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Abstract

Sorghum, sudangrass and pearl millet are versatile summer forages which are able to be
grazed or conserved as silage; however there is little recently published information on the
performance of these crops in New Zealand. A trial was carried out at Massey University,
Palmerston North, in order to compare forage yields, forage quality, crop morphology and
seed quality of four sorghum X sudangrass hybrids (Pac 8421, Pac 8423, Pacific BMR and
Bettagraze), two sudangrass (Superdan 2 and Sprint), one sweet sorghum (Sugargraze);
and one pearl millet (Nutrifeed) cultivars, sown on the 8 and 21 December 2009. Two
harvests were taken at approximately 100 cm plant height, leaving a residual of 15 cm.
Nutritive values of the whole plant: crude protein (CP), neutral detergent fibre (NDF),
acid detergent fibre (ADF), metabolisable energy (ME), and soluble sugars and starch
(SSS) were determined, using near infrared reflectance (NIR). Accelerating ageing was

used to assess seed vigour.

Yields were significantly (P = 0.005) affected by plant date; mean yield for the 2" plant
date (11,356 kg DM/ha) was significantly lower than the 1% (12,792 kg DM/ha). Pac
8423 (13,953 kg DM/ha), Sugargraze (13,262 kg DM/ha), Bettagraze (12,704 kg
DM/ha) and Sprint (12,426 kg DM/ha), were the highest yielding group. There was a
significant interaction (P<0.0001) between sowing date and cultivar, for yield at the
second harvest; cultivar differences for the first sowing date were larger than that for the

second, which suffered more from cool autumn temperatures.

Crude protein ranged from 10.3 to 18%, NDF 57.2 to 65.2%, ADF 32.9 to 35.5%, ME
10.1 to 11 MJ/kg DM and SSS 1.2 t013.9%. CP and ME were negatively associated with
plant height and yield, whilst CP was strongly and positively related to ME.

Despite late sowing, most cultivars achieved high yields of relatively high quality
forage. Significant differences amongst cultivars were observed. New cultivars displayed

the potential to increase forage yield.
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CHAPTER 1: GENERAL INTRODUCTION

The New Zealand (NZ) economy is based on agriculture, which includes dairy, beef and
deer. The numbers of dairy cattle, beef cattle, sheep and deer are estimated to be 5.1,
4.101, 34.088 and 1.146 million, respectively (SNZ, 2009). Livestock production in
New Zealand is largely dependent upon grazing pastures, which contain temperate

grasses and legumes.

In order to ensure high livestock production, high quality feed and high levels of dry
matter intake are required. The growth of pasture is seasonal and supplements may be
required; for example, in summer due to low soil moisture. As a consequence, feed for
livestock in New Zealand includes a mixture of grazed pasture, pasture silage, cereal
silage and other supplements. Maize (Zea mays), wheat (Triticum aestivum), barley

(Hordeum vulgare) and oats (Avena sativa) are used as cereal forage crops.

In New Zealand, maize is generally preferred as the main summer cereal crop because it
is capable of producing higher yields of high quality silage and it is able to store high
amounts of energy (Douglas, 1980). In addition, it has excellent intake characteristics
compared to other cereals, such as sorghum, pearl millet and sudangrass (Keana et al.,
2003). However, maize has disadvantages; it is not suitable for grazing, since it cannot
re-grow, and it is very vulnerable to water stress during tasselling, silking and grain

filling (Douglas, 1980; Gerlach & Cottier, 1974).

New Zealand has undergone considerable changes in its precipitation pattern over the
past three decades, meaning that during summer and autumn, dry conditions can be
experienced in many regions of the North Island (Ummenhofer et al., 2007). In
particular, drier conditions are mainly experienced over the North Island during March,
April and May (1 to 3% per year drier than normal months), over the South Island’s east
coast during March to May and from June to August (1 to 3% per year drier), and over
the west coast of the South Island during December to February (up to 2% per year
drier) (Ummenhofer et al., 2007). Gerlach (1974) identified Canterbury, Appleby,

Nelson, Blenheim and Marlborough as some examples of areas in New Zealand that



experience drought in late summer and early autumn. This drought has been attributed

to the La-Nina weather pattern (MAF, 1999).

Drought causes reduced pasture production, a low quality of standing rough feed, low
reserves of supplementary feed (which are very costly to replenish), decreased milk
yields in dairy cows and reduced growth rates in beef cattle leading to unfinished
livestock (Cox, 1968). In order to ensure that there is sufficient feed for their animals,
some farmers either buy the extra feed needed or they sell some animals so that the
scarce available feed can be fed to the remaining stock (Gerlach & Cottier, 1974; MAF,
2009).

Furthermore, cash flow is reduced because of a decline in the value of the livestock
production and decreased purchases of stock. The shortage of feed during late summer
and early autumn also results in the price of supplements increasing drastically due to
high demand (MAF, 2008). In addition, depending on the degree of scarcity, there is a
high possibility of prices becoming very unstable. Inadequate provision of supplement
feed to animals, during summer time, remains the main technical constraint in animal

production (Zerbini & Thomas, 2003).

High electricity costs associated with pumping water and inadequate (or no) irrigation
infrastructures are some of the limiting factors that are making it difficult for farmers to
irrigate large areas and to irrigate forage crops (Causley, 1990). In addition, water
supply and distribution problems in New Zealand have become a debateable issue. Due
to this situation, forage growers in dry areas of New Zealand can find it difficult to
produce quality and adequate forage maize, (and/or wheat and barley yields) in order to

meet livestock feed demands (MAF, 2008).

Dairy production has continued to increase in New Zealand with the result that the gap
between feed demand and feed supply, in late summer and early autumn, has increased.
Consequently, the production of quality and adequate feed, to meet the feed nutritive
requirements of animals is being encouraged (MAF, 2008). Douglas (1980)
recommended the promotion and adaption of summer annual crops, such as sorghum

(Sorghum bicolour (L.) Moench), sudangrasses (Sorghum sudanense (Piper) Stapf) and



pearl millet (Pennisetum glaucum) for use as alternative forage crops in drier areas in

order to bridge the feed shortage gap.

The hybrids of these crops have the potential to compete favourably with maize silage,
in terms of yield and nutritive values (Ketterings et al., 2005). In addition, they have the
ability to provide nutritious forage during late summer and early autumn when cool
season perennial grasses have become dormant: as warm season perennial pastures are
not nutritious (Causley, 1990; Gerlach & Cottier, 1974). Growing these drought tolerant
crops in drought prone areas may be the most useful strategy to ensure efficient use of

water in agriculture.

Sorghum, sudangrass and pearl millet are warm-zone cereals grown as forage for
livestock, in regions where high temperature and low rainfall during summer and early
autumn result in feed deficits on pastoral farms. The attributes of these crops include
heat and drought tolerance, high yield potential, good water use efficiency, good re-
growth potential after cutting or grazing, few pest and disease problems and an ability to
be sown late (Wheeler & Mulchahy, 1989). In addition, if forage is grazed in-situ, they
reduce the costs of producing cereal forage crops, since less growing inputs are used
and there are no harvesting costs incurred (Cerosaletti et al., 2002; Marsalis et al.,
2010). Consequently, livestock farmers in cooler areas, such as the southern North
Island, are interested in growing these crops even though they require warmer
temperatures for germination and growth than other summer cereal forages, for
example, maize (Douglas, 1980). Growing sorghum species and pearl millet, as forage
crops, has of late increased steadily in many countries of the world including the United
States of America, Mexico and Australia (Zerbini & Thomas, 2003) and New Zealand
(MAF, 2008).

The optimum temperature for sorghum growth ranges from 25 to 30 °C (Ketterings et
al., 2007). Sorghum base temperature (temperature at which there is zero development)
is approximately 8 to 12 °C (Hammer et al., 1989) and pearl millet is 10 to 12 °C (Ong
& Monteith, 1984). In order for sorghum species and pearl millet to germinate well and
have good crop establishment in New Zealand, at least 16 to 18 °C soil temperature at
10 cm depth is required, because these crops are sensitive to coldness (Gerlach &

Cottier, 1974).



These crops are capable of withstanding drought due to their deep, fibrous and prolific
root systems which are able to absorb water from deep down in the soil profile (Blum,
2005; Farre & Faci 2006). In addition, sorghum leaf blades and sheath are covered with
a heavy white coat (a powdery bloom of wax) (Singh & Singh, 1995) which is
deposited as filaments of almost 0.8 p (m) in diameter, thus creating a mesh-work
approximately 110 p (m) thick (Sanchez-Diaz et al., 1972). This prevents plant from
water loss when prevailing conditions are hot and dry; also their leaves fold under
during drought, thus further preventing water loss (Singh & Singh, 1995). Mechanisms,
such as decreased leaf area index, leaf area, and plant size, help to limit loss of water
and decrease injury to plants (Blum, 2005). Moreover, under drought stress, the plants
are able to decrease water use (WU) (Blum, 2005). When this occurs, plants become
dormant and they only resume growth when moisture availability improves (Ketterings

et al., 2005).

Despite sorghum possessing these positive attributes, when feeding forage sorghums to
livestock as supplement feed there is the potential for cyanide and nitrate poisoning to
occur (Wheeler et al., 1990). Cyanide and nitrate poisoning of stock has been reported
in New Zealand (Ellison, 1994; Gerlach & Cottier, 1974). Ellison (1994) reported a 4%

to 27% mortality rates in reported cases in New Zealand.

However, current cultivars on the New Zealand market have low concentrations of
cyanide content compared to old cultivars, because of the extensive breeding that has
taken place (Cottier, 1973). Cyanide poisoning is a greater problem than nitrate
poisoning in livestock. However, nitrate poisoning is the most wide spread toxicity
related to the grazing of sorghum (Ellison, 1994). The other problem with using
sorghum species is that their digestibility falls rapidly as the plants mature, in addition
to there being insufficient content of sulphur and sodium to supply stock requirements

(Wheeler & Mulchahy, 1989).



1.1. Objectives of the study

The study was designed to:

a) Compare forage yields and crop morphology of sorghum, sudangrass and
pearl millet cultivars.

b) Determine and compare the nutritive values: crude protein (CP), acid
detergent fibre (ADF), neutral detergent fibre (NDF), metabolisable energy
(ME), and soluble sugars & starch (SSS) of sorghum, sudangrass and pearl
millet cultivars.

c) Determine the effect of sowing dates on forage yield and crop morphology

of sorghum, sudangrass and pearl millet.

1.2. Synthesis and organisation of this thesis

Chapter 1 introduces the study, and highlights the situation of pasture production in late
summer and early autumn seasons. The literature review (Chapter 2) reviews the factors
affecting forage yield and quality, including maturity at harvest, genotype/variety,
management practices and environmental conditions during the growing season.
Chapter 3 reports on the materials and methods used in this research. These include
cultivars, experimental site and environment, field experiment layout and
measurements, yield and quality determinations, seed quality assessment and data
analysis. Chapter 4 describes the results of yield and quality parameters, seed quality
and the relationships between yield, agronomic traits and forage quality. Chapter 5
discusses the results, and Chapter 6 concludes the thesis and outlines recommendations

for further research on improving the use of summer annual crops in New Zealand.






2.1.

Forage is defined as the edible parts of plants, other than the separated grain that can
provide feed for grazing animals: or that can be harvested for feeding (Wilkins, 2000).
Forage consists of herbage, hay and silage, browse and straw. Forage crops are grown
annually or biennially to be grazed in situ, or harvested as a whole crop (e.g. sorghum,
maize, kale). Maize, wheat, barley and oats are the most commonly grown cereal forage
crops in New Zealand (MAF, 2008). According to Kemp et al. (1999), the following

forage species are grown in New Zealand for animal production:

ii.
iil.

1v.

il.
1il.

1v.

Vi.

vil.
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Grasses
a) Perennial grasses

Perennial ryegrass (Lolium perenn)
Tall fescue (Festuca arundinacea)
Cockfoot (Dactylis glomerata)
Phalaris (Phalaris aquatic)

Brown top (Agrostis capillaries)
b) Annual grasses

Italian ryegrass (Lolium multiflorum)

Legumes

White clover (Trifolium repens)

Red clover (Trifolium pratense)

Subterranean clover (Trifolium subterraneum)
Lotu (Lotus pedunculatus)

Birdsfoot trefoil (Lotus corniculatus)
Caucasian clover (Trifolium ambiguum)

Lucerne (Medicago sativa)



Pasture herbs

1. Chicory (Cichorium intybus)
ii.  Plantain (Plantago lanceolata)

From the above list, the most commonly used pasture species in New Zealand are white
clover and perennial ryegrass. However, during late summer and early autumn, the
production of these pastures is greatly affected by drought, with perennial grasses
becoming dormant and warm season perennial pastures having a reduced nutrition
(Kemp et al., 1999; Mitchell, 1956). In addition, summer forage production is
negatively influenced by the dry spells experienced in dry prone areas. This interrupts
the steady supply of supplements required to ensure desirable animal production. In
order to bridge this gap, the growing of alternative drought tolerant crops is

recommended.

The adaptation, yield potential, and feeding value for a specified livestock programme,
are factors that influence the selection of the type or variety of summer annual to be
sown (Posler et al., 1983). Summer annual grasses have variable growth rates, re-
growth ability, plant height, leaf/stem ratio, forage yield and quality. Therefore, farmers
need to follow recommended production practices, harvest procedures and conservation
management (green chop, pasture, hay or silage) for each variety, in order to maximise

their nutritive value.

2.2. Background

Interest in the use of summer annual crops (sorghum, sudangrass and pearl millet) in
New Zealand developed as early as 1911. During the 1911 growing season, extremely
dry weather was experienced in New Zealand; this resulted in a drastic decline in milk
production in most drought prone areas. Lonsdale (1911) suggested the use of summer
forage crops, which he described as salvation crops, since they had the potential to

supply a dairy herd with succulent feed during periods of drought.

From that time on, interest in the use of drought tolerant crops (sorghum, sudangrass

and pearl millet) increased. By 1915, sorghum varieties, such as Early Amber Cane,



Planter’s Friend and Sorghum saccharatum, were on the local market for use as hay or
silage (Brown, 1916). Hybrids developed by crossing sorghum and sudangrass were
generally preferred to sweet sorghum and sudangrass. However, despite new cultivars
with high yielding potential, low concentration and good digestibility being introduced
on-to the New Zealand market in recent years, the number of hectares of sorghum,

sudangrass and pearl millet under cultivation remains low.

Crush and Rowarth (2007) stated that the lack of cold tolerant cultivars and low feeding
quality, compared to temperate forage grasses, are the limiting factors for the use of C4
crops in New Zealand. Even cultivars with low concentrations of cyanide still have the
potential to poison stock if they are grazed too young (Wheeler et al., 1990).
Furthermore, relative low digestibility and a rapid decline in feeding value have lead
most forage growers to be sceptical of growing annual summer crops for summer
supplementation. In addition, seed production for forage grass is a challenge in New
Zealand; this is due to pressure on the land used to produce forage seed in order to grow
high value crops, such as vegetables (Rowarth, 1997). However, Crush and Rowarth
(2007) pointed out that C4 grasses have the potential to increase dry matter production
to levels not yet seen in New Zealand. Cyanide poisoning is also called prussic acid or

hydrogen cyanide poisoning (HCN) (Bertram et al., 2005).

There is little recently published information on the performance of sorghum,
sudangrass and pearl millet forage crops in New Zealand, with active research being
done only in the 1960s, 1970s and early 1980s (Cottier, 1973; Gerlach & Cottier, 1974).
Crush and Rowarth (2007) singled out the loss of scientific interest in the use of these
crops in New Zealand, as the reason why little recent work has been done in this area.
Therefore, the only available research information on sorghum, sudangrass and pearl
millet was gathered during the 1960’s, 1970’s and 1980’s (Cottier, 1973; Gerlach &
Cottier, 1974).



2.3. Forage sorghum

Sorghum is the fifth most important cereal crop, after wheat, rice, maize and barley
(Bean et al., 2009; FAO, 2010). There are approximately 20 species of grasses native to
tropical and subtropical regions in the genus Sorghum (Reich, 2008). According to
Gerlach and Cottier (1974), sorghum originated in Ethiopia and then spread to different
parts of Africa and other areas, such as India, South East Asia, Australia and the United

States of America.

2.3.1.  Types of forage sorghum

Douglas (1980) classified forage sorghum into three groups: sweet sorghum, sudangrass
and sorghum X sudangrass hybrids: these all display morphological differences.
However, all have high yield potential to be grown for high quality pasture or silage
and/or hay (Watson et al., 1993).

Forage breeders have crossed sudangrass and sorghum, to produce forage varieties with
improved nutritive values and productivity (Kalton, 1988; Miron et al., 2007; Moyer et
al., 2004). Through extensive breeding efforts and selection, forage sorghum hybrids
have been bred to improve yielding potential, re-growth capacity, number of tillers per
plant, leafiness, digestibility, disease and pest resistance, and low prussic acid content

(Kalton, 1988).

Sorghum varieties have also been improved by crossing them with sorghum mutants
containing the Brown Mid Rib (BMR) gene in order to improve yield and digestibility
(Miron et al., 2007). The BMR gene was discovered in 1931 (Oliver et al., 2004) and it
is linked with decreased lignin content and increased forage digestibility (Porter et al.,
1978). According to Cherney et al. (1988), BMR is a noticeable marker related to
decreased lignin content in sorghum, pearl millet and maize. Reich (2008) indicated that

it is expressed in the mid-rib of leaf, stem, rind, pith and vascular tissue of plants.
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Plate 2.1: Brown mid rib (BMR) of sorghum.

In the sorghum industry, three BMR genes (BMR-6, BMR-12 and BMR-18) are mainly
used to produce BMR hybrids (Porter et al., 1978). Incorporation of the BMR trait into
sorghum and sudangrass has improved the digestibility of these forages due to a

decreased in lignin content and cell wall concentration in the dry matter (Miller &

Stroup, 2003; Reich, 2008).

Lignin content has been reduced by approximately 10 g/kg (Oliver et al., 2004),
resulting in a 30% increase in animal voluntary intake (Casler et al., 2003). However,
Miller and Stroup (2004) found that lignin concentration of stem and leaf tissues, in
BMR maize, pearl millet and sorghum, decreased up to 50% and 25%, respectively.
Miron et al. (2007) concluded that dry matter yields and digestibility of BMR hybrids

are comparable with maize.

Although the BMR trait is desirable in summer annual crops, it is associated with
decreased yields, reduced vigour of plants and high lodging (Casler et al., 2003; Miller
& Stroup, 2003; Pedersen et al., 2005). Casler et al. (2003) found that BMR phenotypes
had 15% and 30 % reduction in forage yield, for first and second cuts. Low plant vigour
and health were attributed to disruptions in lignin biosynthesis (Reich, 2008). In order
to avoid plant lodging in BMR hybrids, Bean et al. (2009) proposed a lower seed

sowing rate, the optimum application of nitrogen fertiliser and timely harvesting.
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However, Reich (2008) reported that focused breeding has reduced the linkage of BMR
genes and poor yield. Due to this situation, new hybrids with high plant vigour, reduced
lodging and yielding potential have been released onto the market (Miller & Stroup,
2003).

2.3.1.1. Sweet sorghum

Sweet sorghum has a vigorous growth habit and it is late maturing (Leep, 2005). Reich
(2008) stated that the leaves are very coarse, with plants being typically tall and
generally later maturing than sorghum X sudangrass and sudangrass. Sweet sorghum
yields are comparable to maize when both crops are irrigated, and higher than maize in
dry areas (Anderson & Guyer, 1986; Leep, 2005; Reich, 2008). They also have low
tillering capacity and re-growth rate after grazing/cutting (Gerlach & Cottier, 1974).
Due to this fact, they are not recommended for grazing, they are mainly harvested for
silage once they are past heading in order to maximise dry matter yield rather than
quality (Gerlach & Cottier, 1974; Watson et al., 1993). The levels of cyanide in sweet
sorghum are higher than other summer annual grasses (Gerlach & Cottier, 1974; Leep,

2005).

2.3.1.2. Sudangrass

Sudangrass is native to Sudan in Africa; it is a tall annual forage crop with erect stems
and narrow leaves (Cumberland, 1974; Gerlach & Cottier, 1974; Karlovsky, 1966;
Walton, 1983). It is very fine stemmed with exceptional tillering capacity and excellent
re-growth after grazing or cutting (Anderson & Guyer, 1986; Cottier, 1973; Leep, 2005;
Reich, 2008). However, sudangrass produces less forage yield compared to other
summer annuals (sweet sorghum and sorghum X sudangrass). Sudangrass is, therefore

recommended for either grazing or forage conservation.

Despite sudangrass yielding more poorly than sorghum x sudangrass, it is the quickest
source of forage during summer time, especially as a pasture, due to its high
digestibility (Anderson & Guyer, 1986; Ball, 1998; Karlovsky, 1966; Watson et al.,
1993). Plants do not tolerate frost and in cold conditions they become dormant.
However, they will resume growth when the prevailing weather becomes favourable

(Armah-Agyeman et al., 2002)
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2.3.1.3. Sorghum x sudangrass

Sorghum X sudangrass is a cross between sorghum (Sorghum bicolour (L) Moench) as
the female parent and sudangrass (Sorghum sudanense piper) as the male parent (Reich,
2008). They are the most common forage hybrids, and they are considered as possible
forage alternatives to maize silage in drought prone areas, as well as under wet
conditions (Ketterings et al., 2007). According to Leep (2005) and Gerlach and Cottier
(1974), these hybrids are intermediates of sweet sorghum and sudangrasses in terms of
character expression (medium tillering, re-growth capacities and nutritive values).
Anderson and Guyer (1996) found that the rate of re-growth after grazing is lower than
sudangrass. The hybrids are higher yielding than sudangrass and pearl millet, but they
yield less than sweet sorghum. Stems contribute about 50% to their final yield

(Anderson & Guyer, 1986; Leep, 2005).

Sorghum X sudangrass are not suitable for hay due to the thickness of their stems, which
are difficult to cure, or to crush and crimp. Under less frequent cutting, they are more
vigorous. In order to ensure an excellent quality, it should be harvested at least 45 to 60

cm (Undersander & Lane, 2001).

2.4. Pearl millet

This is a summer annual grass that originates in Africa and India. Of all the millets and
miscellaneous cereals, pearl millet is the most important crop, and it has the greatest
potential. It is robust and quick growing and can be interchanged with sorghum and
maize (Rachie & Majmudar, 1980). It is more drought resistant than sudangrass, but it
does not tolerate cold and wet soils. In order to ensure desirable growth, sowing time

needs to be synchronised with optimum temperatures.

Pearl millet produces a higher number of leaves than sudangrass and it has thin stems,
profuse tillering and a medium plant height. These are all desirable characteristics for
forage yield and quality. The leaf/stem ratio is significantly higher than sudangrass and
sorghum X sudangrass (Ball, 1998). Hence, it produces excellent pasture and it has
better digestibility than sorghum X sudangrass hybrids grown under the same

environment.
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Pearl millet is very sensitive to frost and a temperature as low as 2 to 3 °C is sufficient
to kill the plants (Rachie & Majmudar, 1980). Pearl millet is also more sensitive to a
low residual stubble height than other summer annual grasses (Stephenson & Posler,
1984). Hence, it is more sensitive to overgrazing. At least 20 cm of residual stubble is
recommended for best re-growth. It is not used for hay because it has coarse stems

(Beaty et al., 1965).

2.5. Seed quality

Seed quality is the collection of seed properties (germination capacity, seed vigour, seed
moisture content, analytical purity, species purity, uniformity, cultivar purity, cultivar
health and size) that give the seed value for sowing purposes (Esbo, 1980). The

importance of these properties is not equal and differs depending on the situation.

The two quality components of interest in this study are as follows:

25.1.  Germination

Germination capacity is the percentage of normal seedlings of pure seed (Almekinders
& Louwaars, 1999). Robert and Gurmu (1990) explained that germination consists of
three processes, namely; imbibition, radicle emergence and coleoptile growth. In order
for these processes to occur, favourable environmental conditions (water, oxygen, an
appropriate temperature and for some seed light) are needed. However, excess water can
negatively impact germination and emergence, because it can directly damage the seed
and limit the air (oxygen) supply in the soil, thus creating anaerobic conditions that can

result in seed or seedling death (Hampton et al., 1999; Martin, 1986).

In order for sorghum species and pearl millet to germinate well, they require a soil
temperature of at least 16 to 18 °C at a depth of 10 cm (Gerlach & Cottier, 1974).
Below 15 °C the growth rate of sorghum species is slow, and at less than 10 °C, seedling
injury occurs (Gerlach & Cottier, 1974). Rapid germination and emergence occurs when
the soil temperature is at least 21°C (Undersander et al., 1990). Moreover, a firm and
well prepared seed bed will support full seedling establishment. A desirable stand of
healthy plants is achieved by sowing high quality seed at the correct time.
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Uniform germination is an advantage to plant establishment, because plants will grow at
the same rate, in order to use available resources equally, this will prevent some weak
seedlings dying by being suppressed by stronger plants (Walton, 1983). In addition, it
ensures a uniform canopy cover within rows and it also allows management practices to
be undertaken at the same time. Generally, sorghum takes 3-10 days to emerge after
sowing (Vanderlip, 1993). Seed maturity and size, external abiotic conditions (moisture,
air and soil temperatures), and external biotic conditions (diseases), are the three factors
that affect seed germination and seedling emergence. These factors determine the time

between sowing and seedling emergence.

Cool and wet conditions reduce a crop stand, since they promote a favourable
environment for the development and establishment of disease that can seriously
damage the crop by damaging or killing the emerging seedlings (Vanderlip et al., 1973).
Moreover, in cool soils, the emergence of sorghum seedlings is delayed and once
emerged growth is slow, this allows weeds to establish faster than the actual crop. As a
result, the crop is suppressed to some extent, since weeds will shade emerging seedlings
and use growing resources before the forage is established. Large seeds produce more
vigorous seedlings that are tolerant to adverse conditions, and shrunken seeds germinate
poorly and produce weak seedlings (Acquaah, 2005). However, this varies, depending
on the cultivar’s genetic potential. Pederson and Toy (2001) found that untreated red
coloured seeds had a higher seedling emergence than the white seed phenotype, because

red pericarp has been linked to grain mould resistance.

Under unfavourable conditions, the slow growth rate of seedlings negatively influences
emergence (Free et al., 2010). At low temperatures, oxygen uptake is decreased because
mitochondrial activity is reduced (Lyons & Raison, 1970), thus resulting in a reduced
concentration of adenosine triphosphate (ATP) and other nucleotides (Stewart & Guinn,
1969). Guinn (1971) also reported that the RNA, protein and lipid soluble phosphate are

decreased, thus resulting in potential emergence and/or seedling vigour being affected.

In New Zealand, around 60% and 20 to 50% field germination was reported when
sorghum seed was planted on clay loam and peat, respectively (Taylor et al., 1974). In
the USA, field establishment of sorghum averaged 75% (Vanderlip et al., 1973). In
contrast, field emergence has also been reported from 32 to 60% (Pedersen &Toy 2001)
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and 35 to 93% (Ibrahim et al., 1993). Singh and Dwaliwal (1972) reported 55%
seedling emergence when the minimum temperature was 15°C. A range of
approximately 20 to 50% has been indicated as the difference between field and
laboratory germinations (Vanderlip et al., 1973). Due to these discrepancies in sorghum
germination, this study is also evaluating the seed vigour of different cultivars and

exploring the association between laboratory tests results and field emergence.

In the case of favourable field conditions, both standard germination and vigour tests
can be correlated with field emergence. Hence, both can be used to predict field
performance, because a vigour test will not be more superior to standard germination.
However, under adverse conditions, vigour tests correlate strongly with field

germination (Perry, 1987).

2.5.2. Seed vigour

Seed vigour is the capacity of the seed to perform when prevailing conditions are
adverse (Almekinders & Louwaars, 1999). Walton (1983) defined seed vigour as the
ability of the seed to emerge, withstand cold or dry conditions, resist the attack of soil
and seed borne microorganisms and compete with other plants. Perry (1978) defined
seed vigour as “The sum total of these properties of the seed which determine the level
of activity and performance of seed or seed lot during germination and seedling

emergence”.

Seed vigour comprises those seed properties that determine the potential for fast,
uniform emergence and the development of normal seedlings when grown within a
wide range of field conditions (Zaychuck & Foster-Stubbs, 2004). Seed germination is
dependent on a cultivar’s genetic potential and its abilities to withstand adverse
conditions that it can be exposed to during germination. High vigour seeds are able to
withstand unfavourable conditions and thus ensure excellent establishment and crop
stand, for maximum forage yield. A seed vigour test is conducted, in order to evaluate
its physiological quality and the potential for the seed to tolerate field stress (low or
high soil temperature and/or moisture and soil crusting), when the crop is planted under

unfavourable conditions (Hampton & TeKrony, 1995).
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Low seed vigour and a loss of viability are mainly caused by seed ageing (Hampton &
TeKrony, 1995). This deterioration continues until the ability of the seed to germinate is
lost. According to Hampton and Tekrony (1995), seed deterioration normally begins at
physiological maturity (before harvest) and continues during the harvest, processing and
storage stages. However, the deterioration rate of a seed is dependent on the genetic
potential of the seed, as well as the production and environmental factors under which
the seed is grown. Loss of enzymes, respiration and hormonal changes, impaired
protein and Ribonucleic acid (RNA) synthesis, genetic damage and production of toxic
metabolites are all either the cause of or a result from seed deterioration (Priestley,

1986).

Seed deterioration results in decreased speed and uniformity of germination, decreased
ability to withstand environmental stresses experienced in the growing field and poor
seedling emergence and growth (Roos, 1980). Although seed lots may have nearly the
same high germination values, they may be at different physiological ages. This will be
reflected in variable seed vigour and different performance abilities. The higher the
vigour of the seed, the better the seedling emergence is (Hampton & TeKrony, 1995).
Perry (1987) reported that the determination of seedling growth (seedling dry matter,
seedling height and number of normal seedlings) is the easiest way to assess vigour.
This method is mainly used in crops where the first leaf emerges through coleoptile, for

example; maize, barley, rice, and sorghum.

According to Perry (1987), seed viability is a primary component of any assessment of
quality. The viability of seed is tested by the use of a tetrazolium test, since it focuses on
the internal conditions of the embryo. A colourless solution, 2, 3, 5-triphenyl
tetrazolium chloride, is used as an indicator, to show reduction processes that occur
within living cells. Seeds are soaked in a tetrazolium test solution so that this solution
can be imbibed by the seeds. Once it is imbibed by the seed, it interacts with the
reduction processes of living cells and it accepts hydrogen from the dehyrogenases. If
cells are living, 2, 3, 5-triphenyl tetrzolium chloride is hydrogenated to form a red,
stable and non-diffusible substance called tryphenyl formazan. Therefore, if cells are
living, the embryo will be stained red. However, if cells are dead, the embryo will be

colourless, or it will have colourless (unstained) patches (Hampton & TeKrony, 1995).

17



An accelerated ageing (AA) test has been suggested as the best method for determining
seed vigour in sorghum species (Pedersen & Toy, 2001). Delouche and Baskin (1973)
described this method as inducing physiological stress, where high temperature and
relative humidity are used to deteriorate (or age) seeds. In this method, seeds are
subjected for a short period to two environmental stresses (high temperature and high
relative humidity), these are the conditions generally responsible for seed deterioration.
Seed lots that withstand these ageing conditions and retain germination potential, equal
or almost the same as the original standard germination are considered to be of high
vigour (Hampton & TeKrony, 1995). If deterioration occurs, it is at a slower rate than

low vigour seed.

Depending on crop species, Hampton and TeKrony (1995) specified ageing
temperatures from 41 to 45 °C and ageing duration from 48 to 144 hours. Ibrahim et al,
(1993) found 43 °C for 72 hours and 48 °C for 48 hours to be effective in separating
sorghum seed by vigour. From the two temperatures, 43 °C for 72 hours was
recommended as the best ageing temperature and durations because of consistent

germination.

Ibrahim et al. (1993) found that as the ageing duration increased, seed moisture also
increased. Hampton & TeKrony (1995) specified that; after ageing sorghum seed at 43
°C for 72hours, the moisture content should be 28 to 30%. Ibrahim et al. (1993) found
29 to 30% moisture content after 72 hours of ageing, at 43 °C and 45 °C.

Freshly harvested sorghum seed has higher germination after accelerated ageing (and
hence higher vigour) than carry-over seed (Ibrahim et al., 1993). Petersen and Toy
(2001) reported 84 to 99% and 85 to 99% as un-aged germination of grain sorghum at 5
and 10 days, respectively. When grain sorghum seed was aged at 48 °C for 48hours, at
close to 100% relative humidity, the germination was 87 to 96% and 89 to 97% after 5
and 10 days. Fresh sorghum seeds aged at 43 °C for 48 hours, 43°C for 72 hours, 45 °C
for 48 hours, and 45 °C for 72 hours, had post accelerated ageing germinations ranging
from 96 to 98%, 93 to 96%, 95 to 99%, and 53 to 84%, respectively, while two year old
seed aged at 43 °C for 48 hours, 43 °C for 72 hours, 45 °C for 48 hours, and 45 °C for
72 hours, had post accelerated germination of 80 to 87%, 64 to 68%, 41 to 58% and 4 to
13%, respectively (Ibrahim et al., 1993).
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As the seeds were exposed to high temperatures and relative humidity, the germination
of seeds with low vigour reduced, because they were unable to withstand the adverse
effects of ageing. However, the seeds with high vigour withstood these environmental
factors and they were able to achieve high germination. Therefore, freshly harvested
seed had a higher post-accelerated germination than over carry-over seeds, since they

were less deteriorated than the carry-over seed.

2.6. Forage yield

Forage yield is influenced by tiller density, plant height, stem diameter, number of
leaves and leaf area (Chaudhry et al., 1990; Chu & Tillman, 1976; Hussain et al., 1991,
Ping et al., 2005). As these agronomic traits increase, forage yield is also increased.
However, the performance of different forage crops is primarily based on the type of
forage crop or variety grown, as well as the prevailing growing environment (Maiti &

Soto, 1990).

In New Zealand, potential yield of sorghum X sudangrass have been estimated to be
29,000 kg DM/ha and 21,000 kg DM/ha for irrigated and non-irrigated crops,
respectively, after 112 days (Chu & Tillman, 1976). Sorghum yields of 18,000 to
20,000 kg DM/ha were reported by Piggot and Farrell (1984) in the Manawatu. Taylor
(1977) reported ranges of 16, 500 to 28,000 kg DM/ha and 8,600 to 12,800 kg DM/ha
of sorghum silage grown on a peat site in Sweetwater, and on a sand site in Cape View,
respectively. The silage yields were high because the crops were harvested at the soft
dough stage and hence, seed component contributed greatly to the yield. Douglas (1980)
reported 13,600 kg DM/ha, as an average yield of forage sorghum. Karlovsky (1966)
reported sudangrass silage yield harvested at 122 days ranging from 8,238 to 9,885 kg
DM/ha. However, Cottier (1973) suggested more than 8000 kg DM/ha as a cumulative

yield of sudangrass and sorghum X sudangrass under non-irrigated conditions.

In Harakeke, Appleby, Wairau Valley and Waimea West in New Zealand, Rhodes
(1977) reported final cumulative yields of two cutting regimes of sorghum X sudangrass
hybrid (Sudax), cut to 5 cm stubble residual height as 3, 830, 13,750, 2,850 and 13,540
kg DM/ha, respectively. In addition, pearl millet yielded 5, 050 kg DM/ha in Harakeke
and 7, 020 kg DM/ha in Appleby. The yields at the Harakeke and Wairau Valley sites
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were poor due to dry periods and poor crop establishment. In a study of three cutting
regimes, Cottier, (1973) found individual yields of each cutting; 3,230, 3,160 and 2,130
kg DM/ha for sorghum x sudangrass and 2,740, 3,110 and 2,160 kg DM/ha for
sudangrass. The cumulative dry matter yields of sorghum X sudangrass and sudangrass
were 8,520 and 8,010 kg/ha DM, respectively. In another three cutting regimes of three
sorghum X sudangrass hybrids growth after 77 days, in Waikato (New Zealand),
Gerlach and Cottier (1974) reported cumulative DM yields of 9,520, 9,360 and 9,740 kg
DM/ha. From these findings, it can be seen that the cumulative yields of forage
sorghum were determined by the cultivar grown, its re-growth abilities, the longevity of
the growing season, the harvesting stage, the growing environments available and the
general management of the crop whilst in the field. The higher the yielding potential
and regrowth ability, and the longer the growth period, the higher the yield would be.

In comparison studies between maize and sorghum, in different regions (Auckland,
Manawatu and Nelson), maize and sorghum yielded 5,200 to 12,000 and 3,100 to 8,200
kg DM/ha, respectively. Approximately 5,000 to 10,000 kg DM/ha was stated as the
potential yield for maize greater than sorghum (Douglas, 1980). With the improved
sorghum cultivars on the market, competition between maize and sorghum cultivars is
expected, under same growing environment. Sorghum is likely to be higher yielding in

the drier areas, than maize.

Since sorghum will re-grow, it can be cut either once (single cut) or several times
(multiple cuts). Rahman et al. (2001) grouped sorghum as either single cut (e.g. sweet
sorghum) or multi cuts (e.g. sorghum X sudangrass and sudangrass). Increasing the
number of cuttings reduces the dry matter production of the re-growths. This is
attributed to loss of vigour in plants, and to some extent, the reduction of the number of
tiller/ m* and decreased yield per tiller (Rahman et al., 2001). Beuerlein et al. (1968)
found that treatments, which had 0, 1, 2, 3 and 4 cuttings had cumulative yields of
17,242, 17,120, 12,690, 8,903 and 1,924 kg DM/ha.

Yield potential differs with environment. In tropical regions, high yields (30,000 kg
DM/ha) have been achieved because of high temperatures that favour higher growth

rates (Plucknett et al., 1971). Factors such as moisture, fertility, temperatures, diseases
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and pests can all influence yields. In New Zealand, sorghum yield potential is over 20,
000 kg DM/ha, if conditions are favourable, but can be reduced by 50% due to moisture
limitation (Taylor et al., 1974). In New South Wales, Australia, which has a sub-
tropical climate, the yield potential is also 20,000 kg DM/ha (Cameron, 2006; Muldoon,
1986). Lower potential yields have been reported in the USA (10,500 to 12,700 kg
DM), Spain (12,300 to 14,100 kg DM/ha) and South African (12,200 kg DM/ha), due to
less favourable growing conditions (Kilcer et al., 2005; Lloveras, 1990; Snyman &
Joubert, 1996).

2.7. Factors affecting forage yield

Generally, the yield and quality characteristics of forage crops are determined by the
harvesting stage, genotypes grown, management practices and environmental factors
(temperature, drought and sowing time) (Piggot & Farrell, 1984; Reddy et al., 2002).
This is because interactions between genotype, stage of maturity at harvest and re-
growth ability, heavily influence forage yield and nutritive value (Ketterings et al.,

2005).

Buxton and Casler (1993) suggested that forage growth rate, development rate, yield
and forage quality, reflect the cumulative effects of the plant’s environment. As plants
are growing, they experience environmental fluctuations and stresses that alter their
plant morphology and their rate of development in addition to limiting yield and

changing quality.

Peacock and Heinrich (1984) pointed out poor crop establishment, low fertility and
inadequate amount of moisture, as factors that lead to poor crop standards, poor
growthas a consequence a lower amount of radiation being intercepted, thus
detrimentally affecting forage yield and the amount of supplement available. When
factors, such as light interception and temperature, soil moisture and nutrients, are not
limiting, faster and optimum plant growth is achieved, for example; increased plant
height, stem diameter, leaf number and area, thus resulting in an increased plant dry

matter yield (Ayub, 2009).
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The factors that affect forage yield are as follows:

2.7.1. Maturity at harvest
Maturity at the harvest of forage plays an important role in yield determination.
Generally, total dry matter increases as harvesting is delayed, especially when

harvesting occurs between pasture and boot stage (66% DM) (Worker & Marble, 1968).

During the early growth stages of a forage crop, leaf yields are double that of those of
stems but, at later stages, stem yields are twice those of leaves (Nelson & Moser, 1994).
In a study to determine the relative proportion of leaves, stems and heads of sudangrass
and sweet sorghum, Farhoomand and Wedin (1968) found that the dry matter content
was highest in the heads, and least in the stems. As the plant starts forming seeds, dry
matter in leaves and stems is remobilised to the seeds. However, changes in forage
quality also need to be considered since, as the dry matter content increases,
digestibility of NDF, lignin, starch, sugar content and crude protein, are all reduced
(Kilcer et al., 2003). Given that maturity affects yield and quality, forage intended for
either dairy animals or fattening should be balanced between dry matter production and
quality, whilst forage for maintenance should be comprised of maximum dry matter
production, in order to achieve the intended goals, such as, high productivity, lactation,

calving and profit (Hodgson & Brookes, 1999).

2.7.2. Genotype/ variety

Genotype or variety plays an important role in determining yield. For example, late
maturing cultivars are likely to have more yield than early maturing ones, since the stem
components and number of leaves are higher (Taylor et al., 1974). In addition, tall
forage cultivars yield more than short cultivars due to the strong positive relationship
between plant height and yield, and taller forage have longer time to accumulate dry
matter. Plant height, number of shoots or tillers/m?, tillering capacity, leaf/stem ratio,
and yielding potential, are some of the most important factors that influence the choice
of variety to be grown, since they have a direct influence on total forage yield (Assaeed,

1994).

In addition, forage species differ in their production potential, their adaptation to

adverse conditions and their ability to re-grow after grazing/cutting. In drought prone
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and warm areas, sorghum performs better than maize, because sorghum is drought
tolerant (Taylor et al., 1974). Maize out-yields sorghum X sudangrass and sudangrass

cultivars in a normal growing season.

Cottier (1973) found no significant differences between sorghum X sudangrass and
sudangrass cultivars, because all cultivars were able to recover from three cuttings,
unlike pearl millet and Japanese millet that only recovered from two cuttings due to
poor recovery growth. This resulted in sorghum X sudangrass and sudangrass cultivars
out-yielding pearl millet and Japanese millet. Also, Taylor (1977) found that sorghum X
sudangrass is higher yielding than Japanese millet. Moreover, Gerlach and Cottier
(1974) reported that sorghum X sudangrass and sudangrass cultivars are higher yielding
than sweet sorghum, when grown for forage due to better recovery after grazing than
sweet sorghum. Due to this factor, sweet sorghum was recommended for silage.
However, Taylor (1977) found that sorghum X sudangrass were generally quicker
establishing and 19% higher yielding than sudangrass cultivars. Irrigated forage
sorghum is estimated to out-yield non-irrigated forage sorghum by 8,800 kg DM/ha
(Chu & Tillman, 1975). When sweet sorghum is allowed to grow up to the silage stage
(soft dough stage), it may show better results than maize silage (Gerlach & Cottier,

1974).

Worker and Marble (1968) found that sorghum X sudangrass had higher dry matter than
sweet sorghum and sudangrass, when it was harvested at the boot and flower stage of
maturity, and sudangrass was lower than sweet sorghum at boot stage but the difference
was not significant. However, sweet sorghum yielded significantly more than sorghum x
sudangrass and sudangrass, when harvested at the soft-dough stage. Furthermore,
Worker and Marble (1968) indicated that there is a small difference in yield between
sweet sorghum and sorghum X sudangrass. Therefore, the final use of the pasture to be
grown, in addition to the expected nutritive value being targeted, will enable farmers to

select the forage type to be grown, in order to achieve their objectives.
At all harvest stages (boot, full flower and soft dough) sorghum X sudangrass out-

yielded sudangrass, except when grown as pasture (Worker & Marble, 1968). In
addition, Worker and Marble (1968) also observed that the cumulative yield of sweet
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sorghum was low, due to its slow recovery and lack of profuse tillering ability.

However, sorghum X sudangrass and sudangrass possess good ability of re-growth.

2.7.3. Management practices

The management practices of the forage crop have a significant effect on final yield.
This is because management practices affect the availability of growing resources,
absorption and utilisation of growing resources, health of the growing plants and the
development and growth of plants. Generally, if forage crops are well managed, plants
will be in good health thus allowing a high radiation interception, longer duration of

light interception and a higher accumulation of dry matter (White et al., 1999).

2.7.3.1. Plant population density

Taylor et al. (1974) found that as plant population density increased, yield also
increased. However, at a certain point, a diminishing return point is reached. This is
attained when plant density is too high, resources for growth are limited and light
interception is reduced. Furthermore, Taylor et al. (1974) found that sorghum cultivars
that tillered 30-40% more than other cultivars on a sand soil in Cape View, yielded less
than less tillered cultivars, due to the high competition for soil moisture. Chu and
Tillman (1976) recommended a plant population of 80 plants and 73 plants per m* for
irrigated and non-irrigated sorghum, respectively. Gerlach and Cottier (1974) reported
more than 60 plants per m® as being the optimum plant population. In Nelson and
Marlborough, Rhodes (1977) reported poor crop establishment, due to Ilow

temperatures, which reduced forage yield.

2.7.3.2. Fertiliser application

Under favourable conditions of solar radiation, soil moisture and temperature, the
supply of the major nutrients, such as nitrogen (N), potassium (K) and phosphorus (P),
promotes the development of canopy leaf area and increases the leaf size and tillering
(Buxton & Fales, 1994; Moot et al., 2007; Rhykerd & Noller, 1974). Nitrogen fertiliser
application increases the rate of photosynthesis (McDonald et al., 1995). In addition,
good soil conditions create a favourable environment for excellent root growth, in
addition to water and nutrient uptake. If the environment is poor, the change in plant
growth reduces forage quantity and quality. Phosphorus inadequacy inhibits metabolic

processes, such as the formation and translocation of sugars and starch in the plants
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protein system resulting in a reduced yield and quality. If the recommended nutrients

are suppied and other factors are favourable, forage yield and quality will be improved.

Adequate application of nutrients is required to ensure that emerging seedlings are well
nourished in order to have an early and vigorous growth rate. High and rapid
establishment will enable forage seedlings to overtake weeds and develop an early crop
canopy cover, which suppresses weeds and helps conserve soil moisture (Undersander
& Lane, 2001). When this occurs, all available growing resources will be used
efficiently: and interception of radiation and conversion of light to biomass will be
improved significantly, resulting in a better yield. A well fertilised forage crop is needed
to ensure that top leaves are healthy for maximum interception of radiation and for a

greater accumulation of dry matter content.

2.7.3.3. Diseases, insect pests and weeds

In forage sorghum production, foliar diseases are rare because diseases mainly infest the
plants during the later stage of growth. However, Piggot and Farrell (1984) reported
both Anthracnose and Red Rot disease outbreak in sorghum X sudangrass in New
Zealand. These diseases are spread by rain splashed conidia of Colletotrichum
graminicolum (Pande et al., 1994). Yield loss, due to diseases, are prevented or reduced
by using resistant varieties, sowing disease free certified seed and by ensuring optimum
growing conditions (soil fertility, pH, crop rotation and good sanitation) (Undersander

and Lane, 2001).

Leaf disease and insect pest attacks reduce the photosynthetic area of the leaves, such
that the quantity of radiation intercepted is reduced. This negatively affects the
efficiency of the conversion of radiation into biomass (White et al., 1999). Since
intercepted solar radiation and yield are positively correlated, then disease and insect

pest attacks have a greater possibility of reducing forage yield.

2.7.4. Environmental conditions
Crop production is affected greatly by the environment in which they grow. In order to
have higher yields, farmers/agriculturists select a variety or hybrid, which is suitable for

their specific environment and they attempt to ensure that a favourable environment is
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provided; this is because hybrids of the same crop respond differently to the prevailing
weather conditions. Environmental factors, which are below optimum for plant growth
and development, can be described as stressful (for example, low/high temperature,
water deficit, nutrient deficiency, diseases and pests; and low/high solar radiation).
Marsalis (2006) pointed out drought, overcast days, frost, low temperatures, shading,
herbicide damage, hail and disease, as factors that suppress or disrupt the growth of
sorghum leaves. Furthermore, it was also stressed that these factors play an important

role in the contribution of increased levels of nitrate and HCN in the plants.

2.7.4.1. Temperature

Temperature is the major climatic determinant of crop growth because, as it increases,
sorghum growth rate also increases (Taylor et al., 1974). Temperature influences
growth and development at all growth stages of sorghum. According to Farrar (1988),
temperature changes sink metabolism through a reduction (or increase) in the speed of
individual reactions and a change in the rate of active transport across membranes; it
also affects enzyme activity and changes the concentration of various enzymes through
modifications of gene expression. Therefore, optimum temperature is required, because

it allows the metabolic and physiological processes of the plants to occur normally.

Temperate and tropical plant species’ metabolic and physiological processes occur at 0
to 35 °C and 10 to 45 °C, respectively. However, their maximum efficiency is at 25 to
30 °C (temperate) and 30 to 35 °C (tropical) (Cherney et al., 1988). Tiryaki and
Andrews (2001) reported that cold temperatures will cause poor and non-uniform crop
stand establishment because sorghum seed germination and seedling establishment is

susceptible to cold temperatures.

The base temperature for sorghum is about 8§ to 12 °C (Hammer et al., 1989), and pearl
millet is 10 to 12 °C (Ong & Monteith, 1984). In order to have good crop establishment
and rapid seedling growth, at least 16 to 18 °C soil temperature at 10 cm depth is
required, because sorghum is vulnerable to cold soils (Gerlach & Cottier, 1974). A
range from 25 to 30 °C is considered optimum for growth of sorghum species
(Ketterings et al., 2007). Ong and Monteith (1984) found that pearl millet forage yield

is highest when the temperature is 22 °C.
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In New Zealand, sorghum and millet growth requires daily maximum temperatures over
25 °C (Valentine & Kemp, 2007). Temperatures below 15 °C slow down the growth rate
of sorghum species (Gerlach & Cottier, 1974).

According to Doggett (1988), temperature stress has an influence on the actual length of
the growing season, it also influences morphological development of tillers, when water
availability is adequate. Cool temperatures (below 18 °C) during four to six leaf stages
promote tillering (Doggett, 1988). However, some cultivars do not tiller, despite being
exposed to low temperatures under short days. Higher temperature increases dry matter
production and tiller size, but it reduces tiller number, leaf/stem ratio and organic
nitrogen concentration in dry matter (Deinum & Dirven, 1975). A temperature rise from
13 to 23 °C increases the rate of leaf formation (leaves/day) of sorghum (Peacock &
Wilson, 1984). In addition, Sullivan (1961) found that high temperatures increase

nutrient uptake, for example nitrogen and phosphorous.

Peacock (1982) specified that non freezing temperatures (less than 10 to 15 °C) cause
chilling injury to sorghum. When this occurs, the injured leaf area of the plant (as a
result of chilling) reduces the photosynthetic capacity of sorghum, whilst low
temperatures reduce the efficiency of the conversion of photosythate into plant biomass
(Peacock & Heinrich, 1984). Furthermore, Ludlow (1980) explained that a ground frost
of -2 to -4 °C kills all the foliage of most pasture species grown in the tropics. When
this occurs, the amount of available green leaf is drastically reduced and yield is also

reduced.

2.7.4.2. Drought

Water deficit (when transpiration is greater than water absorption by roots), is one of the
most important environmental stresses that influences growth and development of the
plants. Mittler (2006) stated that drought and heat stresses are the most common variety
of abiotic stress conditions which occur simultaneously in agricultural fields. The
combination of these factors has an adverse effect on the growth and productivity of

forage, rather than its quality (Buxton & Fales, 1994).

Sorghum species possess physiological and morphological attributes that allow them to

be either resistant or tolerant to moisture stress. For example, the number of secondary
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roots of sorghum is double the number of that for maize at a given stage of growth.
Hence, sorghum is able to absorb water from deep in the soil profile, and therefore, it

performs better than maize in drought prone areas (Miller & Stroup, 2004).

In the case of severe drought, maize extracts more of its water from the top soil (0-45
cm) and sorghum from the sub-soil (45-135 cm), whilst pearl millet absorbs water from
all layers (0-135 cm) (Singh & Singh, 1995). Therefore, pearl millet is preferred, when
water supply is insufficient for maize or sorghum. Due to this factor, pearl millet is
considered to be a good performer, even in those areas where maize and sorghum

cannot do well (Singh & Singh, 1995).

In addition, sorghum has epicuticular waxes (waxy bloom) deposited over abaxial leaf
sheath surfaces, abaxial leaf blades near the ligule, and both emergent and non-emergent
culms. Epicaticular wax is associated with plant resistance to drought, since it reduces
evapo-transpiration (Sanchez-Diaz et al., 1972; Peterson et al., 1982). Furthermore,
sorghum maintains stomata opening at low levels of leaf water, through osmotic
adjustment (Ludlow et al., 1990) and it also delays reproductive development in

drought conditions (Wright & Smith, 1983).

When sorghum species and pearl millet are grown under erratic rainfall, high yields can
be expected, as long as the rainfall is between 450 to 650 mm (Reddy et al., 2002). In
contrast, Fanous (1967) indicated that pearl millet requires 200 to 800 mm of annual
rainfall. Miller & Stroup (2004) reported that sorghum uses approximately 40-50% of
the total water requirement of maize, in order to produce the same amount of dry matter.
Maize requires up to 770 mm per year of rainfall for good yield and high quality (Al-
Kaisi & Yin, 2003). Water requirement for maize is higher than sorghum, due to its

early sowing date and longer growing season (Martin et al., 1976 ).

According to Singh and Singh (1995) sorghum has a greater tolerance to water deficit
than maize and it has been chosen as the best alternative to maize in drought prone
areas. As conditions become unfavourable, sorghum species stop growing, and they
only resume growth when conditions are favourable. During this dormant period,
metabolic activities are reduced and photo-assimilates are conserved in the plants. When

conditions become favourable, sorghum utilise the reserved photo-assimilates and
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growth is increased (Amaral et al., 2003). Due to this attribute, sorghum grown under a
drought environment normally yields more than non-drought tolerant crops, such as

maize (Staggenborg et al., 2008).

2.7.4.3. Sowing date

The sowing date is critical, if the full length of the growing season is to be used. Sowing
time has a great influence on development and growth of forage crops, since it
determines the interaction between growth and development and periods of stress
(Gururanjan, 1993). Early summer sowings are recommended for high yields as
livestock can be allowed to graze sudangrass, peal millet and sorghum X sudangrass two
to three times. This is only possible if the prevailing weather conditions are favourable.
Delayed sowing also has a possibility of the plants being injured by early frost or wet
autumn weather in either mid-March or early April (Causley, 1990). The sowing time
for forage sorghum is determined by soil temperature at sowing, when harvest is

expected, and the end use of the crop.

In New Zealand, early sowing of warm season forage crops is a challenge, due to the
low temperatures experienced in early summer and result in slow germination and
establishment. In addition, sowing early (late October) in the Manawatu is risky,
because frost is likely to be experienced before late December (Causley, 1990).
Therefore, in order to maximise yield, timely sowing is required to ensure that optimum
growing conditions are available. Sorghum requires higher temperatures than maize for
maximum germination and early growth. A number of sowing dates are recommended
for sorghum and pearl millet in New Zealand; not before November (Brown, 1916), 5
November (Causley, 1990), mid-November (Piggot & Farrell, 1984), around 20
November (Dibble, 1915), November to December (Rhodes, 1977), and late December
(Gerlach & Cottier, 1974). All these sowing dates are recommended with the aim of
avoiding seedlings being damaged by adverse environmental factors, which could occur
in the early and late stages of the growing season, also to maximise yield. Causley
(1990) reported that sorghum X sudangrass forage (Sudax- cultivar) sown on 5 to 25
November, 3 to 10 December, and 17 to 24 December in New Zealand should be ready
for grazing during early, mid and late February, respectively. Mid December is the last
date for sowing maize for silage in New Zealand, in order to maximise yield and avoid

expected frost in the month of May (McCormick, 1971).
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Causley (1990) found that sowing time influenced herbage DM accumulation in
sorghum X sudangrass. For example, forage sorghum planted on 5 November, 12
November, 19 November, 26 November, 3 December, 10 December, 17 December and
24 December in New Zealand yielded 5,400, 6,000, 4,900, 4,400, 2,400, 1,400, 1,100
and 500 kg DM/ ha as first harvests at flowering. Second harvests yields also at
flowering stage, were 13,900, 13,300, 12,200, 11,200, 8,200, 7,400, and 6,000
kg/DM/ha. Piggot & Farrell (1984) reported mean yields from mid and late November
sowings of sweet sorghum hybrid, as being 14,600 and 11,400 kg DM/ha, and yields
after re-growth were 8,700 and 7,700 kg DM/ha, respectively, harvested at soft dough

stage.

The yield data above indicates that the sowing time of forage sorghum has an influence
on the final yield. This is because the plants are being subjected to different growing
conditions and they retain different abilities to respond to these conditions. In
favourable growing environments, the plants will show increased growth and
development rates, resulting in higher forage yield. Conversely, under unfavourable

conditions, growth rate is reduced and yields are lower.

2.8. Relationship between sowing date and temperature

The sowing date is based on soil temperature at 10 cm depth for good germination,
establishment and crop stand so that yield can be maximised. The earlier the optimum
soil temperature (16 to 18 °C) is attained, the earlier the potential sowing date will be.
Early sowing enhances higher yields and adequate feed during late summer and early
autumn, when supplement feeds are generally needed on pastoral farms (Piggot &

Farrell, 1984).

2.9. Forage quality

Forage quality is described as the potential of forage to produce the desired animal
response. Occasionally, forage quality and forage nutritive value are considered to be

synonymous (Collins & Fritz, 2003). According to Collins and Fritz (2003), forage
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quality comprises nutritive value, anti-quality factors (alkaloids, glycosides, toxic amino
acids and phenolic compounds) and potential intake, whilst forage nutritive value
describes nutrient concentrations, digestibility and by products of digestion. In contrast,
Waghorn et al. (2007) described nutritive value as a measure of a diet’s ability to meet
animal requirements for production and maintenance. Since all nutritive value
components are part of the forage quality, then ‘forage quality’ and ‘nutritive values’
words can be used interchangeably. Feed quality (digestibility, metabolisable energy,
neutral detergent fibre, acid detergent fibre and crude protein) of specific forage is
influenced by amounts and types of compounds in the forage (Moot et al., 2007).
Therefore, the level and balance of nutrients in the feed reflect the feeding value to the

animals.

Collins and Fritz (2003) divided forage into two primary components; cell contents
(organic acids, proteins, lipids, starch and sugars) and cell walls (structural
carbohydrates e.g. cellulose and hemicelluloses, lignin, other phenolics, cutin and
silica). Cell contents are the most readily and highly digestible (90-100%) by ruminants
and non-ruminant herbivores, whilst cell walls are the fibrous fraction of forage that is
not easily digested. According to Litherland and Lambert (2007), the ratio between cell
contents and cell wall will influence the digestion dynamics. Therefore, animal
productivity on a forage diet is determined by the amount of intake, digestibility, and
digestion rates of cell wall components (hemicelluloses, cellulose, lignin, silica, pectin

and cutin).

Forage species and cultivars differ in fibre concentrations, vulnerability of fibre to
microbial digestion, crude protein concentrations, and soluble sugar and starch
concentration. Due to this factor, the maintenance of forage quality at a level that will
ensure desirable levels of gain or milk production is the primary goal in forage

management by livestock farmers.
The most important components that determine the suitability of forage feed are crude

protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF), metabolisable
energy (ME) and soluble sugars and starch (SSS).
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The crude protein quantity in plants is influenced by the type of species grown,
management practices, and maturity at harvest (Humphreys, 2005). When the sorghum
plants are young and growing rapidly, crude protein content may be 20%, but as they
increase in height, and near maturity, this declines to 7% or less (Leep, 2005).
According to Valentine and Kemp (2007), maize (a commonly used summer cereal) has
a crude protein content of only 7% which is below the requirement of 19% for milking
cows, or growing cattle and other ruminants. Therefore, if the feed given to animals has

low protein content, then a protein-rich supplement such as Lucerne is needed.

Acid detergent fibre (ADF) predicts forage digestibility (Barne & Marten, 1979). The
lower the lignin content, the more ADF fraction is digestible, and the higher the energy
value of the forage (Bean et al., 2009; Fulgueira et al., 2007). Neutral detergent fibre
(NDF) indicates the cell wall contents of forage, and hence, this determines the rate of
digestion. Feed that is highly digestible encourages high feed intake because the faster
the digestion rate, the more quickly the digestive track will be emptied, and the more
space made available for the next meal. The higher the NDF digestibility, the higher the
energy supplied is.

In New Zealand, metabolisable energy is used as the standard for expressing feeding
value (Waghorn et al., 2007). Therefore, animals that are fed poor forage will have low
and poor utilisation of available energy for maintenance, production, and growth. The
amount of gross energy in the forage crop is dependent on the composition of the cell
wall in forage plants and the efficiency of digestion of the fibre part by the micro-
organisms in rumen. The higher the proportion of total dry matter digested the more
energy (Barriere et al., 2003; Collins & Fritz, 2003). Forage of higher digestibility will
provide more energy for livestock per unit of DM consumed, than less digestible forage
(Cerosaletti et al., 2002). Soluble sugars consist of a variety of non-structural

carbohydrates, water soluble sugars (fructan), or organic acids.

2.9.1. Cyanide poisoning

Forage sorghums have the potential to release hydrogen cyanide (HCN) or prussic acid
when consumed by animals because sorghum contains the cyanogenic compound
dhurrin [(s)-p-hydroxymandelonitrate B-D-glucopyranoside] (Fjell et al., 1991). Dhurrin

is a natural secondary compound found in vacuoles of the epidermal cells of sorghum
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leaves. This natural secondary compound offers a defense mechanism against
herbivores (Wheeler et al., 1990; Busk & Moller, 2002). Dhurrin is the precursor of

hydrocyanic acid, an anti-nutritional factor found in plants (Zagrobelny et al., 2008).

Sorghum synthesises cyanogenic glucoside dhurrin (B-D-glucopyranosyl-oxy-(s)-p-
hydroxymandelonitrite) from L-tyrosine (Halkier & Moller, 1989). The biosynthesis of
dhurrin in older plants is slower than catabolic turnover; hence, older plants will have a
lower accumulation of dhurrin than young plants (Zagrobelny et al., 2008). The enzyme
(beta-glucosidase) responsible for the hydrolysis of Dhurrin is found in mesophyll cells
(Wheeler, et al., 1990). When leaf tissues are intact dhurrin is non-toxic, but any
damage (by wilting, chewing, crushing, cutting and trampling) to the leaf tissues allows
the mixing of dhurrin and the enzyme, which results in the release of hydrogen cyanide
(HCN). If the cyanide concentration is sufficiently high, poisoning of the stock feeding
on the forage can occur (Fjell et al., 1991).

The type of sorghum or the cultivar, the stage of growth, and the prevailing
environments influence the amount of HCN in forage sorghum (Gerlach & Cottier,
1974). Temperature, genotype, age, nitrogen and phosphorus nutrition, wilting and light
intensity are the primary factors that affect HCN potential (HCN-p). The level of HCN
which is considered safe varies. For example, Fjell et al. (1991) reported ranges of 0 to
600 mg/kg and 600 to 1000 mg/kg of HCN levels, as being considered safe and
potentially toxic, respectively. In contrast Vogel et al. (1987) reported a concentration
of 0 to 500 mg/kg, 500 to 750 mg/kg and greater than 750 mg/kg as being safe, with
doubtful toxicity and very poisonous, respectively. Takamitsu (1973) specified
approximately 2.042 mg per kg for cattle (about 1 g of HCN for a cow of 500 kg) as a
dose that would kill animals. The concentration of prussic acid which is toxic will
depend on the conditions of the animal, the other feeds given to the animal, and the
degree of hunger of the animal. Toxicity is at maximum, when the growth sorghum is
negatively affected by drought, frost or trampling, or when damage is inflicted on the

plants by insects (caterpillars and grasshoppers) and diseases (Bertram et al., 2005).

The stage of harvesting also has an impact on the concentration of anti-nutrition factors,
for example; cyanogenic glucoside. The amount of cyanogenic glucoside dhurrin that

accumulates in different plant tissues (leaves, seedlings, roots and seeds) of sorghum
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depends on the particular species and the age of the crop (Gorz et al., 1977; Halkier &
Moller, 1989). For example, shoots of sorghum seedlings contain 30% of dhurrin on a
dry-weight basis (Halkier & Moller, 1989). The concentration of dhurrin is greater in
sorghum leaves at the seedling stage than at maturity (Vogel, et al., 1987; Takamitsu,
1973). The amount of dhurrin in the plant reduces with increasing plant size (Gorz et
al., 1977). In re-growths after cutting/grazing, the HCN concentration is also very high
in young leaves and in tillers, but it is decreased in the stem, leaf blade and sheath as

sorghum height increases (Takamitsu, 1973).

The method of harvesting forage sorghum influences cyanide poisoning, mainly the
harvesting procedures and growth stage of the crop. Forage sorghum hay has more
potential to cause HCN poisoning than when grazed at the correct height, since animals
eat large quantities of the hay more quickly than fresh sorghum. However, for ensiled
sorghum, HCN-p is low because HCN is released as gas during fermentation (Wheeler,
et al., 1990). In addition, the ensilage of sorghum reduces nitrate accumulation in the

feed by 40 to 60% (Fjell et al., 1991).

2.9.2. Nitrate poisoning

Nitrate levels in sorghum are expressed as either nitrate ion (NOs) or nitrate nitrogen
(NO;-N) (Adams et al., nd). Harms & Tucker (1773) reported that when nitrate is
absorbed by the plants from the soil, it is converted into hydrocyanic glycosides (HG),
which are the intermediate constituent between nitrate and amino acids. Under
favourable conditions for protein synthesis, HG does not accumulate in the plant.
However, under unfavourable environmental and nutritional conditions to enhance
protein synthesis, HG will accumulate in the plants (Harms & Tucker, 1973). This high

concentration of HG results in nitrate poisoning in ruminants.

Bertram, et al. (2005) reported that unfavourable conditions, such as drought, cold
weather, cloudy weather, or stress by insect damage or herbicide application affecting
the growing parts of the plant, can all have a significant effect on the nitrate content of
the plants. These factors affect enzyme activity in the plant, and as a result the
conversion of nitrate to protein is interrupted (Fjell et al., 1991). If the plant parts are
unable to transform the accumulated nitrate into protein due to stress, then nitrate is

accumulated.
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The concentration of NOs  in forage (dry matter basis) from 0 to 600 mg/kg is
considered virtually safe, 600 to 1300 mg/kg, moderately safe in most cases, 1300 to
2000 mg/kg, potentially toxic and greater than 2000 mg/kg, dangerous (Gillingham et
al.,, 1969). A concentration of approximately 2000 mg/kg of NO3-N in sorghum is
considered to be sufficient to cause nitrate poisoning in ruminants (Sunaga et al., 2005).
The risk of a high accumulation of nitrate means that applications of excess amounts of

nitrogen fertiliser to forage sorghum, should be avoided (Sunaga et al., 2008).

High accumulation of NOs-N has been reported where excessive fertilisation of forage
sorghums by either manure or chemical fertilizers have been used (Sunaga et al., 2005).
This has been attributed to the high accumulation of the available nitrate. The increase
in HCN-p due to N application was attributed to the particular type of protein synthesis
in sweet sorghum (Harms & Tucker, 1973). In order to ensure a low potential of
cyanide and nitrate poisoning in forage sorghum, it is important to monitor the rate and
frequencies of N applications very closely because high application of N, increases

Cyanogenic glycoside synthesis (Gillingham et al., 1969).

2.10.  Summary

Different researchers have documented different concentrations of sorghum, pearl millet

and maize components (Table 2.1).
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Table 2.1: Means of crude protein, acid detergent fibre, neutral detergent fibre, metabolisable energy and soluble sugars and starch of

different forage crops (sorghum, pearl millet and maize) reported by different researchers.

Forage type Stage at harvest CP (%) ADF (%) NDF (%) ME (MJ/kg DM)  SSS (%)

Source

Sorghum Vegetative 15.8 31.0-36.0 61.0-63.0

Pearl millet vegetative 20.9 30.7 50.1 94

Maize silage Milk line 54-82 18.2-29.5 30.8-51.0 103-124 35.0-40.0
Maize silage Milk line 8.2 32.6 54.9 9.7

Bosley et al, (2005)

Fulkerson et al, (2008)
de-Ruiter et al, (2007)
Fulkerson et al, (2008)
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2.11. Factors affecting forage quality

Maturity stage, genotype and harvesting conditions are the primary factors that affect
forage quality. Temperature and soil moisture during the growing season, soil fertility,
and type of cultivar are considered as secondary factors. Management practices or
climatic conditions determine the total quantity of leaves of forage crop, and they also

influence final quality of the crop (Collins & Fritz, 2003; Nelson & Moser, 1994).

All these factors affect forage quality because they influence the anatomy and
morphology of the forage plants (Collins & Fritz, 2003). Van Soest et al. (1978) and
Snaydon (1972) pointed out that factors which reduce plant development are known to
maintain forage quality. Snaydon (1972) commented further that it is the distribution
and conversion of photosynthetic products and absorbed soil nutrients which determine

the composition of forage at harvest.

The factors that influence forage quality are as follows:

2.11.1. Maturity at harvest

Maturity of forage at harvest is the fundamental factor that affects forage quality,
because it plays an important role in determining the fibre content of the crop that has
been harvested. As the forage crop develops, the chemical composition is modified,
hence, its fundamental impact on forage quality (Buxton & Fales, 1994). With age,
digestibility and crude protein content decline drastically, whilst neutral detergent fibre
(NDF) and acid detergent fibre (ADF) contents increase steadily (Humphreys, 2005;
Nelson & Moser, 1994; Rachie & Majmudar, 1980; Reid et al., 1964; Worker &
Marble, 1968), and fat and ash contents reduce (Worker & Marble, 1968). The leaf/stem
ratio also decreases with age (Taylor et al., 1974). In contrast, the total sugar percentage
increases with delay in harvest (Worker & Marble, 1968). The quantity of lignin also
increases with age, in order to enable the plants to support their weight (McDonald et
al., 1995). However, as discussed earlier, digestibility is reduced and hence
metabolisable energy is also reduced. The reduction of nutritive value with age is a

central management consideration in forage production (Humphreys, 2005).
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The relative proportion of the plant parts change as the plant ages with mature plants
having older tissues, more dead material and possibly a high proportion of stem
material, all of which reduce digestibility (Valentine & Kemp, 2007). For these reasons,
forage sorghum is recommended to be harvested while vegetative (Black et al., 1980;
Caravetta et al., 1990b), because the reproductive process (flowering) results in a
decrease in the leaf/stem ratio and hence a lower forage quality (de-Ruiter et al., 2007).
In sorghum hybrids, the shift from vegetative to reproductive growth is fast and hence
there is a rapid reduction in forage quality (Bean et al., 2009). However, if the forage
crop is harvested after grain formation, the highly digestible grain may partly offset the

reduction in leaf/stem ratio and stem quality (Nelson & Moser, 1994).

Snyman and Joubert (1996) reported means of in vitro dry matter digestibility
(IVDMD) and crude protein of sorghum harvested at the pipe (just before heading
stage), bloom (flowering stage) and ripe stages (at the physiological maturity stage and
after maximum total dry weight has been achieved) as 67.4% and 14.5%; 61% and
9.4%, 58% and 8.4%, respectively. At the booting stage, sorghum was highly digestible,
and had higher crude protein concentration than at flowering and ripe stages. However,
there was no significant difference between bloom and ripe stages, in terms of crude
protein. A range of 7.07 to 9.01% of crude protein of sorghum harvested at the soft
dough stage was reported by Yosef et al, (2009). Cerosaletti et al, (2002) found that
BMR sorghum x sudangrass cut at 86, 117, 150 and 175 cm had NDF content of 51.6,
55.5, 57.7 and 58%; and crude protein was 18.3, 13.5, 10.5 and 7.9%, respectively.
There was no significant difference in NDF at 117, 150 and 175 c¢cm, but NDF at 86 cm
was significantly lower than others. The crude protein concentrations were significantly

different from each other.

Wedin (1970), in a study to evaluate yield and chemical composition using four cutting
regimes of; five cuts consecutively at 46cm, three cuts at 92cm, two cuts at 137cm and
one cut at the hard dough stage, concluded that there were significant differences in dry
matter yields (1,950, 6,290, 7,750 and 13,460 kg DM/ha) and crude protein (18.4%,
15.2%, 11.6% and 5.8%), respectively. As the number of the harvests increased,
IVDDM reduced in order, from 70.1 to 67.7 to 65.4, and finally to 57.0%. Farhoomand
and Wedin (1968) found that as the proportion of leaves decreased, the crude protein of

leaves and stems reduced from 28.1 to 16% and from 12.6 to 6.1%.
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2.11.2. Plant species and genotype/variety

The forage quality of different species or cultivars of the same species may vary
significantly. This is attributed to differences in anatomy, morphology and chemical
compositions. Leafier genotypes have significant digestibility (Reddy et al., 2002).
Genotypes with larger leaves may have low digestibility due to greater photosynthetic
efficiency, whilst greater photosynthetic efficiency leads to more sunlight being
converted into forage yield. The greater the rate of dry matter accumulation, the higher
the lignifications of the tissues, and the lower the digestibility (Buxton & Fales, 1994).

Hence, leaf anatomy contributes greatly to the quality of forage.

Collins and Fritz (2003) commented that cool grasses are 13% higher in digestibility
and their crude protein is higher than in warm season grasses. Warm season C,4 grasses
have a low digestibility due to higher concentration of structural polysaccharides
(cellulose and hemicelluloses) (Buxton & Fales, 1994). As temperature increases, Cq
grasses grow well, thus producing more vascular tissue (Ford et al., 1979). Wilson and
Minson (1980) reported an average reduction of 0.6 units of dry matter digestibility of

C4 grasses, for each 1°C rise in growth temperature.

McDonald et al. (1995) explained that tropical grasses have greater vascular bundles
and thicker walled bundle sheaths and hence they have a high concentration of lignin. In
addition, their mesophyll cells are more densely crowded than in temperate grasses.
Furthermore, intercellular air spaces, in tropical and temperate grasses are 3 to 12% and
10 to 35% of leaf volume, respectively. As a result tropical grasses have a higher tensile
strength than temperate grasses, thus making them slower to degrade mechanically and

microbially, also their voluntary dry matter intake is reduced.

Generally, crude protein reduces as plants mature. Crude protein reduction is faster in
sudangrass than in sweet sorghum because sudangrass makes a rapid recovery after
grazing/cutting (Farhoomand & Wedin, 1968). As a result, the available N in the soil is
utilised quickly and therefore there will be less available to maintain the crude protein
content in the re-growths. Higher yielding cultivars have excellent nitrogen uptake
ability, assimilation and efficiency of nitrogen utilisation (Moyer et al., 2004), they also
have lowest digestibility compared to low yielding cultivars (Kalton, 1988). The highest

soluble sugars (13.8%) were obtained in tall forage types.
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Oliver et al. (2004) found that the amount of lignin in maize is less than in sorghum
hybrids and hence it is more easily digested than sorghum, but BMR forage sorghum
hybrids have less lignin than maize and conventional sorghum. Reich (2008) found that
BMR varieties produce less lignin compared to other types of sorghum. Pearl millet has
low hydrocyanic acid content, thus giving it an advantage over sorghum X sudangrass,
and hence, Sotomayor-Rios and Pitman (2000) suggested that pearl millet has no HCN-
p. An additional advantage of pearl millet is that it is rich in protein, calcium,
phosphorous and minerals (Rachie & Majmudar, 1980). Most sudangrasses used as
forage also have low HCN-p compared to either grain or sweet sorghum varieties (Gorz
et al., 1977). Undersander and Lane (2001) suggested that the HCN-p of sorghum X

sudangrass hybrids is intermediate between sorghum and Sudangrass.

Sunaga et al. (2005) reported that different varieties of sweet sorghum will have
different concentrations of NO;-N, depending on the ability of the genotype to
accumulate nitrate. Sorghum stems and conductive tissues accumulate more nitrates
with more accumulation in the lower one-third of the plant stem (Harms & Tucker,
1973). The concentration is lower in the leaves than stems because the enzyme
responsible for the conversion of nitrate to amino acids (nitrate reductase) is found in

leaves (Harms & Tucker, 1973).

2.11.3. Management practices

Management practices contribute greatly to the determination of forage quality.
Chemical, morphology or physiology changes in a plant occur after an application of
fertiliser because the plants respond to the amount of nutrients available by either
reducing/increasing their growth or decreasing/increasing the nutrient contents in their
tissues, or both (Buxton & Fales, 1994; Sullivan & Graber, 1947). The application of
nitrogen (N) fertiliser increases N concentration in plant tissues and water concentration
(Noller & Rhykerd, 1974). This results in increased crude protein level because the
nitrogen absorbed is used in the synthesis of protein when nitrate (NO3) is reduced to
ammonium (NH4) before incorporation into amino acids (Buxton & Fales, 1994). In
addition, other nutrients such as phosphorous, chlorine, magnesium, and potassium of

both leaf and stem are increased as their uptakes are improved.
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2.11.4. Environmental conditions

The environment in which forage crops are grown influences the forage quality. This
causes yearly, seasonal and geographical differences in forage quality (Buxton, 1996).
Environmental conditions affect quality by changing the leaf/stem ratio. In addition,
environmental stresses affect senescence rates and the quality of dead plant material.
The morphological development of the growing forage crop is partly controlled by the
environmental conditions and hence, this determines the quantity and quality of each

part of the plant (Buxton & Fales, 1994).

Stem growth is greater than leaf growth when the temperature is high. In addition, NDF
and ADF concentrations are increased by high temperatures (Buxton & Fales, 1994;
Fulgueira et al., 2007; Nelson & Moser, 1994), whereas non-structural carbohydrates
concentrations (soluble sugar concentration) are lowered (Buxton & Fales, 1994; Ford
et al., 1979; Wilson et al., 1991). Furthermore, Wilson et al. (1991) suggested that
temperature variation changes digestion of cell walls by changing cell thickness. A thick
cell wall is likely to be digested more slowly than a thin cell wall. Cell walls deposited
when temperatures are low contain less lignin, and therefore higher digestibility is
achieved because storage carbohydrates (total non-structural carbohydrates) accumulate
in the leaf tissue (Ford et al., 1979). In addition, high temperatures reduce leaf/stem
ratio (Lascano et al., 2001). Due to these changes, the digestibility of the forage

decreases.

Plants grown in hot and dry environments will have thick cell walls, thick cuticles and
their tissues will be highly lignified (Levitt, 1980). In case of severe drought, leaf
growth is restricted and more senescent material can be observed (Humphreys, 2005).
These factors cause loss of forage quality, since the material become less digestible and
less palatable to the livestock. Mild water stress improves the forage quality of a crop
compared to a crop grown under normal water conditions because the leaf/stem ratio

and digestibility of both leaf and stem components are increased (Wilson & Ng, 1975).
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2.12. Summary

The New Zealand economy is heavily dependent on agriculture, and its livestock sector
contributes greatly to export earnings which drive the economy. The provision of
sufficient and high quality feed improve and maintain the profitability of the livestock
sector. A mixture of grazed pastures, pasture silage, cereal silage and other supplements
are used as feed in New Zealand. However, the growth of these crops is seasonal and
this can result in some disturbances in the feed supply system. During late summer and
early autumn, many regions may experience drought. Hence, there is a shortage of feed
in these areas as the production of non-drought tolerant crops, such as maize and wheat,
are significantly affected by low moisture. Therefore, supplements are required to
reduce the gap between feed demand and the supply of feed, in order that milk
production in dairy cows, growth rates in beef stock and cash flow can all be improved

and maintained.

Sorghum, sudangrass and pearl millet have a greater potential to be grown in the warm-
zone areas of New Zealand, and being used extensively as supplements in late summer
and early autumn because they; are drought tolerant, have high yield potential, good
water use efficiency, good recovery growth after grazing/cutting, and they are less likely
to be attacked by pests and diseases. With the incorporation of the BMR gene in these
crops, they have the potential to compete favourably with maize in terms of nutritive

values and yield.

Currently, in New Zealand, there is little recently published information on the
performance of sorghum, sudangrass and pearl millet. The only available information
was gathered during the 1960s, 1970s and 1980s. From the late 1980s, to the present
time, no research has been conducted because research workers lost interest in sorghum,
sudangrass and pearl millet due to the lack of cold tolerant cultivars, low digestibility
and rapid decline in feeding value, and also the fear of sorghum’s potential to cause

cyanide poisoning in livestock.
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CHAPTER 3 : MATERIALS AND METHODS

3.1. Experiment One

This experiment was conducted in order to compare the effect of the sowing date on
forage yield, crop morphology and nutritive values of sorghum and sudangrass hybrids
and a pearl millet cultivar. The parameters measured were: dry matter yield (DM),
growth rate, yield per tiller, plant height (PH), increase in plant height per day, increase
in plant height per unit of thermal time, tillers density, and nutritive values, including;
crude protein (CP), acid detergent fibre (ADF), neutral detergent fibre (NDF),
metabolisable energy (ME), and soluble sugars & starch (SSS). In this study, two
cutting regimes (1* cut and 2" cut) were conducted for cultivars except for maize and

Sugargraze.

3.1.1. Experimental site & environment

The trial work was conducted on the Pasture and Crop Research Unit (PCRU), Massey
University, Palmerston North (40° 22°56.29 S; 175° 36°26.20 E). The soil type on the
PCRU is a Manawatu sandy loam, a recent soil from alluvium, proximate to the
Manawatu River. Previously, the paddock had been in ryegrass/white clover pasture for
four years. Before sowing, four random soil samples were collected at 0-15 cm, and
then mixed to obtain a composite sample which was sent to Hill Laboratories, Hamilton,
to determine the nutrient status of the soil (Table 3.1). Potassium, calcium, magnesium
and sodium were determined by 1M neutral ammonium acetate extraction followed by
the Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) method
(Hill laboratories). Total soil nitrogen (N) content and potentially mineralisable N were
determined by the Kjeldah procedure and an anaerobic (waterlogged) incubation
method, with a seven day incubation at 40 °C, extraction in 2M KCIl, and measured by
technicon (Tarrytown, NY) Auto Andyer (Sparling & Schipper, 2002). For
phosphorous, an Olsen test method was used. This revealed adequate phosphate and
potassium for the forage crops and consequently only N fertiliser (100 kg N/ha) was
applied after crop emergence. Prior to cultivation, glyphosate herbicide was sprayed at 3

I/ha, in order to kill existing vegetation. Hand weeding and push hoes were used to
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control weeds that emerged during the growing period. No other pesticides were used.

The field was cultivated to ensure desirable seed bed preparation.

Table 3.1: Chemical characteristics of soil at the trial site, 0-15cm.

Nutrient Amount (mg/kg)
Nitrogen 76.8
Phosphorous 36.0

Potassium 86.0
Calcium 1380.0
Magnesium  146.4
Sodium 27.6

3.1.2. Plant materials
One sweet sorghum, four sorghum X sudangrass hybrids, two sudangrass and one pearl
millet cultivars were evaluated. One maize hybrid was included in the trial for

comparative purposes. Cultivar descriptions are outlined in Table 3.2:

Table 3.2 : Cultivars used in the experiment.

Cultivar Species Pedigree

Sugargraze Sweet sorghum sweet sorghum X sweet sorghum
Bettagraze Sorghum X sudangrass sorghum X sudangrass

Pacific BMR Sorghum X sudangrass BMR sorghum X sudangrass

Pac 8421 Sorghum X sudangrass BMR sorghum x sudangrass

Pac 8423 Sorghum X sudangrass BMR sorghum X sudangrass
Superdan 2 Sudangrass sudangrass x sudangrass

Sprint Sudangrass sudangrass x sudangrass
Nutrifeed Pearl millet Pennisetum sp

39G12 Zea mays Maize hybrid

*BMR: Brown midrib
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These cultivars were selected for evaluation because they are sold on the New Zealand
market and are commonly grown by farmers, except Pac 8421 and Pac 8423, which are

experimental hybrids most likely to be released as new cultivars, in the near future.

3.1.2.1. Sugargraze

Sugargraze is a late flowering cultivar with a high sugar content that improves its feed
quality and increases its palatability resulting in minimal feed wastage (Pacificseed,
2009). In addition, it has very high dry matter production and desirable resistance
against a wide range of diseases. This cultivar is recommended for silage production

because the coarse stems do not wilt easily for hay production.

3.1.2.2. Bettagraze

Bettagraze is a late maturing hybrid grown as pasture because it has rapid early growth
and quick recovery after grazing/cutting, high sugar content, high leaf/stem ratio and
high yielding potential. Hence, it is an excellent summer feed for dairy, beef and sheep.

In addition, it is used for silage production (Pioneer, 2008).

3.1.2.3. Pacific BMR
Pacific BMR is a brown mid-rib cultivar with high digestibility (60-65%) due to its
lower lignin content, it has greater than 20% crude protein and it is a first choice for

milk solid production by farmers. It is mainly used as pasture and hay (Pacificseed,

2009).

3.1.2.4. Superdan 2

Superdan 2 is a sudangrass with rapid regrowth. It is thin stemmed, tolerant to heavy
grazing and has high yield potential. Generally, it is used for pasture, hay and making
round bale silage (Pacificseed, 2009).

3.1.2.5. Sprint
Sprint is a quick flowering cultivar with high protein content, very high dry matter
production, high tillering ability, fast growth and regrowth; it has thin stems and good

cold soil emergence. It is used for intensive grazing and hay making (Pacificseed,

2009).
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3.1.2.6. Nutrifeed
Nutrifeed is a pearl millet, rich in protein content and energy content and it has no
potential for cyanide poisoning. It makes an excellent pasture for livestock, especially

when grazed at the correct height (Pacificseed, 2009).

3.1.2.7. 39G12
Zea mays CV 39G12 is a dual purpose maize hybrid with high yield potential and

drought tolerance, it also shows early growth (Pioneer, 2010)

3.1.2.8. Pac 8421
This is a BMR cultivar with a BMR gene that improves digestibility and reduces the

lignin synthesis in forage sorghum.

3.1.2.9. Pac 8423
This is also a BMR cultivar with higher digestibility and low fibre content.

3.1.3. Field experiment layout

Treatments (cultivars) were arranged in a completely randomised block design, with four
replicates, with each block representing a replicate. The trial was sown on 8 December
and again on 21 December 2009 (re-randomised) at the same site after soil temperature
had reached 16 to 18°C. Maize was only planted in the early sowing date trial because
the second sowing was considered too late for maize. All plots, apart from maize were
sown with a cone seeder (15 cm row spacing) as recommended (Causley, 1990; Chu &
Tillman, 1976) for forage crops in New Zealand. Plots were 10 m long and 1.5 m wide.
Sowing rates of 20 and 15 kg/ha (Causley, 1990; Gerlach & Cottier, 1974) were used, in
order to target 90 to 110 and 90 to 120 plants/m® for sorghum and pearl millet,
respectively (Pacificseed, 2009). The maize plots consisted of four rows spaced at 75

cm. Maize was sown by hand at 110,000 plants/ha.

3.1.4. Field measurements
Meteorological data was collected from an Ag-Research Grasslands weather station
located 300 m from the trial site. After crop establishment, a seed establishment count

was conducted along a 100 cm length of a randomly selected row. Four rows were
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selected for each plot. The results were expressed in plants/m?. Field emergence was
calculated by dividing seedling emergence by seeds planted/m®. Seedlings were
considered emerged when coleoptiles were visible above the soil (Brar & Stewart,

1994).

Plant height (PH), leaf/stem ratio, tiller density, dry matter yield (DM), growth rate,
individual plant yield, increase in plant height per day and increase in plant height per
unit thermal time were also determined. Tillers/m? counts were conducted in each plot
immediately after each harvest (Casler & Boe, 2003). Four 100 cm length of row within
each plot were randomly selected for yield and quality determinations. The weight per
tiller was calculated by dividing dry matter by population density. Plant height was
measured weekly as the height between the horizontal curve of the tallest leaf and the
soil surface (Ketterings et al., 2007) (Plate 3.3). However, plant height measurements
for the initial and re-growth of the first sowing started late on day 46 and continued to
day 57, when plants were approximately 100 cm and from day 20 to day 46,
respectively, instead of from the day of emergence to the harvest stage. For the initial
and re-growth of second sowing it was from day 33 to day 58 and from day 22 to 37.
The reason for the delay was that a conclusion had not been reached about how plant

height was required to be measured.

Four 0.15 m* quadrants per plot were sampled for yield determination. The two outer
rows of each plot were not sampled. The 1% and 2™ cuts of the first and second sowings
were undertaken on 2 February (58 days after sowing) and 22 March (46 days after
cutting), and 16 February (57 days after sowing) and 26 March, 2010 (37 days after
cutting), respectively, for all cultivars except Sugargraze. The 1* cuts for Sugargraze of
the first and second sowings were, on 23 February (78 days after sowing), and 3 March,
2010 (73 days after sowing), respectively. Maize was harvested on 20 April 2010 (134
days after sowing) at approximately 30 to 35% whole crop dry matter (DM). The first
cuttings of both sowings and the second cutting of the first sowing were undertaken at
approximately 100 cm plant height, except for Sugargraze at 150 cm in accordance with
recommended management for each cultivar (Cottier, 1973; Pacificseed, 2009; Taylor,
1977). The second cutting of the second sowing was undertaken at approximately 50 cm
due to frosting. Sugargraze plots were harvested only once, as a result of low

temperatures that caused poor re-growth.
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After the first harvest, the plots were immediately trimmed (simulating grazing), using a
sickle-bar cutter to 15 cm residual height above ground level, this was to ensure that
sufficient assimilates or reserves remained in the stump of cut plants to support the re-
growth (Stephenson & Posler, 1984) (Plates 3.4 and 3.5). However, after sampling the
second cuts of both sowings for yield determination, the remaining plants in each plot
were not trimmed so that 50% of the ear emergence (heading) could be scored
(Pedersen & Toy, 1997). Ear emergence measurement ceased when frosting adversely

affected the trial.

The thermal time (TT) of sorghum and pearl millet was calculated using the following
formula, which involved daily maximum and minimum temperatures and a base
temperature of 10 °C (Maiti & Soto, 1990). This base temperature was chosen because
it is the temperature at (or below) which there is no sorghum and pearl millet plant
development (Maiti & Soto, 1990). TT was determined from seed emergence (starting
date of phenophase) to each day when plant height was measured: and from cutting
(Starting date of phenophase) to each day when plant height was measured for the initial
growth and re-growth, respectively until harvesting plant height (ending date of
phenophase). Thereafter, the required TT for sorghum and pearl millet to reach 50 cm

and 100 cm plant heights, were predicted using plant height and TT data.

b
e 3oyt

a

Where:

TT = Thermal Time (°C day)

Tiax/Tmin = Daily maximum/minimum temperature (°C)

Ts = Base temperature( i.e. 10 °C)
a = Starting date of phenophase
b = Ending date of phenophase
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3.1.5. Laboratory procedures
The yield and forage quality determinations of all cultivars, were carried out as

indicated below:

3.1.5.1. Yield determination

Immediately after harvest, the fresh weight of each cultivar was determined. After
weighing, ten tillers were randomly sampled from the harvested material from each plot
to determine the DM %, then they were dissected into leaf and stem components, to
allow calculation of the yield of each component and the leaf/stem ratio. For maize,
three plants were collected for the calculation of DM %. The separated samples were

dried in a forced air oven at 70 °C for 72 hours or until no further weight loss was

recorded (maize) (Wheeler et al., 1980).

Using the dry matter percentage, the initial and re-growth yields per hectare for each
cultivar were calculated. The cumulative yield, which is the summation of two
individual cuttings of each treatment for each sowing, was also determined. Growth rate
(kg DM/ha/day) and the increase in plant height per day were determined by dividing
DM and the final plant height by the number of days from sowing or trimming to each
harvest, respectively (Assaeed, 1994). Dry weight per tiller was calculated by dividing
DM with plant population (Nuwanyakpa et al., 1979).

3.1.5.2. Forage quality

All sorghum, sudangrass and pearl millet samples for the initial harvest of the first
sowing date used for dry matter determination were ground using a cyclone mill and
then passed through a 1.0 mm screen (Ketterings et al., 2007; Marsalis et al., 2010), 27g
of each sample was sent to the Animal Nutrition Laboratory, Institute of Food Nutrition
and Human Health, Massey University for quality analysis. Biomass from the 2™ cut of
the first sowing and the 1 and 2™ cuts of the second sowing were not analysed for
quality due to financial constraints. Crude protein (CP), neutral detergent fibre (NDF),
acid detergent fibre (ADF), metabolisable energy (ME) and soluble sugars and starch
(SSS) were measured. These nutritive values were estimated by near infrared
reflectance (NIR) spectrometry (Collins & Fritz, 2003; Ketterings et al., 2005; Kilcer et
al., 2005; Marsalis et al., 2010).
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The NIR was calibrated by the manufacturer for each component by scanning finely
ground pasture samples in a range from 400 nm to 2500 nm. When calibrating, wet
chemistry methods, such as the Association of Official Analytical (AOAC) 968.06 on a
LECO FP-2000 combustion analyser (LECO Corporation, St Joseph, Michigan, USA),
were used to analyse samples. To determine determining crude protein, an enzymatic
gravimetric method was used, using tecator fibertec system (Foss Tecator Sweden) for
ADF and NDF, sulphuric acid phenol, and AOAC 996.11 and amylase method for
soluble sugar and starch by the methods of Van Soest et al. (1991). Metabolisable
energy (ME) was calibrated by calculating from predicted dry matter digestibility
(DMD) values (Clarke et al., 1982). The resulting NIR calibrations against the wet

chemistry results for each component typically had a correlation of 0.90.

3.1.6. Analysis of data

The Proc GLM procedure of SAS (SAS Inc, Cary, North Carolina, 2002-2008) was
used to analyse all variables. The least significant differences (LSD) were used in order
to separate means at P = 0.05. Proc CORR was used to explore the relationship between
yield, other agronomic characteristics (plant height, tiller density and leaf/stem ratio),
and forage quality. Linear regression was used to determine the relationships among

crude protein, metabolisable energy, yield, and plant height.

Data from each sowing date was analysed separately due to differences in the number of
treatments. It was then combined and analysed in order to evaluate the differences
among cultivars and between sowing dates. The combined analysis of the 1* cut and
total dry matter (TDM) data included all sorghum, sudangrass and pearl millet cultivars,
but the 2™ cut data did not include Sugargraze, because of its late poor recovery growth.
In addition, maize was not included in the combined analysis because it was excluded in
the second sowing, since this time was considered too late for sowing maize.

Interactions were tested for significance (P<0.05) for both sowing dates and cultivars.
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In this study, the model used for the combined analysis was as below:
Yijkl =put+A+ Bj + Ck (BJ) +A;x Bj + Eijkl
Where,

Yija = 1" observations in the i" treatment group (cultivar), j" group (date), k™ treatment
(block) nested in jth treatment (date) and i" (treatment) interaction with jth

treatment (date).

u = general mean

A; = cultivar effects

B; = sowing date effects

Cx (B;) = block effects nested in sowing date
A;x B;j= cultivar by sowing date

Eiji = random residual error

1=1to 8
j=1to2
k=1to 4
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Plate 3.1: Tillering stage of first sowing whilst second sowing (behind) is becoming

established (Photograph: 7 January, 2010).

Plate 3.2: Established plants showing the almost closed canopy of different cultivars
(Photograph: 11 February, 2010).
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Plate 3.3: Measuring plant height of the initial growth of second sowing of Bettagraze
(Photograph: 16 February, 2010).

Plate 3.4: Trimming of initial growth to 15 cm stubble height (Photograph: 5 February,
2010).
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Plate 3.6: Regrowth of Bettagraze after 1* harvest (Photograph: 3 March, 2010).
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Plate 3.7: Frost damage of the re-growth of the second sowing of Pacific BMR
(Photograph: 26 March, 2009).

3.2 Experiment Two

Experiment Two involved the assessment of seed vigour of one sweet sorghum
(Sugargraze), three sorghum X sudangrass hybrids (Pac 8421, Pac 8423, and Pacific
BMR, all brown midrib (BMR) hybrids), two sudangrass (Sprint and Superdan 2) and
one pearl millet (Nutrifeed) hybrids. This was undertaken by evaluating accelerated
germination, un-aged germination and seedlings growth (seedling coleoptile length,
seedling dry biomass; seedlings root biomass and remaining food reserves). The
experiment was conducted at the Massey University, Seed Technology Laboratory,
Palmerston North, New Zealand. The experiment was conducted from 17 August to 20
September, 2010. Laboratory seed testing was conducted after harvesting and analysing

of field data, approximately nine months after field sowing. Seeds from these cultivars
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were stored in a 5 °C cold room after field sowing (packaged in transparent plastic

papers), except for Bettagraze which was packaged in kraft paper.

After the field data analysis, it was observed that the field emergence percentages of
some cultivars were less than the standard germination (90%) of cereal crops
(Copeland, 1976). As a result of this observation, Experiment Two was designed to
determine if the low germination was due to the seed being of low vigour or not
performing in unfavourable field conditions. Prior to testing seed vigour, the seed
moisture content was determined, in order to ensure that all seed moisture content was
within 10 to 14%. Outside of this range, seed moisture content in addition to seed
vigour can influence post-ageing germination. Bettagraze had a moisture content of
15.1% and this is considered high for ageing the seed. This high moisture was attributed
to the original storage material (kraft paper) used, since it is water permeable, thus
allowing the hygroscopic seed to absorb water from the cold room environment. In
order to bring the Bettagraze seed moisture within the recommended ageing moisture
range, it required pre-drying. However, there was (unfortunately) a human error in
relation to pre-drying at an incorrect temperature. Therefore, Bettagraze had to be

eliminated from the laboratory tests.

The objectives of this experiment were as follow:

a) To determine the seed vigour of sorghum, sudangrass and pearl millet forage
cultivars, and rank the cultivars in terms of potential performance.

b) To determine a suitable accelerated ageing (AA) temperature and ageing
duration for testing the seed vigour of sorghum, sudangrass and pearl millet
forage cultivars

¢) To correlate seed vigour tests with field emergence, in order to ascertain if there
are strong relationships between seed vigour tests and field performance of

sorghum, sudangrass and pearl millet forage cultivars.
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3.2.1. Accelerated ageing test

The seeds of the seven cultivars evaluated were subjected to a short period of two
environmental stresses (high temperature and high relative humidity) most responsible
for rapid seed deterioration. Before each seed lot was subjected to the accelerated
ageing conditions, it was mixed thoroughly using a centrifugal divider. A representative
sample was then drawn by using the centrifugal divider to split the seeds into four sub-

samples, with each sub-sample forming a replicate.

The experiment comprised four treatments (three ageing temperature and ageing

duration combinations; and one control):

a) 41 °C /72 hours with 100% relative humidity (Ibrahim et al., 1993)

b) 43 °C /72 hours with 100% relative humidity (Hampton & TeKrony, 1995)
c) 45 °C /48 hours with 100% relative humidity (Ibrahim et al., 1993)

d) Control

A complete randomised design replicated four times was the experimental design used,

and the layout can be seen below (Ibrahim et al., 1993):
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Table 3.3: Treatment combinations used for seed vigour assessment of different sorghum, sudangrass and pearl millet cultivars.

Cultivar Replication 1 Replication 2 Replication 3 Replication 4
Trt 1 Trt 2 Trt 3 Trt4 Trtl Trt 2 Trt 3 Trt4 Trtl Trt 2 Trt 3 Trt4 Trtl Trt 2 Trt 3 Trt 4
(°C/h) (°C/h) (°C/h) (°C/h) (°C/h) (°C/h) (°C/h) (°C/h) (°C/h) (°C/h) (°C/h) (°C/h)
Pac 8423 41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48  Ctrl
Pac 8421 41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48  Ctrl
Pacific BMR  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48  Ctrl
Sugargraze 41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48  Ctrl
Sprint 41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48  Ctrl
Superdan 2 41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48  Ctrl
Nutrifeed 41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48 Ctrl  41/72 43/72 45/48  Ctrl
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From each cultivar, 4 x 15 g of seeds (15 g from each replicate) was taken for three
ageing conditions (41 °C /72, 43 °C /72, and 45 °C /48) and one control. The weighed
seed of 15 g was placed on the screen tray inserted into an inner chamber (plastic box)
containing 40 ml of water (Hampton & TeKrony, 1995; Ibrahim et al., 1993). Seeds
were placed in a single layer at a uniform distance above the water’s surface in the inner
chamber (Plate 3.8). A single layer of seeds was used to ensure that water absorption
was uniform, and that there was no variation in seed moisture at the end of the test. The
lid was placed on the inner chamber and the boxes were transferred to an ageing
chamber running at the correct ageing temperature. Within each replicate for each
cultivar, for each ageing temperature, the boxes were transferred to the ageing chamber,
at the same time for each ageing duration. To ensure that post-ageing tests (moisture

determination and germination testing) could be completed within one day, different

replicates were set to age on different days. The control seed was not aged.

Plate 3.8: Seed distributed as a single layer on the screen tray before accelerated ageing

of the seed.

To allow air circulation, the boxes were placed on the middle and upper shelves of the

ageing chamber with sufficient space between them. Moreover, the temperature within

59



the accelerated ageing chamber was monitored and maintained. However, a variation of
+ 0.3°C was allowed (Hampton & TeKrony, 1995). At the exact time (+ 15 minutes) at
the end of the ageing period, seeds in the inner chambers were removed from the outer
chamber (OSU, 2003). In order to maintain constant and uniform temperatures during
the ageing period, the doors of the ageing chambers were closed for the whole period of

ageing.

3.2.2. Seed Moisture determination

The seed moisture content of each sub-sample was determined before the seeds were
aged through drying the ground seed in a 130 °C for two hours (ISTA, 2010). After
ageing the seed, the samples were removed from the ageing chamber, and immediately,
4 to 5 g of seed from each inner ageing chamber was weighed and put in a moisture tin,
for moisture determination. In order to accurately determine the moisture content of the
species used in this study it was necessary to grind the seed (to increase the surface area
for efficient drying) prior to moisture determination. At the post-AA seed moisture the
seed moisture is too high for the seed to be ground, therefore, a two-stage moisture
determination needed to be done. The first stage was to dry the seed for 10 minutes at
130 °C. After 10 minutes, the tins were removed from the oven and put in the laboratory
for two hours, and then re-weighed again to determine moisture content after pre-drying

(seed moisture content = Sy).

For the second stage of the moisture determination, pre-dried seeds were ground before
putting again in an oven at 130 °C for two hours (with lid off the vial). After drying the
seed in the oven, the tins were removed from the oven and the lids were immediately
replaced on the tins, which were then transferred to desiccators, for 40 minutes cooling.
After 40 minutes, the tins were re-weighed for the second moisture determination (seed
moisture content = S,). The final moisture content, following the accelerated ageing,

was determined by the following formula (ISTA, 2010; Nijenstein et al., 2007)

Six Sz)

Final moisture = S; + S, — ( 100
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3.2.3.  Seed germination and vigour tests

Following this ageing process, a standard germination test was conducted using 50 seed
sample from each sub-sample for both aged seed (three ageing combinations) and
control seed. The 50 seeds from each sub-sample were placed equidistantly on two
moist paper towels (38 1b regular weight seed germination paper, Anchor Paper
Company, St Paul, Minnesota) (Plate 3.9). The seeds were then covered with another
paper towel. The paper towels were sufficiently moistened to ensure that the amount of
moisture required for germination was reached. Approximately 2 cm of the base of the
papers was folded upwards, and then the papers were rolled loosely into a tube and held
with a rubber band on the top. Thereafter, the rolls were placed in wire baskets and
sealed in a plastic bag with a rubber band to maintain moisture. The wire baskets were
placed in the germinator maintained at alternating temperatures of 20/30°C (ISTA,

2010).

After 4 days of incubation in the germinator, an interim count was conducted, and
results were expressed as percentage. All the normal seedlings, un-germinated seeds and
not yet normal seedlings were placed back in the germinator until the 10" day, when a
final germination count was conducted. On this day, germination was assessed by
recording normal seedlings, abnormal seedlings and un-germinated seeds as described
in the handbook of Seedling Evaluation (Don, 2003). Seedlings were classified as
normal if all essential structures and primary roots were intact and showed acceptable
defects (such as minor discoloured or necrotic spots, healed splits or cracks and
superficial cracks or splits), also if shoot system components were intact and had
acceptable defects e.g. coleoptile (minor discoloured or necrotic spots, loose twists and
a split of one third or less from the tip) and primary leaf (minor discoursed or necrotic
spots and slightly reduced growth). Seedlings as a whole were considered abnormal if
they were; deformed, fractured, consisted of fused twin seedlings, yellow or white in
colour, spindly, glassy and part of the seedling showing decay symptoms as a result of
primary infection; and if one or more of their essential structures were defective (Don,

2003).

After determining the post-ageing germination (percentage of normal seedlings of the
aged seeds), control germination (percentage of normal seedlings of the un-aged seeds),

and dead seeds for each treatment and cultivar, all normal seedlings from each sub-
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sample were dissected into coleoptile, roots and remaining food reserves. Thereafter, the
seedling growth (coleoptile length, coleoptile dry matter, root dry matter and remaining
food reserves) of normal seedlings only, was determined, in order to assess the seed

vigour of different cultivars (Copeland, 1976; Evans et al., 1961; Perry, 1987).

The coleoptile length, coleoptile dry matter, root dry matter, and remaining food
reserves per seedling of different cultivars were determined by measuring these, and
then the results were divided by the number of normal seedlings germinated from each

sub-sample as shown by the formula below.

Where x is the observed value
n is the number of observations for each parameter
> is the sum of all observed x values

X is the mean value of x

The dry matter contents of coleoptiles, roots and remaining food reserves were
determined after drying the separated normal seedlings in an oven at 65 °C for 48 hours

(Free et al., 2010).

A tetrazolium test was conducted on un-germinated seeds to determine their viability.
The seeds were dissected longitudinally, through the middle of the embryonic axis and
Ya of the endosperm using a scalpel, before soaking the seeds in 1.0% tetrazolium
solution in beakers (50ml). This was to ensure that the tetrazolium solution penetrated
into the inner seed tissue. After incubating the soaked seeds for three hours at 30 °C, the
tetrazolium solution was drained from the beaker using a sieve, and then cut surfaces
were examined under the microspore, in order to assess the staining level of the embryo.
Seeds were considered viable when the embryo was completely stained (Plate 3.12), and
non-viable when the embryo was not completely stained (Plate 3.13). It can be noted
that because the endosperm is not living tissue it does not stain (Hampton & TeKrony,

1995).
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3.2.4. Analysis of data

All variables were analysed using SAS Proc GLM procedure of SAS 9.2 (SAS Inc,
Cary, North Carolina, 2002-2008). Where significant effects were detected in the
ANOVA (P=0.05), and means were compared using the LSD Test. This enabled
cultivars to be ranked in terms of germination and vigour. Simple correlation was used
to evaluate the relationship between all the laboratory test results (accelerated
germination, standard germination, coleoptile length; coleoptile dry matter, seedling
root dry matter and remaining food reserves) and field seedling establishment for
sowing dates (December 8 and December 21) (Vanderlip et al., 1973). Simple
correlation linear regression coefficients were determined on cultivar means (Kulik &

Yaklich, 1982).

Plate 3.9: Seed spread on the moistened germination paper before being covered with

the third paper towel.
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Plate 3.10: Seed germination of control seed at the final germination count.

Plate 3.11: Measuring the coleoptile length of normal seedlings.
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Plate 3.12: Stained sorghum embryo indicating that the embryo is viable. Note the

unstained endosperm even in viable seed.

Unstained embryo
of sorghum seed
showing that the

seed is dead

Plate 3.13: Unstained sorghum embryo indicating that the embryo is non-viable.
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CHAPTER 4: RESULTS
4.1. Weather

The 2009 spring in Palmerston North was cold and wet, meaning that soil temperatures
did not reach the minimum required for germination of these warm-zone crops until
early December (Table 4.1). In November and December 2009 and in March 2010 air
temperatures were below the long-term mean, however, above average air temperatures
were experienced in February 2010. Air and soil temperatures were higher for the later
sown crop during establishment and from emergence up until the 1% cut, but cooler
temperatures in March 2010 resulted in the mean temperature after the 1% cut of the 2™

sowing being lower than the 1* sowing (Table 4.2).

Table 4.1: Mean air temperatures (°C) for the 2009/2010 season compared to the long-
term mean (1928-1980) (NZMS, 1983), recorded at AgResearch Grasslands
(40°23’ S, 175°37’ E), Palmerston North.

Month
November December January February March
2009/2010 mean 13.0 15.4 17.3 18.7 15.9
Long term mean 14.2 16.1 17.3 17.6 16.4

Table 4.2: Summary of mean air and soil temperatures (°C) for each crop production

phase at each sowing date. Temperatures recorded at AgResearch Grasslands,

Palmerston North.
Sowing date
Growing period (2009/2010) 8/12/2009 21/12/2009

Air Soil Air Soil
Sowing to emergence 15.0 15.5 17.1 17.6
Emergence to first cut 17.1 17.7 17.8 18.1
First to second cut 17.4 17.8 16.6 16.9
Mean 16.5 17.0 17.2 17.5

4.2. Forage yield
There were significant yield differences among cultivars for the 1% cut and total dry
matter yield, but not the 2™ cut (Table 4.3). The highest yielding group of cultivars

included Pac 8423 (13,953 kg DM/ha), Sugargraze (13,262kg DM/ha), Bettagraze
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(12,704 kg DM/ha) and Sprint (12,426 kg DM/ha). Interactions between cultivar and
sowing date were observed for yield at the 2™ cut, total dry matter (TDM) and the
leaf/stem ratio for the 1% cut (Table 4.3). The interaction between cultivar and sowing
date for yield at the 2™ cut is shown in Figure 4.1. The overall means of the 2™ cut
yield, and leaf/stem ratio did not differ significantly across sowing dates and cultivars.
At the second harvest there was little effect of cultivar from the second sowing date, but
a large cultivar effect was observed at the first sowing date (Pac 8423 and Pac 8421were

much higher yielding) (Table 4.3).

The sowing date had a significant effect on yield at both harvest dates and on total yield,
total yield was highest for the December 8 sowing (12,792 kg DM/ha) compared with
December 21 (11,356 kg DM /ha) (Table 4.3). However, the effect of sowing date
varied with harvest period. For the 1* cut, yields were higher with later sowing, whereas
for the 2™ cut yields were higher with earlier sowing. The relative difference between
sowing date was highest for the 2™ cut where yields for the early sowing date were
more than twice those of the later sowing. This is reflected in growth rates for each
sowing date over each harvest period (Tables 4.5). Mean growth rates were highest at
the 2™ cut (129.6 kg/ha/day) for the early sowing, but for the later sowing date growth
declined greatly over the 2™ harvest period (77.8 kg/ha/day). For the first cuts, the
means of the growth rates of the first sowing and second sowings were 115.5 and 145.9

kg/ha/day, respectively.

The 2™ cut yields of cultivars Bettagraze, Nutrifeed, Pac 8421, Pac 8423, Pacific BMR,
Sprint and Superdan 2 reduced from 7,777, 5,755, 4,356, 8,118, 5,218, 5,634 and 4,857
kg DM/ha to 3,205, 2,196, 2,583, 3,377, 2,721, 3,231 and 2,840 kg DM/ha, respectively
(Figure 4.1). Pac 8423 and Bettagraze had higher 2™ cut yields than all other cultivars
when sown early but were similar to other cultivars with later sowing. Delaying sowing
by 14 days reduced the mean TDM across cultivars by 1616 kg DM/ha, thus
representing an 11.2% reduction in yield. In addition, the second cut growth rates were
also reduced with delayed sowing from 169.0 to 86.6, 125.1 to 59.4, 94.7 to 69.8, 176.5
to 91.3, 113.4 to 73.5, 122.5 to 87.3, and 105.6 to 76.8 kg DM /ha/day for Bettagraze,
Nutrifeed, Pac 8421, Pac 8423, Pacific BMR, Sprint and Superdan 2, respectively
(Table 4.5).
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Table 4.3: Combined analysis of yield, growth rate, leaf/stem ratio and tillers per m*for the two sowing dates.

Combined
Growth rate

Variety Yield (kg DM/ha) (kg DM/ha/day) Leaf/stem ratio Tillers per m*

Cut 1 Cut 2 TDM Cut 1 Cut 2 Cut 1 Cut 2 Cutl Cut 2
Betagraze 7213 5491 12704 144.3 127.9 1.8 1.6 240 340
Nutrifeed 5848 3975 9823 116.6 92.2 1.8 1.6 332 308
Pac 8421 7325 3469 10794 144.2 82.3 2.0 1.7 249 348
Pac 8423 8206 5747 13953 163.5 133.9 1.9 1.6 233 338
Pacific BMR 6125 3970 10095 121.9 93.5 1.9 1.6 192 277
Sprint 7994 4432 12426 159.4 104.9 1.8 1.5 378 520
Sugargraze 13262 . 13262 176.4 . 1.6 . 205 .
Superdan 2 7365 3849 11214 146.8 91.18 2.0 1.6 376 518
Signficance 0.0001 NS 0.04 0.02 NS NS NS 0.0001 0.002
LSD (0.0 1177 . 2574 28 . . . 26 86
Plant Date
Dec. 8 6997 5959 12792 115.5 129.6 1.9 1.6 297 381
Dec.21 8837 2879 11356 145.9 77.8 1.8 1.6 254 376
Significance 0.01 <0.0001 0.04 0.0008 0.0004 0.002 NS 0.03 NS
Cultivar x dates NS 0.02 0.02 NS 0.03 0.003 NS NS NS
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Figure 4.1: The interaction between sowing date and cultivar on yield at the 2" harvest.

(Error bars are 2 x SEM).

Cultivar differences for weight per tiller were observed for both cuts of the 1% sowing
date, and the 1% cut of the 2™ sowing dates. However, there were no significant
differences in weight per tiller for the 2™ cut of the 2™ sowing. For the 1* and 2™ cuts
of the 1* sowing, and the 1% and 2™ cuts of the 2™ sowing, weight per tiller ranged
from 1.5 to 5.3 and 0.9 to 2.6 g/plant DM, and 2.1 to 8.1 and 0.6 tol.0 g/plant DM,
respectively (Table 4.5). With delayed sowing, the mean tiller weight increased from
2.6 g/plant DM to 3.9 g/plant DM for the 1* cut, but for the 2™ cut, it reduced from 1.7
to 0.8 g/plant DM (Table 4.5).

4.2.1.  Tiller density

There were significant differences among cultivars for tiller density of both 1% and 2™
cuts of both sowing dates (Table 4.3). For the 2" cut, Bettegraze, Nutrifeed, Pac 8421,
Pac 8423 and Pacific BMR did not differ significantly for tiller density. Tiller density of
the 1% cut of the first sowing date averaged across cultivars was significantly different
(p=0.03) from the first cut of the 2™ sowing date. The first cut (297 tillers/m?) of the 1%
sowing date had greater tiller density than the 1** cut (254 tiller/m®) of the 2nd sowing
date. However, there were no significant differences between the 2™ cuts of both

sowing dates (Table 4.3). Averaged across cultivars, tillers density increased by 28.3%
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(from 297 to 381 tillers/m?) and 48.0% (from 254 to 376 tillers/m?) after cutting for the
1% and 2™ sowing dates, respectively (Table 4.4). Tiller density was strongly influenced
by cultivar, Sprint and Superdan 2 had higher tiller densities than all other cultivars at
both harvest times (Table 4.4). There was no cultivar and sowing date interaction for

tiller density.

4.2.2.  Leaf/stem ratio

Leaf/stem ratio for the 1 cut of the 1 sowing indicated significant differences among
cultivars, while the 2™ cut of the 1* sowing and the 1% and 2™ cuts of the 2™ sowing
had no significant differences (Table 4.4). Mean leaf/stem ratio (1.9) across cultivars for
1** cut of the first sowing date was significantly higher than the mean leaf/stem ratio
(1.8) across cultivars for the 1% cut of the 2™ sowing date. However, mean leaf/stem

ratios for re-growth across cultivars for both sowing dates were similar (Table 4.3).

Means across cultivars and sowing dates for leaf/stem ratio ranged from 1.8 to 2.0 and
1.5 to 1.7, for the 1* and 2™ cuts, respectively (Table 4.3). The interaction between
cultivar and sowing date for the leaf/stem ratio of first cut arose, whereas in Nutrifeed
the leaf/stem ratio for the 1% cut increased with later sowing, in all other cultivars the
ratio declined, though in Pac 8423 and Pac 8421 the decline was minor and they were
not significant (Figure 4.2). In this study, neither sowing date nor cultivar influenced

leaf/stem ratio.

4.2.3.  Plant height

Plant height was measured at the time of each yield assessment, and showed significant
differences among cultivars. The mean heights at the 1** cut (combined for both sowing
dates) were 154.4 cm, 135.1 cm, 130.1 cm, 129.9 cm, 118.9 cm, 113.8 cm, 98.8 cm and
87.7 cm for Sugargraze, Pac 8423, Sprint, Bettagraze, Superdan 2, Pac 8421, Pacific
BMR and Nutrifeed, respectively. No lodging of plants was observed in this study.

The increase in plant height averages per day, for the initial growth of the 1* sowing
from day 46 to day 57, ranged from 1.0 to 2.2 cm/day; and a range of 1.1 to 2.7 cm/day
was recorded from day 20 to day 46 of its re-growth. The 2™ sowing showed increases
in plant height for initial growth of between 0.7 and 2.6 cm/day from day 33 to day 58.
However, plant height growth for the re-growth was between 0.8 and 1.4 cm/day from
day 22 to day 37.
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Table 4.4: Means of leaf/stem ratio, tiller density (tillers/m?) and plant height (cm) for the cultivars sown for both sowing dates.

Sowing Date One (8/12/2009)

Sowing Date Two (21/12/2009)

Leaf/stem
Leaf/stem ratio Tillers per m” Height (cm) ratio Tillers per m” Height (cm)

Cultivar Cutl Cut2 Cutl Cut 2 Cutl Cut2 Cutl Cut2 Cut 1 Cut2 Cutl Cut2
Betagraze 2.0 1.6 265.0 341.0 118.8  110.8 1.7 1.6 215.0  338.0 1409 453
Nutrifeed 1.7 1.6 3420 347.0 76.9 103.4 1.8 1.7 320.0  268.0 98.4 47.2
Pac 8421 2.0 1.7 267.0  325.0 106.0  106.6 1.9 1.7 233.0  371.0 121.5  46.0
Pac 8423 2.0 1.6 261.0  320.0 119.6 1219 1.9 1.7 204.0  357.0 150.6  51.7
Pac BMR 2.0 1.6 208.0  261.0 89.1 82.1 1.8 1.7 176.0  292.0 108.4 384
Sprint 2.1 1.4 412.0 518.0 122.7 1183 1.7 1.6 343.0  522.0 137.4  49.0
Sugargraze 1.6 . 228.0 . 153.9 . 1.7 . 182.0 . 154.8 .
Superdan 2 2.1 1.6 392.0  550.0 109.6  100.1 1.8 1.6 360.0  485.0 1282 493
Means 1.9 1.6 297 381 112.1 106.2 1.8 1.6 254 376 130.0  46.7
Significanc
e 0.0001 NS 0.0001 0.0001 0.0001  0.0001 NS NS 0.0001  0.0001 0.0001 NS
LSD (0.0s) 0.1 60.0 93 16.2 10.9 50.0 68.0 13.0
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Table 4.5: Means weight per tiller and growth rates for cut 1, cut 2 and TDM of the cultivars sown for both sowing dates.

Sowing Date One (8/12/2009)

Sowing Date Two (21/12/2009)

Weight per Tiller Growth rate Weight per Tiller Growth rate
(g/plant DM) (kg DM/ha/day) (g/plant DM) (kg DM/ha/day)
Cultivar Cut 1 Cut 2 Cut 1 Cut 2 TDM Cut 1 Cut 2 Cut 1 Cut2 TDM
Betagraze 23 23 104.8 169.1 133.5 4.0 1.0 145.7 86.6 122.7
Nutrifeed 1.5 1.7 88.0 125.1 104.6 2.1 0.8 115.1 59.4 93.4
Pac 8421 2.7 1.4 126.1 94.7 112.1 3.4 0.7 130.0 69.8 107.9
Pac 8423 2.9 2.6 124.3 176.5 147.6 4.4 0.9 159.5 91.3 131.6
Pacific BMR 2.6 2.0 93.8 113.4 102.6 4.0 0.9 119.0 73.5 101.3
Sprint 1.7 1.1 120.6 122.5 121.4 2.7 0.6 157.2 87.3 130.0
Sugargraze 53 . 155.7 . 155.7 8.1 . 197.0 . 197.0
Superdan 2 1.6 0.9 111.5 105.0 108.8 23 0.6 144.4 76.8 118.1
Means 2.6 1.7 115.5 129.6 123.3 3.9 0.8 145.9 77.8 125.2
Significance 0.0001 0.001 0.0017  0.003  0.0001 0.0001 NS 0.0007 NS 0.0001
LSD (0.0s) 0.8 0.8 28.4 41.9 20.9 1.2 32.7 24.4
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4.2.4. Ear emergence

The time of 50% ear emergence was monitored in all plots. Ear emergence (heading)
only occurred in the early planted plots and only in Bettagraze, Pac 8421, Pac 8423 and
Sprint which reached 50% ear emergence 73, 89, 78 and 81 days after cutting,
respectively. The onset of cool temperatures in March (Table 4.2) and the damage
effect of frost (grass minimum temperatures of -0.8 and -3.2 °C on March 13 and 18,

respectively) halted plant growth and consequently ear development.

4.25. Thermal time

The predicted thermal time required for sorghum, sudangrass and pearl millet cultivars
to be grazed at 50 cm were averaged between 202.5 to 213.0 °C days and 217.6 to 253.7
°C days for initial and re-growth, respectively (Figures 4.3 and 4.4). At 100 cm, 318.9
to 322.9 °C days and 332.4 to 413.8 °C days were predicted for initial and re-growth
(Figures 4.5 and 4.6). In this study, approximately 100 cm plant height for initial and
regrowth of the 1% sowing date were attained after thermal time means accumulated to
323.8 and 338.6 °C days. And for the initial growth of the 2" sowing date to achieve at
least 100cm, an accumulation of 372.4 °C days were required. Due to frost damage that
killed re-growth of plants of the second sowing date, in order to reach an average of

46.7cm, 244.4 °C days were needed.
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Figure 4.3: Predicted thermal time (°C days) requirements for different cultivars to

reach 50 cm plant height of initial growth for both sowing dates (Initial 1=

Initial for Date 1 and Initial 2= Initial for Date 2).
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Figure 4.4: Predicted thermal time (°C days) requirements for different cultivars to

reach 50 cm plant height of re-growth for both sowing dates (Re-growth 1=

Re-growth for Date 1 and Re-growth 2= Re-growth for Date 2).
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Figure 4.5: Predicted thermal time (°C days) requirements for different cultivars to
reach 100 cm plant height of initial growth for both sowing dates (Initial 1=
Initial for Date 1 and Initial 2= Initial for Date 2).
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Figure 4.6: Predicted thermal time (°C days) requirement for different cultivars to reach
100 cm plant height of re-growth for both sowing dates (Re-growth 1= Re-
growth for Date 1 and Re-growth 2= Re-growth for Date 2).

Differences were observed among cultivars in plant height response to thermal time,

except for the 2" cut of the 2™ sowing. The increase in plant height per unit of thermal

time for initial growth and re-growth of the 1¥ sowing date ranged from 0.3 to 0.6 and
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0.4 to 0.5 cm/ °C days, respectively. In case of the 2™ sowing date, increases in plant
height per unit of thermal time were from 0.3 to 0.5 cm/ °C and 0.3 to 0.4 cn/ °C days
for initial growth and re-growth. The growth curves for different cultivars in response to

thermal time are shown in Figures 4.7, 4.8, 4.9 and 4.10.
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Figure 4.7: Growth curves of different cultivars of the initial growth for the first sowing

date.
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Figure 4.8: Growth curves of different cultivars of the re-growth for the first sowing

date.
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Figure 4.9: Growth curves of different cultivars of the initial growth for the second

sowing date.
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4.2.6. Relationship between yield, plant height and tiller density
The association between height, tiller density and yield was initially explored using
correlation analysis. There was no correlation between yield and tiller density but yield

showed a highly significant linear relationship with plant height (Figure 4.11).
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Figure 4.11: The regression between yield and plant height for different cultivars at both

sowing dates and harvest times.

4.3. Forage quality

The nutritive values (metabolisable energy, crude protein, acid detergent fibre, neutral
detergent fibre and soluble sugars and starch) of different sorghum, sudangrass and
pearl millet cultivars were assessed in this experiment for comparative purposes.
Cultivar differences were observed for all measures of forage quality assessed (Table

4.6).
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Table 4.6: Means of whole plant metabolisable energy (ME), crude protein (CP), acid
detergent fibre (ADF), neutral detergent fibre (NDF) and soluble sugars and
starch (SSS) of different sorghum, sudangrass and pearl millet cultivars for cut

1 of first sowing date.

Cultivars ME CP ADF NDF SSS
(MJ/kg DM) (%) (%) (%) (%)
Bettagraze 10.3 16.1 35.5 62.8 6.2
Nutrifeed 10.8 18.0 33.9 61.1 1.2
Pac 8421 10.8 16.0 342 60.6 7.9
Pac 8423 10.3 14.2 36.5 63.1 7.6
Pacific BMR 11.0 16.8 32.9 57.2 10.3
Sugargraze 10.1 10.3 36.2 65.2 13.9
Sprint 10.4 14.7 36.3 62.0 8.5
Superdan 2 10.5 15.0 35.2 59.9 7.2
Mean 10.5 15.1 35.1 61.5 7.8
Significance 0.0001 0.0001 0.0009 0.003 0.0001
LSD (.05 0.3 2.0 1.6 3.4 1.4

4.3.1. Metabolisable energy (ME)

Significant cultivar differences (p = 0.0001) were observed, the metabolisable energy
(ME) ranged from 10.1 to 11.0 MJ/kg DM (Table 4.6). Pacific BMR had the highest
ME, but it was not significantly different from Nutrifeed and Pac 8421. The
metabolisable energy of Superdan 2, Bettagraze, Pac 8423, and Sprint did not differ
significantly. Sugargraze had the lowest ME content.

4.3.2. Crude protein (CP)

Crude protein differences among cultivars were significant (P<0.0001). Sugargraze had
the lowest CP with Nutrifeed the highest. However, the CP percentage in Nutrifeed did
not differ significantly from Bettagraze, Pac 8421 and Pacific BMR, but it did differ
from Pac 8423, Sprint and Superdan 2.
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4.3.3. Acid detergent fibre (ADF)

There were significant differences among cultivars. The lowest ADF content of forage
was found in Pacific BMR and the highest in Pac 8423 (Table 4.6). The ADF content of
Pac 8423 was not significantly different from that of Bettagraze, Sugargraze, Sprint and
Superdan 2, but the ADF was significant in Pacific BMR, Nutrifeed and Pac 8421.

4.3.4. Neutral detergent fibre (NDF)

NDF concentration differed significantly (P=0.003) among cultivars. Pacific BMR had
significantly lower NDF concentration than Sugargraze, Sprint, Nutrifeed, Bettagraze,
Pac 8421, and Pac 8423, but not Superdan 2. Sugargraze had the highest concentration
but this was not significantly different from Sprint, Pac 8423 and Bettagraze.

4.3.5. Soluble sugars and starch (SSS)

The SSS concentration in Sugargraze was significantly higher than all other cultivars.
Pacific BMR was second with Sprint, Superdan 2, Pac 8423, and Pac 8421 third equal,
followed by Bettagraze and Nutrifeed.

4.3.6. Relationship between agronomic traits and forage quality

Crude protein showed a strong positive correlation (R*=0.59) with ME (Figure 4.12).
However, CP was negatively correlated with yield (R*=0.65) (Figure 4.13) and plant
height (R?=0.71) (Figure 4.14). Metabolisable energy was negatively correlated with
plant height (R*=0.60) (Figure 4.15), and weakly, negatively correlated to dry matter
yield (R*=0.37) (Figure 4.16).
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Figure 4.12: The relationship between metabolisable energy and crude protein
concentration for sorghum, sudangrass, and pearl millet cultivars for forage

harvested at the first cut of the first sowing.
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Figure 4.13: Relationship between yield and crude protein concentration for sorghum,

sudangrass and pearl millet cultivars for forage harvested at the first cut of the

first sowing.
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Figure 4.14: Relationship of plant height and crude protein concentration for sorghum,
sudangrass and pearl millet cultivars for forage harvested at the first cut of the

first sowing.
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first sowing.
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Figure 4.16: Yield and metabolisable energy relationship for sorghum, sudangrass and

pearl millet cultivars for forage harvested at the first cut of the first sowing.

44, Seed quality

Germination and seed vigour of the seeds of sorghum, sudangrass and pearl millet
cultivars were assessed in order to determine and compare their germination
percentages and seed vigour. The cultivars were ranked according to assessed seed
vigour. Furthermore, the relationships between laboratory tests and field emergence

were explored.

4.4.1. Germination and seed vigour

There were significant differences for the interim and normal germinations, and
remaining food reserves between cultivars for different treatments for both control and
aged seed (Tables 4.7, and 4.8). Furthermore, significant differences in abnormal
seedling percentage, dead seed percentage, dry matter accumulation per seedling, root
weight per seedling and coleoptiles length were observed between cultivars
(Appendices 2 and 3). Significant cultivars x temperature interactions for interim,

normal germinations and remaining food reserves across all treatments were observed

(Table 4.9).
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For accelerating ageing T41-D72, there were no significant differences between
Nutrifeed and Sprint. However, Sprint was similar to Superdan 2. Sugargraze and
Pacific BMR were the lowest. Pac 8421 and Pac 8423 had the highest normal
germination. In addition, T43-D72, Pac 8421, and Pac 8423 had highest normal
germination. And then the order of germination was as follows: Nutrifeed, Sprint, and

Superdan 2 intermediate; and Sugargraze and Pacific BMR were the lowest.

When the accelerating temperature was increased to T45-D48, the germination of Sprint
and Superdan2 reduced drastically and hence they were similar to Sugargraze and
Pacific BMR. However, it was observed that Nutrifeed, Pac 8421 and Pac 8423
maintained good accelerating ageing germination despite adverse ageing conditions.
Also, there were no significant differences among Pac 8421, Pac 8423, Nutrifeed, Sprint
and Superdan 2 for normal germination of control treatment, but these were significant

to Sugargraze and Pacific BMR.

The interim germination percentages for control, T41-D72, T43-D72 and T45-D48
treatments ranged between 70% to 97%, 42% to 97%, 43% to 98% and 22% to 97%,
respectively (Table 4.7). Normal germination ranged from a low of 75% to a high of
99%, 50% to 98%, 52 to 97% and 35 to 97% for control, T41-D72, T43-D72 and T45-
D48 treatments, respectively (Table 4.7). The interim germination averaged across the
seven cultivars and across treatments was 71%, with the lowest and highest values
being 42% and 97%, respectively. Normal germination had a lowest value of 55% and a
high of 97% with a mean of 76% (Table 4.9). The differences between un-aged seed
germination and accelerated normal germinations of treatments T41-D72, T43-D72, and
T45-D48 were 11.7%, 14.8% and 23.5%, respectively. The variation in the final
germination of all treatments (T41-D72, T43-D72, T45-D48 and control) are illustrated
clearly by Figure 4.17. This showed that control was high and can be used to estimate

field emergence if field conditions are favourable.

The means of interim and normal germinations of the control treatment were the highest
and accelerated ageing interim and normal germinations of T41-D72 and T43-D72
treatments were intermediate with no significant differences between them. Interim and
normal germinations for the T45-D48 treatment were the significantly lower than that

for the other three treatments.
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As the accelerating ageing temperatures increased, accelerated interim and normal
germinations, coleoptiles length and coleoptiles dry weight across cultivars reduced
significantly, and the number of dead seeds, abnormal seedlings and remaining food
reserves increased significantly (Table 4.7 and Appendices 2 and 3). However, the
remaining food reserves for Pac 8423 and Nutrifeed did not increase (Tables 4.8 and

4.9).

Generally, mean post-accelerated ageing interim and normal germinations across all
cultivars decreased significantly (P<0.05) from 70% at T41-D72 and 69 at T43-D72, to
58% at T45-D48, and 76% at T41-D72 and 73 at T43-D72 to 65% at T45-D48,
respectively (Table 4.7). Accelerated ageing temperature had a strong effect on
germination of cultivars except on seeds of Pac 8421 and Pac 8423. The effect of T41-
D72 and T43-D72 accelerating ageing treatments on seed germination were similar, but
they were significantly different from T45-D48 where both the interim and final

germination percentage was significantly reduced.
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Table 4.7: Interim and normal germinations of different sorghum, sudangrass and pearl millet cultivars for control (un-aged seed) and post

accelerated ageing treatments (T41D72 T43D72and T45D48) in the laboratory.

Interim Germination (%) Normal Germination (%)
Temperatures (°C) and Duration Temperatures (°C) and Duration
(Hours) (Hours)

Cultivar Control T41D72 T43D72 T45D48 Control T41D72 T43D72 T45D48
Pac 8421 95 96 96 94 96 98 97 94
Pac 8423 97 97 98 97 99 97 97 97
Nutrifeed 90 84 82 86 89 86 83 84
Sugargraze 70 42 35 22 75 59 52 35
Pacific BMR 76 42 43 40 77 50 52 52
Sprint 91 68 70 30 92 75 72 42
Superdan 2 89 64 62 42 91 71 63 49
Mean 87 70 69 58 88 76 73 65
Significance 0.0001  0.0001  0.0001  0.0001 0.0002  0.0001 0.0001 0.0001
LSD (.05 10 12 8 11 10 11 7 12
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Table 4.8: Remaining food reserves of different sorghum, sudangrass and pearl millet

cultivars for control (un-aged seed) and post accelerated ageing treatments

(T41D72 T43D72and T45D48) in the laboratory.

Temperatures (°C) and Duration

(Hours)
Cultivar Control T41D72 T43D72 T45D48
Pac 8421 6.1 7.9 7.2 8.9
Pac 8423 6.0 6.6 5.9 6.1
Nutrifeed 1.7 1.7 1.6 1.8
Sugargraze 8.0 9.7 10.9 11.7
Pacific BMR 9.9 11.4 10.7 12.3
Sprint 2.7 4.4 3.7 5.2
Superdan 2 2.6 3.7 2.9 3.5
Mean 53 6.5 6.2 7.1
Significance 0.0001  0.0001 0.0001 0.0001
LSD (.05 0.7 1.8 1.0 1.4
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Table 4.9: Combined (control and post accelerated) interim, normal and remaining food

reserves percentages of different sorghum, sudangrass and pearl millet

cultivars.
Interim  Normal Remaining food reserves

Cultivar (%) (%) (mg)
Pac 8421 95 96 8
Pac 8423 97 97 6
Nutrifeed 85 85 2
Sugargraze 42 55 10
Pacific BMR 50 57 11
Sprint 64 70 4
Superdan 2 64 68 3
Mean 71 76 6
Significance 0.0001 0.0001 0.0001
LSD(9.05) 5 5 1
Temperature
T41D72 70 76 6.5
T43D72 69 73 6.2
T45D48 58 65 7.1
Control 87 88 53
Significance 0.0001  0.0001 0.0001
Cultivar x Temperature 0.0001  0.0002 0.005
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Figure 4.17: The effect of accelerating ageing on normal germination (%) compared

with control germination (%).

4.4.2. Field emergence

The field establishment percentages of Nutrifeed, Pac 8421, Pac 8423, Sprint and
Superdan 2 for first sowing date were similar, but significantly different from
Sugargraze and Pacific BMR which had the lowest emergence rates. For the second
sowing, establishment percentages for all the cultivars did not differ significantly. Field
emergence for the first sowing date ranged between 77% and 91% with a mean of 85 %,
and for the second sowing date, field emergence ranged between 65 and 83% with a
mean of 76% (Table 4.10). The field emergence mean for first sowing date was
significantly higher than second sowing date. The field emergence of Bettagraze for
first and second sowing dates were 86 and 85% respectively. There was no cultivar x

sowing date interaction for field emergence.
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Table 4.10: Field emergence for first and second sowing dates of different sorghum,

sudangrass and pearl millet cultivars.

Sowing Dates

Cultivar December 8 December 21

Germination %

Pac 8421 89 73
Pac 8423 86 80
Nutrifeed 88 79
Sugargraze 77 69
Pacific BMR 80 65
Sprint 87 80
Superdan 2 91 83
Mean 85 76
Significance 0.01 NS
LSD (0.05) 8

4.4.3. Correlation between laboratory germination parameters and field
emergence

There was a strong positive correlation between interim control germination and field
establishments of first (r = 0.85) and second (r = 0.75) sowing dates, and between
normal control germination and field establishments of the first (r = 0.82) and second (r
= (0.76) sowing dates. Although field emergence percentage at both sowing dates were
positively correlated to the standard germination percentages, the correlation coefficient
(r) for first sowing emergence percentage was better than the correlation coefficient (r)

of the second sowing date emergence percentage.

The simple correlation coefficients (r values) of interim and normal accelerated ageing
germination percentages of T41-D72, T43-D72, and T45-D48, and control with field
emergence percentages of the first and second sowing dates were as indicated in Table
4.13. In contrast, the remaining food reserves of T41-D72, T43-D72, T45-D48 and
control were negatively correlated to the first and second sowing dates. From the r
values (Table 4.13), the interim and final germination counts post-AA and the
remaining food reserves of T41-D72, T43-D72 and control treatments showed strong

correlation with field seedling establishment. However, the interim and final
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germination counts post-AA and the remaining food reserves of T45-D48 were poorly
correlated with seedling establishment in the field. There were no significant
correlations between field emergence for either sowing date and abnormal germination,
dead seeds, coleoptiles dry weight per, root dry weight and coleoptile length. The
relationship between control final germination and field emergence for the first sowing

was strong (Figure 4.18).

The 1000 seed weight of Superdan 2 (15.2 g), Nutrifeed (12.7 g), Pac 8421 (34.1 g), Pac
8423 (29.8 g), Pacific BMR (34.0 g), Sprint (18.9 g), and Sugargraze (32.0 g) had no

positive relationship with un-aged laboratory germination.

90 -
88 -
86 -
84 -
82 -
80 -
78 -
76 . . . . . 1

70 75 80 85 90 95 100

y=0.453x+45.44
R?2=0.673

Field emergence rate (%)

Control standard germination (%)

Figure 4.18: Relationship between the control final standard germination and field

emergence percentage for first sowing date.

4.4.4. The effect of ageing duration on seed moisture

As the ageing duration increased, seed moisture also increased (Table 4.11). At ageing
temperatures and durations of T41-D72, T43-D72 and T45-D48, the mean seed
moisture across cultivars were 26.9%, 27.1% and 25.5%, and ranged from 26.3% to
27.7%, 26.5% to 29% and 24.5% to 26.1%, respectively. The seed moisture means of
T41-D72 and T43-D72 did not differ significantly, but they were different from the
mean of T45-D48 (Table 4.12). However, there were no significant differences
between cultivars for seed moisture for each particular accelerating and duration ageing

treatment. Also, there was no cultivar x temperature interaction (Table 4.12).
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Table 4.11: Seed moisture content of different sorghum, sudangrass and pearl millet
cultivars of control (un-aged seed) and post-accelerated ageing treatments

(T41-D72, T43-D72, and T45-D48).

Temperatures (°C) and Duration (Hours)

Cultivar Control T41-D72 T43-D72  T45-D48
Seed moisture content %

Pac 8421 12.6 26.3 26.5 25.1
Pac 8423 11.7 27.1 27.0 26.0
Nutrifeed 12.1 27.7 26.8 25.8
Sugargraze 13.3 27.0 29.0 25.5
Pacific BMR 11.3 27.0 26.9 25.2
Sprint 12.1 26.9 26.8 26.1
Superdan 2 13.0 26.5 26.7 24.5
Mean 12.3 26.9 27.1 25.5
Significance 0.0001 NS NS NS
LSD (0.05) 0.1
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Table 4.12: Combined seed moisture content of different sorghum, sudangrass and pearl

millet cultivars of post-accelerated ageing treatments.

Seed moisture content

Cultivar (%)
Pac 8421 26.0
Pac 8423 26.7
Nutrifeed 26.8
Sugargraze 27.2
Pacific BMR 26.3
Sprint 26.6
Superdan 2 26.9
Mean 26.5
Significance NS
Temperature

T41D72 26.9
T43D72 27.1
T45D48 25.5
Significance 0.0002
Cultivar x Temperature NS

4.45. Fresh un-germinated versus dead seed

Seed that did not germinate within 10 days of the germination test was assessed as dead
(that seed which neither was fresh, hard, nor had produced any part of a seedling). This
was confirmed by a tetrazolium test where a sample of seed visually assessed as dead
did not stain completely. In contrast, viable seed stained completely. (Compare Plate

3.12 with Plate 3.13)

95



Table 4.13: Simple correlations coefficients for field emergence for two sowing dates against laboratory germination parameters of

different sorghum, sudangrass and pearl millet cultivars.

8 December, 2009 sowing date against 21 December, 2009 sowing date against
Germination parameters measured control or accelerated ageing control or accelerated ageing
Control T41D72 T43D72 T45D48 Control T41D72 T43D72 T45D78
.................................................................... RVAIUES.....coeiiiiiiiiniciccecce
Interim germination (%) 0.85%* 0.70 0.71 0.48 0.75%* 0.59 0.58 0.30
Normal germination (%) 0.82% 0.66 0.60 0.43 0.76* 0.58 0.49 0.26
Abnormal seeds (%) -0.61 -0.53 0.21 0.53 -0.71 -0.31 0.31 0.60
Dead seeds (%) -0.84*  -0.65 -0.67 -0.69 -0.70 -0.60 -0.58 -0.46
Dry weight per Coleoptiles (mg) -0.43 -0.40 -0.40 -0.32 -0.62 -0.53 0.55 -0.43
Dry weight per Root (mg) -0.56 -0.32 -0.01 -0.54 -0.57 -0.39 -0.30 -0.46
Dry weight per remaining food reserve (mg) -0.81*  -0.78*  -0.86** -0.82* -0.88%**  -0.88** -0.91** -0.91%*
Coleoptiles length (cm) 0.20 0.36 0.38 0.32 -0.12 0.15 0.28 0.14

* Significant at 5% level of probability

** Significant at 1% level of probability
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CHAPTER 5 : DISCUSSION

5.1. Forage yield

Yields achieved by the better performing cultivars in both the early and later sowings in
this study are generally higher than yields previously reported at the vegetative stage in
New Zealand, and this can be attributed to the improvement of cultivars. For example,
Gerlach and Cottier (1974) reported yields between about 9,400 and 9,700 kg DM/ha
for sudangrass and sorghum X sudangrass hybrids, respectively after 77 days. Cottier
(1973) reported yields of 6610, 8520, and 8010 kg DM/ha for Japanese millet

(Echinochola crusgalli), sorghum X sudangrass and sudangrass, respectively.

In this study, yields from the later sowing were initially better than those for the earlier
sowing. However, re-growth following the 1% harvest was poor as a result of declining
autumn temperatures (Table 4.2). The optimum temperature for these crops is > 25 °C,
(Sullivan, 1961) whereas the mean temperature in March 2010 was 15.9 °C. It is also
probable that declining autumn temperatures resulted in reduced photosynthesis and
movement of photosythates (Maiti & Soto, 1990). There was also a possibility that the
irreversible chlorotic bands (browning) on the leaves due to frost damage (Plate 3.7)
would have reduced the photosynthetic area of the plants, and in return reduced the
yield as reported by Burns and Wedin (1964). Hence, there was no further accumulaton
of dry matter after frost damage. This demostrates that high temperatures and frost free

conditions are critical for maximum yield.

In the previous six summer growing seasons (2004/2005 to 2009/2010) in Palmerston
North, frost which would have damaged sorghum, sudangrass and pearl millet plants
occurred on 12 March, 2005, 14 March, 2006, 2 April, 2007, 10 April, 2008, 3 April,
2009 and 13 March, 2010, respectively (NZMS, nd). Since the Manawatu region, in
particular the area surrounding Palmerston North, is likely to experience a first frost
anytime starting from the second week of March up to mid-April, sowing should be
done in early December to ensure that mid-March or early or mid-April frosts will be
avoided or escaped, as sorghum, sudangrass and pearl millet crops would then be

harvested or grazed by this time. If earlier sowing is desired appropriate cultivars and/or
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high vigour seed should be sown because of good ability to withstand adverse

conditions and also to ensure good and uniform emergence and establishment.

In this study, yields may have been higher if sowing had been undertaken earlier
because declining autumn temperature and frost damage would have been avoided
towards the end of the growing season, and high growth rate would have been
maintained for a longer period (Causley, 1990). Data from the New Zealand
Meterological Services (NZMS,1983) suggests that, generally, soil temperature in the
Manawatu region reaches the minimum required for germination of these crops in mid
November. For the six years, from 2004 to 2010, the required soil temperatures (16 to
18 °C) at 10 cm depth were reached on 6 November, 2004, 1 December, 2005, 12
December, 2006, 20 November, 2007, 23 November, 2008 and 8 December, 2009,
respectively, thus indicating that sorghum could be sown on these dates (NZMS, nd).

In the case of the 2009/2010 growing season, the average soil temperature for
November was below the average long-term temperature. This resulted in delayed
sowing from the earlier planned mid-November to early December. Whilst there would
be an increased risk of frost with earlier sowing, frosted crops can recover and go on to
produce high yields. However, this is dependent on the growth stage of the crop when it
is frosted (Causley, 1990). Causley (1990) reported total yields for a sorghum x sudan-
grass hybrid (cultivar-sudax), which ranged between 21,300 kg/ha from an early
November sowing to 11,800 kg/ha from a late December sowing at the Aorangi
Research Station, DSIR Grasslands, 15 km west of Palmerston North. These yields were
obtained at the flowering stage and hence, they were higher than yields in this study.

The performance of Pac 8423 and Pac 8421, which both carry the brown midrib gene
(BMR), was better than that of Pacific BMR, an established and commonly used
cultivar in Manawatu, which also carries the brown midrib gene. The mid-rib gene
improves the digestibility of the forage, since it decreases the lignin content in the dry
matter. However, Miller and Stroup (2004) found that the BMR trait was associated
with low vigour and low yield. In contrast, Casler et al. (2003) found that yield
reductions because of the BMR trait were variable across environments and cultivar
specific. This study found similar results. While both Pac 8423 and Pac 8421 performed
well, Pac 8423 outperformed Pac 8421, the yield of the second cut of Pac 8421 for the
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first sowing date reduced significantly due to low growth rate, but the Pac 8423 yield
did not drop. The high performance of these cultivars over Pacific BMR can be
attributed to cultivar improvement, which has removed the association of low yield and

the BMR gene.

In previous comparisons between maize and sorghum in New Zealand, most studies
have found that maize produced higher yields, the difference being less in northern
areas of the country due to warmer temperatures that promotes sorghum growth
(Douglas, 1980). In this study maize was included in the early sowing for comparative
purposes. Maize yield at 17,437 kg DM/ha was higher than any of the sorghums.
Moreover in this study, the maize yield was accumulated over a longer growing period.
Unfortunately, extending the growing period for sorghum in the Manawatu may
compromise its quality due to increased fibre content compared to maize fibre content

that is offset by highly digestible grains.

Final harvest for the sorghums from the 1% sowing occurred on 22 March whereas the
maize plots were harvested on 20 April. The 8 December sowing date is late for maize,
even for early maturing hybrids (Wilson et al., 1994). As mean growth rates for the best
sorghum cultivar (Pac 8423) and maize (P39G12) were similar; 130.1 kg DM/ha/day
and 147.6 kg DM/ha/day for P39G12 and Pac8423, respectively (Table 4.4), there is
potential to improve cumulative sorghum yields if the growing period can be extended
so that the number of grazings/cuttings can be increased before temperatures fall
towards the end of the growing season. The growing period can only be increased if the

crop is planted as soon as the soil temperature is between 16 to 18 °C.

It is worth noting that the maize yield (17,437 kg DM/ha) was within 17,151 to 23,330
kg DM/ha and 15,800 to 20,710 kg DM/ha reported by Millner (2002) and Millner et al.
(2005), respectively. However, it is probable that the maize would have yielded higher
than 17,437 kg DM/ha if it had been planted earlier.

In this study, sorghum, sudangrass and pearl millet average total dry matter means (12,
792 and 11, 356 kg DM/ha) for the 1% and ond sowing dates were higher than an average
yield of turnips (7,400 kg DM/ha) reported by Clark (1995) and Clark et al. (1996) in
New Zealand (5,000 to 9,500 kg DM/ha) reported by Jacob et al. (2004) in Australia.
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Sugargraze yields in this study were high. However, this resulted in a higher proportion

of stems, thus producing a low leaf/stem ratio.

5.1.1. Tiller density

Nutrifeed tiller density also declined after the 1% harvest, in contrast to all other
cultivars. Millet has been found to generally produce less re-growth following cutting or
grazing than sorghum (Douglas, 1980). In this study this may have been exacerbated by
reduced early growth rate of the millet. Consequently the re-growth of the millet was
more exposed to lower temperatures (Table 4.1), and this crop which prefers warmer
conditions (Rachie & Majmudar, 1980). There was also a possibility that Nutrifeed had
lower food reserves stored in the crown at cutting and less leaf area (photosynthetic
area) remained on the cut plants to support re-growth (Fribourg, 1995; Stephenson &
Posler, 1984). Therefore, in order to promote high re-growth Beaty et al. (1965)
suggested that pearl millet needs a residual stubble height of 20 ¢cm rather than 15 cm.
This is because 20 cm leaves more area for tiller production than at 15 cm where crowns
tend to die with time due to less food reserves to support re-growth. Broyles and
Fribourg (1957) also found that re-growth from the higher stubble heights was more

vigorous than that from short stubbles.

Tiller density in the sudangrass cultivars was greater than the sorghum X sudangrass
cultivars, a reflection of the greater tillering ability of sudangrass (Anderson & Guyer,
1986; Cottier, 1973; Gerlach & Cottier, 1974). Tiller density was greater after the 1%
harvest for both sowing dates, probably because environmental conditions, particularly
optimum temperature, enhanced tiller production (Piggot & Farrell, 1984). In addition,
cutting to 15 cm would have greatly increased the light reaching the suppressed tillers
below 15 cm. Tiller density for initial growth averaged across cultivars was
significantly greater for the first sowing date than for the second sowing date, due to
lower temperature at tillering for the first sowing which would have promoted more

tillers (Doggett, 1988) (Table 4.2).

5.1.2. Leaf/stem ratio
The mean leaf/stem ratio for the 1% cut for all the cultivars was higher than that for the
2" cut (Table 4.4), thus indicating that forage quality with more leaf material relative to

stems was probably higher for the 1** cut (Elseed et al., 2007). The higher leaf/stem
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ratio for 1% cut may be because tiller density increased after the 1™ cut, thus resulting in
increased competition for light, which induced greater stem elongation (Caravetta et al.,
1990a). In this study, there was a significant but relatively weak (r = -0.34) negative
correlation between tiller density and leaf/stem ratio because of cultivar effect. The
decrease of the leaf/stem ratio and an increase in stem proportion may have resulted in
reduced forage quality because crude protein is greater in leaves, and leaves are more

digestible than stems.

5.1.3. Plant height

In general, the increase in plant height was between 0.7 to 2.7 cm/day. The average
increase in plant height of 2.5 cm/day of non-irrigated sorghum plants in Palmerston
North reported by Chu and Tillman (1975) was within this range, but was less than the
average of an increase in height (5 cm/day) of irrigated plants. This indicates that, as
temperatures increase, plant height also increases. Conversely, a gradual decrease in
temperature sees a gradual reduction in the increase of plant height and dry matter

accumulation per day. This was evident with the re-growth of the second sowing.

In this study, lodging was not observed in any cultivars. Pedersen et al. (2005)
suggested that BMR cultivars are prone to lodging. This may have been because the
cultivars did not head before harvesting. If plants were allowed to head, the heavy ear
weights of BMR cultivars may make plants vulnerable to lodging due to reduced lignin

content (supportive tissues).

5.1.4. Ear emergence
Ear emergence was only observed in Bettagraze, Pac 8421, Pac 8423 and Sprint,
suggesting these cultivars are early maturing. In contrast, heading was not observed in

Sugargraze, Nutrifeed, Pacific BMR and Superdan 2 because they are late maturing.

5.1.5. Thermal time

The predicted thermal times (TT) required for the initial growth for sorghum,
sudangrass and pearl millet cultivars for both sowing dates to be grazed at 50 cm and
100 cm were similar (Figures 4.3 and 4.5). However, thermal times for re-growth of the
second sowing date were greater than thermal times for re-growth of the first sowing

date (Figures 4.4 and 4.6). This can be attributted to the low autumn mean temperature in
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March 2010 (15.9 °C), when the re-growth of the second sowing was occuring. Low
temperature increases TT requirement (Radhouane, 2008). Furthermore, thermal times
for re-growths were greater than initial growths because thermal times for the sprouting
stage of the tillers after cutting cultivars were inclusive in this calculation while initial
growth only included the TT from emergence to 1* cut. The increase in plant height per
each unit of thermal time for both initials of sowing dates and re-growth of the first
sowing were similar except regrowth of second sowing that was low because of reduced

temperature which resulted in a reduced growth rate.

5.1.6. Relationship between yield, plant height and tiller density

The relationship between height and yield, in this study was strong; as the height
increased, the yield also increased (R* = 0.69, Figure 4.5). A strong positive correlation
between plant height and total biomass yield in sorghum has previously been reported
(Brito et al., 2000; Caravetta et al., 1990b; Maiti & Soto, 1990; Taylor et al., 1974). The
association between height and yield suggests that height might be used to estimate
yield (Piggot, 1989) which would assist farmers with feed budgeting. There was no
correlation between dry matter and tiller density observed because different cultivars
had different growing strategies such as plant height and plant size. These variations

were due to different tiller density for each cultivar.

5.2. Forage quality

5.2.1. Crude protein

The highest crude protein (CP) (18.0%) was found in Nutrifeed (pearl millet). This is
most likely because pearl millet is a leafy forage type and the level of CP is greater in
leaves than in stems (Ball, 1998; Wall & Ross, 1970). The range of CP (10.3 to 18.0%)
across all cultivars assessed was higher than the range of 8% to 14.3% reported by
Rachie and Majmudar (1980), but it was similar to the range of 12% to 18% reported by
Wall and Ross (1970). Also, it was similar to the concentration of the normal range of
desirable herbage for finishing lambs (15 to 18%) and that of mature herbage (13 to
16%) reported by Hodgson and Brookes (1999). The mean of CP content (15.1%) was
similar to the CP content (14%) for sorghum reported in Australia by Moss (2009). The
level of CP for forage sorghum is dependent on the cultivar grown and management

practices, including sowing date and grazing strategy.
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Sweet sorghum (Sugargraze) had a lower CP content than the 12% to 18% reported by
Wall and Ross, 1970. However, the CP % for Sugargraze was consistent with the
observations of Wedin (1970) that in the USA, sweet sorghum is low in CP content, yet
high yielding. Regardless, CP contents of all the cultivars assessed in this study were
higher than that for maize silage CP (5.4 to 8.2%) reported by de-Ruiter et al. (2007)
and CP (6.6 to 7.3%) by Millner et al. (2005) both in New Zealand. Furthermore, the
CP contents of Bettagraze, Nutrifeed, Pac 8421, Pac 8423, Pacific BMR, Sprint and
Superdan 2, but not sugargraze were within the CP content range (14.2% to 18.7%) of a
summer forage brassica (turnips whole ) reported by de-Ruiter et al. (2007) and 11 to
24% for turnips leaves reported by Jacob et al. (2004), in Australia. However, the CP
content of Bettagraze, Nutrifeed, Pac 8421 and Pacific BMR were greater than CP of
turnips bulbs (8.1 to 15.7%) reported by de-Ruiter et al. (2007).

Undersander and Lane (2001) found that forage sorghum has a higher CP content than
maize silage. However, although the CP content was higher than maize, the content for
all cultivars was still less than the 19% required for milking cows (Valentine & Kemp,
2007), but it was greater than the 7% required for beef cows (Buxton, 1996). In
addition, CP range (10.3% to 18.0%) was similar to the 15% to 18% needed to finish
lambs in New Zealand: but it was less than 18% to 20% required for dairy cows as
reported by Hodgson and Brookes (1999). This suggests that forage sorghum has
sufficient CP for finishing lambs and beef animals, but dairy cows which are raised on
these forage sorghum cultivars grown under these conditions will require some other

supplements, for example, Lucerne in order to increase the CP in their diet.

The higher concentration of CP observed in this study, compared with that reported by
Marsalis et al. (2010) (7.1% to 7.6%) can be attributed to the grown cultivars and good
soil fertility status which ensured that sufficient nitrogen was available. This resulted in
improved nitrogen content within the plants (Moss, 2009). In addition, the timely
harvesting (at the vegetative stage) of the forage cultivars also avoided the dilution of

the CP content as the yield increased (Snyman & Joubert, 1996).

Reich (2007) commented that BMR cultivars have a higher CP content than non-BMR

cultivars. However, in this study, the CP content in some BMR cultivars was similar to
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the non-BMR cultivars. This can be attributed to the improved yield of BMR cultivars,

which resulted in a low protein level (dilution effect).

5.2.2. Metabolisable energy

In general, the metabolisable energy (ME) content of the different cultivars (10.1 to 11.0
MJ/kg DM) in this study, was higher than the 8.5 to 9.3 MJ/kg DM reported by Miller
and Stroup (2004) and the 8 to 9.5 MJ/kg DM reported by Moss (2009). This is because
lower fibre content increases digestibility. For example, in this study, the means of ADF
(35.1%) and NDF (61.5) were less than the means of the ADF (40%) and NDF (68%)
reported by Moss (2009). The sorghum, sudangrass and pearl millet ME values in this
study were similar to those reported in maize silage (10.3 to 12.4 MJ/kg DM) by de-
Ruiter et al. (2007) and (10.3 to 11.3 MJ/kg DM) by Millner et al. (2005) in New
Zealand. The lower fibre content is probably a result of the lower temperature
experienced during the growing period which reduces fibre synthesis (Ford et al., 1979;
Peacock, 1982; Sullivan & Graber, 1947; Wilson et al., 1991; Worker & Marble, 1968).
However, the ME range of sorghum, sudangrass and pearl millet cultivars (10.1 to 11.0
MlJ/kg DM) was less than the ME of whole turnips (11.8 to 12.5 MJ/kg DM) reported
by de-Ruiter et al. (2007) and (11 to 13 MJ/kg DM) by Clark et al. (1996). Using the
ME classification described by Stewart and Charton (2006), sorghum, sudangrass and
pearl millet have intermediate ME contents because the average value (10.5 MJ/kg DM)
in this study, was less than the average of the high quality forage (13 MJ/kg DM) and
greater than the average of the low quality forage (8 MJ/kg DM).

Pacific BMR and Pac 8421 had the highest ME contents, which is attributable to the
presence of the BMR gene that decreases fibre content (Casler et al., 2003). ME of non-
BMR Nutrifeed was as high as Pacific BMR and Pac 8421 because it is a leafy cultivar
which results in increased digestibility (Ball, 1998; Chu & Tillman, 1976).

Pac 8423 had low ME compared to the other BMR cultivars due to high ADF and NDF
fibre contents, especially ADF (36.5%). The plant height (119.6cm) of this cultivar was
greater than Pacific BMR (89.1 cm) and Pac 8421 (106.0 cm). This would have
increased fibre content, since height is strongly correlated to fibre content (Buxton &

Fales, 1994). In this study, ME was negatively correlated to plant height (Figure 4.15).
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ME for non-BMR cultivars (Sugargraze, Sprint, superdan 2, and Bettagraze) was lower
than for Pacific BMR, Pac 8421 and Nutrifeed due to a higher fibre content (Table
4.16). Nonetheless, the ME of these cultivars apart from Sugargraze, were within the
range for maize reported by de-Ruiter et al, (2007) and by Millner et al. (2005). In
addition, the mean ME (10.5 MJ/kg DM) of all cultivars was similar with the 10 MJ/kg
DM targeted by New Zealand dairy farmers for forage silage during summer feed
deficits to ensure good milk production (Litherland & Lambert, 2007). These ME levels
are greater than the 7 to 9 MJ/kg DM and the 10 MJ/kg DM needed for low

production/maintenance feeding of beef animals (Suyama et al., 2007).

5.2.3.  Soluble sugars and starch

Large differences in soluble sugars and starch were observed between the cultivars due
to different genetic potential. Possibly, the greater the leaf area available for interception
of radiation for photosynthesis, the higher will be the SSS concentration (Worker and
Marble, 1968).

5.2.4. Relationship between agronomic traits and forage quality

The CP content reduced as yield increased because the accumulation of dry matter rate
was faster than the accumulation rate of CP, hence there was a dilution effect (Ayub,
2009; Van Soest, 1994). Since CP concentration is greater in leaves than in stems, the
increase in plant height also reduced the CP concentration because of decreased leaf and

increased stem area (Buxton & Casler 1993; Kilcer et al., 2005).

The ME of sorghum forage crops decreased with increase in height because as the plant
height increases highly lignified support tissues such as sclerenchyma and xylem are
produced. Sclerenchyma and xylem are structural characteristics that reduce forage
digestibility (Akin, 1989). In addition, as the plant advanced in age, lignification may
have increased (Akin, 1989).
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5.3. Seed quality

5.3.1. Germination and seed vigour

The accelerated ageing and control treatments ranked the cultivars by seed vigour as
follows: Pac 8421 and Pac 8423 were highest, followed by Nutrifeed, then Sprint and
Superdan 2. Sugargraze and Pacific BMR had the lowest seed vigour. Pac 8421 and Pac
8423 had higher seed vigour; hence their post-ageing germination was higher, since
they were able to withstand physical stresses (high temperature and relative humidity)
better than the lower vigour seed. Therefore, ageing had no effect on the seed
germination of Pac 8421 and Pac 8423, since their germination was the same across all
ageing treatments (T41-D72, T43-D72 and T45-D48). The seeds of these two cultivars
are likely to be able to tolerate adverse field conditions. In contrast the reduction in
germination of seeds of Sprint and Superdan 2 showed that they were sensitive to
adverse field conditions unlike Pac 8421 and Pac 8423. Pacific BMR and Sugargraze
seeds were significantly affected by ageing indicating they were vulnerable to stressful
conditions. Also, the control germination of both Pacific BMR and Sugargraze was 76%
and 75%, respectively. This low germination under ideal conditions indicates that these
two cultivars have low seed vigour that makes them prone to a fast deterioration rate.
This problem could be attributed to their genetic potential. Therefore, further research
may be needed to determine if these cultivars’ low germination is due to inherent low

vigour.

As the accelerating ageing temperature increased, the germination percentage was
reduced because of enzyme systems that were possibly damaged thus resulting in an
increased number of dead seeds and abnormal seedlings (Perl et al., 1978). To be
specific, when ageing temperature was increased to T45-D48, germination of Sprint,
Superdan 2, Sugargraze and Pacific BMR reduced further significantly. This reduction
in germination after ageing seed was the percentage of seed that had low vigour and this
indicated the percentage of seed deterioration that had occurred when the seed was
exposed to harsh conditions. The higher the percentage of seed with low vigour, the
higher the number of dead seeds there will be. The ageing temperature, in this study was

more critical than ageing duration in deteriorating the seed, for example, even though
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seed was aged for longer (72 hours) at lower temperature seed germination did not

decline as much as ageing at 45 °C for 48 hours

The weight of remaining food reserves also increased when ageing temperature
increased, probably due to reduced growth rate of the seedlings, which resulted in less
food being used to support seedling growth. However, it was observed that the weight
of remaining food reserves for Pac 8423 and Nutrifeed did not increase, thus indicating
that seedling growth rate of these cultivars was not affected by an increase in ageing
temperature. This scenario reflected the negative relationship between remaining food
reserves and germination. Cultivar and temperature interactions observed were due to
the much lower germination percentage for cultivars with low seed vigour compared to

cultivars with high seed vigour.

5.3.2. Field emergence

During the field germination stage of the second sowing, heavy down-pours of rain
occurred resulting in some pools of water in the field. Therefore, wet and cold soil
conditions were experienced, which probably inflicted stress on the seeds. Because of
this, mean seed germination would have been slowed and therefore a lower
establishment percentage (76%) was encountered compared to establishment of the first
sowing (85%). The low pattern of field emergence for second sowing across all
cultivars can be attributed possibly to the excess water (pools of water in some spots
within plots) in the field, which damaged the seed and limited air (oxygen) supply in the
soil. This may have created anaerobic conditions that led to seed or seedling death
(Hampton et al., 1999; Martin, 1986). Also, the cold soil due to excess water could have
caused a slow rate of germination that reduced the ability of seed to withstand adverse
conditions, this may have resulted in germinating seedlings being attacked by soil
fungal and thus the final establishment was reduced (Delouche & Baskin, 1973).
Therefore, field emergence of first sowing date was higher than the second sowing date,
because the field conditions were slightly better than the conditions of the second
sowing date. Field emergences of sorghum, sudangrass and pearl millet took almost 10
days to emerge for the first sowing. A similar emergence time was reported in sorghum
by Vanderlip (1993). But the second sowing field emergence was almost 12 days
because of watery conditions in some spots within plots that reduced the soil

temperature.
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Despite mean field emergence for sorghum, sudangrass and pearl millet forage for both
sowings being less than 92 % for the maize silage used in this study, and the 96%
reported by Aslam et al. (1999) in Palmerston North, New Zealand, they were higher
than sorghum mean field emergence reported by other workers, for example, 60% by
Taylor et al. (1974), 60% to 75% by Dogget (1988), 75% by Vanderlip et al. (1973),
32% to 60% by Pedersen and Toy (2001), 55% by Radford et al. (1989) and 55% by
Singh and Dwaliwal (1972). But, they were less than the field emergence of 93%
reported by Ibrahim et al. (1993). These different findings of sorghum germination by
different workers have confirmed the statement by Swanson and Hunter (1936) that
sorghum germination shows many discrepancies, due to greater variations that have
been attributed to germination conditions (moisture and temperature). For example,
Ketterings et al. (2007) stated 25 to 30 °C as being the optimum soil temperature for
sorghum species while Gerlach and Cottier (1974) stated 16 to 18 °C, and Undersander
et al. (1990) stated 21 °C. Because of these differences, it is worth stating that the final
germination of sorghum is also greatly influenced by germination conditions in addition
to cultivars’ genetic potential. Therefore, the germination percentages reported by
different workers were low because seeds were planted in hotter and drier areas than the
Manawatu and different cultivars were used. Therefore, high temperatures and
inadequate moisture have been pointed out as the two primary ecological factors that

affect germination and emergence of sorghum seed.

5.3.3. Correlation between laboratory germination parameters and field
emergence

Un-aged seed germination correlated strongly with seedling establishment in the field,
thus indicating that the field conditions were favourable. In particular, field conditions
for the first sowing were more favourable than those for second sowing, and hence, the
correlation between un-aged seed germination and the first sowing date was greater than
second sowing date. Correlation between un-aged seed germination and field emergence
was similar to that reported by Yayock et al. (1975) who found a correlation for two
sowing dates of sorghum of 0.81 and 0.93. Results from this study confirm that un-aged
seed germination can be used to predict field emergence if field conditions are
favourable. However, in the case of unfavourable field conditions, un-aged seed
germination results can over-estimate the actual field emergence (AOSA, 1983;

Hampton & TeKrony, 1995; Kulik & Yaklich, 1982).
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In this study, accelerated ageing germinations of T41-D72 and T43-D72 also correlated
with field emergence, but their r-values were less than the r-values for un-aged seed
germination and field emergence. Under adverse conditions, in agreement with Ibrahim
et al. (1993) and Hampton and TeKrony (1995) T43-D72 can be considered the best
accelerating ageing temperature and duration to use to differentiate sorghum seed lots
by cultivar. The data for this ageing regime was less variable than the other data but also
the standard germination test did not differentiate between Pac 8421, Pac 8423 and
Nutrifeed nor did T45-D48 differentiate between Pac 8421 and Nutrifeed.

There was no correlation between coleoptiles length and field emergence. Moreover,
coleoptiles length was inherently different between the cultivars used. This suggests that
vigour testing using seedling growth rate cannot be used to rank cultivars, unless the

objective was to rank seed lots of a specific cultivar (Hampton & TeKrony, 1995).

Also, there was no positive relationship observed between 1000 seed weight and
standard germination due to the cultivar effect. This meant that the seed weight of
different cultivars cannot be used to predict the germination and vigour of seed. For
example, Pacific BMR and Sugargraze were among the cultivars that had high 1000
seed weight, but they had the lowest seed germination and seed vigour. Probably, the
positive relationship between 1000 seed weight and standard germination would have
been present if the evaluation was among seed lots of a particular cultivar rather than

among cultivars of different species (Scott & Hampton, 1985).

5.3.4. The effect of ageing duration on seed moisture

No differences in the moisture content of aged seed within the temperature and ageing
treatment were observed, due to uniform and constant absorption of water from the
surrounding environment in the ageing inner chambers during the ageing process, and
this confirmed the observations of Ibrahim et al. (1993). Furthermore, it indicated that
ageing procedures were implemented according to the recommendations of Hampton
and TeKrony (1995). The moisture range of aged seed was 27% to 29% for T43-D72,
which is similar to 29% to 30% reported by Hampton and Tekrony (1995) and 29% to
30% reported by Ibrahim et al. (1993). However, the range of moisture of the aged seed
26.3% to 27.7% and 24.5% to 26.1% for T41-D72 and T45-DA48, respectively, were
lower than the moisture of aged seed reported by Hampton and Tekrony (1995) and
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Ibrahim et al. (1993). This indicates that these accelerating ageing and duration
treatments (T41-D72 and T45-D48) may not stress the seed as much as T43-D72 which

may impact on the ability to rank the seed lot by vigour.

Seed moisture of un-aged seed was within 12 to 13% at the end of the storage period
between sowing and vigour testing. There may have been some loss of vigour in the
nine month gap between sowing and vigour testing. However, given the storage
conditions of low moisture and temperature this should have been minimal, if any. This
can be confirmed by the findings of Ahmed and Alama (2010) that germination and
seed vigour of sorghum is maintained satisfactorily for approximately one year at seed
moisture of 12% to 13%, provided storage temperature and relative humidity is 20 °C
and 6%, respectively. At temperatures of -1.1, 10 and 21 °C, sorghum seed at 10%
moisture content have no significant differences in germination, but there are significant
differences when seed is stored at 21.1 and 32 °C for one and two years (Bass et al.,
1963). Since Bettagraze had higher seed moisture (15.1%) which is outside the safe
storage moisture content for sorghum seed, then it is probable that the Bettagraze vigour
was likely to be reduced. However, because of the error of pre-drying, no conclusion
can be drawn on this. Regardless, it was not included in the data analysis because of the

confounding factor of incorrect drying temperature.

5.3.5. Fresh un-germinated versus dead seed
All un-germinated seeds were dead probably due to the harsh environmental conditions
the seeds were exposed to resulting in seed deterioration. Hence, they were unable to

withstand adverse conditions due to low seed vigour.
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CHAPTER 6 : CONCLUSIONS

Significant yield differences among cultivars for total yield were observed. The
highest yielding group included Pac 8423 (13,953 kg DM/ha), Sugargraze
(13,262 kg DM/ha), Bettagraze (12,704 kg DM/ha) and Sprint (12,426 kg
DM/ha).

. There was a strong, positive relationship between yield and plant height.

. The sowing date had a significant effect on forage yields and crop morphology;

later sowing reduced yield, leaf/stem ratio, plant height and tiller density.

. Crude protein and metabolisable energy were negatively correlated with yield
and height. Crude protein and metabolisable energy were strongly and positively

correlated.

. Crude protein was generally high (10.3 to 18.0%), metabolisable energy was
intermediate (10.1 to 11.0 MJ/kg DM), and fibre content was generally low
[ADF (32.9 to 36.5%) and NDF (57.2 to 65.2%)].

Seeds with low vigour had poor field emergence compared to seed with high
vigour. This indicated that the establishment percentage is influenced by seed

quality and the prevailing sowing conditions.

. The standard germination test predicted the field emergence for the first sowing
date better than second sowing date because the field environment conditions
were more favourable for the first sowing than the second sowing. Nevertheless,
field conditions for both sowings were good, hence standard germination test
gave the better prediction of field emergence than accelerating ageing test

(vigour test).
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8.

6.1.

Accelerating ageing temperature and ageing duration (43 °C 72 hours) (AA) is
the most suitable combination for testing the seed vigour of sorghum,

sudangrass, and pearl millet forage cultivars.

Forage sorghum and pearl millet are capable of producing early and adequate
feed for livestock in the case of feed shortage, since they can be grazed in situ
much earlier in summer than maize that grows up to the milk line before

harvesting.

Recommended further research

Recommendations for further research are as follows:

a)

b)

Determination of the effect of seedbed temperature on seed germination,
emergence and early seedling development of different sorghum, sudangrass,

and pearl millet cultivars.

Evaluation of the effect of animal grazing on the re-growth ability, and

assessment of the level of damage caused by trampling of different cultivars.

Comparison of the cyanide content of different cultivars of sorghum,

sudangrass, and pearl millet cultivars at different plant heights.
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Appendix 1: Daily rainfall (mm), maximum temperature (°C), minimum temperature (°C), Soil
temperature (°C) and sunshine (hours) for the 2009/2010 sorghum growing season at

Palmerston North. Source: AgResearch Grasslands, Palmerston North.

Rain | Max. Temp | Min. Temp Soil temp Sun shine

Date (mm) ° 0O “© O ° 0O (hours)
1 Dec. 2009 23.8 19.3 11.7 14.2 0.1
2 Dec. 2009 15.4 22.0 12.6 16.4 2.9
3 Dec. 2009 0.0 14.1 9.3 13.9 3.7
4 Dec. 2009 0.2 15.7 8.8 12.1 4.9
5 Dec. 2009 0.4 20.5 10.9 14.2 4.2
6 Dec. 2009 0.6 20.3 12.4 15.8 4.2
7 Dec. 2009 0.0 19.8 12.3 15.2 5.5
8 Dec. 2009 0.0 19.3 7.9 14.9 5.6
9 Dec. 2009 0.0 20.6 12.7 16.2 52
10 Dec. 2009 0.0 222 12.8 16.3 2.4
11 Dec. 2009 0.0 23.1 12.5 17.4 1.3
12 Dec. 2009 15.0 20.6 13.4 18.0 3.7
13 Dec. 2009 4.0 20.4 12.1 14.7 2.4
14 Dec. 2009 1.4 19.1 11.9 16.4 10.7
15 Dec. 2009 0.8 15.8 7.9 15.2 5.7
16 Dec. 2009 0.0 18.2 4.5 13.4 9.5
17 Dec. 2009 0.0 21.2 9.1 15.4 13.0
18 Dec. 2009 0.0 18.9 12.4 16.7 7.5
19 Dec. 2009 1.0 21.5 13.9 17.6 1.8
20 Dec. 2009 32 19.4 10.5 17.4 6.3
21 Dec. 2009 0.6 17.6 8.0 14.9 7.8
22 Dec. 2009 0.0 21.7 4.4 13.8 14.3
23 Dec. 2009 0.0 19.3 6.3 16.2 12.4
24 Dec. 2009 0.0 20.9 10.2 17.1 9.5
25 Dec. 2009 0.0 20.4 10.7 18.1 59
26 Dec. 2009 0.0 21.7 14.7 19.0 1.2
27 Dec. 2009 32.0 21.4 14.1 18.5 0.0
28 Dec. 2009 2.4 24.1 14.0 16.9 1.6
29 Dec. 2009 21.6 21.7 16.3 18.8 0.4
30 Dec. 2009 0.0 19.6 9.4 17.0 7.4
31 Dec. 2009 0.0 18.5 6.9 15.0 11.1

Mean 3.9 20.0 10.8 16.0 5.6

Total 122.4
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Continuation of Appendix 1

1 Jan. 2010 0.0 18.9 12.2 15.8 6.5
2 Jan. 2010 1.4 21.0 13.9 16.6 0.0
3 Jan. 2010 0.0 22.9 17.2 17.2 7.4
4 Jan. 2010 7.0 20.3 12.6 18.5 7.4
5 Jan. 2010 0.2 19.7 10.1 15.9 9.6
6 Jan. 2010 0.0 20.2 7.4 16.0 8.3
7 Jan. 2010 0.0 20.4 14.3 17.2 1.0
8 Jan. 2010 1.4 17.7 12.4 16.7 11.8
9 Jan. 2010 0.0 18.5 11.5 16.4 9.1
10 Jan. 2010 4.0 19.7 11.7 16.3 0.6
11 Jan. 2010 6.0 17.7 11.0 15.7 4.0
12 Jan. 2010 0.2 17.5 6.0 14.1 1.9
13 Jan. 2010 0.0 18.2 8.6 14.7 1.5
14 Jan. 2010 0.0 24.4 7.3 14.8 12.1
15 Jan. 2010 0.0 19.6 14.2 17.6 53
16 Jan. 2010 0.2 17.3 13.2 17.7 0.1
17 Jan. 2010 0.0 21.8 9.8 16.0 6.7
18 Jan. 2010 0.0 25.2 14.3 17.8 12.4
19 Jan. 2010 0.0 25.5 12.9 20.3 11.4
20 Jan. 2010 0.0 27.4 15.1 21.3 42
21 Jan. 2010 8.4 234 16.7 20.8 0.5
22 Jan. 2010 | 16.8 21.5 15.6 19.6 1.3
23 Jan. 2010 | 23.2 16.8 14.4 18.4 0.0
24 Jan. 2010 4.0 19.3 14.2 17.6 2.4
25 Jan. 2010 0.0 20.9 14.9 17.6 6.6
26 Jan. 2010 1.8 25.7 16.1 18.7 5.0
27 Jan. 2010 0.0 26.0 15.3 18.9 11.5
28 Jan. 2010 0.0 25.8 13.4 19.2 10.8
29 Jan. 2010 0.0 26.2 16.4 20.0 13.6
30 Jan. 2010 0.0 27.5 154 19.9 11.3
31 Jan. 2010 0.4 19.4 15.8 20.3 0.4

Mean 2.4 21.5 13.0 17.7 6.0

Total 75.0
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Continuation of Appendix 1

1 Feb. 2010 0.0 21.8 16.0 18.3 4.7
2 Feb. 2010 0.0 24.3 16.6 19.0 12.5
3 Feb. 2010 0.0 24.7 16.4 19.5 5.2
4 Feb. 2010 0.0 25.5 15.9 19.8 12.0
5 Feb. 2010 0.0 26.7 12.3 20.4 7.5
6 Feb. 2010 0.0 26.2 11.0 19.7 11.8
7 Feb. 2010 0.0 23.9 14.8 21.3 6.3
8 Feb. 2010 0.0 22.8 13.6 21.0 10.6
9 Feb. 2010 0.0 22.5 10.0 19.5 53
10 Feb. 2010 | 0.0 234 11.0 18.7 2.7
11 Feb. 2010 | 94 22.5 154 19.3 0.5
12 Feb. 2010 1.0 25.5 16.8 19.4 0.9
13 Feb. 2010 | 0.2 24.5 17.4 19.0 1.0
14 Feb. 2010 | 0.2 20.6 15.6 18.6 1.4
15 Feb. 2010 | 0.4 234 14.8 18.0 2.5
16 Feb. 2010 | 0.0 23.9 14.6 17.4 34
17 Feb. 2010 | 11.2 20.9 17.3 19.6 0.0
18 Feb. 2010 | 3.6 27.1 17.8 19.7 5.6
19 Feb. 2010 | 0.4 19.9 9.9 18.2 1.1
20 Feb. 2010 | 0.0 21.7 8.1 15.6 6.2
21 Feb. 2010 | 0.0 22.6 10.1 16.5 5.8
22 Feb. 2010 | 0.0 22.8 14.6 18.3 10.4
23 Feb. 2010 | 0.0 23.9 11.9 18.6 11.3
24 Feb. 2010 | 0.0 29.9 11.6 18.6 6.0
25 Feb. 2010 8.0 21.7 154 18.4 2.1
26 Feb. 2010 | 0.8 20.8 13.5 18.4 8.2
27 Feb. 2010 | 0.0 25.6 9.1 16.2 12.6
28 Feb. 2010 | 0.0 22.8 11.7 19.0 7.6

Mean 1.3 23.6 13.7 18.8 5.9

Total 35.2
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Continuation of Appendix 1

1 March. 2010 0.0 24.0 11.8 19.1 9.1
2 March. 2010 4.8 21.7 15.5 19.6 0.2
3 March. 2010 0.0 20.6 13.9 17.6 2.2
4 March. 2010 0.0 22.0 12.1 16.1 10.5
5 March. 2010 0.0 26.9 13.5 17.0 11.5
6 March. 2010 1.6 21.5 14.2 19.0 7.4
7 March. 2010 0.0 19.8 13.6 17.0 2.9
8 March. 2010 0.0 20.9 11.2 17.5 53
9 March. 2010 0.0 22.2 11.6 16.6 7.8
10 March. 2010 0.0 25.9 13.6 17.4 11.3
11 March. 2010 1.8 19.1 13.8 19.5 0.8
12 March. 2010 2.2 18.7 6.6 16.1 2.9
13 March. 2010 0.0 18.6 2.2 12.0 3.6
14 March. 2010 0.0 22.6 9.9 14.9 9.1
15 March. 2010 0.0 21.1 12.8 17.6 6.5
16 March. 2010 0.0 20.1 13.2 17.8 44
17 March. 2010 1.8 16.2 5.7 16.6 5.0
18 March. 2010 0.0 17.6 0.5 11.0 1.5
19 March. 2010 1.0 17.5 13.5 15.3 0.0
20 March. 2010 0.0 21.6 12.0 15.7 3.1
21 March. 2010 0.0 19.8 15.5 17.3 0.3
22 March. 2010 0.0 22.6 15.5 16.8 1.4
23 March. 2010 19.6 19.4 10.7 16.0 7.7
24 March. 2010 7.6 22.0 10.4 14.4 2.5
25 March. 2010 0.0 17.4 11.9 13.8 3.6
26 March. 2010 0.0 19.7 11.5 15.1 2.6
27 March. 2010 0.2 20.7 12.7 15.9 2.8
28 March. 2010 0.0 16.7 12.2 16.6 0.0
29 March. 2010 0.0 19.1 9.6 12.3 10.1
30 March. 2010 0.0 22.1 7.3 13.7 8.7
31 March. 2010 0.0 21.5 6.1 13.0 10.9

Mean 1.3 20.6 11.1 16.1 5.0

Total 40.6
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Appendix 2: Abnormal percentage and dead seed of different sorghum, sudangrass and pearl millet cultivars for control (un-aged seed) and

post accelerated ageing treatments (T41D72 T43D72and T45D48) in the laboratory.

Cultivar Temperatures ( °C) and Duration (Hours) Temperatures ( °C) and Duration (Hours)
control T41D72 T43D72  T45D48 control ~ T41D72 T43D72 T45D48
Abnormal (%) Dead seed (%)
Pac 8421 2.0 1.0 1.0 1.0 2.5 1.0 2.5 1.0
Pac 8423 0.5 1.5 2.0 1.5 1.0 1.5 1.5 5.5
Nutrifeed 7.0 4.5 6.5 9.5 4.0 10.0 13.5 6.5
Sugargraze 7.0 8.0 4.0 2.5 18.0 33.0 42.5 62.5
Pacific BMR 12.0 4.5 4.5 5.5 11.5 46.0 44.0 42.5
Sprint 2.5 3.0 4.0 16.0 6.0 22.0 19.0 42.0
Superdan 2 4.0 5.5 8.0 22.5 5.5 23.5 29.5 29.0
Mean 5.0 4.0 4.3 8.4 6.9 19.6 21.8 27
Significance NS NS NS 0.0001 0.0006 0.0001  0.0001  0.0001
LSD (0.05) 8.1 . . 6.1 6.9 9.5 11.8 10.4
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Appendix 3: Coleoptile dry matter weight (mg/seedling), root dry matter weight (mg/seedling) and coleoptile Length (cm) of different
sorghum , sudangrass and pearl millet cultivars for control (un-aged seed) and post accelerated ageing treatments (T41D72

T43D72 and T45D48) in the laboratory.

Temperatures ( °C) and Duration Temperatures ( °C) and Duration
Cultivar Temperatures ( °C) and Duration (Hours) (Hours) (Hours)
control T41D72 T43D72 T45DA48 control T41D72 T43D72 T45D48 control T41D72 T43D72 T45D48

Coleoptile dry matter weight (mg/seedling) Root dry matter weight (mg/seedling) Coleoptile Length (cm)
Pac 8421 11.4 10.5 10.8 9.0 2.5 24 2.6 2.1 14.4 13.7 13.2 12.8
Pac 8423 9.4 9.7 10.1 9.6 2.8 2.5 23 23 11.5 13.4 14.2 13.1
Nutrifeed 4.1 4.0 4.2 4.4 1.4 1.3 1.4 1.5 10.2 9.9 10.1 9.3
Sugargraze 9.1 8.5 8.6 7.6 24 1.9 1.9 22 11.1 8.9 9.2 8.0
Pacific BMR 9.5 8.3 9.1 7.3 2.5 1.8 2.1 1.8 10.7 10.5 10.9 9.9
Sprint 5.8 4.8 53 4.4 1.7 1.3 1.6 1.7 11.8 10.5 10.4 9.3
Superdan 2 5.1 4.6 5.1 4.3 1.3 0.9 1.1 1.1 10.4 9.9 10.5 9.0
Mean 7.8 7.2 7.6 6.8 2.1 1.7 1.8 1.8 11.5 11.0 11.2 10.2
Significance 0.0001 0.0001 0.0001 0.0001 0.0001  0.0001  0.0001 0.04 0.003  0.0001  0.0001  0.0001
LSD (.05 0.7 0.9 0.5 1.1 0.3 0.3 0.3 0.8 2.0 1.3 1.4 1.5
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