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12.

Propositions

Stellingen

Additional grazing time st night leads to increased forage intake and consequently,
better performance by cattle, but reduces collectable manure for cropping. This thesis

Sight does not play a major role in diet selection of grazing ruminants. This thesis

When cattle in the Sahel are night-corralled to collect manure for arable cropping,
supplementation is necessary in the critical late dry season to limit weight losses. This
thesis

Grazing ruminants tend to make better use of Sahelian rangelands than predicted on the
basis of pasture evaluation (quantity and quality) alone. This thesis

Indigenous (herders”) knowledge and herd management strategies should be considered
in the development of any animal- or ecologically-related innovation. This thesis

Technical innovations for animal husbandry systems in the Sahel should be flexible
enough to deal with existing diversity in the pastoral community in terms of

environmental, social, economic and political conditions. This thesis

Sustainable increases in agricultural production in the West African Sahel requires not
only an optimal use of manure, but also external inputs such as fertilizer H. van Keulen
and H. Breman. 1990. Agriculture, Ecosystems and Environment 32:177-197; Breman,
1998, African Fertilizer Market 11 (3):2-10.

The dedicated scientist is like the obsessed lover: he never knows when to stop.

It aren’t so much the things we don’t know that get us in trouble. It’s the things we know
that aren’t so.

It is much easier to be critical than to be correct. Benjamin Disraeli. 1805-1881.
All proofs rest on premises. Aristotie. 384-322 BC.

No pleasure 1s comparable to the standing upon the vantage-ground of truth.
Framcis Bacon. 1561-1626.



13. Whatever makes men good Christians, makes them good citizens.
Daniel Webster. 1782-1852.

4. Nothing is seen in its own light - not even a visible thing, Every sight of nature is tinged
with the light of memory. George Matheson. [842-1906.

Augustine Abioye Ayantunde -/nfluence of grazing regimes on cattle mutrition and
performance and vegetation dynamics in Sahelian rangelands. Wageningen, I December 1995,
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Ayantunde, A.A. 1998. Influence of grazing regimes on cattle nutrition and performance and
vegetation dynamics in Sahelian rangelands.

In the West African Sahel, common herd management praclices such as night grazing and corralling
influence time available for grazing. When animals are used to deposit manure in the cropping fields,
conflicts often arise between the need for animals to graze long enough for adequate feed intake, especially
in the dry season, and the need to collect manure. Grazing trials were carried out in Sadoré (13° 14'N and
2° 16'E) and Toukounous (14° 30N and 3° 17'E), Niger, to determine the effects of timing (day or day-and-
night} and duration of grazing on cattle nutrition and performance, and to quantify the short-term effects
of grazing by cattle on vegetation dynamics in Sahelian rangelands. In addition, a survey was conducted
among livestock herders in two villages of Niger, Kodey and Toukounous, on their perceptions of night
grazing with the aim of identifying constraints to the practice of night grazing and opportunities to apply
relevint experimental results in the management of herds i the region. There were no differences in the
quality of the diet selected during the day and at night, but the quality of the available and ingested forage
declined as the season progressed from wet to dry. During the dry season, there was a trend for day-and-
night grazing cattle to be more seleclive during the day, than animals that grazed only during the day.
Animals that had additional grazing time in the night consistently had higher forage intake and
consequently, higher average daily gain than those that grazed only during the day in all seasons.
However, additional grazing at night reduced the amount of manure that could be collected for crop ficlds.
When animals are supplemented, night grazing appears less relevant as the length of night grazing time
did not significantly affect average daily gain in the critical late dry season. Annual herbage production
of four paddocks used in Toukounous was 1893 kg DM ha’. Of this amount, consumption by cattle
accounted for 48% on a year-round basis. The quality of the diet selected by the animals was consistently
higher than that of the herbage grazed in all seasons. These results indicate that grazing ruminants tend
to make better use of Sahelian rangelands than often predicted on the basis of pasture evalunation alone.
The response of herders interviewed on their perceptions of night grazing indicates that ethnic group and
herd size are critical characteristics for the decision on the practice of night grazing. Herders’ perceptions
of night grazing with respect to animal production parameters such as weight development, water
consumption, faccal output and feeding behaviour are consistent with available experimental results.
Therefore, the herders’ current knowledge and herd management strategies need to be considered in the
development of any animal or ecological innovation.

Ph.D. thesis, Wageningen Agricultural University, Wageningen Institute of Animal Sciences, Animal
Production Systems Group, PO Box 338, 6700 AH Wageningen, The Netherlands.
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General Introduction




General Introduction

The role of livestock in the Sahel

The Sahelian zone of Africa is delineated approximately by the 100 mm isohyet
in the north and the 600 mm isohyet in the south (Penning de Vries and Djitéve, 1982).
The zone is characterized by a tropical climate with a monomodal rainfall regime of
irregular inter-annual intensity and one dry season of 8 to 9 months (Penning de Vries
and Djiteye, 1982). Three phyto-geographical sub-zones can be distinguished: The
Saharan-Sahel between 100 and 200 mm, the 'typical Sahel' from 200 to 400 mm, and the
Sahelo-Sudanian zone between 400 and 600 mm (Bernus, 1988). West African Sahelian
countries include Burkina Faso, Chad, Gambia, Mali, Mauritania, Niger and Senegal.
These countries support approximately 51% of the 37 million Tropical Livestock Units
(TLU is a standard animal with a body weight of 250 kg) of West Africa and 20% of the
human population on 71% of the land in the region (Jahnke, 1982; ILCA, 1993). So,
livestock keeping constitutes the main land use form in the Sahel and the only means of
livelihood for millions of the inhabitants (Penning de Vries and Djitéye, 1982). The
Sahelian zone occupies 50 % of the land surface in Niger, 40 % in Mali, 39 % in
Mauritania, 32 % in Chad, 27 % in Senegal and 7 % in Burkina Faso (Anonymous,
1986).

In the Sahel, livestock form a key element in food security strategies. They
provide meat, milk, skins, draught power, transport and manure, and fulfill various socio-
cultural functions such as payment of dowry, establishment and reinforcement of
relationships and source of prestige within the pastoral society (Anonymous, 1986;
Winrock Intemnational, 1992). For farmers and pastoratists livestock serve as a productive
asset to generate income, reduce risks and mitigate the effects of drier than average years.
Livestock provide an opportunity to invest surplus funds following a good crop harvest.
In climatically unfavourable years, animals may be sold and the proceeds used to buy
grain for human consumption (Sandford, 1989). Dicko (1986; cited by Sandford, 1989)
reported that in South-West Niger during the drought of 1984/1985, about 75% of the
proceeds of livestock sales were used to purchase cereals. For pastoralists, milk is a vital
food commaodity. It is either consumed fresh or processed (Bernus, 1988). For farmers,
livestock serves as cash generator for seasonal requirements of agricultural activities, for
example, purchase of inputs such as seed and paying the initial labour requirements for
weeding. Livestock production in the Sahel is almost exclusively associated with
exploitation of the natural rangelands (Breman and de Ridder, 1991). Livestock
contribute substantially to the economies of the region (Table 1) and together with
farming form the economic base of the West African Sahel.



Table 1. Value of agriculture and livestock products in West African Sahelian countries,
1988,

Com e e apacs
Agriculture Livestock
Burkina Faso 671 183 27
Chad 554 216 39
The Gambia 99 15 15
Mali 835 368 44
Mauritania 188 158 84
Niger 667 314 47
Senegal 817 172 21

Source: Winrock International, 1992 (after U.S. Department of Agriculture 1990).

*Based on total output of agriculture and livestock products (meat, milk, eggs, wool, hides and
skins).

Problems facing livestock production in the region include low and variable forage
availability and poor quality, water scarcity, low animal production, high mortality rates,
low and declining soil fertility and land degradation, declining grazing arca principally
due to expansion of cultivated land, increasing sedentarization of the pastoral population,
inadequate and poor infrastructures for transportation, processing and marketing,
institutional constraints (weak and ineffective extension agencies, poorly funded animal
health services) and inconsistent government policies which too often favour urban
consumers at the expense of rural producers (Penning de Vries and Djitéye, 1982; van
Keulen and Breman, 1990; Breman and de Ridder, 1991;Winrock International, 1992).
Low available forage is principally due to low biomass production from the rangelands
(Penning de Vries and Djitéye, 1982) which is a reflection of poor soil fertility, and
inadequate and erratic rainfall. All the above authors and many others also mention
drought as a problem to livestock production in the region. Drought affects livestock
production through reduced herbage production and water scarcity which often lead to
death of animals.
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Livestock production systems in the Sahel

Two main forms of livestock production systems exist in the West African Sahel,
i.e. pastoralism and mixed crop-livestock farming (de Leeuw, 1984; Traoré and Breman,
1993). Pastoralism connotes specialized livestock keeping, which in the region is
associated with movement of herds in search of forage and drinking water. Pastoralism
takes the form of nomadism or transhumance (de Leeuw, 1984). The former implies
constant movement of the herds, whereas the latter is characterized by more or less
regular seasonal migrations from a permanent homestead. Nomadism is however
decreasing in importance in the region (Powell et al., 1996). Pastoralism is the major
livestock production system in the northemn part of the Sahel, especially in areas with an
annual rainfall below 300 mm and poor soils (Penning de Vries and Djitéye, 1982; Traoré
and Breman, 1993). It is labour-intensive compared to the ranching system in the USA
and Australia, and extensive in terms of external inputs (Traoré and Breman, 1993).
Divergent opinions exist with respect to the biological and ecological sustainability of
pastoralism (de Leeuw, 1984; Behnke and Scoones, 1993; Hiemnaux, 1993; Traoré and
Breman, 1993). Pastoralism is, however, an adaptive strategy that enables livestock
holders to subsist and exploit the Sahelian resources. Herd size varies strongly among
pastoral systems. It is often positively correlated to the degree of mobility (de Leeuw,
1984). In general, agro-pastoral houscholds own smaller herds, either because of the
competitive demands for labour for cropping, but more often because they operate in
densely populated areas where grazing land is becoming increasingly scarce.

Crop-livestock farming systems are characterized by keeping of cattle, sheep or
goats, in combination with cultivation of crops. Animal husbandry is mostly sedentary
in crop-livestock systems. These livestock production systems are common in the
southern (wetter) part of the Sahel. In these systems, crop residues, pastures and forage
crops on fallows and communal lands are feed resources for the animals. Common
constraints to crop-livestock systems include inadequate feed resources in terms of
quantity and quality, reduced fallow periods, low and declining soil fertility, soil erosion,
lack of access to agricultural inputs and encroachment of cropping onto grazing lands
(Powell et al., 1996).

Integration of crop and livestock production

In crop-livestock farming systems, the integration of crops and livestock is
characterized by the use of crop residues as animal feed, and the use of manure and
animal power for crop production (Powell and Williams, 1993; Traoré and Breman,
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1993; Williams et al., 1997). The degree of crop-livestock interaction, however, varies
widely. Crop residues are feed resources, especially in the dry season which lasts for 7
to 9 months (Sandford, 1989; Williams et al., 1997). Most cereal stovers are grazed freely
in fields or harvested for feed, fuel, or construction material, while groundnut and cowpea
hays are stored for feeding during the dry season to selected animals, or they are sold
(Powell and Williams, 1993; Powell et al., 1996). In mixed farming systems, livestock
derives up to 45% of their total annual feed intake (DM) from crop residues and up to
80% during critical periods (Sandford, 1989). The propotion of crop residues in the
animal's diet is related to annual rainfall, the intensity of cropping, and the available
forage during the dry season. However, natural rangelands form the main feed resource
for livestock.

Rapid population growth and increasing urbanization in the Sahelian countries
have contributed significantly to the increased integration of crop and livestock
production and to competition between the two sectors (van Keulen and Breman, 1990,
Ramaswamy and Sanders, 1992; Traoré and Breman, 1993). The consequence of
population growth is extension of arable farming to marginal lands, thereby reducing
communal pasture areas for livestock. In addition, the fallow periods are shortened or
eliminated and crop yields per unit arca have declined (Ramaswamy and Sanders, 1992).
Cultivation of more land and shortening of fallow periods promote soil depletion, thereby
exacerbating the problem of land degradation (van Keulen and Breman, 1990). The
introduction of animals in arable farming for draught power and manure is thercfore
necessary to improve soil fertility and crop yield. The combination of population growth
and periodic droughts has increased pressure on the natural resource base in the zone (van
Keulen and Breman, 1990), which is further threatened by increasing sedentarization of
the previously pastoral population (Traoré and Breman, 1993) and the growing number
of absent livestock owners, who entrust their animals to paid herders. This increased
pressure on natural resource base in the region not only affect the direction and
magnitude of nutrient flows, but also the spatial distribution of grazing in the rangelands.

Influence of herd management practices on livestock production

The nutrient flows in the Sahelian landscape and the spatial distribution of grazing
are also influenced by herd management practices. Common herd management practices
in the Sahel such as herding type (shepherding or free-ranging), night grazing, watering
(frequency and location) and corralling affect time available for grazing by the animals
(Breman et al., 1978; Dicko-Touré, 1980; Bayer, 1990; Powell et al., 1996). By corralling
animals on cultivated land the nutrients in faeces and urine especially nitrogen and
phosphorus, are transferred from rangeland to cropland (Powell et al., 1996). Herding of
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grazing ruminants allows a highly flexible use of land for grazing, as close supervision
of the animals permits grazing of unfenced areas of fallow amidst cultivated fields and
the grazing of crop residues (Bayer, 1990). However, herded, as opposed to free-ranging
cattle, have access to pasture for only a limited time, normally only during the daylight
hours. Restriction of grazing time may limit animal production. For instance, grazing
trials in Uganda (Joblin, 1960}, Zimbabwe (Smith, 1961) and Tanzania (Kyomo et al.,
1972, Wigg and Owen, 1973) have shown that weight gains were higher in animals given
the opportunity to graze at night in addition to grazing during the day than in those that
grazed only during the day (Table 2).

Night grazing is a common practice in the West African Sahel, especially at the
end of the dry season (Breman et al., 1978; Dicko-Touré, 1980). This practice has also
been reported for herded animals in East Africa (Joblin, 1960; Smith, 1961; Kyomo et
al., 1972; Wigg and Owen, 1973; Nicholson, 1987); grazing cows in Cuba (Senra et al.,
1992; Senra et al., 1994), Nigeria (Breinholt et al., 1981), Brazil (Visela et al., 1974},
Philippines (Hebron et al., 1981) and for free ranging sheep and cattle in the USA and
Australia (Amold and Dudzinski, 1978; Vallentine, 1990). Apart from sheep and cattle,
horses have also been reported to graze at night (Hayakawa, 1991). An ancient Chinese
proverb that says “Horses cannot be rich if not allowed to graze in the night” also
suggests that horses graze at night. The literature review on night grazing in Table 2
shows that benefits of night grazing include increased grazing time, higher manure
deposition on rangelands, increased forage intake and milk production, and higher
weight gains. Arguably, the value of night grazing varies with environmental and pasture
conditions and production objectives. Night grazing is labour-intensive especially when
the animals are herded in the night and there is danger of predators to the stock and that
of snake bite to the herdsmen (King, 1983). In the tropics and subtropics and during
prolonged periods of hot weather in temperate zones, night grazing may account for up
to 80% of the total grazing time by cattle (Vallentine, 1990). Breinholt et al. (1981)
observed that the duration of night grazing was postively related to hours of sunshine and
Arnold and Dudzinski (1978) reported that the proportion of mnight grazing was
significantly related to total grazing time. These findings suggest that time spent on night
grazing varies with environmental conditions, especially ambient temperature. The effect
of moonlight on grazing time at night is unclear. Visela et al. (1974) reported that
moonlight increased night grazing time, whereas Vallentine (1990) observed that the
presence or absence of a moon had no effect. Manuring crop land in the Sahel includes
night time corralling of animals, especially cattle, directly on fields and/or hauling
manure from homesteads (Powell and Williams, 1993). The advantage of corralling
animals on cropland is that it returns both manure and urine to soils and requires little
addiional labour in animal management and no labour in manure handling, storage and
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spreading. The practice of corralling cattle at night for manuring is an important soil
fertility improvement strategy (Khombe et al., 1992, Powell et al., 1996). Application of
manure results in increased the cation exchange capacity, exchangeable bases and pH of
the soil (Khombe et al., 1992). Powell and Williams (1993) reported that in areas of
western Niger, between 30 and 50% of the cultivated areas is manured annually at a rate
of 1.3 tonnes per hectare. Fernandez-Rivera et al. {1995) reported mean faecal excretions
of 8.5, 9.7 and 10.1 g DM per kg body weight for cattle, sheep and goats, respectively.
The amounts of nutrients (nitrogen and phosphorus) excreted in urine and faeces depend
on animal diet (Powell et al., 1996), animal management and season (Romney et al.,
1994). Although most of the nutrients excreted in urine may be lost, either through
volatilization or leaching (Romney et al., 1994), urine deposited on crop fields may
increase soil pH and hence the availability of phosphorus. When animals are used to
deposit manure in the crop fields, conflicts arise between the need for animals to graze
long enough to have adequate feed intake and the need to improve soil fertility of the
arable land.

Forage intake by grazing animals and impact of grazing on vegetation

Studies on animal nutrition in the Sahel have reported wide seasonal variation in
forage intake by grazing ruminants (Dicko-Touré, 1980; Guerin et al., 1988; Schlecht,
1995). This variation could be explained by fluctuation in supply and quality of available
feeds. These studies, however, failed to consider the influence of herd management
practices on ruminant nutrition, even though practices such as night grazing and
corralling affect grazing time, which in turn influence the nutrition of the animals and
nutrient transfer processes. Generally, forage ingestion by grazing ruminants depends on
feed availability and quality. Most literature points to digestibility, rate of ingesta passage
and reticulo-rumen fill as pritary factors that determine intake in range ruminants (Ellis,
1978; Allison, 1985; Hodgson, 1985). Body size and physiological status are major
animal-related factors that affect intake. However, Ketelaars and Tolkamp (1991)
proposed an alternative model of oxygen efficiency theory as being responsible for the
regulation of feed intake. Range and/or herd management strategies such as
supplementation, species combination of the grazing animals and grazing intensity also
influence voluntary intake by grazing ruminants. As grazing intensity increases,
opportunities for selective grazing decrease and consequentily, herbage intake (Allison,
1985; Cordova et al., 1978).

An extensive discussion on Sahelian rangelands: potential and actual production,
and limiting factors to rangeland production, is given in the report of the Malian-Dutch
project edited by Penning de Vries and Djitéye (1982). The Sahelian rangelands are
dominated by annual plants with a short growing cycle (Penning de Vries and Djitéye,
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1982). Growth of these annual plants and the associated forage production are determined
by amount and distribution of rainfall, nutrient availability in the soil and grazing
management (Le Houérou and Hoste, 1977, Penning de Vries and Djitéye, 1982;
Hiernaux and Turner, 1996). Biomass yield per year and forage quality of the rangelands
are low and vary markedly across seasons and from year to year (Penning de Vries and
Djiteye, 1982; Behnke and Scoones, 1993; Hiernaux, 1993).

Grazing animals affect plant communities in several interrelated ways including
plant defoliation, nutrient removal and redistribution through excreta, and mechanical
impacts on soil and plant material through trampling (Vallentine, 1990; Matches, 1992,
Hiernaux, 1993). The impact of grazing on a vegetation depends on frequency, timing
and intensity of grazing, specics of animal, season, soil type and the amount of excreta
deposited on the pasture {(Matches, 1992; Hiernaux, 1993). Grazing may result in
substantial changes in persistence, productivity, and botanical composition of the sward
and the subsequent regrowth rate of plants. However, different forage species vary in
their response to grazing (Coleman, 1992). Highly preferred species decline as they are
selectively grazed and are replaced by less preferred vegetative types as grazing pressure
increases (Mwendera et al., 1997). The short-term or immediate effects of grazing on a
plant can (1) be detrimental, i.e., reduced plant vigour or even death, (2) be beneficial,
i.e., increased size or growth rate, or (3) have no apparent beneficial or negative efffect.
The short-term effects of grazing on the vegetation include reduction in standing herbage
mass through consumption by animals, transformation of standing herbage to litter and
acceleration of litter decomposition by trampling (Hiemaux and Turmner, 1996).
Trampling by grazing ruminants may affect biomass yield: It may directly damage or
destroy vegetative parts, leaves, stems and roots, which in turn may cause reduced
regrowth, and changes in botanical composition (Matches, 1992). Indirect effects of
trampling include soil compaction and with the associated reduction in soil acration and
soil infiltration, increased soil erosion and possibly changes in soil-water relationships,
all of which may affect plant growth. The long-term effects of grazing largely depend on
the adaptation of the plant to local and changing biotic and abiotic factors. In the long-
term, floristic composition of the vegetation may be modified (Breman and Cissé, 1977;
Dormaar et al., 1990) and this in turn may affect herbage production and feed value
(Milchunas et al., 1995). However, the botanical composition of annual Sahelian pastures
under non-disturbed conditions is highly variable from year-to-year and this may makes
it difficult to establish long term changes in the vegetation.

Objectives and outline of the thesis

The studies reported in this thesis were carried out under the auspices of the
International Livestock Research Institute (ILRI), Niger, in the framework of the project
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“Livestock-mediated nutrient transfers in Semi-Arid West Africa”. They originated from
recognition of the conflict between the time animals are “used” for manuring and the time
they need for foraging, with the aim of identifying management practices that optimise
the animals’ time for the two purposes, i.e. manuring to sustain soil fertility and hence
crop production and foraging to maintain or increase livestock output in terms of meat
and/or milk. Thus, the grazing trials were designed to examine the effects of the
traditional practice of night corralling for manure collection (i.e. no night grazing) on
animal production and the potential impact on nutrient transfer from rangeland to
cropland.  Effects of livestock grazing on vegetation were studied to increase
understanding of forage ingestion by grazing cattle and the associated nutrient cycling
within rangelands.

The specific objectives of the studies reported in this thesis were: (1). To
determine the effects of timing (day or day and night) and duration of grazing on diet
selection, feeding behaviour, forage and water consumption, faccal excretion and weight
changes of cattle in Sahelian rangelands. (2). To quantify the short-term effects of grazing
by cattle on vegetation dynamics in Sahelian rangelands. (3). To identify constraints to
the practice of night grazing and the opportunities to apply relevant experimental results
in the management of herds in the region,

[n Chapters 2 to 5, grazing trials examining the effects of night grazing on cattle
nutrition and performance are presented. Chapter 2 reports results of a preliminary study
on the influence of night grazing on feeding behaviour, diet selection, forage and water
intake, faecal output and weight changes of cattle. This trial was designed to provide
information on night grazing to be used in the design of more compiex and longer grazing
trials. Chapters 3 and 4 report on more elaborate and complex experiments on the effects
of timing and duration of grazing on nutrition and performance of cattle lasting for a year
and with more animals. Aspects of diet selection, weight changes and faecal output are
presented in Chapter 3 while feeding behaviour, forage and water consumption are
treated in Chapter 4. In Chapter 3, effects of nocturnal grazing and supplementation on
diet selection, eating time, forage intake and weight changes are reported.

In Chapters 6 and 7, effects of grazing by cattle on vegetation are presented. In
Chapter 6, the short term effects of grazing by cattle on herbage growth and
disappearance in Sahelian rangelands are quantified and discussed. Chapter 7 reports on
utilization by grazing cattle of the spatially heterogeneous and seasonally variable range
resources and the annual nutrient balances of a Sahelian rangeland.

Chapter 8 presents a case study from Niger on herders’ perceptions, practice and
problems of night grazing. It provides anthropogenic explanation on the practice of night
grazing and a comparison of herders’ perceptions and research results.
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Finally, in the general discussion, the major findings from the previous chapters
are discussed in an integrative way and their possible impact for practical
recommendations for herd management in the Sahel.
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The influence of night grazing on feeding behavior, diet selection, forage and
water intake, faecal output and weight changes of cattle in the Sahel

A A. Ayantunde, 8. Fernandez-Rivera, P.H. Hiernaux, H. van Keulen and HM.J. Udo

Abstract

Night grazing is a common herd management practice in the West African Sahel,
especially at the end of the dry season. The influence of night grazing on feeding behaviour,
nutrition and performance of cattle was studied. Twenty-four steers weighing 367 kg (SD=76)
grazed either from 0900 to 1900 h (day-grazers), 2100 to 0700 h (night-grazers) or 0900 to 1900
h and 2400 to 0400 h (day-and-night grazers) during 13 weeks. Four esophageally fistulated
steers were used in a cross-over design to sample the diet selected during the day and at night.
No differences (P>0.05) were observed in the diet selected in the day or at night. As the season
progressed the fiber components of the diet increased (P<0.01) significantly while nitrogen and
in sacco dry matter disappearance declined (P<0.01). Actual grazing (i.e. eating) time (min d°/,
SEM=16) were 352, 376 and 476 for day, night, and day-and-night grazers, respectively. Day-
and-night grazers had a higher intake of organic matter than either day- or night-grazers. Night-
grazers had the lowest forage intake and also the slowest rate of consumption. Steers that grazed
in the night had the lowest water intake: 22.7 | d* (SEM=1.5) in week 4; 19.9 1d"' (SEM=1.1)
in week 8. Average weight changes (g d”!, SEM=62) were -435, -548 and -239 for day, night,
and day-and-night grazers, respectively. These resuits show that during the dry season, grazing
exclusively in the night cannot substitute for day time grazing, but that it is rather
complementary to the latter. Timing (day or night) of grazing did not atfect diet selection but
nocturnal grazing decreased the need for water.

Key Words: Cattle, Forage intake, Night grazing, Sahelian rangelands

Introduction

Night grazing is a common herd management practice in the West African Sahel,
especially at the end of the dry season (Breman et al., 1978; Dicko-Touré 1980). This
practice has also been reported for herded animals in the sub-humid zone of West Africa
(Bayer, 1986), East Afiica (Wigg and Owen, 1973; Nicholson, 1987) and for free ranging
sheep and cattle in the USA and Australia (Amold and Dudzinski, 1978; Vallentine,
1990). In addition to the advantage of increased grazing time, King (1983) reported that
night grazing helps to reduce heat stress on the animals and may increase forage intake.
It has the benefit of manure deposition on rangelands rather than in the enclosed sites
(Wigg and Owen, 1973). However, this is in conflict with the practice of corralling the
animals on cropland for depositing manure (Powell et al., 1996). Arguably, the value of
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night grazing varies with environmental and pasture conditions, and production
objectives. Previous research (Fernandez-Rivera et al., 1998) on night grazing by cattle
showed that diet selection during the day and at night were not different. However, the
steers that grazed during the day consumed more forage and water than those that grazed
in the night. Further studies on the influence of night grazing on feeding behaviour,
nutrition and performance of cattle are needed to improve understanding of the nutrition
of grazing cattle and cattle's role in nutrient transfer processes in the landscape.

The objective of this study was to determine the effects of night grazing on diet
selection, forage and water intake, faecal excretion, feeding behaviour and performance
of cattle.

Material and Methods
Study site
The experiment was conducted over 13 weeks at the end of the dry season
(February to May) of 1995 at International Crop Research Institute for the Semi-Arid
Tropics (ICRISAT-SC) in Sadoré (Lat 13° 14' N and Long. 2° 16' E), Niger.

Treatments, pasture and animals

Twenty-four intact steers with a body weight (BW) of 367 (SD=76) kg were
randomly allotted to three treatments: grazing either from 0900 to 1900 h (day grazing),
2100 to 0700 h (night grazing) or 0900 to 1900 h and 2400 to 0400 h (day-and-night
grazing). After return from the pasture, the steers were kept in individual pens in a barn
located 150 m from the paddock. The animals grazed the same pasture in the day and at
night, i.e. a fallow of 5.5 ha, dominated by annual grasses mainly Ctenium elegans,
Diheteropogon hagerupii, Pennisetum pedicellatum and forbs mainly Borreria stachydea
and Hibiscus sabdariffa. At the beginning of the trial, the standing herbage mass and
litter mass of the pasture were estimated at 828 and 1070 kg DM per ha, respectively
(Table 1). The herbage mass consisted of standing hay composed of 59% grasses and
41% forbs.

The study included two periods of collection of faeces and extrusa which started
in weeks 4 and 8 of the experiment. Each of these periods included nine days of data
collection. The animals were accustomed to carrying faecal collection bags during the last
week before the data collection started. Water intake was also measured in weeks 4 and
8 of the trial. In each collection period, faecal bags were emptied and the faeces weighed,
before and after grazing. Ten percent of the faecal excretion was sampled and frozen for
subsequent analysis. All the animals were watered in the moming (0800 h) before grazing
started. In week 8 of the experiment all steers were observed for the following activities:
searching for food, prehending, masticating, ruminating, walking, drinking, sleeping and
idling, Eating time was defined as the time spent prehending, masticating and searching
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Table 1. Nutritional quality (g/kg DM) of standing herbage and litter mass at the
beginning of the experiment (March 1995).

Component Standing herbage Litter SEM
Organic matter 949 938 6
Nitrogen i35 34 0.5
Phosphorus 1.2 1.1 02
DMD! 426 412 18
OMD? 400 301 19
DOM’ 380 367 13

'DMD = Dry matter digestibility. 2°OMD = Organic matter digestibility.
‘DOM = Digestible organic matter (i.e. OMD x OM).

for food. Idling included time spent neither for eating, ruminating, sleeping, walking nor
drinking. Activities such as drinking, fighting and socializing were referred to as ‘other’.
Observation was made every 5 min (24 h/d) for 3 consecutive days.

In the two collection periods, four esophageally fistulated steers were randomly
grouped into two pairs and were used in a cross-over design for sampling the diet selected
during the day and at night. The two pairs either grazed in the day (0900 to 1500 h) or
at night (2100 to 0700 h). During the data collection period in weeks 4 and 8, samples of
the diet selected by the fistulated steers {extrusa) were collected in the morning (1000 h)
and afternoon (1500 h) for the day grazing pair, and at night (2200 h) and at dawn (0300
h) for the night grazing pair, for 3 consecutive days. At the end of the three day collection
period, the two groups were switched. After switching the grazing schedule, the animals
were allowed three days for adaptation after which extrusa samples were collected for
another three days following the same collection schedule. The extrusa samples were
frozen immediately after collection.

Sample processing and laboratory analyses

The daily faecal sub-samples were bulked by time of collection (before or after
grazing) and analyzed for dry (DM) and organic matter (OM). The extrusa samples were
dried at 55 °C for 48 h and were ground to pass a 1-mm screen, They were analyzed for
DM, OM, nitrogen (N), ashless neutral detergent fiber (NDF), ashless acid detergent fiber
{ADF) and ashless lignin (Van Soest et al., 1991). Hemicellulose and cellulose were
calculated as the differences NDF-ADF and ADF-lignin, respectively. Samples ground
to pass a 2-mm screen were incubated in duplicate for 48 h in three ruminally fistulated
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steers to determine in sacco DM (DMD)} and OM (OMD) disappearance, treating the
residucs from the nylon bags in a HCl-pepsin solution for 24 h. Samples collected from
vegetation mass measurement, representing the available feed, were subdivided by facies
(grasses or forbs), strata (low, medium and high cover density) and dominant species for
standing herbage and litter separately. These were analyzed for DM, OM, N, phosphorus
(P), DMD and OMD.

Animal measurements

Animals were weighed every two weeks for three consecutive days. Average daily
gain (ADG) was estimated by regression of individual body weight (BW) data over time.
Forage intake was determined from individual data on faecal output and group (day or
night schedule) means of OMD. Water intake was measured daily during the collection
periods, for which all animals had access to water for 30 min,

Statistical analyses

Data analysis were performed with SAS (Statistical Analysis System Institute,
1987) using the General Linear Model (GLM) procedure for the variance and regression
analyses. An analysis of variance model including treatments as fixed effects, was used
to analyze data on faecal output, forage and water intake, and animal behaviour (time
spent eating, ruminating, idling, walking, sleeping and drinking). Multiple comparisons
of treatment means within and between the collection periods (weeks 4 and 8) were
performed by contrasts. Extrusa components of diet selected in the day and at night were
analyzed using the Cochran procedure for the ¢ test.

Results

There were no differences (P>0.05) in the quality of diet (extrusa) selected (Table
2} in the day or at night for both collection periods (weeks 4 and 8), the only exception
was observed in week 4 when the NDF (SEM=6) of the diet selected by night-grazers
(675 g kg' DM) was significantly (P<0.05) higher than that of the day-grazers (649g kg
DM). As the dry season progressed (week 4 vs week 8, Table 3) diet's (g kg’ DM) NDF,
ADF, cellulose, hemicellulose and lignin increased significantly (P<0.01) while nitrogen
concentration (SEM=0.4) declined (P<0.05) from 8.5 in week 4 to 7.3 g kg? DM in week
8 and DMD (g kg’ DM, SEM=8) also declined significantly (week 4 = 529; week 8 =
482).

Steers grazing in the day, night, and day-and-night spent 352, 376 and 476 min/d
respectively for eating (Table 4). Night-grazers spent less time (P<0.05) ruminating and
walking than day-grazers. Day-and-night grazers spent 124 minutes eating more than
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Table 2. Chemical composition (g/kg DM) of forage selected (extrusa) by esophageally
fistulated steers grazing in the day or at night.

Component Week 4 Week 8

Day Night SEM P[] Day  Night SEM  P[t]
Organic matter 894 883 5 0.12 881 889 4 0.18
Nitrogen 9.0 8.1 0.5 027 7.5 7.1 0.4 0.60
NDF 649 675 6 0.04 817 821 7 0.70
ADF 507 521 5 0.20 635 637 8 0.86
Lignin 134 129 9 0.62 178 187 11 0.49
Celiulose 373 393 7 0.12 460 450 8 0.42
Hemicellulose 143 154 5 0.10 182 184 6 0.87
DMD! 533 524 8 0.61 486 478 10 0.64
OMD? 469 455 10 0.41 459 444 13 0.39
DOM? 419 402 8 0.25 404 395 7 0.18

'P [t] = Probability of Type I Error. 2DMD = Dry matter digestibility.
30OMD = Organic matter digestibility. *‘DOM = Digestible organic matter (i.e. OMD x OM).

Table 3. Diet (extrusa) quality (g/kg DM) with the progression of dry season in week 4
(March 1995) and week 8 (May 1995).

Component Week 4 Week 8 SEM Plt]
Organic matter 889 885 4 038
Nitrogen 85 73 0.4 0.02
NDF 662 819 5 <0.01
ADF 514 636 6 <0.01
Lignin 131 183 5 <0.01
Cellulose 383 455 6 <0.01
Hemicellutose 148 183 5 <0.01
DMD? 529 482 8 <0.01
OMD? 462 451 8 0.35
DOM? 411 399 6 036

'P [t] = Probability of Type 1 Error. ZDMD = Dry matter digestibility.
*OMD = Organic matter digestibility. “DOM = Digestible organic matter (i.e. OMD x OM).
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day-grazers (P<0.05). The hourly distribution of time expenditure (Figure 1) for different
activities showed that day-grazers had two distinct grazing (eating) periods with the first
in the moming till mid-day and the second before the sunset. The second grazing period
accounted for over 60% of total time spent grazing. Day-and-night grazers also had two
grazing periods in the day similar to day-grazers with one additional period in the night
of about 2 h. Night-grazers had two grazing periods with the initial period accounting for
about 75% of the total grazing time. Steers that grazed in the day-and-night had lower
time for resting (time spent sleeping + idling) than steers that grazed in the day (421 vs
560, SEM=25, P<0.05) but there was no difference in resting time by day-grazers
compared to night-grazers (560 vs 614, SEM=25, I>0.05).

Day, and day-and-night grazing steers consistently consumed more forage than
steers that grazed at night (Table 5). In weeks 4 and 8, day-and-night grazers consumed
daily 93.2 and 67.1 g DM kg” BW respectively whereas night-grazers consumed 62.5
g DM kg®” BW in week 4 and 53.6 g DM kg®™ BW in week 8. Day-grazers consumed
significantly (P<0.05) more digestible organic matter (g DOM kg BW) than night-
grazers (Week 4: 30.2 vs 20.4, SEM=1.6; week 8: 22.7 vs 18.3, SEM=1.4), but the
differences between day-grazers and day-and-night grazers were not statistically
significant (P>0.05). Forage intake (g DM kg™ BW) declined significantly (P<0.05)
from week 4 to week 8 for day-grazers, and day-and-night grazers. Intake rate (ing OM
kg®” BW min™) in week 8 (SEM=7) were 142 for day-grazers, 110 for night-grazers and
113 for day-and-night grazers.

Table 4. Time expenditure (minute/day) on different activities in Week 8 (May 1995) of
the experiment of day, night, and day-and-night grazing steers.

Activity Day Night Day-and-night SEM
Eating « 352 376 476 16
Ruminating # 463 339 447 21
Sleeping a 88 99 50 12
Walking # a 37 28 35 3
Idling? a 472 519 371 27
Other’ 30 29 43 10

# Day vs Night, P<0.05. s Day vs Day-and-night, P<0 05.

! Eating includes prehension, mastication and search for food.

? 1dling includes time spent neither for grazing, ruminating, sleeping, walking nor drinking.
3 Other includes activities such as drinking, fighting and socializing,
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Table 5. Daily intake of dry (DM), organic (OM) and digestible organic (DOM) matter,
and intake rate (intake per actual grazing time) by day grazing, night grazing and day-
and-night grazing steers in the dry season in the Sahel.

Forage intake Day Night Day-and-night SEM
Week 4:

g DM animal™ d" # 7081 + 5132 7329 ¢ 242
g DM kg™ BW # 863t 62.5 32§ 438
g DOM kg™ ™ BW # 302t 204 319% 1.6
Week 8:

g DM animal d* # 4967 t 41649 5242 % 209
g DM kg"™ BW # 6297 53.6 67.1% 4
g DOM kg™ BW # 227% 18.3 243 % 1.4
gDMmin? #a 14.4 11.2 11.0 0.7
mg OM kg7 BW min™ # « 142 110 113 7

# Day vs Night, P<0.05. « Day vs Day-and-night, P<0.05.

T Values in Week 4 vs Week 8, P<0.05 for the same variable for day grazing steers.

1 Values in Week 4 vs Week 8, P<0.05 for the same variable for night grazing steers.

1 Values in Week 4 vs Week 8, P<0.05 for the same variable for day-and-night grazing steers.

There was a significant (P<0.05) difference in water intake between steers that
grazed in the night and those that grazed either in the day or in the day-and-night in both
periods of measurement (Table 6). As the season progressed water intake of day-grazers
(week 4 =35.5, week 8 = 27.6 1 d'*) and day-and-night grazers (week 4 = 35.5, week 8
= 27.6 1 d*) declined significantly (P<0.05} but that of night-grazers (week 4 = 22.7,
week 8 = 19.9 1 d”) remained fairly constant, Relative to forage intake water consumption
(1 kg! forage DM) was constant for all treatments regardless of the period of
measurement. Regression analyses of water intake on metabolic weight (BW®™) and dry
matter intake (DMI, kg DM d"') showed that water intake (W1, ml d"*) was correlated with
BW in all treatments and with DMI for day-grazers, and day-and-night grazers but not
for night-grazers. The following regression equations were estimated from the pooled
data of weeks 4 and §;

Day-grazers: WI = 148 (SEM=26) BW"™ + 3243 (SEM=343) DMI
(2 = 0.99, P<0.01)
Night-grazers: WI = 263 (SEM=6) BW*" (1> =0.99, P<0.01)

Day-and-night grazers:  WI = 126 (SEM=34) BW"™ + 3412 (SEM=429) DMI
(r* = 0.99, P<0.01)
In week 4, faecal excretion by day-grazers, night-grazers, and day-and-night
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Figure 1. Hourly distribution of time expenditure for different activities by
day, night, and day-and-night grazing steers in the dry season in the Sahel.
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