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ABSTRACT

Dry matter production, intake and nutritive value of certain Indigofera species

by
T.J Tjelele
Study leader: Prof. W. A Van Niekerk
Co-leader: Prof. N.F.G Rethman
Department: Animal and Wildlife Sciences

Faculty of Natural and Agricultural Sciences
University of Pretoria
Pretoria

Degree: M. Inst. Agrar. (Animal Production)

The objective of the study was to evaluate the dry matter production, intake and the
nutritive value of Indigofera species. The dry matter yield, leaf:stem ratio, chemical
composition, voluntary intake and digestibility of Indigofera species were determined.
The leaves as well as the leaves and stems (<3mm) of five different Indigofera species
(I. amorphoides, 1. cryptantha, I. costata, I. viciodes and I. arrecta) were harvested.
There was a greater total dry matter yield during autumn 2004 from 1. amorphoides.
However, no significant differences were obtained between all the species over the

s€asons.

There were significant differences between all the species in autumn with a lower
proportion of leaves than in spring, except for I. arrecta, which had the same leaf:
stem ratio in both seasons. During spring, I. amorphoides and I. cryptantha generally
had a higher proportion of leaf material than other species. There were significant
differences between all the species for the leaves as well as leaves and stems (<3mm)
as a result of advancing maturity and decrease in leaf: stem ratio with respect to ash,

crude protein (CP), neutral detergent fibre (NDF) concentration and in vitro

II
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digestibility of organic matter (IVDOM). Despite a decrease in leaf: stem ratio, all the
species had an adequate CP concentration for optimal animal production. All the
minerals (macro and micro elements) found in this study, in both years, will satisfy
the nutrient requirements of sheep. However, all mineral elements in this study
appeared to decrease with ageing of the plants and decline in leaf: stem ratio, except

for Mn concentration, which increased with ageing of the plants.

Lucerne, which was used during the intake study as a control, had a significantly
higher organic matter intake (OMI) and digestible organic matter intake (DOMI) than
Indigofera species and Leucaena leucocephala. However, there were no significant
differences between Indigofera species and L. leucocephala. Intake levels in this
study for L. leucocephala and Indigofera species would be insufficient for
maintenance requirements of grazing sheep. The relatively lower IVDOM for
Indigofera species and L. leucocephala compared to that of lucerne was because of a
higher NDF concentration. Despite the relatively high NDF concentration, Indigofera
species appeared to be a good fodder because of its high CP and Ca, P, Mg, Cu, Zn

and Mn concentrations.

III
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UITTREKSEL

Droé materiaal produksie, inname en voedingswaarde van sekere Indigofera

species
deur
T.J Tjelele
Studieleier: Prof. W.A Van Niekerk
Medeleier: Prof. N.F.G Rethman
Departement: Vee- en Wildkunde

Fakulteit Natuur- en Landbouwetenskappe
Universiteit van Pretoria
Pretoria

Graad: M. Inst. Agrar. (Animal Production)

Die doel van die studie was om die droé¢ materiaal produksie, inname en die
voedingswaarde van Indigofera spesies te ondersoek. Die dro€ material opbrengs,
blaar:stam verhouding, chemiese samestelling en verteerbaarheid van Indigofera
spesies is bepaal. Die blare sowel as die stamme (<3mm) van vyf verskillende
Indigofera spesies (I. amorphoides, I. cryptantha, 1. costata, I. viciodes and I. arrecta)
is geoes. ‘n Hoér totale dro€ material opbrengs is van I. amorphoides gedurende herfs
2004 geoes. Geen betekenisvolle verskille is egter tussen die spesies vir die

verskillende seisoene aangeteken nie.

Daar was betekenisvolle verskille tussen al die spesies in herfs met ‘n laer blaar
verhouding as in die lente, uitgesonderd I. arrecta wat dieselfde blaar:stam
verhouding in beide seisoene gehad het. Gedurende die lente het I. amorphoides en 1.
cryptantha oor die algemeen ‘n hoér verhouding blaar material as die ander spesies
getoon. Daar was betekenisvolle verskille tussen al die spesies vir die blare sowel as
die blare en stamme (<3mm) weens volwasse wording en die afname in blaar:stam

verhouding met verwysing na as, ruproteien (RP), neutraal bestande vesel (NDF)

v
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konsentrasie en in vitro verteerbaarheid van organiese materiaal (IVVOM). Ten spyte
van ‘n afname in blaar: stam verhouding het al die spesies voldoende RP
konsentrasies vir optimale diereproduksie getoon. Beide die makro- en mikro-
elemente vir beide jare, sal aan die voedingsbehoeftes van skape voldoen. Alle
minerale elemente wat in die studie geanaliseer is, se konsentrasie het verlaag soos die
plante verouder het en soos die blaar:stam verhouding afgeneem het, behalwe vir die
Mn- konsentrasie wat met veroudering verhoog het.

Medicago sativa, wat as ‘n kontrole in die inname proef gebruik is, het ‘n
betekenisvolle hoér organiese material inname (OMI) en verteerbare organiese
material inname (VOMI) as die Indigofera spesies en Leucaena leucocephala getoon.
Daar was egter geen betekenisvolle verskille tussen die Indigofera spesies en L.
leucocephala nie. Inname van L. leucocephala en die Indigofera spesies was
onvoldoende vir onderhoud van skape. Die relatiewe laer IVVOM van die Indigofera
spesies en L. leucocephala, in vergelyking met lusern, kan toegeskryf word aan die
hoér NDF konsentrasies in eersgenoemde. Ten spyte van die relatiewe hoé¢ NDF
konsentrasie blyk dit asof die Indigofera spesies ‘n goeie ruvoer is aangesien dit

beskik oor hoé& RP sowel as hoé Ca, P, Mg, Cu, Zn en Mn konsentrasies.



University of Pretoria etd — Tjelele T J 2006

LIST OF TABLES

Table 1.1
Table 1.2

Table 2.1

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 3.9

Table 3.10

Table 3.11

Table 3.12

Table 3.13

Characterization of forage tree legume species

Example of non-toxic plant compounds of tannins

present in forage and browse legumes

Average temperature and rainfall for Hatfield

Experimental Farm

The leaf DM yield (g/plot) of five Indigofera species

The stem DM yield (g/plot) of five Indigofera species

The total DM yield (g/plot) of five Indigofera species

Leaf:stem ratio of five Indigofera species

The ash concentration (%) of leaves and edible component
(leaves and fine stems) of five Indigofera species
Variations in ash concentration with age (years) in
lucerne

The crude protein concentration (%) of leaves and

edible component (leaves and fine stems) of five Indigofera

species

Effect of stage of maturity on nutrient content

of lucerne

The crude protein requirements of different

classes of ruminants

The neutral detergent fibre concentration (%) of

leaves and edible component (leaves and fine stems) of five

Indigofera species

Effect of stage of maturity on nutrient content

of lucerne forage

The in vitro digestibility of organic matter (%) of
leaves and edible component (leaves and fine stems) of

five Indigofera species

15

18

25

26

27

28

29

30

31

32

33

34

35

36

The calcium concentration (%) of leaves and edible component (leaves

and fine stems) of five Indigofera species

VI

38



Table 3.14

Table 3.15

Table 3.16

Table 3.17

Table 3.18

Table 3.19

Table 3.20

Table 3.21

Table 3.22

Table 3.23

Table 3.24

University of Pretoria etd — Tjelele T J 2006

Nutrient requirements based on NRC and ARC for

various ruminant species

The phosphorus concentration (%) of leaves and edible component

(leaves and fine stems) of five Indigofera species

Variation in mineral composition with age (days)

of Leucaena Leucocephala

The magnesium concentration (%) of leaves and edible
component (leaves and fine stems) of five Indigofera species
The copper concentration (mg/kg) of leaves and edible
component (leaves and fine stems) of five Indigofera species
Threshold concentrations of macro-elements in forage for
ruminants

The zinc concentration (mg/kg) of leaves and edible component
(leaves and fine stems) of five Indigofera species

The manganese concentration (mg/kg) of leaves and edible
component (leaves and fine stems) of five Indigofera species
Chemical composition of lucerne, Indigofera species and
Leucaena leucocephala

Intake by sheep of lucerne, Indigofera species and

Leucaena leucocephala

Digestibility of lucerne, Indigofera species and

Leucaena leucocephala utilized by sheep

VII

39

40

41

42

44

45

46

47

50

52

55



University of Pretoria etd — Tjelele T J 2006

CHAPTER 1

1. INTRODUCTION AND LITERATURE REVIEW

Poor nutrition is one of the major constraints of animal production in sub-Saharan Africa.
This is because animals live predominantly on high fibre feeds, which are often deficient
in nutrients (nitrogen, minerals etc.). Legumes have become more important for use as
high quality forage for livestock, both in cultivated pastures and in naturally occurring
associations. Tropical forage legumes are important in the nutrition of small ruminants
(goats and sheep). Nutritionally they are 2-3 times richer in protein than cereal grains.
There is an increasing interest in the use of leguminous trees as a source of high quality
feed for grazing and as a supplement to improve the productivity of ruminants receiving
poor quality roughages. Leguminous trees are usually long-lived and have low
maintenance requirements and, therefore, enhance the sustainability of farming systems

(Gutteridge and Shelton, 1994).

In semi-arid and arid environments, legumes are important because plant growth is
limited by rainfall and inadequate feed supply represents the most critical constraints to
animal production (Devendra, 1989). Tree and shrubs legumes have provided valuable
forage for herbivores since the time of their domestication (Robinson, 1985). At least
75% of the shrubs and trees of Africa serves as browse plants and many of them are

leguminous (Skerman, 1977).

The nutritional quality of tree legumes varies from excellent (Leucaena leucocephala) to
quite poor (Acacia species). Poor quality can firstly be due to tannins, which reduce the
digestibility of herbage and protein, and secondly due to phylloides (expanded and
flattened leaf petioles) of some species, instead of pinnate or binnate leaves, which are

very high in fibre and therefore of low digestibility (Gutteridge and Shelton, 1994).
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Table 1.1 Characteristics of forage tree legume species (Brewbaker, 1986)

Tolerance of

Species Form Preferred Drought Water ~ Acid  Alkaline  Cold CpP IVDOM
env. logging soils soils

A. angustissima Shrub  Humid/ Fair Fair Good - Fair 23 48
tropics

A.saligna Shrub/ semiarid/  Good Fair Good  Good Good 12-16 40

Tree  subtropics

Lspecies Shrub tropics/ Good  Poor Good  Good Fair - -
subtropics

L.leucocephala Shrub/ shrub/tree =~ Good  Poor Good Fair Fair 15-28 55

tree

1.1 Description of Indigofera species

Shrubby Indigofera species are up to 2m high, erect, branched:leaflets are in five to eight
pairs and oblanceolate, about 1 to 1.5 cm long, smooth above and hairy beneath, while
flowers are yellow in 6-12 flowered racemes. Pods are chestnut-brown when mature, 1.5
— 4 cm long, polished and six to eight seeded (Andrews, 1952). Indigofera species
generally prefer light (sandy) and medium (loamy) soils, require well-drained soils and

can grow in very alkaline soil (Liogier, 1990).

Indigofera spicata is a vigorous and potentially useful tropical legume but contains
hepatotoxic amino acid (Indospicine), which interferes with the metabolism (Hutton,
1970). A number of other Indigofera species also contain indospicine and it is
recommended that they should be fed with care and not constitutes more than 50% of the
diet of cattle and should not be fed to pigs or poultry (Church, 1980). Indigofera species
have low palatability during the rainy season, but are well browsed towards the end of the

dry season when secondary shoots are also eaten readily.

Indigofera species contain the pigment indigo, which may become an important

commercial crop in various tropical and sub-tropical areas, apart from its use as grazing
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forage and high quality supplement for ruminants (Haude, 1997). Leaves of Indigofera
species, alone or in combination with other ingredients, are also used in herbal medicine

to treat fever, headache and acute cough (Liogier, 1990).

Indigofera arrecta originated from East Africa, and it is today found throughout the
world ’s tropical regions. Its dispersion is largely due to the growth of indigo production
in the European colonies. It was taken to Indonesia where, during the 19" century it was
widely grown. The same plant was later grown in India in comparison to indigenous
indigo plants. Compared to other species, Indigofera arrecta contains better pigment

quantities and became economically the most important indigo species in India.

1.2 Chemical composition of Indigofera species

An analysis of Indigofera hirsuta (Dougall and Bogdan, 1966) indicating a composition
of 23.8% crude protein (CP), 2.0% ether extract (EE), 15.2% crude fibre (CF), 46.8%
nitrogen free extract (NFE), 1.88% calcium (Ca) and 0.37% phosphorus (P),
demonstrated its excellent quality. However, silage prepared of Indigofera hirsuta
satisfied only the maintenance requirements of stock and was not well eaten by sheep
(Catchpoole and Henzell, 1971). One of the valuable attributes of Indigofera hirsuta is

that it produces prolific seed, namely 440 000 seeds/kg.

The calcium concentration of Indigofera species is relatively high and usually ranges
from 0.5 to 2.0%, where normal ranges of 0.20 to over 0.30%, would satisfy animal
requirements. The stems of leguminous plants became more fibrous with age and contain
more (CF) and less (CP) than the younger stems. Little fibre has, however, been observed
in the leaves of legumes and they remain nutritious and palatable at an advanced stage of
growth, often throughout the dry season, when legumes are of particular value for late

season grazing (Bartha, 1970).
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1.3 Factors affecting mineral contents of the plants
Concentrations of mineral elements in forage are dependent upon the interaction of a
number of factors, including soil pH, plant species, stage of maturity, and climatic

conditions.

1.3.1 Soil pH
As the soil pH increases, the availability and the uptake of Mn, Zn, Cu by forages

decrease, whereas the forage Mo and Se concentration increases (McDowell, 1985).

1.3.2 Stage of maturity
As the plants mature, mineral content declines due to a natural dilution process and the
translocation of nutrients to the root system. In most circumstances P, K, Mg, Na, Cl, Cu,

Co, Fe, Se, Zn and Mo decline as the plant matures (Ford et al., 1979).

1.3.3 Climatic conditions
The temperature and rainfall all affect the rate of growth and the rate of transpiration and
the latter factor has an influence on the amount of salts in solution brought in by the roots

of the plant (Dougall and Bogdan, 1958).

1.4 Environmental adaptation

Indigofera spicata is distributed in tropical Africa, South Africa, Madagascar, Sri Lanka,
Southern and South-eastern Asia and tropical America. It occurs in grasslands and rocky
places, but mostly on wastelands and other disturbed habitats. Indigofera spicata is
relatively drought resistant and can grow under moderate annual rainfall and on relatively
poor soils. The plants are moderately specific in their rhizobium requirements and can be

inoculated by a few strains of cowpea-type rhizobium (Henzell, 1962).

Introduced into cultivation, Indigofera spicata has yielded well, formed balanced
mixtures with grasses and was reasonably grazed. The use under cultivation is, however,
restricted by its toxicity to animals expressed in liver degeneration in cows and sheep,

and especially in horses, while pregnant animals can abort (Hutton, 1970).
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1.5 Nutritive value

It is important to understand the term nutritive value, which is also a key in this
discussion. Nutritive value is a function of the feed intake and the efficiency of extraction
of nutrients from the feed during digestion. Feeds of high nutritive value promote a high
level of production (Eagan et al., 1986). The nutritive value of feed is determined by the
ability to provide the nutrients required by animals for maintenance, growth and
reproduction. The nutritive value of browse legumes depends on the voluntary intake of
feeds consumed and the extent to which the quantity of dry matter consumed by animals
supplements dietary energy, proteins, minerals and vitamins. Much will depend on the

actual quantity of feed eaten by the animal on a daily basis (Dougall et al., 1964).

1.5.1 Factors which influence nutritive value

Different plant species differ inherently in their rate of reproductive development. This
results not only in changes in chemical and anatomical characteristics, but also in
proportion of plant parts e.g. leaf, stem and petiole. Management and environment can

then play a significant role in affecting nutritive value.

1.5.1.1 Plant maturity

Advancing plant maturity is associated with lowering of nutritive value by virtue of a
decrease in leafiness and a decrease in the leaf: stem ratio, changes in the composition of
the cell wall (Akin ef al., 1977) and loss of cell contents during maturity (Ballard et al.,
1990). The loss of cell contents during maturation is a major factor contributing to the

decline in nutritive value.

1.5.1.2 Environment

Temperature and light are the most important environmental factors that affect nutritive
value. The temperature under which plants are grown has a direct effect on the
concentration of chemical constituents, with genotype then determine exactly how
different species change with increasing temperature. Higher temperature usually
promotes the accumulation of structural material (cell wall material) and more rapid

metabolic activity, which decrease the pool size of cell contents (Ford et al., 1979).
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1.5.1.3 Genetic variation

Plants have adapted to specific environments through evolution and those that have
evolved under grazing have protective mechanisms against predatory attack (whether it
be by animals or insects). Some of those mechanisms include lignification and secondary

compounds, which will influence the nutritive value (Tabe et al., 1993).

1.5.2 Measurement of nutritive value

The direct estimation of nutritive value involves, at least, the measurement of
digestibility. The availability of digested nutrients and their efficiency of use by the
animal may either be measured directly or, more usually, predicted from digestibility

using standard equations derived from a large number of feeding trials (NRC, 1985).

1.5.2.1 Total collection

The usual method for direct measurement of digestibility is a total collection trial, in
which animals are constrained and the entire amount of feed eaten and faeces voided are
weighed and analysed, the difference being assumed to be digested (NRC, 1985; SCA,
1990).

1.5.2.2 Marker technique

When digestibility estimates of diet consumed by grazing animals are desired, total
collection trials are difficult, and indirect methods, such as the use of a marker, are
therefore recommended. This can be done either by the dosing of animals with markers to
estimate both faecal output and intake, or by using markers, which are part of the

herbage.

1.5.3 Methods for predicting nutritive value

Nutritive value can be predicted or estimated in terms of digestibility or the voluntary
intake. Coleman et al. (1990) reviewed methods for predicting nutritive value, which
included bioassay, chemical and structural characteristics as well as instrument-based
methods such as the near-infrared reflectance spectroscopy (NIRS). There are two steps

involved in predicting nutritive value, which are as follows:
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1.5.3.1 Data-base selection
Selection of an appropriate sample data-base, with high quality reference data, is the most

important part of the prediction process.

1.5.3.2 Development and evaluation of prediction equation
Weis (1993) proposed the use of theoretically based, rather than empirical relationships

or models, to predict nutritive value.

1.5.3.3 Biological procedure

Three bioassay methods have been developed i.e. in vitro digestibility using rumen
microorganisms (Tilley and Terry, 1963), in vitro digestibility using an enzyme
preparation (McLeod and Minson, 1978) and the in situ, or nylon bag-technique (@rskov
and McDonald, 1979).

1.5.3.4 Physical procedure
= Near-infrared reflectance spectroscopy
Noris et al. (1976) were the first to report the use of NIRS to estimate chemical

composition and nutritive value of forages.

The nutritive value of feeds should be ranked on the basis of the following characteristics
(Leng, 1986):

= voluntary consumption potential;

= potential digestibility and ability to support high rates of fermentative digestion;

= high rates of microbial protein synthesis in the rumen relative to volatile fatty acids;

= high rates of propionic synthesis relative to total volatile fatty acids synthesis; and

= ability to provide bypass nutrients for absorption from the small intestines.

Tree legumes must have both desirable agronomic characteristics and a high nutritive
value to be useful as forage. The leaves and the stems may be used either as a complete

feed or as a supplement to other feeds. In some species, a major limitation to the use of
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one or more of the above-mentioned components is the presence of toxic and/or anti-

nutritive factors (Norton, 1994).

1.5.4 Anti-nutritive and toxic factors in forage tree legumes

Leguminous trees and shrubs often have thorns, fibrous foliage and growth habits that
protect the crown from defoliation. Certain anti-quality factors also affect animals and the
nutritive value of forages (Norton ef al., 1992). The anti-nutritional effects present in
some tree legumes are: reduction in voluntary intake; diminished digestibility of
nutrients; adverse effects upon rumen metabolism and toxicity. Non- ruminants (e.g. pigs
and poultry) are usually more susceptible to toxicity, as potential toxins may be denatured

in the rumen (Duke, 1977).

1.5.1.1 Strategies for managing anti-nutritive factors
a) Use supplements to overcome the anti-nutritive factor,
* High concentrations of condensed tannins can lower the feeding value due to
reduced availability of nutrients, especially proteins and lower cell wall digestion

(Barry and Blaney, 1987).

b) Reduce access to the problem feed
= By reducing the proportion of the problem legume in the diet, adverse effects can

be reduced (Wildin, 1985).

1.6 Voluntary feed intake

Rumination and fermentation are relatively slow processes and fibrous feeds may
have to spend a longer time in the digestive tract. If feeds and their indigestible
residues are retained for longer periods in the digestive tract, the animal’s daily intake
will be reduced. In ruminants there is a positive relationship between digestibility of
feeds and their intake 1.e. there will be an increase in intake, as the energy
digestibility of feeds increase (Blaxter, 1961). Actually, intake is more closely related

to the rate of digestion of diets than to digestibility, although the two measures are
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often related to one another, i.e. feeds that digest rapidly and are of high digestibility

and promote high intake (Campling and Lean, 1983).

1.6.1 Intake of legumes

Physical regulation of intake in ruminants is a major factor influencing intake of
forage by its mechanism of retention time of dry matter in the rumen. Forages with a
long retention time in the rumen have a lower intake than those with a shorter
retention time (Thorton and Minson, 1973). The shorter retention of legume particles
is related to leaf anatomy, resulting in disintegration into small round particles. This
is distinct from the long needle-like particles of the vascular bundles, as generated
from grass leaves, and also faster rate of digestion of legumes compared to grasses.
The physical regulation of intake is expressed as a relationship between intake and
digestibility but Laredo and Minson (1973) showed that forages of the same

digestibility could have vastly different intakes.

The main chemical component of feeds that determines the rate of digestion is the
neutral detergent fibre (NDF), which is a measure of cell wall content. There is a
negative relationship between NDF content of feeds and the rate at which they are
digested. One consequence of this relationship is that those feeds that are equal in
digestibility, but differ in NDF (cell wall) content, have different intakes. The two
families of pasture plants, grasses and legumes, provide an example. At equal
digestibility, legumes contain less cell wall and are consumed in quantities about 20%

greater than grasses (Forbes, 1986).

The digestibility of plant material in the rumen is related to the proportion and
lignification of plant cell wall. Tree forages with a low NDF content (20-35%)
usually have a higher digestibility, while species containing lignin often have a low
digestibility. Stems have higher lignin content than leaves and are thus less digestible

(Bamualim et al., 1980).
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1.6.2 Factors which influence food intake

1.6.2.1 Psychological factors

Psychological factors also play a role in determining the feeds which animals choose,
and the amount which they can consume. Chesworth (1992) stated that sheep and
goats kept in pens, would eat more when they can see more food that they can
consume. They suggest a practical way of increasing food intake; if animals are fed in

pens, the food bins should always have sufficient feed.

1.6.2.2 Physiological factors

Animals that are offered a diet that has a very low energy content will consume more
in an attempt to compensate. There are areas of the brain, in and around the
hypothalamus, that monitor the animal's physiological status by measuring the level
of glucose, lipids and amino acids in the blood plasma. When animals eat, the level of
these compounds in the blood rise and when they do, there is a growing feeling of

satisfaction, such that the animal stops eating (Forbes, 1995).

1.6.2.3 Animal size

Food intake is generally determined by the metabolic size of the animal and it is
proportional to the animal's metabolic body weight. A mature animal would eat a diet,
which will provide only enough food to maintain body weight and condition, whereas
an animal, which is growing, requires enough food to supply its needs, both for

maintenance and for extra body tissues (Illius and Allen, 1994).

1.6.2.4 Physical factor

1.6.2.4.1 Plant structure

The content of fibrous cell walls is a major factor, since these structures are less
soluble and take up more space than the cell contents. Forages contain a large
proportion of their organic matter content (35-80%) as cell walls, which provide the
structural integrity of the plant (Jung and Allen, 1995). Minson (1990) reported that

legume forages have a greater DM digestibility than grasses.
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1.6.2.5 Dietary factor

1.6.2.5.1 Fibrous compounds

The source of fibre has a great influence on the rate of digestion. As grasses and
legume forages mature, the nitrogen content drops and digestibility of fibrous feeds
decreases. The poor digestibility of fibrous feeds is reflected in very low intakes by

livestock.

1.6.2.6 Environmental factor

1.6.2.6.1 Effects of heat

When ambient temperatures are high, food intake decreases dramatically. If humidity
is high, food intake is also reduced. This is because of the fact that animals produce

heat inside the rumen and within their bodies.

1.6.2.7 Effects of climate and season on forage quality

1.6.2.7.1 Temperature

Lower digestibility at higher temperature is the result of the combination of two main
effects i.e. high environmental temperatures result in the increased lignification of
plant cell wall and high temperatures also promote more rapid metabolic activity. This
activity decreases protein and soluble carbohydrates and increases the structural cell

wall components (Van Soest, 1994).

1.6.2.7.2 Water
Lack of water tend to retard plant development and thus to slow maturity with the
result that digestibility is increased and dry matter yield is reduced. Various studies

have shown that lack of water increases digestibility and irrigation tends to decrease it

(Wilson, 1983; Evans and Wilson, 1984; Dias Filho et al., 1991).

1.6.2.7.3 Soil
Plants grown on different soils offer a different balance of mineral elements,

which influence their growth and composition. Soil effects can be viewed from two

11
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points mainly: the accumulation in the plants of minerals and the influence of minerals in

the plant on its organic matter yield, composition, and digestibility (Metson, 1978).

1.6.2.7.4 Defoliation and diseases
The physical loss of leaves, stems, or both represents a major stress that puts pressure on
the plants to mobilize its reserves and put forth new leaves to restore its photosynthetic

capability (Parsons et al., 1988; Parsons and Penning, 1988).

1.6.3 Utilization and beneficial effects of forage legumes
There are a number of advantages concerning the use of leguminous forages (Devendra,
1988). These include:

= Provision of variety in the diet;

= Source of dietary nitrogen (N), energy, minerals and vitamins;

= Laxative influence on the alimentary system:;

= Reduced cost of feeding.

1.7 General description of Leucaena leucocephala

With Leucaena leucocephala, for example, the forage provides a valuable source of
protein, energy and sulphur for rumen bacteria. This genus includes about 50 species,
which occur almost exclusively in tropical America. It originated from Mexico but spread
by accidental introduction first to the Caribbean islands and then to other areas and now
has a pan-tropical distribution. This plant is valued for: its ability to withstand repeated
defoliation, high yields of foliage and its tolerance to low soil fertility and relatively low
rainfall. Slow early growth and a risk of animal poisoning are weak points (Plucknett,

1970).

The toxic constituent in Leucaena is a non-protein amino acid, mimosine, which is an
antimitotic and depilatory agent (Hegarty ef al., 1964). Mimosine occurs in all parts of
the Leucaena plant, but in high concentrations particularly in the tips of actively growing

shoots (8-12%) and young leaves (4-5%) (Lowry et al., 1983). The effect only occurs if

12
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Leucaena constitutes a high proportion of an animal’s diet (>30%), for an extended

period, and may be negated by innoculation with specific rumen bacteria.

1.7.1 Environmental adaptation

Leucaena leucocephala is tolerant of adverse moisture conditions, apparently because of
its deep roots and can be grown at an annual rainfall ranging from 500 to 5000 mm. At a
low rainfall range it responds well to irrigation. Well-drained soils are required for good
growth and high yields and waterlogging or flooding are not tolerated. It can withstand a
slight soil acidity (of up to pH=5.0) but grows much better in neutral or slightly alkaline
soils. Leucaena leucocephala is more tolerant of a low phosphorus status of the soil than
a number of other tropical legumes and this may be due to the presence of endotrophic

mycorrhiza which has been found in the roots (Possingham et al., 1971).

Leucaena is a tropical species requiring warm temperatures (25-30°C) for optimum
growth (Brewbeker et al., 1985). It is not tolerant of frost which causes shedding of the
leaves (Isarasenee et al., 1984). It is well known for its high nutritional value and for the
similarity of its chemical composition with that of lucerne. Tannins in the leaves, and
especially in the stem of Leucaena, reduce the digestibility of the dry matter and protein.
Digestibility and intake values for Leucaena range between 50-71% (Jones, 1979). The
lower values were suggested by Jones (1969) to be associated with effects of Mimosine

on intake when pure diets of Leucaena were fed.

1.7.2 Chemical composition

Crude protein, in the majority of references quoted by Hill (1971), range from 14 to 19%
in dry matter for the whole herbage, but Oaks (1968) gave a wider range, 15 to 25%. The
content of CF usually fluctuates from 33 to 38%, NFE from 35 to 44%, CP and CF
contents in the leaves are given as 28.8 and 12.8%, respectively. CP contents vary with

plant age, which in its turn depends on the frequency of utilization.

13
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1.7.3 Herbage productivity

Dry matter productivity varies with soil fertility and rainfall, edible yields range from 3 to
30 tons dry matter/ha/year. Deep fertile soil receiving more than 1500mm of well-
distributed rainfall produced the largest quantity of fodder. Yields of Leucaena, where the
temperature limits the growth rates, may be 1,5 to 10 tons of edible fodder/ha/year
(Brewbaker et al., 1985).

The minimum requirements of ruminants for phosphorus (P) varies from 1.2 to 2.4g/kg
feed dry matter, depending on the physiological function. Forage trees generally have
high P concentrations (McMeniman and Little, 1974). Calcium (Ca) is closely associated
with P metabolism in the formation of bones, and a Ca: P ratio of 2:1 is usually
recommended for ruminant diets. Ca is rarely limiting in forage diets and the same is true
for forage trees (Norton et al., 1992). High concentration of oxalic acid in the leaves may,
however, decrease the availability of Ca during digestion and affect Ca metabolism in

sheep (Gartner and Hurwood, 1976).

1.8 Limitations and problems

1.8.1 Non-toxic secondary plants compounds

The non-toxic compounds limit the nutritive value of forages by lowering their
digestibility and palatability (Van Soest, 1982). Higher concentrations (>20g/kg DM) of
these compounds are required for negative effects and the primary site of activity is in the

digestive tract or sensory organs associated with feeding behavior (Reed et al., 2000).

1.8.2. Tannins

In particular, many tree legumes contain condensed tannins (CT). Tannins may have both
positive and negative effects on feed quality for ruminants. Tannins are water-soluble
phenolic compounds in plants with a molecular weight of >500 and with the ability to
precipitate gelatin and other proteins from aqueous solution. In high concentrations they
reduce intake and digestibility of proteins and carbohydrates, which will ultimately lead

to a reduced animal performance.

14
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Tannins can also increase the flow of protein compound through the rumen to the small
intestines, thereby escaping microbial fermentation (McNeill et al., 1998). Forages
containing tannins can also protect animals against diseases caused by parasitic worms
e.g. lambs grazing legume forage that contains tannins have a lower faecal parasitic egg
count and worm burdens than lambs grazing Medicago sativa, which does not contain

tannins (Reed, 1995).

Table 1.2. Example of non-toxic plant compounds of tannins present in forage and

browse legumes

Pasture/browse Predominant Animal Nutritional effect
Legumes tannins
Acacia aneura CT Sheep  Reduction in N digestibility, decreased

wool yield and growth (Prichard et al.,1988).
A. cyanophylla CT Sheep Reduced feed intake, negative N

digestibility, loss in weight (Reed et al., 1990).
A. nilotica CT Sheep  low growth rate, reduced N and NDF

digestibility (Tanner et al., 1990).
L. leucocephala CT Poultry  Poor N retention, low apparent ME

(D’Mello and Acamivic, 1989).

"CT means condensed tannins

1.8.3 Lignin

Plant stems contain more lignified structural tissue than leaves and as a result are much
less digestible (Moore and Jung, 2001). It is known that forage lignin concentrations
vary, depending on the environmental conditions, where warm temperatures tend to
increase lignin concentration in tropical plants. Lignification tends to decrease under low
light, because under limited light plant development is delayed (Reed, 1995). Lignin also
reduces the nitrogen balance of the animals by increasing endogenous and microbial

nitrogen loss in faeces (Woodward and Reed, 1995).
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1.8.4 Toxic-compounds in plants
Plants contain a wide range of toxic compounds, which may affect animals. Animal
species differ in their susceptibility to plant toxins. For example, browsers are less

susceptible than grazers (Cheeke, 1995).

1.8.5 Mimosine

In ruminants, the deleterious effects of mimosine are diverse, including loss of hair and
wool, organ damage and death in animals unadapted to Leucaena leucocephala forage or
in those given intravenous or oral doses of the pure amino acid (Reis et al., 1975). A
solution to the mimosine problem could be the development of low mimosine cultivars.
However, low mimosine types are found to be less productive and have poor vigour. The
other approach is to feed leucaena mixed with other feeds. Hiremath (1981) suggested
that the use of leucaena fodder might be restricted to 30% of the forage in the case of

cattle and 50% for goats.

1.8.6 Indospicine

The toxic agent is 1-2-amino-6-amidinohexanoic acid, which was named indospicine
(Hutton, 1970). Its toxicity to the animals is expressed in liver degeneration in cows and
sheep, and especially in horses, and pregnant animals can abort (Hegarty and Pound,

1968).

1.8.7 Saponins

These are widely distributed in the plant kingdom and have a bitter taste and foaming
properties (Agarwal and Rastogi, 1974). They have several negative effects that include
poor growth, ruminal bloat, reduced feed intake and palatability, enzyme inhibition
reduced nutrient absorption, antifungal activity that affects ruminal microbiology, rumen

metabolism and ammonia binding properties (Cheeke, 1995).
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1.9 Hypothesis and objectives

The main objective of this study is to evaluate the dry matter production, intake and the
nutritive value of five Indigofera species, which are as follows; 1. arrecta, I. cryptantha,
L. costata, I. amorphoides and 1. viciodes. This objective can be achieved through the
analysis of chemical composition, in vitro digestibility and the determination of voluntary
intake. The tropical legumes appear to be a richer source of protein and most minerals
than grasses, and more usually legumes supplement grasses to improve the overall
nutritive value of forage. Therefore it can be hypothesized that Indigofera species can be

utilized as a supplement to grazing livestock (CP and minerals).
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CHAPTER 2

2 MATERIALS AND METHODS

2.1 INTRODUCTION

Ten forage legume species, which were planted in January 2003, were as follows:
Indigofera arrecta, I. amorphoides, I. viciodes, 1. coerula, I. costata, I. trita, I. brevicalyx,
L. vohemarensis, 1. spicata and I. cryptantha. The plots were 3 m x 1.5 m consisting of

three plants rows with a 50 cm space between the rows.

2.1.1 Study location

The study was conducted at the University of Pretoria, Hatfield Experimental Farm in
Pretoria, which is at an altitude of 1372 m. The area receives an average rainfall of 674
mm per annum. The average temperatures and rainfall data for the period January,

February, March and April of 2003 and 2004 are presented in Table 2.1.

Table 2.1 Average temperature and rainfall for Hatfield Experimental Farm (Supplied
by the Weather Bureau of South Africa)

2003
January February March April
Min. Temperature (°C) 17.0 18.2 14.3 11.9
Max. Temperature (°C 28.9 28.6 28.2 25.8
Rainfall (mm) 32.5 110.8 68.7 0
2004
January February March April
Min. Temperature (°C) 16.9 16.0 154 11.6
Max. Temperature (°C 26.3 25.6 22.2 24.7
Rainfall (mm) 64.8 160.7 168.3 32.8
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2.1.2 Sample collection site

In the autumn of 2003 all the species were harvested at the same physiological stage. Five
species were harvested in the autumn of 2004 i.e. I. arrecta, 1. cryptantha, 1. costata, I.
amorphoides and I. viciodes. The third harvest was the spring re-growth after the winter
of 2004, of the same species harvested in autumn 2004. The plants were harvested 10-15
cm from the ground. Only the leaves and stem with a diameter of <3 mm (edible
material) were fed dry to sheep. Three plants from each of the five species were randomly

harvested separately for chemical analysis.

The total dry matter accumulated for both Indigofera species and Leucaena leucocephala
was 510-600kg which was used for an intake study using sheep. The sun dried plant
material was fed to fifteen (15) Merino sheep, three times a day i.e. in the morning,
midday, and in the afternoon. They were adapted for 10 days before the actual
experiment of 7 days started and fed 2 kg DM/animal/day. The voluntary intake of
Indigofera species and Leucaena leucocephala was then compared with that of Medicago

sativa.

2.1.3 Sample preparation

All five plant species were dried and milled to pass through a 1 mm sieve size for
chemical analysis. The following parameters were determined: dry matter (DM), ash,
nitrogen (N), crude protein (CP), neutral detergent fibre (NDF), in vitro digestibility
(IVDOM) and minerals (Ca, P, Mg, Cu, Zn and Mn).

2.2 Chemical analysis

2.2.1 Dry matter determination

A crucible was cleaned and dried in the oven for an hour. After an hour the crucible was
removed and allowed to cool for at least half an hour in a dessicator. The crucible was
then weighed to determine the dry mass. One gram (g) of the sample was then weighed in
to the crucible. The sample and the crucible were dried for 18-24 hours at 100°C. The
crucible and sample were then placed in a dessicator for half an hour to cool, before

weighing (AOAC, 1990).
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The dry matter % was calculated as follows:

Dry mass (g)
DM % = x100
Sample mass (g)

2.2.2 Ash determination

The crucible with dry sample was placed in a cold incinerating oven and then switched
on at 600°C for four (4) hours. The oven was allowed to cool down for two hours and
then placed in a dessicator to cool for another half an hour. The crucible and ash was then
weighed. Ash % was calculated as follows:

Ash mass (g)
Ash % = x 100
Sample mass (g)

2.2.3 Neutral detergent fibre determination

The NDF concentration was determined according to Robertson and Van Soest (1981)
using the “tector fibertec system”. A one gram sample was weighed in a filter crucible
and placed in a hot extraction unit, and then a neutral detergent solution (NDS) was
added into the crucible and boiled for an hour. Solution was removed by washing with
hot distilled water. The residues were dried at 100°C and then cooled in a dessicator for
half an hour and weighed. They were placed in a furnace at 600°C for three hours to be
ashed. The oven was allowed to cool and the crucible with residue was placed in a

dessicator to cool.

NDF was calculated as follows:

W1 - W2
NDF % = x 100
W3

Where: W1= dry mass of sample after NDS extraction
W2= Mass of ash
W3= Sample mass
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2.2.4. Leaf: stem ratio

Subsamples of all five Indigofera species which were harvested were used for this aspect.
The leaves of each plant species were separated from the stem. The mass of each
component was then determined and the dry matter content determined to establish the

leaf:stem ratio. The leaf:stem ratio was calculated as follows:

Dry leaf weight
Leaf % = x 100

Dry leaf weight + dry stem weight

Dry stem weight
Stem % = x 100

Dry stem weight + dry leaf weight

2.2.5 Nitrogen and Crude protein determination
The nitrogen content of pasture sample was determined by macro Kjedahl method

(AOAC, 1990), using a block digester and a Tecator kjeltec Model 1002.

CP % = N%x6.25.

2.2.6 Organic Matter (OM)
The organic matter concentration for calculating the in vitro digestibility was calculated
as follows:

DM (g) - Ash (g)
OM = x 100
Sample mass

2.2.7 In vitro digestibility of organic matter (IVDOM)

The in vitro technique requires rumen fluid which was obtained from rumen fistulated
sheep fed with 100% lucerne. The method is based on Tilley and Terry (1963) as
modified by Engels and Van der Merwe (1967) with 0.2 g samples being fermented

anaerobically with rumen fluid, urea solution, artificial saliva mixture and carbon dioxide
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for 48 hours at 39° C. The tubes were centrifuged at 2500 RPM for 15 minutes and then

the clear liquid was decanted.

The dry matter residue was hydrolyzed with 20 ml of HCI and acid pepsin for a further
48 hours. After 48 hours, tubes were centrifuged at 2500 RPM for 15 minutes, then
decanted, warm water added and centrifuged and clear liquid decanted as in stage one.
The undigested residues were placed in the oven at 100° C for 18 hours. They were then
cooled in a dessicator and weighed. The undigested residue was then placed in a furnace
at 550° C for three (3) hours, cooled and weighed. A Panicum maximum with an [IVDOM

of 70- 75 % was used as a standard.

IVDOM was calculated as follows:

100[OM sample- (OM residue-OM blank)]

IVDOM (%) =

OM mass of sample

2.3 Minerals

The following mineral contents in all the samples were analyzed: calcium (Ca),
phosphorus (P), magnesium (Mg), copper (Cu), zinc (Zn), and manganese (Mn).

A 0.5g sample was weighed in duplicate and digested in a block digester at 240° C using
the wet digestion technique. After the samples had been weighed, 25 ml of Nitric acid
was added and tubes placed on a block digester for approximately 10- 15 minutes, and

then taken off to cool for 5 minutes.

Then 10 ml of perchloric acid (HCLO4) was added and placed back on the block for
another 20 minutes, until it was clear. Allowed to cool and then diluted with 50 ml of
distilled water, before being capped into the bottles. Calcium concentration was
determined on a 5100PC Atomic Absorption Spectrophotometer, whereas magnesium,

copper, zinc and manganese were determined on a GBC 905AA Atomic Absorption
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Spectrophotometer. Phosphorus concentration was determined on a Technicon Auto

Analyzer with the concentration determined from calibration curve.

The laboratory standards and controls with known concentration were also used in all the

minerals analyzed to get accurate figures. Macro minerals were calculated as follows:

Reading ppm x Initial Volume x Dilution

% =
Sample mass x 10 000

Trace minerals were calculated as follows:

Reading ppm x Initial Volume

% =

Sample mass

2.4 Voluntary intake trial

2.4.1 Feeding of experimental animals

A total of fifteen Dohne-merino sheep (wethers) were used. Before the trial, the animals
were weighed and starved overnight. The animals were fed a mixture of five Indigofera
species, which was compared with Leucaena leucocephala and lucerne as a control. They
were fed ad libitum, three times a day at six-hour intervals i.e. 06H00, 12H00 and 18H00
in feed bins and had free access to fresh water. The animals were adapted for ten days in
the metabolic house and during this period the voluntary intake was determined.
Faichney (1992) suggested that the animals should to be maintained in a steady state by
feeding continuously or at short regular intervals during the trial period for the most
accurate results. During this period the orts were collected before the next feeding. After
the adaptation period, the animals were fitted with faecal bags and kept individually in

metabolic cages in the metabolic house for the actual experiment.
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2.4.1.1 Feed sample
Feed samples were taken of the fresh feed offered daily and placed in a plastic bag and
frozen. The orts were also taken before the next feeding and frozen for individual sheep.

At the end of the experiment the sub-sample (10%) for individual animals was analyzed

for DM, ash, and NDF.

2.4.1.2 Faeces sample

The faeces excreted daily by individual sheep was collected in faecal bags, weighed and a
10% grab sample then frozen in a plastic bag at -10°C. After the trial the faeces for
individual sheep were mixed to obtain a representative sample. The initial dry matter
content of each sheep was determined by drying 50g faeces sample at 100°C. The other
200g of faeces sample were dried at 60°C and ground through a Imm sieve for laboratory

analysis.

2.5 Statistical analysis

An analysis of variance with the GLM procedure (Statistical Analysis System, 2001) was
used to determine the significant differences between different treatments and years for
the balanced data. Means and standard deviation (SD) were also calculated. Significance
of difference (5%) between means was determined by Bonferroni test (Samuels, 1989).

The species and years interactions were also taken into account in the statistical analysis.
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CHAPTER 3

3. Results and Discussion

3.1 Dry matter production

3.1.1 Leaf DM yield (g/plot)
The results of the leaf DM yield of all the plant species are presented in Table 3.1.

Table 3.1 The leaf DM yield (g/plot) of five Indigofera species

Species 2003 2004 2004
Autumn Autumn Spring
I. amorphoides 194.8% (+ 116.1)° 152.2%, (+ 89.6) 120.8%; (+ 47.0)
I. cryptantha 99.4%, (+29.0) 86.3%, (+33.9) 89.3%, (+29.2)
I. costata 24.5°% (+9.8) 23.3% (£ 4.0) 37.0% (£ 11.6)
I. viciodes 7.1° (+3.8) 27.2° (£ 15.7) 31.7% (+7.5)
I. arrecta 114.4%, (+ 27.7) 89.3%, (+ 35.0) 85.7%, (+ 40.5)
a,b,c

Column means with common superscripts do not differ significantly (P>0.05)
"?Row means with common subscript do not differ significantly (P> 0.05)
“Standard deviation (SD)

There were significant differences during the autumn of 2003 in terms of available leaf
dry matter yield between I. amorphoides and I. costata as well as I. viciodes. However,
there were no significant differences found between I. amorphoides, I. cryptantha and I.
arrecta as well as between I. costata and I. viciodes. During the autumn of 2004,
significant differences were detected between I. amorphoides and I. costata as well as L.
viciodes. However, no significant differences were found between I. amorphoides, I.
cryptantha and I. arrecta as well as between I. cryptantha, I. costata, 1. viciodes and I.

arrecta. There were no significant differences during spring between the species. The leaf

25



University of Pretoria etd — Tjelele T J 2006

DM yields in this study appeared to decrease with advancing maturity, environmental
factors and cutting intervals, although not significant between the years (see Table 3.1).
This was supported by Smith et al. (1992) who reported that the DM yield would increase
due to the effect of environmental factors (temperature, rainfall), longer grazing or
cutting intervals and advancing maturity. The proportion of inedible plant material will,

however, also increase leading to a decline in forage quality.

3.1.2 Stem DM yield (g/plot)
The results of the stem DM yield of all the plant species are presented in Table 3.2.

Table 3.2 The stem DM yield (g/plot) of five Indigofera species

Sooc
pecles 2003 2004 2004
Autumn Autumn Spring

I. amorphoides 127.5% , (£79.9) " 206.9% (+ 124.6) 58.2%, (+ 33.7)

I. cryptantha 45.6% (+18.2) 108.7 %, (+ 24.4) 29.7% (£ 11.2)

I. costata 14.8° (+7.5) 79.0°% (£ 11.4) 13.0% (£2.6)

I. viciodes 2.0°% (+1.6) 43.7°% (£ 12.0) 10.0% (£2.2)

I. arrecta 84.8%, , (£30.2) 143.9%, (+ 44.3) 50.9%, (+ 27.6)

“*¢Column means with common superscripts do not differ significantly (P>0.05)
"?Row means with common subscript do not differ significantly (P> 0.05)
“Standard deviation (SD)

During the autumn of 2003, there were significant differences found between I.
amorphoides and 1. costata as well as I. viciodes. There were, however, no significant
differences between I. amorphoides, I. cryptantha and I. arrecta as well as between 1.
costata and I. viciodes. There were significant differences detected during the autumn of
2004 between I. amorphoides and I. costata as well as I. viciodes. However, there were

no significance differences between I. cryptantha, 1. costata, I. viciodes and I. arrecta.
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During spring of 2004, there were no significant differences found between the species.
There were significant differences detected between autumn and spring of 2004 for I
amorphoides and 1. arrecta. Evans and Rotar (1987) reported that climate, soil types,
maturity and management practices (such as fertilizer use, height and cutting interval as

well as intercropping) may affect the DM yield.

3.1.3 Total DM yield (g/plot)
The results of the total DM yield of all the plant species are presented in Table 3.3

Table 3.3 The total DM yield (g/plot) of five Indigofera species

Species 2003

2004

2004

Autumn

I. amorphoides 322.3%, (£ 194.4)

I. cryptantha 145.0%°; (£ 47.1)

Autumn

359.1% (+213.3)
195.1%, (£ 58.1)
102.2° (£10.1)
70.9°% (+19.7)

230.9%; (£ 79.1)

Spring
179.0%, (+ 80.0)

119.0% (£ 40.4)
50.0%, (+ 10.0)
41.3% (£ 9.6)

136.7% (+ 68.0)

I. costata 39.3°% (+17.3)
I. viciodes 9.1% (£ 5.4)

I. arrecta 199.2%, (£ 57.9)
a,b,c

Column means with common superscripts do not differ significantly (P>0.05)

?Row means with common subscript do not differ significantly (P> 0.05)

“Standard deviation (SD)

In autumn of 2003, there were significant differences found in terms of total dry matter
yield between 1. amorphoides and I. costata as well as I. viciodes. There were, however,
no significant differences between 1. amorphoides, I. cryptantha and I. arrecta as well as
between 1. cryptantha, 1. costata, 1. viciodes and I. arrecta. There was a significant
difference during autumn 2004 between I. amorphoides and I. costata as well as I
viciodes. However, no significant differences were detected between 1. amorphoides, 1.
cryptantha and I. arrecta as well as between I. cryptantha, 1. costata, I. viciodes and L

arrecta.
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There were no significant differences found during the spring of 2004 in terms of the
total dry matter yield between all the species. There was, however, a significant
difference between the autumn and spring of 2004 for I. amorphoides. Van Soest (1982)
reported that as the forage matures there is an increase in dry matter yield leading to a

decline in digestible dry matter.

3.2 Leaf to stem ratio

The results of the leaf to stem ratio of all the species are presented in Table 3.4

Table 3.4 Leaf:stem ratio of leaves and stems of five Indigofera species

2004 2004

Species Autumn Spring
I. amorphoides 47:53%, 59:41%,
I. cryptantha 41:59%, 59:412,
|. costata 41:59%, 57:43%,
I. viciodes 43:573, 57:43%,
I. arrecta 52:48%, 52:48%,

“*¢Column means with common superscripts do not differ significantly (P>0.05)
?Row means with common subscript do not differ significantly (P> 0.05)

There were no significant differences found within the seasons for all the plant species.
However, there was a significant difference between the seasons for all species except for
L. arrecta, which showed no significant difference. There were lower leaf:stem ratios
during the autumn of 2004, which resulted in a decrease in CP content, IVDOM and an
increase in NDF concentrations (see Tables 3.7; 3.12 and 3.10). Therefore, a leaf to stem
ratio is a good indicator of forage quality. Crowder and Chheda (1982) reported that the
decline in forage quality with maturity is primarily due to the increasing lignification of
the stem and an increasing proportion of the stem compared to leaf. Legume quality is
affected by leaf:stem ratio. Shehu ef al.(2001) reported that the leaf: stem ratio in
legumes is valuable because the leaves are metabolic organs and the quality of stems are

largely affected by their structural function. It is important to note that both maturation
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and ambient temperature will affect various parts of the same plant differently (Buxton et

al., 1995).

3.3 Chemical composition
Samples from the five species (Indigofera arrecta, 1. cryptantha, 1. costata, I. viciodes,
and 1. amorphoides) were collected in autumn and spring. The results of the chemical

composition are presented below.

3.3.1 Ash concentration

Table 3.5 The ash concentration (%) of leaves and edible components (leaves & fine

stems) of five Indigofera species

Species Leaves Edible (leaves & fine stems)
2003 2004 2004 2004
Autumn Autumn Autumn Spring
. amorphoides 13.4%,(+ 0.27) 5.8% ,(+ 0.26) 5.1% (£0.38)  6.6%, (+0.06)
I. cryptantha 9.1°(+ 0.38) 5.5%(+ 0.24) 4.5% (£0.18)  8.2% (£ 1.11)
| costata 13.4%(+ 3.81) 5.0%(+ 0.19) 4.1%(+ 0.10) 6.8, (+ 0.35)
I. viciodes 9.6%( 0.11) 7.0%(£ 0.13) 4.5%(+ 1.45) 6.2° (£ 0.66)
I. arrecta 12.2%,(+ 1.23) 5.9%(+ 1.19) 4.5%(+ 0.65) 7.5%, (£ 0.31)

“b¢Column means with common superscripts do not differ significantly (P>0.05)

?Row means with common subscript do not differ significantly (P> 0.05)
“Standard deviation (SD)

3.3.1.1 Leaves

There were significant differences in the ash concentration of leaves during the autumn of
2003 between I. amorphoides and I. cryptantha as well as I. viciodes, and between I.
costata and L. cryptantha as well as I. viciodes. However, there were no significant

differences found between I. arrecta and all the other species as well as between I
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amorphoides and I. costata. In the autumn of 2004, no significant differences were found
between the different species. There were significant differences between years in all
species. There was a dramatic decrease in ash concentration during the autumn of 2004
in all the species. Thomas and Thomas (1985) as well as McDonald e al. (2002) reported
that as the plant grows, the ash concentrations decrease (see Table 3.6). This is probably
the reason for a lower ash concentration in 2004 as compared to 2003. The ash
concentrations reported in this study during 2003 are in close agreement with those
reported by Haafat and Hassani (1966) for lucerne (12.6%) and Van Rensburg (1968) and
Everist (1969) of 9.86% for L. leucocephala and 11.78% for I. arrecta. Ahn et al. (1989)
and Goodchild (1990) reported ash concentrations of 4.8% for Acacia aneura and 5.7%
for L. leucocephala (which are also representative of fodder trees in the tropics and

subtropics) compares well with the results obtained during 2004 in this study.

Table.3.6 Variations in ash concentration with forage age (years) in lucerne (Thomas

and Thomas 1985; McDonald et al., 2002)

Legume Forage age Ash %

Medicago sativa 1 12.6
2 11.6
3 10.8

3.3.1.2 [Edible components (leaves and fine stems)

The ash concentration in the edible components of all the species in the autumn of 2004
showed no significant differences. There was, however, a significant difference in the
spring of 2004 between I. cryptantha and I. viciodes. However, there were no significant
differences found between 1. amorphoides and all other species as well as between I.
cryptantha, 1. costata and I. arrecta. There were significant differences between the two
seasons in the edible component of all species. The lower ash concentration in autumn

compared to spring is probably due to a decrease in leaf/stem ratio (Table 3.4). Shehu et
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al. (2001) reported that the quality of legume forage is negatively affected by an increase

in the proportion of stems.

3.3.2 Crude protein concentration
Table 3.7 The crude protein concentration (%) of leaves and edible components (leaves

and fine stems) of five Indigofera species

Species Leaves Edible (leaves & fine stems)
2003 2004 2004 2004
Autumn Autumn Autumn Spring
I. amorphoides 26.6™(+3.03)  22.3%(+2.37) 13.7%(+ 2.37) 22.8% (+0.96)
I. cryptantha 29.7°(+0.67)  24.4%(+1.19) 8.10%(+ 1.19) 28.7% (£ 0.84)
| costata 22.6%(+ 0.31 31.1%(+ 3.51) 12.7%,(+ 3.51) 26.2%, (+7.76)
I. viciodes 255%,(+3.71)  29.1%,(+ 4.26) 12.9%(+ 4.26) 23.6% (+ 5.68)
I. arrecta 25.3%,(+3.78)  24.6° (+8.91) 18.2%(+ 8.91) 26.1%,(+ 3.25)

“>“Column means with common superscripts do not differ significantly (P>0.05)

"?Row means with common subscript do not differ significantly (P> 0.05
“Standard deviation (SD)

3.3.2.1 Leaves

There were significant differences found in the CP of leaves during the autumn of 2003
between 1. cryptantha with the highest CP and I costata. However, no significant
differences were detected between 1. amorphoides and all other species. During autumn
of 2004, there were significant differences between I. costata and I. amorphoides;
however, there were no significant differences between I. amorphoides, 1. cryptantha, I.
viciodes and I. arrecta. There were, however, significant differences between the two
years for all the species, except 1. arrecta. The CP concentrations of all species in this

study obtained during 2003 compares well with the CP concentrations reported by
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Robertson (1988) and Ahn et al. (1989) of 26.7% for L. leucocephala and 22.5% for

Acacia angustissima.

Jones (1969), reported that lucerne plants may have 18% CP, but if the leaves and the
stems were separated and analyzed, the leaves will have 26% CP, while the stems might
have 11% CP. Van Soest (1982) stated that as plants mature, crude protein decreases,
fibre increases and digestibility declines (see Table 3.8). This is in close agreement with
the CP concentration obtained during 2003 in this study. As forages mature, there is a
point at which the accumulation of digestible DM declines despite increasing forage DM

yields.

Table 3.8 Effect of stage of maturity on the nutrient content of lucerne (Van Soest, 1982)

Stage of Crude protein Neutral detergent
maturity (%DM) fibre (% DM)
Vegetative 22 41

Bud 20 44

Early bloom 17 48

Mid bloom 16 50

Full bloom 15 52

Mature 13 55

The CP results in this study are similar to those reported by Karachi (1997) for Lablab
purpureus (25%). Due to the high CP concentrations, farmers may use homegrown
forages, such as Indigofera, lucerne and L. leuecocephala, to provide supplemental
protein to grazing livestock (Phillips et al., 2002). The CP concentration of all the plant
species recorded in both years will fulfill the CP requirements of cows and ewes for

different functions (Table 3.9).
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Table 3.9 The crude protein requirements of different classes of ruminants (NRC, 2001)

Classes of ruminants CP (%)
Beef cows (maintenance) 9.2
Beef cows (early lactation) 9.6
Mature ewes (maintenance) 9.5
Mature ewes (lactating) 13.3

3.3.2.2 Edible components (leaves and fine stems)

There were no significant differences in the CP of edible components identified between
the species during autumn and spring (Table 3.7). However, there was a significant
difference between the two seasons for all species, except I. arrecta, which showed no
significant differences. The CP concentration of all the plant species in both seasons fell
within the general range of protein concentration of 12-30% in browse plants species
(Gupta and Pradhan, 1975; McDonald and Ternouth, 1975; Bamualim, 1981; Minson,
1990; Rittner and Reed, 1992).

The decline in CP concentration during autumn is probably due to a decrease in leaf:
stem ratio (Table 3.4). Shehu et al. (2001) reported that legume quality is affected by
leaf:stem ratio. Evans (2002) reported a range 12.7 to 14.1% CP for the whole plant,
which compares well with the CP concentration obtained during autumn in this study.
Khamseekhiew et al. (2001) stated that the CP concentration of edible material (leaves &
small stems) of L. leucocephala ranged from 14-30% CP, which is in close agreement

with the CP concentration in this study during spring.

33



University of Pretoria etd — Tjelele T J 2006

3.3.3 Neutral detergent fibre concentration

The results of NDF concentration determinations are presented in Table 3.10.

Table 3.10 The neutral detergent fibre (%) of leaves and edible components (leaves &

fine stems) of five Indigofera species

Species Leaves Edible (leaves & fine stems)
2003 2004 2004 2004
Autumn Autumn Autumn Spring
I. amorphoides 18.9%(+2.05)°  40.2°(+ 0.10) 62.5%(+3.52)  33.0%(+ 1.56)
I. cryptantha 22.2%,(£0.40)  45.7%°(+ 0.40) 65.4%(£3.12)  35.1%(+ 1.90)
| costata 22.5%(+5.05)  50.4%(+0.72) 62.2%(£4.03)  34.7%(+ 6.60)
l. viciodes 25.5%(+ 6.30) 42.2b1(i 0.16) 60.7%(+ 7.45) 36.5%(+ 3.83)
I. arrecta 24.2%(+1.97)  46.5%,(+ 0.60) 59.5%(+6.32)  32.8%(+ 4.60)
a,b,c

Column means with common superscripts do not differ significantly (P>0.05)
"?Row means with common subscript do not differ significantly (P> 0.05)
“Standard deviation (SD)

3.3.3.1 Leaves

There were no significant differences in the NDF of leaves detected in the autumn of
2003 between all the plant species. However, in the autumn of 2004 there were
significant differences found between I. costata and 1. amorphoides as well as 1. viciodes.
No significant differences were detected between I. amorphoides, 1. cryptantha, I.
viciodes and I. arrecta as well as between I. cryptantha, 1. costata and I. arrecta. There
were significant differences between the two years for all the species. An increase in the
NDF concentrations in 2004 was probably due to the ageing of the plants. Van Soest
(1982) reported that the quality of foliage decreases with advancing maturity (Table
3.11). The decreased IVDOM in the autumn of 2004 (Table 3.12), as plants matured, is
similar to that reporting an increase in NDF concentration being associated with a

decrease in digestibility (Van Soest, 1982).
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Tree foliage with low NDF concentrations (20-35%) is usually of high digestibility and
species with high lignin are often of low digestibility (Bamualim et al., 1980; NRC,
2001). Goodchild (1990) reported an NDF concentration of 30% for L. leucocephala,
which is slightly higher than the NDF concentrations obtained during 2003 and lower
than those in 2004. Fodder trees and shrubs have relatively high concentrations of crude
protein, minerals and NDF (Wilson, 1977; Ibrahim, 1981). This is particularly in
agreement with the results obtained in this study and emphasizes their value as dry season

feeds for grazing livestock.

3.3.3.2 Edible components (leaves and fine stems)

The NDF concentrations of the edible components of all species investigated within the
two seasons showed no significant differences. However, there were significant
differences between the two seasons. The high NDF concentrations (59.50-65.43%) in
autumn are probably due to a decrease in the leaf:stem ratio (Table 3.4). The stems have
higher NDF concentrations than leaves, which is due to the higher concentrations of fibre

and lignin (Karachi, 1997).

The quality of stems is largely determined by their structural function, which results in
an increase in NDF concentrations (Shehu et al., 2001). The average NDF of the whole
plant for L. leucocephala is 34.5%, which is comparable to the NDF concentrations
obtained during spring in this study (Murphy and Colucci, 1999). The NDF
concentrations obtained during autumn in this study are in close agreement with 60.30%
of Albizia chinensis reported by Robertson (1988). It is very important to note that total
NDF concentration of forage is a dominant factor in determining forage quality. Forages
that contain 40% NDF or less are generally of higher digestibility than forages that
contains 60% NDF (Hoffman et al., 2001). The results found during spring in this study
agree fully with the results by NRC (2001), that a low NDF concentration (<35%) results
in higher digestibility.
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3.4 Digestibility
34.1 IVDOM

The results of IVDOM analyses are presented in Table 3.12

Table 3.12 The In vitro digestibility of organic matter (%) of leaves and edible

components (leaves & fine stems) of five Indigofera species

Leaves Edible (leaves & fine stems)
Species 2003 2004 2004 2004
Autumn Autumn Autumn Spring

I. amorphoides

I. cryptantha

71.7%(+ 4.00)

70.7% (+ 2.88)

59.8°°,(+ 1.85)

56.8%%(+ 2.31)

56.82, (+ 3.94)

50.7%, (+ 2.46)

63.2%( 2.64)

72.2% (+2.60)

I. costata 65.5% (+ 1.21) 55.8%(+ 1.38) 52.1%, (+7.92)  67.7% (+3.60)
I. viciodes 65.5% (+ 3.96) 66.6%(+ 1.85) 525% (£3.78)  67.1% (£7.22)
I. arrecta 70.2%(+ 3.05) 63.1%%(+ 1.21) 535% (£3.71)  65.5% (+8.23)
a,b,c

Column means with common superscripts do not differ significantly (P>0.05)
"?Row means with common subscript do not differ significantly (P> 0.05
“Standard deviation (SD)

3.4.1.1 Leaves

The in vitro digestibility of the organic matter of all species in the autumn of 2003
showed no significant differences. There were, however, significant differences in the
autumn of 2004 between I. costata and I. viciodes as well as I. costata and 1. arrecta.
There were significant differences between the two years for all the species, except I
viciodes. As the plants mature, there is an increase in the proportion of fibre in the
herbage, which has a strong influence on digestibility (McDonald et al., 2002). As plants
mature, [IVDOM declines. Similar results were obtained by Forwood et al. (1988) and
Relling et al. (2001).
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The IVDOM of all the species, obtained in both years, falls within the general range of
tropical browse plants of 36-69% (Milford and Minson, 1968). The results of [IVDOM of
leaves obtained in this study in the autumn of 2004 for I. amorphoides, 1. cryptantha and
L. costata are in close agreement with IVDOM reported by Lukhele and Van Ryssen
(2002) of 55.9% for Compretum molle. Karachi (1997) reported that the IVDOM of the
leaves of L. purpureus was 64.4%, which is in close agreement with the [IVDOM reported
in the autumn of 2003 in this study. Bulo et al. (1985) found that the IVDOM of leaves of

shrubs and tree legumes varied from 36 to 63.4%.

3.4.1.2 Edible components (leaves and fine stems)

There were no significant differences found between all species for both seasons.
However, there were significant differences between the two seasons for all species, with
a higher IVDOM in spring compared to autumn, except for 1. amorphoides, which
showed no significant difference (56.80% and 63.15%). An increase in the [IVDOM in
spring was a result of a higher leaf:stem ratio (Table 3.4). The results obtained during
autumn in this study compared well with the IVDOM reported by Lukhele and Van
Ryssen (2002) of 52.6 to 54.3% for Colophospermum mopane. The decline in IVDOM in
the autumn of 2004 is probably due to a decrease in leaf:stem ratio as a result of

advancing maturity (Table 3.4).

3.5 Minerals

Livestock producers generally provide mineral supplements to meet the dietary
requirements of their animals. As a matter of fact, it is known that deficiencies in certain
minerals can cause health problems e.g. low Ca intake may, or will, cause thin and brittle
bones. Therefore, it is important to understand the knowledge of mineral requirements of
forage plants and grazing animals. A good nutrition programme not only meets the
animal's needs, but also does so at minimal cost. This emphasis on cost is essential since
cost/return analysis of livestock feed costs represent approximately 50-70% of the total
cost, and feed costs are one of the few areas in which producers can make significant

changes (Meissner et al., 1995).
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3.5.1 Macro elements

3.5.1.1 Calcium concentration

The results of calcium concentration of all the species are presented in Table 3.13.

Table 3.13 The calcium concentrations (%) in leaves and edible components (leaves and

fine stems) of five Indigofera species

Species Leaves Edible (leaves and fine stems)
2003 2004 2004 2004
Autumn Autumn Autumn Spring
I. amorphoides 3.87%,(+ 0.45) 1.79%(+ 0.02) 1.03%(+ 0.13) 2.12%(+0.13)
I. cryptantha 2.66°(+0.07) 1.34%(+0.05) 1.20 %5(+0.25) 1.822, (+0.13)
I. costata 4.52%,(+1.52) 0.22%,(+0.03) 0.99 %,(+0.06) 1.73%,(£ 0.13)
I. viciodes 3.22%,(+0.12) 1.44%(+0.04) 1.382%(+0.68) 1.61%(+0.13)
I. arrecta 3.793b1(i0.63) 0.97%,(+0.03) 1.20 %5(+0.32) 1.96 % (£ 0.13)

“*¢Column means with common superscripts do not differ significantly (P>0.05)
"?Row means with common subscript do not differ significantly (P> 0.05)
“Standard deviation (SD)

3.5.1.1.1 Leaves

There was a significant difference in the Ca concentration in autumn of 2003 between 1.
cryptantha and I. costata, although no significant difference was detected among 1.
amorphoides, 1. cryptantha, I. viciodes and I. arrecta. In the autumn of 2004, no
significant differences were found between the different species. However, there were
significant differences between the two years for all the species. The decrease in Ca
concentrations during 2004 was probably due to an age effect, as reported by Ibrahim

(1981) that Ca concentrations decrease with advancing maturity.
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The Ca concentrations reported in this study in the autumn of 2004, are in close
agreement with those reported by Dougall and Bogdan (1966), Van Rensburg (1968) and
Everist (1969) of 1.88% for 1. hirsuta, 2.52% for I. arrecta and 1.09% for Acacia cana.
The concentrations of Ca of all the species included in this study will meet the Ca
required by beef cows during lactation (0.18-0.27%), as recommended by NRC (1996).
An inadequate intake of Ca may cause weakened bones, slow growth and low milk
production. In a number of tropical countries (e.g. South Africa, Argentina, Brazil and
Senegal) death from botulism as a result of bone chewing has been reported (McDowell,
1992). The Ca concentrations of the Indigofera species used in this study will satisfy the

Ca requirements of ruminants (Table 3.14).

The nutrient requirements for various ruminant species are presented in Table 3.14.

Table 3.14 Nutrient requirements based on NRC and ARC for various ruminant species

(McDowell, 1992 & 1997)

Requirements of Critical level based on
Elements ruminants (%) ruminant needs (%)
Ca 0.18-0.82 0.3
Mg 0.1-0.2 0.2
P 0.18-0.48 0.25

3.3.1.1.2 Edible components (leaves and fine stems)

The Ca concentrations of the plant species investigated, within seasons, showed no
significant differences. However, there was a significant difference between two seasons
for all species, except I. viciodes. The higher Ca concentrations in spring were probably
due to a higher leaf:stem ratio (Table 3.4). McMeniman and Little (1974) reported that

forage tree leaves generally have higher Ca and P concentrations than stems.
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3.5.1.2 Phosphorus concentration

The results of phosphorus analyses are presented in Table 3.15.

Table 3.15 The phosphorus concentrations (%) in leaves and edible components (leaves

and fine stems) of five Indigofera species

Species Leaves Edible (leaves and fine stems)
2003 2004 2004 2004
Autumn Autumn Autumn Spring
I. amorphoides 0.26®,(+0.08)  0.26%;(+ 0.01) 0.11%(+ 0.03) 0.24%(+ 0.03)
I. cryptantha 0.33%(+ 0.01) 0.19°%(+ 0.01) 0.10 % (% 0.04) 0.29%(£ 0.05)
I. costata 0.23°(+ 0.05) 0.25%,(+ 0.01) 0.10%(+ 0.01) 0.27 *,(+ 0.09)
I. viciodes 0.30%;(+£0.02)  0.28%(+0.01) 0.13%(+ 0.01) 0.212,(£0.02)
I. arrecta 0.28%,(+ 0.02) 0.19°%(+ 0.01) 0.15%(+ 0.07) 0.23%(+ 0.02)

**¢Column means with common superscripts do not differ significantly (P>0.05)

"?Row means with common subscript do not differ significantly (P> 0.05)
Standard deviation (SD)

3.5.1.2.1 Leaves

There was a significant difference in autumn of 2003 of P concentration in leaves
between 1. cryptantha and I. costata however, no significant differences were obtained
between I. amorphoides and all other species. In the autumn of 2004, there was a slight
decrease in P concentrations with significant differences between I viciodes and I
cryptantha as well as I. arrecta. There were significant differences between the two

years, except for I. amorphoides, 1. costata and 1. viciodes.

The decrease in the autumn of 2004 was most probably due to maturity. Kabaija and
Smith (1989) reported that P concentrations decline with maturity (Table 3.16). The P
concentrations of all the plant species in this study during both years compared well with

P concentrations reported by Van Rensburg (1968) of 0.29% for I arrecta. The
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concentrations of mineral elements in the plants are dependant upon several factors e.g.

stage of maturity and plant species (McDowell, 1992).

The variation in mineral composition with forage age in Leucaena leucocephala is

presented in Table 3.16.

Table 3.16 Variation in mineral composition of forage with age (days) in Leucaena

leucocephala (Kabaija and Smith, 1989)

Forage age (days) P (%) Mg (%)
21 0.12 0.42
42 0.13 0.25
63 0.10 0.25
84 0.10 0.24

3.5.1.2.2 Edible components (leaves and fine stems)

There were no significant differences in the P concentrations of edible components
among all species for both seasons. However, there was a significant difference between
the two seasons for all species, with an increase in P concentrations during spring, due
mainly to a higher leaf:stem ratio (Table 3.4). The results obtained in the autumn of 2004
are in close agreement with the findings reported by Kabaija and Smith (1989) of 0.10%-
0.13% for L. leucocephala while the P concentrations obtained in spring would fulfill the

P requirements of ruminants (Table 3.14).
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3.5.1.3 Magnesium concentrations

The results of magnesium concentrations are presented in Table 3.17.

Table 3.17 The magnesium concentrations (%) in leaves and edible components (leaves

and fine stems) of five Indigofera species

Species Leaves Edible (leaves and fine stems)
2003 2004 2004 2004
Autumn Autumn Autumn Spring
I. amorphoides ~ 1.07% (£ 0.14)"  0.44°(+ 0.01) 0.50 %(+ 0.08) 0.45%(+0.02)
I. cryptantha 0.39°(+0.08)  0.32%(+ 0.02) 0.21°,(+ 0.08) 0.61%(£ 0.06)
I. costata 0.46%(+0.05)  0.41°(+0.02) 0.19°,(+ 0.04) 0.48%(+ 0.23)
I. viciodes 0.52%,(+ 0.03)  0.65%(+ 0.04) 0.29 %,(+ 0.04) 0.47 *,( 0.08)
I. arrecta 0.65° (£ 0.01)  0.21%(+ 0.02) 0.24°,(+ 0.03) 0.47%(+0.07)

+¢Column means with common superscripts do not differ significantly (P>0.05)

?Row means with common subscript do not differ significantly (P> 0.05)
“Standard deviation (SD)

3.5.1.3.1 Leaves

There were significant differences in the Mg concentration of leaves during the autumn
of 2003 between 1. amorphoides and all other species as well as between 1. arrecta and I.
cryptantha and I. costata. No significant differences were, however, detected between 1.
cryptantha, 1. costata and 1. viciodes as well as between 1. viciodes and 1. arrecta. In the
autumn of 2004, there were significant differences between 1. viciodes and all other
species as well as between 1. arrecta and I. amorphoides and I. costata. However, no
significant differences were found between 1. amorphoides, I. cryptantha and I. costata as
well as between I. cryptantha and I. arrecta. There were also significant differences
between two years for all species, except for I. cryptantha and I. costata. There was a
decrease in Mg concentration in 2004 in 1. amorphoides, 1. viciodes and I. arrecta, most

probably due to advancing maturity. Kabaija and Smith (1989) reported that Mg
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concentrations decreased with ageing (Table 3.16). The results reported by Kabaija and
Smith (1989), of 0.24%- 0.42% for L. leucocephala, compare well with the Mg
concentrations reported in this study. The Mg concentration of all the species found in

this study will fulfill the Mg requirements of ruminants (Table 3.14).

3.5.1.3.2 Edible components (leaves and fine stems)

There were significant differences in the autumn of 2004 between I. amorphoides and 1.
cryptantha, 1. costata, as well as I. arrecta however, no significant differences were
found between I. cryptantha, 1. costata, I. viciodes as well as I. arrecta and between 1.
amorphoides and 1. viciodes. During the spring of 2004, no significant differences were
found between all the species. There were significant differences between the two
seasons for all the species, except for I. amorphoides. There was a marked increase for all
species except for I. amorphoides in Mg concentration in the spring of 2004 due to an
increase in leaf:stem ratio (Table 3.4). Marten et al. (1988) reported that leaves may have
two to three times the Mg concentration of stems. The Mg concentrations of all the
species in this study will satisfy the Mg required by beef cows during lactation of 0.17-
0.20% (NRC, 1996).

3.5.2 Micro elements

McDowell (1997) stated that undernutrition is one of the most important limitations to
grazing livestock production. Many classes of livestock are mostly dependent for all their
nutrients on the quality of forage available to them, either in the form of grazing, or as

conserved hay or silage.
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3.5.2.1 Copper concentration

The results of copper analyses are presented in Table 3.18.

Table 3.18 The copper concentrations (mg/kg) in leaves and edible components (leaves

and fine stems) of five Indigofera species

Species Leaves Edible (leaves and fine stems)
2003 2004 2004 2004
Autumn Autumn Autumn Spring
I. amorphoides 11.8%(+ 1.76) 8.8% (+ 1.36) 9.1%,(+ 1.15) 10.4%,(+ 1.59)
I. cryptantha 10.9% (£ 0.99) 10.8%(+ 0.56) 9.1%(£ 1.44) 10.1%(x£ 1.11)
I. costata 13.3%(+2.77) 9.5%(+ 0.80) 10.2%(+ 1.53) 11.1%,(+ 2.27)
I. viciodes 15.3%(+ 3.40) 10.2%(+ 0.64) 9.2%(+ 5.83) 11.8%(+ 1.93)
l. arrecta 13.7%(+ 3.82) 9.0%,(% 0.62) 11.0%(+ 1.88) 9.6%(+1.15)
ab,c

Column means with common superscripts do not differ significantly (P>0.05)

i’zRow means with common subscript do not differ significantly (P>0.05)
Standard deviation (SD)

3.5.2.1.1 Leaves

There was no significant difference in the Cu concentration of leaves between all the
species for both years. However, there were significant differences between the two years
for I. costata, I. viciodes and I. arrecta. The Cu concentrations of all the species found in
this study were above the general requirements of 6.00mg/kg for grazing animals
(MacPherson, 2000) (Table 3.19). McDonald and Wilson (1980) stated that maturity
leads to a decrease in Cu content of forage because of a decline in the proportion of leaf
present and a drop of the Cu content of the stem. The recommended Cu concentration for

beef cattle is 10mg/kg and it is also important for normal red blood cell formation (NRC,

1996).
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The threshold concentration of micro-elements in forage for ruminants is presented in
Table 3.19.

Table 3.19 Threshold concentration of micro-elements in forage for ruminants

(MacPherson, 2000)

Minerals Cattle Sheep
Cu (mg/kg)

Desirable >10.0 >5.0
Marginal >10.0 >5.0
Deficient <10.0 <5.0
Zn (mg/kg)

Desirable 50 50
Marginal 20-40 30-50
Deficient <20.0 <30.0
Mn (mg/kg)

Desirable 25 25

3.5.2.1.2 Edible components (leaves and fine stems)
The Cu concentrations of all the plant species, within and between the two seasons,
showed no significant differences. The results obtained in this study during spring will

satisfy the Cu requirements of sheep (Table 3.19).
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3.5.2.2 Zinc concentrations

The results of Zinc analyses are presented in Table 3.20.

Table 3.20 The zinc concentrations (mg/kg) in leaves and edible components (leaves

and fine stems) of five Indigofera species

Species Leaves Edible (leaves and fine stems)
2003 2004 2004 2004
Autumn Autumn Autumn Spring

I. amorphoides 48.4%(+15.54)°  30.3 %,(+0.85)

31.12%,(+2.21)

51.82,(+13.75)

27.12,(19.88)

49.2%,(+13.33)

41.8%,(+21.02)

51.82,(+ 4.06)

53.1°(+ 4.88)

51.4%,(+ 9.05)

42.2°,(+ 9.20)

47.4%(+ 4.48)

I. cryptantha 50.2%(+15.99) 50.9 #(+6.93)
I. costata 35.0%(+8.32) 27.1 %(+0.30)
I. viciodes 47.4%(18.74) 39.4 #(+0.06)
I. arrecta 45.4%,(+4.87) 48.6 %,(+16.33)
abe

“Standard deviation (SD)

3.5.2.2.1 Leaves

Column means with common superscripts do not differ significantly (P>0.05)
"“Row means with common subscript do not differ significantly (P>0.05)

There were no significant differences in the Zn concentration of leaves between all the

species for each year. There were, however, significant differences between two years for

I. amorphoides. The Zn concentrations in all the species meet the requirement of

ruminants and it is important for normal development and functioning of the immune

system (MacPherson, 2000). The recommended Zn requirement in beef cattle is 30mg/kg,

which is present in sufficient concentrations in all species for both years, except I. costata

during 2004.
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3.5.2.2.2 Edible components (leaves and fine stems)

In the autumn/spring of 2004, there were no significant differences among all species.

However, the Zn concentration showed a significant difference between the two seasons

for I. amorphoides and I. costata. The Zn concentration of all species, in both seasons,

will fulfill the requirements of ruminants (Table 3.19).

3.5.2.3 Manganese concentrations

The results of manganese analyses are presented in Table 3.21.

Table 3.21 The manganese concentrations (mg/kg) in leaves and edible components
(leaves and stems) of five Indigofera species
Species Leaves Edible (leaves and fine stems)
2003 2004 2004 2004

Autumn Autumn Autumn Spring
I. amorphoides 148.0°,(+9.90)° 281.3 (¢ 13.46) 143.8%,(+29.53)  125.8°,(£10.7)
I. cryptantha 137.4%(+11.52) 279.8 %,(+ 2.51) 139.3%,(£33.91)  169.6°(43.2)
I. costata 153.1%(+28.54) 210.6 °(+ 3.76) 164.9%(+23.24)  214.8%,(+107.2)
I. viciodes 142.5%(+1.20) 213.2%(+3.78) 117.1%(+ 5.83) 218.9%,(+66.5)
I. arrecta 186.0%(+13.97) 227.3%(+9.11) 165.4%,(+24.58)  345.7%(+144.0)
a,b,c

Column means with common superscripts do not differ significantly (P>0.05)

"“Row means with common subscript do not differ significantly (P>0.05)
“Standard deviation (SD)
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3.5.2.3.1 Leaves

During the autumn of 2003, there were significant differences between 1. arrecta and all
other species in terms of Mn concentration in the leaves. In the autumn of 2004, I
amorphoides and I. cryptantha contained significantly more Mn concentrations than 1.
costata, 1. viciodes and I. arrecta. However, there were no significant differences
between 1. amorphoides and I. cryptantha as well as between I. costata, 1. viciodes and I.
arrecta. Significant differences were found between the two years for all the species. The
Mn concentration of leaves for these two years differs from the results reported by
Beeson and MacDonald (1951) who stated that Mn concentrations were found not to
change consistently with advancing maturity. The Mn concentration in forages is usually
present in excess of the requirements of ruminants (Minson, 1990). This is in agreement
with our results, with the highest Mn concentrations of 281 mg/kg. Mn is important in
cattle reproduction because it is required for normal oestrus and ovulation in cows and for
normal libido and spermatogenesis in bulls. The Mn concentrations of all the plant

species in both years will fulfill the Mn requirements of ruminants (Table 3.19).

3.5.2.3.2 Edible components (leaves and fine stems)

The Mn concentration of all species in the autumn of 2004 did not differ significantly.
There were significant differences found in spring of 2004 between I. arrecta and I.
amorphoides as well as 1. cryptantha, however, no significant differences were detected
between I. amorphoides, 1. cryptantha, I. costata and I. viciodes as well as between I.
costata, I. viciodes and I. arrecta. There was a significant difference between the two
seasons for I. arrecta. The findings in this study agree with those reported by Minson
(1990), that Mn concentration in forages is usually present in excess. MacPherson (2000)
stated that the absorption of manganese by livestock appears to be poor and it is
adversely affected by high concentrations of Ca and P. Wedekind and Baker (1990)
reported, however, that an excess of P appears to be a greater inhibitor of dietery Mn than
the Ca concentration. The Mn concentrations of edible components for all the species in

this study will meet the requirements of ruminants (Table 3.19).
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3.6 Voluntary feed intake and digestibility

The prediction of intake is important because feed costs may account for 70%, or more,
of the total costs (Meissner et al., 1995). Intake is more closely related to the rate of
digestion of diets than the digestibility, although the two are generally related to one
another. Feeds that are digested rapidly and are also of high digestibility, promote high
intake. The feed intake of animals determines the amount of nutrients available for
production above that required for maintenance (McDonald et al. 2002). Illius (1998) has
suggested that intake is probably the most important variable determining animal
performance and voluntary intake is generally correlated with the amount of nutrients that
can be extracted from a feed i.e. digestibility. Intake of feed is related to feed quality,
species of the animal, its status, energy demand and even its sex. A growing animal
consumes relatively more feed than a mature one, and pregnant or lactating female

consumes even more (Fox et al., 1990; Robbins, 1993).

Van Soest (1982) reported that there is a greater variation in intake amongst animals than
variation in digestibility and intake is, therefore, a more important factor affecting
production, than digestibility. The quantity of dry matter voluntarily eaten by an animal is
the most important factor controlling the productive value of a feed. Therefore, if animals
consume only a small quantity of a tropical legume, the production of meat, or milk, will
be low, no matter how high the protein or mineral content of each unit of feed (Milford

and Minson, 1968).

The physical regulation of intake in ruminants is thought to be the major factor
influencing the intake of forages, by the mechanism of retention time in the rumen.
Forages with a long retention time in the rumen have a lower intake than those with a
shorter retention time (Thorton and Minson, 1973). This physical regulation of intake is
often expressed as a relationship between intake and digestibility, but Laredo and Minson

(1973) showed that forages of the same digestibility could have different intakes.

For forages, digestibility is determined by features of the plant, but potential digestibility

and hence potential intake may not be achieved due to the interactions between feeds and
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the animal itself (Gill and Romney, 1994). A major factor, which could enhance intake of
forages, is a lower cell wall content. This is a major reason for the advantages of legumes

over grasses and immature forages over those of greater maturity (Buxton et al., 1995).

Large quantities of forages can have an effect on DMI, because of the amount of fibre
present and the digestibility of fibre. There are differences in the digestibility and rate of
digestion for different forages species. However, intake is considered to be more

important than digestibility in influencing DMI from forages (Mertens, 1992).

* Environmental effects on forage quality
The environmental conditions where the plant is grown have an effect on the quality of
forage, but the effects are not as great as those of increasing maturity. Temperature is one
of the factors, which has a great effect. A rise in temperature reduces the leaf: stem ratio,
which generally reduces forage digestion because of the lower digestibility of the stems
(Buxton et al., 1995). Buxton er al. (1995) stated that for each 1°C increase in
temperature the digestibility of forages would decrease by 3 to 7%. Therefore, forages

grown in cooler regions are of a higher quality than forages grown in warm climates.
3.7 Chemical composition of forages
The results of the chemical composition of the feeds (hand cut samples) used in the

intake trial are presented in Table. 3.22.

Table 3.22 Chemical composition of lucerne, Indigofera spp and L. leucocephala

Parameters Lucerne Indigofera spp L. leucocephala
CP (%) 20.4%+ 0.30)° 14.9°(+ 0.95) 21.4%+ 1.03)
NDF (%) 43.8°(+ 1.27) 64.6%(+ 2.04) 47.9 b(i 2.25)
IVDOM (%) 67.7 %+ 1.35) 53.3 b(i 2.16) 46.3°(+ 1.60)

“’Row means with common superscripts do not differ significantly (P>0.05)
“Standard deviation (SD)
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3.7.1 Crude protein concentrations

There was a significant difference in the CP concentration between lucerne and
Indigofera species as well as between L. leucocephala and Indigofera species. There was,
however, no significance difference between lucerne and L. leucocephala. Jones (1979)
reported that leucaena is well known for its high nutritional value and for the similarity of
its chemical composition with lucerne. This is evident from the CP concentrations in this

study (Table 3.22).

The CP concentrations of the three feeds used in this study are sufficient for optimal
livestock production. This is supported by Leng (1990) who stated that less than 8% CP
cannot sustain optimal livestock production and recommended N supplementation of
such forages to obtain an optimal level of animal production. Evans (2002) reported a
wide range between 12.7-14.1% for Lablab purpureus for the whole plant, which
compares well with the results obtained in this study for Indigofera species (14.92%).
The CP concentrations of L. leucocephala obtained in this study were in close agreement
with the value of 20.9% CP reported by Tudsri et al. (2002). Duke (1983) reported a CP
concentration of 20.4% of lucerne, which is similar to the results for lucerne (20.4%) in

this study.

3.7.2 Neutral detergent fibre concentrations

There are significant differences between lucerne, Indigofera species and L. leucocephala
of NDF. Meissner et al. (1989) reported an NDF concentration of 50.9% for sainfoin,
which is lower than the results for Indigofera species obtained in this study. The NDF
concentration of 42.4% for Lablab purpureus (Aganga and Autlwetse, 2000) is similar to
the results obtained with lucerne, but lower than L. leucocephala in this study. NRC
(2001) reported NDF values of lucerne, which ranged from 35-45%. This compares well
with the results for lucerne (43.8%) in this study. Meissner et al. (1991) stated that intake
is generally limited where NDF levels exceed 55 to 60% of dry matter, as was the case

with the Indigofera species.
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3.7.3 Invitro digestibility of organic matter

There are significant differences between lucerne, Indigofera species and L.
leucocephala. Wilman and Asiedu (1983) reported an in vitro digestibility of organic
matter of 67.2% for lucerne, which correspond with the results for lucerne obtained in
this study (Table 3.22). Kruger (1991) reported that IVDOM of Leucaena leucocephala
ranged from 46 to 63%. This correlates with the recordings of IVDOM for leucaena and
Indigofera species (Table 3.22).The IVDOM values for lucerne reported by Meissner et
al. (1989), which ranged from 59.2% to 68.7%, also correspond well with the results
(67.7%) in this study. The IVDOM figures of lucerne, Indigofera species and L.
leucocephala obtained in this study fall within the general range of tropical browse plants

of 36-69% reported by Milford and Minson (1968).

3.8 Intake and digestibility of lucerne, Indigofera spp and L. leucocephala

Organic matter intake (OMI), digestible organic matter (DOMI) and neutral detergent
fibre intake (NDFI) of lucerne, Indigofera species and L. leucocephala are presented in

Table 3.23.

Table 3.23 Intake by sheep of lucerne, Indigofera species and L. leucocephala

Parameters Lucerne Indigofera spp L. leucocephala
Initial Ave. Weight 61.0 70.5 56.5

(kg)

OMI (g/d) 1414.5%(+ 45.4) 1194.6°(+ 152.2) 1205.7 °(+ 70.5)
DOMI (g/kg W °7°) 44.9%+ 9.5) 26.6°(+ 2.6) 28.6°(+ 5.8)
NDFI (g/d) 679.4°(+ 37.3) 803.8%(+ 94.9) 626.9°(+ 30.6)

*’Row means with common superscripts do not differ significantly (P>0.05)
“Standard deviation (SD)
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3.8.1 Organic matter intake

There were significant differences between the OMI of lucerne and that of Indigofera
species and L. leucocephala. No significant differences were, however, found between
Indigofera spp and L. leucocephala. There is a general trend for voluntary intake in sheep
to increase with an increasing digestibility of dry matter (Milford and Minson, 1968).
This is most probably the reason for an increase in the organic matter intake for lucerne
as compared to Indigofera species and L. leucocephala. A number of authors have shown
that ruminants decrease their intake of feeds in response to ingestion of toxins (Provenza

et al., 1990; Thompson and Stuedemann, 1993).

The foliage of L. leucocephala contains the toxic amino acid mimosine, which may reach
levels of up to 12%. In the rumen this is converted to DHP (3 hydroxy-4-(1H)-pyridone),
which causes goitre, loss of appetite, hair loss and loss of weight (Lowry, 1987). This
was, therefore, the probable reason for a decrease in intake (OMI) of L. leucocephala.
The lower intake of leucaena was reported by Jones (1979) to be associated with the
effects of mimosine when pure diets of L. leucocephala were fed. Van Soest (1982)
reported that intake also declines with increasing ADF and NDF concentrations in the
forage and digestibility declines with increasing lignin content of the forage. This
statement agrees with the lower OMI of Indigofera species compared to lucerne and L.

leucocephala due to it having the highest NDF concentration (64.6%) in this study.

The higher neutral detergent fibre and lower crude protein concentrations in these
Indigofera species (Table 3.17), compared to that of lucerne and L. leucocephala, could
have affected the organic matter intake of Indigofera species (Table 3.23). This is
supported by Nocek and Russell (1988), who reported that excess neutral detergent fibre
often limits intake because of physical fill in the rumen. Roux and Meissner (1984) stated
that the feed intake of forages is controlled by physical constraints, primarily the rumen
fill and the rate of removal of digesta from the rumen, while Milford and Minson (1966)
reported that the minimum crude protein requirements of the microbial population in the

rumen are 7% for animal grazing tropical pastures.
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3.8.2 Digestible organic matter intake (DOMI)

The amount of feed consumed by animals during the intake trial in this study is expressed
as organic matter intake per day. However, in this case it is also expressed as digestible
organic matter intake (DOMI) per kg metabolic livemass of the animals DOMI g/kg
W*/day.

While there were significant differences in DOMI obtained between lucerne and the other
two forages, there were no significant differences between L. leucocephala and the
Indigofera species. Engels (1972) reported that the maintenance requirement for grazing
sheep is 33.5 g DOMI/kg W"7/d. We have to account that animals in this study were fed
in metabolic cages, which could have an influence on voluntary intake of animals.
Nsahlai et al. (1997) reported that the DOMI requirements for stall fed animals are 28.2 g
DOMI/kg W%75/d. The results obtained in this study, for L. leucocephala and lucerne,
indicate that these forages will be able to supply the maintenance requirements of sheep
(Table 3.23). Under this experimental circumstance Indigofera species did not fulfill the
maintenance requirements of sheep. The lower DOMI for Indigofera species in this study
is associated with higher NDF concentrations (Table 3.7). This was supported by Berg
and Hill (1989), who reported that intake, declines with an increase in NDF

concentration.

3.8.3 Neutral detergent fibre intake

There was a significant difference in NDF intake detected between lucerne and
Indigofera species as well as between Indigofera species and L. leucocephala. No
significant difference was, however, found between lucerne and L. leucocephala. Van
Soest (1987) reported that the use of NDF intake within forages is an indicator of forage
quality. Quality is closely linked to animal performance. However, great variation exists
amongst forage types, which must be considered. Ruiz et al. (1995) stated that a measure
of NDF digestibility would explain the differences in fibre quality. A measure of NDF
intake could explain the indigestible and slowly digestible portion of the diet that

occupies space in the digestive tract and thus lower intake.
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The organic matter digestibility (OMD) and neutral detergent fibre digestibility (NDFD)
are presented in Table 3.24.

Table 3.24 Digestibility of lucerne, Indigofera species and L. leucocephala utilized by

sheep
Parameters Lucerne Indigofera spp. L. leucocephala
OMD (%) 67.1%+ 3.4) 63.7 %(+ 2.3) 56.4°(+ 2.2)
NDFD (%) 44.4°(+ 6.8) 55.5%(+ 1.1) 41.0°(+ 3.4)

* Row means with common superscripts do not differ significantly (P>0.05)
“Standard deviation (SD)

3.8.4 Organic matter digestibility

There were significant differences in organic matter digestibility (OMD) between lucerne
and L. leucocephala as well as between Indigofera species and L. leucocephala. No
significant difference was, however, found between lucerne and Indigofera species.
McDonald et al. (2002) reported that feeds, that are digested rapidly and are of a high
digestibility, promote high intakes. This corresponds with the OMI and OMD for lucerne
in this study (Table 3.23 and Table 3.24). NRC (2001) reported a 60% OMD for lucerne

forage, which is lower than the OMD of lucerne in this study.

Joyce et al. (1973) reported an OMD of 62.5% for lucerne, which is slightly lower than
67.1% obtained in this study (Table 3.24). Skerman (1970) reported an OMD for L.
leucocephala of 65%, which is much higher than the OMD recorded in this study.
Leucaena is well known for its nutritional value and for the similarity of its chemical
composition to that of lucerne. Jones (1979) reported that the organic matter digestibility
for L. leucocephala ranged from 50 to 71%. The OMD of lucerne, Indigofera species and
L. leucocephala found in this study, falls within that range. McManus et al. (1985) stated

that tannins in the leaves and especially in the stems of L. leucocephala, reduce
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digestibility. This is most probably true for the OMD of L. leucocephala reported in this
study.

Tannins are secondary metabolites with a high capacity to form complexes with protein.
These complexes are stable at a normal rumen pH and remain undegraded in the rumen
resulting in a reduced protein availability and thus limiting animal production (McManus
et al., 1985). McDonald et al. (2002) reported that the lower the NDF concentration, the
higher the digestibility. The relatively lower NDF concentration obtained in this study for
lucerne (43.8%) and L. leucocephala (47.9%) resulted in a higher organic matter intake
than with the Indigofera species, which had a higher NDF concentration of 64.6% (Table
3.22).

3.8.5 Neutral detergent fibre digestibility

There were significant differences in neutral detergent fibre digestibility (NDFD)
between lucerne and Indigofera species as well as between Indigofera species and L.
leucocephala. There was, however, no significant difference between lucerne and L.
leucocephalala. The NDF digestibility values of lucerne, Indigofera species and L.
leucocephala, obtained in this study are lower than the NDF digestibility of 60% for
lucerne reported by Oba and Allen (1999). The primary factor that influences NDF

digestibility within a species is maturity, or the stage at which the forage was harvested.

When cell and stem diameter increases and heavily lignified xylem tissues develop, NDF
digestibility decreases (Hoffman et al., 2001). This is probably the reason for the low
NDF digestibility reported for L. leucocephala in this study. Hoffman et al. (2001)
reported that lactating dairy cows would increase their dry matter intake and produce
more milk when fed forages that have a higher NDF digestibility. The NDF digestibility
is an important factor affecting feed intake and production. Oba and Allen (1999)
reported that one unit increase of digestibility is associated with 0.17 kg increase in dry

matter intake.
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CHAPTER 4

4. GENERAL DISCUSSION

The objective of this study was to evaluate the dry matter production, intake and the
nutritive value of Indigofera species. This was done by analyzing the chemical
composition (ash, crude protein and neutral detergent fibre), in vitro digestibility of
organic matter and minerals (Ca, P, Mg, Cu, Zn and Mn). The dry matter yields of all five
plant species were measured as well as the leaf:stem ratio. The voluntary intake trial
which was conducted, compared Indigofera species with L. leucocephala and lucerne as a

control.

4.1 Dry matter production

There were higher leaf DM yields in autumn 2003 than in autumn 2004 and spring,
however, 1. amorphoides appeared to have higher leaf DM yields in both years (Table
3.1). As shown in Table 3.2 and Table 3.3, I. amorphoides and I. arrecta had the highest
DM yields in both years.

4.2 Leaf to stem ratio

There were significant differences in leaf to stem ratio between the seasons (autumn and
spring) during 2004 (Table 3.4). In the autumn, all the Indigofera species, except for L.
arrecta, had a lower leaf:stem ratio, with the proportion of stem increasing with ageing of
the plants. The highest leaf:stem ratio for 1. arrecta (52:48) was coupled with a crude
protein concentration of 18.24% followed by 13.71% obtained during autumn (2004) and
the lowest NDF concentration of 59.50% (see Table 3.4 and Table 3.10). Akin et al.
(1977) and Ballard et al. (1990) reported that advancing maturity is associated with a
declining nutritive value as a result of a decrease in leafiness and an increase in

proportion of stem material.
The lower CP concentration in the edible component during autumn of 2004, had a

positive correlation with a decrease in leaf:stem ratio (Table 3.4). However, in the spring

of 2004 there was an increase in the leaf:stem ratio of 59:41, 59:41, 57:43, 57:43 and
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52:48 for I. amorphoides, 1. cryptantha, I. costata, . viciodes and I. arrecta respectively
(Table 3.4). A higher proportion of leaf to stem ratio in the spring, as illustrated in Table
3.4, was correlated with a higher Zn concentration in 1. amorphoides and I. crypatantha.
Dougall and Bogdan (1958) reported that as the plant matures mineral contents (Cu, Zn

and Fe) decline.

4.3 Chemical composition

In the autumn of 2004, there was a marked lower ash concentration in all the species as a
result of advancing maturity of the plants. 1. viciodes had the highest ash concentration. A
high ash concentration was found in the edible component during the spring of 2004 of
all the species, when compared to autumn of the same year. This was because of a higher
leaf to stem ratio (Table 3.4). I. amorphoides and I. cryptantha had the highest ash
concentrations in autumn and spring of 2004 respectively. In the autumn of 2003 and

2004 (leaves), I. cryptantha and I. costata had the highest CP concentration (Table 3.7).

There was, however, a dramatic increase in CP concentrations in the spring of 2004 in all
the species, with the highest being in I. cryptantha (28.74%). Most importantly, all the
species in this study have more than 8% CP, which was regarded by Leng (1997) as the
optimum level for maintenance requirements for mature ewes. The CP concentrations in
all the species in this study were relatively high. It is known that CP concentration is
positively related with quality (high protein forages are generally high quality forages).
Livestock fed Indigofera species will not, therefore, require protein supplements. This
firstly reduces the feed costs, since most of the protein supplements are purchased, and

secondly there will be an increase in production.

The lowest NDF concentration in the leaves of I. amorphoides was found in both years
with 18.9% and 40.2% (Table 3.10). The lower NDF concentration in edible components
during spring of 2004 is most likely the result of lower lignification and a higher

leaf:stem ratio (Table 3.4).

58



University of Pretoria etd — Tjelele T J 2006

4.3.1 In vitro digestibility of organic matter IVDOM)

The IVDOM of leaves in the autumn of 2003 was the highest in 1. amorphoides, while in
autumn of 2004 it was for I. viciodes. A marked increase in the in vitro digestibility of
organic matter of edible components of I. cryptantha in the spring of 2004 is ascribed to

the higher proportion of leaf material (Table 3.4).

4.3.2 Minerals

4.3.2.1 Macro elements

The concentrations of Ca, P and Mg recorded in the Indigofera species, in this study, will
satisfy the nutrient requirements of animals in both seasons. There was a marked decrease
in Ca concentration in leaves of all the species from 2003 to 2004 (Table 3.13). However,
1. amorphoides had the highest Ca concentration in both 2003 and 2004. As shown in
Table 3.13, there was a marked increase in Ca concentration of the edible component of 1.
amorphoides during spring. The P concentration in leaves of I. cryptantha and I. viciodes

during 2003 and 2004 appeared to have higher values than the other species (Table 3.15).

4.3.2.2 Micro elements

The micro-element concentrations in all the species will fulfill the micro-mineral
requirements of sheep. During autumn of 2003, the Cu concentration in leaves of I
viciodes appeared to be higher than the other species. There was, however, a decrease in
Cu concentrations in autumn of 2004 in all the species. During the autumn and spring of
2004 Cu concentration in the edible component did not differ significantly within and

between the species (Table 3.18).

The Zn concentration in 1. cryptantha was consistently the highest for both leaves and
edible components (Table 3.20). Unlike the Cu and Zn concentrations, the Mn
concentrations showed an increase with age in the autumn of 2004 (leaves) and the spring
of 2004 (edible components) in this study. During 2003 (leaves), I. arrecta had the
highest Mn concentration value, whereas I. amorphoides proved to be good forage. In the
autumn and spring of 2004, the edible component of I. arrecta appeared to have the

highest Mn concentrations (Table 3.21).
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4.4 Feed intake and digestibility

Lucerne had significantly higher OMI and DOMI than Indigofera species and L.
leucocephala. However, L. leucocephala appeared to be slightly better than Indigofera
species though there were significant differences (Table 3.23). Indigofera species was
found to have a higher NDFI than lucerne or L. leucocephala, while, lucerne did not
differ significantly from L. leucocephala. Lucerne appeared to be higher in OMD than
both L. leucocephala and Indigofera species, with no significant differences being found
between lucerne and Indigofera species. However, Indigofera species had a higher

NDFD than the other forages.
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CHAPTER 5

Summary, Conclusions and Recommendations

5.1 Summary and conclusions

The following parameters were employed in this study: DM yield, leaf:stem ratio,
chemical composition of the different Indigofera species (ash, CP, NDF, IVDOM and
minerals), as well as voluntary intake and digestibility in comparison with Medicago
sativa and Leucaena leucocephala. The highest dry matter yields were obtained in the
autumn of 2004 from I. amorphoides. The leaves as well as the edible components were
harvested over two years in different seasons. The lower leaf:stem ratio observed in
autumn compared to spring is reflected in a decline in ash, CP, IVDOM and an increase
in NDF concentration. It has been repeatedly emphasized in the literature that forage
quality is affected by a decrease in the proportion of leaves and an increase in the

proportion of stemmy fractions.

It was noted in this study, that there was a decline in chemical composition with
advancing maturity and with an increase in the proportion of stem. It was stated in the
literature that ageing of the plant has a negative effect on the nutritive value of forages.
Despite the decrease in leaf:stem ratio with advancing maturity, Indigofera species
maintained a fairly high forage quality. This is supported by the fact that all the species
investigated in this study were above the minimum requirements of CP concentration

(8%) as reported by Leng (1997).

Despite the high NDF concentration of all the species in the edible components during
spring, Indigofera species could not be regarded as a poor feed. This is mainly because of
the relatively low NDF concentration recorded in autumn of 2004 in the leaves and spring
of 2004 in the edible component. Hoffman et al. (2001) reported that forages, which
contain 40% NDF or less are generally of good quality. In spite of the advancing maturity
of the plants and a decrease in leaf:stem ratio, the IVDOM of all the species in this study

fall within the general range of tropical browse plants as noted in the literature.
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The concentration of minerals (macro-elements and micro-elements) for all the species,
for leaves as well as for the edible components, indicated levels that are adequate for
ruminant feeding requirements and also proves Indigofera species to be a relatively good

quality forage. This had been noted from the literature.

The OMI obtained in this study for L. leucocephala and Indigofera species appeared to
be lower than that of lucerne, most probably due to the relatively higher NDF
concentration. This is supported by many references from the literature, which reported

that intake declines with an increasing NDF concentration.

The DOMI for the Indigofera species and L. leucocephala was lower that of lucerne, as a
result of an increased NDF concentration. As a result, the intake of Indigofera species
and L. leucocephala were below the minimum maintenance requirements of 33.5 g
DOMI/kg W’7/d for grazing sheep as reported by Engels (1972). However, lucerne and
L. leucocephala will supply the maintenance requirements of stall fed sheep. This is
supported by Nsahlai et al. (1997) who reported that the DOMI requirements for stall fed
animals are 28.2 ¢ DOMI/kg W°"*/d.

Dado and Allen (1996) reported that NDF concentration is a good indicator for organic
matter digestibility. This suggests that the relatively higher NDF concentration obtained
in this study of Indigofera species and L. leucocephala is probably the reason for a lower

OMD compared to that of lucerne, which had a lower NDF concentration.

The relatively lower NDF digestibility of L. leucocephala compared to that of lucerne
found in this study is positively related to the lower intake. This is supported by Oba and
Allen (1999) who stated that NDF digestibility is an important factor affecting feed
intake in livestock. Based on the facts that have been presented, and despite the lower
DOMI required for maintenance, it can be concluded that Indigofera species produce a
fairly good quality forage, which can be used by farmers for feeding animals during

drought seasons. This could also minimize the purchase of protein supplements.
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5.2 Recommendations

The following recommendations are made, based on the results obtained in this study:

1. It was noted in this study that the chemical composition of different Indigofera
species deteriorated with advancing maturity of the plant. Therefore, it is
recommended that the productive value of Indigofera species as feed for sheep
will be improved through proper management such as utilization of the herbage
whilst is still immature (harvesting before it matures). This will increase the leaf:
stem ratio since it was the reason for the decline in chemical composition.

2. Reid et al. (1988) reported that acid detergent fibre (ADF) is the best indicator of
organic matter intake. It is, therefore, recommended that the analysis of ADF be
considered in future.

3. It was reported from the literature that Indigofera species often contain toxic
Indospicine. The effect of Indospicine should be examined, to determine whether
it has any effect on intake and the performance of livestock. All the Indigofera
species in this study were found to have relatively high CP concentrations.
Therefore it is also recommended that the production potential of different
Indigofera species should be evaluated using criteria such as wool growth and

quality, weight gain and milk production.
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