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ABSTRACT 

A study was conducted with 24 N’dama calves of an average age of 3.83 ± 0.50 months 

and weight of 60.58 ± 2.93 kg as part of effort being made to develop a feeding 

management system for N’dama calves. The calves were placed into 4 feeding 

management systems (FMS) of 6 calves (3 females and 3 males) each. Calves in 

feeding management system one (FMS 1) were not weaned. They continued to suckle 

and were sent for grazing. Those in feeding management system two (FMS 2) were 

weaned and sent for grazing without feed supplementation. Feeding management 

system three (FMS 3) was made up of weaned calves which were grazed and 

supplemented with between 1.00 – 2.00 kg of concentrate with a crude protein (CP) 

content of 22.78%  (on dry matter basis) per day per calf. Calves in feeding 

management system four (FMS 4) were weaned, confined and given between 1.00 – 

2.00 kg of concentrate and grass at the rate of about 3% of their body weight. Average 

growth rates during the dry season were 0.16 ± 0.08, 0.07 ± 0, 0.23 ± 0.11 and 0.33 ± 

0.10 kg/day for FMS 1, FMS 2, FMS 3 and FMS 4 respectively while the corresponding 

daily growth rates for the rainy season were 0.24 ± 0.07, 0.06 ± 0.06, 0.23 ± 0.07 and 

0.34 ± 0.09 kg. A mortality rate of 33.33 ± 51.64%, 66.67 ± 51.64%, 16.67 ± 40.82% 

and 0.00% were recorded for FMS 1, FMS 2, FMS 3 and FMS 4 respectively. The 

overall daily average growth rate for calves in FMS 4 (0.34 kg/day) was significantly 

higher (p < 0.05) than those for calves in FMS 1 (0.23 kg/day), FMS 2 (0.07 kg/day) 

and FMS 3 (0.23 kg/day) but the difference between FMS 1 and FMS 3 was not 

statistically significant (p > 0.05).  Growth rate was not affected by sex of calves. 

Generally, haematological (Hb, PCV and WBC) and biochemical (glucose, cholesterol, 
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total protein, albumin and globulin) indices measured revealed that some grazing calves 

were infected and malnourished. The weaned N’dama calves in the supplemented 

systems (FMS 3 and FMS 4) had higher growth rate and prevailed over weight losses 

and mortality. Net income for FMS 1, FMS 2, FMS 3 and FMS 4 were GH¢ 1,713.00, 

GH¢ 498.00, GH¢ 1220.73 and GH¢ 1297.15 respectively. The current results suggest 

that if N’dama calves are weaned at 3.83 ± 0.50 months old and at 60.58 ± 2.93 kg of 

weight then FMS 4 would be a better management system to reduce mortality and 

promote rapid growth. But further research has to be conducted to improve the short 

term economic performance of N’dama calves in the system to help promote the 

livestock industry.  
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CHAPTER ONE 

1.0 INTRODUCTION 

Many people suffer from inadequate supply of protein in Ghana. This compelled the 

Food Research Institute of Ghana to try to augment the protein intake by introducing 

new sources of protein into our culture some years ago (Commey, 2007). 

Many parts of Ghana have long periods where little or no rain falls. Consequently, 

vegetation dies back and surface water disappears. The quality of the vegetation also 

declines, with the best eaten first by the animals. The longer the dry period lasts the 

poorer the quality of the vegetation becomes (i.e. the fibre content of the grass increases 

whilst the crude protein content decreases). Ruminants cannot use these poor quality 

materials efficiently (Blackwood et al, 2007). 

The fibre and crude protein contents of pasture are inversely related. During the rains 

the dry matter of pasture can contain about 16% crude protein and 32% crude fibre. 

Towards the dry season the crude protein can fall to about 8% and the crude fibre rises 

to about 35%. Digestive problem may occur, though, if the forage contains only about 

20 to 25% crude fibre (McDonald et al, 1995). 

Most cattle farmers in Ghana keep their animals in the traditional system (extensive 

system) and this makes the animals not to grow to their full body size (Otte and 

Chilonda, 2002). 

Slow growth rate is one of the factors contributing to low productivity in beef cattle 

production. The slow growth rate and the loss of weight during the dry season pose a 
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danger to the attempts being made to increase beef production in Ghana. Severe and 

prolonged under-nutrition at an early age may result in stunted growth and severely 

retarded animals never reach full body size (Payne, 1990). 

Supplementation of growing stock results in live weight gains (Payne 1990). Beef cattle 

that would not normally attain a slaughter weight of 200 kg until they were 3½ – 4 years 

of age could be “turned off” around 2 years if they were fed supplements during the dry 

season that enabled them to gain 0.5 kg/day (Payne, 1990). 

Agyemang et al (1997) reported that using locally available materials to supplement 

N’dama cattle grazing mostly natural forages within the traditional system, resulted in a 

significant increase in growth during both the dry and rainy seasons. Deku (2006), also 

reported in an experiment that calves weaned (at mean weight of 128 kg) to grass and 2 

kg of concentrate a day had a growth rate similar to their counterparts which were not 

weaned.   

To meet the animal protein needs of Ghanaians, Kaba (1994) argues that cattle 

production should be increased. Agyemang et al (1991) suggested that N’dama cattle 

should be considered when promoting livestock development in Africa. 

The objective of this experiment was to develop a feeding management system which 

will promote higher growth rate, prevent weight losses and minimize death in N’dama 

calves. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1.0 Features  of  N’dama Cattle  

The N’dama is a Bos taurus and trypanotolerant breed in West Africa (ILCA, 1979). It 

originates from the Fouta Djallon regions of Guinea (Pagot, 1992). It is hardy, medium 

sized with a large strong head and broad lyre – shaped horns. The udder of the female is 

very small and set high between legs. Female N’dama cattle are poor milkers (Payne, 

1990). The cows produce only 2 – 3 litres of milk per day during 7 – 8 months. They 

produce good meat under poor conditions (OSU, 1995; Payne, 1990).). The pure 

N’dama is a small humpless animal with a straight top line and short fine limbs. The 

coat colour is frequently fawn, uniform and white under the belly. The extremities 

(head, extremities of the limbs and tail) are often darkened and sometimes almost black. 

Adult liveweights reported are 210 - 280 Kg and 250 – 330 kg for cows and bulls 

respectively (Pagot, 1992; Joshi et al, 1975). Payne (1990), reported weight at maturity 

as 222 – 419 kg for male and 210 – 353 kg for female and age at first calving as 27 – 72 

months. 

 

2.2.0 CATTLE PRODUCTION SYSTEMS 

2.2.1 Extensive/Grazing  System 

In the extensive system, animals have access to a large grazing area. Animals travel 

long distances (especially in the dry season) in search of food (Sonkor, 2001). The 

growth of animals under this system is low and calf mortality risk is 4 – 23% (Otte and 

Chilonda, 2002). 
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2.2.2 Semi Intensive/Grazing with supplementary feeding System 

The semi – intensive system is a blend between the intensive and extensive systems. 

Cattle kept under this system are housed at night and released during the day to graze. 

Supplements are usually given to animals after grazing (Sonkor, 2001). 

 

2.2.3 Intensive/Zero Grazing System 

Animals kept under the intensive system are confined in well constructed houses and 

provided with feed, water and care.  

 

Two main types of the intensive system have been identified. In the first type, forages 

are cultivated and divided into paddocks. The animals are allowed to graze from 

paddock to paddock and provided with water. Shelter is provided on the pasture to 

protect the animals from the heat of the sun (Hill, 1988). On the other hand, Sonkor 

(2001) reported that animals may be housed in a structure with a hard slatted floor 

covered with beddings. In this system animals do not graze but grass is harvested and 

brought to them in their houses hence the name zero grazing or cut and carry.  

 

2.3.0 MANAGEMENT OF CALVES 

2.3.1 Housing  

Calves are housed in pens which are partially covered and walled to prevent excessive 

heat caused by the sun and to guard against rains and wind. Pens open to the east gain 

warmth from the morning sun and provide shade during the warmer parts of the day 

according to Rulofson et al (1993). 

Housing calves individually was reported to allow watching the calf’s daily feed intake 

and monitoring it for diarrhoea (scours) (Rulofson et al, 1993). 
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Clean water at all times is necessary (Parish et al, 2009). Calves’ pens are well 

ventilated to enhance fresh air at all times without drafts blowing directly on the calves. 

Build up of feacal matter contaminate the environment which is a potential source of 

pathogenic organisms (Hunter, 1996). An ammonia smell indicates more fresh air is 

needed. Air into the area through broad, continuous openings in the barn or hutch is 

helpful (Rulofson et al, 1993). Therefore, the floors of pens are concreted for easy 

removal of faecal matter. 

2.3.2 Weaning Calves 

Beef cattle producers have a variety of options when it comes to deciding when to wean 

their calves. Early weaning impacts both animal performance and operational 

profitability (Parish et al, 2009). Calves are usually weaned at about eight to nine 

months of age. Depending on the season and condition of the dam, they might be 

weaned earlier (Cole, 1978). Feeding weaned calves with milk can be stopped as long 

as water is available. The growth and development of the rumen as well as the 

nutritional requirements of young calves depend mostly on grains but also on forages. 

Hence when calves are weaned and put on grains forages are also added to aid rumen 

growth and development (Parish et al, 2009). 

 

By 3 months, the rumen should be almost fully developed (Rulofson et al, 1993) and 

calves generally consume significant amounts of forage (Parish et al, 2009), but calves 

can be weaned successfully as early as 2 months of age. However, this requires 

intensive calf management and is not practical under most ranch conditions. At 2 
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months of age, calves are still functionally preruminants that rely primarily on milk for 

their nutrient supplies and consume only small quantities of forage (Parish et al, 2009).  

 

2.3.2.1 Early weaning  

Weaning calves early may become a necessary option when forage supplies are limited 

as a result of drought conditions. Dams whose calves have been weaned have their 

nutrient requirements reduced by one-third to one-half depending on milk production of 

the cow (Greg and Russ, 2008; Russ, 1997). Weaning calves prior to the traditional age 

of 6-7 months can increase stress and reduce calf performance if proper health, nutrition 

and management practices are not followed. The rumens of calves are normally 

functioning sufficiently at 120 days of age to provide satisfactory gains without the 

benefit of milk or milk replacers (Russ, 1997). According to Troy (2005), for some 

producers, weaning time comes earlier than it did in the past. Instead of waiting until 

calves are seven to eight months of age, they wean when calves are just 150 days old or 

younger. Early weaned calves reach harvest weight earlier. Early weaning enhances 

reproductive performance (effectively initiate postpartum oestrus in these cows, 

improves pregnancy rates in cows and often lowers culling rates) and save cow 

maintenance costs (Parish et al, 2009). Early weaning may be most beneficial in years 

when pasture production is inadequate to support herd nutritional needs. Early weaning 

of cows can increase calf weaning weights in the following year (Parish et al, 2009). 

Feeding early-weaned calves a concentrate-based diet from weaning time until the time 

they would be conventionally weaned typically results in weights that are equal to or 
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greater than the weights of calves nursing their dams up to conventional weaning age 

(Parish et al, 2009). 

Most early-weaning strategies involve weaning calves that are at least 90 days old 

because weaning younger calves requires additional labour and management. In 

situations where calves are weaned at less than 3 months of age, intensive management 

may be necessary (Greg and Russ, 2008). A growing body of data indicates that early-

weaned calves fed high-energy diets produce more highly marbled beef than calves 

weaned under more traditional circumstance. Recent research at Kansas State 

University (KSU) supports earlier work by Ohio State University and the University of 

Illinois (Troy, 2005), showing that early weaning can be a management tool for 

enhancing quality grade, increasing carcass weight and thereby improving carcass 

value. An animal’s ability to produce a carcass of desirable quality grade is directly 

related to the length of time it is fed a high-concentrate diet (Troy, 2005). 

2.3.2.2 Traditional weaning 

Naturally, in wild cattle, each calf is suckled by its own mother until it is weaned at 

about nine months old. Cows kept on poor forage (as is typical in subsistence farming) 

produce a limited amount of milk. In a system in which the calf suckles for a long time 

it becomes common for cows to calve only in alternate years (Cole, 1978).  

Greg and Russ (2008), argued that traditionally, calves are weaned at six to seven 

months of age.  

 

 



8 

 

2.3.3 Diseases and disease prevention in Calves 

Ill health in animals is frequently due to deficiencies or imbalances in their nutrition 

(Hunter, 1996). Animals suffering from malnutrition are more disease prone than those 

that are well nourished. Good level of husbandry ensures good health of animals. 

Healthy animals that are well nourished, provided with water, adequate shelter or shade, 

and not overworked or stressed are usually better equipped to cope with any disease 

problems that they may encounter.  They are also more productive (Hunter, 1996). The 

source of many disease agents and parasites are animals themselves, often from adults 

that have acquired them earlier in life and have developed immunity to them. Whatever 

the form of husbandry holding areas are one of the most likely places for disease agents 

to build up or where susceptible animals are at risk from contact with infected or sick 

animals (Pagot, 1992). Good ventilation is essential as this prevents ambient 

temperatures becoming high and possibly endangering animals to heat-stress.  Good 

ventilation also reduces the risk of spread of respiratory infections (Hunter, 1996). 

The stress of early weaning directly influences the health and well being of the calf after 

weaning. Castration, dehorning and branding should be completed at least 10-14 days 

prior to weaning. Protection from clostridial and viral infection is provided by 

vaccinating calves. Protection from flies and parasites is also included in a good health 

programme. Calves must be monitored daily for signs of respiratory problems (Forse, 

1999), digestive disturbances, scours and coccidiosis (Parish et al, 2008). According to 

Rulofson et al (1993), preventing disease in the newborn calf gets them off to a good 

start, reduces death losses, and is cheaper than treating sick animals. To achieve this, 
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calves should be observed regularly, fed correctly, and provided with clean 

surroundings. Regular use of a rectal thermometer helps detect sick calves with fevers 

early. Normal body temperature of cattle is 38.61°C. Early disease detection is essential 

for effective treatment (Parish et al, 2009). 

 

3.4.4 Calf mortality  

The mean values in Table 1 show that cattle production in the traditional system (mixed 

and pastoral systems) is poor. In general traditional systems are characterized by high 

mortality risk and low fertility. In the non traditional system (ranching) mortality risk in 

calves is about two times better than that of the traditional system. 
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Table1: Mortality Risk in Mixed, Pastoral and Ranching Systems in the Semi Arid Zone 

of Sub – Saharan Africa  

 Mixed Systems Pastoral Systems Ranching Systems 

Mortality 

risk (%) 

Mean  Mini 

mum  

Maxi 

mum  

Mean  Mini 

mum  

Maxi 

mum  

Mean  Mini 

mum  

Maxi 

mum  

Calf 

Mortality 

risk (%) 

20.7 4.8 40.0 22.3 5.0 42.8 10.2 4.0 23.0 

Female 

replacement 

Mortality 

risk (%) 

8.1 2.0 15.0 6.6 2.0 10.0 n.r n.r n.r 

Male 

replacement 

Mortality 

risk (%) 

8.2 3.2 15.0 7.3 4.2 10.0 n.r n.r n.r 

Cow 

Mortality 

risk (%) 

6.2 1.0 12.9 7.6 2.0 12.9 5.7 1.0 10.0 

Adapted : Otte  and Chilonda    (2002)                        n.r – no reference 

The major causes of mortality in calves are diseases, starvation and snake bites (Kaba, 

1994). Table 2 indicates mortality rates in the guinea savanna zone of Ghana from 1984 

to 1992, which range from 6.9% – 10.2% and the average for the same period being 

8.43%. 
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Table 2: Mean Annual Calf Mortality Rate from 1984 to 1992 in the Guinea Savanna 

Zone of Ghana. 

Year  No. of calving  No. of mortality Mortality (%) 

1984 166 17 10.2 

1985 184 16 8.6 

1986 154 13 8.4 

1987 163 12 7.3 

1988 169 16 9.4 

1989 160 11 6.9 

1990 183 13 7.1 

1991 297 26 8.7 

1992 147 14 9.3 

Source Kaba (1994) 

 

2.4.0 FEEDS AND FEEDING SYSTEMS FOR CALVES 

2.4.1 Examples of Feeds and Feeding Systems 

During drought, calves may not be able to successfully compete with cows for adequate 

forage. By weaning early and providing a highly nutritious diet, calves can reach their 
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growth potential. Early weaning, coupled with feeding a high concentrate diet, has 

resulted in increased quality grade of beef (Greg and Russ, 2008).  

 

Early-weaned calf can do well on a grain diet. Feeding grain to the calves and saving 

forage for the cows is possible (Troy 2005). 

In an experiment Raja et al (1981) reported that dairy calves (10 weeks old) were 

allowed to graze irrigated kazungulu setaria pasture. Five groups of four calves each 

were given 1 kg/day of a concentrate supplement made up of maize and cottonseed 

meal mixture. The ratio of maize to cottonseed meal was 6:0, 5:1, 4:2, 3:3 and 0:6 to 

give 15, 23, 31, 39 and 63 gN/kg OM in the supplement respectively. The sixth group 

was an unsupplemented control. Supplementation resulted in a large increase in the rate 

of live weight gain (243 v 561 g/day) but there was no difference in the mean 

liveweight gain of any of the supplemented groups. In addition, Raja et al (1981) stated 

that the conversion of supplement to liveweight gain indicated that on pasture (despite 

the availability of excess pasture) the calves responded to the extra energy intake from 

the supplement. The pasture was however relatively low in protein (8.4 – 29.4; mean 

14.3 g N/kg OM on offer) which is possibly marginal for efficient rumen fermentation 

and if all the protein was fermented in the rumen it is unlikely that this pasture could 

support high growth rates. Plasma glucose concentrations of the supplemented groups 

were always higher than the control group. 

The growth of weaner calves on tropical pastures is often low due apparently to low 

pasture intakes. However, the growth of calves allowed to suckle their dams for a short 

period of time after milking can be high even with only small inputs of milk of about   
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2½ litres/day.  Milk provides nutrients postruminally (ie they bypass the rumen) through 

activation of the oesophageal groove reflex (Alvaraz, 1980). 

 

From Table 3, using locally available materials to supplement N’dama cattle grazing 

mostly natural forages within the traditional production system to evaluate the 

improvements in productivity that can be obtained by feeding supplements to cattle, and 

to recommend a practicable feeding system at the village level,  Agyemang et al (1997) 

found that significant increases in growth were obtained during both dry and wet 

seasons, indicating that lack of protein from natural source can limit production at  

different times of the year. However, the supplementation was more beneficial for 

weaned calves (experiment IV and V) than for pre- weaned calves (experiment I, II and 

III). Hence they suggested that supplementation may be unnecessary during the pre- 

weaning period.  
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Table 3: A Feeding System in Traditional Cattle Production 

Experi 

ment  

Supplement 

(approximate 

quantities offered 

per head) 

 

Season 

Approximate 

initial live weight 

(kg) 

Weaned 

by end of 

experiment 

(%) 

Growth 

rate 

(g/day) 

 

I 

0 Dry  30 0 77 

GNC (60 g/d) Dry 30 0 115* 

 

II 

0 Dry 35 0 151 

GNC (60 g/d) Dry 35 0 156 

 

III 

0 Wet 

/Dry  

70 6 198 

SC (200 g/d) Wet 

/Dry 

70 6 211 

 

IV 

0 Wet 

/Dry 

90 50 108 

CS (400 g/d) Wet 

/Dry 

90 54 142* 

 

V 

0 Wet 

/Dry 

110 100 169 

SC (250 g/d) Wet 

/Dry 

110 100 270* 

CS (450 g/d) Wet 

/Dry 

110 100 270* 

Source: Agyemang et al (1997)          *significantly greater than control, 

GNC -  Groundnut cake; SC- sesame cake; CS -cotton seed   
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Table 4 shows a design of a Feeding System for Hariana and Murrah Buffalo Calves 

from 3 to 12 months of age. For instance, in feeding 3-6 month old hariana, if a 

concentrate of 1000 – 1500 g is given then 10 kg of maize roughage or silage is also 

added. Composition of the concentrate mixture used in the design was as follows: 

Ingredient  inclusion level (%) 

Maize                                  25 

Groundnut cake                   30 

Wheat bran                           42 

Mineral mixture                    2 

Common salt (powdered)     1 

Crude protein in the mixture was 22%. The amount of concentrate mixture provided per 

calf of age 3 to 12 months old ranged from 0.75 to 2.0 Kg. 
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Table 4: A Design of a Feeding System for Hariana and Murrah Buffalo Calves from 3 

to 12 Months of age 

Age Category Concentrate mixture 

(g) 

Roughage Quantity 

(kg) 

 

3-6 months 

 

 

 

HARIAH 

 

(a)1000-1500 

 

(b)750-1000 

(c)1200-2000 

Green oats / maize/ 

silage 

Berseem + Dry fodder 

Green oats + wheat straw 

 

10 

1.5-2.5 +2 

2 + 1-2 

6-12 

months 

(a)1000 

(b)1000 

(c)2000 

Green oats / maize 

Berseem + Dry fodder 

Green oats + wheat straw 

15-20 

15-20 + 2 

5 +2-3 

 

3-6 months 

 

 

 

MURRAH  

(a)1200-2000 

 

(b)900-1500 

(c)1400-2000 

Green oats / maize/  

Silage  

Berseem + Dry fodder 

Green oats + wheat straw 

 

20-25 

1.5-2.5 +2 

3 + 2 

6-12 

months 

(a)1250 

(b)1000 

(c)2000 

Green oats / maize 

Berseem + Dry fodder 

Green oats + wheat  straw 

15-20 

25-30+ 2 

5 +3 

Adopted: Ranjhan (1999) 

 

Supplementing grazing animals with high energy feeds is a conventional  practice to an 

intensive dairy system since the low ME intake from unsupplemented tropical pastures 

places a ceiling on milk production per cow which is unacceptably low for most 

farming economies. Energy supplementation may also be used to overcome seasonal 

scarcity of forage (Humphreys, 1991). 
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2.4.2 Feed intake 

Present day ruminant production systems have stimulated research to improve the 

prediction of feed intake to increase the efficiency of management systems (Tedeschi et 

al, 2000). The palatability and acceptance of offered feed is critical to ensuring 

adequate feed intake by early weaned calves. A least cost ration will not be the most 

economical ration if calves do not readily eat it. Calves need to consume 2.5-3.0 percent 

of body weight in dry feed daily to have satisfactory performance (Russ 1997). Offering 

high quality, easily digested feeds and roughages in a form that calves will consume is 

important. Calves should be creep fed starting three weeks before weaning to minimize 

stress and ensure adequate feed intake following weaning (Rasby et al, 1991). Initially, 

newly weaned calves should be offered grass hay, in the form they are most familiar 

with. Once weaned and on feed, calves will prefer chopped forage to long stem hay.  

 

Over consumption of grain can lead to bloat and/or acidosis in the calves. Dust in the 

ration should be minimized and can be controlled by adding 3-5 percent molasses. 

Offering corn silage, hay silage or other fermented feeds is not recommended for early 

weaned calves as the taste and bulk of the feed discourages a satisfactory level of 

consumption. Calves weighing 136 kg should consume 3.64 – 4.09 kg of dry feed daily. 

A 50:50 roughage-grain mix containing 13-15 percent protein generally will provide 

satisfactory calf performance provided the feeds are high quality and not stale or rancid 

(Russ 1997). Feed particle size should be consistent and the ration should be free of 

dust. When offered a highly palatable, nutrient-dense ration, getting early-weaned 
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calves to eat is seldom a problem. Within a week after weaning, feed consumption 

should equal about 2.5 percent of calf body weight (Troy 2005). 

Feed intake is initially low after weaning, hence calves’ diet must be nutrient-dense to 

supply enough nutrients to weaned calves. Calves can fill up on hay and not consume 

adequate amounts of grain mix when long-stem hay is offered separately (Parish et al, 

2009). 

 

Once calves are over the stress of weaning and are eating at least 1.5 percent of their 

body weight as the starter ration each day, they are ready to receive a grain based 

growing ration in a drylot or to graze high-quality pasture with some grain 

supplementation. Feed intake levels must be monitored closely. Early-weaned calves 

need to consume 2.75 percent to 3.25 percent of their body weight in high-quality dry 

feed daily. Feed intake fluctuation or depressed appetite can indicate calf health 

problems (Parish et al, 2009). 

 

The first 2 weeks after weaning is a critical time for calves to get over weaning stress 

and learn to consume feed. One of the greatest challenges with early weaning calves is 

getting them to eat and drink. These relatively young, lightweight calves are highly 

stressed from weaning and may display wide variations in eating and drinking 

behaviour (Rasby et al, 1991). 

 



19 

 

Early weaned calves must be put on a highly palatable, dust-free, nutrient dense diet 

including a complete mineral and vitamin supplement (Parish et al, 2009). According to 

Fisher (2002), researchers have identified many factors that are correlated with intake 

and have proposed many of these factors as regulators of intake. Due to the 

experimental difficulty in the study of the central nervous system, Fisher (2002) 

suggested that the use of empirical mathematical methods are likely to remain critical to 

synthesizing the current understanding of intake regulation. In line with this, Faverdin 

(1999) reported that feed intake is influenced by nutrients and volatile fatty acid (VFA). 

VFAs consist of 50-75% of a ruminant’s energy supply. These considerably depress 

feed intake when administered by short- term infusion into the rumen. 

 

The response of ruminants to bypass protein on a diet low in dietary bypass protein is to 

increase feed intake. The response to bypass starch appears to increase the efficiency of 

feed utilization without affecting feed intake (Raja et al, 1981). 

 

2.4.3 Feeding behaviour of calves 

A knowledge of ruminant digestive anatomy aids in understanding both the ecological 

niche and the feeding behaviour of the ruminant animal.  Factors controlling ruminant 

intake should be assumed to function with multiple interactions (Forbes, 1995).  A 

number of feed back regulators such as distension, protein, and energy should be 

considered in the context of their interacting regulatory effects when attempting to 

predict intake. Behavioural aspects also influence voluntary feed intake through 
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associations formed via post ingestive feedback.  Ruminants can learn to identify 

particular feeds and alter intake on the basis of past experiences (Forbes, 1995). 

 

Feeding behaviour may be separated into two distinct components: feed intake and 

rumination (Jarrige et al. 1995), which are highly influenced by the fact that feed 

consists primarily of roughage. Feeding is generally of very long duration (from 5 to 11 

h/d), particularly when ruminants are in a natural environment and must find food for 

themselves. This extensive use of roughage has resulted in various specific 

characteristics relating to eating behaviour, digestion and metabolism, which have 

implications for feed intake control mechanisms (Faverdin, 1999). 

 

2.4.4 Dry matter, energy and protein requirements of calves 

Lactating beef cows grazing on good pasture early in the season can meet their 

nutritional needs for optimum milk production. However, by the time a calf is 90 days 

old, an average milking beef cow may produce enough milk to meet only one-half the 

nutrients needed by the calf for maximum growth (Hand, 1998). For example, a 90 kg 

(200 lb) calf requires about 11 kg (25 lb) of milk to gain at a rate of 0.9 kg (2 lb) per 

day. If its dam produces only 7 kg (15 lb) of milk per day, the calf must also consume 2 

kg (4.5 lb) of dry matter per day to maintain a growth rate of 0.9 kg (2 lb) per day 

(Hand, 1998). By the time the calf weighs 180 kg (400 lb), its dam may be producing 

only 4.5 kg (10 lb) of milk daily. The calf must then consume about 5 kg (10.5 lb) of 

forage dry matter or its equivalent to maintain 0.9 kg (2 lb) per day growth rate. The 
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calf could probably consume this amount of forage, but the digestibility may be low, 

and the growth rate might decrease (Hand, 1998). 

 

In most cases, pastures become energy deficient later in the grazing season. In situations 

where cattle are grazing poor quality mature or dormant grasses, protein deficiencies 

may be of primary concern. Supplemental protein fed in association with grazing poor 

quality, low protein forages will result in an increased consumption of poor quality feed 

on pasture (Hand, 1998). 

 

Adequate (but not excessive) nutrition is needed for the heifer calf to reach sexual 

maturity at a liveweight of 250 kg (Payne, 1990). Where milk production is low in 

relation to calf nutrient needs (young cows, old cows, drought conditions, or perhaps 

where heifer calves have exceptional genetic growth rate relative to milk production of 

their mothers), supplemental feeding of heifers before 6 to 7 months of age may be 

necessary for them to reach puberty at the 13 to 15 months reported (Rasby et al, 1991). 

Calves sucking good milking dams on good pasture will gain little from supplemental 

feeding, but if milk and/or pasture are poor, weaning weights can be substantially 

improved by supplemental feeding. As calves approach weaning, their nutrient 

requirements increase. This increase is greater in calves with a good growth potential 

(i.e. male or crossbred calves). If the calves’ nutrient requirements are greater than the 

nutrients supplied by milk and pasture, the calves’ growth rate will be restricted. When 

availability and quality of pasture decrease, the gap between the calves’ nutrient 
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requirements and the amount of nutrients supplied by milk and pasture tends to increase 

(Hand, 1998). 

 

2.4.5 Control of feed intake in ruminants 

The nutrients required for good microbial activity (proteins in the rumen) generally 

promote feed intake, whereas nutrients that disrupt rumen functioning (lipids) reduce 

feed intake. After a learning period, preferences are always governed by a tendency 

toward optimum rumen functioning, rather than by animal nutritional requirements, 

although the two factors are not independent. Ruminants, due to their particular 

anatomical and nutritional characteristics, have, in the course of their evolution, 

developed specific feed intake control mechanisms based on nutritional cues (Faverdin, 

1999). Protein supplementation increases feed intake (Caton et al. 1988). The central 

and peripheral factors are involved in the control of feed intake in ruminants. The 

regulation of body weight under various states of energy need depends on an animal's 

ability to control feed intake to meet these needs (Baile and McLaughlin 1987). 

The mechanisms involved in the control of feed intake of ruminant animals are similar 

to those in non-ruminant animals. In the brain, ventromedial and lateral areas of the 

hypothalamus appear to be involved in satiety and hunger, respectively (Baile and 

McLaughlin 1987). 

 

Ruminants mainly select feed based on the amount of crude protein, generally showing 

a preference for diets high in high-quality degradable nitrogen (N). Controlling feed 

intake through N apparently serves to meet the animal’s requirements primarily by 
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optimizing the functioning of the rumen. The energy consumption of ruminants may 

greatly exceed their requirements, and very rapid weight gains are possible with diets 

rich in feed concentrates. This finding tends to contradict energy control theories which 

assume that energy consumption does not increase when requirements are satisfied 

(Faverdin, 1999). 

 

 

2.4.6 Efficiency of feed utilisation 

A wide variation in efficiency of feed use from creep feeding may be recorded if  

wastage of feed due to improper feeder design or adjustment; location of the feeder, 

which affects frequency of eating and total feed intake is not addressed (Rasby et al, 

1991). There appears to be little difference in average daily gain 30 to 90 days after 

weaning for creep fed versus non-creep fed calves. Feed conversions for creep-fed 

compared to non-creep fed calves during the post-weaning period are not significantly 

different. The non-creep fed calves tend to "compensate" for their lower level of pre-

weaning nutrition (Rasby et al, 1991).  

The length of time it takes non-creep fed calves to catch up in weight depends on their 

nutrition after weaning. The difference is generally eliminated by the time the cattle 

reach slaughter weights. Unless marketed for slaughter within 3 months of weaning, it 

is doubtful the extra weight will be sufficient enough to pay for the added costs 

associated with creep feeding (Rasby et al, 1991). 
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Early-weaned calves fed a high-concentrate diet are very efficient in converting feed to 

gain early in the feeding period. Early weaning can improve feed efficiency (Parish et 

al, 2009). Feed conversion efficiency reported by Deku (2006) for confined N’dama 

calves is 0.07. 

 

2.4.7 Dry season feeding problems 

During grazing livestock learn which plants are dangerous and avoid them if at all 

possible. When pastures are overgrazed or scarce due to a drought, some poisonous 

plants, because of their deep roots, may be the only green vegetation available.  Hungry 

cattle may thus overcome their aversion for the plants and eat them (Hunter, 1996). 

Grazing shortages arise for a variety of reasons, sometimes due to overstocking as a 

result of poor management, and at other times due to drought. Grazing animals put on 

condition over the rainy seasons when grazing is abundant, and this helps to sustain 

them through the following dry season until the next rainy season (Hunter, 1996). 

Pastoral communities with extensive flocks and herds gradually retreat from scattered 

wet season grazing as the dry season progresses, and may eventually be forced to 

congregate around dwindling water supplies if the season is prolonged and the rains fail. 

The net result may be a concentration of livestock in poor condition and increased risk 

of disease spread such as worms and coccidiosis, now recognized as a significant 

problem of livestock under these conditions. Thus water and fodder should be provided 

to livestock at several sites under such situations (Hunter, 1996). 
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2.5.0 GROWTH RATE OF CALVES 

A minimum average daily gain of 0.91 kg is required for early weaned beef calves to 

compete with calves weaned at 6-7 months of age in North Dakota (Russ, 1997). Calves 

on the cow will gain close to 0.91 kg a day but weaned calves on a good ration should 

do at least as well. Young calves are efficient at converting feed to gain (Troy, 2005). A 

commercial steer or bull calf is expected to put on about 32 to 36 kg per month. At 

about 12 months old a beef heifer reaches puberty if she is well grown (Cole, 1978).  In 

monitoring calf growth, weight gains are checked to determine if calves are growing at 

the desired rate. Periodically checking calf weight and height also helps to evaluate a 

feeding programme. Also, body condition and skeletal growth can be observed. Over-

conditioned or fat calves may be receiving too much feed or the ration may be low in 

protein. Lack of condition or skinny calves indicates underfeeding or poor quality feed 

(Rulofson et al, 1993). 

According to Rulofson et al (1993), if one does not have access to scales for weighing 

calves, a weighing tape will estimate its weight accurately. To estimate weight, the tape 

is placed around the calf's body directly behind the front legs (the heart girth). Making 

sure the calf is standing squarely on its feet. Have the tape fit firmly but not tight. Then 

the weight is read directly from the tape. 

Early weaned calves can achieve adequate rates of growth if given access to a high 

quality ration. By the time calves are 3 to 4 months of age, they are consuming 

significant amounts of forage (Greg and Russ, 2008). 
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At Wulugu farms and Pong Tamale in the Guinea Savanna Area of Ghana weaning is 

done at 9 months and 6 months of age respectively. Pre weaning (birth to 6 months) and 

post weaning (6 to 12 months) growth rate are reported in Tables 5 and 6 respectively 

for N’dama calves. Weights of male calves were not significantly greater than those for 

N’dama female calves (Kaba, 1994).  

 

Table 5: Mean Pre- Weaning Growth Rate for N’dama Calves in the Guinea Savanna 

Area of Ghana  

Sex Birth to 3 months 

(Kg/day) 

3 to 6 months 

(Kg/day) 

Birth to 6 months 

(Kg/day) 

Male 0.21 0.22 0.21 

Female .0.21 0.22 0.21 

Adapted: Kaba (1994) 
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Table 6: Mean Post- Weaning Growth Rate for N’dama Calves in the Guinea Savanna 

Area of Ghana  

Sex  6 to 12 months  

(Kg/day)  

12  to 15 months  

(Kg/day) 

15 to 18 months  

(Kg/day) 

Male  0.19 0.21 0.27 

Female 0.18 0.19 0.26 

Adapted: Kaba (1994) 

2.5.1 Compensatory growth. 

Compensatory growth is the rapid weight gain that usually follows a period of reduced 

nutrient intake of an animal, when it is placed back on a high quality diet. Since the 

animal will be underweight for its age, increased nutrient intake is usually noted leading 

to a fairly rapid and efficient gain in body weight (Summers, 2000). 

 

According to Lawrence and Fowler (1998), the nature of the restricted diet, the degree 

of severity of under nutrition, the duration of the period of under nutrition, the stage of 

development of the body at the commencement of the under nutrition, relative rate of 

maturity of the animal concerned and amount of feed available at all times after the 

growth restriction period are the factors that affect compensatory growth. 

Compensatory growth was relatively common with beef cattle where young stock were 

fed low quality feed, basically, reduced nutrient intake, during the winter and early 

spring months. With the appearance of lush high quality pasture, the animals were 
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offered a high quality forage leading to a high nutrient intake. This usually resulted in 

the animals compensating for their small weight gain during the winter months, with an 

enhanced feed efficiency (Summers, 2000). 

 

Under condition of cyclic growth there is often accelerated growth when feed becomes 

abundant during the wet season – a phenomenon that enables an animal with a retarded 

growth rate to catch up with the final liveweight of contemporary untreated animals, 

often with the advantage of superior food conversion for the period of most rapid 

growth (Payne, 1990). However, some of this compensatory growth may be due to the 

retention of additional water in the body tissues, just as some of the weight loss during 

the dry season may be due to loss of water. Compensatory growth may compensate an 

animal for loss of weight during the periods of under nutrition, but at the same time the 

animal ages and becomes physiologically more mature and the normal pattern of growth 

and development may be disturbed. Restriction on growth followed by increases in 

growth rate will have the most effect on the later maturing tissues, particularly on fat 

(Payne, 1990).  

 

Opinions vary as to the age at which compensatory growth is effective. It is highest in 

the young but can also be least when young. Slower –maturing types of animals respond 

better in terms of compensatory growth after a period of under-nutrition than do faster 

maturing types (Payne, 1990). 
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2.5.2 Factors  Affecting Birth Weight And Growth Rate Of Calves 

2.5.2.1 Factors  Affecting Birth Weight of calves 

Calf birth weight varies with breed (Karikari, 1990) and within a breed there are 

variations between countries and even within countries. Roy (1980) reports that birth 

weights of calves tend to be greater in south – western England than in the north of 

England. Karikari (1990), reported that calves born twins have lighter weight than their 

counterparts born single probably due to the competition between foetuses for available 

space and nutrients. Additionally, he stated that sex affects the birth weight of calves 

with bull calves being generally heavier at birth than heifer calves. Birth weight of 

calves tends to increase up to the third and fourth or even up to the fifth parity of dam.  

 

According to Nunoo (2003) thermal stress lowers the birth weight of calves as a result 

of depressed appetite and lowered thyroid activity resulting in lower basal metabolic 

rate. Inbreeding has also been shown to result in reduced birth weight. Under Ugandan 

conditions, cross breeding between a zebu (Boran) and a European breed (Red Poll) 

resulted in hybrid vigour in the offspring in that they were 8% heavier at birth than the 

offspring of the heavier parental breed. Mean birth weights reported for Friesian X 

N’dama cattle in Kumasi by Agbemawle (1996) were 25.5 ± 3.96 and 22.0 ± 4.18 kg 

for males and females respectively. Ahamefule et al (2007), reported a birth weight of 

13.93 kg for N’dama calves. 
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2.5.2.2 Factors  Affecting Growth Rate Of Calves 

The growth of an animal is obviously dependent on its level of feeding. If the level is 

high, growth is rapid and the animal reaches a specified weight at an early age 

(McDonald et al 1995). The effects of underfeeding are greatest on pre-pubertal animals 

and lactating cows. Weight loss postpartum, due to underfeeding or high lactation 

demands, extends the postpartum anoestrous period (Baker and Mikesell, 1996). 

Underfeeding also reduces milk yield, which reduces the growth of the calf. Reduced 

growth rate delays puberty, which reduces the potential lifetime productivity of the 

female calf. Poor nutrition of heifers delays puberty, reduces conception rate 

(Ahamefule et al, 2007) and increases pregnancy losses. It has been shown that 

overfeeding can reduce reproductive performance (Payne, 1990). Drought delayed the 

onset of puberty in heifers of 10 breed groups in Australia and stopped ovarian activity 

in half of those that had already reached puberty (Post and Reich, 1980). 

 

According to Roy (1980) a sustained high growth rate of calves is of economic 

importance because beef animals reach slaughter weight earlier, resulting in reduced 

overhead costs. The maximum rate of weight gain attainable is limited by voluntary 

productive energy intake of the animal. Pre – weaning growth in most farm animals is 

largely dependent on the milking and mothering abilities of the dam as the growth of 

the young is retarded if the dam’s milk yield is insufficient. The post – weaning growth 

rate however is dependent on the ability of the animal to ingest, digest and convert 

bulky and concentrated feed of various kinds into animal tissue. Growth rates reported 

by Karikari (1985) were 0.44 kg and 0.38 kg for male and 0.45 kg and 0.37 kg for 
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female Friensian X N’dama calves at Boadi in Kumasi. Growth rates reported for 

N’dama calves on grazing and confined systems respectively, were 0.50 kg/day and 

0.84 kg/day (Payne, 1990); and 0.31 kg/day and 0.61 kg/day (Deku, 2006). 

 

2.6.0 FORAGE  

2.6.1 Nutritive value  and    conservation of forage 

Most of the world’s tropical livestock production comes from natural rather than 

planted pastures (Humphreys, 1991). 

Pasture conservation is rarely practised in the tropics. Forage which is cut, dried and 

stored retains its nutritive value better than standing forage; the essential feature of hay 

is its low moisture content which inhibits the growth of micro organisms. Silage is the 

product of a series of processes by which cut forage of high moisture content is 

fermented to produce a stable feed which resists further breakdown in anaerobic storage 

(Humphreys, 1991). 

The efficiency of the techniques available for the conservation of tropical forages is a 

central constraint to the incorporation of fodder conservation in the farm system. 

Climatic risks limit hay making until the end of the main growing season, when forage 

is of low quality.  The ensilage of higher quality material at an earlier stage of 

development also has intrinsic problems in the tropics. The nutritive value of the forage 

or the price received for animal products may not merit the energetic or financial 

expense involved in pelleting or drying materials, or in chemical treatment, which may 

also involve hazards at the farm level (Humphreys, 1991).  



32 

 

Table  7 shows the details of chemical composition of Brachiaria ruziziensis reported by 

Kawashima et al. (2006). Crude protein of the forage was 4.8 %. 

Table: 7:  Chemical Composition of Brachiaria ruziziensis 

CP 

(% DM) 

EE 

(% DM) 

Ash 

(% DM) 

NDF 

(% DM) 

ADF 

(% DM) 

GE 

(MJ/kgDM) 

4.8 1.6 6.3 72.0 43.0 18.2 

Source: Kawashima et al, 2006 

Forage with an acid detergent fiber value of more than 35% is considered of poor 

quality and low digestibility. Considerably high amount of this kind of forage would 

have to be consumed by animals before their nutritional requirement is met (Briggs, 

1998). The rate at which feeds are digested is negatively related to the NDF content of 

the feeds (McDonald et al, 1995). Crude protein, ADF and NDF contents of forage on 

dry matter basis, reported by Shaver et al, (1985) were 21.8 – 22.8%, 28.9 - 31.9% and 

40.2 – 42.1% respectively. 

 

2.7.0  BIOCHEMICAL CONSTITUENTS OF BLOOD IN CATTLE  

2.7.1 Glucose in calves in association with age and feed 

Glucose is the free sugar which circulates in the blood. After a meal, the circulating 

blood sugar level is elevated quickly after absorption. In a fasting animal the glucose 

concentration in the blood is about 80 mg per 100 ml,  however,  the blood sugar level 

is maintained almost constant and varies with narrow limit unless during abnormal 

conditions like hyperglycemia or hypoglycemia. Glucose is a major energy source for 
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the body, derived from the breakdown of carbohydrates obtained from daily diet and 

regulated through the process of glycogenolysis (breakdown of body stored glycogen) 

and gluconeogenesis (endogenous synthesis from amino acids and other substances) 

(Rastogi, 2008). 

The glucose level in the blood is maintained by diet uptake and regulatory hormones 

such as insulin, glucagon or epinephrine.  Insulin speeds the movement of glucose from 

the blood into tissue cells, thereby lowering the blood glucose level. If too much insulin 

is present in circulation, the blood sugar level will drop below normal causing 

hypoglycemia. If enough insulin is not present, then the transport or mobilization of 

blood sugar is slowed down causing rise in blood sugar level. This condition is referred 

to as hyperglycemia (Rastogi, 2008).  

Glucose measurement in the blood is a key test to evaluate and diagnose any 

carbohydrate-related disorder (Rastogi, 2008). 

Gluconeogenesis in ruminants is controlled by quality and quantity of the feed given 

and glucose measurement in the blood have been investigated in adult ruminants as a 

measure of the adequacy of various dietary regimes. Glucose measurement in the blood 

is related to growth rate in cattle suggesting that they may be an aid to predicting the 

nutritional status and potential growth rate of calves and hence indicate optimal 

supplementation rate (Raja et al, 1981). The glucose level in the blood of calves 

depends on age, diet and time when it is fed. Feeding calves only on rough forage and 

concentrate mixed feed, the glucose level in blood becomes more stable, it does not 

change with feeding and time after feeding (Ilgaža and Birğele, 2003). 
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The glucose levels in blood in calves after birth at different ages can vary in a 

comparatively wide range. A calf is born with very low glucose level in blood (1.68 ± 

0.19 mmol/L). However, significantly higher amount of glucose in blood in new-born 

calves prior to the first feed intake 4.1- 4.3 mmol/L ( Angelov et al., 1996) and even 6.6 

mmol/l (Wei and Mao, 1993), have been reported. A range of 2.1 – 3.8 mmol/L was 

reported by Tighe and Brown (2003) and 3.33-6.11 mmol/L by Tietz (1995). These 

differences (in absolute figures) could be connected with the breed peculiarities of 

animals, climatic conditions, peculiarities of nutrition of pregnant cows and other 

circumstances that affect the glucose level in blood in new-born calves  ( Ilgaža and 

Birğele, 2003). 

 

 

2.7.2 Cholesterol 

Cholesterol exists in the blood as a free sterol and in an esterified form (Rastogi, 2008). 

The knowledge of the plasma level of lipids (cholesterol and triglycerides) together with 

lipoproteins of high and low density aids in the detection of many conditions bound to 

metabolic disorders (Young, 1995). The imbalance in the level of lipoproteins in plasma 

leads to hyperlipoproteinemias , a group of disorders that affect lipid levels in serum, 

causing coronary heart disease and atherosclerosis, conditions in which the cholesterol 

levels are important tools in their diagnosis and classification (Young, 1995). Some 

types of kidney diseases are other disorders that may exhibit the same cholesterol 

disturbance. Low total serum cholesterol values with normal ester fractions are noted 

mainly in hyperthyroidism and malnutrition (Young, 1995). The reported normal serum 
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cholesterol contents of the blood were 150 – 250 mg/100 ml (Rastogi, 2008; Singh, 

2003) and 2.90 - 8.00 mmol/L (Tighe and Brown, 2003). 

 

2.7.3 Total protein, Albumin and Globulin 

The serum content of the soluble proteins, those circulating in extracellular and 

intracellular fluids, has been used as a marker to aid in clinical diagnosis. The main 

diagnostic tests are those measuring serum total protein and serum albumin.  

Collectively, serum total protein including albumin is mainly involved in the 

maintenance of normal water distribution between tissue and the blood and responsible 

for maintaining the pressure of plasma and is used to transport many substances 

including macromolecules (Rastogi, 2008). 

The concentration of plasma proteins remains constant even during dietary variations 

and abnormal conditions. Prolonged malnutrition, however, affects the protein 

concentration. Quoted values for normal range of total protein in serum are 6.3 – 7.8 

g/dl (Rastogi, 2008), 70 – 94 g/L, (Tighe and Brown, 2003) and 6.0-7.8 g/dl (Singh, 

2003). Reported normal range of albumin in serum are 3.2 – 5.1 g/dl (Rastogi, 2008), 34 

– 43 g/L (Tighe and Brown, 2003) and 3.5-5.0 g/dl (Singh, 2003).  Normal ranges of 

globulin in serum are 2.5 g /100 ml (Rastogi, 2008) and 2.3 - 3.5 g/dl (Singh, 2003).  

In certain abnormal conditions the albumin content of the plasma is lowered. 

Concentrations below 2 g/100 ml are always associated with oedema.  Globulins carry 

the lipid fraction of proteins and contain antibodies for generating immune responses 

(Rastogi, 2008). Albumin/globulin ratio in blood is 1.2 - 1.5 (Singh, 2003). 
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Hyperproteinemia or hyperalbuminemia usually occurs during multiple myeloma 

caused by dehydration, excessive water loss, as in severe vomiting and diarrhorea 

(Rastogi, 2008). Hypoproteinemia or hypoalbuminemia usually occurs in malnutrition, 

nephritic syndrome, malabsorption and severe liver cirrhosis (Rastogi, 2008). Details of 

the chemical constituents of cattle blood are shown in Table 8. 

Table 8: Chemical Constituents of Blood in Cattle 

Parameters  values 

Blood Glucose (mg %) 35 – 55 

Total Plasma Protein (g %) 6.74 – 7.46  

Albumin (g %)       3.03 – 3.55 

Globulin (g %) 3.00 – 3.48 

Serum Total Cholesterol (mg %) 50 - 230 

Source: Pampori (2003) 

 

2.7.4 Haematological profile of calves’ blood 

The red blood cells (RBC) count gives the number of RBCs found in a cubic millimeter 

(mm
3
) of whole blood and provides an indirect estimate of the blood’s haemoglobin 

content. Normal values are 4.5 - 6.0 million/mm
3
 of blood for males and 4.0 - 5.5 

million/mm
3
 for females (Rastogi, 2008) and 5 – 10 (x10

6
 )/μl (Tighe and Brown, 

2003). The haemoglobin (Hb) provides an estimate of oxygen – carrying capacity of the 

RBCs. Normal values range from 14 to 18 g/100 ml for males and from 12 to 16 g/100 
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ml for females (Rastogi, 2008). A range of 8.0 – 15 g/dl was reported by Tighe and 

Brown (2003).  An Hb value below the normal range indicates anaemia (Rastogi, 2008). 

The haematocrit (Hct) or Packed cell volume (PCV) measures the percentage by 

volume of the packed RBCs  in a whole blood sample after centrifugation. A low Hct 

indicates a condition of anaemia or overhydration. A high Hct denotes such conditions 

as polycythemia or dehydration  (Rastogi, 2008). According to Cheesebrough (2005), 

haematocrit varies with age, gender and altitude. Tighe and Brown (2003) reported a 

range of 24 – 50 for haematoctrit. 

The normal range of WBCs is 5,000 to 10,000/mm
3
 (Rastogi, 2008) and 4.0 – 12.0 

(x10
3
 )/μl (Tighe and Brown, 2003) have been reported. An increased WBC count 

signals infection, and a decreased count indicates bone marrow depression, resulting 

from viral infection or toxic reactions to chemical agents (Rastogi, 2008). 

Normal levels reported by Pampori (2003) for  haemoglobin (Hb), haematocrit (Hct) or 

packed cell volume (PCV) , red blood cell (RBC) and white blood cells have been 

represented in Table 9. 

 

Table 9: Normal Haematological profile in Cattle 

Hb (g %) Hct or PCV(%) RBC (10
6
/cumm) WBC (10

6
/cumm) 

8 -14 24 - 38 5 - 9 4 -10 

Source: Pampori, (2003) 
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2.8.0 ECONOMIC ANALYSIS OF COW/CALF ENTERPRISE  

According to Hamilton (2003), feed usually accounts for the single largest input cost 

associated with beef cattle. Gross income of the cow/calf enterprise is partially 

dependent on weaning weight of the calves. Three possible non-genetic ways of 

increasing calf weaning weight are to increase milk production of the dam, increase 

forage consumption of the calf, or provide supplemental feed to the calf to increase 

nutrient intake. Management practices exist to increase standing forage quality, but 

management of that grass for the calf only is difficult. Likewise, increasing milk 

production of the dam requires greater feed inputs and possibly supplemental feed 

(Baker and Mikesell 1996). Creep feeding studies consistently have shown an increase 

in weaning weight, but in most cases they have failed to show an economic advantage 

because of poor conversion of creep feed to extra kilos of calf weaned. Creep feeding of 

beef calves usually is reserved for certain market/management situations such as high 

calf prices, low feed prices, purebred bull calves and larger-framed breed types (Rasby 

et al, 1991). Because non-creep fed calves tend to catch up with their creep-fed mates 

post-weaning, the greatest return is realized only if calves are sold at weaning. Creep 

feeding usually is not economical (Rasby et al, 1991). 

Under severe drought conditions, creep feeding can be used to sustain a minimal level 

of growth in heifer calves to ensure sufficient size to develop them as replacements for 

the next year. One risk of creep feeding is getting calves too fat, resulting in price 

discounts or in lowered lifetime milk production of heifer calves. Creep feeding must be 

carefully appraised in view of the economics of cost of gain, potential market, and the 
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influence on sale price of calves (Rasby et al, 1991). During drought conditions when 

cows are nursing calves, instead of creep feeding calves to maintain weight, producers 

should consider early weaning calves. Due to poor conversions of creep feed to gain, 

early weaning may be more economical (Rasby et al, 1991). 

Mixed results on the economics of early weaning have been reported, with drought 

conditions often making early weaning more profitably to traditional weaning. The best 

way to assess potential profitability of early weaning versus traditional weaning is to 

develop a partial budget comparing the two practices for the specific cow-calf 

operation. Partial budgeting consists of totaling additional returns and reduced costs of 

switching to early weaning. Then, subtract the reduced returns and additional costs 

associated with early weaning (Table 10) (Parish et al, 2009).  Supplementing grazing 

(improvement in diet) N’dama cattle with locally available materials upgraded growth 

rate and led to economic benefit (Agyemang et al, 1997; Lanyasunya et al, 2005).  
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Table 10: Example of partial budget for changing from traditional weaning to early 

weaning. 

Additional Returns Amount Additional Costs Amount 

Increased calf sales from 

increased cow conception rate 

next year 

A Increased labour costs I 

Increased calf weaning weights 

next year 
B     

Increased sales of heifers not 

needed as replacements 
C Increased calf feed costs J 

Increased quality grade 

premiums (for retained calf 

ownership using grid 

marketing) 

D     

Reduced Costs Amount Reduced Returns Amount 

Decreased cow feed costs E 
Decreased market cow 

sales 
K 

Decreased replacement female 

costs 
F 

Decreased carcass 

weights and values (for 

retained calf ownership) 

L 

Decreased feedlot feed costs 

(for retained calf ownership) 
G     

Total additional returns and 

reduced costs 

A + B + C + D 

+ E + F + G = 

H 

Total additional costs and 

reduced returns 

I + J + 

K + L = 

M 

Net returns from changing from traditional 

weaning to early weaning  
  H-M 

 

Source (Parish et al, 2009). 
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The production efficiency benefits from early weaning must lead to economic rewards 

for the individual operation for early weaning to be profitable. A breakeven rate of gain 

can be calculated for early weaning programmes based on partial budgeting data. The 

success of early-weaning programmes will depend on forage and feeding programmes, 

when and how calves are marketed and individual ranch management (Parish et al, 

2009). 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1.0 Experimental Site  

The research was conducted at the Dairy/Beef Cattle Research Station of the Kwame 

Nkrumah University of Science and Technology (KNUST) in Kumasi. The area 

experiences a bimodal rainfall pattern. The rainy seasons are March to July and 

September to October. The main dry season starts from November and ends in 

February. The mean annual rainfall during this study was 1272 mm and average daily 

room and outdoor temperatures were 28.63
o
C and 27.03

o
C respectively. 

3.2.0 Experimental design and duration  

A 4 x 2 factorial arranged in completely randomized design was used. The factors 

considered were feeding management systems (FMS 1, FMS 2, FMS 3 and FMS 4) and 

sex (Female and Male). The experiment lasted for 365 days. 

3.3.0 Experimental animals  

Twenty four N’dama calves of average weight 60.58 ± 2.93 kg and at the age of 3.83 ± 

0.50 months were used for the experiment. They were grouped into 4 feeding 

management systems (FMS) of 6 calves (3 females and 3 males) each. Calves in 

feeding management system one (FMS1) were not weaned. They continued to suckle 

and were sent for grazing without supplementation. Those in feeding management 

system two (FMS 2) were weaned, sent for grazing and were not supplemented. 

Feeding management system three (FMS 3) was made up of weaned calves which were 

grazed and supplemented with between 1 – 2 kg of concentrate per day per calf. Calves 
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in feeding management system four were weaned, confined and given between 1 – 2 kg 

of concentrate and grass at the rate of about 3% of their body weight. 

3.4.0 Experimental diets 

The experimental diets comprised forage and concentrate. The feedstuff levels and 

chemical content of the concentrate are shown in Table 11. Protein was 18%, Energy 

(ME) 12.09 MJ/Kg and fibre 5.47%. 

Table 11: Feedstuff Levels and Calculated Chemical Content of Concentrate feed 

fed to weaner calves (on as – fed basis) 

Ingredients (on as – fed basis) Inclusion level (%) 

Maize 49.80 

Wheat Bran 15.00 

Soyabean Meal 22.20 

Palm Kernel Cake 10.00 

Vitamin / Mineral Premix   1.00 

Oyster Shell   1.00 

Common Salt   1.00 

Total Inclusion Level                      100.00 

Calculated Chemical Content (on as – fed basis) 

Protein (%) 18.00 

Energy, ME (MJ/Kg) 12.09 

Fibre (%)   5.47 
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3.5.0 Calf  management 

Calves in feeding management systems one to three were kept in the open and were sent 

out for grazing every morning (9.00 am to 4.00 pm) on the paddocks within the 

Research Station. They were dipped once a week in the rainy season and once every 

fortnight in the dry season with the acaricide Fenrovet-20 (Mobedco-Vet, The Arab 

Pesticides and Veterinary Drugs Mfg. Co., Jordan). The calves in FMS 4 were fed 

indoors and sprayed with acaricide (Fenrovet-20) once every fortnight during the first 

two months on the experiment. Spraying was done in the remaining months, only when 

ticks were found on the calves. Calves in all the treatments were weighed (using 

weighing tape) monthly and dewormed every three months with Albevet 10% 

(Mobedco-Vet, The Arab Pesticides and Veterinary Drugs Mfg. Co., Jordan). The pens 

in which the calves were housed were cleaned daily and their water changed weekly and 

earlier than that whenever the water was contaminated with faeces. Sick calves were 

treated. Post mortem was conducted on dead animals (except three which died on the 

grazing fields and had started decomposing before they were found). 

 

3.6.0 Samples collection  

Feed and blood samples were taken for laboratory analyses. 

 

3.6.1 Feed samples  

Forage and concentrate samples were taken and analyzed in the Animal Science 

Nutrition Laboratory, KNUST. For the forages, two composite samples were formed by 

taking discrete samples in each month. Discrete samples taken in August, November, 
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December, January and February formed the dry season composite sample while those 

taken in the months of March, April, May, June, July, October and September formed 

the rainy season composite sample. Only one composite sample of concentrate was 

formed. 

3.6.2 Blood samples  

Jugular blood samples were collected at the beginning and at the end of the experiment. 

Collected samples were transported on ice to the Clinical Analyses Laboratory (CAn 

LAB), KNUST. The samples were collected in three vacutainers.  Ethylenediamine tetra 

– acetic acid (EDTA) coated vacutainer for the analysis of white blood cells (WBC) and 

haemoglobin (Hb); Sodium fluoride (NaF) for glucose; and  serum vacutainer for total 

protein, albumin,  globulin (total protein - albumin) and cholesterol. 

 

3.7.0 Parameters measured 

The parameters measured were feed intake, growth, feed conversion efficiency, 

mortality, chemical composition of experimental diets, economic analysis, 

haematological profile and biochemical composition of calves’ blood.  

 

3.8.0 Assumptions made for economic analysis in partial budget 

The partial budget was prepared assuming a continuous system in which cattle farmers 

have their cows calved and these farmers raising the calves as in any of the tested 

systems till they are about 15 months old.   

Income was from sale of number of animals (total weight) available at the end of the 

study. 
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Production cost considered was from total concentrate eaten. 

Price of liveweight per kilogramme was assumed to be GH¢ 3.00 

Cost of concentrate feed per kilogramme was GH¢ 0.54 

 

3.9.0 Chemical Analysis 

Proximate analysis was conducted on the experimental diets using the standard 

procedure of the Association of Official Analytical Chemists (AOAC, 1990). The 

metabolisable energy in the experimental diets was estimated by the method of MAFF 

(1975). The haematological parameters measured were haemoglobin (Hb), white blood 

cell (WBC) count and estimated haematocrit (PCV or Hct). The methods used were the 

ones outlined by Rastogi (2008) and Cheesebrough (2004).  

 

Biochemical indices measured were glucose, cholesterol, total protein, albumin and 

estimated globulin. The method described by Cheesebrough (2005) was used to 

determine glucose. Cholesterol was determined according to the method of Singh 

(2003).  The biuret reaction as described by Singh (2003) was used for total protein 

determination. Albumin was analysed using the method described by Cheesebrough 

(2005). Globulin was estimated (ie. Serum Globulin = Serum Total Protein – Serum 

Albumin) as reported by Tighe and Brown (2003). All clinical analyses were conducted 

in the Clinical Analysis Laboratory (CAnLAB) and the Animal Science Nutrition 

Laboratory was used for the proximate analysis.  Both laboratories are at the Kwame 

Nkrumah University of Science and Technology (KNUST), Kumasi.   
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3.10.0 Statistical Analyses 

The data collected were analyzed for significance of variations using the analysis of 

variance (ANOVA) procedure. The comparisons of significant mean differences were 

done at the 5 % level of significance using the least significant difference (lsd) method. 

Mortality data were logarithm transformed before ANOVA. The GenStat (2008) 

Computer Statistical Package was used for the analysis. 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

4.1 RESULTS  

4.1.1 Composition of Concentrate and Forages Consumed by N’dama Calves 

The chemical compositions of concentrate and forages consumed by the experimental 

animals are presented in Tables 12.  In both the confined and the grazing systems, 

forages consumed in the rainy season recorded higher crude protein values than those 

consumed in the dry season. Forages consumed by the confined calves recorded a mean 

crude protein value of 7.5%, crude fibre of 34.79% and metabolisable energy of 10.39 

MJ/kg. Calves in the grazing systems grazed forages which recorded a mean crude 

protein value of 12.37%, crude fibre of 25.73% and metabolisable energy of 10.91 

MJ/kg. The concentrate used had a crude protein value of 22.78%, crude fibre of 7.22% 

and metabolisable energy of 12.34 MJ/kg. 

 

 

 

 

 

 

 

 



49 

 

Table 12: Chemical Composition of Concentrate and Forages Consumed By 

Experimental Calves  

 Proximate Analysis (% DM)  

 

Dry 

Matter 

Crude 

Protein 

Crude 

Fibre 

Ether 

Extract Ash 

 

NFE 

**ME 

(MJ/kg 

DM) 

Forage for 

confined 

calves      

 

 

Rainy Season 32.16 8.27 31.44 1.0 7.00 

 

52.29 10.20 

Dry Season 40.06 6.73 38.14 1.0 1.50 52.63 10.39 

Mean Values 

for Both 

Seasons 35.12 7.5 34.79 1.0 4.25 

 

 

52.46 10.29 

Forage for 

Grazers      

 
 

Rainy Season 27.14 14.93 23.56 1.0 5.50 

 

55.01 10.98 

Dry Season 39.25 9.81 27.89 1.0 4.50 56.80 10.83 

Mean Values 

for Both 

Seasons 31.18 12.37 25.73 1.0 5.00 

 

 

55.91 10.91 

Concentrate  89.67 22.78 7.22 5.0 10.0 55.00 12.34 

** Estimated according to MAFF (1975): 

ME (MJ/kg DM) = (0.012 x Crude Protein) + (0.031 x Ether Extract) + (0.005 x 

Crude Fibre) + (0.014 x Nitrogen Free Extract) 
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4.1.2 Performance of N’dama Calves under Different Feeding Systems  

The Table 13 below shows the performance of N’dama calves put on the various 

feeding management systems (FMS). Weight gained was significantly different 

(p<0.05) in the treatment groups. The mortality (±SE) recorded for the various feeding 

management systems (FMS) were 33.33±51.64%, 66.67±51.64%, 16.67±40.82% and 

0.00% for FMS 1, FMS 2, FMS 3 and FMS 4 respectively. Post mortem results revealed 

that the causes of the deaths included pneumonia and snake bite but in some cases no 

cause was found.  

Table 13: Performance of N’dama Calves Reared Under Different Feeding Management 

Systems 

Parameters FMS 1 FMS 2 FMS 3 FMS 4 SE Lsd 

Initial average 

weight (kg) 

 

61.00
a
 

 

60.17
 a
 

 

60.33
 a
 

 

60.83
 a
 

 

1.20 

 

3.59 

Final average 

weight (kg) 

 

142.80
 b
 

 

83.00
 c
 

 

143.80
 b
 

 

186.17
 a
 

 

9.18 

 

29.36 

Average weight 

gained (Kg) 

82.0
b 

23.5
c 

83.2
b 

125.3
a 

8.78 28.1 

Average 

Growth rate 

(kg/day) 

      

 

Dry season 0.16
 bc

 0.07
 c
 0.23

 ab
 0.33

 a
 0.04 0.12 

Rainy season 0.24
 b
 0.06

 c
 0.23

 b
 0.34

 a
 0.03 0.09 

Entire period 0.23
 b
 0.07

 c
 0.23

 b
 0.34

 a
 0.02 0.08 

ab 
Means in a row with uncommon superscripts are significantly different (p < 0.05). 

FMS - feeding management system           SE – Standard Error          LSD – Least Significant Difference 
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Weight gains recorded for calves in FMS 4 were significantly higher (p < 0.05) 

compared to those of FMS 1 – FMS 3. There was no significant (p >0.05) difference in 

weight gain between calves in FMS 1 and FMS 3. Calves in FMS 2 had significantly (p 

< 0.05) lower gains. 

Table 14 shows the effects of sex on the performance of N’dama calves. Sex did not 

influence the initial and final weights, weight gained and daily growth rates reported in 

Table 14.  

Table 14: Effect of Sex on the Performance of N’dama Calves  

Parameters  Female Male SE Lsd 

 Initial weight  60.50
a 

60.67
a 

0.85 2.54 

 Final weight  139.10
a 

138.80
a 

6.49 20.76 

Weight gained  78.70
a 

78.30
a 

6.21 19.97 

Daily Growth Rate      

Dry season  0.18
a 

0.21
a 

0.03 0.08 

Rainy season 0.22
a 

0.22
a 

0.02 0.06 

Entire period 0.22
a 

0.22
a 

0.02 0.05 

Concentrate  Intake (kg/day, DM ) 
  

  

Dry season 0.61
b 

0.71
a 

0.03 0.08 

Rainy season  0.53
a 

0.56
a 

0.03 0.08 

Entire period 0.56
a 

0.63
a 

0.02 0.07 

ab 
Means in a row with different superscripts are  significantly different (p< 0.05).     SE – Standard Error 

LSD – Least Significant Difference  DM – Dry matter   

 



52 

 

Table 15 below shows that males in FMS 4 had a mean growth rate of 0.40 which is 

significantly higher than what was recorded in other FMS but comparable to the growth 

rate of their female counterpart in the same system. Rainy season daily growth rate was 

influenced by system x sex interaction with the males (0.42 kg/day) of FMS 4 recording 

higher values than the others, including the females (0.27 kg/day) in FMS 4. 

 

Table 15: Effect of Feeding Management System and Sex Interaction on the 

performance of N’dama Calves 

 FMS 1 FMS 2 FMS 3 FMS 4   

Parameters  Female Male Female Male Female Male Female Male SE Lsd 

Initial Ave. 

weight (kg) 

62
a
 60

a
 59.67

a
 60.67

a
 61

a
 59.67

a
 59.33

a
 62.33

a
 1.69 5.07 

Final Ave. 

weight (kg) 

158
b
 127.5

bc
 93

cd
 73.1

d
 139.5

b
 148

 b
 165.7

 ab
 206.7

 a
 12.98 41.52 

Average 

Weight 

gained (kg) 

97.50
bc

 66.50
cd

 33.0
de

 14.10
e
 78.0

 bc
 88.30

bc
 106.30

ab
 144.30

a
 12.42 39.73  

Rainy 

season 

growth rate 

(kg/day) 

 

0.25
b
 

 

0.24
b
 

 

0.10
 cd

 

 

0.01
d
 

 

0.26
 b
 

 

0.20
bc

 

 

0.27
 b
 

 

0.42
 a
 

 

0.04 

 

0.13 

Dry  season 

growth rate 

(kg/day) 

 

 

0.21
ab

 

 

 

0.11
b
 

 

 

0.07
b
 

 

 

0.07
b
 

 

 

0.16
 b
 

 

 

0.30
a
 

 

 

0.30
 a
 

 

 

0.37
 a
 

 

 

0.05 

 

 

0.17 

Entire 

period 

growth rate 

(kg/day) 

 

 

0.27
b
 

 

 

0.18
bc

 

 

 

0.09
cd

 

 

 

0.04
d
 

 

 

0.21
b
 

 

 

0.24
b
 

 

 

0.29
ab

 

 

 

0.40
 a
 

 

 

0.03 

 

 

0.11 

ab 
Means in a row with uncommon superscript are  significantly different (p< 0.05). 

FMS - Feeding Management System             SE – Standard Error        LSD – Least Significant Difference 
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  4.1.3 Feed Intake and Feed Conversion Efficiency of N’dama Calves  

Results in Table 16 show that calves’ concentrate intake was higher in the dry season 

than in the rainy season for FMS 3 and FMS 4. Average concentrate intake in FMS 4 

was significantly higher than that of FMS 3. 

 

Table 16: Forage and concentrate intake of N’dama Calves reared under Different 

Feeding Management Systems 

Forage Intake  

(kg/day, DM )  

FMS  

3 

FMS 

4 

 

SE 

 

Lsd 

Dry season - 2.94 0.20 - 

Rainy season - 2.88 0.22 - 

Entire period - 2.91 0.14 - 

Concentrate Intake  

(kg/day, DM )   

    

Dry season 0.99
b 

1.64
a 

0.04 0.11 

Rainy season 0.75
b 

1.44
a 

0.04 0.11 

Entire period 0.85
b 

1.52
a 

0.03 0.10 

ab 
Means in a row with different superscripts are  significantly different (p< 0.05).          DM – Dry matter 

FMS - Feeding Management System             SE – Standard Error       LSD – Least Significant Difference 

 

In Table 17 feed conversion efficiency of confined N’dama calves for the entire period 

was 0.09 while that of dry season and rainy season were 0.07 and 0.08 respectively. 
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Table 17: Effect of Season on Feed Conversion Efficiency of Confined N’dama Calves  

 Seasons Feed Conversion Efficiency  

(FCE) [ gain / DM intake ] 

 

SE 

Dry season 0.07 0.009 

Rainy season 0.08 0.003 

Entire period 0.09 0.009 

SE – Standard Error   DM – Dry matter 

 

Average concentrate intake for males and females in FMS 4 in Table 18 were similar 

but significantly different from their counterparts in FMS 3. 

 

Table 18: Effect of Feeding Management System and Sex Interaction on Concentrate 

Feed Intake (Kg/Day, DM) in N’dama Calves 

 FMS 3 FMS 4   

Concentrate Feed 

Intake (Kg/Day, DM) 

Female  Male  Female  Male  SE Lsd 

Dry season 0.84
c 

1.14
b 

1.58
a 

1.70
a 

0.05 0.16 

Rainy season 0.71
c 

0.88
b 

1.40
a 

1.47
a 

0.05 0.16 

Entire period 0.77
c 

0.94
b 

1.47
a 

1.57
a 

0.05 0.15 

ab 
Means in a row with uncommon superscripts are  significantly different (p< 0.05).       DM – Dry matter 

FMS - Feeding Management System           SE – Standard Error        LSD – Least Significant Difference 
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4.1.4 Haematological and Biochemical indices of N’dama calves 

Details of the biochemical and haematological profiles of calves are presented in Tables 

19 – 31. They show the results for FMS, sex and FMS X sex interaction in the overall 

study, dry and rainy seasons. Overall final glucose, cholesterol, total protein and 

globulin values were similar for the FMS. Albumin was significantly different among 

the feeding management systems (p< 0.05). 

 

In Table 19 initial glucose, final glucose, cholesterol, total protein and globulin levels 

were similar in the various treatment groups. 
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Table 19: Biochemical Composition of Blood of N’dama Calves in Different Feeding 

Management Systems 

 
mmol/L g/L 

 

Parameters Glucose Cholesterol 

Total 

Protein Albumin Globulin 

Initial Average values      

FMS 1 4.45
a
 3.10

 a
 68.50

 a
 28.50

 b
 42.00

 a
 

FMS 2 4.38
 a
 1.90

 b
 70.17

 a
 34.17

 a
 36.00

 a
 

FMS 3 3.95
 a
 2.15

 b
 70.75

 a
 34.50

 a
 36.25

 a
 

FMS 4 3.70
 a
 3.00

 a
 60.50

 b
 33.00

 ab
 27.50

 b
 

SE 0.35 0.20 1.77 1.52 2.56 

Lsd 1.11 0.63 5.67 4.87 8.35 

Final Average values      

FMS 1 3.32
 a
 2.25

 a
 70.50

 a
 33.75

 b
 36.75

 a
 

FMS 2 2.60
 a
 2.90

 a
 73.00

 a
 36.50

 ab
 36.51

 a
 

FMS 3 2.73
 a
 2.80

 a
 74.17

 a
 37.42

 a
 36.75

 a
 

FMS 4 3.30
 a
 2.48

 a
 74.17

 a
 35.00

 ab
 39.17

 a
 

SE 0.30 0.28 1.54 0.94 1.70 

Lsd 0.97 0.88 4.93 3.01 5.43 

ab 
Means in a column with uncommon superscripts are significantly different (p < 0.05). 

FMS - Feeding Management System           SE – Standard Error       LSD – Least Significant Difference 
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Table 20 shows significant difference for initial globulin levels and final albumin values 

between male and female N’dama calves.  

 

Table 20: Biochemical and Haematological Values of N’dama Calves According to Sex 

 

Initial  

Glucose  

 

(mmol/L) 

Cholesterol  

 

(mmol/L) 

Total  

Protein 

(g/L)  

Albumin  

 

(g/L) 

Globulin 

 

 (g/L) 

WBC 

 

(10
12

L) 

Hb 

 

(g/dl) 

PCV 

 

(%) 

Female  3.97
a
 2.61

a
 68.88

a
 31.42

a
 37.50

a
 12.24

a
 12.99

a
 40.26

a
 

Male  4.38
a
 2.40

a
 65.60

a
 34.31

a
 30.40

b
 12.70

a
 13.31

a
 41.25

a
 

SE 0.25 0.14 1.25 1.08 1.81 0.93 0.22 0.68 

Lsd  0.79 0.45 4.01 3.45 5.90 3.04 0.71 3.09 

Final          

Female  2.75
a
 2.67

a
 73.62

a
 37.37

a
 36.25

a
 11.71

a
 12.86

a
 39.86

a
 

Male  3.23
a
 2.55

a
 72.29

a 
33.96

b 
38.33

a 
11.45

a 
12.92

a 
40.04

a 

SE 0.21 0.20 1.09 0.66 1.20 0.56 0.24 0.74 

Lsd  0.68 0.63 3.49 2.13 3.84 1.80 0.77 2.37 

ab 
Means in a column with uncommon superscripts are significantly different (p < 0.05).                 

SE – Standard Error         LSD – Least Significant Difference 
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The initial biochemical composition of blood of N’dama calves reported in Table 21 

indicates System and sex interaction for biochemical indices except for glucose.  

Females in FMS 1 recorded a high globulin value of 47.00 g/L while males in FMS 4 

had 20.50 g/L. 

Table 21: Initial Biochemical Composition of Blood of N’dama Calves According to 

Feeding Management System and Sex 

 FMS 1 FMS 2 FMS 3 FMS 4   

Parameters  Female male Female male Female Male Female Male SE Lsd 

Glucose 

(mmol/L) 

4.70
 a
 4.20

 a
 4.17

 a
 4.60

 a
 3.30

 a
 4.60

 a
 3.70

 a
 4.14

 a
 0.49 1.58 

Cholesterol 

(mmol/L)  

3.25
 a
 2.95

 a
 1.93

b
 1.87

 b
 2.25

 b
 2.05

 b
 3.00

 a
 2.75

 ab
 0.28 0.90 

Total 

Protein 

(g/L) 

71.00
a
 66.00

abc
 70.00

a
 70.33

a
 74.00

 a
 67.50

ab
 60.50

bc
 58.58

c
 2.51 8.02 

Albumin 

(g/L) 

24.00
b
 33.00

a
 32.67

 a
 35.67

a
 36.00

 a
 33.00

a
 33.00

 a
 35.57

a
 2.16 6.89 

Globulin 

(g/L) 

47.00
 a
 32.00

bc
 37.30

ab
 34.70

ab
 38.00

ab
 34.50

b
 27.50

bc 
20.50

c
 3.62 11.80 

ab 
Means in a row with uncommon superscript are  significantly different (p< 0.05). 

FMS - Feeding Management System        SE – Standard Error     LSD – Least Significant Difference 
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The final albumin values in Table 22 were affected by FMS X sex interaction. Females 

in FMS 1 and FMS 2 generally obtained higher values than their male counterparts 

 

Table 22: Effect of Feeding Management System and Sex Interaction on final 

Biochemical Composition of Blood of N’dama Calves 

 FMS 1 FMS 2 FMS 3 FMS 4   

Parameters  Female Male Female Male Female Male Female Male SE Lsd 

Glucose 

(mmol/L) 

3.30
 a
 3.35

 a
 2.40

 a
 2.80

 a
 2.20

 a
 3.27

 a
 3.10

 a
 3.50

 a
 0.43 1.37 

Cholesterol 

(mmol/L)  

2.60
 a
 1.90

 a
 2.90

 a
 2.90

 a
 2.80

 a
 2.80

 a
 2.37

 a
 2.60

 a
 0.39 1.25 

Total 

Protein 

(g/L) 

 

71.50
 a
 

 

69.50
a
 

 

73.99
 a
 

 

72.01
a
 

 

75.00
 a
 

 

73.33
a
 

 

74.00
 a
 

 

74.33
a
 

 

2.18 

 

6.98 

Albumin 

(g/L) 

37.00
ab

 30.50
c
 39.00

a
 34.00

bc
 37.50

ab
 37.33

ab
 36.00

ab
 34.00

bc
 1.33 4.25 

Globulin 

(g/L) 

34.50
 a
 39.00

a
 35.01

 a
 38.00

a
 37.50

 a
 36.00

a
 38.00

 a
 40.33

a
 2.40 7.68 

ab 
Means in a row with uncommon superscript are  significantly different (p< 0.05). 

FMS - Feeding Management System           SE – Standard Error         LSD – Least Significant Difference 

   

 

.  
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The initial and final Hb, PCV and WBC are presented in Table 23. The initial 

haematological values were not significantly different (p> 0.05) for the various feeding 

management systems (FMS). 

 

Table 23: Initial and Final Haematological Profile of N’dama Calves in Different 

Feeding Management Systems 

Parameters FMS 1 FMS 2 FMS 3 FMS 4 SE Lsd 

Initial Ave. value       

WBC (10
12

L) 14.10
 a
 10.77

 a
 10.40

 a
 14.05

 a
 1.32 4.30 

Hb (g/dl) 12.95
 a
 12.90

a
 13.18

a
 13.45

a
 0.31 1.00 

PCV (%) 40.15
a
 39.99

a
 40.84

a
 42.05

a
 0.97 3.09 

Final Ave. value       

WBC (10
12

L) 14.18
a
 11.40

b
 10.66

ab
 10.08

b
 0.80 2.55 

Hb (g/dl) 12.25
b
 13.00

ab
 12.70

ab
 13.58

a
 0.34 1.08 

PCV (%) 37.93
ab

 40.30
b
 39.42

ab
 42.11

a
 1.05 3.35 

ab 
Means in a row with uncommon superscripts are significantly different (p < 0.05). 

FMS - Feeding Management System SE – Standard Error     LSD – Least Significant Difference 
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FMS x sex interaction effect on initial Hb and PCV values in Table 24 were similar. 

Table 24: Initial and Final Haematological Profiles of N’dama Calves According to 

Feeding Management System and Sex  

 FMS 1 FMS 2 FMS 3 FMS 4   

Parameters  Female male Female male Female Male Female Male SE Lsd 

Initial WBC 

(10
12

L) 

15.39
 a
 13.45

a
 10.50

ab
 11.03

a
 9.00

b
 11.80

a
 14.05

 a
 14.52

a
 1.87 6.08 

Initial Hb 

(g/dl) 

12.35
 a
 13.55

a
 13.10

 a
 12.70

a
 13.05

 a
 13.30

a
 13.45

 a
 13.68

a
 0.44 1.41 

Initial  

PCV (%) 

38.29
 a
 42.01

a
 40.61

 a
 39.37

a
 40.46

 a
 41.23

a
 41.7

 a
 42.40

a
 1.37 4.37

 
 

Final  WBC 

(10
12

L) 

17.15
a
 11.20

bc
 11.20

bc 
11.60

bc
 8.55

c
 12.77

b
 9.93

bc
 10.23

bc
 1.23 3.61 

Final Hb 

(g/dl) 

12.30
ab

 12.20
b
 13.10

ab
 12.90

ab
 12.70

ab
 12.73

ab
 13.33

ab
 13.83

a
 0.48 1.53 

Final PCV 

(%) 

38.13
ab

 37.82
b
 40.60

ab
 39.99

ab
 39.37

ab
 39.47

ab
 41.30

ab
 42.88

a
 1.48 4.75 

ab 
Means in a row with uncommon superscript are  significantly different (p< 0.05). 

FMS - Feeding Management System SE – Standard Error     LSD – Least Significant Difference 
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Sex did not influence any of the haematological values in Table 25. Both the initial and 

final values were similar. 

Table 25: Initial and Final Haematological Values of N’dama Calves According to Sex 

Initial  WBC (10
12

L) Hb (g/dl) PCV (%) 

Female  12.24
a
 12.99

a
 40.26

a
 

Male  12.70
a
 13.31

a
 41.25

a
 

SE 0.93 0.22 0.68 

Lsd  3.04 0.71 3.09 

Final     

Female  11.71
a
 12.86

a
 39.86

a
 

Male  11.45
a 

12.92
a 

40.04
a 

SE 0.56 0.24 0.74 

Lsd  1.80 0.77 2.37 

ab 
Means in a column with uncommon superscripts are significantly different (p < 0.05).                 

SE – Standard Error     LSD – Least Significant Difference 
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Glucose, albumin and globulin values in the dry season were significantly different (p < 

0.05) among the FMS but haematological values reported in Table 26 were similar. 

 

Table 26: Biochemical and Haematological Profiles of N’dama Calves Kept Under 

Different Feeding Management Systems in the Dry Season 

 

 

 

Glucose  

 

(mmol/L) 

Cholesterol  

 

(mmol/L) 

Total  

Protein 

(g/L)  

Albumin  

 

(g/L) 

Globulin 

 

 (g/L) 

WBC 

 

(10
12

L) 

Hb 

 

(g/dl) 

PCV 

 

(%) 

FMS 1 3.70
ab 

1.87
a 

74.33
a 

34.25
b 

40.08
a 

11.94
a 

12.86
a 

39.86
a 

FMS 2 2.95
b 

2.55
a 

73.50
a 

38.00
a 

35.50
b 

10.36
a 

12.80
a 

39.68
a
 

FMS 3 3.62
ab

 2.17
a
 73.83

a
 34.50

b
 39.33

ab 
12.34

a
 12.62

a 
39.14

a
 

FMS 4 4.72
 a
 2.32

 a
 71.00

a
 33.67

b
 37.33

a
 11.35

a
 13.27

a
 41.13

a
 

SE 0.50 0.30 1.59 0.83 1.36 0.97 0.30 0.94 

Lsd  1.56 0.96 4.99 2.61 4.28 3.05 0.95 2.95 

ab 
Means in a column with uncommon superscripts are significantly different (p < 0.05). 

FMS - Feeding Management Systems SE – Standard Error     LSD – Least Significant Difference 
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Sex did not affect final haematological values stated in Table 27 but total protein and 

globulin were affected.  

Table 27: Effect of sex on Biochemical and Haematological Profiles of N’dama Calves 

in the Dry Season  

 Glucose  

 

(mmol/L) 

Cholesterol  

 

(mmol/L) 

Total  

Protein 

(g/L)  

Albumin  

 

(g/L) 

Globulin 

 

 (g/L) 

WBC 

 

(10
12

L) 

Hb 

 

(g/dl) 

PCV 

 

(%) 

Female  3.57
 a
 2.26

 a
 75.50

 a
 34.58

 a
 40.92

 a
 11.06

a
 13.10

a
 40.62

a
 

Male  3.93
a
 2.19

a
 70.84

 b
 35.62

a
 35.21

b
 11.94

a
 12.67

a
 39.28

a
 

SE 0.35 0.21 1.12 0.59 0.96 0.69 0.21 0.66 

Lsd  1.10 0.68 3.53 1.85 3.02 2.16 0.67 2.08 

ab 
Means in a column with uncommon superscripts are significantly different (p < 0.05). 

SE – Standard Error     LSD – Least Significant Difference 
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Results in Table 28 show a significant FMS x Sex interaction effect on albumin and 

globulin, with males of FMS 2 having higher albumin and lower globulin values. Also, 

there was a significant FMS x Sex interaction effect on Hb and PCV with females of 

FMS 4 recording higher Hb and PCV values. 

Table 28: Effect of Feeding Management System and Sex Interaction on Biochemical 

and Haematological Profiles of N’dama Calves in the Dry Season  

 FMS 1 FMS 2 FMS 3 FMS 4   

Parameters Female  Male  Female  Male  Female  Male  Female  Male  SE Lsd  

Glucose 

(mmol/L) 

3.40
 a
 4.00

 a
 3.00

 a
 2.90

 a
 3.55

 a
 3.70

 a
 4.33

 a
 5.10

 a
 0.70 2.21 

Cholesterol 

(mmol/L)  

1.83
 a
 1.90

 a
 2.50

 a
 2.60

 a
 2.30

 a
 2.03

 a
 2.40

 a
 2.23

 a
 0.43 1.35 

Total 

Protein 

(g/L) 

77.67
 a
 71.00

abc
 76.99

ab
 70.01

b
 74.00

abc
 73.67

abc
 73.33

abc
 68.67

c
 2.24 7.06 

Albumin 

(g/L) 

36.00
b
 32.50

b
 36.00

b
 39.99

a
 33.00

b 
36.00

b 
33.33

b
 34.00

b
 1.17 3.69 

Globulin 

(g/L) 

41.67
a
 38.50

a
 41.00

a
 30.01

b
 41.00

a
 37.67

a
 40.00

a
 34.67

ab
 1.92 6.05 

WBC 

(10
12

L) 

12.33
a
 11.55

a
 10.11

a
 10.61

a
 11.15

a
 13.33

a
 10.63

a
 12.07

a
 1.37 4.32 

Hb (g/dl) 13.07
ab

 12.65
b
 13.00

ab
 12.60

b
 12.25

b
 13.00

ab
 14.10

a
 12.43

b
 0.43 1.35 

PCV (%) 40.5
ab

 39.21
b
 40.30

ab
 39.07

b
 37.97

b
 40.30

ab
 43.71

a
 38.54

b
 1.32 4.17 

ab 
Means in a row with uncommon superscripts are  significantly different (p< 0.05). 

FMS - feeding management system  SE – Standard Error     LSD – Least Significant Difference 
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Glucose and total protein values in the rainy season were significantly different in the 

treatment groups as stated in Table 29. Cholesterol, albumin, globulin and 

haematological values showed no difference. 

Table 29: Biochemical and Haematological Values of N’dama Calves Reared Under 

Different Feeding Management Systems in the Rainy Season 

  Glucose  

 

(mmol/L) 

Cholesterol  

 

(mmol/L) 

Total  

Protein 

(g/L)  

Albumin  

 

(g/L) 

Globulin 

 

 (g/L) 

WBC 

 

(10
12

L) 

Hb 

 

(g/dl) 

PCV 

 

(%) 

FMS 1 3.83
 a
 1.93

 a
 74.75

 a
 32.50

 a
 42.25

 a
 9.97

 a
 13.50

a
 41.85

a
 

FMS 2 2.53
c
 1.96

 a
 70.09

b
 32.89

 a
 37.22

 a
 8.50

 a
 13.61

a
 42.18

a
 

FMS 3 3.77
 ab

 2.20
 a
 72.67

ab
 33.83

 a
 38.84

 a
 9.63

 a
 13.32

a
 41.28

a
 

FMS 4 3.33
b
 2.37

 a
 74.50

 a
 34.00

 a
 40.50

 a
 9.77

 a
 13.87

a
 42.99

a
 

SE 0.14 0.14 0.91 0.91 1.55 0.68 0.20 0.61 

Lsd  0.46 0.48 3.03 3.04 5.17 2.29 0.66 2.03 

ab 
Means in a column with uncommon superscripts are significantly different (p < 0.05). 

FMS - feeding management system  SE – Standard Error     LSD – Least Significant Difference 

 

 

.  
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Biochemical and WBC count values in Table 30 were not influenced by sex. However, 

Hb and PCV values were affected. 

Table 30: Effect of Sex on Biochemical and Haematological Profiles of N’dama Calves 

in the Rainy Season 

 Glucose  

 

(mmol/L) 

Cholesterol  

 

(mmol/L) 

Total  

Protein 

(g/L)  

Albumin  

 

(g/L) 

Globulin 

 

 (g/L) 

WBC 

 

(10
12

L) 

Hb 

 

(g/dl) 

PCV 

 

(%) 

Female  3.20
 a
 2.18

 a
 73.09

 a
 34.19

 a
 38.90

 a
 9.16

 a
 13.88

a
 43.02

a
 

Male  3.53
 a
 2.05

 a
 72.92

 a
 32.42

 a
 40.50

 a
 9.78

 a
 13.27

b
 41.13

b
 

SE 0.10 0.10 0.64 0.64 1.09 0.48 0.14 0.43 

Lsd  0.33 0.34 2.14 2.15 3.66 1.62 0.46 1.44 

ab 
Means in a column with uncommon superscripts are significantly different (p < 0.05) 

SE – Standard Error LSD – Least Significant Difference 
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Results for biochemical indices for the various treatment groups in Table 31 were 

affected significantly by feeding management system and sex interaction. However, 

their WBC values were similar. 

Table 31: Effect of Feeding Management System and sex interaction on biochemical  

and haematological Profiles of N’dama Calves in the Rainy Season 

 

FMS - feeding management system SE – Standard Error     LSD – Least Significant Difference 

ab 
Means in a row with uncommon superscripts are  significantly different (p< 0.05). 

 FMS 1 FMS 2 FMS 3 FMS 4   

Parameters Female  Male  Female  Male  Female  Male  Female  Male  SE Lsd 

Glucose 

(mmol/L) 

3.55
ab

 4.10
a
 2.37

d
 2.70

cd
 3.70

ab
 3.83

a
 3.17

bc
 3.50

ab
 0.20 0.65 

Cholesterol 

(mmol/L)  

2.05
abc

 1.80
c
 2.03

abc
 1.90

bc
 2.50

ab
 1.90

bc
 2.13

abc
 2.60

a
 0.20 0.68 

Total 

Protein 

(g/L) 

73.50
abc

 76.00
a
 70.18

c
 70.00

c
 74.00

abc
 71.33

bc
 74.67

ab
 74.33

abc
 1.28 4.29 

Albumin 

(g/L) 

33.00
ab

 32.00
ab

 33.78
ab

 32.00
ab

 35.99
a
 31.67

b
 34.00

ab
 34.00

ab
 1.29 4.30 

Globulin 

(g/L) 

40.50
ab

 43.99
a
 36.43

b
 38.01

ab
 38.01

ab
 39.67

ab
 40.67

ab
 40.00

ab
 2.19 7.32 

WBC 

(10
12

L) 

9.55
 a
 10.40

 a
 8.20

 a
 8.80

 a
 9.60

 a
 9.67

 a
 9.30

 a
 10.23

 a
 0.97 3.23 

Hb (g/dl) 14.10
a
 12.90

c
 13.91

ab
 13.30

abc
 13.60

abc
 13.03

bc
 13.90

ab
 13.83

abc
 0.28 0.93 

PCV (%) 43.71
 a
 39.99

b
 43.13

a
 41.23

ab
 42.16

ab
 40.40

ab
 43.09

a
 42.88

a
 0.86 2.87 
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4.1.5 Economic Performance of N’dama calves  

The economic performances of calves in all feeding management systems tested are 

presented in Table 32 below. All six animals in FMS 4 were saved and this was 

significantly different from 4 and 2 animals saved in FMS 1 and FMS 2 respectively but 

similar to 5 animals saved in FMS 3. Income from sale of animals for FMS 1 – 4 were 

GH¢ 1,713.00, GH¢ 498.00, GH¢ 2,169.00 and GH¢ 3,351.00 respectively. The net 

income (in GH¢) without the long term benefit of the investment in saving extra 

numbers of animals in FMS 3 and FMS 4 were 1,713.00, 498.00, 1,220.73 and 1,297.15 

for FMS 1, FMS 2, FMS 3 and FMS 4 respectively. 
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Table 32: Economic Analysis of N’dama Calves Reared Under Four Different Feeding 

Management Systems (FMS)  

 

 

 

FMS 

 

 

Returns* (GH¢) 

 

 

Cost
+
 (GH¢)  

 

 

Net returns (GH¢)   

 

 

FMS 1. 

 

 

1,713.00 

 

 

      0.00 

 

 

1,713.00 

 

 

FMS 2. 

 

 

  498.00 

 

 

     0.00 

 

 

   498.00 

 

 

FMS 3.  

 

 

2,169.00 

 

 

  948.27 

 

 

1,220.73 

 

 

FMS 4. 

 

 

3,351.00 

 

 

2,053.85 

 

 

1,297.15 

*Returns from sale of available animals = Total weight x Unit price of liveweight. 

+
Cost of concentrate = Total concentrate consumed x Unit price of concentrate. 
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4.2 DISCUSSION 

4.2.1 Composition of experimental diets 

The chemical content of the experimental diets presented in Tables 12 suggests that 

forages consumed by calves in the rainy season in all the feeding management systems 

were more nutritious than those consumed in the dry season (McDonald et al, 1995).  

Crude protein values of forages for rainy and dry seasons in the confined system were 

lower than the 16% and 8% respectively reported by McDonald et al (1995). The crude 

fibre for the forages in the grazing system and that of the rainy season in the confined 

system were below the 32% crude fibre reported by McDonald et al (1995). Results 

presented in Table 12 show that forages grazed were more nutritious than those fed to 

the confined calves. This could be that forages grazed by calves were younger than 

those fed to the confined calves (Fevardin, 1999) since they were rotated on the various 

paddocks. The low crude protein and high crude fibre reported for forages consumed by 

the confined calves could be because older forages were harvested for the calves. Low 

crude protein and high crude fibre in calves’ diet result in slow growth rate, prolonged 

time to reach puberty and attainment of matured weight at a relatively older age. 

However, calves in the confined system had significantly higher growth rate. This 

performance is attributed to the supplement given to calves in the confined system. 
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4.2.2 Performance of N’dama Calves 

The final weights of animals in the various treatments were significantly different        

(p < 0.05) except that between FMS 1 and FMS 3. FMS 2 had the least final weight and 

FMS 4 recorded the highest. This is in agreement with Troy (2005) who reported that 

calves weaned and started on a grain diet reach harvest weight earlier. 

 

Weight gains for males and females were similar in all the treatment groups (p >0.05). 

Daily growth rates were significantly different during the rainy season except 

differences between FMS 1 and FMS 3. The daily growth rate for unsupplemented 

calves (FMS 1) was similar to that of supplemented calves in FMS 3, perhaps because 

with the appearance of lush pasture in the rainy season the animals fed on high quality 

forage in addition to milk suckled from their dams had a high nutrient intake (Summers, 

2000). Differences in growth rates in the dry season are evident because energy intake 

for animals in FMS 4 was more reliable than those in the unsupplemented systems 

(FMS 1 and FMS 2). FMS 4 had growth rate which was more than twice that of the 

unsupplemented grazers (FMS 1 and FMS 2). Though the supplemented grazers (FMS 

3) were also faced with the scarcity of grass during the dry season they performed 

similarly as the FMS 4 calves. This performance is attributed to the supplement they 

had which added to the forage, allowed them to meet their nutritional requirement. The 

unweaned and weaned unsupplemented grazing calves (FMS 1 and FMS 2 respectively) 

had similar growth rates in the dry season though the unweaned calves had milk from 

their dams. The unweaned calves were expected to do better than their counterparts in 

FMS 2 because they had milk from their mothers. The milk provided additional nutrient 
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to the calves (Alvaraz, 1980) and this should have led to increased nutrient intake which 

should result in high growth rate. This cannot be said about calves in FMS 1, perhaps 

the quantity of milk produced by the dams was small or not even available as the dam 

must first eat to sustain its body weight before the excess energy is converted into milk 

for the calves. It could also be that because the calves were growing and their nutritional 

requirement kept increasing, the nutrients supplied by the milk and the scarce forage 

were not high enough to result in higher growth rate (Hand, 1998). 

 

Average daily growth rate in the rainy and the dry seasons were significantly different 

(p < 0.05) among the feeding management systems. FMS 2 was significantly low (p < 

0.05) in both seasons while the differences between FMS 1 and FMS 3 were not 

significant. The low daily growth rate in unsupplemented weaned calves that went 

grazing could be due to delayed rumen development leading to low utilization of forage 

by the calves resulting in low weight gain. The rumen of calves, by the third month after 

birth should be fully developed (Rulofson et al, 1993) and considerable amount of 

forage consumed at this age (Greg and Russ, 2008). It was expected that adequate feed 

intake should translate into high weight gain. It may also be that they were not able to 

overcome the weaning stress during the experiment and could not eat enough during the 

rainy season and the dry season where the forage was even scarce (Parish et al, 2009). 

The growth rates of calves in FMS 1 (rainy season), FMS 3 (both the dry and the rainy 

seasons) and FMS 4 (both the dry and the rainy seasons) were higher than the 0.18 – 

0.22 kg/day (Kaba, 1994) and lower than the 0.31 kg/day; 0.50 kg/day (Deku, 2006; 
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Payne, 1990) reported for grazers and the 0.61 kg/day; 0.84 kg/day (Deku, 2006; Payne, 

1990) for confined calves. 

 

Mortality rates for FMS 1 - 3 were higher than the 6.9 – 10.2% reported by Kaba (1994) 

but those of FMS 3 and FMS 4 were better than the 20.7% and 10.2% reported by Otte 

and Chilonda (2002). The causes of mortality, snake bite and pneumonia, were in 

agreement with some of the causes like diseases, starvation and snake bite observed by 

Kaba (1994). The high mortality rate recorded for FMS 2 was not surprising because 

the animals in this system went through some stress due to the early weaning, 

inadequate intake of nutrients from forages and lack of concentrate which could have 

supplied enough nutrients to support the growth of the calves (Greg and Russ, 2008). 

 

4.2.3 Feed Intake of N’dama Calves in the Confined System 

Dry matter intake (DMI) for the confined calves (FMS 4) in the entire experiment, dry 

season and rainy season ranged from 3.12 – 4.40%, 3.87 – 5.11% and 3.01 – 4.81% of 

their body weights respectively. The lower limits in the ranges for the entire experiment 

and rainy season are within the 2.5 – 3.0 kg/day and 2.75 – 3.25 kg/day reported by 

Troy (2005) and Parish et al (2009) respectively. However, that of the dry season was 

higher. The high percentage intake of body weight recorded in the dry season, and the 

upper limits for the entire experiment and the rainy season for calves in FMS 4 could be 

due to under estimation of leftover feed which might be partly due to evaporation and 
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partly due to some of the forage mixing up with the beddings. However, the main 

reason will be the poor quality of the forage they consumed. This is because high 

amounts of poor forages are consumed by animals before their nutritional requirements 

are met (Briggs, 1998). The averages of concentrate intake for FMS 3 were 0.85 kg, 

0.99 kg and 0.75 kg for the entire duration of the experiment, dry season and rainy 

season respectively. The dry season value being the highest supports the fact that grass 

was scarce and more fibrous during the dry season and confirms the call to supplement 

calves feed especially during the dry season. The low growth rate recorded by calves in 

FMS 1 and FMS 2 in the dry season suggests that their nutritional requirements were 

not met in the dry season. 

 

4.2.4 Feed Conversion Efficiency of Calves 

Feed conversion efficiency values recorded for FMS 4 in the entire duration, dry and 

rainy seasons were 0.09, 0.07 and 0.08 respectively. These efficiency values were 

higher than the reported value of 0.07 (Deku, 2006) except that of the dry season value 

which was at par. Early-weaned calves in FMS 3 and 4, fed a concentrate diet, were 

expected to be very efficient in converting feed to gain early in the feeding period and 

record improved feed efficiency (Parish et al, 2009) but this was not realized due to 

high feed intake which did not result in high weight gain. 
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4.2.5 Haematological Profile of Calves  

Final haemoglobin values for calves in all the FMS were within the normal range of 8 – 

14.0 g/dl for cattle (Pampori, 2003). Calves in FMS 4 had a significantly (p < 0.05) high 

PCV value of 42.10% which was higher than the 24 – 38% reported by Pampori (2003) 

but within the range of 24 – 50% reported by Tighe and Brown (2003). This means that 

calves in FMS 4 probably did not drink enough water but all the calves were in good 

health. 

 

The WBC values for the dry and rainy seasons were within normal range but those for 

the overall in FMS 1, females in feeding management system 1 and males in feeding 

management system 3 were out of range (Tighe and Brown, 2003). This shows that 

some grazing animals possibly had infection (Rastogi, 2008) because high WBC count 

is an indication of infection but it is not clear the kind of infection it was. 

 

4.2.6 Biochemical Composition of Calves’ Blood 

The initial and final values of biochemical compositions of blood of the calves used for 

the experiment indicate that though there was a significant difference (p < 0.05) in the 

initial values observed for cholesterol, total protein, albumin and globulin in the FMS, 

only the final values for albumin showed significant differences (p < 0.05). 

Glucose level was not different (p > 0.05) in any of the feeding management systems 

for both the initial and final values. Feeding calves only on forage and concentrate 
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mixed feed, the glucose level in blood becomes more stable, and it does not change with 

feeding and time after feeding (Ilgaža and Birğele, 2003).  All the means observed for 

glucose, cholesterol and total protein were within the reported normal values of 3.33 – 

6.11 mmol/L ( Tietz, 1995),  1.30-8.00 mmol/L (Pampori 2003; Tighe and Brown, 

2003) and 60-78 g/L;70-94 g/L (Singh,2003; Tighe and Brown,2003) respectively. 

However, considering the range of values for cholesterol (1.1 – 2.7, 2.5 – 2.6, 1.1 – 3.0 

and 2.0 – 2.8 for FMS 1, FMS 2,  FMS 3, and FMS 4 respectively) in the dry season for 

the treatment groups,  some calves in FMS 1 and FMS 3 had their values to be below 

the normal range. This suggests that some calves in these systems were malnourished 

(Rastogi, 2008) in the dry season. This was possible because in the dry season grass was 

scarce and that they could not get enough to satisfy their hunger.   

 

Observed final values for albumin in all feeding management systems were within the 

range of 30.0 – 35.5 g/L and 35 – 50 g/L reported by Pampori (2003) and Singh (2003) 

respectively. Most globulin values were beyond normal values reported by Rastogi 

(2008) and Singh (2003) making them fall below the normal albumin/globulin ratio of 

1.2 – 1.5 (Singh, 2003). This implies that more globulins were formed to build disease 

resistance of the calves. 

Sex did not influence the five constituents of blood measured in the FMS except that of 

albumin. Feeding management system and sex interaction influenced albumin with 

females in FMS 1 and FMS 2 recording higher values but within the reported normal 
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range (Singh, 2003; Pampori, 2003). This means that females in FMS 1 and 2 perhaps 

selected forages which improved their albumin levels.  

Glucose and total protein values for rainy season were significantly different among the 

treatment groups but within the normal values reported by Tighe and Brown (2003) and 

Singh (2003). Albumin and globulin in the dry season were also different among the 

treatment groups. Total protein and globulin for both the dry and the rainy seasons were 

influenced by sex. Additionally, feeding management system and sex interaction 

influenced albumin values in the rainy season, and albumin together with globulin 

values in the dry season. This implies that the variations in forage availability and 

quality due to seasonal changes affect the nutritional status of calves.  

 

4.2.7 Economic Analysis 

Considering the economic returns made in each of the feeding management systems, 

FMS 1 recorded the highest gain and FMS 2 had the least net income. FMS 4 was 

expected to give a better net income but the significant weight gained did not translate 

into the highest net income. This was because the concentrate cost was so high that after 

offsetting the cost of concentrate with income from sale of the animals, what was left 

was not as high as that of FMS 1. However, the significant increase in weight in FMS 4 

suggests that supplementation is beneficial but the high feed intake coupled with low 

FCE might explain the relatively low short term economic gain (Rasby et al, 1992). In 

cattle expansion programmes, cattle farmers do not sell their animals at an early age. 

The age attained by the animals at the end of the experiment was about 15 months. 
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Calves in FMS 4 had the potential to reach mature weight earlier than their 

unsupplemented counterparts. This is because final weight for calves in FMS 4 ranged 

from 137 – 218 kg while it ranged from 121 – 170 kg, 73 – 93 kg and 112-170 kg for 

FMS 1, 2 and 3 respectively. 

 

Though FMS 1 recorded the highest economic return, FMS 4 and perhaps FMS 3 may 

be better in the long term. The reason being that calves in FMS 1 suckled their dams 

and this will prolong calving interval in their dams (Baker and Mikesell, 1996) but the 

supplemented weaned calves (FMS 3 and FMS 4) did not suckle their dams which will 

encourage one calf per cow per year and save cow maintenance cost (Troy, 2005). Also, 

heifers in FMS 3 and FMS 4 (at the end of the study) had the potential to reach puberty 

earlier (Payne, 1990), have higher conception rate (Ahamefule et al, 2007) and better 

calving rates (Payne, 1990). Ultimately more calves can be produced by the cows and 

their heifers in FMS 3 and FMS 4 resulting in higher multiplication rate. Comparing the 

unsupplemented grazing calves in FMS 1 and FMS 2, FMS 1 performed better than 

FMS 2. The milk intake of calves in FMS 1 could be said to have done the trick in FMS 

1 since both systems were not supplemented (Alvarez, 1980). It therefore means that 

N’dama calves should not be weaned early without supplementation. 
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CHAPTER FIVE 

5.0 CONCLUSION AND RECOMMENDATIONS 

In this study, four feeding management systems were tested for N’dama calves.  

Feeding management system 4 recorded no mortality. Growth rate and final weight of 

calves in FMS 4 were significantly (p<0.05) higher than those in the other three feeding 

management systems. The feed conversion efficiency of calves in FMS 4 was better 

than what was recorded for N’dama calves in earlier work. Growth rate for 

supplemented weaned calves was significantly different from unsupplemented weaned 

calves in the dry and the rainy seasons. Supplementation reduced mortality rate by 

about 50% in FMS 3 and by 100% in FMS 4. With supplementation, weaning N’dama 

calves at the age of 3.83 ± 0.50 months was successful with reduced mortality both in 

the grazing and confined systems but higher in the latter. However, the short term 

economic benefit for FMS 4 was not as high as that of FMS 1. 

 

Haematological and biochemical parameters measured gave fair idea of the health and 

nutritional status of the experimental animals. Some grazing calves in FMS 1, FMS 2 

and FMS 3 appeared malnourished and infected but those in FMS 4 appeared well 

nourished and without infection.  

 

From the economic analysis result cattle farmers may want to keep their animals as in 

FMS 1 as this gives higher short term economic gains. However, the low multiplication 

rate associated with FMS 1 suggests that the system must be improved. Early weaning 
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has been reported to be the way forward. Growth rate and mortality of calves in FMS 2 

point to the fact that early weaned calves must be supplemented. However, the 

supplementation in FMS 4 though improves growth rate, mortality and a possible higher 

multiplication rate, reduces the short term economic gains. 

 

It is therefore, suggested that N’dama calves should  be weaned at the age of 3.83 ± 

0.50 months and a weight of 60.58 ± 2.93 kg and be managed as in FMS 4. This will 

promote rapid growth and reduce mortality both in the dry and the rainy seasons. This 

feeding management system will also ensure availability and regular supply of feed. 

However, further work should be done to help improve the short term economic 

performance of calves in this system. 
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APPENDICES  

Climatic conditions recorded during the experiment are reported in Table A1 and 

analyses of variance and tables of means are in Table A2. 

Table A 1: Rainfall, Mean Temperature and Relative Humidity during the Research 

Period 

 Room Temperature 

(
o
c) 

Out Door Temperature 

(
o
c) 

Average 

monthly 

Rainfall 

Relative 

Humidity 

(%) 

 Minimum Maximum Minimum Maximum (mm) 09:00 15:00 

Both 

Seasons  

25.67 31.58 22.22 31.83 106.28 84.33 60.33 

Dry 

Season 

25.50 31.80 22.18 32.26 45.79 83.67 57.11 

Rainy 

Season  

25.80 31.41 22.25 31.53 146.61 84.83 62.75 
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Table A2: Analyses of Variance and Tables of Means 
  

Variate: Initial Weights 

  

Source of variation     d.f.       s.s.       m.s.    v.r.  F pr. 

Treatments                 3      2.833      0.944    0.11  0.953 

Sex                        1      0.167      0.167    0.02  0.891 

Treatments.Sex             3     23.500      7.833    0.91  0.457 

Residual                  16    137.333      8.583 

Total                     23    163.833 

  

 

***** Tables of means ***** 

  

Variate: Initial Weights 

  

Grand mean  60.58 

  

 Treatments        1        2        3        4 

               61.00    60.17    60.33    60.83 

  

      Sex        1        2 

             60.50    60.67 

  

 Treatments      Sex        1        2 

          1             62.00    60.00 

          2             59.67    60.67 

          3             61.00    59.67 

          4             59.33    62.33 

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                    16          16          16 

s.e.d.               1.691       1.196       2.392 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                    16          16          16 

l.s.d.               3.586       2.536       5.071 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial Weights 

  

   d.f.          s.e.         cv% 

     16         2.930         4.8 
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***** Analysis of variance ***** 

  

Variate: Age 

  

Source of variation     d.f.       s.s.       m.s.    v.r.  F pr. 

Treatments                 3     0.1667     0.0556    0.22  0.878 

Sex                        1     1.5000     1.5000    6.06  0.026 

Treatments.Sex             3     0.3333     0.1111    0.45  0.721 

Residual                  16     3.9583     0.2474 

Total                     23     5.9583 

  

  

  

***** Tables of means ***** 

  

Variate: Age 

  

Grand mean  3.83 

  

 Treatments        1        2        3        4 

                3.75     3.92     3.92     3.75 

  

      Sex        1        2 

              4.08     3.58 

  

 Treatments      Sex        1        2 

          1              4.17     3.33 

          2              4.17     3.67 

          3              4.00     3.83 

          4              4.00     3.50 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                    16          16          16 

s.e.d.               0.287       0.203       0.406 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                    16          16          16 

l.s.d.               0.609       0.430       0.861 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Age 

  

   d.f.          s.e.         cv% 

     16         0.497        13.0 
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***** Analysis of variance ***** 

  

Variate: Initial Album1n 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          152.61      50.87    3.65  0.057 

Sex                        1           50.18      50.18    3.60  0.090 

Treatments.Sex             2(1)       108.21      54.10    3.89  0.061 

Residual                   9(7)       125.33      13.93 

Total                     15(8)       325.44 

  

  

  

***** Tables of means ***** 

  

Variate: Initial Album1n 

  

Grand mean  32.86 

  

 Treatments        1        2        3        4 

               28.50    34.17    34.50    34.28 

  

      Sex        1        2 

             31.42    34.31 

  

 Treatments      Sex        1        2 

          1             24.00    33.00 

          2             32.67    35.67 

          3             36.00    33.00 

          4             33.00    35.57 

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               2.155       1.523       3.047 

  

 

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               4.874       3.446       6.893 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial Album1n 

  

   d.f.          s.e.         cv% 

      9         3.732        11.4 
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***** Analysis of variance ***** 

  

Variate: Initial Cholesterol 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          5.8924     1.9641    8.36  0.006 

Sex                        1          0.2516     0.2516    1.07  0.328 

Treatments.Sex             2(1)       0.0457     0.0228    0.10  0.908 

Residual                   9(7)       2.1133     0.2348 

Total                     15(8)       6.6800 

  

  

***** Tables of means ***** 

  

Variate: Initial Cholesterol 

  

Grand mean  2.506 

  

 Treatments        1        2        3        4 

               3.100    1.900    2.150    2.874 

  

      Sex        1        2 

             2.608    2.404 

  

 Treatments      Sex        1        2 

          1             3.250    2.950 

          2             1.933    1.867 

          3             2.250    2.050 

          4             3.000    2.748 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.              0.2798      0.1978      0.3957 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.              0.6329      0.4475      0.8950 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial Cholesterol 

  

   d.f.          s.e.         cv% 

      9        0.4846        19.3 
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***** Analysis of variance ***** 

  

Variate: Initial Globulin 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          838.15     279.38    7.11  0.012 

Sex                        1          297.64     297.64    7.58  0.025 

Treatments.Sex             2(1)       142.02      71.01    1.81  0.225 

Residual                   8(8)       314.33      39.29 

Total                     14(9)       739.73 

  

  

***** Tables of means ***** 

  

Variate: Initial Globulin 

  

Grand mean  33.9 

  

 Treatments        1        2        3        4 

                39.5     36.0     36.2     24.0 

  

      Sex        1        2 

              37.5     30.4 

  

 Treatments      Sex        1        2 

          1              47.0     32.0 

          2              37.3     34.7 

          3              38.0     34.5 

          4              27.5     20.5 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     8           8           8 

s.e.d.                3.62        2.56        5.12 

  

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     8           8           8 

l.s.d.                8.35        5.90       11.80 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial Globulin 

  

   d.f.          s.e.         cv% 

      8          6.27        18.5 
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***** Analysis of variance ***** 

  

Variate: Initial Glucose 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          1.4152     0.4717    0.65  0.603 

Sex                        1          1.0442     1.0442    1.44  0.261 

Treatments.Sex             2(1)       2.4318     1.2159    1.67  0.241 

Residual                   9(7)       6.5467     0.7274 

Total                     15(8)       9.9694 

  

  

***** Tables of means ***** 

  

Variate: Initial Glucose 

  

Grand mean  4.18 

  

 Treatments        1        2        3        4 

                4.45     4.38     3.95     3.92 

  

      Sex        1        2 

              3.97     4.38 

  

 Treatments      Sex        1        2 

          1              4.70     4.20 

          2              4.17     4.60 

          3              3.30     4.60 

          4              3.70     4.14 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               0.492       0.348       0.696 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               1.114       0.788       1.575 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial Glucose 

  

   d.f.          s.e.         cv% 

      9         0.853        20.4 

  

  



98 

 

  

***** Analysis of variance ***** 

  

Variate: Initial Hb 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          1.6462     0.5487    0.94  0.460 

Sex                        1          0.6122     0.6122    1.05  0.332 

Treatments.Sex             2(1)       1.9593     0.9797    1.68  0.239 

Residual                   9(7)       5.2400     0.5822 

Total                     15(8)       7.5400 

  

  

***** Tables of means ***** 

  

Variate: Initial Hb 

  

Grand mean  13.15 

  

 Treatments        1        2        3        4 

               12.95    12.90    13.18    13.56 

  

      Sex        1        2 

             12.99    13.31 

  

 Treatments      Sex        1        2 

          1             12.35    13.55 

          2             13.10    12.70 

          3             13.05    13.30 

          4             13.45    13.68 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               0.441       0.312       0.623 

  

 

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               0.997       0.705       1.409 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial Hb 

  

   d.f.          s.e.         cv% 

      9         0.763         5.8 
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***** Analysis of variance ***** 

  

Variate: Initial Total Protein 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          490.44     163.48    8.67  0.005 

Sex                        1           64.19      64.19    3.41  0.098 

Treatments.Sex             2(1)        42.36      21.18    1.12  0.367 

Residual                   9(7)       169.67      18.85 

Total                     15(8)       401.44 

  

  

***** Tables of means ***** 

  

Variate: Initial Total Protein 

  

Grand mean  67.24 

  

 Treatments        1        2        3        4 

               68.50    70.17    70.75    59.54 

  

      Sex        1        2 

             68.88    65.60 

  

 Treatments      Sex        1        2 

          1             71.00    66.00 

          2             70.00    70.33 

          3             74.00    67.50 

          4             60.50    58.58 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               2.507       1.773       3.545 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               5.671       4.010       8.020 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial Total Protein 

  

   d.f.          s.e.         cv% 

      9         4.342         6.5 
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***** Analysis of variance ***** 

  

Variate: Initial WBC 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3           85.72      28.57    2.74  0.113 

Sex                        1            1.30       1.30    0.12  0.733 

Treatments.Sex             2(1)        16.87       8.43    0.81  0.479 

Residual                   8(8)        83.48      10.43 

Total                     14(9)       134.51 

  

***** Tables of means ***** 

  

Variate: Initial WBC 

  

Grand mean  12.47 

  

 Treatments        1        2        3        4 

               14.42    10.77    10.40    14.29 

  

      Sex        1        2 

             12.24    12.70 

  

 Treatments      Sex        1        2 

          1             15.39    13.45 

          2             10.50    11.03 

          3              9.00    11.80 

          4             14.05    14.52 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     8           8           8 

s.e.d.               1.865       1.319       2.637 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     8           8           8 

l.s.d.               4.301       3.041       6.082 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial WBC 

  

   d.f.          s.e.         cv% 

      8         3.230        25.9 
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***** Analysis of variance ***** 

  

Variate: Initial PCV 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          15.820      5.273    0.94  0.460 

Sex                        1           5.883      5.883    1.05  0.332 

Treatments.Sex             2(1)       18.829      9.415    1.68  0.239 

Residual                   9(7)       50.356      5.595 

Total                     15(8)       72.459 

  

  

***** Tables of means ***** 

  

Variate: Initial PCV 

  

Grand mean  40.76 

  

 Treatments        1        2        3        4 

               40.15    39.99    40.84    42.05 

  

      Sex        1        2 

             40.26    41.25 

  

 Treatments      Sex        1        2 

          1             38.29    42.01 

          2             40.61    39.37 

          3             40.46    41.23 

          4             41.70    42.40 

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               1.366       0.966       1.931 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               3.089       2.185       4.369 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Initial PCV 

  

   d.f.          s.e.         cv% 

      9         2.365         5.8 
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***** Analysis of variance ***** 

  

Variate: Weight Gained 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3         31485.3    10495.1   22.68  <.001 

Sex                        1             1.0        1.0    0.00  0.963 

Treatments.Sex             3          4307.4     1435.8    3.10  0.082 

Residual                   9(7)       4165.0      462.8 

Total                     16(7)      24340.9 

  

***** Tables of means ***** 

  

Variate: Weight Gained 

  

Grand mean  78.5 

  

 Treatments        1        2        3        4 

                82.0     23.5     83.2    125.3 

  

      Sex        1        2 

              78.7     78.3 

  

 Treatments      Sex        1        2 

          1              97.5     66.5 

          2              33.0     14.1 

          3              78.0     88.3 

          4             106.3    144.3 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               12.42        8.78       17.56 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               28.10       19.87       39.73 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Weight Gained 

  

   d.f.          s.e.         cv% 

      9         21.51        27.4 
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***** Analysis of variance ***** 

  

Variate: Final Weight 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3         32353.8    10784.6   21.34  <.001 

Sex                        1             0.4        0.4    0.00  0.979 

Treatments.Sex             3          4624.1     1541.4    3.05  0.085 

Residual                   9(7)       4548.3      505.4 

Total                     16(7)      25426.1 

  

  

***** Tables of means ***** 

  

Variate: Final Weight 

  

Grand mean  138.9 

  

 Treatments        1        2        3        4 

               142.8     83.0    143.8    186.2 

  

      Sex        1        2 

             139.1    138.8 

  

 Treatments      Sex        1        2 

          1             158.0    127.5 

          2              93.0     73.1 

          3             139.5    148.0 

          4             165.7    206.7 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               12.98        9.18       18.36 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               29.36       20.76       41.52 

   

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final Weight 

  

   d.f.          s.e.         cv% 

      9         22.48        16.2 
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***** Analysis of variance ***** 

  

Variate: Daily Growth Rate 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3        0.236332   0.078777   22.68  <.001 

Sex                        1        0.000008   0.000008    0.00  0.963 

Treatments.Sex             3        0.032332   0.010777    3.10  0.082 

Residual                   9(7)     0.031263   0.003474 

Total                     16(7)     0.182706 

  

  

***** Tables of means ***** 

  

Variate: Daily Growth Rate 

  

Grand mean  0.215 

  

 Treatments        1        2        3        4 

               0.225    0.065    0.228    0.343 

  

      Sex        1        2 

             0.216    0.215 

  

 Treatments      Sex        1        2 

          1             0.267    0.182 

          2             0.091    0.038 

          3             0.214    0.242 

          4             0.291    0.395 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.              0.0340      0.0241      0.0481 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.              0.0770      0.0544      0.1089 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Daily Growth Rate 

  

   d.f.          s.e.         cv% 

      9        0.0589        27.4 
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***** Analysis of variance ***** 

  

Variate: Final Albumin 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          47.226     15.742    2.97  0.089 

Sex                        1          69.908     69.908   13.20  0.005 

Treatments.Sex             3          36.813     12.271    2.32  0.144 

Residual                   9(7)       47.667      5.296 

Total                     16(7)      142.118 

  

***** Tables of means ***** 

  

Variate: Final Albumin 

  

Grand mean  35.67 

  

 Treatments        1        2        3        4 

               33.75    36.50    37.42    35.00 

  

      Sex        1        2 

             37.37    33.96 

  

 Treatments      Sex        1        2 

          1             37.00    30.50 

          2             38.99    34.00 

          3             37.50    37.33 

          4             36.00    34.00 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               1.329       0.940       1.879 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               3.006       2.125       4.251 

  

 

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final Albumin 

  

   d.f.          s.e.         cv% 

      9         2.301         6.5 
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***** Analysis of variance ***** 

  

Variate: Final Cholesterol 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          1.5890     0.5297    1.16  0.379 

Sex                        1          0.0817     0.0817    0.18  0.683 

Treatments.Sex             3          0.7350     0.2450    0.53  0.670 

Residual                   9(7)       4.1267     0.4585 

Total                     16(7)       5.6353 

  

***** Tables of means ***** 

  

Variate: Final Cholesterol 

  

Grand mean  2.61 

  

 Treatments        1        2        3        4 

                2.25     2.90     2.80     2.48 

  

      Sex        1        2 

              2.67     2.55 

  

 Treatments      Sex        1        2 

          1              2.60     1.90 

          2              2.90     2.90 

          3              2.80     2.80 

          4              2.37     2.60 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               0.391       0.276       0.553 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               0.884       0.625       1.251 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final Cholesterol 

  

   d.f.          s.e.         cv% 

      9         0.677        26.0 
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***** Analysis of variance ***** 

  

Variate: Final Globulin 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3           28.32       9.44    0.55  0.663 

Sex                        1           25.94      25.94    1.50  0.252 

Treatments.Sex             3           29.33       9.78    0.57  0.651 

Residual                   9(7)       155.67      17.30 

Total                     16(7)       216.24 

  

***** Tables of means ***** 

  

Variate: Final Globulin 

  

Grand mean  37.29 

  

 Treatments        1        2        3        4 

               36.75    36.51    36.75    39.17 

  

      Sex        1        2 

             36.25    38.33 

  

 Treatments      Sex        1        2 

          1             34.50    39.00 

          2             35.01    38.00 

          3             37.50    36.00 

          4             38.00    40.33 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               2.401       1.698       3.396 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               5.432       3.841       7.682 

 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final Globulin 

  

   d.f.          s.e.         cv% 

      9         4.159        11.2 
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***** Analysis of variance ***** 

  

Variate: Final Glucose 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          2.5519     0.8506    1.55  0.267 

Sex                        1          1.3761     1.3761    2.51  0.147 

Treatments.Sex             3          0.8131     0.2710    0.49  0.695 

Residual                   9(7)       4.9317     0.5480 

Total                     16(7)       7.8976 

  

***** Tables of means ***** 

  

Variate: Final Glucose 

  

Grand mean  2.99 

  

 Treatments        1        2        3        4 

                3.32     2.60     2.73     3.30 

  

      Sex        1        2 

              2.75     3.23 

  

 Treatments      Sex        1        2 

          1              3.30     3.35 

          2              2.40     2.80 

          3              2.20     3.27 

          4              3.10     3.50 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               0.427       0.302       0.604 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               0.967       0.684       1.367 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final Glucose 

  

   d.f.          s.e.         cv% 

      9         0.740        24.8 
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***** Analysis of variance ***** 

  

Variate: Final Hb 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          5.5931     1.8644    2.72  0.107 

Sex                        1          0.0212     0.0212    0.03  0.865 

Treatments.Sex             3          0.4280     0.1427    0.21  0.888 

Residual                   9(7)       6.1800     0.6867 

Total                     16(7)      11.2224 

  

***** Tables of means ***** 

  

Variate: Final Hb 

  

Grand mean  12.89 

  

 Treatments        1        2        3        4 

               12.25    13.00    12.72    13.58 

  

      Sex        1        2 

             12.86    12.92 

  

 Treatments      Sex        1        2 

          1             12.30    12.20 

          2             13.10    12.90 

          3             12.70    12.73 

          4             13.33    13.83 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               0.478       0.338       0.677 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               1.082       0.765       1.531 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final Hb 

  

   d.f.          s.e.         cv% 

      9         0.829         6.4 
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***** Analysis of variance ***** 

  

Variate: Final PCV 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          53.750     17.917    2.72  0.107 

Sex                        1           0.203      0.203    0.03  0.865 

Treatments.Sex             3           4.113      1.371    0.21  0.888 

Residual                   9(7)       59.390      6.599 

Total                     16(7)      107.847 

  

***** Tables of means ***** 

  

Variate: Final PCV 

  

Grand mean  39.95 

  

 Treatments        1        2        3        4 

               37.98    40.30    39.42    42.11 

  

      Sex        1        2 

             39.86    40.04 

  

 Treatments      Sex        1        2 

          1             38.13    37.82 

          2             40.60    39.99 

          3             39.37    39.47 

          4             41.33    42.88 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               1.483       1.049       2.097 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               3.355       2.372       4.745 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final PCV 

  

   d.f.          s.e.         cv% 

      9         2.569         6.4 
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***** Analysis of variance ***** 

  

Variate: Final Total Protein 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3           53.79      17.93    1.26  0.346 

Sex                        1           10.58      10.58    0.74  0.411 

Treatments.Sex             3            5.63       1.88    0.13  0.939 

Residual                   9(7)       128.33      14.26 

Total                     16(7)       175.76 

  

  

***** Tables of means ***** 

  

Variate: Final Total Protein 

  

Grand mean  72.96 

  

 Treatments        1        2        3        4 

               70.50    73.00    74.17    74.17 

  

      Sex        1        2 

             73.62    72.29 

  

 Treatments      Sex        1        2 

          1             71.50    69.50 

          2             73.99    72.01 

          3             75.00    73.33 

          4             74.00    74.33 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               2.180       1.542       3.083 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               4.932       3.487       6.975 

  

 

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final Total Protein 

  

   d.f.          s.e.         cv% 

      9         3.776         5.2 
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***** Analysis of variance ***** 

  

Variate: Final WBC 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          59.131     19.710    5.17  0.024 

Sex                        1           0.407      0.407    0.11  0.751 

Treatments.Sex             3          79.732     26.577    6.97  0.010 

Residual                   9(7)       34.310      3.812 

Total                     16(7)      132.829 

  

  

***** Tables of means ***** 

  

Variate: Final WBC 

  

Grand mean  11.58 

  

 Treatments        1        2        3        4 

               14.18    11.40    10.66    10.08 

  

      Sex        1        2 

             11.71    11.45 

  

 Treatments      Sex        1        2 

          1             17.15    11.20 

          2             11.21    11.60 

          3              8.55    12.77 

          4              9.93    10.23 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

s.e.d.               1.127       0.797       1.594 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6          12           3 

d.f.                     9           9           9 

l.s.d.               2.550       1.803       3.606 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Final WBC 

  

   d.f.          s.e.         cv% 

      9         1.952        16.9 
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***** Analysis of variance ***** 

  

Variate: Overall Concentrate Intake 

  

Source of variation     d.f.       s.s.       m.s.    v.r.  F pr. 

Treatments                 1    1.67253    1.67253   92.49  <.001 

Sex                        1    0.06453    0.06453    3.57  0.096 

Treatments.Sex             1    0.00563    0.00563    0.31  0.592 

Residual                   8    0.14467    0.01808 

Total                     11    1.88737 

  

  

***** Tables of means ***** 

  

Variate: Overall Concentrate Intake 

  

Grand mean  1.322 

  

 Treatments     3.00     4.00 

               0.948    1.695 

  

      Sex        1        2 

             1.248    1.395 

  

 Treatments      Sex        1        2 

       3.00             0.853    1.043 

       4.00             1.643    1.747 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6           6           3 

d.f.                     8           8           8 

s.e.d.              0.0776      0.0776      0.1098 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6           6           3 

d.f.                     8           8           8 

l.s.d.              0.1790      0.1790      0.2532 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Overall Concentrate Intake 

  

   d.f.          s.e.         cv% 

      8        0.1345        10.2 
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***** Analysis of variance ***** 

  

Variate: Concentrate Intake in the Dry Season 

  

Source of variation     d.f.       s.s.       m.s.    v.r.  F pr. 

Treatments                 1    1.59870    1.59870   73.81  <.001 

Sex                        1    0.16333    0.16333    7.54  0.025 

Treatments.Sex             1    0.03000    0.03000    1.39  0.273 

Residual                   8    0.17327    0.02166 

Total                     11    1.96530 

  

  

***** Tables of means ***** 

  

Variate: Concentrate Intake in the Dry Season 

  

Grand mean  1.465 

  

 Treatments     3.00     4.00 

               1.100    1.830 

  

      Sex        1        2 

             1.348    1.582 

  

 Treatments      Sex        1        2 

       3.00             0.933    1.267 

       4.00             1.763    1.897 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6           6           3 

d.f.                     8           8           8 

s.e.d.              0.0850      0.0850      0.1202 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6           6           3 

d.f.                     8           8           8 

l.s.d.              0.1959      0.1959      0.2771 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Concentrate Intake in the Dry Season 

  

   d.f.          s.e.         cv% 

      8        0.1472        10.0 
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***** Analysis of variance ***** 

  

Variate: Concentrate Intake in the Rainy Season 

  

Source of variation     d.f.       s.s.       m.s.    v.r.  F pr. 

Treatments                 1    1.74803    1.74803   84.04  <.001 

Sex                        1    0.01920    0.01920    0.92  0.365 

Treatments.Sex             1    0.00013    0.00013    0.01  0.938 

Residual                   8    0.16640    0.02080 

Total                     11    1.93377 

  

  

***** Tables of means ***** 

  

Variate: Concentrate Intake in the Rainy Season 

  

Grand mean  1.218 

  

 Treatments     3.00     4.00 

               0.837    1.600 

  

      Sex        1        2 

             1.178    1.258 

  

 Treatments      Sex        1        2 

       3.00             0.793    0.880 

       4.00             1.563    1.637 

  

  

*** Standard errors of differences of means *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6           6           3 

d.f.                     8           8           8 

s.e.d.              0.0833      0.0833      0.1178 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments         Sex  Treatments 

                                               Sex 

rep.                     6           6           3 

d.f.                     8           8           8 

l.s.d.              0.1920      0.1920      0.2715 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Concentrate Intake in the Rainy Season 

  

   d.f.          s.e.         cv% 

      8        0.1442        11.8 
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***** Analysis of variance ***** 

  

Variate: Number of Calves weaned 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3          0.0000     0.0000    0.00  1.000 

Residual                   5(15)      3.0000     0.6000 

Total                      8(15)      3.0000 

  

  

  

***** Tables of means ***** 

  

Variate: Number of Calves weaned 

 

  

Grand mean  6.00 

  

 Treatments        1        2        3        4 

                6.00     6.00     6.00     6.00 

  

  

*** Standard errors of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

e.s.e.               0.316 

  

 

*** Standard errors of differences of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

s.e.d.               0.447 

  

 

*** Least significant differences of means (5% level) *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

l.s.d.               1.150 

  

 

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Number of Calves weaned 

 

  

   d.f.          s.e.         cv% 

      5         0.775        12.9 
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***** Analysis of variance ***** 

  

Variate: Number of calves available for sale 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3         52.4369    17.4790   24.97  0.002 

Residual                   5(15)      3.5000     0.7000 

Total                      8(15)     23.7222 

  

  

***** Tables of means ***** 

  

Variate: Number of calves available for sale 

  

Grand mean  4.25 

  

 Treatments        1        2        3        4 

                4.00     2.00     5.00     6.00 

  

  

*** Standard errors of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

e.s.e.               0.342 

  

 

*** Standard errors of differences of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

s.e.d.               0.483 

  

 

*** Least significant differences of means (5% level) *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

l.s.d.               1.242 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Number of calves available for sale 

  

   d.f.          s.e.         cv% 

      5         0.837        19.7 
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***** Analysis of variance ***** 

  

Variate: Total weight of calves 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3        2782130.    927377.  465.71  <.001 

Residual                   6(14)      11948.      1991. 

Total                      9(14)    1152412. 

  

  

***** Tables of means ***** 

  

Variate: Total weight of calves 

  

Grand mean  644.3 

  

 Treatments        1        2        3        4 

               571.0    166.1    723.0   1117.0 

  

  

*** Standard errors of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     6 

e.s.e.               18.22 

  

*** Standard errors of differences of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     6 

s.e.d.               25.76 

  

 

*** Least significant differences of means (5% level) *** 

  

Table           Treatments 

rep.                     6 

d.f.                     6 

l.s.d.               63.04 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Total weight of calves 

  

   d.f.          s.e.         cv% 

      6         44.62         6.9 
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***** Analysis of variance ***** 

  

Variate: Income generated from sales 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3      11129970.3  3709990.1 3973.56  <.001 

Residual                   6(14)      5602.0      933.7 

Total                      9(14)   4567456.4 

  

  

***** Tables of means ***** 

  

Variate: Income 

  

Grand mean  1288.5 

  

 Treatments        1        2        3        4 

              1142.0    332.1   1446.0   2234.0 

  

  

*** Standard errors of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     6 

e.s.e.               12.47 

  

*** Standard errors of differences of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     6 

s.e.d.               17.64 

  

 

*** Least significant differences of means (5% level) *** 

  

Table           Treatments 

rep.                     6 

d.f.                     6 

l.s.d.               43.17 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Income generated from sales  

   d.f.          s.e.         cv% 

      6         30.56         2.4 
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***** Analysis of variance ***** 

  

Variate: Total concentrate consumed 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 1(2)    12575010.  12575010. 3790.89  <.001 

Residual                   3(17)       9952.      3317. 

Total                      4(19)    5040364. 

  

  

***** Tables of means ***** 

  

Variate: Total concentrate consumed 

  

Grand mean  2780. 

  

 Treatments        1        2        3        4 

               2780.    2780.    1756.    3803. 

  

  

*** Standard errors of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     3 

e.s.e.                23.5 

  

*** Standard errors of differences of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     3 

s.e.d.                33.3 

  

 

*** Least significant differences of means (5% level) *** 

  

Table           Treatments 

rep.                     6 

d.f.                     3 

l.s.d.               105.8 

  

  

 

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Total concentrate consumed 

  

   d.f.          s.e.         cv% 

      3          57.6         2.1 
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***** Analysis of variance ***** 

  

Variate: Cost of concentrate eaten 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 1(2)     3666624.   3666624. 2024.58  <.001 

Residual                   3(17)       5433.      1811. 

Total                      4(19)    1472281. 

  

  

***** Tables of means ***** 

  

Variate: Cost of concentrate eaten 

  

Grand mean  1501.1 

  

 Treatments        1        2        3        4 

              1501.2   1501.2    948.3   2053.9 

  

  

*** Standard errors of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     3 

e.s.e.               17.37 

  

*** Standard errors of differences of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     3 

s.e.d.               24.57 

  

*** Least significant differences of means (5% level) *** 

  

Table           Treatments 

rep.                     6 

d.f.                     3 

l.s.d.               78.19 

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Cost of concentrate eaten  

   d.f.          s.e.         cv% 

      3         42.56         2.8 
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***** Analysis of variance ***** 

  

Variate: Net income 

  

Source of variation     d.f.(m.v.)      s.s.       m.s.    v.r.  F pr. 

Treatments                 3      3504512.54 1168170.85 37177.32 <.001 

Residual                   5(15)      157.11      31.42 

Total                      8(15)  1336845.06 

  

***** Tables of means ***** 

  

Variate: Net income 

  

Grand mean  615.5 

  

 Treatments        1        2        3        4 

              1142.0    332.0    807.8    180.1 

  

  

*** Standard errors of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

e.s.e.                2.29 

  

 

*** Standard errors of differences of means *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

s.e.d.                3.24 

  

 

*** Least significant differences of means (5% level) *** 

  

Table           Treatments 

rep.                     6 

d.f.                     5 

l.s.d.                8.32 

  

  

***** Stratum standard errors and coefficients of variation ***** 

  

Variate: Net income 

  

   d.f.          s.e.         cv% 

      5          5.61         0.9 

 

 


