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ABSTRACT

Morphological and physioclogical studies of prairie grass (Bromus
willdenowii Kunth)

Doctorate Thesis, Department of Field Crops and Grassland
Science, Agricultural University, Wageningen, The Netherlands,
20 March 1990.

D. E. Hunme

This thesis reports the results of seven indoor and outdoor
studies on the growth of prairie grass (Bromus willdenowii Kunth}.
In five studies comparisons were also made With ryegrass (Lolium
spp.). Leaf and tiller production were guantified for undisturbed
growth and growth under different cutting regimes. Water soluble
carbochydrate reserves for regrowth were also determined.
Particular attention was given to the effects of reproductive
development on partitioning of biomass, tillering, herbage
quality and yields. Field studies also investigated the effects
of disease, plant populations, tillering, natural reseeding and
frequency of defeoliation.

Compared to ryegrass, prairie grass had a high 1leaf
appearance rate but low site filling, which resulted in low
tiller numbers. Prairie grass had large tillers with long wide
leaves, resulting in high herbage production. Plants were able
to tiller profusely in the field to compensate for plant death.
High reproductive development occurred in prairie grass which had
large effects on yields, herbage gquality and tillering.
Vegetative and reproductive plants performed best under
infrequent defoliation regimes.
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1. An important factor determining the different tillering rates
of prairie grass (Bromus willdemowii Kunth) and ryegrass (Lolium
spp.) during the early growth of seedlings is the capacity to
develop the coleoptile and prophyll tiller buds. (this thesis)

2. Suitable management for high production of prairie grass during
the vegetative and reproductive growth stages is infrequent
defoliation. (this thesis)

3. The relative performance of prairie grass cultivars as identified
during undisturbed growth can be highly modified under cutting,
especially during reproductive growth. (this thesis)

4. Presence of the reproductive tiller in prairie grass increases
the yield but decreases the herbage gquality, especially at later
stages of development compared to Westerwolds ryegrass.

{this thesis)

5. It appears that there is an alarming and regrettable ignorance
about the role and wvalue of pasture plants throughout the (New
Zealand) agricultural industry.

Lancashire, J. A.; Using Herbage Cultivars, NZGA,
Palmerston North, ?79-87, 1985.

6. Concern for the environment is clearly lacking in the following
statement. "Everyone is quite aware now that what matters is to
obtain as large an amount of milk or meat as possible, not merely
per animal, but also per hectare of forage crop and that at least
cost."

Loiseau, R.; Foreword, In Latest Technical Information on Bromus
catharticus, 1982.

7. The use of pasture legumes in north west Europe is at present
limited by economic constraints, but environmental considerations
may prescribe their use in certain situations. Farmers, research
and extension workers, however, would first need to increase
their knowledge on this way of grassland farming.

8. A period of foreign study for students in any country is
essential for both their perscnal and scientific development.

9. Even though some New Zealanders are leaving New Zealand
permanently for so called ‘greener pastures’, the country must
still have something to offer as the majority of Dutch emigrants
who arrive in New Zealand settle there permanently.

10. The overall success of current political reforms in Eastern
Eurcpe may only be truly judged in the long term by economic
reforms and an improved standard of living for these Europeans.

11. The declining proportion of home births in The Netherlands is a
trend that the Dutch peocple may regret in the future.

Proefschrift D. E. Hume
Morphological and physiological studies
of prairie grass (Bromus willdenowii Kunth)
Wageningen, 20 maart 1990
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CHAPTER 1

GENERAIL., INTRODUCTION

Introduction

Over the last 20 to 30 years interest has developed in prairie
grass (Bromus willdenowii Kunth) by research scientists, with
increased farm use occurring in France (Anon., 1982) and New
Zealand (Hampton and Scott, 1984; Johnson, 1985). However, use
of prairie grass is still relatively small, only being used on
1 to 3 % of its potential area in New Zealand (Lancashire, 1985).
Several prairie grass cultivars are now available (Anon., 1986),
which have proven to be highly productive in several countries
eg. France (Anon., 1982), New Zealand (Fraser, 1985) and the
United Kingdom (Anon., 1986). Many of the perceived problems of
establishment, management and persistency have been overcome so
that we now have ‘working packages’ for the use of prairie grass
on the farm (Anon., 1982; Clark, 1985; Fraser, 1985). Much of
these ‘packages’ are concerned with practices that are different
to those normally used for ryegrass (Lolium spp.), tall fescue
(Festuca arundinacea Schreb.) and cocksfoot (Dactylis glomerata L.),
as prairie grass has specific management requirements and a more
limited environmental niche (Langer, 1973; Burgess et al., 1986).

In comparison to other commonly used temperate pasture
species, relatively little is known about the behaviour of
prairie grass, except under general farming conditions (Anon.,
1982; Burgess et al., 1986). This study was therefore undertaken
to investigate some of the morphological and physiclogical
characters of this species, and to identify the possible
implications that these may have on the value and use of prairie
grass in agricultural systems. Some of this information may also
be the basis for defining plant parameters for use in computer
modelling of growth in prairie grass.



Features of prairie grass

Prairie grass is a true perennial originating in the Pampas of
South America, and now has a very wide geographical distribution
(Hafliger and Scholz, 1981). For example, prairie grass was first
recorded in New Zealand in 1869 and soon became established as
a useful pasture species (Rumball, 1967). Similar introduction
occurred in France in the 1860‘s (Lavellee, 1865; cited by
Pfitzenmeyer and Parneix, 1981). In the past, accidental
introduction of prairie grass to The Netherlands occurred near
sea ports and some cultivation has been practjced (Heukels, 1911;
Jansen, 1951). It did not become a permanent stable species in
the Dutch environment as it apparently did not survive hard
winters (Jansen, 1951i; Heukels and Van der Meijden, 1983).

Prairie grass has been and is known under various common
names and species names. It is also known as rescue grass, brome
grass, Schraders brome grass and 1in The = Netherlands as
‘paardegras’. The species is Known under various botanical names:
Bromus catharticus Vahl, B. uniecloides H.B.K., B. schraderi Kunth and
B. willdenowii Kunth, with considerable discussion over the correct
species name (Hubbard, 1956; Raven, 1960). It is a tall, erect
plant with wide leaves and few but large tillers. The
inflorescences are large panicles with big spikelets and they are
produced over a prolonged period from mid-spring to mid-autumn.

In New Zealand and France (Anon., 1982; Burgess et al.,
1986) prairie grass is valued for its ability to provide green
forage at times when traditional pasture mixtures are low
vielding. Prairie grass has the ability to grow well under the
cool conditions of winter and the dry conditions of summer and
early autumn. It is highly palatable at all stages with high
digestibility despite large numbers of inflorescences. It also
has a good level of tolerance to pests and diseases. Natural
reseeding is a feature of this species and is reported to help
maintain or regenerate swards. These agronomic advantages result
in economic advantages to the farmer, eg. 10 to 15% higher gross
margins where prairie grass is used in sheep farming systems in
New Zealand (Greer and Chamberlain, 1986).

Prairie grass does have environmental and managements limits
to its use. It suffers from poor persistence and production under



frequent defoliation and when grown in soils susceptible to
waterlogging. The prolonged, high production of reproductive
tillers has caused some concern regarding quality and has
therefore become a selection criterion for some plant breeders
(Pfitzenmeyer, 1982). Its low tillering capacity has caused some
concern (Hill and Pearson, 1985). The head smut fungus Ustilago
bullata Berk. may infect the plant and cause reductions in plant
productivity and persistence (Falloon, 1976).

Outline of this thesis

This thesis presents a number of studies that investigated
several aspects of prairie grass. Chapters 1 to 5 include
comparisons with ryegrass (lLolium spp.) in order to place prairie
grass in perspective. Chapters 6 and 7 deal with aspects that are
more specific to prairie grass.

Chapter 2 presents the results of a field trial at
Wageningen in which prairie grass was grown for a three month
period of undisturbed growth. Partitioning of biomass between all
plant components and herbage gquality were assessed. This was
compared tc a tetraploid Westerwolds ryegrass (Lolium multiflorum
Lam.) which is reported to have similar quality and a similar
upright growth habit to prairie grass.

In Chapter 3, leaf and tiller production for vegetative and
reproductive prairie grass plants is quantified and compared to
perennial ryegrass (Lolium peremne L.) and Westerwolds ryegrass
under various photoperiod and temperature conditions.

Chapters 4 and 5 describe the effects of cutting on
vegetative and reproductive plants with cutting frequency being
a major treatment. Herbage quality and reserves for regrowth vwere
also measured.

Chapter 6 presents the results of a two year field trial at
Wageningen. Effects of cutting frequency on tillering, herbage
quality and yields were measured.

Chapter 7 investigated the effects of various proportions
of the head smut fungus Ustilage bullata Berk. in simulated prairie
grass swards during a 15 month field trial in New Zealand. Plant
survival, tillering and yields were assessed.



Chapter 8 presents an analysis of the relative importance
of plant survival, tillering and natural reseeding in the
maintenance of high producing simulated prairie grass swards in
New Zealand.

Chapter 9 presents an overview and general discussion of the
results of the studies presented in this thesis.




CHAPTER 2

Primaxry GCrowth and Quality
Characteristics of Br-omis

willdenowii and Lol ium muleciflorum

D. E. Hume

Submitted to Annals of Botany

ABSTRAGCT

Prairie grass (Bromus willdenowii Kunth) and a tetraploid
Westerwolds ryegrass (Lolium muitifjorum Lam.) were established in
a field trial in April 1987 and grownh for a three month period
of undisturbed growth. Leaf, tiller and plant populations were
assessed on ten occasions while yields of herbage and roots,
chemical composition, leaf area and light interception were
determined on six occasions. Herbage was divided into leaf
lamina, inflorescence, vegetative and reproductive pseudostem.
Nitrogen, water soluble carbohydrates, ash, cell wall and in vitro
digestibilities were determined.

Both species had similar light interception and leaf area
index. Prairie grass had lower plant, tiller and leaf populations
but larger tillers and more live leaves per tiller. Roots were
distributed more evenly and to greater soil depths in prairie
grass. Leaf lamina made major contributions to dry matter yields
and yields of the various chemical components, but as
reproductive development occurred, reproductive pseudostem becane
a major component of the total sward. Harvesting herbage to gain
optimum yields, herbage guality and regrowth is discussed. It is
concluded that prairie grass is a high yielding, high quality
forage grass, comparable to Westerwolds ryegrass.
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INTRODUCTION

Prairie grass also called rescue grass or Schraders brome grass
(Bromus willdenowii Kunth; synonyms B. catharticus Vahl, B. schraderi
Kunth, B. uniolcides H.B.K.), is widely distributed through the
world (Hafliger and Scholz, 1981). It has an upright growth
habit, long broad leaves and few tillers many of which are
reproductive over a prolonged period of the year (Langer, 1973).
Over the last 25 years there has been increasing interest in
prairie grass, a pasture species that is a true perennial and
valued for its out of season growth (Loiseau, 1982; Hume and
Fraser, 1985) and quality (Wilson and Grace, 1978: Anon., 1982).

There have been several detailed studies of seedling and
primary growth of prairie grass (eg. Hill and Pearson, 1985;
Hill, Pearson and Kirby, 1985; Sangakkara, Roberts and Watkin,
1985), but little is known of the partitioning of biomass and
forage quality of each plant component. This could be important
when the large numbers of reproductive tillers are considered.
A field trial was therefore established to investigate these
factors over a three month period of undisturbed growth, with
Westerwolds ryegrass (Lolium multiflorum Lam.) as a comparison
species. Westerwolds ryegrass also has an upright growth habit
and produces a large number of reproductive tillers.

METHCDS AND MATERIALS

Site and treatments

The trial site was at Wageningen Hoog, three km from Wageningen
city, and for the previous six years had been under rotation with
various crops and with high fertilizer inputs. The soil was a
light free draining pleistocene sand of moderate fertility; pH-
KCl 5.4, organic matter 2.6%, 25 mg P (ammonium lactate acetic
acid extracted), 9 mg K (HCl extracted) and 4 mg Mg (NacCl
extracted) per 100 g dry soil. & fine seedbed was prepared in
late March 1987 and plots (92 m’) were hand sown with either
‘Grasslands Matua’ prairie grass (Bromus willdenowii Kunth} or
‘Caramba’ tetraploid Westerwolds ryegrass (Lolium mulciflorum Lam. )
in a randomised block design replicated four times. Matua plots
were sown with 505 viable seeds m” (60 kg viable seed ha™) on 13




April 1987, and Caramba plots with 925 viable seeds m* (40 kg
viable seed ha™) on 21 April 1987. Spray irrigation was used to
apply 20 mm of water on 28 April.

Growth of plots was then measured over a three month period
of undisturbed growth until 13 July 1988. Half the area of each
plot was then measured for another 21 months with treatments of
fregquent and infrequent cutting and these results are reported
in Chapter 6 of this thesis. Root measurements were also taken
in June 1988.

Measuremernts

The first field measurements were taken on 29 April 1987,
eight days after sowing the Caramba plots. Ten randomly placed
625 cm’ gquadrats per plot were uszed to assess numbers of
seedlings, tillers and leaves. These measurements were taken on
a further three occasions, each at five day intervals after the
first measurement (ie. 4, 9, 14 May).

On 24 May, the first of a series of six harvests was taken.
These harvests were at successive ten day intervals, with a
number of measurements being taken at each harvest. Light
interception of the sward was measured in ten positions per plot
using photocells situated above and below {soil surface) the leaf
canopy. Root mass was estimated by randomly taking five 40 cm’
g0il cores per plot to 30 cm depth. At harvest 5, further samples
were taken to assess root mass at 30~40 cm depth. One year later
in June 1988, root mass was determined to a depth of 40 cm. The
soll cores were separated into 10 cm depth increments and stored
at ~20°C until washing in winter. At washing, all roots were
collected, dried at 100°C and then weighed. Root samples were
then bulked to give 2 replicates, ground to 1 mm and analysed for
organic matter.

To assess herbage mass, leaf and tiller numbers, plants from
two 0.5 m' quadrats were removed from each plot by cutting the
plants below ground level at the six harvests. The samples were
then counted for total numbers of plants and subsamples taken for
counting leaves, vegetative tillers, jointed tillers and tillers
with emerged inflorescences. These components of the plant were
also physically separated to give leaf 1lamina, vegetative
pseudostem, reproductive pseudostem (culm and sheath of



70 20
60 | 1'® o
116 <
€ 507 114 o
E | 5
= [ 110 &
& I "
£ 30 % {s £
© /] [}
C 20t 1 16 +
1 =
- v 14§
10 ’ i | 5
NI AN ¢
O : O
MarchlApriI I May]dune l July

Month

FIG. 1. Total rainfall (bars) and average soil temperatures at
5 cm depth (line) from March to July 1987 for each third of a
month. Matua sown on 13 April and Caramba 21 April.

reproductive tiller) and inflorescence. Surface area of each
plant component was measured with an electronic planimeter to
give the total leaf area index of the sward; area of one side of
leaf 1lamina, pseudostem and inflorescence per unit area of
ground. The plant material was then dried at 70°C and weighed.

Herbage quality

Dried samples o©of each plant component were ground in a
hammer mill (1 mm sieve) and the four replicates bulked to give
two replicates for determination of herbage quality by chemical
analysis. True in vitro digestibility of the organic matter (Van
Scest, Wine and Moore, 1966) was determined and then converted
to apparent digestibility of organic matter (D..) by reference to
a series of standard grass samples of khown in vive digestibility
for sheep fed at maintenance. Cell wall contents (CWC), or
neutral detergent fibre, were determined by Van Soest’s (1977)
methed. Digestibility of the cell wall (D..) was calculated from




the true digestibility, cell wall content and ash content. Water
soluble carbohydrates (WSC) were colourmetrically determined with
an automatic analyser using ferricyanide. Nitrogen (N) was
determined colourmetrically after the dry samples had been
digested in a solution of salicylic and sulphuric acid with
hydrogen peroxide. Ash contents of the dry material were also
determined. Roots were only analysed for organic matter.

Fertilizers and herbicides

Trace elements and 90 kg N, 72 kg P,0, and 144 kg K,0 ha™
were applied prior to sowing. A further 100 kg N ha™ as nitrolime
(27% N) was applied on 13 June 1987. Broad-leaved weeds were
controlled in mid-May 1987 by spraying with 4 1 ha™ ‘Basagran P’
(375 g mecoprop and 250 g bentazon 17%).

Climate

Temperature and rainfall records for the trial period were
obtained from the Wageningen, Haarweqg meteorological station,
four km freom the trial site.

RESUILTS

Temperature and rainfall

Soil temperature at Haarweg (5 cm depth) was 7.9°C at the time of
sowing Matua plots (13 April) and 10.7°C when Caramba plots were
sown 8 days later (from daily records). Soil temperature in april
(9.9°C) was almost 2°C above the 30-year average [Fig. 1].
Temperatures were 2 and 1°C below the 30-year average for May and
June respectively, while temperatures in July were similar to the
30o-year average. Rainfall was high during March (100 mm) but
immediately prior to sowing (early April) rainfall was low [Fig.
1]. For the three weeks after Matua plots were sown, rainfall
was only 9 mm. Rainfall over the remainder of May was higher, and
on average, rainfall was high in June and July. For an 18 day
period during late June and early July no rainfall occurred.
Rainfall in April, May, June and July was 68, 147, 138 and 155%
of the 30-year averages for these months, respectively.




Populations

(a) Plants. Matua had the highest % emergence and plant
populations [Fig. 2(a)] early in the trial. Emergence improved
in Caramba plots with both species having approximately 55%
emergence 32 days after sowing Matua plots. Emergence increased
up until 50 days after sowing to be 70-80%. With the higher
sowing rate, Caramba plots had up to 750 plants m® while there
was a maximum of 375 plants m™ in Matua plots. Plant populations
decreased in the latter part of the trial, mostly in Caramba
plots.

(b) Tillers and leaves. Tiller populétions were highest in
Caramba plots, reaching 4200 tillers m 72 days after sowing,
while there were only 1800 tillers m” in Matua plots [Fig. 2(b)].
Greater tiller populations in Cafamba plots were on most
occasions due to greater plant populations and not greater tiller
numbers per plant [Fig. 2(¢)]. A large rise in Caramba tiller
populations 72 days after sowing [Fig. 2(b),(¢)] resulted from

the appearance of new vegetative tillers but these had died
within 10 days. Caramba plants were faster to preduce
reproductive tillers (first reproductive tillers observed 61 days
after sowing, Fig. 2(b)) but at later dates a greater proportion
of Matua plants and tillers were reproductive. Matua had 92% and
50%, Caramba 78% and 44% reproductive tillers and reprocductive
plants respectively 91 days after sowing.

Matua and Caramba leaf populations were similar for the
first 41 days, after which Caramba had greater leaf populations
[Fig. 2(d)]. This was despite greater numbers of léaves per plant
and per tiller for Matua. On average, Matua had 3.6 live leaves
per tiller and Caramba 2.5 (P<0.001}..

Biomass yields

(a) Herbage. Differences in total green herbage yields
occurred from harvest 3 onwards (P<0.01) [Fig. 3(a)]. Caramba
plots yielded 22% more than Matua plots over harvests 3, 4 and
5, but at the last harvest, Matua {9200 kg DM ha™) yielded 10%
more than Caramba (8300 kg DM ha™) (P<0.01). Differences in yield
of reproductive pseudostem between species was the primary cause
of greater total yields in Caramba plots, while greater

10
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reproductive pseudostem and inflorescence yields at the final
harvest were responsible for higher Matua yields.

Leaf yield (live leaves) increased with time and reached a
plateau after harvest 4 of approximately 245 g m™. Contribution
of leaf to the total yield decreased with time dropping from 62
to 28%. Leaf yield was greater in Caramba plots at harvest 4
(P<0.01) but otherwise leaf yields were similar for the two
species. Yield of vegetative pseudostem increased until harvest
3 to be 43% of total yield, but then decreased from harvest 4 as
tillers showed signs of reproductive growth to be only 5% of
total yield at the final harvest. Matua and Caramba did not
differ in yields of vegetative pseudostem at any harvest
(P>0.05). As reproductive tillers appeared, their rapid growth
ensured a continuation of increasing total yield, contributing
53% to the total yield by the final harvest. Inflorescence yield
was relatively small and only significant at the final harvest
(13% of total yield)}. Dead matter was low reaching a maximum of
7% at the final harvest.

Growth rates measured during the later harvests were very
high. For Matua, maximum growth rates of 27.5 and 36.0 g DM m™
day™ (275 and 360 kg DM ha™ day™’) were recorded for reproductive
pseudostem and total yield respectively, while cCaramba had
maximum growth rates of 20 and 17 g DM m’ day™” respectively.

(b) Roots. Total root organic matter increased significantly
with time, and except for the first two harvests, was greater for
Caramba than Matua (P<0.05) [Fig. 3(b)]. Higher total root mass
in Caramba was due to a greater root mass in the 0-10 c¢cm root
depth zone (mean, 46 g OM m?) than in Matua (28 g OM m™)
(P<0.01). There were no significant differences between species
for root mass in the other depth zones; means of 13 and 11 g OM

m? in 10-20 cm and 20-30 cm zones respectively. Caramba had a
higher percentage of total root mass in the 0-10 cm zonhe (68%)
than Matua (52%) at all dates (P<0.01). In the other depth zones,
Matua roots were evenly distributed in terms of mass and
percentage {mean, 24%) (P»0.05), while 19 and 13% of Caramba
roots were in the 10-20 cm and 20-30 cm zones respectively
(P<0.05).

Shoot root ratio in Caramba was 3.2 at harvest 1, increasing

13



to be approximately 6 at the remaining harvests. Matua had
significantly lower shoot root ratios (4) over the first 4
harvests (P<0.05) but at harvests 5 and 6 the ratios were 7.8 and
11.7 respectively. Total biomass (organic matter of shoot and
root) was 39% higher in Caramba plots at harvests 3, 4 and 5
than in Matua plots (P<0.05).

Sampling to 30-40 cm soil depth at harvest 5 showed small
amounts of roots at this depth (6 and 3 g OM m”® for Matua and
Caramba respectively, P>0.05), representing 7 and 3% of the total
root mass for Matua and Caramba respectively (P>0.05). Sampling
one year later in June 1988, again showed significantly higher
root mass (143 g OM m™*} and percentages (79%) of roots in the 0-
10 cm zone for Caramba compared to Matua plots (92 and 58%)
{(P<0.01). Matua had significantly greater root mass and
percentage of roots at 20-30 cm (13%) and 30-40 cm (9%) than
Caramba (4 and 2% respectively). Total root mass (169 g OM m™)
did not differ significantly between species (P>0.05).

Herbage quality

Herbage gquality is considered in terms of percentage of
chemical components in dry matter or organic matter (eg. nitrogen
content, N%) and yield of chemical components (g m™®). Yield of
chemical components were calculated from percentage composition
and herbage yields.

(a) Nitrogen. Nitrogen content (N%) varied with each plant
component and decreased with time in all components except the
inflorescence [Fig. 4(a)(i)]. Leaf N% dropped from 5 to 3.5%,
with Caramba having significantly higher N% at harvests 1, 4 and
6 (P<0.01). N content in reproductive pseudostem (mean, 1.7%),
vegetative pseudostem (2.6%) and inflorescence (2.7%) was
significantly greater in Matua at most harvests (P<0.01). The
resulting N% of the total sward dropped from 4.5 to 2.1%, with
significantly higher N% in Matua at harvests 2, 4 and 5, although
differences were small [Fig. 4(a)(ii)}. Harvest 3 had a large
drop in N% in all plant components, but with the application of
100 kg N ha™, N% had increased again by harvest 4.

Total nitrogen yield (g m™) increased with time but reached
a plateau at the final 2 harvests {Fig. 3(c)]. Yields of nitrogen
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in Caramba plots at harvests 4 and 5 were on average 26% higher
than those in Matua plots (P<0.05). This was due to significantly
greater nitrogen yields from reproductive pseudostem and leaf in
Caramba (P<0.001) despite greater amounts of nitrogen from
vegetative pseudostem of Matua (P<0.01). There were few other
significant differences in nitrogen yield for the other plant
components. Initially, leaf nitrogen contributed 70% to the total
nitrogen yield with vegetative pseudostem contributing 30%. At
the final harvest almost 50% of the nitrogen yield came from
reproductive pseudostem (33%) and inflorescence (15%), while leaf
contributed 46% and vegetative pseudostem 6%.

(b) Water soluble carbohydrates. Contents of water soluble
carbohydrates (WSC%) varied greatly with harvest, plant component
and species [Fig. 4(b)l. For all plant compcnents and the total
sward, WSC% was generally significantly higher in Matua at the
first 3 harvests while Caramba had higher contents at the last
3 harvests. WSC% was high at harvest 3, a harvest when N%¥ was
low. On average, leaf had a WSC content of 12%, vegetative
pseudostem 20.5%, reproductive pseudostem 22%, inflorescence 12%
and the total sward 17%.

Total yield of WSC was 67% higher in Caramba plots at
harvests 4 and 5, primarily due to greater WSC yield from
reproductive pseudostem [Fig. 3(d)]. Caramba leaf had 34% higher
WSC yields than Matua leaf (P<0.05) at all but the first 2
harvests. Contribution of leaf WSC to total WSC yield dropped
from 55% at harvest 1 to 12% at harvest 6. Reproductive
pseudostem contributed significantly to WSC yield (70% at harvest
6) due to a high dry matter yield and high WSC%. Contribution
from inflorescence was 11% at the final harvest while vegetative
pseudostem contributed up to 60% at the initial harvests
declining to 6% at the final harvest.

(c) Cell wall. Cell wall content (CWC) of inflorescence,
reproductive and vegetative pseudostem was significantly higher
in Matua at all harvests (P<0.01) [Fig. 4(c)(i)]. In the leaf
this was true from harvest 3 onwards while at harvest 1 Matua had
significantly lower CWC. CWC increased in all plant components
with time, except for the inflorescence. Matua leaf and
vegetative pseudostem had larger increases in CWC than Caramba.
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FIG. 4. Percentage composition of (a) nitrogen, (b) water soluble
carbohydrates, (c) cell walls, (d) digestible cell walls, and (e)
apparent digestibility of organic matter. Part (i), leaf lamina
{ o)., vegetative pseudostem ( O ), reproductive pseudostem
{ oA ) and inflorescence ( ® ); and part (ii), total sward. For
six harvests (H1...6) of Matua (—) and Caramba (---). Vertical
bars near each plant component indicate LSD values (P<0.05) for
leaf lamina, vegetative pseudostem, reproductive pseudostem,
inflorescence and total sward.
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For the total sward, CWC was significantly higher in Matua at
harvests 2, 4, 5 and 6, while at harvest 1 Caramba had higher CWC
[Fig. 4(c)(ii)]. /

Total yield of cell walls was significantly higher in
Caramba at harvest 4 and lower at harvest 6 [Fig. 3(e)]. This was
primarily due to high amounts of cell wall from reproductive
pseudostem and to some extent leaf. At the final harvest, a large
proportion of the total cell wall yield was from reproductive
pseudostem (58%), with 23% from leaf, 14% from inflorescence and
5% from vegetative pseudosten.

Digestibility of cell wall (D,%) decreased with time,
particularly after harvest 4 and especially for Matua [Fiqg.
4(d)]. D% of leaf only decreased from 91 to 80%, while there
was a steady decline in D_.% of vegetative pseudostem and sharp
declines for reproductive pseudostem and inflorescence. D% was
significantly lower in Matua at the later harvests for leaf,
vegetative pseudostem and inflorescence [Fig. 4(d)(1i)]. Matua had
higher D% of reproductive pseudostem at harvests 4 and 5 while
Caramba had higher D_ % at harvest 6. Resulting D_,.% of the total
sward showed no significant species differences (P>0.05) {Fig.
4(d)(11)].

Total yield of digestible cell wall was higher in Caramba
at harvest 4 and lower at harvest 6, due to differences in yields
from reproductive pseudostem and leaf. These trends are similar
to those shown for cell wall yield in Fig. 3(e). At harvest 1,
total digestible cell wall was comprised of 64% from leaf and 36%
from vegetative pseudostem. This declined to 31 and 6%
respectively at harvest 6, with reproductive pseudostenm
contributing 49% and inflorescence 14%.

(d) Digestibility. Apparent digestibility of organic matter
(D.%) followed a pattern similar to that described for D_.%. Leaf
D,% was relatively constant over the first 3 harvests (86%) with
no species differences (P>0.05), but then declined over the final
harvests especially in Matua (P<0.001) [Fig. 4(e)(i)}. A similar
pattern of species differences and decline occurred in vegetative
pseudosten. Digestibility of reproductive pseudostem decreased
rapidly, with Matua having significantly greater D_% than Caramba
at harvest 3 while the reverse was true at the final harvest
(P<0.001). D,% of inflorescence also declined with time with
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1
Matua having significantly lower D, (66%) than Caramba (72%)

(P<0.001). D,% of the total plant declined slowly from harvest
1 (86%) to harvest 4 (81%) but then declined sharply at harvests
5 and 6 [Fig. 4(e)(ii)]. Significant differences only coccurred
at harvest 6 when Matua had significantly lower D.% (P<0.001}.

Total yield of apparently digestible organic matter was
significantly greater at harvests 3, 4 and 5 for Caramba {Fig.
3(f)]. This was mainly due to greater yields from reproductive
pseudostem and to a lesser extent leaf. Contribution of leaf to
the total vield declined from 65 to 32% and vegetative pseudostem
from 35 to 6%. At the final harvest, inflorescence contributed
14% and reproductive pseudostem 48%. ,

FIG. 5. Leaf area index (area per unit area of ground) of leaf
lamina ([J]), vegetative pseudostem ([]), reproductive
pseudostem ( ) and inflorescence ( ) at six harvests (H1...6)
for Matua (M) and Caramba (C). Vertical bars indicate LSD values
(P<0.05) for dates where significant species differences occurred
for total leaf area index.
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Light intercepticn

Light interception of swards rapidly increased in both
species being 17, 59, 73, 93, 99 and 100% at harvests 1 to 6
respectively. Matua had significantly greater light interception
at harvest 1 (P<0.01) while Caramba had greater interception at
harvest 2 (P<0.001). At subsequent harvests there were no species
differences.

Total leaf area index of the sward (area per unit area of
ground) as measured by electronic planimeter for each plant
component, differed only at the final two harvests due to a large
drop in area of leaf lamina in Caramba plots [Fig. 5]. This
corresponded with severe wilting of leaf lamina in Caramba plots
at these harvests. Leaf lamina made the greatest contribution (75
to 90%) to total leaf area index. Contribution from vegetative
pseudostem decreased from 18 to 3%, while at the final harvest
inflorescence and reproductive pseudostem contributed 6 and 15%
respectively. Critical leaf area index (95% light interception)
occurred at a leaf lamina area index of 4.5 and a total leaf area
index of approximately 5.

DISCUSSION

The large contribution made by reproductive development in this
study is similar to that described by Wilman, Ojuederie and Asare
(1976) for 1Italian ryegrass {Lolium awltiflorum L.). This
contribution is important because reproductive tillers are
produced over a major part of the growing season in both the
species used in the present study. These species have no
vernalization requirements, with long photoperiods being the only
requirement for reproductive development (Karim, 1961; Evans,
1964). Thus the various attributes identified over the period of
this study are also applicable to other times of the year. This
is in contrast to some other agriculturally important temperate
grass species such as perennial ryegrass (Lolium peremne L.), tall
fescue (Festuca arundinacea Schreb.) and cocksfoot (Dactylis glomerata
L.) that have reproductive development confined to a relatively
short period of the year (Evans, 1964). Reproductive developnment
is also important bhecause it is often considered undesirable due
to its detrimental effects on herbage quality and herbage intake
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of grazing animals. Reduction of reproductive growth in prairie
grass has therefore become a selection critericn for some plant
breeders (Pfitzenmeyer, 1982).

The change in tillers from the vegetative to the
reproductive state affected a number of characteristics. The most
obvious effect was that on yields of herbage and therefore yields
of the different chemical components of the total sward.
Continuation of increasing total yield at the later harvests was
due in most part to reproductive development of tillers. Maximum
growth rates of 360 kg DM ha™ day’ for the total sward and 275
kg DM ha™ day™ for reproductive pseudostem were very high. It is
well documented that a large proportion of reproductive tillers
results in high growth rates (Parsons, 1988). Large amounts of
assimilates were therefore being used in the production of
reproductive pseudostem at later harvests. Reproductive tilliers
had considerable biomass in the pseudostem (culm and sheaths) as
it elongated, lesser yet still significant amounts of biomass in
inflorescences, high WSC contents in the pseudostem, and leaves
that are longer, appear faster and are retained on the tiller
longer (Davies, 1977).

The results of this study indicate that for both species,
reproductive development should not be allowed to progress too
far before the herbage is defeoliated. Reproductive pseudostem at
an early stage of elongation had high digestibility, which is
similar to that found in other species (Minson, Raymond and
Harris, 1960; Wilman et al., 1976). Barloy (1982) and Parneix
{1982) have also found that high nutritive value and high WscC
levels in prairie grass are maintained until head emergence. This
rapidly changed so that digestibility was very low at the final
harvest causing large reductions in digestibility of the total
sward, particularly in Matua. The decision to defoliate must
therefore be based on a compromise between, high dry matter
yields, high yields of chemical components, availability
(digestibility) and content of nutrients, and current tiller and
leaf populations and recovery of these populations after
defoliation. It is important that this decision is made at the
correct time, as even during a short delay large changes in
digestibility and nutrient contents occur rapidly when
reproductive tillers are present.
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For Italian and perennial ryegrass, maximum yield of
digestible dry matter is reported to occur before the maximum
yield of dry matter and before digestibilities have fallen to 70%
(Anon., 1966), with digestibilities being maintained until the
beginning of ear emergence (Minson et al., 1960). The prairie
grass and Westerwolds ryegrass swards in the present study appear
to have similar attributes. When all these factors are taken into
account, it is suggested that the optimum time for defoliation
may approximate to harvests 4 or 5 in this study. At harvests 4
and 5, 11.5 and 24% of the total tillers were reproductive and
4 and 12% had emerged inflorescences, respectively. The optimum
time for defoliation may also differ between the species when
their different tiller dynamics are considered.

Reproductive development affected other components of the
sward such as populations of tillers and leaves, and leaf area
index. Reproductive tillers inhibit development of axillary
tiller buds (Laidlaw and Berrie, 1974; Ong, Marshall and Sagar,
1978) thus contributing to the plateau and drop in tiller numbers
at later harvests. Removal of reproductive stems is not always
required to remove the suppression (Langer, 1963) as occurred in
Caramba plots approximately 60-70 days after sowing when there
was a flush of new vegetative tillers. A similar tillering
pattern did not appear to occur for Matua although commencement
of reproductive development was later in Matua. A more detailed
investigation of tiller dynamics would be required to study this
aspect further. Accelerated leaf appearance on reproductive
tillers (bavies, 1}977; Chapter 3 this thesis) also ensures a high
number of leaves present to intercept light. Although area of
leaf lamina was the major contributor to total leaf area index,
reproductive pseudosten and inflorescence contributed up to 21%
of the total leaf area at later harvests and therefore warrant
inclusion in measurements of sward area (Robson and Sheehy,
1981).

Along with reproductive pseudostem, leaf lamina was the
other major component of the sward particularly at early harvests
and still an important component at later harvests. Leaf lamina
in both species generally maintained high nutrient contents and
high digestibility. Although vegetative pseudostem was a smaller
component of the total sward, generally having lower herbage
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guality than leaf lamina, its high WSC content made significant
contributions to WSC yield along with high WSC contents in
reproductive pseudostem. Inflorescence dgenerally had sliightly
lower levels than vegetative pseudostem for all chemical
conponents and made a relatively small contribution to yields.

The importance placed on species differences in quality and
yields at each harvest must also consider the age of the plant
components and the stage of plant development. Despite an earlier
sowing date, Matua was later to show signs of reproductive
growth. Reproductive tissue was therefore older on average in
Caramba than Matua and reproductive growth in Matua was occurring
at higher temperatures. The earlier sowing date for Matua (eight
days earlier than Caramba) is considered to have little influence
on the results of this study. This is because temperatures and
soil moisture were relatively low at the time of sowing Matua,
conditions which are unfavorable for rapid establishment of
prairie grass (Culleton and McCarthy, 1983; Burgess et al., 1986),
and would therefore minimise the effect of differences in sowing
date.

Although the herbage components of the total sward were
similar for the species, Caramba and Matua had different ways of
forming this dry matter. Caramba swards had greater populations
of plants, tillers and leaves, but Matua had bigger tillers with
more leaves per tiller, due to a high leaf appearance rate, and
.greater area per leaf (Chapter 3 this thesis). Similar findings
for prairie grass and Lolium multiflorum have also been gained by
Hill et al. (1985)}. Westerwolds ryegrass normally has greater
tiller numbers per plant than prairie grass (Hill et =1., 1985;
Hume, unpublished data) but in the present study this varied with
time. The higher number of viable seeds sown in Caramba plots may
have influenced this as higher sowing rates result in lower
numbers of tillers per plant (Holliday, 1953).

Westerwolds ryegrass is valued for its high forage quality
(Csbhorne, 1980; Langer and Hill, 1982). Matua compared favorably
with Caramba Westerwolds ryegrass in terms of yield of chemical
components and percentage composition. These observations of high
forage quality of prairie grass are similar to those of Wilson
and Grace (1978) and Anon. (1982), despite considerable numbers
of reproductive tillers. Reproductive herbage in prairie grass
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is also readily eaten by grazing animals with minimal rejection
of culm or inflorescence (Pfitzenmeyer, 1982; Burgess et al.,
1986). Some major and trace elements are low in prairie grass
{Rumball, Bulter and Jackman, 1972) but these low levels only
rarely have the potential to cause problems in livestock (Burgess
et al., 1986). The present study considered the total herbaée mass
but in a grazing or cutting system the total plant is not
harvested ie. a stubble remains. Caution should therefore be
exercised if these results are to be used for estimating animal
production. There may also be other factors to consider such as
the positive effect of prairie grass sward structure on herbage
intake of grazing animals (L‘Huillier, Poppi and Fraser, 1986).

Root mass and distribution appeared to differ for the two
species. Caramba allocated a smaller proportion of biomass to
roots (higher shoot root ratio) and had a higher percentage of
root mass in the top 10 cm of s0il, while Matua appeared to have
a better distribution of root mass to greater soil depths.
Typically 70~-80% of roots are in the 0-10 cm soil zone
(Troughton, 1957), but species that root to greater depths and
have a more even distribution of roots exhibit greater tolerance
of dry soil conditions (Garwood and Sinclair, 1979). Wilting of
leaves in Caramba and not in Matua plots, and death of young
vegetative tillers on Caramba plants under the dry conditions in
late June and early July (harvests § and 6}, could have been the
result of Matua plants having better access to soil water at
greater depths. Prairie grass is known to have good tolerance to
dry soil conditions (Eteve, 1982; Burgess et al., 1986) and good
root growth {Sangakkara ec al., 1985). Deeper rooting could also
explain higher nitrogen yields for Matua under low soil nitrogen
conditions in winter (Hume and Lucas, 1987), higher nitrogen
yields for Matua in these plots in 1988 (Chapter 6 this thesis),
and tolerance of grass grub (Costelytra zealandica White), a pest
that damages roots (East, Kain and Douglas, 1980). As
reproductive development occurs, root growth is reduced
(Troughton, 1978) due to changes in assimilate partitioning
between roots and shoot (Parsons and Robson, 1981), thus
increasing shoot root ratios. This appeared to be the case for
Matua (harvests % and 6) but not for Caramba.

Further measurements of roots would be required to confirm
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these observations, because although measurements had relatively
low coefficients of wvariation (20%) they were taken over a
relatively short time period and only for one soil type.

Over the period of this study, Caramba Westerwolds ryegrass
and Matua prairie grass appear to have a number of similar growth
characteristics and chemical compositions. Although variations
will occur with different cultivars, this study has shown that
prairie grass is a high yielding, high quality forage grass and
warrants consideration for use in appropriate pasture situations.
Although reproductive development is normally considered
undesirable, this view warrants considerable thought with regards
to these species due to their continual production of
reproductive tillers during the growing season.
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CHAPTER 3

Leaf and Tiller
Production in Pralrie

Crass (Brommus willdenowii Kanth)

D. E. Hume

Submitted to Annals of Botany

ABSTRACT

A detailed morphological study of three prairie grass cultivars
(Bromus willdenowii Kunth) was conducted under vegetative and
reproductive growth conditions (short and long photoperiods) and
at different temperatures. Perennial ryegrass (Lolium perenne L.)
and Westerwolds ryegrass (lolium multiflorum Lam.) were used as
comparison species, although a valid comparison was limited only
to vegetative growth.

Prairie grass had higher leaf appearance rates (leaves
tiller™ day™) and lower site filling (tillers tiller™ leaf
appearance interval™) than the ryegrass species, Tillering rates
{tillers tiller™ day™) were also lower, except under vegetative
conditions at 4°C. Low tiller number in prairie grass was not due
to lack of tiller sites but a result of poor filling of these
sites. Lower site filling occurred because of increased delays
in appearance of the youngest axillary. tiller and lack of
axillary tillers emerging from basal tiller buds. In prairie
grass, no tillers c¢ame from coleoptile buds while only
occasionally did prophyll buds develop tillers. Low tiller .number
in prairie grass was compensated for by greater tiller weight.
Prairie grass had more live leaves per tiller, greater area per
leaf and a high leaf area per plant.

Considerable cultivar variation was found in prairie grass.
The cultivar ‘Bellegarde’ had high leaf appearance, large leaves
and rapid reproductive development, but had low levels of site

27



filling, tillering rates, final tiller numbers and herbage
quality during reproductive growth. ‘Primabel’ tended to have the
opposite levels for these parameters, while ‘Grasslands Matua’
was intermediate and possibly provided the best balance of all
plant parameters.

INTRODUCTION

Prairie grass (Bromus willdenowii Kunth; synonyms B. catharticus Vahl,
B. schraderi Kunth, B. unioloides H.B.K.) is a highly productive
forage grass, valued for its high summer production (Anon, 1982;
Fraser, 1985%; Anon, 1986}, and also in New Zealand for high
winter production {Burgess et al., 1986). It is a tall plant with
long broad leaves, but few, largde tillers. Hill and Pearson
{1985) considered that low tillering capacity in prairie grass
could be a major limitation to its performance in pastures
especially compared with Italian ryegrass (Lolium multifiorum Lam.)
(Hill, Pearson and Kirby, 1985). Tillering is important during
sward establishment and for regeneration of swards after apices
have been removed by defoliation (Jewiss, 1972). Low tillering
may also reflect poor perenniality (Cooper and Saeed, 1949).
Tiller production is controlled by rate of leaf appearance as
this determines the number of tiller buds (sites), and also
controlled by how many tiller buds develop (site filling)
(Davies, 1974)., Prairie grass has a long day reguirement for
reproductive growth, with no vernalization requirement (Karim,
1961; Evans, 1964), so large numbers of reproductive tillers are
continually produced from mid-spring to mid-autumn (Chapter 6
this thesis). Considerable tiller losses therefore occur at
cutting or grazing and there is a large suppression of tillering
through apical dominance. High numbers of reproductive tillers
also have a large impact on herbage production and gquality
{Chapter 2 this thesis).

Apart from providing tiller sites, a high leaf appearance
rate is important if the plant is to intercept as much light as
possible as quickly as possible, and it also provides a major
part of harvested herbage. Leaf size is therefore also important
but in some species this is inversely related to leaf appearance
rate (Cooper and Edward, 1960; Ryle, 1964).
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These plant factors are interrelated and they ultimately
determine yield. For recent cultivars of prairie grass these
factors have not been fully quantified. This paper therefore
reports several experiments in which leaf producticn, tiller
production and reproductive development were measured in three
prairie grass cultivars compared with two ryegrass species (Lolium
species), during undisturbed growth at different temperatures and
photoperiods. Such a characterization of the species may be of
value to plant breeders who are attempting to breed for a prairie
grass that is better adapted to a wider range of management
conditions.

METHODS AND MATERTALS

Five experiments were completed during 1987 and 1988 1in
temperature and photoperiod controlled glasshouses at Wageningen,
The Netherlands. Experiments 1 and 2 were in short photoperiods
so plants remained vegetative. Experiment 3 was conducted under
a range of short and 1long photoperiods so that ‘Caramba’
tetraploid Westerwolds ryegrass (Lolium oultiflorum Lam.) and
prairie grass (Bromus willdenowii Kunth) could develop reproductive
tillers at the long photoperiods. Experiment 4 was also conducted
at a long photoperiod. Experiment 5 investigated develcpment of
the first axillary tiller buds of seedlings during a short
photoperiod.

In all experiments, water was applied daily while nutrients
were applied at regular intervals as modified Hoagland‘s nutrient
solution.

Vegetative conditions

Experiment 1. During early October 1987, seedlings of ‘Wendy’
perennial ryegrass (Lolium peremne L.), ‘Caramba’ Westerwolds
ryegrass and ‘Grasslands Matua’ prairie grass, were grown in
white sand in a 9 h photoperiod, day/night temperatures of
20°C/12°C, with supplementary lighting from 400 W sodium lamps.
When seedlings had two fully emerged leaves, they were
transferred to plastic trays each containing 38 small pots (0.1
litre each) filled with a three to one mixture of yellow sand and
black socil. One seedling was planted per pot and a total of
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twenty trays for each species. Temperatures were gradually
reduced so that by early December temperature was 4°C day and
night, with natural photoperiod and no supplementary lighting.
Plants were cut to 6 ¢m height and the trays placed close
together in a randemised block design to give 83 plants m™.

Eighteen plantse were then randomly selected from each
species and measured every 14 days for leaf appearance and tiller
numbers for a period of 13 weeks. Leaf appearance rates (LAR)
were obtained by marking the uppermost fully emerged leaf (ligule
emerged) on a tagged tiller with an acrylic pen, then two weeks
later counting the number of fully emerged leaves above this
marked leaf. This procedure was then repeated for the following
weeks. Leaf appearance rate was calculated by dividing the number
of new fully emerged leaves appearing at each marking, by the
time interval (14 days). Total tiller numbers were counted on the
plants at each marking. From this, site £filling, the proportion
of tiller buds forring visible tillers in a single leaf
appearance interval was calculated (Davies, 1974). At each
marking, position of the youngest axillary tiller (number of leaf
axils from the top of the tiller) was recorded for the tagged
tillers. At the end of the experiment, plants were assessed for
herbage yield above 6 cm height and nitrogen content.

Experiment 2. During early September 1987, seedlings of Wendy,
Caramba and three prairie grass cultivars (‘Grasslands Matua“’,
‘Primabel’, ‘Bellegarde’) were grown in white sand and then
transferred to 5 litre pots (one seedling per pot) containing the
sand-soil mixture. This gave forty replicates in a randomised
block design. Temperatures were 18/12°C with a 9 h photoperiod
during which supplementary lighting was used. When seedlings had
two fully emerged leaves (23 September)}, weekly measurements
began on the main tiller for leaf appearance, positions of the
youngest and first axillary tillers (numbers of leaf axils from
the top and bottom of the tiller respectively), and tiller
numbers per plant. After three weeks of measurements, new young
tillers with one fully emerged leaf were also mnmonitored.
Measurements finished after six weeks, and plants were cut to 6
cm height to assess herbage yields and nitrogen content. Plants
from three replicates were also measured with an electronic
planimeter to assess total area of leaf lamina. Qlder leaves
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narked for leaf appearance were also measured for leaf area and
leaf dimensions.
After one weeks regrowth, these plants were then used in

experiment 3.

Reproductive conditions

Experiment 3. The plants from experiment 2 were randomly
divided into four photoperiod groups and placed in a glasshouse
operating at temperatures of 18/12°C, with a 9 h photoperiod
consisting of natural (winter) daylight that was supplemented by
sodium lamps to ensure a nminimum irradiance of 80 W m™® at plant
level. By means of covers and extra low intensity lighting,
photoperiod was extended in three of the groups. Thus
photoperiods in the four groups were 9, 11, 14 and 16 hours, with
each group having the same 9 hours of full light intensity. With
this design, full statistical analysis of effect of photoperiod
was not possible, but within each photoperiod there were ten
replicates of each species which could be statistically analysed.

The tillers tagged in experiment 2, and new tillers {one
emerged leaf) tagged one week before and three weeks after the
photoperiods were applied, were all measured weekly for leaf
appearance and position of the youngest axillary tiller. Tiller
numbers were also recorded weekly, while reproductive development
of tillers was recorded daily as inflorescences emerged. Plants
were measured for eight weeks and then cut to 6 cm height to
assess herbage yields, nitrogen <content and apparent
digestibility of organic matter.

Experiment 4. Seedlings of Wendy, Caramba and Matua were grown
during early April 1987, and on 17 April, transferred to 5 litre
plastic pots containing the sand-scil mixture, to give four
seedlings per pot. Seedlings were allowed to establish for 11
days, at which time they had two fully emerged leaves and
neasurements began. Pots were arranged in a randomised block
design with 20 replicates. Throughout the experiment, photoperiod
(14 h) and temperature (20/14°C) conditions were kept constant
and no supplementary lighting was used.

Weekly measurements of leaf appearance, position of the
youngest axillary tiller and tiller number, began on 28 April and

31






