EXPERIMENTAL PROCEDURES AND TECHNIQUES
4.4,1 Pre-transplanting growth of ryegrass plants

For each experiment, approximately 1000 ryegrass seeds were
germinated and grown in a glasshouse in 75 mm lengths of alkathene
piping (12 mm internal diameter) split four ways from one end almost
through to the other and reshaped by clamping the cut end together
with tape. At transplanting, the tape was removed and the soil core
exposed by extending the slits the length of the tube.

The seed used in Experiment 1 was from a commercial line of

certified first generation Lolium perenne L. 'Grasslands Nuj'
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perennial ryegrass. Nucleus seed from a 1980 line, A3834, Loliwn
perenne L. 'Grasslands Nui' perennial ryegrass was used in Experiment
2. Seeds from each line were selected at random and sown at the rate
of two per tube in May of 1979 and 1980, respectively. After
germination the seedlings were thinned to one healthy plant per tube
and allowed to grow for about 10 weeks before transplanting into the
field. During this time the plants were cut twice to a height of

25 mm and were periodically watered. The plants were gradually

acclimatised to outside conditions during the three to four weeks

preceding transplanting.

4,4,2 Transplanting procedure

Fourteen soil cores (13 mm diameter to a depth of 75 mm) were
removed from each plot using a miniature soil corer and a metal
template. The cores, forming two rows 150 mm apart with 50 mm
spacings within rows were replaced with ryegrass plants, selected at
random. Two of the 14 plants were randomly chosen and labelled with
blue telephone wire (Section 2.4.3.2). The remaining 12 introduced
ryegrass plants per plot in Experiment 2 were labelled with red
telephone wire to assist in their location during the experiment.

In 1979, transplanting and labelling took place from 17 to 20
July and in 1980 from 29 to 30 July.

4.,4.3 Measurements on individual ryegrass plants

(a) Experiment 1: Tiller counts and length measurements, as
described in Section 2.4.3.3, were made on plants marked with blue
rings before each grazing. Prior to grazings one, four, six and
eight, two of the 12 unlabelled plants in each plot were selected at
random, cut to a 25 mm stubble using hand shears, and the number of
cut tiller stubs counted. The herbage from each plant was then

dried for 36 hours at 100 °C in a forced draught oven before weighing.
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These plants were labelled with yellow rings and subsequently excluded
from cutting until all the available plants had been cut once.

(b) Experiment 2: Similar measurements as described for
Experiment 1 were carried out on introduced ryegrass plants labelled
with blue rings at alternate grazings with SI and all grazings with
LI. When a blue-labelled plant was lost from the sward it was
replaced by a red-labelled plant that had been exempt from cutting for
the longest period. Measurements were then continued on the
replacement plant. When a single survivor was available for
measurement, data for this plant were considered representative of the
plot, otherwise plot data were represented by the mean of measurements
on two plants. If the only survivor was subsequently lost from the
plot, the frequency of the treatment means for the measured variables
were reduced by one. Individual plant yield measurements and counts
of cut tiller stubs were also carried out as described above on
selected introduced plants in grazed plots, except that the clipping
level was raised to 40 mm after harvest three (SI) and after harvest
two (LI). This change coincided with the need to adjust the clipping
level of caged plants that were defoliated by clipping at each harvest
(Section 4.4.4). The herbage from all surviving introduced ryegrass
plants growing in the caged plots was harvested, bulked and dried.

The total number of cut tiller stubs for the survivors was also
recorded so that the average dry weight per tiller for these plants
could be calculated. Other methods were as for Experiment 1.

In both experiments, at each pre-harvest measurement a subjective
vigour grade was given to each surviving introduced ryegrass plant.
The scale ranged from 1 (low) to 5 (high). An average vigour was
calculated for each plot as a mean of 14, assuming dead or missing

ryegrass plants had a vigour of zero.
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4,4,4 Defoliation management

The experimental plots were hard-grazed (Section 2.3) before the
introduction of the ryegrass plants.

During Experiment 1, plots were grazed by cows at intervals of 26
to 35 days. The first grazing took place on the 19.9.79, 61 days
after the introduction of the ryegrass plants.

Plots in Experiment 2 to be grazed or clipped at a SI were first
defoliated 47 days after the introduction of ryegrass plants. Until
grazing six (24.11.79) these plots were defoliated at 13 to 15 day
intervals and at 20 to 22 days thereafter. Plots to be grazed or
clipped at a LI were first defoliated 54 days after the introduction
of the ryegrass plants. These plots were defoliated every 20 to 22
days until grazing five (16.12.79) and at 27 to 29 days thereafter.
At each grazing appropriate plots were covered by 500 x 460 mm plywood
cages. After each grazing the herbage under the cages was clipped to
a 25 mm stubble using a motorised handpiece set on adjustable skids.

In both experiments, cow numbers used at each grazing were
generally sufficient to achieve the desired residual herbage mass
(1500 to 1800 kg DM/ha) over a four to five hour period. However,
after grazings two and four during Experiment 1 this level was not
achieved and the trial area was flail-cut to a 70 to 80 mm height
using a Swift Current Forage Plot Harvester. In addition, after
grazing five in Experiment 1 the trial area was mown to a height of

120 to 150 mm to remove excess numbers of flowering tillers.

4.,4.5 Sward measurements
4.4.5.1 Plot herbage mass
Herbage mass assessments were made in Experiment 2 but not in

Experiment 1. For pre- and post-defoliation herbage mass assessments
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under both managements, 10 quadrat areas representing the range of
herbage mass present on the experimental area were marked for ground
level cutting. These were given a visual grade by consensus of four
observers. Subsequently, three observers independently est{mated
herbage mass on the treatment plots and then on the marked quadrat
areas. This procedure was then repeated by the three observers.
Visual estimates were adjusted using the regression of mean visual
grade on herbage mass for the quadrat assessments. Correlation
coefficients of the calibration regressions are presented in Appendix
6. A1l regressions were significant (P<0.05) (eight degrees of
freedom) except for post-defoliation 13 (SI, 22.4.81). At this date,
observers consistently underestimated by about 600 kg DM/ha the
herbage mass in two calibration quadrats, possibly because of the
influence of high litter levels in the pasture in autumn (Section
4,7.5). This combined with a narrow range of herbage mass present on
the plots lead to a low correlation between visual grade and herbage

mass per quadrat.

4,4,5.2 Botanical composition

The point quadrat method of Radcliffe & Mountier (1964a) was used
in both experiments to determine plot botanical composition during
winter, spring, summer and autumn. Total hits on all plant species
for 30 points per plot were recorded from five positions of the linear
frame (containing six points spaced 50 mm apart) located at random
over the whole length of each plot, and at right angles to the rows of
introduced ryegrass plants. Data for each species were expressed as a
proportion of the total hits per plot for all species. Measurements

were usually within one week of defoliating the plots in an attempt to
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minimise variation in herbage height at each analysis (Radcliffe &

Mountier 1964b).

4,4.6 Fertiliser policy and weed control

In April 1979, 5 kg K, 2.5 kg P and 2.5 kg S were applied to the
0.12 ha trial area used for Experiment 1. A further 5.8 kg K, 1.2 kg
P and 1.2 kg S were applied in November 1979. Both trial areas
received 2.5 kg K, 1.3 kg P and 1.3 kg S in April 1980 while the 0.12
ha area used for Experiment 2 also received 5.9 kg K, 2.9 kg P and
2.9 kg S, and 6.0 kg Mg in August 1980.

Both trial areas were sprayed with 4-(4-chloro-2-methylphenoxy
butyric acid) (MCPB) for the control of celery-leaved buttercup
(Ranunculus sceleratus L.). Experiment 1 received 3 7 MCPB in 235 1
water/ha in November 1979, and Experiment 2 received 4.5 17 MCPB at

the same dilution rate in December 1980,

4.4,.7 Soil tests

Soil samples from Pa and NPa plots in Experiment 1 were analysed
(Cornforth 1980) for pH, P, K and Mg status before the experimental
treatments were applied. Nine 25 mm diameter soil cores to a depth of
75 mm were taken at random from each plot, but without disturbing the
immediate environment of the introduced ryegrass plants. The results
in Appendix 7 are categorised according to paspalum frequency in
summer (17.1.80). As results were similar for Pa and NPa plots, these

data were not collected during Experiment 2.

4,5 STATISTICAL METHODS
Analysis of variance models were used to detect treatment
differences with initial tiller number of the ryegrass plants at the

time of introduction to the plots being used as a covariate. For the
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analysis of data from Experiment 1 an extra covariate was included to
account for certain plots visually assessed (May 1980) as having a low
frequency of paspalum, but producing a high paspalum frequency during
summer and vice versa.

Plots of residual variances against fitted values for the model
indicated when transformations of the data were required to obtain
errors that resembled the normal distribution with constant variance.
For Experiment 2, the relationship between residual variances and
mid-summer paspalum frequency in the plots for each variable was
examined for any effect not already accounted for by the analysis
of treatment data. The effects of treatments on plant losses were
examined using analysis of deviance (Nelder & Wedderburn 1972).

Data from plants or plots visually affected by cow excrement
(dung and/or urine) were excluded from analyses. Separate analyses of
variance were applied to all data (except plot botanical composition)
derived from plots that were clipped or grazed (Experiment 2). Except
for plant loss data, lack of replication precluded statistical
analyses of the effects of different grazing interval treatments

(Experiment 2).

4,6 CLIMATIC DATA

Monthly averages over the study periods (April 1979 to May 1981)
and long-term averages.for selected variables form Appendix I.

The 1979/80 summer (December, January, February) was much wetter
than average (374 mm vs 241 mm) while the 1980/81 summer was drier
than average (179 mm vs 241 mm). Water balance estimates (Appendix 3)
indicate the likelihood of restricted‘pasture growth because of water
shortages in January, February and March 1980. Screen temperatures

from December 1979 until April 1980 were about average (Appendix I)
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but over the same period for 1980/81 maximum and minimum screen
temperatures were up to 1.6 and 3.6 °C, respectively, above average.
Over spring 1979 and 1980 (September, October, November) the mean

10 cm soil temperatures were similar to the long-term averages.

4.7 RESULTS
4.7.1 Tillers per plant at transplanting

Tiller counts at transplanting were made on the 120 plants
labelled with blue rings in Experiment 1. Eighty-six had a single
tiller, 16 had two, 16 had three, one had four and one had five
tillers. In Experiment 2, of the 128 plants counted, 92 had one
tiller, 30 had two, five had three and one had four tillers.

In spring 1979, 19 of the 840 plants formed reproductive tillers,
while in spring 1980, the comparable figures were 10 out of 896
plants. Thus the majority of introduced plants remained totally

vegetative during both experiments.

4,7.2 Seasonal losses of introduced plants
(a) Experiment 1: In an attempt to quantify the importance of
direct affects of the grazing animal on losses, the most likely cause

of plant loss was categorised as follows:

1 - physical removal ('pulled') from the sward by the cow
during grazing

2 - previous severe grazing (stubble height less than 10 mm)

3 - dung or urine - damage by cow excrement

4 - trampling - damage by hoof action of the cow

5 - dead - no visible green herbage and no obvious animal
or insect damage
Of the number of plants lost (Table 4.3) in spring, 89% of plant

losses were associated with 'animal effects', especially those related
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Table 4.3 Number and season of loss of introduced ryegrass plants
defoliated at intervals of 26 to 35 days. Total number of introduced

plants was 840.

Category of loss?@

Season 1 2 3 4 5 TOTAL

LW/ESD 2 - - 1 3 6
(20,7.79-20.9.79)

Spring 3 5 25 - 4 37
(20.9.79-13.11.79)

Summer 8 12 21 17 278 336
(13.11,79-13.3.80)

Autumn 10 - 4 - 164 178
(13.3.80-19,.5.80)

TOTAL 23 17 50 18 449 557
a4 gee text

late-winter/early=-spring

to damage caused by animal excrement (category three), while category
five accounted for the largest numbers of losses in summer and autumn.
By the end of the study, category five represented 81% of all Tosses.
Total losses were highest in summer, coinciding with the greatest
number of losses in category five.

Losses of plants (Table 4.4) due to effects of dung, urine and
'pulling' were excluded from the data analysis. No significant

treatment effects on ryegrass losses were detected by this analysis.
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Table 4.4 The effects of plot type (Pa, NPa) and additions of

nitrogen fertiliser on seasonal deaths of ryegrass plants.

SEASON(S)
Treatmentd Winter/spring Summer Autumn
(20.7.79-13.11,79) (13.,11,79-13.3.80) (13.3.80-19.5.80)
NW 3/139b(2)¢c 53/131 (40) 33/76 (43)
Pa NS 1/138 (1) 49/125 (39) 31/76 (41)
No N 1/140 (1) 63/138 (46) 25/71 (35)
NW 5/139 (4) 56/127 (44) 20/68 (29)
NPa NS 1/125 (1) 38/122 (31) 25/82 (30)
No N 2/128 (2) 48/124 (39) 30/73 (41)
a NwW 63 kg N/ha applied 10.8.79

NS
No N

48 kg N/ha applied 4.10.79
no nitrogen fertiliser applied

b data are ratios of numbers of deaths during the season over the
number of survivors at the beginning of the season (random losses
due to dung, urine and 'pulling' excluded)

C () ratio as a percentage

(b) Experiment 2: Category five plants accounted for 80 and 81%
of the total losses of ryegrass plants with a SI and LI, respectively,
while direct ‘'animal effects' accounted for only 20 and 19% of total
losses (Table 4.5). As in Experiment 1, the greatest losses were in
summer when category five losses were also at a maximum. With a SI,
however, category two losses (plants previously severely grazed)
comprised 53% of total direct 'animal effects' while with a LI,
category one ('pulled' plants) losses were in the majority (66%)
(Table 4.5). In Experiment 2, total losses directly related to

deposition of dung and urine were approximately one third the number
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in Experiment 1 (Table 4.3, 4.5). As grazing interval lengthened
(Experiment 2, LI, and Experiment 1) direct losses from 'pulling' were
higher than for a shorter grazing interval (Experiment 2). Only about

2% of total losses (SI and LI combined) occurred in LW/ES.

Table 4.5 Number and season of loss of introduced ryegrass plants,

defoliated at a SI (13 to 22 days) and a LI (20 to 29 days).

Category of lossd

Season 1 2 3 4 5 TOTAL
§1F

LW/ESD 1 2 - - - 3
(30.7.80-16.9.80)

Spring 2 3 1 - 40 46
(16.9.80-25,11,.80)

Summer 11 18 9 - 160 198
(25.11.80-10.3.81)

Autumn 3 9 1 - 43 56
(10.3.81-12,5.81)

TOTAL 17 32 11 - 243 303

LLF

LW/ES 4 - - - 6 10
(30.7.80-23.9.80)

Spring 8 4 3 1 38 54
(23.9.80-25,11,80)

Summer 17 5 3 - 105 130
(25.11,80-11.3.81)

Autumn 6 2 - - 70 78
(11.3.81-5.5.81)

TOTAL 35 11 6 1 219 272
a gee text

b late-winter/early-spring
C total number of introduced plants was 448
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Of the category five losses in LW/ES, two and six plants in
Experiments 1 and 2, respectively, died between transplanting and the
first defoliation. Thus, only eight plants out of the 1736
transplanted may have been adversely affected by the transplanting
procedure.

Spring and summer losses of ryegrass plants were greater in

grazed than in clipped plots (Table 4.6, 4.7), but in summer this was

Table 4.6 The effects of plot type (Pa, NPa), nitrogen fertiliser
additions, caging (clipping or grazing) and defoliation interval on

deaths of ryegrass plants in spring (16.9.80 to 25.11.80).

Treatment Totald Number of Deaths Sig.
deathsP (%)
P 428 39 9.1 ns
NP 442 49 11.1
+N 434 50 11.5 ns
-N 436 38 8.7
Clipped 444 32 7.2 ok
Grazed 426 56 13.1
SI 444 45 10,1 ns
LI 426 43 10.0

a total present at the beginning of spring
b deaths during spring (random losses due to dung, urine and
'pulling' excluded)

only true for Pa plots (Table 4.7). Summer deaths of ryegrass plants
were significantly higher when defoliated at a short interval (21
days) as opposed to a long interval (27 to 29 days). Results in

autumn were inconsistent.



Table 4.7 The effects of plot type (Pa, NPa), nitrogen fertiliser
additions, caging (clipping or grazing) and defoliation interval on

deaths of ryegrass plants in summer (25.11.80 to 11.3.81) .

Treatment Totald Number of Deaths Sig.
deathsb (%)

Pa Clipped 210 76 36.2 *k
Grazed 152 82 53.9

NPa Clipped 201 73 36.3 ns
Grazed 169 57 33.7

+N 356 131 36.8 ns
-N 376 157 41.8

SI 367 178 48,5 *kk
LI 365 110 30.1

138

2 total present at the beginning of summer
b deaths during summer (random losses due to dung, urine and
'pulling' excluded)

Losses of ryegrass plants were higher in Pa (38%) than NPa plots
(21%), but this difference failed to reach significance.
Late-winter/spring applications of nitrogen fertiliser did not

influence deaths of ryegrass plants in any season.

4,7.3 Responses of ryegrass plants to nitrogen fertiliser and

plot paspalum frequency (% of total hits).

(a) Experiment 1: Tillering of ryegrass plants (blue rings) was

stimulated by the application of nitrogen fertiliser (Fig. 6) but on

only one occasion (16.10.79) was this significant. Log transformation

of the data did not improve the sensitivity of the analysis so

untransformed data are presented in Fig. 6. Treatment differences

were maintained until March 1980 and were greatest in January/February
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when tillers per plant for those receiving nitrogen were on average
about 1.4 times greater than for the control plants.

Plant dry weight (above 25 mm stubble) for survivors other than
blue-labelled plants increased up until December in response to the
late-winter application of nitrogen fertiliser, but there was no
significant responses to spring applied nitrogen (Table 4.8). Trends

in tiller dry weight were similar.

Table 4.8 Effect of late-winter and spring applications of nitrogen

fertiliser on plant dry weight (mg) for ryegrass.

Plant dry weight

Treatmentd 17.9.79 5.12,79 11.2.80 10.4.80
NW 54,2 290.5 221.9 396.6
NS 35,2 171.9 347.4 251.1
No N 39.3 150.5 276.8 195.1

LSR 1.39 1.85 2.42 3.28
Sig. * * ns ns

a see Table 4.4

Nitrogen fertiliser in late-winter and spring increased tiller
length by 24% and 43% respectively, relative to controls (Table 4.9).

This occurred even though the latter response was modified by grazing.
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Table 4.9 Effect of late-winter and spring applications of nitrogen

fertiliser on ryegrass pre- and post-grazing tiller length (mm).

Date Nitrogen treatmentd SEDC Sig.
NW NS No N

17. 9.79 (PR)b 184,6 143.5 148.3 12.82 *k
20. 9.79 (PT) 105.2 77.9 88.4 13.73 ns
16.10.79 (PT) 69.9 84.6 59.1 11.41 (1)
13.11.79 (PT) 105.5 96.5  107.9 14,44 ns
5.12.79 (PR) 235.5  217.4  197.1 29.20 ns
11.12,79 (PT) 110.6 99.8 96.0 21.50 ns
11. 2.80 (PR) 201.1 186.3  160.4 23.28 ns
14, 2.80 (PT) 84,7  104.1 71.3 16.69 ns
10, 4.80 (PR) 190.1 166.4  227.5 26.07 (1)
15. 4.80 (PT) 57.7 61.9 84.1 17.33 ns

a see Table 4.4
b PR = pre-grazing, PT = post-grazing measurements

Subsequent to 16.10.79 responses were variable and often not
significant as at grazings in December, February and April.

Average vigour at the first grazing (17.9.79) of ryegrass plants
receiving nitrogen fertiliser in late-winter (2.75) was higher
(P<0.05) than the control plants (2.48). Vigour at subsequent
grazings or following nitrogen fertiliser was not affected.

An alternative approach to assessing effects of paspalum on
ryegrass growth was by examining the relationship between plot
paspalum frequency and selected variables, using covariance analysis.

Negative slopes were generally found for the regression of tiller
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number, dry weight, length, plant dry weight and average vigour on
plot paspalum content at each measurement time. For example, in
January /February a 10% increase in plot paspalum frequency was
associated with a reduction of about one tiller per plant, two mg

tiller dry weight, 81 mg plant dry weight and 10 mm in tiller length.

(b) Experiment 2: Tillering responses to nitrogen fertiliser
applications were generally small for clipped and grazed plants
regardless of defoliation interval (Table 4.10). Exceptions were in
December and January for plants grazed at a SI, but only the latter
was significant.

During October, November and December, grazed ryegrass plants
in Pa plots produced significantly more tillers than plants in NPa
plots (Table 4.11). The reverse effect occurred over summer/autumn
(January to May) but this was significant only for SI grazing.
Similar effects occurred in clipped plots, although with a LI during
spring, ryegrass plants in Pa plots did not consistently produce more
tillers than those in NPa plots. Overall, larger ryegrass plants were
generally found in grazed than in clipped plots (Table 4.10, 4.11).

Significant improvements in pre-grazing tiller length in response
to nitrogen fertiliser applications were confined to ryegrass plants
defoliated at a LI over September, October and November. However,
this trend was maintained throughout the study for these plants and
to a lesser extent for those grazed at a SI (Table 4,12).
Pre-clipping tiller length was markedly increased during September by
the addition of nitrogen fertiliser but the response steadily declined
during spring to become negative over summer.

Pre-grazing tiller length was less over September, October and

November for ryegrass plants in Pa than in NPa plots and defoliated at



Table 4.10 The effect of nitrogen (N) fertiliser additions on tillers per ryegrass plant (pre-defoliation), with

clipping or grazing at a short (SI) or a long (LI) interval.

Sia LIb
Date Clipped Grazed Clipped Grazed
+NC =N LSR  Sig. +N -N LSR  Sig. +N -N LSR  Sig. +N -N LSR  Sig.
1980
14 Sept. 3.5 3.0 1,40 ns 3.8 3.2 1,31 ns
22 4,8 3.3 1.39 * 4,1 4,2 1,50 ns
13 Oct. 3.5 3.1 1,43 ns 3.5 3.2 1,34 ns
14 3.6 2.7 1,41 ns 4,2 3.8 1.79 ns
3 Nov. 3.5 2.4 1,57 ns 6.5 4.2 1.72 ns
10 4,5 2.6 1,63 * 4,8 4,4 1,85 ns
24 3.9 2.4 1,70 ns 6.2 5.3 1.55 ns
15 Dec. 6.1 4,0 2,02 ns 12,2 7.0 1,93 ns 4,0 3.7 1.75 ns 7.0 5.9 1,73 ns
1981
12 Jan. 5.5 4,3 2,03 ns 7.0 8.0 1,74 ns
26 4,9 4,8 2,00 ns 10,3 4.1 1,75  *x
9 Feb. 4,5 3,9 2.03 ns 5.9 6.2 2.21 ns
9 Mar. 3.1 2.5 1,74 ns 3.2 3.8 1,69 ns
10 3.5 3.7 2,03 ns 4,4 5,4 2.66 ns
6 Apr. 3.0 2.8 1,77 ns 4.8 4,7 2,42 ns
20 4,0 4,1 2,09 ns 3.8 5.2 1.95 ns
4 May 4,0 3.2 1.8 ns 4,0 4,8 2.69 ns

8 13 to 15 days until 24.11.79, thereafter 20-22 days (measurements restricted to alternate defoliations)
b 20 to 22 days until 16.12.79, thereafter 27 to 29 days
C 67 kg N/ha (equivalent) applied to same plots on 12.8, 9.9, 6.10 and 21.10.80

evl



Table 4,11 The effect of plot type (Pa, NPa) on tillers per ryegrass plant (pre-defoliation), with clipping or grazing

at a short (SI) or a long (LI) interval.

Date Clipped Grazed Clipped Grazed
Pa NPa LSR  Sig. Pa NPa LSR  Sig. Pa NPa LSR  Sig. Pa NPa LSR  Sig.
1980
15 Sept. 3.4 3.1 1.0 ns 3.9 3.2 1,29 ns
22 3.6 4.5 1,40 ns 4,4 4,0 1,50 ns
13 Oct. 3.7 3.0 1.43 ns 4,2 2.7 1,32 **
14 3.0 3.2 1,42 ns 4.7 3.4 1,79 ns
3 Nov. 3.0 2.8 1.58 ns 7.5 3.6 1,72 *
10 4,4 2.7 1.63 * 6.0 3.5 1.80 ns
24 3.0 3.2 1,72 ns 7.8 4.2 1,55 *
15 Dec. 5.7 4.3 2.02 ns 9.6 8.9 1.87 ns 4,0 3.7 1.77 ns 8.6 4,9 1.73 *
1981
12 Jan. 4,4 5,1 2,06 ns 8.1 6.8 1.74 ns
26 4,9 4,9 2,00 ns 5,0 8.4 1,70 *
9 Feb. 3.6 4.8 2,06 ns 4.8 8.5 2.21 ns
9 Mar. 2,3 3.3 1,74 ns 2.4 5,1 1,67 *
10 2.8 4,8 2,07 ns 5.4 8.4 2.66 ns
6 Apr. 2.0 4.3 1.79 * 5.1 10,3 2.42 ns
20 2.9 5.5 2,09 ns 2,7 7.5 1.92 *
4 May 2.6 4,9 1,88 ns 8.0 9.4 2,69 ns

12!



Table 4.12 The effect of nitrogen (N) fertiliser additions on ryegrass tiller length (mm) (pre-defoliation),

with clipping or grazing at a short (SI) or a long (LI) interval.

SI LI
Date Clipped Grazed Clipped Grazed
#N -N SED  Sig. 4N -N  SED  Sig. W -N SED  Sig. +N -N  SED Sig.
1980
15 Sept. 181 113 17.6 ** 152 129 21.5 ns
2 213 152 11.9 *kk 238 132 19,2  ***
13 Oct. 126 108 14.6 ns 128 111 9.4 (t)
14 173 149 14.3 ns 206 155 25,0 (1)
3 Nov. 137 116 13.9 ns 185 117 17.4 *k
10 133 107 10.4 * 112 104 21.4 ns
24 121 119 12.3 ns 167 119 24.2 (1)
15 Dec. 118 121 9.8 ns 119 105 15.6 ns 103 116 13.2 ns 145 112 28.6 ns
1981
12 Jan. 113 143 19.7 ns 184 157 41.0 ns
26 131 162 19,2 ns 151 108 20.0 (1)
9 Feb. 114 152 17.2 (1) 165 145 39,2 ns
9 Mar. 80 76 12,0 ns 91 89 16,3 ns
10 94 125 13.5 * 176 139 34.7 ns
6 Apr. 104 106 16.0 ns 170 139 34.0 ns
20 113 99 17.3 ns 99 107 15,7 ns
4 May 110 127 13.9 ns 184 157 28.9 ns

av1
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a LI, but no trend was evident with a SI (Table 4.13). Similarly
pre-clipping tiller length was less in Pa than NPa plots in September
for both LI and SI, the latter being consistent throughout the study
(Table 4.13).

In summary, tiller number and tiller length responses of ryegrass
to additions of nitrogen fertiliser were most likely in spring
(September, October, November), while growth of ryegrass plants in Pa
plots was restricted during summer/autumn (January to May), compared
to NPa plots.

Over the whole study period the average post-grazing tiller
lengths for ryegrass plants defoliated at a LI and a SI were 82 and
65 mm, respectively. Comparable data for clipped plots were 35 and
42 mm. Clipping therefore represented a more severe defoliation than
did grazing.

For ryegrass plants grazed at a SI, significant plant dry weight
responses to additions of nitrogen fertiliser occurred in September
and November (Table 4.14). With a LI, however, responses were more
consistent and continued until mid-summer (February). Clipped
ryegrass plants responded in a similar manner to grazed plants with
a SI, but with a LI significant dry weight responses occurred in all
spring months (September, October and November).

The summer/autumn (January to March) growth of ryegrass plants in
grazed Pa plots was consistently less, but not significantly so, than
in NPa plots for SI but not LI (Table 4.15). For clipped plants,
however, the growth of ryegrass plants in Pa plots was consistently
less than in NPa plots over summer/autumn, and the effect was highly
significant from February to May for plants clipped at a LI.

Generally similar trends in ryegrass tiller dry weight responses to



Table 4.13 The effect of plot type (Pa, NPa) on ryegrass tiller length (mm) (pre-defoliation), with clipping or grazing

at a short (SI) or a long (LI) interval.

SI LI
Date Clipped Grazed Clipped Grazed
Pa NPa  SED  Sig. Pa NPa  SED  Sig. Pa NPa  SED  Sig. Pa NPa  SED  Sig.
1980
15 Sept. 125 169 17.6 * 135 146 20.4 ns
22 171 195 12.2 (%) 164 207 19.2 *
13 Oct. 115 120 14,6 ns 119 121 8.9 ns
14 152 170 14.6 ns 157 204 25.0 (t)
3 Nov. 130 123 14,2 ns 124 178 17.4 *k
10 115 125 10.4 ns 115 101 20.4 ns
24 125 114 12,6 ns 132 153 24,2 ns
15 Dec. 116 124 9.8 ns 118 106 14.9 ns 120 98 13.5 ns 122 136 28.6 ns
1981
12 Jan. 143 144 20.2 ns 163 179 41,0 ns
26 133 160 19.2 ns 129 130 19.0 ns
9 Feb. 151 115 17.6 (1) 163 148 39,2 ns
9 Mar. 65 90 12.0 (1) 80 100 16.1 ns
10 119 100 13.8 ns 165 150 34,7 ns
6 Apr. 108 102 16.3 ns 137 172 33.6 ns
20 102 111 17.3 ns 88 118 15.3 (t)
4 May 118 119 14,2 ns 154 188 28.9 ns

A



Table 4.14 The effect of nitrogen (N) fertiliser additions on ryegrass plant

at a short (SI) or a long (LI) interval.

dry weight (mg), with clipping or grazing

Date Clipped Grazed Clipped Grazed
+N -N LSR  Sig. +N -N LSR  Sig. +N =N LSR  Sig. +N =N LSR  Sig.
1980
15 Sept. 35.4 20,0 1,36  ** 4.8 19.7 1,41  **
22 60.3 28,9 1,33 #**x 75.0 25,8 1,35 *¥*
13 Oct. 24,4 16,9 1,60 ns 27.5 30.1 1.70 ns
14 30,6 17.7 1,20 ‘kx 9%6.1 34.3 1,99 *
3 Nov. 18.2 9.6 1.36  ** 151.6 38.6 2.39 **
10 24,6 14,7 1.64 * 69.8 19.6 2.42 *
24 20,4 15.1 1.42 ns 202.8 56.4 2,08 **
15 Dec. 39.1 32,7 1.56 ns 77.4 39.2 2.39 ns 18.8 18,4 1,38 ns 91.0 40.9 2.13 *
1981
12 Jan. 33.0 35.2 1.48 ns 110.0 102.6 2.97 ns
26 44,6 44,6 1,54 ns 78.5 64,2 3.69 ns
9 Feb. 29.7 33.2 1,58 ns 359.0 98.8 2.92 *
9 Mar. 11.2 12.7 2.19 ns 43,3 16.9 3.61 ns
10 17.4 22.4 1.99 ns 47.1 21.4 2.87 ns
6 Apr. 21,0 21.5 1,97 ns 43,2 31.1 3.23 ns
20 21.8 28.8 3.25 ns 8.9 26.3 3.72 ns
4 May 39.4 43,6 2,10 ns 79.8 41.6 3.03 ns

8P



Table 4.15 The effect of plot type (Pa, NPa) on ryegrass plant dry weight (mg), with clipping or grazing at a short (SI)

or a long (LI) interval.

Date Clipped Grazed Clipped Grazed
Pa NPa LSR  Sig. Pa NPa LSR  Sig. Pa NPa LSR  Sig. Pa NPa LSR  Sig.
1980
15 Sept. 24,2 29.0 1.36 ns 24,2 28,2 1.39 ns
22 43,2 40.4 1.34 ns 45,7 42.4 1.35 ns
13 Oct. 24,4 16,9 1.60 ns 37.5 21.8 1.66 ns
14 26,7 20.3 1.20 ns 56.5 58.9 1.99 ns
3 Nov. 15,9 11.0 1.37 * 76.8 76.8 2.39 ns
10 23.4 15.5 1.64 ns 41,9 32.3 2.32 ns
24 18.2 16,9 1.43 ns 123.0 92,0 2.08 ns
15 Dec. 43,6 29.3 1.56 ns 57.9 52.4 2.29 ns 20,2 17.1 1.39 ns 52,0 70.9 2.13 ns
1981
12 Jan. 30.1 38.6 1.49 ns 79.9 139.9 2.97 ns
26 38,7 51,2 1,54 ns 49,5 101.8 3.47 ns
9 Feb. 20,7 48,0 1,59  ** 222.1 159,7 2.92 ns
9 Mar. 7.6 18.8 2.19 * 15,1 48.3 3.49 ns
10 10,1 39,2 2.02  ** 23,2 43.9 2.87 ns
6 Apr. 10.7 42,8 2.00 ** 35,7 37.5 3.23 ns
20 18.6 33.8 3.25 ns 26,0 84,6 3.90 ns
4 May 22,3 77.1 2,14  ** 66.6 49.9 3.03 ns

ov1
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nitrogen fertiliser and plot type (Pa, NPa) treatments were found, so
these data are not presented.

Dry weight responses of introduced ryegrass plants to nitrogen
fertiliser additions were more consistent over all treatments
(defoliation interval; clipped or grazed), then they were for tiller
number or tiller length. As noted for the latter parameters, ryegrass
plant dry weight was generally less in Pa than NPa plots over
summer /autumn.

Average vigour of grazed plants and those clipped at a LI was
increased by nitrogen fertiliser applications (Table 4.16).

During spring there was a tendency for the average vigour of the
ryegrass plants in Pa plots to be greater than for those in NPa plots
when clipped or grazed at a SI and when clipped at a LI (Table 4.17).
However the reverse tended to be true during summer/autumn for the
average vigour of plants clipped or grazed at a LI, and for those
grazed at a SI.

Significant interactions between nitrogen fertiliser and the
paspalum frequency in the plots were inconsistent and were therefore
considered not to have an important influence on the above measures of

ryegrass growth.

4,7.4 Herbage accumulation

Seasonal accumulations of herbage dry matter in Experiment 2 were
obtained by summing the growths between successive post- and
pre-defoliation estimates. The late-winter/early-spring (LW/ES)
season began with a post-defoliation assessment (28.7.80) at the time
the ryegrass plants were transplanted into the plots. The spring,

summer and autumn periods are defined in Table 4.18.



Table 4,16 The effect of nitrogen (N) fertiliser additions on the average vigourd of ryegrass plants, with clipping

or grazing at a short (SI) or a long (LI) interval.

S1
Date Clipped Grazed Clipped Grazed
+N -N SED  Sig. +N -N SED  Sig. +N -N SED  Sig. +N -N SED  Sig.
1980
15 Sept. 1.8 1.9 0.17 ns 2.2 1.8 0.17 *
22 2.1 1.6 0.18 * 2.3 1.5 0,22 **
13 Oct. 1.8 1.8 0.21 ns 2.1 1.6 0,17 **
14 1.8 1.4 0.18 (t) 2,1 1,5 0.23 *
3 Nov. 1.6 1.3 0.16 (1) 2,3 1.5 0,21 **
10 1.8 1.8 0.22 ns 2,0 1.8 0.25 ns
24 1.6 1.5 0.17 ns 2.0 1.8 0.17 ns
15 Dec. 1.9 1.8 0.22 ns 2,0 2,0 0.20 ns 1.5 1.5 0.19 ns 1.9 1.7 0,20 ns
1981
12 Jan. 1.7 1.6 0.22 ns 1.7 1.6 0.29 ns
26 1.8 1.8 0.23 ns 1.5 1.4 0.20 ns
9 Feb. 1.6 1.5 0.17 ns 1.5 1.3 0.27 ns
9 Mar 1.1 1.0 0.26 ns 0.8 0.6 0.22 ns
10 1.2 1.2 0.23 ns 1.2 1,0 0.28 ns
6 Apr. 0.9 1.0 0.24 ns 1.1 0.8 0.23 ns
20 0.9 0.7 0.26 ns 0.7 0.5 0.12 (1)
4 May 1.0 1.0 0.19 ns 1.0 0.9 0.24 ns

@ calculated on a scale of one (low) to five (high), data are means for 14 plants per plot assuming

dead or missing plants have a vigour of zero.
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Table 4,17 The effect of plot type (Pa, NPa) on the average vigourd of ryegrass plants, with clipping or grazing

at a short (SI) or a long (LI) interval.

L1
Date Clipped Grazed Clipped Grazed
Pa NPa  SED  Sig. Pa NPa  SED  Sig. Pa NPa  SED  Sig. Pa NPa  SED  Sig.
1980
15 Sept. 1.8 1.9 0.17 ns 2,2 1.8 0,16 *
22 2,1 1.7 0.19 (1) 1.9 1.9 0.22 ns
13 Oct. 1.9 1.7 0.21 ns 2,1 1,7. 0,15 *
14 1.8 1.4 0.19 (t) 1.8 1.8 0.23 ns
3 Nov. 1.7 1.3 0.16 =* 1.9 1.9 0.21 ns
10 2,1 1.6 0,20 * 2.0 1.8 0.24 ns
24 1.7 1.4 0.18 ns 2,0 1.8 0.17 ns
15 Dec. 2.1 1.7 0.22 (t) 2,0 2,0 0.19 ns 1.6 1.7 0.22 ns 1.5 1.8 0.29 ns
1981
12 Jan. 1.6 1.7 0.2 ns 1.5 1.8 0.29 ns
26 1.9 1.6 0.23 ns 1.3 1,7 0.19 *
9 Feb. 1.5 1.6 0.18 ns 1.2 1.6 0.27 ns
9 Mar. 1.2 1.0 0.26 ns 0.5 0.9 0.21 (%)
10 1.0 1.4 0.23 ns 0.9 1.4 0.28 ns
6 Apr. 0.7 1.2 0.24 (1) 0.7 1.2 0.23 *
20 0.8 0.8 0.26 ns 0.3 0.9 0,12 ***
4 May 0.6 1.4 0,19 ** 0.6 1.2 0,24 *

a calculated on a scale of one (Tow) to five (high), data are means for 14 plants per plot

assuming dead and missing plants have a vigour of zero

¢Sl



Table 4.18 The effects of nitrogen (N) fertiliser additions and plot type (Pa, NPa) on seasonal accumulation of

herbage (kg DM/ha) in plots defoliated at short (SI) and long (LI) intervals.

Season Clipped Grazed Clipped Grazed
+N -N SED  Sig. N -N SED  Sig. Pa NPa SED Sig. Pa NPa SED Sig.

SI
T LW/ES 1935 1110 131 *** 1735 1233 131 *** 1306 1738 130  ** 1241 1727 130 **
(28.7-15,9.80)

Spring 2864 2700 355 ns 4255 3123 355  ** 2789 2774 351 ns 3676 3702 351 ns
(17.9-24,11.80)

Summer 1973 2546 320 (1) 2930 3446 320 ns 2092 2427 319 ns 3572 2804 319 *
(25.11.80-16.2.81)

Autumn 786 686 281 ns 1181 1436 281 ns 598 873 278 ns 1191 1426 278 ns
(18.2-11.5.81)
ANNUAL TOTAL 7558 7042 540 ns 10101 9238 540 ns 6785 7812 538 ns 9680 9659 538 ns
LI
T LW/ES 2382 1898 207 * 2338 1698 207  ** 1820 2460 207  ** 1800 2236 207 *
(28.7-22.9.80)

Spring 3600 3106 358 ns 4205 4026 358 ns 3648 3058 359 ns 4311 3920 359 ns
(23.9-24.11.80)

Summer 4031 4366 527 ns 4478 4845 527 ns 4668 3730 528 (1) 5763 3559 528 x*x
(25.11.80-9.2.81)

Autumn 1550 1710 466 ns 2646 2378 466 ns 1933 1327 467 ns 2695 2329 467 ns
(10.2-4.5.81)
ANNUAL TOTAL 11563 11080 1054 ns 13667 12947 1054 ns 12069 10575 1056 ns 14569 12044 1056 *

€a1
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Nitrogen fertiliser increased herbage accumulation in all
treatments in LW/ES and also in spring for plots grazed at a SI (Table
4.18). Herbage accumulations in NPa plots were consistently greater
than in Pa plots during LW/ES but with the exception of plots clipped

at SI, this trend was reversed during spring and summer.

4,7.5 Botanical composition

As expected, Pa plots contained more paspalum than did NPa plots
(Table 4.19) but since hits on paspalum were not recorded in many of
the latter plots, statistical analyses comparing these treatments were
often not possible. NPa plots always contained more ryegrass than Pa
plots. They also contained more Poa in September and white clover
during summer/autumn (February to May) than did Pa plots (Table 4.19).

Nitrogen fertiliser increased ryegrass and Poa frequencies,
especially in spring (September, November), and there was a
compensatory decline in the frequency of white clover (Table 4.20).
After a September decline in the paspalum frequency of plots receiving
nitrogen fertiliser, this tendency reversed and became progressively
stronger over summer/autumn with a SI, but was inconsistent with a LI.

Grazed plots contained more ryegrass than clipped plots and a
consistent significant effect was found from November until May for
plots defoliated at a LI (Table 4.21). This was compensated for by a
decline in the Poa and paspalum frequencies in grazed plots.

The March frequency of ‘summer' grasses (mainly Digitaria
sanguinalis and Panicum dicotomiflorum) for LI was less for plots
receiving nitrogen than for those receiving no nitrogen (12 vs 7%),
and was higher in clipped rather than grazed plots (31 vs 8%). MWith a
SI 'summer' grass frequencies were low (1 to 2%). The frequency of

litter in the plots was highest in March (33 and 27% for plots



Table 4.19 Effect of plot type (Pa, NPa) on the ryegrass, paspalum, Poa spp. and white clover frequencies (% of total

hits) in plots defoliated at short (SI) and long (LI) intervals.

Ryegrass Paspalum Poa spp. White clover
Date Pa NPa SED2 Sig. Pa NPa SED Sig. Pa NPa SED Sig. Pa NPa SED  Sig.
ST
11, 9.80 37.4 68,4 4,28 *x* 6.7 0,2 - - 29,6 8.6 4,0  Fxx 21.3 18.5 2.85 ns
13.11.80 32,6 55,0 5,94 x*x 34,8 1.6 - - 12,6 10,0 3.84 ns 15,0 26,2 4,51 **
3. 2.81 10,8 38,2 3,99 *** 60,8 5,3 3,62 ¥k - - - - 7.7 27.1 4,62 ***
17. 3.81b 5.5 24,4 3,32 Kx% 56.8 4,2 - - 4,7 2.7 1,30 ns 2.9 23.7 -
21, 5.81 7.9 38,0 3,79 kk*x 47,4 2,5 - - 15,6 3,9 2,16 *** 8.5 31.4 4,43 ***
LI
TT. 9.80 28,1 69,2 6,85 *** 4,2 0,1 - - 37,9 12.9 6,19 **x 24,9 12.6 4,12  **
13.11.80 16,9 52.4 4,97 x** 39,3 0.6 - - 17,2 17.2 3.92 ns 16,8 16,0 3.60 ns
3. 2.81 13.8 54,6 5,17 **x 58,8 4,3 - - - - - - 15,5 24.8 4,65 ns
17. 3.81 6.9 29,2 2,77 ‘*x* 43,6 1.4 - - - - - - 7.8 15,5 3.19 *
21, 5.81 11,3 44,2 2,65 **% 43,0 1,3 - - 12,1 4,4 1,66 *** 14,4 28.5 4,50 **

a8 approximate standard error of mean differences
analysis restricted to NPa plots

GST



Table 4.20 Effect of nitrogen (N) fertiliser additions on the ryegrass, paspalum, Poa Spp. and white clover

frequencies (% of total hits) in plots defoliated at short (SI) and long (LI) intervals.

Ryegrass Paspalum Poa spp. White clover
Date AN N SED2 Sig. N N SED Sig. N N SED Sig. N -N SED  Sig.
SI
1. 9.80 58,3 47.5 4,28  * 3.4 9.9 3.46  * 23.4 14,7 4,00 * 14,9 24,9 2.85 **
13.11.80 53.1 34,6 5,94 ** 34,7 37.4 2.34 ns 14.3 8.2 3.84 ns 10.4 30,7 4,51 ***
3. 2.81 26,8 22.3 3.99 ns 34,8 31.3 3.62 ns - - - - 11.6 23.2 4,62 **
17, 3.81 16.3 13.6 3.32 ns 61.1 52,4 4,49 (t) 1.8 5.5 1,30 18.3 29.0 8.74 ns
21. 5,81 25.0 21.0 3.79 ns 52.6 42,1 4,70  * 8.8 10.7 2.16 ns 16.6 23.4 4,43 (1)
LI
1. 9.80 51.4 45,9 6.85 ns 3.1 5.3 2.45 ns 26.1 24.7 6.19 ns 17.7 19.8 4,12 ns
13.11.80 39.1 30.1 4,97 * 3.4 44,1 6.33 ns 21.3 13.1 3.92 (1) 11.1 21.1 3,60 *
3. 2.81 35,8 32,6 5.17 ns 60.3 57.3 6.39 ns - - - - 16.0 24.3 4.65 ns
17, 3.81 21.6 14,5 2,77  * 39.0 48.1 6.76 ns - - - - 11,5 11.8 3,19 ns
21. 5.81 27.3 28,2 2.65 ns 45,1 40,9 5.98 ns 7.3 9.3 1.66 ns 20.4 22,5 4,50 ns

a approximate standard error of mean differences

961



Table 4.21 Effect of method of defoliation on the ryegrass, paspalum, Poa spp. and white clover frequencies (% of total

hits) in plots defoliated at short (SI) and long (LI) intervals).

Ryegrass Paspalum Poa spp. White clover .
Date Clipped Grazed SED@ Sig. Clipped Grazed SED Sig. Clipped Grazed SED Sig. Clipped Grazed SED Sig.

SI
11, 9.80 49.4 56.4 4.28 (t) 6.4 6.9 3.46 ns 19.5 18,6 4,00 ns 23,6 16,2 2.85 *
13,11.80 39.1 48,6 5.94 (t) 36.1 35,9 2,34 ns 14,0 8,5 3.84 ns 23.4 17.8  4.51 ns
3. 2.81 23,0 26,1 3.99 ns 29,6 36,5 3.62 ns - - - - 19.0 15,7 4,62 ns
17. 3.81 14,0 15.8  3.32 ns 42.3 61.2 4,49 (t) 4.0 3.3 1.30 ns 21.9 25,4 8,74 ns
21, 5,81 22,5 23.5 3.79 ns 38.7 56.1 4,70  ** 14.8 4,7 2,16 **x 19.5 20,5 4,43 ns
LI
11, 9.80 48.1 49,2 6.85 ns 2.6 5.8 2.45 ns 27.6 23,2 6.19 ns 20.0 17.5 4,12 ns
13,11.80 28.8 40.5 4,97 * 38.1 40.5 6.33 ns 23,2 11,2 3,92  ** 16.7 16.0 3,60 ns
3. 2.81 25,4 43,1 5,17  ** 62.2 55,5 6.39 ns - - - - 25.4 14,9 4,65 ns
17. 3.81 10.8 25,3 2,77  ** 34.4 52,7 6.76 * - - - - 13.2 10.1  3.19 ns
21, 5.81 21.8 33.7 2,65 xxx 40.7 45,3 5.98 ns 13.3 3.2 1,66 *** 24.2 18,7 4,50 ns

a approximate standard error of mean differences.

LS
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defoliated at a LI and a SI, respectively), but the levels were not
affected by nitrogen or manner of defoliation. Autumn (May) litter
Tevels were about half the March levels and were higher in Pa than in
NPa plots (P<0.05).

The interactions between treatment variables were seldom
significant suggesting variables generally acted independently of each

other.

4.8 DISCUSSION

These experiments confirm the principal finding of chapter 2,
namely high summer losses of the introduced ryegrass plants. A major
advance is that there was no improvement in seasonal survival of
ryegrass due to nitrogen fertiliser. This lack of effect on survival
occurred even though in both experiments significant differences were
detected between the seasonal growth and vigour of ryegrass plants
receiving nitrogen fertiliser and those that did not (Fig. 6, Table
4,8, 4,9, 4.10, 4.12, 4.14, 4.16). Other workers (Harris 1973; Davies
1977; Alberda & Simba 1982) have reported similar responses to
nitrogen fertiliser, but in the present experiments responses were
generally small and confined to the period of application
(1ate-winter/spring).

Additions of nitrogen fertiliser also modified the botanical
composition of the plots. In particular, in spring the frequency of
ryegrass and Poa spp. increased, as was the case for paspalum (Table
4,20) in late-summer/autumn in nitrogen treated plots compared to
untreated plots. Others (Hagger & Squires 1979; Ball & Field 1982)
have reported increases in Poa spp. in pastures treated with nitrogen
fertiliser. Haggar & Squires (1979) suggested this could affect the

growth of young ryegrass plants, since Wells (1974) noted Poa annua
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was capable of forming a mat of small tillers, especially when
nitrogen fertiliser was added. Nevertheless, the results suggest that
nitrogen was not the factor limiting the survival of the introduced
ryegrass plants. Both the introduced ryegrass (see above) and
resident species responded equally to the addition of nitrogen
fertiliser (Table 4.18), negating the possibility of the introduced
plants gaining a competitive advantage over the resident species.

In Experiment 1, deaths of introduced ryegrass plants with
predominantly paspalum (Pa plots) or other resident species (NPa
plots) as close neighbours were similar in all seasons (Table 4.4).
This was also true in spring (Table 4.6) and autumn for Experiment 2,
but in summer, deaths of ryegrass plants were highest for ryegrass
plants in grazed Pa plots (Table 4.7). The latter effect did not
occur in grazed NPa plots. This result suggests that the extra stress
of grazing in summer was necessary to expose the introduced ryegrass
plants to the detrimental effects of summer growing paspalum. Others
(Weaver 1930; Weinmann 1948; Harris 1978; Hunt 1979) have recognised
the superiority of rhizomatous (eg. paspalum) over non-rhizomatous
(eg. ryegrass) species in the maintenance of growth when subjected to
severe defoliation, heavy treading and periods of water stress.
Evidence of paspalum's ability to influence the growth of introduced
ryegrass plants is provided by reduced summer growth of ryegrass in Pa
compared to NPa plots (Section 4.7.3, Table 4.11, 4.13, 4.15, 4.17).

The procedure of covering certain plots during grazing proposed a
dilemma since ungrazed plots had to be artificially harvested using a
clipping technique. This in itself may have influenced the survival
of the introduced ryegrass plants, as pastures cut at intervals behave
differently to rotationally grazed pastures in terms of tiller

density, botanical composition and annual herbage accumulation (Frame
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1966; Shaw et al. 1966; Frame & Hunt 1971; Smith 1979; Hodgson et al.
1981). Differences also occurred in the present experiment and may
have been emphasised by more severe defoliation by clipping than
grazing. The ryegrass and paspalum frequencies (Table 4.21) and
annual herbage accumulation (Table 4.18) were generally higher in
grazed than in clipped plots, while the reverse was true for Poa spp.
and white clover (Table 4.21).

As suggested (Table 4.3, 4.5), defoliation by dairy cows involves
greater opportunity for plant damage than does defoliation by
clipping. However, even after removal of data directly related to
losses attributed to factors extraneous to severing and removal of
herbage (dung, urine and 'pulling' effects) (Table 4.6, 4.7), losses
were still higher for grazed than for clipped plants. It is possible
that 'patch' grazing hy cattle (Hughes & Jackson 1974) could have
contribued to this result, as reflected by the incidence of severe
defoliations (tiller length less than 10 mm) leading to plant deaths
(Table 4.5). Deaths of ryegrass plants as a consequence of severe
grazing during summer have been reported by Brougham (1960, 1961).
Deaths attributed to severe grazing during summer were higher with a
short than with a long grazing interval (Table 4.5) as were total
ryegrass deaths during summer (Table 4.7) over all treatments.

Despite the additions of nitrogen fertiliser significantly
jmproving the ryegrass frequency in the plots relative to those
receiving no nitrogen fertiliser, their ryegrass levels steadily
declined from greater than 50% of total hits in September, to less
than half this level in March (Table 4.20). This phenomenon coincided
with increasing maximum daily screen temperatures (Appendix 1) and the
occurrence of dry periods (Section 4,6). Over the 1979/80 and 1980/81

warm seasons (December, January, February, March) maximum daily screen
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temperatures exceeded 25 °C (upper limit for ryegrass growth -
Mitchell 1956; Langer 1972; McWilliam 1978) on 18 to 36% of the days.
It is possible that temperature restrictions on growth combined with
periods of water stress were climatic factors involved in restricting
the competitiveness of the introduced ryegrass. Rather than having a
direct effect on survival these factors may be mediated through other
factors affecting the competitive ability and survival of the
introduced ryegrass, namely, the presence of summer growing paspalum.
For these reasons similar comparisons were made for introduced
ryegrass plants in Pa and NPa plots, and an irrigation treatment was

included in the final field experiment (chapter 6).

4.9 CONCLUSIONS

The persistence of introduced ryegrass plants in a grazed pasture
containing paspalum is unlikely to be improved by the addition of
nitrogen fertiliser during late-winter and spring. Despite immediate
growth responses by the ryegrass plants to the application of nitrogen
fertiliser, these responses were small and shortlived.

It is possible that seasonal growth of established sward species,
particularly growth of Poa spp. in spring and paspalum in summer (both
of which were stimulated by application of nitrogen fertiliser),
caused stress for the introduced ryegrass plants by reducing their
light interception through shading. Such a mechanism, in combination
with climatic or managerial stresses, may weaken some ryegrass plants
to the point of extinction. Alternatively, growth of resident
ryegrass and Poa spp. in NPa plots may also provide considerable
competition to establishing ryegrass plants, since losses were equally
as high in these plots. Further study of this hypothesis was provided

for in the final field experiment (chapter 6) when shading of
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introduced ryegrass plants was prevented by clipping of the
surrounding resident herbage.

The results described here implicate defoliation interval as a
factor modifying the competitive environment, the growth of individual
ryegrass plants and therefore their persistence. Because of this the
design of the final experiment allowed for statistical comparison of

the defoliation interval effect.
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CHAPTER 5

THE COMPETITIVE INTERACTION OF PASPALUM AND RYEGRASS

5.1 INTRODUCTION

In field experiments (chapter 4) the growth, vigour and
persistence of ryegrass growing in Pa and NPa plots were compared
under various nitrogen fertiliser and defoliation managements.
Nitrogen fertiliser did not improve the persistence of the introduced
ryegrass plants, and about 20% of total losses were attributed to
direct ‘'animal effects'. Ryegrass plants introduced into plots (Pa)
containing predominantly paspalum and grazed during summer had
significantly higher losses than those in plots (NPa) containing other
resident species. Climatic factors (eg. periods of water stress) may
be implicated in the paspalum effect.

This chapter describes a complementary experiment in which
paspalum/ryegrass interactions and the influence of nitrogen
fertiliser were studied under relatively controlled environmental
conditions. A replacement series experimental design (de Wit 1960)
was used. Monocultures and various combinations of paspalum and
ryegrass were grown in containers of soil located in a glasshouse from

late-spring until autumn.

5.2 MATERIALS AND METHODS
5.2.1 Preparation of plant material

Paspalum plantlets, each comprising a small rhizome portion (5 mm
or less) supporting a single tiller and roots, were obtained by
dissecting rhizome cuttings of paspalum originally growing in the
field experimental area. Each rhizome cutting provided several

plantlets after a period (27.6.79 to 21.9.79) of growth in pots
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containing sieved topsoil from the experimental area, and located in a
controlled environment growth chamber. Air temperature was 24 °C with
eight hour nights and 16 hour days, and an irradiance level of 450
W/mz. Cuttings were transferred on the 6.9.79 to the chamber
containing the ryegrass seedlings.

Ryegrass seedlings were derived from seeds of a commercial line
of certified first generation Lolium perenne L. 'Grassiands Nui'
perennial ryegrass that were sown on 10.8.79 into flat trays
containing sand. The seedlings were grown in a controlled environment
chamber until 21.9.79. Air temperature was 18 °C with 15 hour nights
and nine hour days, and an irradiance level of 250 W/mz.

Ryegrass seedlings and paspalum plantlets were transplanted
(8.11.79) into plastic containers (surface diameter 232 mm, vertical
height 215 mm) containing sieved topsoil from the field experimental
area (Section 2.2). The plants were equidistantly spaced in each
container, ensuring maximum interspecific separation. Stress was
minimised by trimming shoots and roots before replanting and by
thorough watering after replanting. No deaths occurred immediately
following transplanting.

The surfaces of the growing medium for both species were kept
moist by daily watering. After transplanting and the imposition of
the experimental treatments the same watering procedure was maintained
throughout the experimental period.

On 31.8.79 the paspalum shoots were clipped to a 50 mm stubble
after which full strength 'Bollards Solution' (Bollard 1966) (Appendix
8) was applied to both paspalum and ryegrass. A1l plants were clipped
on 6.9.79 after which full strength and half strength 'Bollards

Solution' was applied twice weekly to the ryegrass and paspalum,

respectively.
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The containers of paspalum and ryegrass plants were transferred
from the controlled environment chamber to a glasshouse on 21.9.79,
where similar nutrient application procedures were maintained until
the end of October when the experimental design was first imposed.
The glasshouse was located at the University of Waikato, approximately
1 km west of the field experimental area on Ruakura Agricultural

Research Station.

5.2.2 Experimental layout
The plants were arranged as a replacement series with the

following numbers of each species per container:

Paspalum (P) Ryegrass (R) Code
26 0 100P

20 6 75P 25R

13 13 50P 50R

6 20 25P 75R

0 26 100R

Twenty containers comprising four replicates of the five ratios
of the ryegrass/paspalum replacement series, were positioned at random
but with upper rims touching on a table in the glasshouse. Positions
were re-randomised at monthly intervals, using a table of random

digits, to reduce edge effects.

5.2.3 Nitrogen treatment

On 30.11.79, a hand-held 'Cambrian' CSP14 pressure sprayer was
used to apply nitrogen fertiliser as liquid urea (45% N) to half the
containers (two replicates of the replacement series). Sheet metal
(150 mm high) fitted around the container perimeter was used to

minimise spray drift. Urea (58.8 ml of 0.78% w/v, equivalent to
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50.6 kg N/ha) was applied to each container in 10 seconds and was

washed in with water (100 ml).

5.2.4 Herbage measurements

At 41, 62, 84, 109, 130, 153 and 174 days after transplanting
(8.11.79), tillers on each plant were counted and cut to a 25 mm
stubble. The number of cut tillers per plant was also counted to
allow for the estimation of tiller dry weight. Harvested herbage from
each container was dissected into the component species and weighed
after drying for 24 hours at 100 °C in a forced draught oven, and its
nitrogen concentration (% of DM) (Section 3.2.4) was subsequently
determined. Per plant dry weight was obtained by dividing the total
weight for each species by the number of plants transplanted into the
containers in November 1979. Dead plants therefore had zero dry

weight.

5.2.5 Data analysis

Data on tiller number per plant, tiller and plant dry weight for
ryegrass and paspalum, and total plant biomass per container, were
subjected to analysis of variance to separate the effects of nitrogen
fertiliser and species ratio.

The concepts of plant relative yield (Trenbath 1974) and relative
yield total (RYT), based on per area relative yields of de Wit &
van den Bergh (1965), were used to describe competitive interactions
hetween plants in mixtures.

According to the two species competition model of de Wit (1960)
the biomass of each component is strictly proportional to the share of
limited environmental resources (eg. light, water, nutrients) it can
acquire. Thus if sharing is uneven, plants of one species will be

larger in mixture than in monoculture while plants of the other
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species will be correspondingly smaller. If the plant relative yield
of a component i is Ri = 0ij/Mi where 0ij is the yield of species i in
a mixture with species j, and Mi, is the yield of species i in its
monoculture, then the plant relative yield of the aggressor will be
greater than unity and that of the subordinate less than unity. That
is, if species i is the aggressor, 0ij/Mi>1 and 0ji/Mj<1.

When the components of a mixture are competing for the same
limited environmental resources the sum of the relative yields or the
RYT has a value close to unity. Values of RYT>1.0 suggest that the
species make different demands on resources or avoid competition with

each other. A RYT<1 implies mutual antagonism.

5.3 CLIMATIC DATA
Daily maximum and minimum air temperatures were recorded
throughout the experiment. These data are summarised as monthly

averages in Appendix 9.

5.4 RESULTS
5.4.1 Plant deaths

No deaths of paspalum plants occurred during the experiment.
Deaths of ryegrass plants occurred only in mixtures with paspalum
and the first were recorded on 25.2.80, 109 days after transplanting
(Table 5.1). By 9.4.80 10 ryegrass deaths had occurred with a further
18 by 30.4.80.

The addition of nitrogen fertiliser had no affect on ryegrass
deaths; 15 plants receiving nitrogen and 13 receiving no nitrogen

fertiliser died over the experimental period (Table 5.1).
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Table 5.1 Pattern of mortality of ryegrass plants growing in

mixtures with paspalum.

Species ratio

75P 25R 50P 50R 25P 75R
Date Rep. (24)a (52) (80)
25.2.80 1 - _
(109)b 2 - -
3 - - -
4 - 1 1
17.3.80 1 - - 1
(130) 2 - 1
3 - - -
4 - - -
9.4,.80 1 - 1 1
(153) 2 - - -
3 - 3 1
4 - - -
30.4.80 1 - 4 1
(174) 2 2 2 -
3 6 - 1
4 2 - -
Total deaths 10 11 7

a total (over four replicates) of established ryegrass plants
b days from transplanting (8.11.79)

5.4.2 Competitive interactions

Data from the first, third, fifth and last harvests are presented
to illustrate important trends. At all harvests there were no
significant interactions between nitrogen and species ratio.

Over summer/autumn (1.2.80 to 30.4.80) the relative yield per
plant for ryegrass (Rr) progressively declined with increasing
proportion of paspalum in the mixture (Fige 7). On the contrary, the
relative yield per plant for paspalum (Rp) increased with increasing

ryegrass proportion, and the trend was strongest at the end of the
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study (30.4.80). Although the data were variable, on average at this
date, Rp had reached a maximum of 4.4 in the 25P 75R mixture while Rr
had reached its lowest value (0.2) for this mixture. On average for
all mixtures over summer/autumn, Rp was greater than 1.0 and Rr less
than 1.0,

Generally throughout the experiment, average RYT values were
close to 1.0 although on 30.4.80, RYT for all mixtures were slightly

above 1.0 (Table 5.2). Re-calculation of RYT values for 30.4.80 on a

Table 5.2 Relative yield total? for paspalum and ryegrass

mixtures at four harvests.

Species ratio

Date 75P 25R 50P 50R 25P 75R
19.12.79 0.8 (0.17)b 0.8 (0.20) 1.0 (0.25)
1. 2.80 1.1 (0.33) 0.9 (0.45) 1.1 (0.44)
17. 3.80 0.9 (0.49) 1.0 (0.26) 1.0 (0.27)
30. 4.80 1.2 (0.74) 1.4 (1.00) 1.2 (0.17)
30. 4.80C 1.2 (0.73) 1.4 (1.00) 1.2 (0.18)

a data are means over four reps.

b standard error of the mean

C calculated on a survivors basis
survivors basis did not change the trends in the data. However, since
there were no ryegrass survivors for replicate three of the 75P 25R
treatment (Table 5.1), the relative yield for ryegrass was considered
to be zero for both calculations.

From February 1980, tillers per paspalum plant increased with

increasing ryegrass ratio (Table 5.3). A similar tendency occurred
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Table 5.3 Overall effect of species ratio on tiller numbers per plant

for paspalum and ryegrass growing in monocultures and mixtures.

100P 75P 50P 25P 100R SEDa  Sig.

Date 25R 50R 75R
19.12.79 pt 10.6 9.9 10.4 10.1 - 1.62 ns
R - 8.3 8.4 9.0 9.9 1.22 ns
9. 1.80 P 10.5 9.3 11.9 10.7 - 1.56 ns
R - 8.1 8.5 9.4 9.9 1.20 ns
1, 2.80 P 10.1 10.2 11.5 15.6 - 3.20 ns
R - 7.8 8.0 9.0 9.8 1.24 ns
25, 2.80 P 10.7 11.0 15.5 20,1 - 2,16 **
R - 7.3 7.3 8.3 9.3 1.19 ns
17. 3.80 P 10.0 10.7 16.1 22.9 - 2,87  x*
R - 409 602 6.7 9.2 1.12 *
9. 4.80 P 13.4 11.5 14,0 23.0 - 2,84  **
R - 5.4 4,6 5.5 9.0 1.31 *
30. 4.80 P 9.5 12.6 18.2 24.9 - 2,26 %%
R - 2.4 3.5 4.6 7.8 0.87 ***

+ P = paspalum, R = ryegrass ' .
a standard error of differences between treatment (species ratio)

means
for paspalum tiller dry weight but differences between species ratios
did not reach significance (Table 5.4). Tiller numbers per ryegrass
plant declined with increasing paspalum ratio, and on 9.4.80 and
30.4.80 were significantly greater in monocultures than in all
mixtures with paspalum (Table 5.3). A similar but stronger trend
existed for ryegrass tiller dry weight and this was significant from

early-February until the end of the experiment (Table 5.4).
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Table 5.4 Overall effect of species ratio on tiller dry weight (mg)

for paspalum and ryegrass grown in monocultures and mixtures.

100p 75P 50P 25P 100R SED@  Sig.
Date 25R 50R 75R

19.12.79 pt 23.5 21.0 18.8 19.6 - 5.14 ns
R - 22.8 18.2 24,0 22.8 2.15 ns

9. 1.80 P 17.9 18.0 16.2 22.5 - 5.08 ns
R - 16.7 14.2 15,6 13.8 3.25 ns

1, 2.80 P 20,2 25.3 20.8 31.8 - 5.37 ns
R - 7.4 6.0 9.1 13.3 1.75 *

25, 2.80 P 21.6 22.7 23.6 24.4 - 3.50 ns
R - 7.2 6.8 7.6 15.3 2.85 (1)

17. 3.80 P 12.5 13.4 14,7 21.9 - 3.63 ns
R - 1.9 2.3 4.8 12.0 1.59 *

9. 4.80 P 7.5 12.4 13.0 15.3 - 2.35  (t)
R 2.3 3.4 3.9 10.7 1.28 **

30, 4.80 P 7.0 6.8 8.7 11,0 - 2.07 ns
R - 2.3 3.4 2.8 8.4 1.07 *k

+p = paspalum, R = ryegrass . ‘
a standard error or differences between treatment (species ratios)
means
At each harvest the total plant biomass of mixtures were not
significantly greater than those for the monocultures (Table 5.5)

although on 30.4.80, the biomass of all mixtures equalled or slightly

exceeded the biomass of each monoculture.
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Table 5.5 Plant biomass per container (g) for mixtures and

monocultures of paspalum and ryegrass.

100p 75P 50P 25P 100R SED Sig.

Date 25R 50R 75R

19.12.79 6.5 5.3 4.4 5.4 5.8 1.34 ns
9. 1.80 4.8 4.2 3.8 4.3 3.6 0.83 ns
1, 2.80 5.3 5.4 3.7 4.2 3.3 0.86 ns

25. 2.80 5.8 5.2 5.3 4.3 3.7 0.86 ns

17. 3.80 3.2 3.0 3.2 3.0 2.8 0.80 ns
9. 4.80 2.6 2.7 2.5 2.5 2.4 0.54 ns

30. 4.80 1.6 1.7 2.3 1.9 1.7 0.48 ns

5.4.3 Plant responses to nitrogen fertiliser

Significant tiller number and tiller and plant dry weight
responses to nitrogen fertiliser were detected at the first harvest
(19.12.79), 13 days after its application (Table 5.6). The
significant effects on ryegrass tiller number per plant and tiller dry
weight were reflected in plant dry weight, but by February 1980 they
were small or had completely disappeared. The only effect of nitrogen
fertiliser on paspalum was on tillers per plant and this response

declined with time (Table 5.6).
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Table 5.6 The effect of nitrogen (N) fertiliser on tiller number
per plant, tiller and plant dry weight (mg) and total biomass

(g) per container for ryegrass and paspalum in mixtures and

monocultures?,

Paspalum Ryegrass
+N -N  SED  Sig. +N N~ SED  Sig.

(a) Tillers per plant:

19.12.79 11,7 8.8 1,14 * 9.7 8.1 0.86 (1)
9, 1.80 11.2 10,0 1,10 ns 9,7 8.2 0.85 ns
1. 2.80 12.4 11.3 2.26 ns 9.4 7.9 0.87 ns
(b) Tiller dry weight:

19.,12,79 22.0 19.4 3.63 ns 23.9 20.0 1.52 *
9., 1.80 20.0 17.3 3.59 ns 15.6 14.6 2.30 ns
1. 2.80 23.3 25.8 3.80 ns 8.5 9.4 1.24 ns
(c) Plant dry weight

19.12.79 253 161 51.7 ns 233 161 29.3 *
9, 1.80 214 165 41.0 ns 153 120 25.6 ns
1. 2.80 290 291 68.4 ns 82 70 17.4 ns

(d) Plant biomass per container (ryegrass + paspalum)

19.12.79 6.7 4,3 0.85 *
9. 1.80 4.9 3.4 0.53 *
1. 2.80 4.7 4,1 0,54 ns

a data are means across all species ratios

Total plant biomass per container was increased by the addition
of nitrogen fertiliser up until the second harvest 34 days after
application (Table 5.6). This effect had disappeared by
early-February.

Effects of nitrogen fertiliser on the nitrogen concentrations in

shoots (Table 5.7) were small and confined to the first harvest.
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Table 5.7 Effect of nitrogen (N) fertiliser on the nitrogen

concentration (% of DM) in shoots of paspalum and ryegrass.

Date " Paspalumd " " Ryegrassa_N
19.12.79 3.3 (0.43)b 2.9 (0.25) 3.8 (0.53) 3.4 (0.28)
9. 1.80 2.1 (0.05) 2.2 (0.12) 2.3 (0.17) 2.3 (0.21)
1. 2.80 1.9 (0.13) 2.1 (0.10) 2.3 (0.38) 2.4 (0.43)
25, 2.80 2.0 (0.13) 2.0 (0.15) 2.2 (0.59) 2.3 (0.44)
17. 3.80 2.5 (0.33) 2.6 (0.13) c - -
9. 4.80 2.8 (0.16) 3.0 (0.07) - -
30. 4.80 3.4 (0.12) 3.0 (0.20) - -

2 data are means over all species ratios

b standard error of the mean

C jinsufficient dry matter prevented analysis
5.5 DISCUSSION

The major finding of this experiment was the dominance of
paspalum over ryegrass during the summer/autumn (1.2.80 to 30.4.80).
Paspalum was the more aggressive species in the mixtures during this
period since its relative yield was greater than 1.0 and that of
ryegrass was less than 1.0 (Fige 7).

Paspalum dominance from late-February to the end of April was
reflected in about a two fold increase in tillers per plant as the
paspalum ratio decreased from 1.0 to 0.25 (Table 5.3). Ryegrass
tiller numbers per plant (Table 5.3) and tiller dry weight (Table 5.4)
declined as the ryegrass ratio decreased from 1.0 to 0.25, so that the
size of ryegrass plants was reduced as the number of associated

paspalum plants increased. Harris et al. (1981b) concluded that
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increases in the competitive power of grass species was associated
with increases in tiller numbers per plant. They studied competitive
interactions between Paspalum dilatatum Poir. 'Grasslands Raki' and
Lolium perenne L. 'Grasslands Nui' perennial ryegrass in a
replacement series growth chamber experiment with a low (14 °C

day/8 °C night) and a high (24 °C/18 °C) temperature regime, and
various cutting managements. On average, the temperature regime in
the present experiment from October 1979 to March 1980 was similar to
the high temperature regime of Harris et al. (198la,b). This
temperature regime (Appendix 9) was closer to the optimum for paspalum
(29 to 35 °C) than that of ryegrass (18 to 24 °C) (Mitchell 1956;
McWilliam 1978) and therefore presumably favoured the growth of
paspalum. As found by Harris et al. (198la,b), paspalum became the
dominant grass with a high temperature regime.

The superior growth of paspalum plants at the lowest paspalum
ratio in mixtures (Table 5.3) may have been assisted by reduced
intraspecific competition. That is, paspalum growth per plant was
greatest where the lowest number of the strongest competitor
(paspalum) were present (25P 75R treatment). It is therefore
suggested that the associated ryegrass plants generally offered weak
interspecific competition under the conditions of the experiment.
Carbohydrate and nitrogen reserves in the rhizome portions of the
paspalum plantlets may have assisted paspalum's attainment of a
competitive advantage over ryegrass. Nevertheless, significant
differences in the growth of ryegrass in mixtures compared to
monocultures did not occur until 1.2.80, 85 days after transplanting.

Despite the increase in the size of paspalum plants with
decreasing ratio of paspalum to ryegrass, deaths of the latter tended

to be greatest at high ratios of paspalum to ryegrass (Table 5.1).
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The mechanisms (eg. competititon, day temperatures, allelopathy)
contributing to reduced size (Table 5.3,5.4) and eventual death of
some ryegrass plants (Table 5.1) may be more effective when individual
ryegrass plants are surrounded by more paspalum than ryegrass plants.

As paspalum dominance over ryegrass increased throughout
summer/autumn (Fig. 7) the mean RYT for all mixtures by the end of
April slightly exceeded 1.0 (Table 5.2). Furthermore, on 30.4.80 the
biomass of mixtures equalled or exceeded the biomass of the highest
yielding monoculture (Table 5.5), a condition referred to by Trenbath
(1974) as transgressive overyielding. However, the latter effect was
not significant and there have been few reports in the literature of
significant overyielding for grass mixtures (Trenbath 1974; Harris et
al. 1981b). In the present study high experimental error could have
contributed to the effect. The behaviour of paspalum and ryegrass in
mixtures in this experiment can be generally described as being of the
‘compensating type'. The yield of paspalum (aggressor) was higher in
mixtures than monocultures and that of ryegrass (subordinate) was
correspondingly lower so that the mixture biomass tended to be kept
between the monoculture values (Donald 1963; Trenbath 1974).
According to the de Wit (1960) model, paspalum and ryegrass in the
present experiment are likely to be competing for the same supplies of
environmental resources, the requirements for growth. As shown by
van den Bergh (1968), when this occurs the RYT for mixtures has a
value of about 1.0 (Table 5.2) which is the most common occurrence for
grass mixtures (Trenbath 1974).

Addition of nitrogen fertiliser had a small short-lived effect on
the growth of paspalum and ryegrass plants and on the nitrogen
concentration in their shoots. These effects occurred despite the

possibility of high levels of mineralised nitrogen being present in



the soil used for the growing medium for this experiment. The soil
was obtained from heavily stocked pasture regarded to be of high
fertility. Some nitrogen may have been lost by volatilisation of
ammonia from the soil surfaces as a high air temperature (28 °C
maximum) was recorded on the day of application. Furthermore, root
growth and development after three weeks from transplanting may have
been insufficient for efficient uptake of applied nitrogen which could
then have been leached from the containers by successive daily
waterings. The latter argument is supported by the generally low
nitrogen concentrations (Table 5.7) measured in the paspalum and
ryegrass shoots. Even though a high proportion of leaf was sampled
(cutting height 25 mm), the nitrogen concentrations in the herbage
were lower than have been reported elsewhere (McNaught 1970).

The overall effect of the addition of nitrogen fertiliser was to
improve the early summer growth of both competing species and
therefore the plant biomass per container (Table 5.6). Although the
response was more variable for paspalum than for ryegrass, the former
species was still able to dominate the latter when experimental

conditions during summer/autumn favoured its growth.

5.6 CONCLUSIONS

The results of this experiment suggest that the presence of
paspalum as a competing species during summer/autumn is Tikely to be
an important factor in determining the performance of associated
perennial ryegrass plants. When ryegrass was included in mixtures
with paspalum, its growth was reduced to the point of extinction of
some plants during summer/autumn. This supports the finding of the
field experiment (chapter 4, Experiment 2) where paspalum, rather than

other pasture species as close neighbours, reduced the survival of
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introduced ryegrass plants during summer. As found in this and the
field experiments (chapter 4), the application of nitrogen fertiliser
during late-spring did not modify this effect. Although the exact
mechanism of paspalum/ryegrass interactions leading to suppression of
the latter species is not clear from this experiment, interference by
paspalum in the growth of ryegrass is likely to contribute to the

observed field results (chapter 2, 4).
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CHAPTER 6

THE EFFECTS OF DEFOLIATION MANAGEMENT AND IRRIGATION ON
RYEGRASS GROWTH AND PERSISTENCE

6.1 INTRODUCTION

The interval between defoliations can influence seasonal herbage
accumulation on dairy pastures (chapter 4). Defoliation, by changing
the structure of the sward may also change the competitive environment
for individual plants (Hughes & Jackson 1974; Davies 1977). It has
been recognised (Stern & Donald 1962) that shading can cause changes
in the botanical composition of pastures, presumably by reducing shoot
and root growth and the general competitive ability of affected plants
(Black 1957; Donald 1963). These effects could have influenced the
results described in chapters 2 and 4 where high summer losses
(greater than 30% of marked plants) of introduced plants were found
with various defoliation intervals.

Independent of defoliation interval, cow grazing is selective and
of variable intensity within a paddock. This fact has lead to reduced
persistence of grasses (Hodgson 1973; Hughes & Jackson 1974), In
under-utilised areas, reduced viability and development of basal
tiller buds may occur because of excessive shading (Langer 1972).
Shading and competition for light are also important factors
influencing the survival of ryegrass tillers in pastures (Langer
et al. 1964; Spiertz & Ellen 1972; Ong et al. 1978). It is therefore
1ikely that competition for light will have an important influence on
the growth and persistence of ryegrass plants introduced into
established pasture, the structure of which is periodically changed by

cow grazing of variable intensity.
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Throughout the previous summers (1978/79, 1979/80, 1980/81)
periods of dry weather often accompanied by high screen maximum
temperatures were recorded (Section 2.2). The interaction of these
conditions with the defoliation regime (Harris 1978) may have been
involved in reducing the contribution of introduced ryegrass to
pasture production, since a single severe grazing during summer may
weaken or kill ryegrass plants (Brougham 1960, 1961),

In the field experiment described in this chapter, young ryegrass
plants were introduced into Pa and NPa areas of the sward and
subjected to contrasting defoliation intervals. The experimental
design incorporated a 'crossover' of defoliation treatments during
early-summer so that any interactions between defoliation interval and
season could be studied. The effects of reduced competition for light
on the growth and persistence of the introduced ryegrass plants was
examined by using periodic clipping to control the growth of resident
herbage surrounding some of the introduced ryegrass plants. Effects
of irrigation during dry periods on the growth and persistence of
introduced ryegrass was also studied.

The effects of grazing interval, irrigation and clipping of
resident herbage on the growth of ryegrass plants introduced into
different plot types were examined using a 24 factorial experimental

design.

6.2 EXPERIMENTAL SITE

Two 0.12 ha paddocks that were part of the general experimental
area were used (Section 2.2). None of the plots in the present
experiment had been previously used. Electric fencing subdivided each
paddock into eight experimental areas bounded at each end by a two

metre wide access strip.
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6.3 EXPERIMENTAL DESIGN AND TREATMENTS

The experimental areas were grazed at either a short (SI) or a

Tong (LI) interval defined as follows:

Treatment Approximate grazing

code No. of reps Period interval (days)
SS 4 21.9.81 to 11.6.82 14
SL 4 21.9.81 to 30.12.81 14
18.1.82 to 2.6.82 28
LL 4 29.9.81 to 2.6.82 28
LS 4 29.9.81 to 22.12.81 28
11.1.82 to 11.6.82 14

In May 1981, four 600 x 600 mm plots (two NPa and two Pa) were
located on 18 m diagonals in each experimental area (7.75 x 18 m)
representing a grazing treatment. On 7.8.81, perennial ryegrass
plants were transplanted into each plot in two rows of seven plants.
Plant spacing within rows were 50 mm and between rows 300 mm to allow
a border area between clipped and unclipped areas of the plots (see
below). Each plant was labelled with a coloured ring (Section 4.4.2).
Throughout the experiment (May 1981 to June 1982) the resident herbage
on half of the plot area (300 x 600 mm) surrounding one row of
introduced plants was kept trimmed to a five to 10 mm stubble. Thus
only half of the introduced ryegrass plants in each plot were
subjected to full interactions with above ground herbage (modified by
grazing). In addition, from mid-December one of the Pa and NPa plots
in each experimental area was irrigated at frequent intervals. A
schedule of events for the experimental procedures used forms Table

6.1.



Table 6.1 Schedule of major events.
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6.4 EXPERIMENTAL PROCEDURES AND TECHNIQUES
6.4.1 Pre-transplanting growth of ryegrass plants

Seeds of a commercial line of certified first generation Lolium
perenne L. 'Grasslands Nui' perennial ryegrass were sown on 2.6.81 in
alkathene tubes containing soil from the general experimental area
(Section 2.2). Approximately 1000 seedlings were grown (Section
4.4.1) in a glasshouse except for a ‘hardening off' period before
transplanting into the experimental plots on 7.8.81. At 17, 30 and 50
days from planting the seedling shoots were trimmed to a height of

25 mm. Nutrient solution (Appendix 11) was applied 48 days after

planting.

6.4.2 Measurements on individual ryegrass plants

Tiller counts and length measurements (Section 2.4.3.3) were made
before and after each grazing on two plants marked with blue rings.
One of these plants was located in the clipped (C) and the other in
the unclipped (NC) area of each plot. One of the red-labelled
ryegrass plants in each of the C and NC was cut to a 40 mm tiller
length for the estimation of pre-grazing plant yield (Section 4.4.3).
If a blue-labelled plant died or was removed from the pasture it was
replaced by the red-labelled plant from the same row which had been
exempt from cutting for the longest period. Measurements were then
continued on the rep]acemeqt plant. At the end of the experiment,
yield measurements were made on all surviving blue-labelled plants as
follows: shoot dry weight above 40 mm tiller length; shoot dry weight
below 40 mm and above the stem apex (ground level), and below-ground
organs (mainly roots) to a depth of 150 mm. A 48 mm diameter soil
corer was used to harvest the below-ground organs. Four such cores

were also taken at random from C and NC to assess the below-ground
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yield (rhizomes and roots) of paspalum. The latter cores were bulked
on a treatment basis and after washing and dissection into components,
all plant material from both species were dried in a forced draught
oven for 36 hours at 100 °C,

Vigour of individual ryegrass plants were subjectively asessed
before each grazing. Plot vigour was calculated as follows:

(i) average vigour - mean of the vigour scores of the seven plants
with dead or missing plants given a vigour of zero and a
frequency of one.

(i) survival vigour - the mean vigour for the surviving ryegrass
plants in each plot. When the seven plants had died or were
missing survival vigour had no value and the frequency of the

treatment mean was reduced by one.
The scale of the vigour grades ranged from one (low) to five (high).

6.4.3 Grazing management

The experimental areas were hard-grazed (Section 2.3) before the
introduction of the ryegrass plants to the plots.

At each grazing, cow numbers were adjusted to achieve a residual
herbage mass of 1500-1800 kg DM/ha over a four to five hour period.
From six to 12 cows were used to graze each defoliation treatment
area. However, in late spring (November/December) when the above
residual level was not achieved, they were flail-cut to a 50-70 mm
stubble using a Swift Current Forage Plot Harvester. This was
repeated in mid-January for areas grazed in the LL and SL sequences.
Pre-grazing herbage mass assessments on plots were adjusted for

herbage removed by the mechanical harvester.
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6.4.4 Sward measurements
6.4.4 1 Herbage mass

Assessment of pre- and post-grazing herbage mass was by a visual
scoring technique described in Section 4.4.5.1, and except for the
final pre-grazing assessment in June 1982 was restricted to unclipped
plot areas. On each occasion, the calibration was based on 16 quadrat
cuts (Section 2.4.3.1). The correlations between the mean visual
grade and the herbage mass per quadrat form Appendix 10, A1l were

significant (P<0.01, 14 degrees of freedom).

6.4.4.2 Botanical composition

The point quadrat method (Section 4.4.5.2) was used on five
occasions during the experiment to determine plot botanical
composition and percentage of total hits on bare ground. Separate
measurements were made on C and NC areas. Thirty point quadrats were
recorded in each area from three randomly located positions of the

linear frame containing 10 points located 50 mm apart.

6.4.4.3 Light interception measurements

Measurements of the photosynthetically active radiation (400 to
700 nm) were made in C and NC areas using a 'LICOR' light meter with a
'Quantum' sensor (23.8 mm diameter) (Lambda Instrument Corp.,
Nebraska). Measurements were made at solar noon at the sward surface
and at ground level, midway between the sward surface and at ground
Tevel midway between the lines of ryegrass plants and the confluence
of the C and NC areas. They were confined to clear or overcast days
without rapid cloud movement, so that interference from varying light
conditions was minimisede To reduce any effect of varying
post-grazing pasture height on light interception and reflection by

the pasture, measurements were made after seven to 10 days regrowth.



6.4.5 Fertiliser policy
On 4.6.81 a maintenance dressing of 5.7 kg K, 3.4 kg P and 3.4 kg

S and 6.0 kg Mg were applied to each 0.12 ha paddock .

6.4.6 Irrigation

Fifteen irrigations representing a total of 263 mm of water were
applied between 16.,12.81 and 29.4.82. For the first 12 irrigations
water was applied when the estimated soil moisture deficit reached 15
to 21 mm. To avoid possible waterlogging in autumn, water deficits of
about 31 mm were allowed to develop before applying sufficient water
(irrigations 13 to 15) to reduce the deficit to 15 mm. The deficit
was calculated by summing the difference between 0.76 of the daily
open-pan evaporimeter measurement (McAneney & Judd, unpublished data)
recorded at the Ruakura Climatological Station and the daily rainfall
recorded at the trial site.

The plot plus a 50 mm border was irrigated (total area, 700 x
700 mm). Untreated bore water of high purity was applied using a
watering can with a fan rose. Surface runoff was prevented by a metal
frame with the dimensions of the irrigated area and a vertical height
of 150 mm driven into the ground to a depth of 10 to 20 mm prior to
each irrigation. The frame remained in place until any surface water

had soaked into the ground.

6.5 SOIL TESTS

Effects of sequential irrigations on the soil nutrient status
were examined on five occasions during the experiment. The first
sample (10.12.81) was taken before the commencement of irrigation. A
bulk sample of nine soil cores (25 mm diameter, 75 mm depth) were
randomly sampled from each plot at each sampling with the constraint

that the immediate environment of the introduced plants was not
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disturbed. Standard methods were used to test the soil samples for
pH, available P, K, Mg, Ca (Cornforth 1980), NH4+ (Brown 1973),

NO;™ (Kamphake et al. 1967) and 504= (Sinclair & Enright 1982),
Similar relationships between soil nutrient levels in irrigated and
unirrigated plots were generally maintained throughout the experiment

(Appendix 12).

6.6 STATISTICAL METHODS

Analysis of variance models were used to determine treatment
effects using methods described previously. Examination of plots of
residual variances against fitted values for the model indicated when
transformation of the data was necessary to obtain errors that were
normally distributed with constant variance. The relationship between
residual variances and mid-summer (19.1.82) paspalum frequency (% of
total hits) of the plots grazed at a SI and LI was also examined for
each variable for any effect not already accounted for by the analysis
of treatment data. A combined analysis of botanical composition data
obtained on 19.1.82 from plots grazed at a SI and LI was possible, as
botanical composition measurements for all plots were made on this

day .

6.7 CLIMATIC DATA

Monthly averages over the study period (May 1981 to June 1982)
and long term averages for selected variables are presented in
Appendix 1.

Rainfall during the 1981/82 summer (December, January, February)
was slightly below average. From 9,12.81 to 30.12.81 there was only
5.9 mm of rain; from 8.1.82 to 18.2.82 there was 5.0 mm and from

4.3.82 to 22.3.82 there was only 0.4 mm of rain. Water balance
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estimates (Appendix 3) suggest possible restrictions in pasture growth
because of water shortages in January and February.

From the beginning of December until the end of March the daily
screen maximum temperature reached 25 °C or greater on 36 days,
including seven days (8.2.82 to 14,2.82) when the range was 24.8 to
29.7 °C with a mean of 26.6 °C,

6.8 RESULTS
6.8.1 Herbage accumulation

Grazing interval did not influence herbage accumulation (NC plot
areas) during late-winter/early-spring (LW/ES) (Table 6.2). During
spring it was greater for LI than SI. Because the 'crossover' of
grazing interval treatments occurred seven days apart in January for
ST (11.1.82) and LI (19.1.82), treatment comparisons in early- and
late-summer are confounded by varying regrowth lengths. In
early-summer, even though LI plots had 12 more days growth than SI
plots, herbage accumulations were similar. During late-summer,
however, SS and LS plots (39 days regrowth) accumulated twice as much
herbage as SL and LL plots (26 days regrowth). The significant
differences between treatments during late-summer (Table 6.2) were
largely due to differences in length of regrowth, since growth rates
(kg DM/ha/day) were not significantly different for SS (54.8) and LS
(55.0) (means over three regrowth periods), and for SL (48.9) and LL
(35.5) (SED = 6.92). For the regrowth period immediately following
the January ‘crossover' of grazing interval treatments, significant
differences in pre-grazing herbage mass occurred. For SS, SL, LS and
LL plots, respectively, they were 1980, 2600, 2800 and 3500 kg DM/ha.

The autumn herbage accumulation in LI plots since the ‘crossover'

was about sevenfold greater than that for SI plots. Of the 32 SI



Table 6.2 The effects of grazing interval, plot type (Pa, NPa)
(kg DM/ha) in NC plot areas.

and irrigation (I) on seasonal herbage accumulation

Grazing interval® Plot type Irrigationd
S L SED  Sig. Pa NPa SED Sig. +] -1 SED  Sig.
Late-winter/early- 1621 1533 113.6 ns 1348 1805 85,7  *kx - - - -
spring
(7.8-28.9.81)a
(7.8-5.10,81)b
Spring 2510 3213 1406  ** 2790 2932 106.7  ns - - - -
(30.9-23.11.81)
(7.10-30,11.81)
Early-summer 2459 2495 136.6 ns 2813 2137 134.3 K%k 2686 2268 134,3  **
(25.11.81-18.1.82)
(1.12.81-11.1.82)
SS SL LS LL
Late-summer 2146 1273 2137 922 190,0 *** 1806 1433 88.4 k% 2023 1216 88.4 *kx*
(20.1-15.2.82)
(12.1-22.2.82)
Autumn 307 2271 247 2485 204.4 *kk 1416 1238 157.6 ns 1426 1228 157.6 ns
(16.2-11.5.82)
(23.2-19,5,82)

seasonal limits for plots grazed at long interval

seasonal limits for plots grazed at short interval

‘crossover' dates for grazing interval at end of early-summer
first irrigation on 16.12.81, last irrigation on 29.4.82

Qo o o

061



191

plots, seven LS and six SS plots recorded negative growth rates during
autumn (16.2.82 to 19.5.82) and of these plots, 10 were classified as
NPa. There were no negative growth rates recorded for LL or SL plots,
for regrowths from January to May .

During LW/ES herbage accumulation was greater in NPa than Pa plots
being reversed during the summer (Table 6.2).

Irrigation substantially improved herbage accumulation over
summer but had only a small effect on herbage accumulation in autumn
(Table 6.2).

On average throughout the experiment, post-grazing herbage mass
estimates for SS plots were about 300 kg DM/ha less than for LL plots
(1600 vs 1900 kg DM/ha). Following the ‘crossover', SL plots had on
average similar post-grazing herbage mass to LS plots (about 1750 kg
DM/ha). Thus residual herbage was least with a SS.

In June 1982, with a SI, herbage mass on NC exceeded that on C by
about 1400 kg DM/ha (1786 vs 377, P<0.001)., A much smaller margin
(800 kg DM/ha) existed between these plot areas grazed at a LI (1734
vs 910, P<0.001).

6.8.2 Seasonal losses of ryegrass plants

Seasonal losses of ryegrass plants are categorised in Table 6.3.
Total seasonal losses were highest in summer (75%), coinciding with
the highest losses in all categories. Only one plant was lost from
transplanting until the first pre-grazing measurement and less than 1%
of total losses occurred in late-winter/early-spring. Over all
treatments and seasons ‘'animal effects' (categories 1 to 4) accounted
for 51% of ryegrass loss.

Of the 224 plants in each grazing treatment, the percentage

surviving at the end of the experiment were SS, 36%; SL, 48%; LS, 35%;
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LL, 46%. Overall, 42% of the 896 introduced ryegrass plants survived

the study period (Table 6.3).

Ryegrass plants grazed at a short interval from January to May
(SS, LS) had the highest losses associated with severe grazing
(category 2) while those grazed at a Tong interval from September to
January (LL, LS) had the highest losses associated with cow excreta
(category 3). The SL treatment was distinguished by a very low
incidence of category 3 losses (Table 6.3).

Continual removal by clipping of the herbage surrounding
introduced ryegrass plants significantly reduced deaths in all seasons
(Table 6.4). This effect was modified in late-summer by a significant
interaction with grazing interval, largely due to the SS treatment
which, relative to other treatments, had high losses with clipping but
lower losses without clipping.

Before the 'crossover' (spring, early-summer), grazing interval
did not affect ryegrass deaths. Late-summer deaths were highest for
the LS treatment (36%), followed by the SS (26%), SL (19%) and the LL
treatments. However, during the autumn total deaths were highest in
the SS treatment (28% vs 16, 9 and 7 for the SL, LL and LS treatments
respectively). This effect may be partly explained by a significant
plot type x grazing interval interaction whereby deaths in Pa plots
for the SS treatment were almost threefold above those in the SL
treatment, which sustained the next highest number of deaths. Deaths
were significantly higher in Pa plots than NPa plots during
late-summer but no differences were detected during spring,
early-summer and autumn. Irrigation throughout summer and autumn did

not influence deaths.



Table 6.3 Number and season of loss of introduced ryegrass plants with short (SS=14 days), long (LL=28 days) and

combinations of short and long (SL, LS) grazing intervals - ‘'crossover' January 1982,

SS SL LS LL

Loss category? 1 2 3 4 5 1 2 3 4 5 1 2 3 45 1 2 3 45 TOTAL
Season
LN/ESb 1 - - - - - - - - - - - - -1 2 - - - - 4
(6.8-30.9.81)
Spring 7 2 2 - 2 7 -1 - 1 5 1 6 - 4 3 - 31 9 54
(30.9-25,11,81)
Summer 11 30 12 - 41 10 11 1 - 64 3 24 32 - 61 3 16 43 - 30 392
(25.11.81-16.3.82)
Autumn 6 11 3 - 15 1 3 -1 16 - 1 - - 6 1 2 1 -7 74
(16.3-19,5.82)
TOTAL 25 43 17 - 58 18 14 2 1 81 8 26 38 - 72 9 18 47 1 46 524
@ 1 - physical removal ('pulled') from the sward by the cow during grazing

2 - previous severe grazing (stubble height less than 10 mm)

3 - dung or urine - damage by cow excrement

4 - trampling - damage by hoof action of cow

5 - dead - no visible green herbage and no obvious animal or insect damage
b

late-winter/early-spring

€61



Table 6.4

and irrigation (+I, -I) on spring, summer and autumn deaths of ryegrass plants.

The effects of plot type (Pa, NPa), clipping of surrounding herbage (C, NC), grazing interval (LI, SI)

Spring Early-summer
(29.9.81-24,11.81) (26.11.81-18,1.82)

Late-sumrer
(20,1,82-16.3.82)

Autum
(16,3.82-19.5.82)

Sig. Sig.
Pa 9/4322 (2)b ns 74/387 (19) ns
NPa 11426 (3) 64/3% (16)
+ - 68/389 (18) ns
-1 - 70/338 (18)
c 2/840 (0.5)  w* 16/414 (4)  wex
NC 18/418 (4) 122/363 (34)
LI 15/428 (4) ns 65/370 (18) ns
SI 5/430 (1) 73/407 (18)
(i) Late-summer (20.1.82-16,3.82)

SS SL LS LL Totals

c 17/90 (19)  7/99 (7) 16/88 (18) 5/90 (6)
NC 20/67 (36) 23/59 (39) 32/47 (68) 16/44 (36)

Totals 417157(26) 30/158(19) 48/135(36)  21/134(16)

45/367(12)
95/217(44)

Sig.
79/287 (28) *
61/297 (21)
61/291 (21) ns

79/293 (27)

Clipping x grazing interval
interaction (P<0.05) - (%) belaw

(1) Autum (16.3.82-19.5.82)

S s
Pa 21/53 (40)

9/64 (14)
Na 11760 (18) 12/64 (19)
Totals 32/113(28)  21/128(16)

2/39(5)  5/49(10)
4/47(9) 5/63 (8)
6/86(7) 10/112(9

Plot type x grazing interval
interaction (P<0.05) - (i1) belaw

Sig.
26/221 (12) ns
357210 (17)
30/316 (10) Feek
31/115 (27)
LS LL Totals

37/205 (18)
) 32/234 (14)

a8 data are ratios of numbers of deaths during the season over
(random losses due to dung, urine and 'pulling' excluded)

ratio as a percentage

the number of survivors at the beginning of the season

149!
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6.8.3 Tiller production

Tiller numbers for ryegrass plants in C reached a higher peak in
November/December 1981 with a LI (49) than with a SI (28) (Fig. 8).
The superiority of the plants in C was maintained for the remainder of
the experiment with tiller production falling over summer to a minimum
in March and then increasing again during autumn. This tillering
pattern was absent for ryegrass plants in NC as production did not
exceed 9 tillers per plant until April 1982, after which a maximum of
15 tillers per plant was achieved at the end of the study by plants
grazed at a SI (Fig. 8).

While tiller numbers for plants in C were significantly greater
than in NC over the period 21.9.81 to 8.3.82, on 18.1.82 and 15.2.82
these effects were modifed by interactions with the irrigation
treatment (see below). The ‘'crossover' of grazing interval treatments
(January 1982) had no effect on tiller numbers per plant. Further
statistical analyses of the effect of the clipping treatment on
tiller production was not possible from 16,3.82 (LI) and 22.3.82 (SI)
because of loss of data points through death of plants in NC.

With a LI, tiller production in Pa plots was not significantly
different from in NPa plots. For example, mean tiller numbers per
plant in Pa and NPa plots were 16.7 and 20.9, respectively, (LSR,

1.59) on 18.1.82 and 61.5 and 66.5 (LSR, 1.94) on 10.6.82. Similar
effects were evident until January 1982 for plants grazed at a SI but
thereafter tiller production for Pa plots was less than NPa, the
differences reaching the 10% level of significance on 8.3.82.
Significant differences were detected at all subsequent harvests.
From 19.4.82 to 1.6.82 these effects were due mainly to tiller numbers
in the LS treatment Pa plots increasing at a lesser rate than all

other treatment combinations. Data for selected dates illustrating

these effects form Table 6.5.



701
LI SI
60- e—e  a---a Clipped(C)
o—o  &=--a Unclipped (NC)

50+ l Grazing interval ‘crossover’
z )
©
° Lo
_ 401 g
()] //
Q '/'
z s
£ 30 N '/
g e ‘\\ "A‘ l /.

A" \Y,’ \\\ ’I
B ,’ \\ r"
= 20 & N o
- / X ~
’ \A ’/
/ e ’ -l
’ AN _ohey / P
’ \‘-——A-’.' ~~.{ _A"’
10- 7o’ ) oot O
e mtre == g0 A “A:----A,.__ .ﬁ------A..‘ ”,A"
tralnsplanting prCmelen =" A7 e N X °
LI ] Yokk Jokk Fohk Johk ik dokok
0  —— v v v
Aug. " Sept. ct. Nov. Dec. an. eb. Mar. Apr. May Jun.
MONTH
Fig. 8

Tiller numbers for ryegrass plants in clipped (C) and unclipped (NC) areas of plots defoliated at a short (SI)
or long (LI) interval.

961



197

Table 6.5 The effect of plot type (Pa, NPa) on pre-grazing tiller

number for ryegrass plants grazed at a SI (LS, SS) over summer/autumn.

Plot type
Date Pa NPa LSR Sig.
11.1.82 11.9 12.8 1.44 ns
8.2.82 8.5 8.5 1.50 ns
8.3.822 8.2 11.6 1.46 (1)
5.4,.82 13.3 23.8 1.74 *
3.5.82 LS 14.2 49,2 2.48b *
SS 36.8 41,5
1.6.82 LS 20.1 5642 1.99b *
SS 47.0 56,2

a from 8.3.82 to 1.6.82 analyses restricted to data from C plot areas
b LSR for comparison of interaction means

For LI (LL, SL) over January/February, the superior tiller

production in C compared to NC (Fige 8) was due mainly to irrigation

(Table 6.6). Subsequently, when analyses were restricted to C a

similar response occurred in March but thereafter differences failed

to reach significance.

With a SI (LS, SS), there was a significant

interaction on 8.2.82 between the irrigation and clipping treatments.
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Table 6.6 The effect of irrigation on pre-grazing tiller number for

ryegrass plants grazed at a LI (LL, SL) over summer/autumn.

Date +18 -1 LSR Sige.
18.1.82 C 60.2 29.6 1.78¢ (1)
NC 8.5 8.1
15.2.82 C 45,6 18.4 1.72¢ *k
NC 6.5 6.5
16.3.82° 36.7 13.0 2.01 xx
13.4.82 58.8 25.9 2.30 (1)
10.5.82 76.7 44,3 2.26 ns
10.6.82 76.6 53.5 1.94 ns

a irrigations began on 16.12.81 and ceased on 29.4.82
from 16.3.82 to 10.6.82 analyses restricted to data from C plot
areas
LSR for comparison of interaction means

Unirrigated plants in NC had significantly Tlower tiller numbers (4.1)
than those receiving irrigation (8.4) and also irrigated (12.0) and
unirrigated (12.6) plants in C. The LSR for comparison of interaction
means was 1.72. At all other defoliations at a SI up to 19.4.82,
irrigation had no significant effect on ryegrass tiller production.
Thereafter there was a negative effect of irrigation for plants
receiving the LS treatment. Averaged over the four measurements from
19.4.82 to 1.6.82, tillers per plant for the LS treatment in irrigated
and unirrigated plots were 16.0 and 47.6, respectively, and comparable

data for the SS treatment were 47.7 and 38.1 tillers per plot.



Table 6.7 The effects of clipping of surrounding herbage (C, NC) and irrigation (1) on pre-grazing tiller length (mm)
of ryegrass plants.

sa Lb S L '
Date ¢ NC SED Sig. C NC SED  Sig.  +IC -1 SED  Sig. +1 -1 SED  Sig.

21. 9.81 49.6 86,6 3,60 *xx
28. 9.81 51,2 105.2 5,36 ***
5,10.81 52,9 79.1 3.42 kxx
19,10.81 64,5 82,6 3.79 (1)
26,10.81 103,3 161.4 7,69 **x
2.11.81 81.3 90.7 4.70 ns
21.12.81 128.7 153.0 13,05 (%) 150.7 130.9 13.83 ns

11, 1.82 87.0 84,8 9.61 ns 93.0 88.8 9,35 ns
18. 1.82 119.3 122.8 10.9 ns 132.7 109.4 19.36 ns
15, 2.82 107.2  75.1 16,11 (t)
8. 3.82d 79.3 78.8 6.30 ns
15. 3.82 161.8 101.9 19,90  **
10, 5.82 134,9 102.9 15,74 (t)
11, 5.82 72,6 96,3 9,10  *

from 21,9.81 to 29.12.81 S is represented by a mean of SS and SL treatments; thereafter SS and LS treatments
from 28.9.81 to 21.12.81 L is represented by a mean of LL and LS treatments; thereafter LL and SL treatments
irrigations began on 16.12.81 and ceased on 29.4.82

at this date and henceforth, analyses restricted to date obtained from C plot areas

Qo ow
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6.8.4 Tiller length

Initially, pre-grazing tiller lengths were greater in NC than C
although by late-December tiller lengths in both were similar (Table
6.7).

With a LI, irrigation increased tiller lengths (Table 6.7). With
a SI, except for the measurement on 11.1.82, significant interactions
between irrigation and clipping treatments occurred from 29.12.81 to

8.2.82 (Table 6.8). Unirrigated ryegrass plants in NC had shorter

Table 6.8 The effect of the interaction of irrigation (I) and
clipping treatments (C, NC) on ryegrass tiller length (mm) during

summer for plants grazed at a short interval (SS, LS).

Date C NC SED Sig.
29.12.81 +12 92,2 104.4 11.15 *
"'I 92.9 74.9
25, 1.82 +1 68.5 74.8 8.83 (1)
-1 73.1 53.5
8. 2.82 +1 58.5 66.3 7.20 *ok
-1 69.9 39,8

a irrigations began on 16,12.81 and ceased 29.4.82

tillers than those receiving other treatment combinations. During
March irrigation did not affect ryegrass tiller length but for
measurements made on 5.4., 3.5. and 17.5.82, significant interactions
" between irrigation and grazing interval treatments were revealed by
the analyses of data from C. These effects were due mainly to
irrigated LS plants having shorter tillers than in all other treatment
combinations. Mean tiller lengths over the three measurements for

irrigated and unirrigated LS plants were 51.8 and 79.7 mm,



Table 6.9 The effects of plot type (Pa, NPa) and the 'crossover' of grazing interval treatments on pre-grazing tiller

length (mm) of ryegrass plants.

a La
Date Pa > NPa SED  Sig. Pa NPa SED  Sig. LS SS SED  Sig. LL SL SED  Sig.
21, 9.81 60.3 75.9 4.17  **
28. 9.81 66.9 89,5 6,21  **
5.,10,81 61,1 70.9 5.97 ns
26,10,81 122.6 142,1 12,06 ns
2.11.81 76,4 95.5 9.94 (t)
21,12,81 139.7 142,0 13.83 ns
29.12.81 86,3 95.9 9.17 ns
11, 1.82¢ 90,0 91.8 9.35 ns 105.6 76,2 8.44 **
18, 1.82¢ 123.1 119.0 19,36 ns 147.8 94,2 17.84 *
25, 1.82 67.6 67.4 5.21 ns 74,7 60.3 6,40 (1)
15, 2.82 85.7 96,6 16,11 ns 103.7 78.6 22,16 ns
8. 3.82b 78,0 80.1 6.30 ns 84.4 73.7 7.89 ns
15, 3.82 122.3 141.4 19.90 ns 136.5 127.2 22.19 ns
5. 4.82 48,6 71.1 6,72  ** 58.9 60.8 14.47 ns
13, 4.82 105.4 144.4 17.45 * 132.4 117.4 16.47 ns
3. 5.82 63.1 8l.6 7.41 * 70.2 74,5 12.64 ns
17, 5.82 72.5 96.4 9.10 * 82.6 86.3 14.88 ns

2 gee Table 6.7

at this date and henceforth, analyses restricted to data obtained from C plot areas

C first measurements after 'crossover' of grazing interval

10¢
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respectively; comparable data for the SS treatment were 76.7 and
62.5 mm.

Ryegrass plants changed from a long to a short grazing interval
(LS) in January 1982 had Tonger tillers than those regularly grazed at
a short interval (SS). In contrast, SL plants had shorter tillers
than LL plants (Table 6.9). In both cases the effects were strongest
at the first measurement after the 'crossover'.

Tiller lengths were generally greater for NPa than Pa,
significantly so in spring and late-summer/autumn (Table 6.9).

Data in Table 6.10 indicates that plants in C were generally less

severely grazed than those in NC.

Table 6.10 The effect of clipping surrounding herbage (C, NC) on
post-grazing tiller length (mm) of ryegrass plants, and post-grazing

tiller length as a percentage of pre-grazing tiller length.

s@ LP
Date c NC  SED  Sig. c NC SED  Sig.
24, 9.81 49,6 61,5 4,83  *
(100)¢  (71)
30. 9.81 50,8 64.6 4,91  **
(99)  (61)
7.10,81 54,2 61,3 3.96 (1)
(103)  (78)
20.10.81 64,6 55.3 5.44 (1)
(100)  (67)
27.10.81 84.4 90.1 10,59  ns
(82)  (56)
3,11.81 65.7 50.8 5.14  **
(81)  (56)

3 data represented by mean of SS and SL treatments
b data represented by mean of LL and LS treatments
percentage of pre-grazing tiller length
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Post-grazing tiller lengths generally reflected the pre-grazing
tiller lengths for SS, SL, LS and LL, Pa and NPa, +I and -I

comparisons so these data are not presented.

6.8.5 Plant dry weight

Where plants had not reached the cutting height (40 mm from
ground level) for yield assessments, as in some C in September and
October, zero values were included in the analysis of variance.

The initial smaller size of C compared to NC plants prevailed
until early-October (5.10.81) with a SI, and only for the first
grazing (28.9.81) at a LI. Thereafter the effect was strongly
reversed, as shown for selected dates in Table 6.11.

Irrigation generally increased plant dry weight except during the
post-irrigation period with a SI when unirrigated plants outyielded
irrigated plants (Table 6.11).

Where significant differences occurred in plant dry weight
between Pa and NPa plots, those of the former were always the smaller
(Table 6.12).

Dry weights were initially higher for LS relative to SS plants
and LL relative to SL plants (Table 6.12). Dry weights at the end of
the experiment for plants grazed at a LI over summer (LL, SL) were
about sixfold higher (700 vs 120 mg) than those grazed at a SI (SS,
LS).

6.8.6 Plant vigour

(a) Survivors: The vigour of surviving plants was always greater in
C than in NC. Selected data (Table 6.13) illustrate this trend. The
response to clipping at LI was larger in irrigated than unirrigated

plots on 18.1.82 and 15.2.82.



Table 6.11

plants.

The effects of clipping of surrounding herbage (C, NC) and irrigation (I) on dry weight (mg) of ryegrass

Date

La

NC

LSR

Sige

+Ib

-1

LSR

Sige

+]

LSR

Sig.

21, 9.81
28, 9.81

5.10.81
19,10,81
26,10,81

2,11,81
14,12.81
21,12,81
29.12,81

18, 1.82¢
25, 1,82¢
22, 2,82
15, 3.82
5, 4.82
13, 4,82
19, 4,82
17, 5.82
1. 6.82
10. 6.82

JJ 1,46  *x
7 1.57 ns

1,43  *xx

129,2 41,3 1.67 x**

87.3 19,5 2,19  **

6.6

58.3

542.0

328.0

22.4

25.9

119.3

98.8

1.68

1.50

2.09

2.23

*k %k

*k%x

*k*x

* k%

99.6

1.74

ns

ns
ns

314.6

172.9

1359.4

418.7

1010.6

198.6

185.5

163.2

210.0

482.1

2.00

3.65

2.86

2.77

3.50

ns

ns

*k %

ns

ns

2 gee Table 6.7

irrigations began on 16.,12.81 and ceased on 29.4.82
C analyses restricted to data from C plot areas subsequent to these dates

¥0¢



Table 6.12 The effects of plot type (Pa, NPa) and the 'crossover' of grazing interval treatments on dry weight (mg) of

ryegrass plants.

sa La S L
Date Pa NPa SED Sig. Pa NPa  SED Sig. SS LS SED  Sig. SL LL SED  Sig.
21. 9.81 8.6 11.9 1.48 (t)
28. 9.81 9.4  15.7 1,61  *
5.10.81 4,9 6.7 1,51 ns
26.10.81 42,3 36,1 1.57 ns
2.11,.81 41,8 52.1 1.75 ns
21.12.81 181.,5 344,3 2.00 (t)
29.12.81 75.3 70,2 1.74 ns
11, 1.82 46,5 72.1 2.36 ns 36.9 90.8 2,10 *
18, 1.82b 169.5 191.1 3.05 ns 91.2 355,2 1,95 x*
25, 1.82b 48,4 34.8 2.96 ns 35.8 47.4 1.80 ns
15, 2.82 213,1 1368.7 3.72 * 208.8 1396.4 2,50 **
8. 3.82 56,5 79.4 2.51 ns 49,6 89.5 1.99 ns
15. 3.82 300.3 746.1 2.86 (t) 315.7 702.6 2.76 ns
22, 3.82 23,1 58.6 2.90 (t)
5. 4,82 28.3 95.8 3.13 * 59.9 45,2 5.34 ns
13, 4.82 223.0 394.3 2.77 ns 367.6  241.5 1.80 ns
3. 5.82 39,6 200,1 3.68 *
17. 5.82 76.1 2405 3.59 (t)
1. 6.82 61.7 185.5 2,48 *
10. 6.82 657.4 733.8 3.50 ns

a see Table 6.7
analyses restricted to data from C plot areas subsequent to these dates

G502
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Table 6.13 The effect of clipping of surrounding herbage (C, NC) on

the vigour of surviving ryegrass plants.

Sa La
Date C NC SED  Sig. Date C NC SED  Sig.

21, 9.81 2.1 1.8 0,07 ***

28.9.81 2.3 1.7 0.0 S
5.10.81 2.4 1.5 0.07 *%* 9
26.10.81 2.7 1.4 0,10 %%
2.11.81 2.9 1.9 0,11 #*x
30.11.81 2.8 2,0 0,19 **xx*
21.12.81 3,3 1.8 0,19 %%«
11, 1.82 3.0 1.5 0,12 **x
18.1.82 +1 3.4 1.6 0,16b  **
-I 300 1.8
15.2.82C  +I 3,2 1,6 0,17b *xx
-1 2,2 1.5
22, 2.82 2.4 1,5 0,13 ***
8., 3.82C 2,3 1,5 0,13 ***

a gsee Table 6.7

b standard error of the difference within irrigation (I) means, for
the clipping x irrigation interaction

C analyses restricted to data from C plot areas subsequent to these

dates

During February, March and April irrigation significantly
improved the vigour of LI plants. Expressed as means over the three
measurements, the vigours of irrigated and unirrigated plants were 2.9
and 2.3, respectively. With a SI, irrigation had no effect on vigour
until 5.4.82 and thereafter until 17.5.82 when a significant
interaction with grazing interval occurred. With the LS treatment
there was a negative vigour response to irrigation but with the SS
treatment there was a positive response. As means over the four

measurements, vigours of irrigated and unirrigated plants for the LS
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treatment were 2.7 and 3.2, respectively; comparable data for the SS
treatment were vigours of 3.1 and 2.5, respectively.

Plot type had no effect on plant vigour until March. Thereafter

the vigour of ryegrass plants in Pa plots were significantly less than

for those in NPa plots (Table 6.14),

Tablg §.14 The effect of plot type (Pa, NPa) on the vigoura of
surviving ryegrass plants over late-summer/autumn.

sb LS

Date Pa NPa SED Sig. Pa NPa SED Sige
15.3.82 2.4 2.8 0.25 ns
22.3.82 1.9 2.4 0.25 *

5.4.82 2.2 2.9 0.22 *k

13.4.82 2,7 3.4 0.26 *
19.4.82 2.5 3.1 0.28 *

3.5.82 2.8 3.5 0.26 *

10.5.82 3.0 3.5 0.19 *
17.5.82 2.6 3.3 0.28 *

ﬁ analysis restricted to C plot areas
S is represented by a mean of SS and LS treatments
L is represented by a mean of LL and SL treatments

There was no effect of previous management on the vigour of SS
and SL plants subsequent to the 'crossover'. For the two measurements
immediately following the 'crossover' LL and SL differed significantly
(P<0.05). On 18.1.82, vigours were 2.7 and 2.2 for LL and SL
treatments, respectively, (SED = 0.18) and on 15.2.82 comparable data
were 2.3 and 1.9 (SED = 0.15).
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(b) Average vigour: This measurement was affected by losses of
ryegrass plants and therefore declined with time.

Highly significant differences in vigour for plants in C and NC
were found. As these effects were similar to those for survivor
vigour the data are not presented.

Average vigour was slightly greater in LI than SI plots but

during summer/autumn it was reduced in Pa plots compared to NPa plots

(Table 6.15).

Table 6.15 The effect of plot type (Pa, NPa) on the average vigour

of ryegrass plants during summer/autumn.

Sa La
Date Pa NPa SED Sig. Pa NPa SED Sig.
18.1.82 1.7 1.7  0.13 (t)
25,1.82 1.4 1.4 0.17 ns
15,2.82 1.3 1.6 0.10 *k
22.2.82 1.0 1.1 0.17 ns
15.3.82 1.1 1.5 0.12 *x
22.3.82 0.7 1.0 0.14 *
13.4.82 1.2 1.5 0.14 (1)
19.4.82 0.8 1.1 0.19 ns
10.5.82 1.3 1.6 0.15 (1)
17.5.82 0.8 1.2 0.19 *

a gee Table 6.14

Irrigation had no affect on average vigour of SI plants and so

the data are not presented. With a LI, however, summer/autumn average
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vigour was improved by irrigation, especially in C in February and

March (Table 6.16).

Table 6.16 The effect of irrigation (I) on the average vigour of

ryegrass plants grazed at a LI (LL, SL) over summer/autumn.

Date +1 -1 SED Sig.

18.1.82 2.0 1.7 0.13 *

15.2.82 C 2.8 1.8 0.18° *ok
NC 0.6 0.6

15.3.82 C 2.5 1.8 0.20° *ok
NC 0.5 0.5

13.4.82 1.4 1.2 0.14 ()

10.5.82 1.5 1.3 0.15 ns

3 c<tandard error of difference between means for the interaction of
clipping (C, NC) and irrigation treatments

6.8.7 Plant component yields at termination of the experiment
(June 1982)

As 24 of the 64 NC had no ryegrass survivors, the analyses of
grazing interval, plot type and irrigation effects were restricted to
data from C. Nevertheless, as only seven of the 24 plots with no
ryegrass survivors were NPa plots, an analysis restricted to data from
these plots was used to obtain an estimate of the effect of the
clipping treatment on the component yields of the introduced ryegrass
plants.

Total and component yields of ryegrass plants were substantially
greater in C than in NC (Table 6.17). The average total weight of

ryegrass plants in the former was sevenfold greater than in the



Table 6,17

surrounding herbage (C, NC)P on the component yields (mg) of ryegrass and paspalum plants in June 1982,

The effects of grazing interval (SS, LS, SL, LL)3, plot type (Pa, NPa)d, irrigation (I)2 and clipping of

SS LS S W S$b Sig. Pa NPa SED Sig. + -1 SED Sig. C NC SED  Sig.

(a) Ryegrass
Shoot (>0 mm tiller length) 130 8 570 87 190,7 ** 39 447 194.8 ns 527 279 194.8 ns 47 41 B4 A
Shoot (<40 mm and above ground

Tevel) 512 409 1008 1134 168,7 ** 613 918 211.8 ns 925 606 211.8 ns 918 84 147,1 ***
RootC 248 182 3% 5056 58,7 ** 298 365 783 ns 399 263 783 (f) 365 116 40.6 e
Totals 830 676 1968 2466 367,5 ** 1270 1730 466.7 ns 1851 1148 466,7 ns 1730 241 264,9 ***
(b) Paspalum
Rhizomesd 1696 1717 1061 1392 260.9 (t) 2691 242 1743 *** 1492 1441 1743 ns 1528 1405 159.9 ns
Rootsd 1339 1251 1111 1219 170.4 ns 1481 999 106,1 F** 1184 1276 106.1 ns 898 1562 82,9 ***
Totals 3035 2968 2172 2611 276.8 * 4152 1241 230,5 *r* 2676 2717 2305 ns 2426 2967 212.8 *

data from C plot areas only
data from NP plots only

Qo oo

yield in a 48 mm diameter soil core to a depth of 150 mm
yield in four 48 mm diameter soil cores to a depth of 150 mm

01¢
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latter. Plots grazed at a SI over summer (LS, SS treatments) were
disadvantaged relative to those grazed at a LI (LL, SL treatments).
The average total weight of plants receiving the latter treatments was
280% greater than for those receiving the former. Although total and
component yields of ryegrass plants were lower in Pa than in NPa plots
and in unirrigated compared to irrigated plots, all differences failed
to reach significance at the 5% level (Table 6.17).

As expected, the rhizome and root yields of paspalum were higher
in Pa than in NPa plots (Table 6.17). Assuming homogeneity of
paspalum density within each Pa plot before imposition of the
clipping treatment, the data indicate that this treatment severely
reduced root growthe. Even though C contained slightly more rhizome
than did NC, total below-ground yield of paspalum was reduced by
clipping. There was a tendency for plots receiving the SL treatments
to contain less paspalum rhizome than other grazing treatments. This
difference was reflected in a lower total below-ground yield for SL
plots than for those grazed at a SI over summer/autumn (SS, LS)

(Table 6.17).

6.8.8 The effect of clipping on light interception

On average, over the 11 occasions when light readings were made
(29.11.81 to 3.2.82), 96% of above-sward photosynthetically active
radiation reached the base of clipped swards, while 66% reached the
hase of unclipped swards. No other treatments influenced these

results.

6.8.9 Botanical composition

Grazing interval and irrigation treatments did not influence plot

botanical composition.
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Pa plots contained less ryegrass than did NPa plots and C
usually contained less ryegrass than NC (Table 6.18). However, in
January, March and May significant interactions between these
treatments were apparent with NC areas in NPa plots having higher
ryegrass frequencies than C. There were no differences in the
ryegrass frequencies in C and NC areas of P plots, but NC contained
the lower ryegrass frequency.

As expected, Pa plots contained more paspalum than NP plots
during summer (Table 6.19). C contained more paspalum than NC
although the effect only reached significance with a LI,

In September and October, Pa plots contained more Poa spp. than
did NP plots but the effect had disappeared by November/December as
paspalum began its growth (Table 6.20), C also maintained a high Poa
frequency than did NC and this effect was still evident in May for
plots grazed at a SI.

Throughout the experiment, NPa plots contained more white clover
than did Pa plots (Table 6.21), and over summer/autumn (January to
May), clipping reduced the white clover frequency in the plots.

The frequency of litter was not affected by plot type but from
March to May there was more litter in C than NC (24 vs 15%, P<0.001),
regardless of grazing interval. Litter frequency was highest in all
treatments from March to May.

Bare ground was more prevalent in NPa than Pa plots (Table 6.22).
There was also more bare ground in C than NC and differences between
treatments increased throughout summer/autumn, although there was
usually about twice as much bare ground in C and NC NPa areas than in
Pa areas.

Summer grasses (mainly Digitaria sanguinalis and Panicum

dicotomiflorum) were present in some plots from January until March.



Table 6.18 The effects of plot type (Pa, NPa) and clipping (C, NC) of plot areas on the frequency (% of total hits) of

ryegrass.
sa La
Date Pa NPa SED Sig. C NC SED  Sig. Pa NPa SED Sig. C NC SED  Sig.
29, 9.81 29.5 44,0 3,40 *xx 32.6 40.8 2.84 *k
7.10.81 24,1 36,9 3,47 x* 22.2 38,8 3.19 xxx
24,11.81 20,8 38.1 3.40 **x 26,6 32.3 2.67 *
1.12.81 19,1 30.1 3.62 *x 23.4 25,8 2.76 **
19. 1.82 Pa 11.3 11.3 2,120 #wx 14,0 29.7 3.20 ** 17.9 25.8 2.89 *
NPa 20.5 32.3
17, 3.82 Pa 11.2 8.2 3.33b *
NPa 18.9 25.9
25, 3.82 12,1 36,2 3,73 % 22,3 26.0 4,02 ns
21, 5.82 30,5 45,5 4,12 ** 40.7 35.3 3.70 ns
27, 5.82 Pa 23.2 21.2 4.66D *
NPa 37.7 51.5

a gsee Table 6.7

standard error of mean differences within plot type treatments

€1¢



Table 6.19 The effects of plot type (Pa, NPa) and clipping (C, NC) of plot areas on the frequency (% of total hits) of
paspalum.
sa La

Date Pa NPa SED Sig. C NC  SED  Sig. Pa NPa SED Sig. C NC  SED Sig.
29, 9.81b - - - - 11,2 8.8 1.45 ns

7.10,81b - - - - 14,3 7.5 1,15  *%*
24,11,81D - - - - 16.4 14.4 3,34 ns

1,12,81b - - - - 27.6 19,7 3.48 *
19, 1.82 52,0 13,3 3,42 **x 33.9 31.4 3.00 ns 48,7 9.4 3,42  kxx 35,7 22.4 3,00 @ k**
17, 3.82 51,9 11,7 3.65 *** 32,5 31.2 3.71 ns
25, 3.82 51.9 7.1 3,51 ‘x** 31.2 27.9 3.08 ns
21, 5,82 34,1 5,7 3,26 ***% 22.9 16,9 2.81 *%
27. 5.82 35.5 7.6 3.01 *** 23,3 19,8 2.24 ns

a gsee Table 6.7
insufficient hits in NP plots for valid statistical analyses of plot type effect
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Table 6.20 The effects of plot type (Pa, NPa) and clipping (C, NC) of plot areas on the frequency (% of total hits) of

Poa spp.

S
Date Pa NPa SED

Sig.

NC  SED

Sig.

C NC SED  Sig.

29. 9.81 25,5 19.8 2.71
7.10.81

24,11.81 11.4 11.4 2.87
1.12.81

19, 1.82b - - -
17, 3.82b - - -
25. 3.82b

21, 5.82b

27. 5.82 11.0 9.3 2.36

ns

ns

25.7 19.6 2.47

12,5

12,7

10,3 1.56

7.7 2.02

*

*

ns

33.4 22,4 2,60  ***

8.7 2.4 1,37  x¥x*

a see Table 6.7
Poa spp. absent from most plots
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Table 6.21 The effects of plot type (Pa, NPa) and clipping (C, NC) of plot areas on the frequency (% of total hits)

of white clover.

Sa S La L

Date Pa NPa SED Sig. C NC SED  Sig. Pa NPa SED Sig. C NC  SED  Sig.
29, 9.81 23.5 25.1 2,11 ns 23,2 25,3 2.11 ns

7.10,81 20,8 27.7 2,37 ** 25,7 22.8 2.17 ns
24,11,81 23,2 33.6 2,68 *** 27.3 29.6 2.80 ns

1.12.81 25.1 31.4 3.03 * 23,7 32,8 2,28 **x*
19, 1.82 17,0 34,5 2,88 *** 21,3 30,1 2,27 **x 13,9 25,3 2,88 *** 15,9 23,2 2,27  **
17, 3.82 8.7 14,1 1,72 ** 7.8 15,0 1,65 ***

25, 3.82 8.5 19,8 1,97 **x* 8.6 19,7 2,12 “*x*
21, 5.82 12,2 20,8 2,36 ** 7.1 26,0 1,99 **x
27. 5.82 12,2 21.8 2,77 *** 9.5 24,5 2,66 ***

a gsee Table 6.7
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Table 6,22

bare ground.

The effects of plot type (Pa, NPa) and clipping (C, NC) of plot areas on the frequency (% of total hits) of

sa La |
Date Pa NPa SED Sig. C NC SED  Sig. Pa NPa SED  Sig. C NC  SED  Sig.
29. 9.81 8.0 11,6 1,58 * 16,0 3.5 1,83  ***
7.10.81 5.4 7.8 1.48 ns 11,0 2,2 1,41 **x*
24,11,81 7.0 8.0 1,24 ns 11.1 3.9 1,23  **xx
1.12,81 5.5 7.2 1,57 ns 8.3 4,4 1,51 *
19, 1.82 4,0 10,4 1,56  ** 11.4 3.0 1.73 *k 9.2 13,6 1.56 * 17.3 5.4 1,73 **x
17. 3.82 Pa 12,5 3.5 3.52b =
NPa 27,9 2.7
25, 3.82 Pa  20.0 4.0 3,01b
NPa  39.4 8.1
24, 5.82 Pa  27.1 6.9 3.18b
NPa  40.2 7.1
27. 5.82 Pa 24,4 4.8 3,64D wxxx
NPa 45,6 8,3
a see Table 6,7 . . - N
standard error of mean difference within clipping treatments ~
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The mean frequency of summer grasses over all plots during this period
was 8.7% (range 0 to 58%). The greatest infestation occurred in March
for NPa plots grazed at a SI (SS, LS treatments) over summer.
Seventeen percent of plots receiving these treatments had greater than
20% of total hits on summer grasses and three such plots in excess of
50% of hits on these species. The overall frequency of weeds in the
plots throughout the study was low (3.6%).

In summary, throughout the experiment NPa plots contained more
ryegrass than did Pa plots, especially in NC over summer. There was
also more white clover in NPa than Pa plots from late-spring (October)
to autumn, and in NC than C. The reduced frequencies of ryegrass and
white clover in Pa plots were largely compensated by greater
frequencies of Poa in spring (September/October) and paspalum in
summer/autumn, compared to NPa plots. This compensation also occurred
to a lesser extent in C but over the whole experimental period and

especially in NPa plots in summer, C had more bare ground than did NC.

6.9 DISCUSSION

The highest proportion (75%) of the total losses of ryegrass
plants occurred during the summer following their introduction to the
sward (Table 6.3). This confirms the results of previous experiments
(chapter 2, 4). The present experiment also confirmed (chapter 4)
that a SI (SS, LS) over summer/autumn was associated with higher total
losses (64% for each treatment) than was a LI (LL, 54%; SL, 52%). The
grazing interval used during late-winter/spring did not alter this
trend as total losses were relatively small over this period
(Table 6.3).

In contrast to the results of the previous experiments (chapter

4), total ryegrass losses associated with ‘animal effects' were
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equivalent to total losses due to unexplained effects (category 5).
In the present experiment there were higher total losses associated
with severe grazing and cow excreta, the former being a summer/autumn
effect with a SI, and the latter a spring/early-summer effect with a
LI (Section 6.8.2). These results may reflect to some extent,
differences in stocking densities (Hodgson 1979). Smaller areas were
grazed in the present experiment with an average stocking density of
660 cows per hectare (range 430-1075) compared to 600 cows per hectare
(range 400-800) in Experiment 2 (chapter 4). The highest stocking
densities were used on the areas grazed at a LI since these had the
highest pre-grazing herbage yields, which allowed greater opportunity
for plant damage from cow excreta. As the milk yields of the cows
were often being measured in other experimental programmes, it was not
possible to regulate their intakes to minimise defecations on the
trial areas.

The effects of grazing interval on measured plant and plot
parameters were confounded by variations in the severity of grazing.
Residual herbage (Hodgson 1979) (Section 6.8.1) and ryegrass tiller
lengths (Table 6.9) on plots grazed at a short interval were less than
at a long grazing interval. The summer grazings at a SI relative to a
LT were associated with increased plant losses, which agrees with the
findings of Brougham (1960, 1961).

As the highest late-summer losses of ryegrass plants in C
(where above-ground competition was severely reduced) were in plots
receiving the SS and LS treatments, similar findings were expected for
NC where the competitive environment was modifed only by periodic
grazings. However, this was only true for the latter treatment (Table
6.4). The reason for this inconsistency is not clear but losses

subsequent to severe grazing were similar (30 vs 24) for the SS and LS
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treatments. Other losses (category 5) were higher (41 vs 61) for the
latter treatment (Table 6.3), suggesting the possibility that the
‘crossover' from a long to a short grazing interval over summer was
more stressful to the ryegrass plants than was regular grazing at a
short interval. In addition, root, shoot and consequently total
plant dry weight at the end of the study for ryegrass plants receiving
the SS and LS treatments were substantially less than for those
receiving the SL and LL treatments (Table 6.17). This result
emphasises the importance of grazing interval as a determinant of
ryegrass performance during summer/autumn, as it was obtained for
plants grown in an artificially reduced competitive environment (C
areas). The ryegrass plants subjected to frequent grazing over summer
suffered most damage and deaths, especially if this was preceded by
less frequent defoliations.

In this experiment, treatment differences in size and vigour
(ege Table 6.5, 6.12, 6.14) did not occur until autumn when death
rates of introduced ryegrass plants had slowed from a high level in
summer. Treatment differences therefore did not occur when death
rates were at their highest. This lack of coincidence may be a
consequence of the measurement procedure. When a blue-labelled plant
died or had been removed from the plot areas the measurements were
made on a plant randomly selected from the survivors in the same area
(C or NC). As the population of introduced plants declined with time,
selections of replacements were made from a population biased towards
the most vigorous plants. Measurements on replacement plants did not
represent the true effect of each treatment on ryegrass growth, since
measurements on blue-labelled plants dying during the previous

regrowth period were obviously excluded.
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A better alternative may have been to measure ryegrass growth
characteristics on a per unit area or plot basis. This procedure
would have entailed making measurements on all survivors (assuming the
measurement to be zero for dead or missing plants) and dividing the
total for a particular parameter, by the number of ryegrass plants
introduced into the plot. The assessment of treatment effects on
ryegrass growth may have been improved still further if measurements
had been made more regularly, that is, once or twice during each
regrowth as well as pre- and post-grazing, especially during summer
when death rates were high. However, these alternatives demanded
increased labour inputs which was the overriding factor against their
implementation.

Generally, for ryegrass plants experiencing a change in grazing
interval (first measured in January), the effect of the previous
management on pre-grazing tiller length (Table 6.9), plant dry weight
(Table 6.12) and vigour (Section 6.8.6a), and pre-grazing herbage
mass (Section 6.8.1) was shortlived. There were large differences
between treatments (SS vs LS and LL vs SL) for the above parameters at
the 'crossover' date but since the LS and LL treatments had eight days
more growth before this measurement than did the SS and SL treatments,
these differences have been overestimated.

Herbage accumulation in autumn on plots grazed at a SI over
summer/autumn was severely reduced compared to those grazed at a LI
(Table 6.2). Most reviewers agree (Hedrick 1958; Jameson 1963; Harris
1978) that the more frequent and intense the defoliation of the
pasture the greater the reduction in herbage yield. A high proportion
(63%) of the NPa plots grazed at a SI over summer/autumn, compared to
19% of the Pa plots lost dry matter (Section 6.8.1) for at least one

regrowth period during autumn, when litter frequencies in the plots
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were highest (Section 6.8.9), This suggests the plants occupying the

former plots were less able to maintain growth during autumn. NPa
plots were dominated by ryegrass during summer/autumn (Table 6.18,
6.19, 6.21), although by May (Table 6.22) bare ground had a large
influence on the botanical composition of C.

In C introduced ryegrass plants markedly increased their size
(tiller numbers and dry weights) (Fig. 8, Table 6.11), vigour (Table
6.13) and survival in all seasons (Table 6.4) relative to those
growing in NC. These changes reflect the increased competitive
ability of the ryegrass plants introduced into a less competitive
environment and consequently their enhanced ability to survive
managerial and environmental stresses.

Evidence that the clipping treatment profoundly altered the
above-ground competitive environment was that it allowed for the
penetration on average of a further 30% of photosynthetically active
radiation to the base of the sward in comparison with the swards in
NC. It is considered that this factor was important in determining
the rapid spring (October/November) tillering responses (Fig. 8) and
subsequent superior growth (Table 6.11) of ryegrass plants in C, since
there have been many reports in the literature (eg. Mitchell 1953a,b;
Donald 1958; Spiertz & Ellen 1972; Hunt & Halligan 1981) that tiller
production in ryegrass is favoured by a high light intensity.

It should be noted, however, that the growth habit of the
introduced ryegrass plants in C was initially more prostrate than
those in NC (Table 6.7), as competition for light from the surrounding
species in the latter caused upward growth of their tillers, a
phenomenon also noted by Norman (1960). Consequently, ryegrass plants
in C were only slightly grazed during September/October (Table 6.7,

6.10) and any stress subsequent to substantial defoliation
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(eg. removal of excessive photosynthetic leaf area, restricted root
growth) (Weaver 1930; Brouwer 1966; Evans 1971; Ennik et al. 1980) had
a delayed effect in comparison to ryegrass plants in NC. This
probably assisted ryegrass plants in C to reach a large average size
by mid-November (25 to 30 tillers, Fig. 9) and with dry weights (above
a 40 mm stubble) of more than twice those of ryegrass plants in NC
(Table 6.11) before the commencement of summer. By the end of the
study, even larger differences in above- and below-ground yields of
surviving ryegrass plants were measured (Table 6.17). Ryegrass plants
relieved of excessive competition were able to maintain a relatively
large size throughout summer/autumn, despite regular grazings and
other periodic environmental stresses (eg. high temperatures, Section
6.7), a condition that was associated with much reduced losses (Table
6.4). This result supports the hypothesis of Hoen (1968).

It is recognised that the clipping technique used in this
experiment did not separate the effects of interspecific shoot and
root competition, nor did it allow for interactions between the shoots
and roots of the individual introduced ryegrass plants. However, an
jindirect indication of the possible importance of these factors in
determining the observed effects of the clipping treatment was
provided by an assessment of changes in the botanical composition
of C.

Despite increasing the growth of introduced ryegrass plants,
clipping reduced the overall ryegrass and white clover frequencies
(Table 6.18, 6.21) and on occasions these changes were greater in NPa
than Pa plots (Table 6.18) as the former usually contained more of
these species. On the other hand, C generally contained more paspalum
and Poa spp. than did NC (Table 6.19, 6.20). Thus the clipping

treatment reduced the frequency of the main competitors (ryegrass and
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white clover) for the ryegrass plants introduced into NPa plots, while
increasing the frequency of the main competitors (paspalum and Poa
spp.) for the ryegrass plants introduced into Pa plots. Nevertheless,
their above-ground competitive ability was curtailed by the
maintenance of a 10 mm stubble by clipping. These changes in the
botanical composition of clipped NPa and Pa areas were reflected in
the development of a higher proportion of the total points striking
bare ground in the former compared to the latter (Table 6.22).
Despite the development by March of substantial bare ground in clipped
NPa areas (Table 6.22) there were also niches available in some of
these areas to support considerable growth (frequencies of >20%) of
annual summer grasses, particularly when grazed at a SI (Section
6.8.9). This also suggests a high loss of resident perennial species
(ryegrass and white clover) with the clipping treatment and by
implication, less competition for the introduced ryegrass plants.
Herbage mass estimates obtained at the end of the study (June) provide
further evidence of the severity of the clipping treatment on the
growth of the resident species. On average, C yielded only 21 and 52%
of the estimated dry matter of NC when grazed at a short or a long
interval, respectively (Section 6.8.1).

Even though clipping increased the frequency of paspalum in the
Pa plots (presumably via an increased rhizome contribution providing
more sites for shoot growth, Table 6.17), its root biomass was reduced
by this treatment, as has earlier been reported by Lovvorn (1945).
Frequent severe defoliations reduced functional leaf area and
therefore carbohydrate supplies to roots, causing less elongation and
increased root death (Davidson & Milthorpe 1966; Evans 1971).
Consequently, the overall influence of paspalum on the survival of the

introduced ryegrass plants may have been reduced as only small
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differences in losses of these plants from Pa and NPa plots occurred
during late-summer and autumn. However, in combination with the extra
stress of a short grazing interval (SS), autumn losses of introduced
ryegrass plants were higher than in any other treatment (Table 6.4),

The larger differences between Pa and NPa treatments from
February /March until June for tiller length (Table 6.9), plant dry
weight (Table 6.12) and vigour (Table 6.14) (after restriction of the
analyses to data from C) presumably reflects the greater influence of
root and/or rhizome competition with paspalum than with other species
on ryegrass growth, or possibly the negative effect of an
allelopathic secretion (Tukey 1969; Remison & Snaydon 1978) from
paspalum's underground organs.

Even though irrigation eliminated water shortage as a factor
restricting pasture growth during summer/autumn (Appendix 3), this
treatment only slightly improved the survival of the introduced
ryegrass plants (Table 6.4). The positive effects of irrigation on
tiller numbers per plant (Table 6.6), tiller length (Table 6.7), plant
dry weight (Table 6.11), survival vigour (Section 6.8.6a) and average
vigour (Table 6.16) were generally restricted to plants grazed at a LI
rather than a SI, and these effects were sometimes highlighted for
plants growing in C (Table 6.6, 6.13, 6.16). For ryegrass plants in C
and receiving the LS treatment, irrigation seemed to reduce tiller
numbers per plant and pre-grazing tiller lengths in autumn, with a
carryover effect into the post-irrigation period. During May/June
there was also a negative response to irrigation for the dry weight of
plants grazed at a SI (Table 6.11). Irrigated plants receiving the LS
treatment had a lower dry weight than plants receiving other treatment

combinations, but the interaction of irrigation and grazing interval
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treatments did not reach significance. No explanation can be found
for these effects.

Generally variable tillering responses to irrigation have been
reported (Garwood 1969; Hebblethwaite 1977) but often management and
seasonal differences influence the validity of such comparisons.
However, field (Korte & Chu 1983) and pot (Owen 1977) experiments
suggest that as moisture levels fall with increasing length of dry
spells, tiller number and weight and therefore the size of ryegrass
plants were reduced. The present results generally agree with these
findings. It is suggested that the positive effects of irrigation
with a LI and the negative effects with a SI tended to negate any
overall effect of irrigation on ryegrass plant component yields (Table
6.17) and persistence (Table 6.4). Resident species and introduced
ryegrass responded similarly to irrigation so that the latter did not
gain any advantage from the treatment.

The botanical composition of the plots were not influenced by the
irrigation treatment, nor were there any substantial changes in the
nutrient status of the soil in irrigated and unirrigated plots
(Appendix 12). These results are in agreement with those of Hutton
(1978), which were obtained from the same experimental area, except
that he reported an increase in available magnesium in soil irrigated
over a four year period, but gave no explanation for this result.

During summer (November to February) the herbage accumulated on
unirrigated plots was only 0.74 of the irrigated production. This
represented a yield response to irrigation of 35% (Table 6.2).
McAneney et al. (1982) reported a similar ratio (0.73) for herbage
accumulation on unirrigated relative to irrigated plots over four
years (November to April), on a Horotiu sandy loam soil of similar
origins to those at the present experimental site. Hutton (1978) also

reported an average yield response to irrigation over three successive
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seasons (October to March) of 15% (expressed as kg DM/ha/day) for the

pastures used in the present experiment.

6.10 CONCLUSIONS

To obtain an improvement in the persistence of perennial ryegrass
plants on their introduction into established pasture, it was
necessary to control the growth of the surrounding resident species by
severe clipping over a prolonged period. This result suggests that
the immediate elimination of competition for 1ight between the
establishing ryegrass plants and the established species is an
important factor in achieving the desired persistence. Reduced
competition for light enabled a much higher proportion of the ryegrass
plants to attain a competitive ability (expressed as larger plants)
more conducive to surviving the managerial and environmental stresses
encountered. The largest plants were obtained under conditions of the
least stress, namely, long grazing interval, clipping of surrounding
resident herbage, and irrigation during summer/autumn.

A short grazing interval over late-summer was detrimental to
ryegrass growth and survival, especially if the plants had been grazed
less often during spring/early-summer. The effect of paspalum as a
stronger competitor than other resident species was recognised in
late-summer and when the ryegrass plants were suffering additional

stress due to grazing at a short interval over autumn.
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CHAPTER 7

GENERAL DISCUSSION

Over the last 10 to 15 years there has been an increasing ingress
of volunteer species such as paspalum into dairy pastures in the
Waikato (Percival 1977). This reflects the continued intensification
of dairying (Brougham 1981). These volunteers have better long-term
survival than sown species (eg. ryegrass) because of their ability to
resist effects such as soil compaction, trampling and overgrazing that
high grazing pressures impose (Brougham 1961; Frame 1971; Watkin &
Clements 1978; Scott 1978). Dominance of the sward by volunteer
summer growing species can lead to feed shortages in
late-winter/spring which farmers have attempted to combat by autumn
overdrilling of perennial grasses, particularly ryegrass. This thesis
is concerned with the fate of perennial ryegrass after its
introduction into dairy pastures containing summer growing paspalum.
The major findings were that the persistence of introduced ryegrass
was poor because of high summer losses. A large plant size in spring
was necessary for summer survival, which was influenced by the
prevalence of environmental and management stresses.

This chapter discusses possible mechanisms influencing the fate
of ryegrass introduced into dairy pastures containing paspalum, and
the effects of treatments designed to increase the competitive ability
of the ryegrass, or alternatively, reduce the competitive ability of
the resident species. Practical implications are outlined and future
research suggested.

The grouping of ryegrass plants according to the season they were
lost from the sward (chapter 2 - Fig. 3, Table 2.7), showed that
larger plants (>10 tillers per plant) had better summer survival than

smaller plants. Subsequent work (chapter 4, 6) resulted in less
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emphatic conclusions because of the measurement procedure used for
blue-labelled plants (chapter 6).

Although the size (tiller number, tiller length, dry weight) and
vigour of introduced ryegrass plants were increased by spring
application of nitrogen fertiliser (chapter 4), they were insufficient
to reduce summer/autumn losses. The increased growth of Poa spp.
(especially in Pa plots) and resident ryegrass (especially in NPa
plots) in response to nitrogen fertiliser, suggests the growth of
resident species and introduced ryegrass was equally limited by
nitrogen availability. That is, no differential advantage was gained
by the introduced species over the resident species in response to
nitrogen fertiliser.

Irrigation during summer/autumn improved the size and vigour of
the introduced ryegrass plants (chapter 6) but again failed to improve
their survival. Irrigation did not modify the botanical composition
of the plots (chapter 6). The resident and introduced species,
therefore, contributed proportionally to the summer herbage response
to irrigation (1200 kg DM/ha, Table 6.2), dependent on their relative
contributions to above-ground herbage mass. The effect of irrigation
on the growth of resident species and introduced ryegrass was similar
to that of nitrogen fertiliser. It is interesting to note that
responses to irrigation were largest and most consistent when the
ryegrass plants were suffering the least stress, namely, when grazed
less frequently and severely, and when not subjected to above-ground
competition from the surrounding vegetation (C plot areas). This
finding may help explain the variable tillering responses to
irrigation reported in the literature (Garwood 1969; Hebblethwaite

1977; Korte & Chu 1983).
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Ryegrass growth in Pa plots was less than in NPa plots over
summer/autumn, the period of active growth for paspalum (Percival
1977). The prevalence of Poa spp. in Pa rather than NPa plots during
spring (chapter 4) could have started the process of elimination of
some ryegrass plants. The substitution of Poa by paspalum from the
beginning of summer (Table 2.1) allowed for further suppression of
ryegrass. In two of the three field experiments when paspalum was a
close neighbour to ryegrass (Pa plots), summer mortality of the latter
was higher than when it was associated with other resident species
(NPa plots). But the effect of paspalum on ryegrass summer mortality
was usually significant when the plants were simultaneously affected
by other stress factors eg. grazing at a short interval. Paspalum's
aggressiveness towards ryegrass was also demonstrated in the
glasshouse experiment (chapter 5), when ryegrass was present as the
only competitor. In these circumstances paspalum was capable of
suppressing ryegrass growth during summer to the point of extinction
of some plants. In the field another example of paspalum's
aggressiveness towards ryegrass was that its underground organs
apparently remained competitive in clipped areas. This was possible
since the growth (Table 6.9, 6.12) and vigour (Table 6.14, 6.15) of
ryegrass plants in clipped areas of Pa plots were less than for
clipped areas of NPa plots from February/March until June.

The ecological strategies displayed by paspalum (possession of
the C4 pathway of photosynthesis; ability to accumulate large reserves
of carbohydrate; adoption of a prostrate growth habit; ability to
spread laterally via branching rhizomes) could influence interactions
with subordinate species such as ryegrass, as outlined below.

Shoot growth rates over summer of up to 61 kg DM/ha/day have been

reported for paspalum (Baars 1976; Taylor et al. 1976) with a maximum
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in January of 160 kg DM/ha/day (Sithamparanathan 1979). Comparable
growth rates for ryegrass were about 30% of these values. The

C4 pathway of photosynthesis, possessed by paspalum, allows higher
growth rates at high temperatures than can be achieved by ryegrass
(Hatch & Slack 1970; Bjorkman 1971; Downton 1971). Rapid increases in
biomass during the growing season helps maintain a high competitive
ability (Black et al. 1969; Grime 1979). Any photosynthate surplus to
paspalum's immediate requirements is accumulated in the underground
rhizome.

High levels of reserves (carbohydrates, nitrogen and other
elements) are accumulated in the paspalum rhizome during the growing
season (chapter 3). In the present pastures, paspalum survives in
hard-grazed areas partly because it assumes the prostrate growth
habit characteristic of subtropical species growing in a temperate
environment (Harris et al. 198la). This strategy restricts the
removal of leaf area during defoliations (Pike et al. 1979) and
eliminates losses of plant units by 'pulling'. It is therefore
possible that in the present situation, carbohydrate reserves in
paspalum are most important for combating climatic stresses and other
forms of damage rather than those due to removal of leaf area by the
cows. In comparison to paspalum, ryegrass possess low levels of
reserves (Fig. 4, 5) and these are largely contained in above-ground
organs. They are therefore subject to complete or partial removal
during grazing because of the tufted semi-erect growth habit (Langer
1972; Armstrong 1977) of common perennial ryegrass cultivars.
Repeated defoliations may progressively weaken ryegrass plants,
especially if they occur during summer (Brougham 1960, 1961) when
growth is further constrained by high temperatures and possibly water

stress. Ryegrass can therefore be at a competitive disadvantage
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compared to paspalum and the sward may shift towards paspalum
dominance.

The final ecological strategy of importance relates to paspalum's
colonising ability. This is achieved by lateral spread of branching
rhizomes (Plate 1) to form dense clumps of shoots and below-ground
organs (rhizomes and roots), representing a large below-ground biomass
(Table 3.3, 6.17). The less vigorous ryegrass plants are not capable
of extensive vegetative spread during a growing season (Harris et al.
1979; Minderhoud 1980). Their characteristics were high rates of
mortality and Tow rates of reproduction (chapter 2, 4, 6). It is
interesting to note that even though only 38 of the 896 introduced
ryegrass plants (chapter 6) flowered during November/December, 36 were
located in C areas where above-ground competition for light had been
markedly reduced by severe clipping of resident herbage. The
ecological strategies displayed by paspalum suggest its long-term
survival in the pastures under present managerial and environmental
conditions is more likely than is that of ryegrass.

In the final field experiment (chapter 6) a clipping technique
was used to provide the introduced ryegrass plants with a less
competitive environment. Presumably this technique reduced
competition for light between the introduced ryegrass and the resident
species, but root competition could also have been modified since
interactions between shoot and root competition can occur (Donald
1958; Milthorpe 1961).

In response to clipping of resident species, the introduced
ryegrass plants rapidly increased their size (Fig. 8), reaching a peak
of 49 tillers per plant in early-summer compared to less than 10
tillers per plant for those in unclipped areas. Losses of ryegrass

plants in all seasons were substantially reduced in clipped compared
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to unclipped areas, especially in summer (Table 6.4). Since clipping
was maintained throughout all seasons it was not possible to
distinguish seasonal effects of this treatment. It is possible that a
large size at the beginning of summer (achieved by plants in clipped
areas) was an important factor in their superior summer survival.
This suggestion is supported by the reports of other workers (Charles
1961; Langer et al. 1964; Hoen 1968; King 1971; Grime 1979). However,
grazing the ryegrass plants frequently and severely in spring as with
SI, had little effect on their survival. Less frequent and less
severe grazings during summer, as with LI, favoured ryegrass survival,
a result which tends to contradict the first suggestion, since both
clipping and grazing modified the 1ight environment of the introduced
ryegrass plants.

As herbage accumulation was least with a short grazing interval,
it was expected that the short grazing interval over spring would have
improved the light environment and therefore the growth of the
introduced ryegrass plants. That it did not may have been because 47
days elapsed from transplanting until the first grazing of the plots
(chapter 6) (23.9.81) by which time a large herbage mass (about
2000 kg DM/ha) had accumulated. The introduction of the treatment
that reduced the competition for light may have been too late for
maximum benefits. Apart from this possibility, plants grazed at a SI
were grazed to a lower residual dry matter than were those grazed at a
LTI and as a consequence contained a higher proportion of small
ryegrass plants. Thus more frequent and severe defoliation lead to
greater summer losses of ryegrass plants because of their increased
susceptibility to the additional stresses of high temperatures and
water shortages in summer. The death rate is likely to be higher if

management is changed from a long (spring/early-summer) to a short
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interval over late-summer (Table 6.4). When etiolated plants (LL
treatment (Table 6.9) were grazed more frequently and harder (LS)
after the 'crossover' of treatments their chance of suffering a severe
grazing was increased (Table 6.4), and higher numbers of deaths
occurred (Table 6.4). These findings support those of Brougham (1960,
1961) who showed that a single severe grazing in summer could weaken
or kill ryegrass plants, whereas a similar occurrence in spring had
little effect.

About 20% of the losses of introduced ryegrass plants could be
directly related to obvious damage caused by the cows, namely, severe
grazing, ‘'pulling', dung and urine deposition and trampling. Such
losses seem inevitable in pastures grazed by cows and because of their
random occurrence, they add to the difficulties in determining
treatment effects in long-term experiments. It is Tikely, however,
that more subtle damage caused by the grazing animal also interacted
with other mechanisms in deciding the fate of individual ryegrass
plants. For example, variable degrees of damage to plant growth
points, leaves, stems or roots (Edmond 1966; Campbell 1966; Frame
1971; Watkin & Clements 1978) may eventually become part of the
mechanism whereby the plant fails to persist. These effects, although
not immediately apparent, may be important where stocking densities
are high as in the present experiments (Watkin & Clements 1978).

In summary, it is clear that the loss of ryegrass from the sward
is due to a combination of factors. Competition from resident
species, in particular Poa in spring and paspalum in summer, and
summer water, temperature and management stresses. The extent of the
loss emphasises its practical significance and the importance of

determining ways to reduce its impact. This thesis provides some
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important guidelines. Reducing competition from resident species is a
major practical consideration.

Band-spraying of herbicide at overdrilling is one possible
procedure which has proved attractive because of cost benefits (Haggar
1978; Kunelius et al. 1982) compared to blanket-spraying or
conventional cultivation. However, little experimental work has been
carried out to determine the appropriate band-width representing a
reasonable compromise between providing an adequate localised
reduction in the dominance of resident species, and loss of production
from the sward during the establishment phase (Baker et al. 1979¢).

In a recent experiment, B.M, Smallfield (pers. comm.) has attempted
to improve the ryegrass frequency in a ryegrass/white clover pasture
located in Otago. He overdrilled Nui ryegrass into herbicide
band-widths of 80 mm (52% of the area sprayed) and 40 mm (27% of the
area sprayed), the latter being similar to that used in the experiment
described in chapter 2. Ryegrass yields one year after drilling were
1300 and 970 kg DM/ha for the 80 and 40 mm band-widths, respectively
although the total production of the former did not equal that from
the latter until 10 months after drilling. To obtain greater benefits
than just slightly improved dry matter production in the spring
immediately following the introduction of improved perennial grass
cultivars (chapter 2), it will be necessary to kill a high proportion
of resident species. However, the use of wide bands or
blanket-spraying has disadvantages of increased cost and reduced total
production in the first year after drilling.

Another alternative to the use of herbicides to kill resident
vegetation would be to use various forms of partial cultivation. This
procedure has the added advantage of breaking up dense paspalum clumps

and forming more favourable niches for the establishment of the
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introduced species. Allo (1952b) suggested making several passes with
discs over paspalum dominant pastures before using heavy penetrating
harrows to create a less competitive environment for the introduced
ryegrass. Various proportions of the resident species could be left
intact depending on the intensity of cultivation. Few farmers,
however, seem to favour such techniques although some have
successfully used the variant of severely treading pastures during
early winter before overdrilling in June or July. Paspalum dominance
has been eliminated for up to five years in the Matamata district
using the latter procedure. Where poor ryegrass persistence is a
problem, the majority of farmers use overdrilling procedures (triple
disc and chisel coulters, described in chapter 2) to introduce
improved perennial ryegrass cultivars (usually Nui or Elletts) into
some of their paddocks each year (Sangakkara et al. 1982).
Late-winter/spring pasture production may be improved if some or all
of the perennial ryegrass seed was replaced by seed of annual
cultivars such as Lolium multiflorum Lam. ‘'Grasslands Moata'. Annual
ryegrass cultivars possess better initial seedling vigour and growth
potential than do perennial cultivars (Langer 1973).

The persistency of C3 species in pastures containing paspalum may
be improved if most of the ryegrass was replaced by species such as
Phalaris and Festuca because they are better able to tolerate periods
of water stress and overgrazing. However, these species are slow to
establish compared to ryegrasses (Langer 1973) and so their early
post-drilling growth would be severely inhibited, probably reducing
their effectiveness as persistent species.

Pastures to be autumn overdrilled are commonly hard-grazed before
drilling to reduce competition from resident species and then are left

for about two months before being regrazed. This procedure is
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designed to protect the young seedlings from damage by cow grazing and
to reduce the risk of 'pulling', and has merely been adopted from

accepted management practices for pastures established after

cultivation. It ignores the likely suppression of the seedlings by

the established species which as shown by the present study is an
important determinant of seedling survival. The use subsequent to
overdrilling of frequent hard-grazings may be desirable as a means of
controlling the growth of resident species and preventing etiolation
of the introduced plants. This possibility was recognised by Miller
(1973) who, based on dairy farm observations in Taranaki, recommended
hard grazing the pasture immediately after overdrilling (before the
seedlings had emerged) and thereafter at weekly intervals for the
following three months. Apparently ‘'successful establishment' of
overdrilled ryegrass was achieved using this method but no measure of
persistence was reported.

The three alternatives of band-spraying, partial cultivation and
grazing management are aimed at reducing the competitiveness of the
environment in which the seedlings are establishing. They may
represent the closest practical approximations to the effects of the
clipping treatment (chapter 6), but they require experimental
verification. Indications are that a high proportion of overdrilled
ryegrass is capable of persisting over summer (Table 6.4) if a
satisfactory practical method can be devised for reducing the
competitive environment.

The pastures used in the present study were subjected to high
stocking rates (4.1 to 5.5 cows per hectare) (Bryant & Parker 1971;
Hutton 1973, 1978) during the previous 10 years. Intensive management
of dairy pastures usually aims at preventing or reducing seedhead

formation of sown species such as ryegrass (eg. Davis et al. 1979),
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This results in a lower proportion of ryegrass seeds in the soil seed
reservoir. If sown species were permitted to set seed occasionally or
seed was broadcast at an appropriate time, the bare or sparsely
covered areas they might be recolonised by sown rather than volunteer
species, reducing the need for overdrilling.

As previously indicated for the intensive dairying areas of
northern New Zealand, volunteer paspalum is capable of colonising gaps
in the sward caused by deaths of sown species. Once established,
paspalum can exclude species like perennial ryegrass (Sturme 1977).
This change in pasture composition is favoured by frequent (and often
severe) grazings (eg. LS and SS, chapter 6) during summer, which is in
agreement with the report of Baars et al. (1980). When feed shortages
arise in summer, the chances of overgrazing ryegrass in renovated or
established pastures are high. Combined with favourable climatic and
soil conditions, volunteer paspalum is therefore likely to increase
its occupancy of the pasture, unless a more persistent perennial
ryegrass is found.

Where paspalum dominance creates management problems it may be
desirable to grow high yielding annual crops such as maize to produce
supplementary feed (silage) for use during periods of pasture
shortfall. Paspalum dominance on a farm scale could then be
progressively reduced by cropping different paddocks in successive
years. At present, however, using cropping primarily to reduce the
incidence of paspalum dominance, is of doubtful profitability.

Farmers have been encouraged to renovate established pastures
using the results of an extensive machinery research effort conducted
by C.J. Baker and others over the previous 10 to 15 years. This
programme has markedly improved the reliability of overdrilling

techniques as a means of introducing species into pastures. Although
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emergence of overdrilled seed has been studied, detailed agronomic
information on the persistence and contribution of the introduced
species to seasonal pasture production has not. This is surprising
since such information determines the ultimate value to the farmer of
using overdrilling techniques to renovate pastures. Baker (1980)
cites 'difficulty in getting the new species to survive for any length
of time' as a possible reason for a decline in the popularity of
overdrilling as a means of renovating pastures. The present series of
experiments emphasise the poor persistence of overdrilled ryegrass and
the small short-term improvement in late-winter/spring pasture
production. This suggests that present management practices for
overdrilled pastures (chapter 2). are inappropriate, especially in
intensive dairying areas where the pasture can be dominated by
paspalum.

The intensity of competition from resident species largely
determines the long-term contribution of overdrilled species to
pasture production. Practical treatments are required to reduce the
destructive influence of the resident species on the growth of the
introduced species. In particular, experiments are required to test
the practical options of increased use of herbicides at overdrilling,
partial cultivation before drilling, and post-drilling grazing
management, to minimise the influence of resident species on the early

growth of the introduced species.
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located 1 km northwest of the experimental area.

Appendix 1 Monthly observations made at the Ruakura Climatolo
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Appendix 1 cont. 241

Tenperature (C)

Mean daily Number of
grass Mean 10 cm ground
Rainfall (m) Screen mininum earth frosts
Year Total Av.?@ Max, Av. Min. Av. Av. Av. Av.
1981
Jan. 49 71 25.1 23,5 14,0 11,5 11.8 8.3 20.1 19.0 0 0.1
Feb. 38 81 23.9 24,0 14,0 12.0 11.1 8.7 19,5 18.9 0 0.2
Mar. 80 84 24,1 22.6 14.2 10.6 109 7.1 18.6 17.3 0 0.8
Apr. 134 99 2.9 19.8 9.5 8.3 5.7 5.1 14,5 14.4 0 2.8
May 44 112 16.8 16,5 5.5 5.7 2.3 24 10,4 11.3 9 5.5
Jun. 193 132 15.2 13.9 5.4 3.7 2.5 0.5 9.3 8.8 9 8.7
Jul. 135 117 13,8 13.3 3.4 3.0 0.2 -0.4 7.2 7.8 13 10.8
Aug. 113 117 13.9 14,5 44 4,1 0.9 0.6 79 88 11 9.1
Sept. 87 97 14,9 16,2 7.2 5.4 3.2 1.8 10,0 10.9 3 6.0
Oct. 78 107 17,7 179 7.7 7.3 4,2 4,1 12,8 13.5 6 3.0
Nov. 8 91 19.9 19,9 10.9 8.9 7.9 5.8 15,5 15.8 0 1.1
Dec. b(55) ¥ 89 22,9 22,0 13.1 10.6 10,3 7.4 18,3 17.8 0 0.6
198
dJan (77 60 71 23,7 23,5 12.0 11.5 8.1 8.3 18.4 19.0 0 0.1
Feb. (82) 80 8l 25.3 24.0 14.0 12.0 10,2 8.7 19,2 18,9 1 0.2
Mar. (33)119 &4 2.0 22,6 9.7 10.6 5.8 7.1 15.8 17.3 2 0.8
Apr. (16)121 99 18,7 19.8 6.5 8.3 2,6 5.1 12,1 14.4 8 2.8
May 89 112 16,7 16.5 5.4 5.7 1.5 24 9,7 11,3 10 5.5
Jun. 55 132 13,1 13.9 2.1 3.7 -1.5 0.5 6.7 8.8 17 8.7

a Av. = long-term average (at least 29 years)

b () = mm of irrigation water added to plots (chapter 6) during the
month
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Appendix 2 Linear correlation (r) coefficients for regression of mean

visual grade on herbage mass (g. DM/quadrat).

Grazing No.?2 Pre-grazing Post-grazing
1 0.91 0.76
2 0.90 0.88
3 0.79 0.80
4 0.62 0.77
5 0.87 0.91
6 0.94 0.96
7 0.90 0.93
8 0.93 0.80
9 0.86 0.95

10 0.95 0.85
11 0.79 0.88
12 0.89 0.80
13 0.92 0.93
14 0.93 0.92

3 see Table 2.2 (Grazing 1 occurred on 29.6.78)
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Appendix 3 Monthly water balance estimates for the experimental area

from April 1978 until May 1982

The use of water balance information has been advocated by
McAneney & Kerr (1984) to estimate:

(i) the size and extent of seasonal moisture deficits for
comparisons within and between years;

(i1) the reduction in total dry matter production under dryland
conditions relative to that achieved in the absence of water
deficits.

Recent publications (McAneney et al. 1982; McAneney & Judd 1983)

illustrate the use of these concepts for sites in the Waikato.

The methods described by McAneney & Kerr (1984) for estimating
effects of seasonal water deficits on pasture production require an
estimate of readily available soil water storage (RAW). Until the RAW
is exhausted, plant water use is controlled largely by weather and
growth continues at the maximum possible rate. The approach adopted
in this study involved making water content measurements when the soil

profile was close to field capacity (ef ) and again when wilting was

c
first observed (OC). As these measurements were made only in the top
20% of the rooting zone, assumed here to be equal to a depth of 1 m,
RAW was estimated using the following extrapolation formula due to

Schockley (1955) and Borg (1980) (cited by McAneney & Kerr 1984):
RAW = 3.0 oy (efc - ec) (0.2L) (1)

where p is the bulk density, © is the soil water content on a dry
weight basis and the factor of 3.0 accounts for the fact that the soil
profile within the rooting depth (L) does not contribute equally to

the RAW (McAneney & Judd 1983).
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From 6.7.80 to 15.7.80, rainfall on the experimental area was
53 mm; three days drainage was then allowed before sampling at four
separate sites for estimation of Ofc’ An attempt was made to minimise
surface exchanges of moisture during the drainage period by covering
the sample sites with black polythene. Eight soil cores (diameter =
25 mm, length = 200 mm) were sampled from each site and were
subdivided into three portions (0-50 mm, 51-100 mm, 101-200 mm). Each
of these were immediately sealed in separate plastic bags. In the
laboratory, comparable core portions within sample sites were bulked
before weighing, drying (100 °C for 48 hours) and reweighing. The
mean water contents on a dry weight basis for the above core portions
were 76.9, 53.9 and 50.5%, respectively, to give a mean value for
Ofc of 60.4%. Measurements of OC were made on 10 soil core samples
(diameter = 25 mm, length = 150 mm) taken on 24.2.81 from separate
sample sites in the experimental area. This date was preceded by a 31
day dry period during which no rain fell on 21 days. On the 10 rain
days during this period, total rainfall was 17 mm. Ryegrass plants at
each sampling site showed visual signs of wilting the day before
sampling. The same procedure as described above was used in obtaining
and processing the soil samples, except the cores were not subdivided.
The mean water content (@C) was 28.4%, and the mean bulk density
(0-200 mm) was 0.81; 0.2L = 150 mm. Substitution in equation (1)
gives a value for RAW of 117 mm.

Monthly rainfall totals (R) for April 1978 to May 1982 recorded
at the Ruakura Climatological Station are given in Appendix l. This
station is located 1 km northwest of the experimental area. Penman
estimates of the mean monthly maximum weather dependent
evapotranspiration (ETmax), provided by the NZ Meteorological
Service, are presented in Table A3. From these data the available

soil moisture storage (Sn mm) at the end of the each month was



245

calculated (Table A3) using the method suggested by Dr D. Scotter
(McAneney & Kerr 1984):

Sn = Sn_1 - ETmax + R where 0<Sn<RAw (2)

and where the subscript n corresponds to the month in question and n-1

to the previous month. S js assumed to equal RAW at the end of

August. The water available for growth (A mm) was then calculated for

each month (Table A3):

A = Sn-l + R - 30 where O<A<ETmax (3)

The 30 mm subtraction in equation (3) is an arbitrary factor which
Scotter uses to account for
(i) rainfall, which usually does not arrive exactly when needed

during the month; and

(ii) the amount of water required to stimulate pasture growth after a
dry period.

The monthly water availability index (A/ETmaX) was then calculated

(Table A3). Where this ratio is less than one, there was insufficient

water available for maximum pasture growth during that month and

reductions in dry matter production due to water deficits are likely.



Table A3 Estimates of monthly Sn, A and A/ETpay from April 1978 to May 1982 (all data in mm of water).
Rainfall data are presented in Appendix 1.

Year Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.
ETmax 47.8 26.2 17.3 20.3 33.6 53.6 82,0 106.4 125.3 129.8 104.4 83.6
1978/79 Sn 117.0 112,8 117.0 117.0 117.0 117.0 94,0 104.6 72.3 0 79.6 117.0
A 47.8 26.2 17.3 20.3 33.6 53.6 82.0 106.4 125.3 52.3 104.4 83.6
AJET nax 1.0 1.0 1,0 1.0 1,0 1,0 1.0 1.0 1.0 0.4 1.0 1.0
1979/80 Sn 117.0 17,0 117,0 117.0 117.,0 117,0 117.0 117,0 117.0 117.0 95.6 117.0
A 47.8 26,2 17.3 20.3 33.6 53.6 82.0 106.4 125.3 129.8 104.4 83.6
A/ET max 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1980/81 Sn 34.2 43,0 117,00 117.0 117.0 117.0 69.0 94.6 61.3 0 0 0
A 47,8 26,2 17.3 20.3 33.6 53.6 82.0 106.4 125.3 80.3 8.0 50.0
AJET max 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.6 0.1 0.6
1981/822 Sn 117.0 17,0 117.0 117.0 117,0 117.0 113.0 94.6 63.3 0 0 35.4
A 47.8 26.2 17.3 20.3 33.6 53.6 82.0 106.4 125.3 93.3 50.0 83.6
AJET max 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.7 0.5 1.0
1982 Sn 117,00  117.0 117.0
A 47,8 26.2 17.3
A/ET max 1.0 1.0 1.0
1981/82b Sn 117.0 17,0 117.0 117.0 117,0 117,0 113,0 94,6 117.0 117.0 117.,0 117.0
A 47.8 26,2 17.3 20.3 33.6 53.6 82.0 106.4 125,3 129.8 104.4 83.6
A/ET max 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1982 Sn 117.0 117.0 117.0
A 47.8 26.2 17.3
AJET nax 1.0 1.0 1.0

@ Without irrigation from December 1981 to April 1982
b With irrigation (see Appendix 1)

9t¢



Seasonal concentrations (% of DM) of sulphur (S), magnesium (Mg), calcium (Ca) and sodium (Na) in ryegrass

and paspalum growing in mixed pasture.

Appendix 4
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1.4.80

5.3.80 19.3.80

S/A
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27.10.80

mixed pasture in late-spring/early-summer (LS/ES) and summer/autumn (S/A).
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Appendix 5a Soluble sugar (SS), starch (S) and TNC concentrations (% of DM) in paspalum during uninterrupted growth of
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Appendix 5b Nitrogen (N), phosphorus (P) and potassium (K)

concentrations (% of DM) in paspalum during uninterrupted

growth of mixed pasture in late-spring/early-summer.

Element 1.10.80 27.10.80 16.11.80 8.12.80
N Leaf 3.4 (0.08)a 3.6 (0.24) 3.0 (0.06) 2.8 (0.18)
'Stem'D 2.3 (0.41) 2.6 (0.21) 2.1 (0.40) 1.8 (0.11)
Root 0.9 (0.08) 0.9 (0.10) 0.8 (0.14) 1.0 (0.17)
Rhizome 2.6 (0.16) 2.5 (0.25) 2.6 (0.23) 2.1 (0.19)
Dead 1.4 (0.35) 1.3 (0.14) 1.2 (0.19) 1.2 (0.21)
P Leaf 0.4 (0.05) 0.3 (0.04) 0.3 (0.04) 0.2 (0.02)
'Stem' 0.3 (0.07) 0.3 (0.06) 0.2 (0.06) 0.2 (0.03)
Root 0.1 (0.01) 0.1 (0.02) 0.1 (0.01) 0.1 (0.01)
Rhizome 0.2 (0.04) 0.1 (0.04) 0.1 (0.02) 0.1 (0.02)
Dead 0.1 (0.04) 0.1 (0.03) 0.1 (0.02) 0.1 (0.02)
K Leaf 2.5 (0.31) 2.9 (0.23) 2.8 (0.53) 2.7 (0.45)
'Stem' 2.4 (0.24) 3.7 (0.08) 3.5 (0.75) 3.2 (0.16)
Root 0.7 (0.13) 0.5 (0.05) 0.4 (0.05) 0.4 (0.05)
Rhizome 0.8 (0.15) 0.8 (0.21) 0.7 (0.17) 0.7 (0.11)
Dead 0.4 (0.12) 0.2 (0.05) 0.3 (0.08) 0.2 (0.06)

a gtandard error of the mean
b pseudostem (leaf sheaths); culm absent



Appendix 5¢ Nitrogen (N), phosphorus (P) and potassium (K) concentrations (% of DM) in paspalum during uninterrupted

growth of mixed pasture in summer/autumn.
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Appendix 5d Sulphur (S), magnesium (Mg), calcium (Ca) and sodium (Na)

concentrations (% of DM) in paspalum during uninterrupted

growth of mixed pasture in late-spring/early-summer.

Element 1.10.80 27.10.80 16.10.80 8.12.80
S Leaf 0.4 (0.03)a 0.4 (0.04) 0.4 (0.03) 0.4 (0.04)
'Stem'D 0.2 (0.04) 0.3 (0.03) 0.3 (0,03) 0.3 (0.04)
Root 0.2 (0.01) 0.2 (0.01) 0.2 (0.01) 0.2 (0.01)
Rhizome 0.3 (0.01) 0.2 (0.01) 0.3 (0.02) 0.2 (0.02)

Dead 0.2 (0.04) 0.2 (0.03) 0.2 (0.01) 0.2 (0.03)

Mg Leaf 0.3 (0.04) 0.2 (0.02) 0.2 (0.02) 0.3 (0.02)
'Stem' 0.3 (0.03) 0.3 (0.02) 0.3 (0.01) 0.2 (0.03)
Root 0.1 (0.01) 0.1 (0.01) 0.1 (0.01) 0.1 (0.01)
Rhizome 0.1 (0.02) 0.1 (0.01) 0.1 (0.01) 0.1 (0.01)

Dead 0.1 (0.02) 0.1 (0,01) 0.1 (0.02) 0.1 (0.02)

Ca Leaf 0.5 (0.12) 0.5 (0.08) 0.5 (0.07) 0.5 (0.07)
'Stem' 0.3 (0.10) 0.4 (0.03) 0.4 (0.04) 0.3 (0.05)
Root 0.3 (0.03) 0.3 (0.02) 0.4 (0.05) 0.3 (0.07)
Rhizome 0.2 (0.01) 0.2 (0.02) 0.2 (0.07) 0.2 (0.01)

Dead 07 (0.11) 0.8 (0.13) 0.8 (0.09) 0.7 (0.10)
Na Leaf 0.11(0.017) 0.05(0.006)  0.04(0.010) 0.05(0.008)
'Stem' 0.14(0.053)  0.10(0.010)  0.10(0.015)  0.09(0.017)
Root 0.11(0.027) 0.09(0.013)  0.10(0.021) 0.08(0.013)
Rhizome 0.08(0.025) 0.07(0.010) 0.08(0.014) 0.08(0.017)
Dead 0.09(0.013)  0.08(0.013) 0.09(0.013)  0.07(0.010)

a8 gtandard error of the mean
b pseudostem (1eaf sheaths); culm absent
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Appendix 5f Paspalum biomass (kg DM/ha) over periods of uninterrupted growth in mixed pasture during late-spring/early

summer (LS/ES) and summer/autumn (S/A).

LS/ES? S/A
30,9.81 28,10.81  24.11.81 9,12.81 20,1.82 3,2,82 16.2.82 4.3.82 18,3.82 1.4.82

Leaf 131 (48> 144 (70) 366 (182) 286 (132) 1441 (91) 2200 (317) 2183 (275) 1980 (158) 2000 (308) 1419 (156)
'Stem'C 135 (35) 97 (50) 189 (78) 145 (61) 744 (192) 595 (225) 810 (239) 1641 (532) 1423 (100) 1650 (153)
Culm - - - - - 59 (39) 225 (153) 533 (220) 737 (435) 957 (457)
Rhizome  29% (879) 1216 (3%) 1741 (790) 1278 (79%2) 2519 (%43) 1749 (683) 2449 (1064) 2325 (308) 2032 (680) 2885 (284)
Root 1037 (205) 471 (163) 802 (317) 551 (313) 1276 (194) 816 (99) 1273 (425) 1227 (361) 544 (90) 1156 (362)
Dead 1033 (608) 673 (428) 726 (257) 582 (Al6) 1097 (410) 751 (231) 1423 (755) 1102 (371) 1070 (178) 1257 (479)
TOTAL 5331 2601 3824 2842 7077 6170 8363 8828 7816 9314

a culm absent at all samplings
b standard error of the mean
C pseudostem (leaf sheaths)

€9¢
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Appendix 5g Major element levels (kg/ha) in paspalum over periods of

uninterrupted growth in mixed pasture, during

late-spring/early-summer (LS/ES) and summer/autumn (S/A).

LS/ES S/A

Leaf & Roots & Leaf, 'stem' Roots &

Element ‘stem’ rhizome & culm rhizome
N 9 (4.1)2 50 (6.8) 80 (4.9) 42 (4.6)
P 1 (0.4) 3 (0.8) 8 (0.6) 3 (0.3)

K 11 (4.0) 18 (2.8) 89 (7.7) 26 (3.0)
S 1 (0.4) 6 (1.1) 14 (0.7) 7 (0.5)
Mg 1 (0.4) 2 (0.7) 6 (0.3) 3 (0.2)
Ca 2 (0.7) 5 (1.1) 12 (1.0) 7 (0.4)
Na 0.3 (0.1) 2 (0.8) 3 (0.2) 3 (0.9)

a8 standard error of the mean
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Appendix 6 Linear correlation (r) coefficients for regression

of mean visual grade on herbage mass (kg DM/ha).

SIa LIb
Pre- Post- Pre- Post-
Defoliation defoliation defoliation defoliation defoliation
No.C
pd - 0.78 - 0.78
1 0.97 0.87 0.94 0.95
2 0.96 0.87 0.70 0.90
3 0.90 0.78 0.96 0.96
4 0.87 0.95 0.81 0.96
5 0.95 0.92 0.89 0.79
6 0.97 0.96 0.86 0.98
7 0.79 0.96 0.88 0.91
8 0.89 0.93 0.94 0.93
9 0.76 0.94 0.91 0.97
10 0.85 0.89 0.91 0.89
11 0.87 0.93
12 0.70 0.82
13 0.90 0.40
14 0.81 -
a SI = short grazing interval
b LI = long grazing interval

C see Table 4.2 (defoliation 1 occurred on 15.9.80 for SI
and 22.9.80 for LI) . .

d herbage mass assessment before instigation of different
defoliation managements. Same regression equation used
to adjust visual grades on all treatment plots.
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Appendix 7 Soil fertility status of experimental plots on 6.8.79.

Plot typea
Soil test Pa NPa
pH 5.7 (0.12)b 5.8 (0.13)
K 12.4 (5.65) 14,7 (6.09)
P 18.2 (5.43) 20.1 (6.99)
Mg 18.9 (3.84) 20.9 (6.22)

a pa
NPa

b ()

paspalum dominant plots; data are means of 26 samples
plots containing Tittle or no paspalum; data are
means of 27 samples

standard error of the mean



Appendix 8 Inorganic nutrient solution ('Bollard's Solution').

The complete solution contains

The following stock solutions were required for production of

Macronutrients
224 Mg 48
31 Ca 80
156 S 160

the following nutrients (ppm):

Micronutrients

C1 0.68 In 0,05
B 0.50 Cu 0.02
Mn 0.50 Mo 0.02

complete and the nitrogen-free (-N) solutions:

A

B

o

The following quantities of each stock solution were added to 500 ml

of deionised water which was then made up to 1 2 of nutrient solution

1 M Mg(NO3)2
1 M Ca(NO3)p
0.2 M K HoPOgq
0.25 M KoS04
0.01 M CaS0g
1M MgSO4
Fe EDTA

Micronutrients

Mg(NO3)p.6H20 256
Ca(N03)2.4H20 236
KH2POg 27
K2S04 44
CaS04.2H20 1.7
MgS04.7H20 246

C1l, B, Mn, Zn, Cu, Mo

Solution required (ml)

Nutrient Complete -N
A 2.0 -
B 2.0 -
C 5.0 5.0
D 8.0 8.0
E - 200.0
F - 2.0
G 0.6 0.6
H 1.0 1.0

(after Bollard 1966)

the

g/2
g/2
9/2
9/2
g/%
g/%
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Appendix 9  Mean monthly maximum and minimum air temperatures

(°C) for glasshouse conditions (chapter 5).

Air Temperature (°C).
Max. Min.

1979
September 21.5 (3.57)a 11.9 (1.85)
October 23.0 (2.47) 14.6 (2.18)
November 26.7 (1.90) 17.7 (2.55)
December 28.5 (2.10) 17.2 (3.03)
1980
January 27.7 (2.73) 17.4 (2.23)
February 27.7 (3.32) 16.4 (1.39)
March 26.0 (2.17) 14.9 (1.78)
April 23.5 (1.91) 12.4 (1.51)

a gtandard error of the mean
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Appendix 10 Linear‘correlation (r) coefficients for regression of
mean visual grade on herbage mass (kg DM/ha).

Grazing Sia LIb

NoC Pre-grazing Post-grazing Pre-grazing Post-grazing

pd - 0.64 - 0.64
1 0.87 0.91 0.94 0.96
2 0.93 0.95 0.93 0.94
3 0.90 0.95 0.95 0.92
4 0.97 0.93 0.81 0.82
5 0.93 0.92 0.92 0.94
6 0.92 0.88 0.94 0.88
7 0.91 0.92 0.86 0.66
8 0.91 0.80 0.92 0.84
9 0.95 0.82 0.91 0.92
10 0.92 0.94 0.92 -
11 0.88 0.96

12 0.93 0.83

13 0.86 0.82

14 0.82 0.77

15 0.82 0.67

16 0.91 0.68

17 0.86 0.64

18 0.75 0.93

19 0.85 -

a SI = short grazing interval (SS and SL for grazings 1-8; SS and LS
for grazings 9-19)
b LI = long grazing interval (LL and LS for grazings 1-4; LL and SL

for grazings 5-10)

¢ see Table 6.1 (grazing 1 occurred on 23.9.81 for SI and 29.9.81 for
LT)

d pherbage mass assessment before instigation of the various grazing
managements. Same regression equation used to adjust visual grades
on all treatment plots
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Appendix 11 Nutrient solution applied to ryegrass plants growing in

alkathene tubes (after Smith et al. 1983).

Nutrient concentrations (g/4.5 & of water)

Stock solution A

Mg(NO5),
Ca(N03)2

NaCl

Stock solution B

KH2P04

K2304

K2HP04

KC1

Minor element solution containing C1, B, Mn, Zn, Cu, Mo, Co.

The dilute nutrient solution was made up as follows:

Mg
Ca

Na

_ R X

0.2 2 of solution A

0.2 2 of solution B

0.1 2 of minor elemental solution

0.025 & of ferric citrate (5 ppm Fe)

3.975 & of water

Total 4.500 %

On 20.7.81, 1 ml of this solution was applied to the moistened soil

2.66
34.04
0.59

2.24
8.57
2.15
7.04

C1

C1

3.06
23.78
0.91

1.78
3.51
0.85
6.38

enclosed in alkathene tubing which provided the environment for growth

of a single ryegrass plant.



Appendix 12 The effect of irrigation on the soil nutrient status of the plots.

Soil testd
pH P K Mg S0g ] NHg NJ3
Date +4b I SEpC 4 - SED + - SED 4 -1 SD + - S 4 -1  SD +# - SED
10,12.81 55 5.5 0,04 3,3 33.0 2,54 12,8 10.2 1.40 18,8 19.4 1..14 29,1 27,7 2.56 32,7 314 4.64 5.3 21.8 7.9
5.2.82 5.3 5.3 0,03 38,2 356 3.37 162 14.2 1,69 23,1 22,9 1.03 3.7 0.1 2,90 39,6 31.8 10.61 43.3 49.1 10.81
2.3.82 54 5.4 0,03 3.8 37.0 3.80 17.6 12,7 1.79 22,5 23.5 1,04 30.2 25,6 2,03 3.9 28.8 4,97 47,0 35,0 9.62
29.3.82 54 5.4 0,03 3.4 32.8 3.09 157 12,3 1.59 22,5 24.8 1.09 28,7 24,0 1,75 31,5 339 8.3 42,8 28.8 9.60
25.5.82 54 54 003 36,5 37.8 410 16,1 13,5 1,27 21,3 2.9 1.09 20 21,2 1,12 37.6 3.8 3.78 23.1 253 2.80

a see Section 6.5
irrigations began on 16,12.81 and ceased on 29.4.82

292



263
BIBLIOGRAPHY

AGYARE, J.A.; WATKIN, B.R. 1967: Some effects of grazing management

on the yield and its components of some pasture grasses.
Journal of the British Grassland Society 22: 182-191,

ADEGBOLA, A. 1966: Preliminary observations on the reserve

carbohydrate and regrowth potential of tropical grasses.

Procggdings of X Intermational Grassland Congress, Helsinki.
p. 933-936.

AHLGREN, H.L.; AAMODT, 0.S. 1939: Harmful root interactions as a
possible explanation for effects noted between various species of

grasses and legumes. Journal of the American Society of Agronomy
31: 982-985,

ALBERDA, Th. 1957: The effects of cutting, light intensity and night
temperature on growth and soluble carbohydrate content of
Lolium perenmne L. Plant and soil 8: 199-230.

ALBERDA, Th. 1966: The influence of reserve substances on dry-matter

production after defoliation. Proceedings of X International
Grassland Congress, Helsinki. p. 140-147,

ALBERDA, Th.; SIMBA, L. 1982: The influence of length of growing
period, nitrogen fertilization and shading on tillering of

perennial ryegrass (Lolium perenmne L.). Netherlands journal of
agricultural science 30: 127-135,

ALLO, A.V. 1952a: Establishing permanent pasture in Bay of Plenty.
New Zealand jourmal of agriculture 84: 41-46,

ALLO, A.V. 1952b: Renovation of pastures in western Bay of Plenty.
New Zealand jourmal of agriculture 84: 113-114,

ALLO, A.V. 1953: Paspalum and its place in the Bay of Plenty.
Proceedings of the New Zealand Grassland Association 15: 90-94,

ANONYMOUS, 1954: Paspalum. Queensland agricultural journal 78:
249-257.

ANTONOVICS, J. 1972: Population dynamics of the grass Anthoxanthum
odoratum on a zinc mine. Journal of ecology 60: 351-365.

A.0.,A.C., 1975: Official methods of analysis of the Association of
Official Analytical Chemists. 12th Edition. Horwitz, W. ed.
Washington, Association of Official Analytical Chemists.

ARMSTRONG, C.S. 1977: ‘'Grasslands Nui' perennial ryegrass (Loliwm

perenne L.)e New Zealand journal of experimental agriculture 5:
381-384,

ARNOLD, E.H. 1953: Some sub-tropical and other grasses in Northland.
Proceedings of the New Zealand Grassland Assoctiation 15: 79-89.



264

ASHLEY, D.A.; BENNETT, O.L.; DOSS, B.D.; SCARSBROOK, C.E. 1965:

Effect of nitrogen rate and irrigation on yield and residual

g;grgg;n recovery by warm-season grasses. Agronomy journal 57 :

ASPINALF, D. 19§0: .An analysis of competition between barley and
white persicaria. II. Factors determining the cause of
competition. Amnals of applied biology 48: 637-654,

AUDA, H.; BLASER, R.E.; BROWN, R.H. 1966: Tillering and carbohydrate

contents of orchardgrass as influenced by environmental factors.
Crop science 6: 139-143,

BAARS, J.A. 1976: Seasonal distribution of pasture production in

New Zealand. VIII. Dargaville. WNew Zealand jourmal of
experimental agriculture 4: 151-156,

BAARS, J.A.; COULTER, J.D. 1974: Soil moisture and its influence on
pasture production in the Waikato. Proceedings of the
New Zealand Grassland Association 35 (Part 2): 197-203.

BAARS, J.A.; DOUGLAS, J.A.; THOMSEN, E,J. 1976: An evaluation of

‘Grasslands Nui' perennial ryegrass in the Waikato. Proceedings
of the Ruakura farmers' conference: 62-64,

BAARS, J.A.; PERCIVAL, N.S.; GOOLD, G.J.; WEEDA, W.C. 1980: The use
of grazing pressure to manipulate the balance of paspalum/

ryegrass-based pasture. Proceedings of the New Zealand Grassland
Assoctation 41: 89-95,

BAILEY, R.W. 1958: The reaction of pentoses with anthrone.
Biochemical jourmal 68: 669-672,

BAKER, C.J. 1970: A simple covering harrow for direct drilling.
New Zealand farmer 91: 62-63,

BAKER, C.J. 1976: Experiments relating to techniques for direct
drilling of seeds into untilled dead turf. Journal of
agricultural engineering research 21: 133-144,

BAKER, C.J. 1980: Renovation of pastures. Proceedings of the Ruakura
farmers' conference: 53-6l.

BAKER, C.J.; BADGER, E.M. 1979: Developments with seed drill coulters
for direct drilling. II. Wear characteristics of an

experimental coulter. New Zealand journal of experimental
agriculture 7: 185-188,

BAKER, C.J.; MAI, T.V. 1982a: Physical effects of direct drilling
equipment on undisturbed soils. IV. Techniques for measuring
soil compaction in the vicinity of drilled grooves. WNew Zealand
journal of agricultural research 25: 43-49.

BAKER, C.J.; MAI, T.V, 1982b: Physical effects of direct drilling
equipment on undisturbed soils. V. Groove compaction and

seedling root development. New Zealand journal of agricultural
research 25: 51-60.



265

BAKER, C.J.; BADGER, E.M,; McDONALD, J.H.; RIX, C.S. 1979:
Developments with seed drill coulters for direct drilling. I,

Trash handling properties of coulters. New Zealand Journal
of experimental agriculture 7: 175-184,

BAKER, C.J.; McDONALD, J.H.; SEEBECK, K.; RIX, C.S.; GRIFFITHS, P.M.
1979b: Developments with seed drill coulters for direct
drilling. III. An improved chisel coulter with trash handling
and fertiliser placement capabilities. WNew Zealand jourmal of
experimental agriculture 7: 189-196,

BAKER, C.Jd.; THOM, E.R.; McKAIN, W.L. 1979¢c: Developments with seed
drill coulters for direct drilling. IV. Band spraying for
suppression of competition during overdrilling. WNew Zealand
Journal of experimental agriculture 7: 411-416,

BAKER, H.K. 1957a: Studies on the root development of herbage plants.
[I. The effect of cutting on the root and stubble development,
and herbage production, of spaced perennial ryegrass plants.
Journal of the British Grassland Society 12: 116-126,

BAKER, H.K. 1957b: Studies on the root development of herbage plants.
III. The influence of cutting treatments on the root, stubble
and herbage production of a perennial ryegrass sward. Journal of
the British Grassland Society 12: 197-208.

BALL, P.R.; FIELD, T.R.0., 1982: Responses to nitrogen as affected by
pasture characteristics, season and grazing management. In:
Lynch, P.B. ed., Nitrogen fertilisers in New Zealand agriculture.
Wellington, New Zealand Institute of Agricultural Science.

p. 45-64,

BARROW, N.J. 1967: Some aspects of the effects of grazing on the
nutrition of pastures. Journal of the Australian Institute of
Agricultural Science 33: 254-262.

BARTHOLOMEW, P.W.; CHESTNUTT, D.M.B. 1977: The effect of a wide
range of fertilizer nitrogen application rates and defoliation
intervals on the dry-matter production, seasonal response to
nitrogen, persistence and aspects of chemical composition of
perennial ryegrass (Loliwm peremne cv. S24). Journal of
agricultural science, Cambridge 88: 711-721,

BARTHOLOMEW, P.W.; CHESTNUTT, D.M.B. 1978: The influence of
vernalization on response to nitrogen of perennial ryegrass.
Journal of the British Grassland Soctety 33: 145-150.

BASSON, W.D. 1976: Nitrogen and phosphorus determinations in animal
feeds on a continuous flow system. Laboratory practice 25:
763-765.,

BEATY, E.R.; POWELL, J.D.; LAWRENCE, R.M. 1970: Response of
Brunswickgrass (Paspalum nicorae) (Parodi) to N fertilization
and intense clipping. Agronomy jourmal 62: 363-365.

BELL, D.T.; KOEPPE, D.E. 1972: Noncompetitive effects of giant
foxtail on the growth of corn. Agronomy jourmal 64: 321-325.



266

BENEDICT, H.M. 1941: The inhibitory effect of dead roots on the

growth of bromegrass. Journal of the American Society of
Agronomy 33: 1108-1109,

BENNETT, H.W. 1973: Johnsongrass, dallisgrass, and other grasses
for the humid south. In: Heath, M.D.; Metcalfe, D.S;
Barnes, R.F. eds., Forages - The science of grassland
agriculture. Iowa State University Press. p. 333-343,

BERGH, J.P. van den 1968: An analysis of yields of grasses in mixed
and pure stands. Verslagen van Landbouwwkundige Onderzoekingen

714: 1-71. Institute for Biological and Chemical Research on
Field Crops and Herbage, Wageningen.

BERGH, J.P. van den; ELBERSE, W.Th. 1962: Competition between

Loliwn peremne L. and Anthoxanthum odoratwm L. at two levels of
phosphate and potash. Journal of ecology 50: 87-95,

BETTERIDGE, K.; BAKER, C.J. 1983: Production from a drought-prone
Northland pasture direct drilled with 3 grass cultivars.
New Zealand jourmal of experimental agriculture 11: 101-106,

BJORKMAN, 0, 1971: Comparative photosynthetic carbon dioxide
exchange in higher plants. In: Hatch, M.D.; Osmond, C.B.;
Slatyer, R.0. eds., Photosynthesis and photorespiration.
New York, Wiley-Interscience. p. 18-32,

BLACK, C.C.; CHEN, T.M.; BROWN, R.,H. 1969: Biochemical basis for
plant competition. Weed science 17: 338-344,

BLACK, J.N. 1957: The influence of varying light intensity on the
growth of herbage plants. Herbage abstracts 27: 89-98.

BLACK, J.N. 1958: Competition between plants of different initial
seed sizes in swards of subterranean clover (Trifoliwn
subterraneum L.) with particular reference to leaf area and
the light microclimate. Australian journal of agricultural
research 9: 299-318.

BLACK, J.N. 1966: Competition within grass and cereal communities.
In: Milthorpe, F.L. and Ivins, J.D. ed., The growth of cereals
and grasses. London, Butterworths. p. 167-178,

BLACKMORE, L.W. 1955: The overdrilling of pastures. Proceedings of
the New Zealand Grassland Association 17: 139-148,

BLACKMORE, L.W. 1958: Overdrilling of pastures and crops.
New Zealand jourmal of agriculture 96: 121-123.

BLANK, R.H.; BELL, D.S. 1982: Seasonal patterns of pasture seed
loss to black field crickets (Teleogryllus commodus) and other

jnvertebrates. New Zealand jourmal of agricultural research 25:
123-129.

BLASER, R.E.; BRADY, N.C. 1950: Nutrient competition in plant
associations. Agromomy jourmal 42: 128-135,



267

BLASER, R.E.; TAYLOR, T.; GRIFFETH, W.; SKRDLA, W. 1956:

ety . RIF Seedling
48:pe 16:on 1n establishing forage plants. Agronomy journal

BOLLARQ, E.G. 1966: A comparative study of the ability of organic
nitrogenous compounds to serve as sole sources of nitrogen
for the growth of plants. Plant and soil 25: 153-166.

BOMMER, D.F.R. 1966: Influence of cutting frequency and nitrogen
level on the carbohydrate reserves of three grass species. In

Proiégdig%s of X International Grassland Congress, Helsinki.
po - °

BONNER, J. 1950: The role of toxic substances in the interactions
of higher plants. Botanical review 16: 51-65,

BBRNER, H. 1971: German research on allelopathy. Review and summary.

In: Biochemical interactions among plants. National Science
Foundation PB-233 693. p. 52-56,

BOSWELL, C.C. 1977: Comparisons of cattle grazing and sheep grazing.
Proceedings of the New Zealand Grassland Association 38
(Part 1): 56-65.

BOYER, J.S.; McPHERSON, H.G. 1975: Physiology of water deficits
in cereal crops. Advances in agronomy 27: 1-23,

BRAY, R.,H. 1954: A nutrient mobility concept of soil-plant
relationships. Soil secience 78: 9-22.

BREESE, E.L. 1979: The importance of genotype in sward change. In:
Charles, A.H. and Haggar, R.J. ed., Changes in sward composition
and productivity. Occasional symposium No. 10, British
Grassland Society: p. 141-146,

BROUGHAM, R.W. 1956: Effect of intensity of defoliation on regrowth
of pasture. Australian journal of agricultural research 7:
377-387. '

BROUGHAM, R.W. 1958: [Interception of light by the foliage of pure
and mixed stands of pasture plants. Australian journal of
agricultural research 9: 39-52,

BROUGHAM, R.W. 1959: The effects of frequency and intensity of
grazing on the productivity of a pasture of short-rotation
ryegrass and red and white clover. New Zealand journal of
agricultural research 2: 1232-1248.

BROUGHAM, R.W. 1960: The effects of frequent hard grazings at
different times of the year on the productivity and species
yields of a grass-clover pasture. New Zealand jourmal of
agricultural research 3: 125-136.

BROUGHAM, R.W. 1961: Some factors affecting the persistency of
short-rotation ryegrass. WNew Zealand jourmal of agricultural
research 4: 516-522,



268

BROUGHA”, R.W. 1979: The grasslands of New Zealand: an overview.
In: Crosby, T.K. and Pottinger, R.P. ed., Proceedings of the

2nd Australian Conference on Grassland Invertebrate Ecology,
Palmerston North. p. 16-23,

BROUGHAM, R.W. 1981: Pasture management and animal production.

gzozgedings of the New Zealand Grassland Association 42:

BROUGHAM, R.W.; HARRIS, W. 1967: Rapidity and extent of changes in

genotypic structure induced by grazing in a ryegrass population.
New Zealand journal of agricultural research 10: 56-65,

BROUGHAM, R.W.; GLENDAY, A.C.; FEJER, S.0. 1960: The effects of

frequency and intensity of grazing on the genotypic structure of

a ryegrass population. New Zealand journal of agricultural
research 3: 442-453,

BROUWER, R. 1966: Root growth of cereals and grasses. In:
Milthorpe, F.L. and Ivins, J.D. ed., The growth of cereals and
grasses. London, Butterworths. p. 153-166.

BROWN, K.R. 1968: The influence of herbage height at treading and
treading intensity on the yields and botanical composition of

a perennial ryegrass-white clover pasture. New Zealand journal
of agricultural research 11: 131-137,

BROWN, K.R.; EVANS, P.S. 1973: Animal treading. A review of the
work of the late D.B. Edmond. New Zealand journal of
experimental agriculture 1: 217-226.

BROWN, M.,W. 1973: A highly sensitive automated technique for the
determination of ammonium nitrogen. Journal of the science of
food and agriculture 24: 1119-1123,

BROWN, R.H. 1978: A difference in N use efficiency in C; and C
plants and its implications in adaption and evolution. Crop
science 18: 93-98.

BROWN, R.H.; BLASER, R.E. 1968: Leaf area index in pasture growth.
Herbage abstracts 38: 1-9.

BRYANT, A.M.; PARKER, 0.F. 1971: Optimum grazing interval at high

stocking rate. Proceedings of the Ruakura farmer's conference:
110-120.

BURTON, G.W. 1940: A cytological study of some species of paspalum.
Journal of agricultural research 60: 193-197.

BURTON, G.W. 1962: Conventional breeding of dallisgrass, Paspalum
dilatatun Poir. Crop science 2: 491-494,

BURTON, G.W.; VANE, E.H. de; CARTER, R.L. 1954: Root penetration,
distribution and activity in sgythern grasses measured by
yields, drought symptoms and P~" uptake. Agronomy jourmal 46:
229-233.



269

CAMPBELL , A.Q. 1966: Effects of treading by dairy cows on pasture
production aqd botanical structure, on a Te Kowhai soil.
New Zealand jourmal of agricultural research 9: 1009-1024,

CAMPBELL, A.G.; BRYANT, A.M. 1978:
production.
8: 115-118,

Pasture constraints on dairy
Proceedings of the Agronomy Society of New Zealand

CAMPBELL, N.A.; ARNOLD, G.W. 1973: The visual assessment of pasture

yield. Australian jourmal of experimental agriculture and
animal husbandry 13: 263-267,

CAMPBELL, B.D.; COSGROVE, G.P.; HARRIS, W. 1983: Why overdrilling

red clover in Manawatu lowland failed. Proceedings of the
New Zealand Grassland Association 44: 156-163,

CARR, A.J.H. 1979: Causes of sward change - diseases. In:
Charles, A.H. and Haggar, R.J. ed., Changes in sward composition

and productivity. Ocecasional symposium No. 10, British Grassland

CASSIDY, G.J. 1971: Response of a mat grass-paspalum sward to
fertilizer application. Tropical grasslands 5: 11-22,

CASTLE, M.E.; HOLMES, W, 1960: The intensive production of herbage
for crop-drying. VII. The effect of further continued massive
applications of nitrogen with and without phosphate and potgsh on
the yield of grassland herbage. Journal of agricultural science,
Cambridge 55: 251-260.

CHARLES, A.H. 1961: Differential survival of cultivars of Lolium,
Dactylis and Phlewn. Journal of the British Grassland Society
16: 69-75.

CHARLES, A.H. 1964: Differential survival of plant types in swards.
Journal of the British Grassland Society 19: 198-204,

CHARLES, A.H. 1966: Variation in grass and clover popu]qtion in
response to agronomic selection pressures. Proceedings of X
International Grassland Congress, Helsinki. p. 625-629,

CHARLES, A.H. 1968: Some selective effects operating on white- and
red-clover in swards. Journal of the British Grassland Society
23: 20-25.

RLES, A.H. 1970: Ryegrass populations from intensively managed
cHA leys. I. Seedlings and spaced plant characters. Journal of
agricultural seience, Cambridge 75: 103-107.

ES, AJH. 1971: Ryegrass populations from iqtgnsjve]y managed
CHARLleys. II. Reaction to nitrogen and Poa trivialis L. Journal
of agricultural science, Cambridge 76: 233-241,

ES, A.H. 1972: Ryegrass populations from intensivgly managed

CHARL]eys. I1I1I. Reaction to management, nitrogen app]1cat1on and
Poa trivialis L. in field trials. Journal of agricultural
science, Cambridge 79: 205-215.



270

CHARLES, A.H. 1979: Treading as a factor in sward deterioration.
In: Charles, A.H. and Haggar, R.J. ed., Changes in sward

compqsition and productivity. Occasional symposium No. 10,
British Grassland Society: p. 137-140,

CHARLES, A.H.; JONES, J.L.; THORNTON, M.S,; THOMAS, T.A. 1979:
Comparison of ryegrass with some common unsown grasses sown
separately and in mixtures. In: Charles, A.H. and Haggar, R.J.
ed., Changes in sward composition and productivity. Occasional
symposium No. 10, British Grassland Society: p. 137-40,

CHIPPINDALE, H.G. 1932: The operation of interspecific competition

in causing delayed growth of grasses. Annals of applied biology
19: 221-242,

CHOUDHARY, M.A.; BAKER, C.J. 1980: Physical effects of direct
drilling equipment on undisturbed soils. I. Wheat seedling
emergence under controlled climates. New Zealand jourmal of
agricultural research 23: 489-496,

CHOUDHARY, M.A.; BAKER, C.J. 198la: Physical effects of direct
drilling equipment on undisturbed soils. II. Seed groove
formation by a "triple disc" coulter and seedling performance.
New Zealand jourmnal of agricultural research 24: 183-187,

CHOUDHARY, M.A.; BAKER, C.J. 198lb: Physical effects of direct
drilling equipment on undisturbed soils. III. Wheat seedling
performance and in-groove micro-environment in a dry soil.

New Zealand journal of agricultural research 24: 189-195,

CLEMENTS, F.E.; WEAVER, J.E.; HANSON, H.C. 1929: Plant competition.
An analysis of community functions. Carnegie Institution of
Washington 398, 340 pp.

CLINTON, O.E. 1967: A three channel flame photometer for soil
analysis. New Zealand journal of science 10: 1069-1075,

COCKAYNE, A.H,. 1914: Perennial ryegrass seedes New Zealand journal
of agriculture 8: 619-639.

COLMAN, R.L.; LAZENBY, A.; GRIERSON, J. 1974: Nitrogen fertilizer
responses and seasonal production of temperate and warm climate
grasses on the Northern Tablelands of New South Wales.
Australian jourmal of experimental agriculture and animal
husbandry 14: 362-372.

COOK, C.W. 1966: Carbohydrate reserves in plants. Utah Agricultural
Experiment Statiom, Utah Resources Series 31, 49 pp.

COOK, S.J. 1980: Establishing pasture species in existing swards:
a review. Tropical grasslands 14: 181-187.

COOK, S.J.; LAZENBY, A.; BLAIR, G.J. 1978a: Pasture degeneration. I.
Effect on total and seasonal pasture production. Australian
journal of agricultural research 29: 9-18.



271

COOK, S.J.; BLAIR, G.J.; LAZENBY, A. 1978b: Pasture degeneration.
II. The importance of superphosphate, nitrogen and grazing

Tgnggement. Australian journal of agricultural research 29:

COOPER. J.P.; TAINTON, N.M. 1968: Light and temperature requirements

for the growth of tropical and temperate grasses. Herbage
abstracts 38: 167-176,

CORKILL, L. 1949: Pasture improvement in New Zealand. Empire jourmal
of experimental agriculture 17: 157-169,

CORKILL, L; WILLIAMS, W.M.; LANCASHIRE, J.A. 1981: Pasture species

and cultivars for regions. Proceedings of the New Zealand
Grassland Association 42: 100-122,

CORNFORTH, I.S. 1980: Soil analysis. Interpretation. Media
Services, Aglink AST8. MAF, Wellington.

CORNISH, P,S. 1981: Effects of the soil physical environment on root
development of two perennial grasses. Journal of the Australian
Institute of Agricultural Science 47: 43-44,

CROFTS, F.C.; McGARITY, J.W.; RAYNER, H.V. 1957: The effect of
sod-seeding clovers on the productivity of a paspalum pasture
in the Richmond river district of N.S.W. Journal of Australian
Institute of Agricultural Science 23: 329-331.

DAVIDSON, J.L.; MILTHORPE, F.L. 1966: The effect of defoliation on
the carbon balance in Dactylis glomerata. Annals of botany 30:
186-198.

DAVIES, A. 1960: The growth of varieties of perennial ryegrass in
the seeding year. Journal of the British Grassland Society 15:
12-20.

DAVIES, A. 1971: Growth rates and crop morphology in vernalized
and non-vernalized swards of perennial ryegrass in spring.
Journal of agricultural science, Cambridge 77: 273-282,

DAVIES, A. 1977: Structure of the grass sward. In: Gilsenan, B.
ed., Proceedings of Internatiomal Meeting on Animal Production
from Temperate Grassland, Dublin. p. 36-44,

DAVIES, I. 1978: Tiller behaviour around dung pats. Report of the
Welsh Plant Breeding Statiom, 1978. p. 75-77.

DAVIES, L.J.; McNAUGHTON, K.G, 1980: Effect of winter herbage cover
on survival and spring growth of tropical grasses in a temperate
environment. New Zealand journal of agricultural research 23:

331-337.

DAVIES, M.S.; SNAYDON, R.W. 1976: Rapid population differentiation
i; a mosaic environment. III. Measures of selection pressures.

Heredity 36: 59-66.



272

DAVIS, B.N.; BARTLETT, K.R.; SCOTT, J.D.J.; BRYANT, A.M.; COOK, M,A.S.
19?9: An examination of managerial practices on a high producing
dairy farm in relation to experimental results. Proceedings of
the New Zealand Society of Animal Production 39: 154-163.

DILZ, K. 1966: The effect of nitrogen nutrition and clipping

frequencx on regrowth of perennial ryegrass. Proceedings of X
International Grassland Congres, Helsinki. p. 160-164,

DIXON, G.M.; DAVISON, R.H. 1976: Factors affecting the establishment
of ryegrass seedlings in soldier fly-infested land. Proceedings
of the New Zealand Grassland Association 37 (Part 1): 143-151,

DOAK, B,N. 1954: The presence of root-inhibiting substances in cow
urine and the cause of urine burn. Journal of agricultural
science, Cambridge 44: 133-139,

DONALD, C.M. 1941: Pastures and pasture research. University of
Sydney.

DONALD, C.M. 1946: Competition between pasture species, with
reference to the hypothesis of harmful root interactions.
Journal of the Council for scientific and industrial research.
Australia 19: 32-37,

DONALD, C.M. 1956: Competition among pasture plants. Proceedings of
VII International Grassland Congress, Palmerston North.
p. 80-91.

DONALD, C.M. 1958: The interaction of competition for light and
nutrients. Australian journal of agricultural research 9:
421-435,

DONALD, C.M, 1961: Competition for light in crops and pastures. In:
Milthorpe, F.L. ed., Mechanisms in biological competition.
Symposia of the Society for Experimental Biology No. 15.
London, Cambridge University Press: p. 282-313.

DONALD, C.M, 1963: Competition among crop and pasture plants.
Advances in agronomy 15: 1-118.

DONALD, C.M.; BLACK, J.N. 1958: The significance of leaf area in
pasture growth. Herbage abstracts 28: 1-6.

DORRINGTON WILLIAMS, R. 1970: Tillering in grasses cut for
conservation, with special reference to perennial ryegrass.
Herbage abstracts 40: 383-388.

DOSS, B.D.; ASHLEY, D.A.; BENNETT, O.L. 1960: Effect of soil
moisture regime on root distribution of warm season forage
species. Agromomy journal 52: 569-572.

DOWNTON, W.J.S. 1971: Adaptive and evolutionary aspects of Cq
photosynthesis. In: Hatch, M.D.; Osmond, C.B. and Slatyer, R.O.
eds., Photosynthesis and photorespiration. New York,
Wiley-Interscience. p. 3-17.



DUDER, R, 1978: Breeding for better ryegrass. New Zealand Journal
of agriculture 136: 37-42,

EAGLES, C.F. 1972: Competition for light and nutrients between

natural populations of Dactylis glomerata. Journal of applied
ecology 9: 141-151,

EAST, R.; POTTINGER, R.P., 1983: Use of grazing animals to control
insect pests of pasture. WNew Zealand entomologist 7: 352-359,

EDMOND, D.B. 1966: The influence of animal treading on pasture
growth. Proceedings X International Grassland Congress,
Helsinki. p. 453-458,

EDMOND, D.B. 1970: Effects of treading on pastures, using different
animals and soils. Proceedings of XI International Grassland
Congress, Surfers Paradise. p. 604-608,

EL HASSAN, B.; KRUEGER, W.C. 1980: Impact of intensity and season of
grazing on carbohydrate reserves in perennial ryegrass. Journal
of range management 33: 200-203,

ENNIK, G.C.; GILLET, M.; SIMBA, L. 1980: Effect of high nitrogen
supply on sward deterioration and root mass. Proceedings of
International Symposium of the European Grassland Federation,
Wageningin. p. 67-76,

ETHERINGTON, J.R. 1975: Environment and plant ecology. London and
New York, John Wiley & Sons. p. 278-308.

EVANS, E.M,; SMITH, L.A.; GRIMES, H.W. 1959: Nitrogen for dallisgrass
pastures in the Black Belt. Agricultural Experimental Station,
Alabama Polytechnic Institute, 8 pp.

EVANS, L.T. 1964: Reproduction. In: Barnard, C. ed., Grasses and
Grasslands. London, Melbourne, MacMillan & Co. p. 126-153,

EVANS, L.T. 1971: Evolutionary, adaptive, and environmental aspects
of the photosynthetic pathway: Assessment. In: Hatch, M.D.;
Osmond, C.B.; and Slatyer, R.0. eds., Photosynthesis and
photorespiration. New York, Wiley-Interscience. p. 130-136.

EVANS, M.W.; ELY, J.E. 1935: The rhizomes of certain species of
grasses. Jourmal of the American Society of Agronomy 27:
791-797.

EVANS, P.S. 1971: Root growth of Loliwn peremne L. Il. Effects
of defoliation and shading. New Zealand journal of agricultural

pegearch 14: 552-562.

EVANS, P.S. 1972: Root growth of Lolium pereﬁne.L. .III.
Investigation of the mechanisms of defo]1at1on-1nduced.
suppression of elongation. New Zealand journal of agricultural

pegsearch 15: 347-355,

273



274

EVANS, P.S. 1978: Plant and root distribution and water use patterns

of some pasture and crop species. New Zealand journal of
agricultural research 21: 261-265,

FIELD,.R.J. 1979: The implications of allelopathy in conservation
tillage. Proceedings of Conservation Tillage Technical Seminar.
Monsanto Agricultural Products Company. Christchurch,

New Zealand. Session 7.

FIELD, T.R.O:; BALL, R. 1978: Tactical use of fertilizer nitrogen.
Proceedings of the Agronomy Society of New Zealand &: 129-133.

FORDE, B.J.; SLACK, C.R.; ROUGHAN, P.G.; HASLEMORE, R.M.; McLEOD, M.N
1976: Growth of tropical and temperate grasses at Palmerston
North. II. Total nitrogen, soluble sugar, starch, and in vitro
digestibility determinations. W#New Zealand journal of
agricultural research 19: 489-498,

FORDE,B.J.; MITCHELL, K.J.; EDGE, E.A., 1977: Effect of temperature,
vapour-pressure deficit and irradiance on transpiration rates
of maize, paspalum, westerwolds and perennial ryegrasses, peas,

white clover and lucerne. Australian journal of plant physiology
4: 889-899.

FRAME, J. 1966: The evaluation of herbage production under cutting
and grazing regimes. Proceedings of X Internatiomal Grassland
Congress, Helsinki. p. 291-297.

FRAME, J. 1971: Fundamentals of grassland management. Part 10: The
grazing animal. Scottish agriculture 50: 28-44,

FRAME, J.; HUNT, I.V, 1971: The effects of cutting and grazing
systems on herbage production from grass swards. Journal of
the British Grassland Society 26: 163-171.

FRANKEL, O.H. 1954: Invasion and evolution of plants in Australia
and New Zealand. Caryologia 6, suppl., 600-619,

GARB, S. 1961: Differential growth-inhibitors produced by plants.
Botanical review 27: 422-443,

GARWOOD, E.A. 1967: Seasonal variation in appearance and growth of
grass roots. Journal of the British Grassland Society 22:
121-130.

GARWOOD, E.A, 1969: Seasonal tiller populations of grass and grgss/
clover swards with and without irrigation. Journal of British
Grassland Society 24: 333-344,

GARWOOD, E.A.; SINCLAIR, J. 1979: Use of water by six grass species.
2. Root distribution and use of soil water. Journal of
agricultural science, Cambridge 93: 25-35,

GARWOOD, E.A.; SALETTE, J.; LEMAIRE, G. 1980: The influence of water
supply to grass on the response to ferti]isgr nitrogen qnd
nitrogen recovery. Proceedings of Internqttonal Symposium of
the European Grassland Federation, Wageningen. p. 59-65.



275

GEHRKE, C.W.; WALL, L,L.Sr.; ABSHEER, J.S. 1972: Preliminary report on

the Gehrge-Wall automated nitrogen methods for feeds. Technicon
International Congress 7: 25-32.

GERARD, P.J.; PARR, A.M, 1977: The effect of pasture species on

soldier fly larvae. Proceedings of the New Zealand Weed and
Pest Control Conference 30: 198-201.

GIFFORD, R.M. 1971: The light response of CO2 exchange: On the
source of differences between C3 and C4 species. In:
Hatch, M.D.; Osmond, C.B. and Slatyer, R.0. eds. Photosynthesis
and photorespiration. New York, Wiley-Interscience. p. 51-56.

GILLARD, P. 1969: The effect of stocking rate on botanical

composition and soils in natural grassland in South Africa.
Journal of applied ecology 6: 489-497,

GILLARD, P,; ELBERSE, W.Th. 1982, The effect of nitrogen and
phosphorus supply on the competition between Cenchrus biflorus

and Alysicarpus ovalifolius. Netherlands journal of agricultural
scitence 30: 161-171,

GOOLD, G.J. 1979: Effect of nitrogen and cutting interval on
production of grass species in Northland, New Zealand.
New Zealand journal of experimental agriculture 7: 353-359,

GRANT, E.A.; SALLANS, W.G, 1964: Influence of plant extracts on
germination and growth of eight forage species. Journal of the
British Grassland Society 19: 191-197,

GRIFFITHS DAVIES, J.; HUTTON, E.M, 1970: Tropical and sub-tropical
pasture species. In: Moore, R.M. ed., Australian grasslands.
Canberra, Australian National University Press. p. 273-302,

GRIME, J.P. 1979: Plant strategies and vegetation processes.
Chichester, John Wiley & Sons.

HABESHAW, D. 1980: Indigenous growth and germination inhibitors
and their role in grass survival and pasture management.
Grass and forage science 35: 63-72,

HACKER, J.B.; FORDE, B.J.; GOW, J.M., 1974: Simulated frosting of
tropical grasses. Australian journal of agricultural research
25: 45-57,

HAGGAR, R.J. 1971: The significance and control of Poa trivialis in
ryegrass pastures. Journal of the British Grassland Society 26:
117-121.

HAGGAR, R.J. 1978: Herbicides and Tow-cost grassland establishment,
with special reference to clean seedbeds and one-pass seeding.
In: Baker, M. ed., Proceedings of International Conference on
Energy Comservation in Crop Production, Massey University.
p. 31-38.



276

HAGGAR, R,J.; SQQIRES, N.R.W. 1979: The scientific manipulation of
sward constituents in grassland by herbicides and one-pass
seeding. In: Charles, A.H. and Haggar, R.J. ed., Changes in

sward composition and productivity. Occasional symposium No. 10,
British Grassland Society: p. 223-234,

HAGGAR, R.J.; SQUIRES, N.R.W. 1982: Slot-seeding investigations. 1.
Effects of level of nitrogen fertilizer and row spacing on
establishment, herbage growth and quality of perennial ryegrass.
Grass and forage science 37: 107-113,

HALL, R.L. 1974a: Analysis of the nature of interference between
plants of different species. I. Concepts and extension of the
de Wit analysis to examine effects. Australian journal of
agricultural research 25: 739-747,

HALL, R.L. 1974b: Analysis of the nature of interference between
plants of different species. II. Nutrient relations in
a Nandi Setaria and Greenleaf Desmodiwm association with
particular reference to potassium. Australian journal of
agricultural research 25: 749-756,

HALL, R.L. 1978: The analysis and significance of competitive and
non-competitive interference between species. In: Wilson, J.R,
ed., Plant relations in pastures. Proceedings of a Symposium
held in Brisbane, 1976, East Melbourne, C.S.I.R.0. p. 163-174,

HAMBLYN, J. 1937: Paspalum as a pasture-grass. Proceedings of the
New Zealand Grassland Association 5: 59-66.

HARPER, J.L. 1961: Approaches to the study of plant competition. In:
Milthorpe, F.L. ed., Mechanisms in biological competition.
Symposia of the Society for Experimental Biology No. 15.

London, Cambridge University Press: p. 1-39.

HARPER, J.L. 1964: The individual in the population. Journal of
ecology 52: 149-158,

HARPER, J.L. 1967: A Darwinian approach to plant ecology. Journal
of ecology 55: 247-270.

HARPER, J.L. 1977: Population biology of plants. London and New
York, Academic Press.

HARRIS, A.J.; BROWN, K.R. 1971: Some effects of winter grazing
management on winter and subsequent spring productivity of a
ryegrass-white clover pasture. Proceedings of the New Zealand

Grassland Association 32: 191-197,

HARRIS, A.J.; BROWN, K.R.; TURNER, J.D.; JOHNSTON, J.M.; RYAN, P.L.;
HICKEY, M.J. 1973: Some factors affectiqg pasture growth in
Southland. New Zealand journal of experimental agriculture 1:

139-163.

: iti i d plant tiller
HARRIS, W. 1970: Competition effects on ¥1eld an .
density in mixtures of ryegrass cultivars. Proceedings of the

New Zealand Ecological Society 17: 10-17.



277

HARRIS, W, 19713 The effects of density, cutting height and white
clover (Trifolium repens L.) on the structure of a ryegrass

(Lolium spp.) population. Journal of agricultural science,
Cambridge 77: 385-395,

HARRIS, W. 1973: Ryegrass genotype-environment interactions in
response to density, cutting height, and competition with white

gggvggé New Zealand journal of agricultural research 16:

HARRIS, W. 1978: Defoliation as a determinant of the growth,
persistence and composition of pasture. In: Wilson, J.R. ed.,
Plant relations in pastures. Proceedings of a Symposium held
in Brisbane, 1976. East Melbourne, C.S.I.R.0. p. 67-85,

HARRIS, W.; BROUGHAM, R.W. 1970: The effect of grazing on the
persistence of genotypes in a ryegrass population. New Zealand
Journal of agricultural research 13: 263-278.,

HARRIS, W.; LAZENBY, A. 1974: Competitive interaction of grasses
with contrasting temperature responses and water stress

tolerances. Australian journal of agricultural research 25:
227-246.

HARRIS, W.; THOMAS, V.J. 1970: Competition among pasture plants. 1I.
Effects of frequency and height of cutting on competition between
ryegrass cultivars. New Zealand journal of agricultural
research 13: 833-861.

HARRIS, W.; THOMAS, V.J. 1972: Competition among pasture plants. II.
Effects of frequency and height of cutting on competition between
Agrostis tenuis and two ryegrass cultivars. New Zealand journal
of agricultural research 15: 19-32,

HARRIS, W.; THOMAS, V.J. 1973: Competition among pasture plants.
I11I. Effects of frequency and height of cutting on competition
between white clover and two ryegrass cultivars. New Zealand
journal of agricultural research 16: 49-58.

HARRIS, W.; PANDEY, K.K.; GRAY, Y.S.; COUCHMAN, P.K, 1979:
Observations on the spread of perennial ryegrass by stolons in
a lawn. New Zealand jourmal of agricultural research 22:

61-68.

HARRIS, W.; FORDE, B.d.; HARDACRE, A.K. 1981a§ 'Temgerature.and
cutting effects on the growth and competitive !nteragt1on of
ryegrass and paspalum. I. Dry matter productlon, tiller
numbers, and light interception. New Zealand journal of
agricultural research 24: 299-307.

> 5 : Temperature and
HARRIS, W.; FORDE, B.J.; HARDACRE, A.K. 1981b. . : .
catting effects on the growth and competitive 1ntgr§ct1on of
ryegrass and paspalum. II. Interspecific competition.
New Zealand journal of agricultural pesearch 24: 309-320,



278

HASLEMOR@, R.M.; WARRINGTON, I.J.; ROUGHAN, P.G. 1980: Influence of
drying method and post-harvest conditions on total nitrogen,
soluble sugar, and starch levels in plant tissue. New Zealand
Jjournal of agricultural research 23: 355-359,

HATCH, M.D,; SLACK, C.R. 1970: Photosynthetic COp-fixation pathways.
Annual review of plant phsiology 21: 115-141,

HAYES? P. 1971: Stoloniferous perennial ryegrass (Loliwm perenne)
in Northern Ireland paddocks. Record of agricultural research
Ministry of Agriculture Northern Ireland 19: 63-64,

HAYES, P. 1975: The influence of seed weight on seedling growth in
perennial ryegrass, tall fescue and yorkshire fog. Record of

agricultural research Ministry of Agriculture Northern Ireland
23: 33-43,

HAYNES, R.J. 1980: Competitive aspects of the grass-legume
association. Advances in agronomy 33: 227-261.

HEBBLETHWAITE, P.D., 1977: Irrigation and nitrogen studies in $23
ryegrass grown for seeds 1. Growth, development and yijeld.
Journal of agricultural science, Cambridge 88: 605-614,

HEBBLETHWAITE, P.D,; IVINS, J.,D. 1977: Nitrogen studies in Lolium
perenne grown for seed. 1. Level of application. Journal of
the British Grassland Soctiety 32: 195-204,

HEBBLETHWAITE, P.D.; IVINS, J.D. 1978: Nitrogen studies in Lolium
perenne grown for seed. II. Timing of nitrogen application.
Journal of the British Grassland Society 33: 159-166.

HEBBLETHWAITE, P.D.; McGOWAN, M, 1977: Irrigation and nitrogen
studies in S23 ryegrass grown for seed. 2. Crop transpiration
and soil-water status. Journal of agricultural science,
Cambridge 88: 615-624,

HEDRICK, D.W. 1958: Proper utilization - a problem in evaluating
the physiological response of plants to grazing use: A review.
Journal of range management 11: 34-43,

HILL, J.; SHIMAMOTO, Y. 1973: Methods of analysing competition with
special reference to herbage plants. I. Establishment.
Journal agricultural science, Cambridge 81: 77-89,

HODGSON, J. 1973: The effect of the grazing animal on herbage
quality and utilisation. Vaxtodling 28: 74-80.

HODGSON, J. 1979: Nomenclature and definitions in grazing studies.
Grass and forage science 34: 11-18.

HODGSON, J.; BIRCHAM, J.S.; GRANT, S.A.; KING, J., 1981: In:
Wright, C.E. ed., Plant physiology and herbage proquct1on.
Oceasional symposium No. 13, British Grassland Society:

p. 51"620



279

HOEN, K. 1968: The effect of plant size and developmental stage on

summer survival of some perennial grasses. Australian journal
of experimental agriculture and animal husbandry 8: 190-196,

HOPEWELL, H.G, 1958: Sprinkler irrigation of pastures in the

North Island. New Zealand journal of agriculture 96:
106-110,

HOPEWELL, H.G, 1960: Spray irrigation. New Zealand journal of
agriculture 100: 177,

HOPKINS, A.; GREEN, J.0. 1979: The effect of soil fertility and
drainage on sward changes. In: Charles, A.H. and Haggar, R.J.
ed., Changes in sward composition and productivity.

Occaigional symposium No. 10, British Grassland Society:
p. 115-129,

HOVELAND, C.S. 1964: Germination and seedling vigour of clovers as
affected by grass root extracts. Crop science 4: 211-213,

HSIAO, T.C. 1973: Plant responses to water stress. Annual review
of plant physiology 24: 519-570,

HUGHES, R.; JACKSON, D.,K. 1974: Impact of grazing management on

sward survival. Journal of the British Grassland Society 29:
76.

HUMPHREYS, L.R.; ROBINSON, A.R. 1966: Interrelations of leaf area
and non-structural carbohydrate status as determinants of the
growth of sub-tropical grasses. Proceedings of X International
Grassland Congress, Helsinki. p. 113-116.

HUNT, W.F. 1971: Leaf death and decomposition during pasture

regrowth. New Zealand journal of agricultural research 14:
208-218.

HUNT, W.F. 1979: Effects of treading and defoliation height on the
growth of Paspalum dilatatum Poir. New Zealand journal of
agricultural research 22: 69-75,

HUNT, W.F.; FIELD, T.R.0. 1979: Growth characteristics of perennial
ryegrass. Proceedings of New Zealand Grassland Association 40:
104-113,

HUNT, W.F.; HALLIGAN, G. 198l: Growth and development responses of
perennial ryegrass grown at constant temperature. I. Influence
of light and temperature on growth and net assimilation.
Australian jourmal of plant physiology 8: 181-190.

HUNT, W.F.; GAYNOR, D.L. 1982: Argentine stem weevil effects on Nui
and Ruanui ryegrasses grown with two levels of nitrogen/water
nutrition. New Zealand journmal of agricultural research 25:
593-599,

HUOKUNA, E. 1966: Tillering in meadow-fescue swqrdg. Proceedings
of X Intermational Grassland Congress, Helsinki. p. 129-134,



280

HUTTON, q.B. 197?: Developments in nutrition and management, and
their rg]atlon to the future of the New Zealand dairy industry.
Proceedings of the Ruakura farmers' conference: 220-232.

HUTTON, J.B. 1978: Dairy cattle management. Irrigation potential in
South Auckland. Proceedings of the Ruakura farmers' conference.
Information Services, Aglink FPP167. MAF, Wellington.

ISHIDA, R. 1975: Vegetational structure of sown grassland. V.
Changes of the number of tillers per unit area and relation
between number of tillers and yields in some grass species.
Journal of Japanese grassland science 21: 47-51,

JACQUES, W.A. 1937: The effect of different rates of defoliation on
the root development of certain grasses. New Zealand journal
of science and technology 194: 441-450.

JACQUES, W.A. 1941: Root-development in some common New Zealand
pasture plants. I. Perennial ryegrass (Loliwm perenne).
New Zealand journal of science and technology 22A: 238-247.

JACQUES, W.A.; EDMOND, D.B., 1952: Root development of some common
New Zealand pasture plants. 5. The effect of defoliation and
root pruning on cocksfoot (Dactylis glomerata) and perennial
ryegrass (Lolium perenne). New Zealand journal of science and
technology 344: 231-248,

JAMESON, D.A. 1963: Responses of individual plants to harvesting.
Botanical review 29: 532-594,

JEWISS, 0.R. 1972: Tillering in grasses - its significance and
control. dJournal of the British Grassland Society 27: 65-82,

JONES, R.M, 1969: Mortality of some tropical grasses and legumes
following frosting in the first winter after sowing. Tropical
grasslands 3: 57-63.

JONES, R.J.; GRIFFITHS DAVIES, J.; WAITE, R.B. 1969: The competitive
ability of some sub-tropical pasture species sown alone and in
mixtures under intermittent grazing at Sanford, south-eastern
Queensland. Australian journal of experimental agriculture and
animal husbandry 9: 181-191,

KAIN, W.M.; WYETH, T.K.; GAYNOR, D.L.; SLAY, M.W. 1982: Argentine
stem weevil (Hyperodes bonariensis Kuschel) resistance in
perennial and hybrid ryegrasses. I. Field resistance in
perennial ryegrass (Lolium perenne L.). New Zealand journal of
agricultural research 25: 255-259,

KARLOVSKY, J. 1959: Place of paspalum in Waikato pastures.
New Zealand jourmal of agriculture 98: 574,

KAMPHAKE, L.J.; HANNAH, S.A.; COHEN, J.M. 1967: Automated analysis
for nitrate by hydrazine reduction. Water regearch 1: 205-216,

KAYS, S.; HARPER, J.L. 1974: The regulation of plant and tiller
density in a grass sward. Journal of ecology 62: 97-105.



281

KERSHAW, K.A. 1964: Quantitative and dynamic ecology. London,
Edward Arnold.

KING, J. 1971: Competition between established and newly sown
gg?sgzgpecies. Journal of the British Grassland Society 26:

KING, P.D.; MEEKINGS, J.S.; MERCER, C.F., 1982: Effects of
whitefringed weevil (Graphognathus leucoloma) and black beetle
(Heteronychus arator) populations on pasture species.

New Zealand journal of agricultural research 25: 405-414,

KIRA, T.; OGAWA, H.; SAKAZAKI, N. 1953: Intraspecific competition
among higher plants. I. Competition-yield-density inter-
relationships in regularly dispersed populations. Journal of
the Institute of Polytechnics, Osaka City University 4D: 1-16.

KIRK, T. 1895: On the products of a ballast-heap. Transactions and
Proceedings of the New Zealand Institute 28: 501-507.,

KORTE, C.J.; CHU, A.C.P. 1983: Some effects of drought on perennial
ryegrass swards. Proceedings of the New Zealand Grassland
Assoctiation 44: 211-216,

KOYAMA, H.; KIRA, T, 1956: Intraspecific competition among higher
plants. VIII. Frequency distribution of individual plant weight
as affected by the interactions between plants. Journal of the
Institute of Polytechnics, Osaka City University 7D: 73-94,

KUNELIUS, H.T.; HARRIS, W.; HENDERSON, J.D,; BAKER, C.J. 1982:
Comparison of tillage methods on red clover and ryegrass
establishment and production under grazing in the establishment
year. New Zealand journal of experimental agriculture 10:

253-263.

KYDD, D.D. 1966: The effect of intensive sheep stocking over a five-
year period on the development and production of the sward. I.
Sward structure and botanical composition. Journal of the
British Grassland Society 21: 284-288,

LAIDLAW, A.S. 1980: The effects of nitrogen fertilizer applied in
spring on swards of ryegrass sown with four cultivars of white
clover. Grass and forage science 35: 295-299.

LAMBERT, J.P. 1968: Pasture species for Northland. Proceedings of
the New Zealand Grassland Association 29: 18-817.

LANCASHIRE, J.A. 1978: Improved species and seasonal pasture
production. Proceedings of the Agronomy Society of New Zealand

8: 123-127.

: i i i he
SHIRE, J.A. 1982: Plant growth in dairy pastures during t'
LANCAwinter. In: Macmillan, K.L. and Taufa, V.K. ed., Proceedings

of the Conference on Dairy Production from Pasture, Hamilton.
p. 347-358.



LANCASHIRE, J.A.; LATCH, G.C.M, 1969: Crown rust and pasture

production. Proceedings of the New Zealand Grassland Association
30: 127-136.

LANCASHIRE, J.A.; HARRIS, A.J. 1978: Evaluation of new herbage

cultivars. Proceedings of the New Zealand Grassland Association
39: 108-120,

LANCASHIRE, J.A.; HARRIS, A.J.; ARMSTRONG, C.S.; RYAN, D.L, 1979:
Perennial ryegrass cultivars. Proceedings of the New Zealand
Grassland Association 40: 114-124,

LANGER, R.H.M. 1963: Tillering in herbage grasses. Herbage abstracts
33: 141-148,

LANGER, R.H.M. 1972: How grasses grow. London, Edward Arnold.

LANGER, R.H.M. 1973: Grass species and strains. In: Langer, R.H.M.
ed., Pastures and pasture plants. Wellington, A.H. and A.W. Reed.
p. 65-83,

LANGER, R.H.M.; RYLE, S.M,; JEWISS, O.R. 1964: The changing plant
and tiller populations of timothy and meadow-fescue swards.
Journal of applied ecology 1: 197-208.

LATCH, G.C.M. 1980a: Importance of diseases in herbage seed
production. In: Lancashire, J.A. ed., Herbage seed production.
Grassland Research and Practice Series No. 1, New Zealand
Grassland Association: p. 36-40.

LATCH, G.C.M. 1980b: Effects of barley yellow dwarf virus on
simulated swards of Nui perennial ryegrass. New Zealand journal
of agricultural research 23: 373-378.

LEAFE, E.L.; STILES, W.; DICKINSON, S.E. 1974: Physiological
processes influencing the pattern of productivity of the
jntensively managed grass sward. Proceedings of XII
International Grassland Congress, Moscow. p. 442-457,

LEDGARD, S.F.; STEELE, K.W.; SAUNDERS, W.H.M. 1982: Effects of cow
urine and its major constituents on pasture properties.
New Zealand jourmal of agricultural research 25: 61-68,

LEVY, E.B.; DAVIES, W. 1929: Strain investigations relative to
grasses and clovers. New Zealand journal of agriculture

39: 1-8.

LEVY, E.B.; DAVIES, W. 1930: Perennial ryegrass strain investigation.
New Zealand jourmal of agriculture 40: 363-385.

LOVVORN, R.L. 1944: The effects of fertilization, sQecies .
competition and cutting treatments on the behavior of dallis
grass, Paspalum dilatatum Poir., and carpet grass, Axonopus
affinis Chase. Journal of the American Society of Agronomy

36: 590-600.

282



283

LOVVORN, R.L. 1945: The effect of defoliation, soil fertility,
temperature, and length of day on the growth of some perennial

g;gsgg;. Journal of the American Society of Agronomy 37:

LUCANUS, R.; MITCHELL, K.J.; PRITCHARD, G.G.; CALDER, D.M., 1960:
Factors influencing survival of strains of ryegrass during the

iggm§g§ New Zealand journal of agricultural research 3:

LUSH, W.M.; EVANS, L.T. 1974: Translocation of photosynthetic
assimilate from grass leaves, as influenced by environment and
species. Australian journal of plant physiology 1: 417-431,

LUXMOORE, ReJ.; MILLINGTON, R.J. 1971: Growth of perennial
ryegrass (Lolium peremne L.) in relation to water, nitrogen,
and light intensity. I. Effects on leaf growth and dry
weight. Plant and soil 34: 269-281,

LYNCH, P.B. 1953: Pasture production at Dargaville demonstration
farm. Proceedings of the New Zealand Grassland Association 15:
134-140.

MACFARLANE, M.J.; SCOTT, D.; JARVIS, P, 1982a: Allelopathic effects
of white clover. 1. Germination and chemical bioassay.
New Zealand jourmal of agricultural research 25: 503-510,

MACFARLANE, M.,J.; SCOTT, D.; JARVIS, P, 1982b: Allelopathic effects
of white clover. 2. Field investigations in tussock grasslands.
New Zealand journmal of agricultural research 25: 511-518,

MACDIARMID, B.N.; WATKIN, B.R. 1971: The cattle dung patch. Part 1.
Journal of British Grassland Society 26: 239-245,

MACKENZIE, G.,H.; DALY, M, 1982: Nitrogen use on perennial ryegrass-
white clover swards. Grass and forage science 37: 181-183.

MACLUSKY, D.S. 1960: Some estimates of the areas of pasture fouled by
the excreta of dairy cows. Journal of the British Grassland

Soeiety 15: 181-188,

MACRAE, J.C.; ARMSTRONG, D.G. 1968: Enzyme method for determination
of X-1linked glucose polymers in biological materials. Journal
of the science of food and agriculture 19: 578-581,

MARSH, R.; CAMPLING, R.C. 1970: Fouling of pastures by dung.
Herbage abstracts 40: 123-130.

MARSHALL, C.; SAGAR, G.R. 1965: The influence of defoliation on the
distribution of assimilates in Lolium multiflorum Lam. Annals

of botany 29: 365-370.

: i i into paspalum

ARTIN, M. 1979: Introduction of perennial ryegrass in

" dominant pastures. Research report of the Dairy Research
Institute, Ellenbank and the Animal and Irrigated Pastures

Research Institute, Kyabram. p. 84-86.



284

MAY, L.H. 1960: The utilization of carbohydrate reserves in pasture
plants after defoliation. Herbage abstracts 30: 239-245,

MAY, L.H.; DAVIDSON, J.L. 1958: The role of carbohydrate reserves
in regeneration of plants. I. Carbohydrate changes in
subterranean clover following defoliation. Australian journal of
agricultural research 9: 1767-777.,

MCALLISTER, J.S.V.; ADAMS, S,N.; CORNFORTH, I.S. 1971: Damage to
grass swards and its association with soil nutrient status.
Record of agricultural research Ministry of Agriculture Northern
Ireland 19: 59,

McANENEY, K.J,.; JUDD, M,J. 1983: Pasture production and water use
measurements in the central Waikato. WNew Zealand journal of
agricultural research 26: T7-13.

MCANENEY, K.J.; KERR, J.P. 1984: Environmental inputs into agronomic
research - guidelines. Agricultural Research Division, MAF.
Wellington.

McANENEY, K.J.; JUDD, M.,J.; WEEDA, W.C. 1982: Loss in monthly
pasture production resulting from dryland conditions in the
Waikato. WNew Zealand journal of agricultural research 25:
151-156.

McNAUGHT, K.J. 1970: Diagnosis of mineral deficiencies in grass-
legume pastures by plant analysis. Proceedings of XI
International Grassland Congress, Surfers Paradise. p. 334-338.

McWILLIAM, J.R. 1968: The nature of the perennial response in
Mediterranean grasses. II. Senescence, summer dormancy and
survival in Phalaris. Australian journal of agricultural
research 19: 397-409.

McWILLIAM, J.R. 1978: Responses of pasture plants to temperature.
In: Wilson, J.R. ed., Plant relations in pastures. Proceedings
of a Symposium held in Brisbane, 1976. East Melbourne,
C.S.I.R.0., p. 17-34,

MENKE, J.W.; TRLICA, M.J. 1981: Carbohydrate reserve, phenology,
and growth cycles of nine Colorado range species. Journal of
range management 34: 269-277.

MIDDLETON, K.R.; SMITH, G.S. 1978: The concept of a climax in
relation to the fertiliser input of a pastoral ecosystem.
Plant and soil 50: 595-614,

MILLER, G.D. 1973: Successful undersowing at Waimate West.
In: Drummond, D.C.; Rolston, S.J.; Wilson, G.F. eds.,
Dairyfarming annual, Massey University. p. 30-33.

MILTHORPE, F.L. 1961: The nature and analysis of competition between

i i : i F.lo ed.
lants of different species. In: Milthorpe, F. . ]
aechanisms in biological competition. Symposia of the Society fbr
Exzperimental Biology No. 15. London, Cambridge University Press:

p. 330-355.



MINDERHOUD, J.w. 1978: Pseudostolons and aerial tillers:
Morphological phenomena of Lolium peremne L. Proceedings of

the 7th Gen. Meeting European Grassland Federation. Gent.
p. 10,31-10,39,

MINDERHOUD, J.W. 1980a: Tillering and persistence in perennial

ryegrass. Proceedings of 3rd Intermational Turfgrass
Research Conference, 1977. Munich. p. 97-107.

MINDERHOUD, J.W. 1980b: Triebformen bei Lolium perenne L. Rasen-
Turf-Gazon(2) 1980. p. 35-41, (Translated into English by
G. Breier.)

MINDERHOUD, J.W.; van BURG, P.F.J.; DEINUM, B.; DIRVEN, J.G.P,;
‘tHART, M.L. 1974: Effects of high levels of nitrogen
fertilization and adequate utilization on grassland productivity
and cattle performance, with special reference to permanent
pastures in temperate regions. Proceedings of XII Internmational
Grassland Congress, Moscow. p. 99-121,

MITCHELL, K.J. 1953a: Influence of light and temperature on the
growth of ryegrass (Lolium spp.). l. Pattern of vegetative
development. Physiologia plantarum 6: 21-46.

MITCHELL, K.J. 1953b: Influence of light and temperature on the
growth of ryegrass (Lolium spp.). Il. The control of lateral
bud development. Physiologia plantarum 6: 425-443,

MITCHELL, K.J. 1955: Growth of pasture species. Il. Perennial
ryegrass (Lolium peremne), cocksfoot (Dactylis glomerata) and
paspalum (Paspalum dilatatum). New Zealand journal of science
and technology 37A: 8-26.

MITCHELL, K.J. 1956: Growth of pasture species under controlled
environment. I. Growth at various levels of constant
temperature. New Zealand journal of science and technology
384: 203-216.

MITCHELL, K.J.; COLES, S.T.J. 1955: Effects of defoliation and
shading on short-rotation ryegrass. New Zealand journal of
science and technology 36A: 486-604,

MITCHELL, K.J.; CALDER, D,M, 1958: The light regime within pastures.
New Zealand jourmal of agricultural research 1: 61-68.

MITCHELL, K.J.; GLENDAY, A.C. 1958: The tiller population of
pastures. New Zealand journal of agricultural research 3:
305-318.

MITCHELL, K.J.; LUCANUS, R, 1960: Growth of pasture species in
controlled environment. II. Growth at low temperatures.
New Zealand jourmal of agricultural research 3: 647-655,

MONSI, M.; SAEKI, T, 1953: The Tlight factor in plant commuqities
and its significance in biomass production. Japanese journal

of botany 14: 22-52.

285



286

MOORE, R.M.; BIDDISCOMBE, E.F. 1964: The effects of grazing on
grasslands. In: Barnard, C. ed., Grasses and grasslands.
London and Melbourne, Macmillan & Co. p. 221-235,

MOTTERSHEAD, B.E. 1971: Estimation of sulphur in biological materials

using the Technicon Autoanalyser. Laboratory practice 20:
483-491,

MOUAT, M.C.H.; WALKER, T.W. 1959: Competition for nutrients between
grasses and white clover. II. Effect of root cation-exchange
capacity and rate of emergence on associated species. Plant and
soil 11: 41-52,

MULLEN, G.,J.; JELLEY, R.M.; McALLESE, DM, 1974: Effects of animal
treading on soil properties and pasture production. Irish
Journal of agricultural research 13: 171-180,

MYERS, H.E.; ANDERSON, K.L. 1942: Bromegrass toxicity vs. nitrogen
starvation. Journal of the American Society of Agronomy 34:
770-773.

NAYLOR, R.E.L. 1980: Effects of seed size and emergence time on
subsequent growth of perennial ryegrass. New phytologist 84:
313-318,

NELDER, J.A.; WEDDERBURN, R.M.W. 1972: Generalised linear models.
Journal of the Royal Statistical Society 1354: 370-384,

NELSON, C.J.; ZARROUGH, K.M, 1981: Tiller density and tiller weight
as yield determinants of vegetative swards. In: Wright, C.E.
ed., Plant physiology and herbage production. Occasional
symposium No. 13, British Grassland Society: p. 25-29.

NEWBOULD, P.J. 1968: Methods of estimating root production. In:
Eckardt, F.E. ed., Functioning of terrestrial ecosystems at the
primary production level. Copenhagen, U.N.E.S.C.0. p. 187-190,

NEWMAN, E.I.; ROVIRA, A.D. 1975: Allelopathy among some British
grassland species. Journal of ecology 63: 727-737.

NG, T.T.; WILSON, J.R.; LUDLOW, MM, 1975: Influence of water sgress
on water relations and growth of a tropical (Cq) grass, Pan?cum
maxzimum var. trichoglume. Australian journal of plant physiology
2: 581-595,

NOBLE, A.; LOWE, K.F. 1974: Alcohol-soluble carbohydrates.in
various tropical and temperate pasture species. Tropical
grasslands 8: 179-187.

NORMAN, M.J.T. 1960: The relationship between goqpetition and
defoliation in pasture. Journal of the British Grassland

Society 15: 145-149.

: i from
ORRIS, 1.B.; THOMAS, H. 1982a: Recoveny.of nyegrass.spec1e§
" drought. Journal of agricultural sctience, Cambridge 98:

623-628.



287

NORRIS, I.B.; THOMAS, He 1982b: The effects of cutting on regrowth
of perennial ryegrass selections exposed to drought conditions.
Journal of agricultural science, Cambridge 99: 547-553,

O ‘CONNOR, M.B. 1982: Nitrogen fertilisers for the production of
out-of-season grass. In: Lynch, P.B. ed., Nitrogen fertilisers
in New Zealand agriculture. Wellington, New Zealand Institute
of Agricultural Science. p. 65-76,

ONG, C.K.; MARSHALL, C.; SAGAR, G.R. 1978: The physiology of tiller
death in grasses. 2. Causes of tiller death in a grass sward.
Journal of the British Grassland Society 33: 205-211,

OVERLAND, L. 1966: The role of allelopathic substances in the
‘smother crop' barley. American journmal of botany 53: 423-432,

OWEN, M.J. 1977: Growth, establishment and response to water of
paspalum and ryegrass. M.Sc. thesis, University of Waikato.
124 pp.

PATRICK, Z.A. 1971: Phytotoxic substances associated with the
decomposition in soil of plant residues. Soil science 111:
13-18,

PEARCE, R.B.; FISSEL, G.; CARLSON, G.E. 1969: Carbon uptake and
distribution before and after defoliation of alfalfa. Crop
science 9: 756-759,

PERCIVAL, N.S. 1977: Survey of paspalum in New Zealand pastures.
New Zealand journal of experimental agriculture 5: 219-226,

PERCIVAL, N.S.; COUCHMAN, J.N, 1979: Evaluation of paspalum
(Paspalum dilatatum Poir.) selections. I. Variation among
populations. New Zealand journal of experimental agriculture 7:
59-64.

PERCIVAL, N.S.; McCLINTOCK, M.B. 1982: Role of grazing management
in manipulating the balance of ryegrass and paspalum in
pastures. New Zealand journal of experimental agriculture 10:
365-370.

PERCIVAL, N.S.; LAMBERT, J.P.; CHRISTIE, A.R.J.; McCLINTOCK, M, 1979:
Evaluation of paspalum (Paspalum dilatatum Poir.) selections.
I1I1. Productivity under grazing. New Zealand journal of
experimental agriculture 7: 65-69,

PIKE, A.; McNEILLY, T.; PUTWAIN, P.D. 1979: Survivor populations of
S23 perennial ryegrass from zero-grazed and set-stocked swards.
Grass and forage science 34: 89-94.

POWELL, C.L1. 1979. Effect of mycorrhizal fungi on recovery of
phosphate fertilizer from soil by ryegrass plants. WNew
phytologist 83: 681-694,



PRINS, W.H.; BURG, P.F.J., van; WIELING, H., 1980: The seasonal
response of grassland to nitrogen at different intensities of
nitrogen fertilization, with special reference to methods of
response measurements. Proceedings of Intermational Symposium
European Grassland Federation, Wageningen. p. 35-49,

PUTNAM, A.R.; DUKE, W.B. 1978: Allelopathy in agroecosystems. Annual
review of phytopathology 16: 431-451,

RADCLIFFE, J.E.; MOUNTIER, N,S. 1964a: Problems in measuring pasture
composition in the field. Part 1. Discussion of general
problems and some considerations of the point method.

New Zealand journal of botany 2: 90-97,

RADCLIFFE, J.E.; MOUNTIER, N.S. 1964b: Problems in measuring pasture
composition in the field. Part 2: The effect of vegetation

heighg using the point method. New Zealand journal of botany 2:
98-105.

RADCLIFFE, J.E.; COSSENS, G.G. 1974: Seasonal distribution of pasture
production in New Zealand. III. Central Otago. New Zealand
Jjournal of experimental agriculture 2: 349-358,

RAY, C.B.; STEWART, R.T. 1937: Germination of seeds from certain
species of paspalume Journal of the American Society of
Agronomy 39: 548-554,

READ, J.W. 1978: The use of herbicide and sod-seeding in pasture
establishment. In: Baker, M. ed., Proceedings of International
Conference on Energy Conservation in Crop Production, Massey
University. p. 39-42,

REITH, J.W.S; INKSON, R.H.E 1961: The effects of fertilizers on
herbage production. Part I. The effect of nitrogen, phosphate
and potash on yield. Journal of agricultural science 56:
17-29.

REMISON, S.U.; SNAYDON, R.W. 1978: Yield, seasonal changes in root
competitive ability and competition for nutrients among grass
species. Journal of agricultural science, Cambridge 90:
115-124,

REMISON, S.U.; SNAYDON, R.W. 1980a: Effects of defoliation and
fertilizers on root competition between Dactylis glomerata and
Lolium peremne. Grass and forage science 35: 81-93.

REMISON, S.U.; SNAYDON, R.W. 1980b: A comparison of root competition
and shoot competition between Dactylis glomerata and Holcus
lanatus. Grass and forage science 35: 183-187.

RHODES, I. 1968a: The growth and development of some grass species
under competitive stress. I. Competition between seedlings,
and between seedlings and established plants. Journal of the
British Grassland Society 23: 129-136.

288



289

RHODES, 1. 1968b: The growth and development of some grass species
under competitive stress. 2. Regrowth, floral development
and seasonal production. Journal of the British Grassland
Society 23: 247-258,

RHODES, I. 1968c:_ The growth and development of some grass species
under competitive stress. 3. The nature of competitive stress,
and characters associated with competitive ability during

gggd;;gg growthe. Journal of the British Grassland Society 23:

RHODES, I. 1970: Competition between herbage grasses. Herbage
abstracts 40: 115-121,

RHODES, I.; STERN, W.R. 1978: Competition for light. In:
Wilson, J.R. ed., Plant relations in pastures. Proceedings of
a Symposium held in Brisbane, 1976, East Melbourne, C.S.I.R.0,
pc 175-1890

RICE, E.L. 1974: Allelopathy. New York and London, Academic Press.

RICHARDS, I.R.; WOLTON, K.M. 1975: A note on urine scorch caused by
grazing animals. Research note. Journal of the British
Grassland Society 30: 187-188.

RICHARDS, I.R.; WOLTON, K.M, 1976: The spatial distribution of
excreta under intensive cattle grazing. Journal of the British
Grassland Society 31: 89-92.

RISSER, P.G. 1969: Competitive relationships among herbaceous
grassland plants. Botanical review 35: 251-284,

RITCHIE, J.T. 1981: Water dynamics in the soil-plant-atmosphere
system. Plant and soil 58: 81-96.

ROBINSON, G.S.; CROSS, M.W, 1960: Improvement of some New Zealand
grassland by oversowing and overdrilling. Proceedings of VIII
International Grassland Congress, Reading. p. 402-405.

RODEL, M.G.W.; BOULTWOOD, J.N, 1981: Effects of defoliation frequency
on yield and composition of shoots and roots of three grasses
of different growth habits. Zimbabwe journal of agricultural
research 19: 151-162,

RUMBALL, W. 1974: ‘'Grasslands Matua' prairie grass (Bromus
catharticus Vahl). New Zealand jourmal of experimental
agriculture 2: 1-5.

RYAN, D.L.; HAY, R.J.M.; BAKER, C.J. 1979: Response of some ryegrass
cultivars to overdrilling in Southland. Proceedings of the
New Zealand Grassland Association 40: 136-144,

RYLE, G.J.A. 1964: A comparison of leaf and tiller growth in seven
perennial grasses as influenced by nitrogen and temperature.
Journal of the British Grassland Society 19: 281-290.



SAMPAIO, E.V.S.B.; BEATY, E.R. 1976: Morphology and growth of

g;gigg;ass at three rates of nitrogen. Agronomy journal 68:

SANGAKKARA, R.; ROBERTS, E. 1982: Competition between 'Nui' ryegrass,
'Matua' prairie grass and 'Apanui' cocksfoot during establishment
and early growth. Proceedings of the New Zealand Grassland
Association 43: 133-138,

SANGAKKARA, R.; ROBERTS, E.; WATKIN, B.R. 1982: Grass species used
and pasture establishment practices in central New Zealand.
New Zealand journal of experimental agriculture 10: 359-364,

SARUKHKN, J.; HARPER, J.L. 1973: Studies of plant demography:
Ranunculus repens L., R. bulbosus L. and R. acris L. 1.
Zg%ugigion flux and survivorship. Journal of ecology 61:

SCOTT, D. 1975: Allelopathic interactions of resident tussock
grassland species on germination of oversown seed. New Zealand
Journal of experimental agriculture 3: 135-141,

SCOTT, D.; MAUNSELL, L.,A. 1981: Pasture irrigation in the MacKenzie
Basin. 1. Species comparison. WNew Zealand journal of
experimental agriculture 9: 279-290,

SCOTT, J.D.J. 1978: Dairy cattle management. Increased stocking
rates for higher summer production. Proceedings of the Ruakura
farmers' conference. Information Services, Aglink FPP161.

MAF, Wellington.

SEARS, P.D. 1956: The effect of the grazing animal on pasture.
Proceedings of VII Intermational Grassland Congress, Palmerston
North. p. 92-103,

SHAW, P.G,; BROCKMAN, J.S.; WOLTON, K.M. 1966: The effect of cutting
and grazing on the response of grass/white clover swards to
fertilizer nitrogen. Proceedings of X Intermational Grassland

Congress, Helsinki. p. 240-244,

SHEATH, G.W.; GALLETLY, W.S.; GREENWOOD, P. 1977: An evaluation of
several grass and legume cultivars under dryland and irrigation
in North Otago. Proceedings of the New Zealand Grassland
Association 38 (Part 1): 140-150.

SHEARD, R.W. 1973: Organic reserves and plant regrowth. In:
Butler, G.W. and Bailey, R.W. ed., Chemistry and biochemistry of
herbage, Volume II. London and New York, Academic Press.

p. 353-377.

SHEEHY, J.E.; GREEN, R.M.; ROBSON, M.J. 1975: The influence of water
stress on the photosynthesis of a simulated sward of perennial
ryegrass. Annals of botany 39: 387-401.

290



SIMONS,.R.G.; DAVIES, A.; TROUGHTON, A. 1974: The effect of cutting
height and mulching on aerial tillering in two contrasting
geqotypes of perennial ryegrass. dJournal of agricultural
science, Cambridge 83: 267-273.,

SITHAMPARANATHAN, J. 1979: Seasonal growth patterns of herbage
species on high rainfall hill country in northern North Island.
Il. Legumes and sub-tropical grasses. New Zealand journal of
experimental agriculture 7: 163-167,

SINCLAIR, A.G.; ENRIGHT, P.,D, 1982: An 'autoanalyzer' method for
the determination of extractable soil sulphate using automated

?zgiilgation of extracts. WNew Zealand journal of science 25:

SINGLETON, P.L. 1981: Soil Bureau District Office Report HN3,
?gg?rtment of Scientific and Industrial Research, New Zealand,

SLATYER, R.0O. 1970: Comparative photosynthesis, growth and
%ranspiration of two species of Atriplex. Planta (Berl.) 93:
75-189,

SMITH, A. 1979: Changes in botanical composition and yield in a
long-term experiment. In: Charles, A.H. and Haggar, R.J. ed.,
Changes in sward composition and productivity. Occasional
symposiun No. 10, British Grassland Society: p. 69-75.

SMITH, D. 1973: The nonstructural carbohydrates. In: Butler, G.W.
and Bailey, R.W. ed., Chemistry and biochemistry of herbage,
Volume I. London and New York, Academic Press. p. 105-155,

SMITH, D.; PAULSEN, G.M.; RAGUSE, C.A, 1964: Extraction of total
available carbohydrates from grass and legume tissue. Plant
physiology 39: 960-962.

SMITH, G.S.; JOHNSTON, C.M.; CORNFORTH, I.S. 1983: Comparison of
nutrient solutions for growth of plants in sand culture. WNew
phytologist 94: 537-548.

SMITH, L.H.; MARTEN, G.C. 1970: Foliar growth of alalfa utilizing
I4C-]abe]ed carbohydrates stored in roots. Crop science 10:
146-151,

SNAYDON, R.W. 1971: An analysis of competition between plants of )
Trifolium repens L. populations collected from contrasting soils.
Journal of applied ecology 8: 687-697.

SNAYDON, R.W. 1978: Genetic changes in pasture popu]ations.. In:
Wilson, J.R. ed., Plant relations in pastures. Proceedings of
a Symposium held in Brisbane, 1976. East Melbourne, C.S.I.R.O.

p. 253-269.

SNAYDON, R.W.; BRADSHAW, A.D. 1962: The performance and survival of
contrasting natural populations of white clover when p]angeq
into an upland Festuca/Agrostis sward. Journal of the British

Grassland Society 17: 113-118.

291



SPEDDgNG, C.R.W. 1971: Grassland ecology. London, Oxford University
resse.

SPIERTZ, J.H.J.; ELLEN, J, 1972: The effect of light intensity on
some morphological and physiological aspects of the crop
perennial ryegrass (Lolium perenne L. var. 'Cropper') and its
effect on seed production. Netherlands journal of agricultural
seience 20: 232-246,

SQUIRES, N.R.W.; HAGGAR, R.J.; ELLIOTT, J.G. 1979: A one-pass seeder
for introducing grasses, legumes and fodder crops into swards.
Journal of agricultural engineering research 24: 199-208,

STERN, W.R. 1962: Light measurements in pastures. Herbage abstracts
32: 91"'96.

STERN, W.R.; DONALD, C.M. 1962: Light relationships in grass-clover
ggargia Australian journal of agricultural research 13:
9- °

STUCKEY, T.H. 1941: Seasonal growth of grass roots. American journal
of botany 28: 486-491,

STURME, H.A. 1977: Analysis of pasture pattern using point quadrat
data. M.Sc. thesis, University of Waikato. 281 pp.

TABOR, P, 1963: Early history of dallisgrass in the United States.
Crop science 3: 449-450,

TAYLOR, A.0.; ROWLEY, J.A.; HUNT, B.J. 1976: Potential of new
summer grasses in Northland. I. Warm-season yields under
dryland and irrigation. New Zealand journal of agricultural
research 19: 127-133,

THOMAS, H. 1980: Terminology and definitions in studies of grassland
plants. Grass and forage science 35: 13-23.

THOMPSON, J.K.; WARREN, R.W. 1979: Variations in composition of
pasture herbage. Grass and forage science 34: 83-88.

TRENBATH, B.R. 1974: Biomass productivity of mixtures. Advances in
agronomy 26: 177-210.

TRENBATH, B.R. 1978: Models and the interpretation of mixture
experiments. In: Wilson, J.R. ed., Plant relations in pastures.
Proceedings of a Symposium held in Brisbane, 1976, East
Melbourne, C.S.I.R.0. p. 145-162,

TRLICA, MJ,J.; SINGH, J.S. 1979: Translocation of assimilates and
creation, distribution and utilization of reserves. In:
Perry, R.A. and Goodall, D.W. ed., Arid-land ecosystems,
Volume 1. IBP 16. London and New York, Cambridge University
PPeSS. po 537‘571.

TROUGHTON, A. 1957: The underground organs of herbage grasses.
Commonwealth Bureaux of Pastures and Field Crops. Bulletin 44.
Commonwealth Agricultural Bureaux, Hurley. 163 pp.

292



293

TROUGHTON, A. 1963: A comparison of five varieties of Loliwnm perenne

with special reference to the relationship between the root and
shoot systems. Euphytica 12: 49-56,

TROUGHTON, A. 1980: Production of root axes and leaf elongation in
perennial ryegrass in relation to dryness of the upper soil

layer. Journal of agricultural science, Cambridge 95:
533-538.,

TUKEY, H.B. Jr. 1969: Implications of allelopathy in agricultural
plant science. Botanical review 35: 1-16,

TURKINGTON, R.; HARPER, J.L., 1979: The growth, distribution and
neighbour relationships of Trifolium repens in a permanent

pasture. II. Inter- and intra-specific contact. Journal of
ecology 67: 219-230.

TURNER, N.C.; BEGG, J.E. 1978: Responses of pasture plants to water
deficits. In: Wilson, J.R. ed., Plant relations in pastures.
Proceedings of a Symposium held in Brisbane, 1976. East
Melbourne, C.S.I.R.0. p. 50-66,

TURNER, N.C.; BEGG, J.E., 1981: Plant-water relations and adaption to
stress. Plant and soil 58: 97-131.

UENO, M.; YOSHIHARA, K. 1967: Spring and summer root growth of some
temperate-region grasses and summer root growth of tropical
grasses. Journal of the British Grassland Society 22: 148-152,

VARTHA, E.W. 1973: Effects of shade on the growth of Poa trivialis
and perennial ryegrass. New Zealand journal of agricultural
research 16: 38-42,

VARTHA, E.W.; BAILEY, R.W. 1980: Soluble carbohydrate content and
composition in above- and below-ground tissues of Westerwolds
ryegrass during winter. New Zealand journal of agricultural
research 23: 93-96.

VIETS, F.G.Jr. 1965: The plant's need for and use of nitrogen. In:
Bartholomew, W.V. and Clark, R.E. ed., Soil nitrogen. Madison,
Agronomy Society of America. p. 503-549,

WALKER, T.W.; ORCHISTON, H.D.; ADAMS, A.F.R. 1954: The nitrogen
economy of grass legume associations. Journal of the British
Grassland Society 9: 249-274.

WATKINS, J.M. 1940: The growth habits and chemical composition of
bromegrass Bromus inermis lLeyss., as affected by different
environmental conditions. Journal of the American Society of
Agronomy 32: 527-538.

WATKIN, B.R.; CLEMENTS, R.J. 1978: The effects of grazing animals
on pastures. In: Wilson, J.R. ed., Plant relations in pastures.
Proceedings of a Symposium held in Brisbane, 1976. East
Melbourne, C.S.I.R.0. p. 273-289.



294

WATKINSON, A.R.; HARPER, J.L. 1978: The demography of a sand dune
annua]:' Vulpia fasciculata. I. The natural regulation of
populations. Journal of ecology 66: 15-33,

WATSON, D?J. 1947: Comparative physiological studies on the growth
of field crops. I. Variations in net assimilation rate and
leaf area between species and varieties and within and between
years. Annals of botany 11: 41-89,

WATSONZ R.N.; WRENN, N.R, 1980: An association between Paspalum
dilatatum and black beetle in pasture. Proceedings of the
New Zealand Grassland Association 41: 96-104,

WATSON,.V.H.; WARD, C.Y, 1970: Influence of intact tillers and
height of cut on regrowth and carbohydrate reserves of

Dallisgrass (Paspalum dilatatum Poir.). Crop science 10:
474-476,

WEAVER, J.E. 1930: Underground plant development in its relation
to grazing. Ecology 11: 543-557,

WEINMANN, H. 1948: Underground development and reserves of grasses.
A review. Journal of the British Grassland Society 3: 115-140,

WEINMANN, H. 1952: Carbohydrate reserves in grasses. Proceedings of
VI International Grassland Congress, Pennsylvania. p. 655-660,

WELLS, G.J. 1974: The biology of Poa annua and its significance in
grassland. Herbage abstracts 44: 385-391,

WHITE, L.M. 1973: Carbohydrate reserves of grasses: a review.
Journal of range management 26: 13-18.

WHITTAKER, R,H. 1971: The chemistry of communities. In:
Biochemical interactions among plants. WNational Science
Foundation PB-233 693. p. 10-18,

WHITTAKER, R.H.; FEENY, P.P. 1971: Allelochemics: Chemical
interactions between species. Science 171: 1757-7170.

WHYTE, R.0.; MOIR, T.R.G; COOPER, J.P. 1959: Grasses in agriculture.
FAO Agricultural Studies No. 42. Italy, FAO.

WILSON, J.R.; FORD, C.W. 1973: Temperature influences and the
in vitro digestibility and soluble carbohydrate accumulation of
tropical and temperate grasses. Australian journal of
agricultural research 24: 187-198,

WILMAN, D. 1980: Early spring and late autumn response to applied
nitrogen in four grasses. . Yield, number of tlllers and
chemical composition. Journal of agricultural science,
Cambridge 94: 425-442,

WILMAN, D.; MOHAMED, A.A. 1980: Response to nitrogen app]ication'and
interval between harvests in five grasses. I. Dny-matter yield,
nitrogen content and yield, numbers.aqd weights of tillers, and
proportion of crop fractions. Fertilizer research 1: 245-263.



WILMAN, D.; KOOCHEKI, A.; LWOGA, A.B.; DROUSHIOTIS, D.; SHIM, J.S.
19763 The effect of interval between harvests and nitrogen
application on the numbers and weights of tillers and leaves in

four ryegrass varieties. Journal of agricultural science,
Cambridge 87: 45-57,

WIT, C.T. de 1960: On competition. Verslagen van Landbouwwkundige
Onderzoekingen 66: 1-82, Institute for Biological and Chemical
Research on Field Crops and Herbage, Wageningen.

WIT, C.T. de; BERGH, J.P. van den 1965: Competition between herbage

glgng;i Netherlands journal of agricultural science 13:

WIT, C.T.de; TOW, P.G.; ENNIK, G.C. 1966: Competition between
legumes and grasses. Verslagen van Landbouwkundige
Onderzoekingen 687: 3-30., Institute for Biological and
Chemical Research on Field Crops and Herbage, Wageningen.

WOLEDGE, J. 1972: The effect of shading on the photosynthetic rate
and longevity of grass leaves. Annals of botany 36: 551-561,

WOLEDGE, J. 1977: The effects of shading and cutting treatments on

the photosynthetic rate of ryegrass leaves. Annals of botany
41: 1279-1286.

WOLEDGE, J. 1979: Effect of flowering on the photosynthetic capacity
of ryegrass leaves grown with and without natural shading.
Annals of botany 44: 197-207.

WOLEDGE, J.; LEAFE, E.L. 1976: Single leaf and canopy photosynthesis
in a ryegrass sward. Annals of botany 40: 773-783.

WOLFE, E.D. 1972: Pasture management and its effects on the botanical
composition and productivity of pasture. In: Lazenby, A. and
Swain, F.G. ed., Intensive pasture production. Sydney, Angus
and Robertson. p. 199-220.

WOLTON, K.M. 1979: Dung and urine as agents of sward change: A
review. In: Charles, A.H. and Haggar, R.J. ed., Changes in
sward composition and productivity. Occasional symposium No. 10,
British Grassland Society: p. 131-135.

WOODS, F.W. 1960: Biological antagonisms due to phytotoxic root
exudates. Botanical review 26: 546-569.

YOUNG, C.C; BARTHOLOMEW, D.,P. 1981: Allelopathy in a grass-legume
association: 1. Effects of Hemarthria altissima (Poir.)
Stapf. and Hubb, root residues on the growth of Desmodiu@
intortum (Mill.) Urb. and Hemarthria altissima in a tropical
soil. Crop science 21: 770-774,

295



	1984_Thom-0001
	1984_Thom-0002
	1984_Thom-0003
	1984_Thom-0004
	1984_Thom-0005
	1984_Thom-0006
	1984_Thom-0007
	1984_Thom-0008
	1984_Thom-0009
	1984_Thom-0010
	1984_Thom-0011
	1984_Thom-0012
	1984_Thom-0013
	1984_Thom-0014
	1984_Thom-0015
	1984_Thom-0016
	1984_Thom-0017
	1984_Thom-0018
	1984_Thom-0019
	1984_Thom-0020
	1984_Thom-0021
	1984_Thom-0022
	1984_Thom-0023
	1984_Thom-0024
	1984_Thom-0025
	1984_Thom-0026
	1984_Thom-0027
	1984_Thom-0028
	1984_Thom-0029
	1984_Thom-0030
	1984_Thom-0031
	1984_Thom-0032
	1984_Thom-0033
	1984_Thom-0034
	1984_Thom-0035
	1984_Thom-0036
	1984_Thom-0037
	1984_Thom-0038
	1984_Thom-0039
	1984_Thom-0040
	1984_Thom-0041
	1984_Thom-0042
	1984_Thom-0043
	1984_Thom-0044
	1984_Thom-0045
	1984_Thom-0046
	1984_Thom-0047
	1984_Thom-0048
	1984_Thom-0049
	1984_Thom-0050
	1984_Thom-0051
	1984_Thom-0052
	1984_Thom-0053
	1984_Thom-0054
	1984_Thom-0055
	1984_Thom-0056
	1984_Thom-0057
	1984_Thom-0058
	1984_Thom-0059
	1984_Thom-0060
	1984_Thom-0061
	1984_Thom-0062
	1984_Thom-0063
	1984_Thom-0064
	1984_Thom-0065
	1984_Thom-0066
	1984_Thom-0067
	1984_Thom-0068
	1984_Thom-0069
	1984_Thom-0070
	1984_Thom-0071
	1984_Thom-0072
	1984_Thom-0073
	1984_Thom-0074
	1984_Thom-0075
	1984_Thom-0076
	1984_Thom-0077
	1984_Thom-0078
	1984_Thom-0079
	1984_Thom-0080
	1984_Thom-0081
	1984_Thom-0082
	1984_Thom-0083
	1984_Thom-0084
	1984_Thom-0085
	1984_Thom-0086
	1984_Thom-0087
	1984_Thom-0088
	1984_Thom-0089
	1984_Thom-0090
	1984_Thom-0091
	1984_Thom-0092
	1984_Thom-0093
	1984_Thom-0094
	1984_Thom-0095
	1984_Thom-0096
	1984_Thom-0097
	1984_Thom-0098
	1984_Thom-0099
	1984_Thom-0100
	1984_Thom-0101
	1984_Thom-0102
	1984_Thom-0103
	1984_Thom-0104
	1984_Thom-0105
	1984_Thom-0106
	1984_Thom-0107
	1984_Thom-0108
	1984_Thom-0109
	1984_Thom-0110
	1984_Thom-0111
	1984_Thom-0112
	1984_Thom-0113
	1984_Thom-0114
	1984_Thom-0115
	1984_Thom-0116
	1984_Thom-0117
	1984_Thom-0118
	1984_Thom-0119
	1984_Thom-0120
	1984_Thom-0121
	1984_Thom-0122
	1984_Thom-0123
	1984_Thom-0124
	1984_Thom-0125
	1984_Thom-0126
	1984_Thom-0127
	1984_Thom-0128
	1984_Thom-0129
	1984_Thom-0130
	1984_Thom-0131
	1984_Thom-0132
	1984_Thom-0133
	1984_Thom-0134
	1984_Thom-0135
	1984_Thom-0136
	1984_Thom-0137
	1984_Thom-0138
	1984_Thom-0139
	1984_Thom-0140
	1984_Thom-0141
	1984_Thom-0142
	1984_Thom-0143
	1984_Thom-0144
	1984_Thom-0145
	1984_Thom-0146
	1984_Thom-0147
	1984_Thom-0148
	1984_Thom-0149
	1984_Thom-0150
	1984_Thom-0151
	1984_Thom-0152
	1984_Thom-0153
	1984_Thom-0154
	1984_Thom-0155
	1984_Thom-0156
	1984_Thom-0157
	1984_Thom-0158
	1984_Thom-0159
	1984_Thom-0160
	1984_Thom-0161
	1984_Thom-0162
	1984_Thom-0163
	1984_Thom-0164
	1984_Thom-0165
	1984_Thom-0166
	1984_Thom-0167
	1984_Thom-0168
	1984_Thom-0169
	1984_Thom-0170
	1984_Thom-0171
	1984_Thom-0172
	1984_Thom-0173
	1984_Thom-0174
	1984_Thom-0175
	1984_Thom-0176
	1984_Thom-0177
	1984_Thom-0178
	1984_Thom-0179
	1984_Thom-0180
	1984_Thom-0181
	1984_Thom-0182
	1984_Thom-0183
	1984_Thom-0184
	1984_Thom-0185
	1984_Thom-0186
	1984_Thom-0187
	1984_Thom-0188
	1984_Thom-0189
	1984_Thom-0190
	1984_Thom-0191
	1984_Thom-0192
	1984_Thom-0193
	1984_Thom-0194
	1984_Thom-0195
	1984_Thom-0196
	1984_Thom-0197
	1984_Thom-0198
	1984_Thom-0199
	1984_Thom-0200
	1984_Thom-0201
	1984_Thom-0202
	1984_Thom-0203
	1984_Thom-0204
	1984_Thom-0205
	1984_Thom-0206
	1984_Thom-0207
	1984_Thom-0208
	1984_Thom-0209
	1984_Thom-0210
	1984_Thom-0211
	1984_Thom-0212
	1984_Thom-0213
	1984_Thom-0214
	1984_Thom-0215
	1984_Thom-0216
	1984_Thom-0217
	1984_Thom-0218
	1984_Thom-0219
	1984_Thom-0220
	1984_Thom-0221
	1984_Thom-0222
	1984_Thom-0223
	1984_Thom-0224
	1984_Thom-0225
	1984_Thom-0226
	1984_Thom-0227
	1984_Thom-0228
	1984_Thom-0229
	1984_Thom-0230
	1984_Thom-0231
	1984_Thom-0232
	1984_Thom-0233
	1984_Thom-0234
	1984_Thom-0235
	1984_Thom-0236
	1984_Thom-0237
	1984_Thom-0238
	1984_Thom-0239
	1984_Thom-0240
	1984_Thom-0241
	1984_Thom-0242
	1984_Thom-0243
	1984_Thom-0244
	1984_Thom-0245
	1984_Thom-0246
	1984_Thom-0247
	1984_Thom-0248
	1984_Thom-0249
	1984_Thom-0250
	1984_Thom-0251
	1984_Thom-0252
	1984_Thom-0253
	1984_Thom-0254
	1984_Thom-0255
	1984_Thom-0256
	1984_Thom-0257
	1984_Thom-0258
	1984_Thom-0259
	1984_Thom-0260
	1984_Thom-0261
	1984_Thom-0262
	1984_Thom-0263
	1984_Thom-0264
	1984_Thom-0265
	1984_Thom-0266
	1984_Thom-0267
	1984_Thom-0268
	1984_Thom-0269
	1984_Thom-0270
	1984_Thom-0271
	1984_Thom-0272
	1984_Thom-0273
	1984_Thom-0274
	1984_Thom-0275
	1984_Thom-0276
	1984_Thom-0277
	1984_Thom-0278
	1984_Thom-0279
	1984_Thom-0280
	1984_Thom-0281
	1984_Thom-0282
	1984_Thom-0283
	1984_Thom-0284
	1984_Thom-0285
	1984_Thom-0286
	1984_Thom-0287
	1984_Thom-0288
	1984_Thom-0289
	1984_Thom-0290
	1984_Thom-0291
	1984_Thom-0292
	1984_Thom-0293
	1984_Thom-0294
	1984_Thom-0295
	1984_Thom-0296
	1984_Thom-0297
	1984_Thom-0298
	1984_Thom-0299
	1984_Thom-0300
	1984_Thom-0301
	1984_Thom-0302
	1984_Thom-0303
	1984_Thom-0304
	1984_Thom-0305
	1984_Thom-0306
	1984_Thom-0307
	1984_Thom-0308
	1984_Thom-0309
	1984_Thom-0310
	1984_Thom-0311
	1984_Thom-0312
	1984_Thom-0313
	1984_Thom-0314



