
ARCHIV IDRC-237e 

KATEGI 
63011 

Pasture Improvement 
Research in Eastern 
and Southern Africa 

Proceedings of a workshop 
held in Harare, Zimbabwe, 
17-21 September 1984 

Proceedings Series 



The International Development Research Centre is a 
public corporation created by the Parliament of 
Canada in 1970 to support research designed to 
adapt science and technology to the needs of devel- 
oping countries. The Centre's activity is concen- 
trated in five sectors: agriculture, food and 
nutrition sciences, health sciences, information 
sciences, and communications. IDRC is financed 
solely by the Parliament of Canada; its policies, 
however, are set by an international Board of 
Governors. The Centre's headquarters are in 
Ottawa, Canada. Regional offices are located in 
Africa, Asia, Latin America, and the Middle East. 

©International Development Research Centre 1985 
Postal Address: Box 8500, Ottawa, Canada K1G 3H9 
Head Office: 60 Queen Street, Ottawa, Canada 

Kategile, J.A. 
IDRC-237e 

Pasture Improvement Research in Eastern and 
Southern Africa : proceedings of a workshop held in 
Harare, Zimbabwe, 17-21 Sept. 1984. Ottawa, Ont., 
IDRC, 1985. 508 p. : ill. 

/Pastures/, /agricultural research/, /genetic 
improvement/, /forage crops/, /nutritional value/, 
/ productivity/ , /East Africa/, /Southern Africa/ - 
/research methods/, /research and development/, 
/information network/, /conference report/, /list of 
participants/. 

UDC: 633.2.001.5(67:68) ISBN: 0-88936-439-7 

Microfiche edition available 

Il existe également une édition française de cette 
publication 



IDRC-237e 

Pasture Improvement 
Research in Eastern 
and Southern Africa 

Proceedings of a workshop 
held in Harare, Zimbabwe, 
17-21 September 1984 

Editor: Jackson A. Kategile 

Cosponsored by the 
Southern African Development Coordination Committee, Gaborone, Botswana, 

and the 
International Development Research Centre, Ottawa, Canada 



Abstract: The proceedings contains reviews by national scientiste 
on pasture research done primarily in Eastern and Southern Africa 
(Ethiopia, Kenya, Tanzanie, Burundi, Zambie, Zimbabwe, Swaziland, 
Lesotho, Botswana, Mozambique, and Madagascar). The application of the 
results obtained and lessons learned are highlighted and used in set- 
ting of national priorities for research areas for the future. Critical 
reviews on current pasture research methodologies are included in the 
proceedings. The research methods discussed are germ-plasm collection, 
storage, and dissemination; and germ-plasm introduction and evaluation, 
nutritive evaluation of pastures, grazing experiments, and range moni- 
toring. Specific guidelines on methodologies are outlined and these are 
useful to pasture agronomists, animal nutritionists, and range-manage- 
ment scientists. 

Two case studies of pasture-research regional networks in Asia and 
Latin America were presented and discussed. A strategy for future pas- 
ture research coordinated through a regional Pastures Network for East- 
ern and Southern Africa (PANESA) was discussed and agreed upon. 

Résumé: Dans les actes ci-joints, des scientifiques de divers pays 
analysent la recherche entreprise sur les pâturages en Afrique orient- 
ale et australe (Éthiopie, Kenya, Tanzanie, Burundi, Zambie, Zimbabwe, 
Lesotho, Botswana, Mozambique et Madagascar). L'utilisation des résul- 
tats obtenus et les connaissances acquises sont mises en lumière, puis 
utilisées pour établir les priorités nationales en matière de recher- 
che. Les actes comportent une analyse critique des méthodes de recher- 
che actuelles sur les pâturages : rassemblement, entreposage et 
diffusion du matériel génétique; mise à l'essai et évaluation de ce 
matériel; expériences de pâturage; évaluation nutritive des pâturages 
et exploitation rationnelle de ceux-ci. On présente des lignes direc- 
trices précises sur les méthodes à suivre, qui seront utilies aux 
agronomes en charge des pâturages, aux spécialistes de la nutrition 
animale et aux scientifiques responsables de la gestion des pâturages. 

Deux études de cas ont fait l'objet d'une présentation suivie 
d'une discussion : il s'agit des réseaux régionaux de recherche sur les 
pâturages en Asie et en Amérique latine. Après discussion, on a convenu 
d'une stratégie de la recherche sur les pâturages, dans les années à 
venir; la coordination de cette stratégie sera assurée par une section 
régionale du Pastures Network for Eastern and Southern Africa (PANESA). 

Resunen: En las actes se recogen ponencias presentadas por cienti- 
ficos de diferentes paises sobre las investigaciones en pastos que se 
han realizado principalmente en et Africa oriental y meridional 
(Etiopia, Kenia, Tanzanie, Burundi, Zambia, Zimbabwe, Suazilandia, 
Lesotho, Botswana, Mozambique y Madagascar). Se destaca la aplicaci6n 
de los resultados y experiencias obtenidos, muy Gtiles para determinar 
las prioridades de las investigaciones futures en las diferentes 
naciones. En las actes se recogen también ponencias criticas sobre las 
metodologias empleadas actualmente en las investigaciones sobre 
pastos. Se analizan los siguientes métodos de investigaci6n: recogida, 
almacenamiento, diseminaci6n, introducci6n y evaluaci6n de germoplasma; 
evaluaci6n del valor nutricional de los pastos; experimentos de 

pastoreo; y control de dehesas. Se resumen directrices y metodologias 
especificas de gran utilidad para agronomos especializados en pastos, 
expertos en nutrition animal y cientificos especializados en gestion de 
dehesas. 

Se presentan y analizan dos estudios de casos de las redes region- 
ales de investigaci6n en Asia y Latinoamérica. Se discuti6 y aprob6 une 
estrategia para realizar investigaciones sobre pastos en et futuro que 
seran coordinadas por la Red de Investigaciones sobre Pastos para 
Africa Oriental y Meridional (RIPAOM). 
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RANGE MONITORING METHODOLOGIES 

Moses O. Olang 

Kenya Rangeland Ecological Monitoring Unit (KREMU), 
P.O. Box 47146, Nairobi, Kenya 

Abstract There are various methods used in 
vegetation mapping, surveying, and monitoring. The 
methods include aerial photography, satellite imagery 
interpretation, area frame sampling, step point, and the 
fixed transect method. Vegetation mapping and moni- 
toring with the aid of aerial photography is very expen- 
sive and slow. But the use of landsat imagery in 
vegetation mapping is fast and relatively cheap. 

Factors that determine the method to be used 
include time, money, and the proposed end use for the 
information. In Kenya, the area sampling frame method 
has been modified to suit our needs. Ocular reconnais- 
sance and step point methods are fast in obtaining 
information on range condition, while permanently fixed 
line transects are used in detecting changes in plant 
composition, vigour, cover, and production by species. 

Range management as a land-use practice began in 
America in areas where land cultivation was not pos- 
sible. Most rangelands in Africa are used for livestock 
production and where part of the range is set aside for 
wildlife, the local people have always complained that 
they are being denied the use of their land. The tradi- 
tional livestock production geared to the provision of 
food, dowry, social status, and income has resulted in 
increased numbers of livestock being kept on relatively 
small areas of land whose sizes are either constant or 
are being reduced. 

This change is because of increased areas of land 
being devoted to arable cropping and that some of the 
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land previously used by pastoralists is now being culti- 
vated. 

Rangelands are being impoverished by the impact 
of human activities. It is the process of change in these 
ecosystems that leads to reduced productivity of desi- 
rable plants and alterations in the biomass and the 
diversity of life forms (UNEP 1978). Plants are the most 
important range resource because they stabilize the soil 
and provide forage for livestock and wild animais and 
are a major source of woodfuel. According to Herlocker 
(1979), productivity of most of the rangeland has been 
reduced by human and livestock pressure and rein- 
forced by natural hazards. Effective range management 
necessitates a good understanding of the relationship 
between the present land productivity and its long-term 
potential under proper management. Because vegetation 
integrates ail environmental factors acting on a site, 
knowledge on its type may be used to make inferences 
about prevailing environmental patterns (Herlocker 
1979). 

Range inventories provide data for planning and 
executing any management proposai. There are a num- 
ber of methods that have been developed in Europe and 
America for monitoring and preparing inventories of 
range resources. Some methods are fast but suffer from 
bias and are influenced by the person using them. 

METHODS 

Point Method 

The point method was the logical outcome of 
thinking of a quadrat that became smaller and smaller 
until it was a point; hence, the term "point quadrat" 
(NRC 1962) that Mueller-Dombois and Ellenburg (1974) 
called the "point frequency frame method." 

In the point frequency frame method, pins are 
lowered through holes in a box frame and ail bits on 
the vegetation are recorded. The main advantage with 
this method is its accuracy. The method is recommended 
for studying reseeding projects or monitoring invading 
plants in a lawn's pitch. Arpy and Schmid and also 
Levy and Madden pioneered in the use of this method. 
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The method is, however, not advisable for sparse 
desert vegetation by the National Research Council 
(NRC 1962). 

List Quadrat 

When species in a quadrat are listed, the method 
used is called simply the "list quadrat" method. The 
National Research Council (NRC 1962) calls it "quadrat" 
only. A quadrat is a square of any selected size used 
in the detailed study of vegetation. The method is 
advisable where plants develop as individuals as in a 
reseeded area. The number recorded can be used as an 
index to any change in plant abundance (NRC 1962; 
Stodart and Smith 1975). 

Loop Method 

In the loop method, a transect line is first 
established, along it a 3/4 inch diameter loop or ring is 
dropped. Ail plants that appear or whose parts appear 
in the loop are recorded. The loop is lowered until it 
reaches the ground. If the crown canopy of a shrub is 
within the loop, a hit is recorded. This is a quick and 
accurate method of measuring plant composition (NRC 
1962). 

Capacitance Meter 

Fletcher and Robinson developed the capacitance 
meter method for estimating herbage production (NRC 
1962). The method is based on the fact that herbage 
has a high dialectric constant, whereas air has a low 
dialectric constant. By determining the dialectric 
constant of a plot the amount of herbage can easily be 
determined. The method is quick and vegetation is not 
disturbed. 

Reconnaissance 

It was reported by the NRC (1962) that the 
reconnaissance method was used in 1940 to estimate 
plant density and composition. Vegetation cover is 
estimated to the nearest 5 or 10%, however, the method 
is subject to considerable personal bias. 
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The worker looks over an area perpendicularly, 
and then estimates the amount of the area that is bare, 
covered by herbs, or covered by woody plants. The 
area being examined should be representative. This 
method is also simple and is recommended to ranch 
managers who moue animais from one pasture to the 
next. 

Step Point 

In the step point method, the examiner paces 
through the vegetation and after every predetermined 
number of paces records the plant species touching the 
point already made on the top of the shoes. The exami- 
ner should follow a certain direction and pacing should 
be equal so that no bias is introduced. The method 
gives vegetation composition. 

Line Intercept 

Line intercept was described in 1941 and is 
based on the principle of reducing belt transect to a 
line with no width (NRC 1962). Canfield used a 3-m rod 
to get the projection of the crown spread to the tape on 
the ground. It gives crown cover of plants by species. 
The method is accurage but time consuming and can be 
unreliable in areas with very tall trees. 

Ocular Estimate by Plot 

The ocular estimate by plot method estimates 
herbage removed in terms of weight. The examiner 
should either visit the area before it is grazed or part 
of it should be protected for comparison. Training for 
this method requires the examiner to clip vegetation in 
small amounts and estimate what has been removed. 
This is useful in estimating utilization that is not aiways 
uniform. The method is not easy to use because plant 
species distribute their weights differently. 

Plotless Methods 

There are four methods that are called plotless or 
variable plot methods. They were documented by Cottam 
and Curtis and Greig-Smith (Mueller-Dombois and 
Ellenburg 1974). 
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Closest Individual 

In the closest individual method, points are 
randomly selected along a line transect. Distance from 
each point to the plant nearest to it is taken. The mean 
distance for all the plants is equal to half the square 
root of the mean area (NRC 1962; Mueller-Dombois and 
Ellenburg 1974). 

Nearest Neighbour 

In the nearest neighbour method, sampling points 
are selected along a line transect and from each point 
plants are randomly selected. The distances from ran- 
domly selected plants to their nearest neighbour are 
taken. The mean distance is equal to the square root of 
the mean divided by 1.67 (NRC 1962; Mueller-Dombois 
and Ellenburg 1974). 

Random Pairs 

From a sampling point a line is taken to the 
nearest plant and a 90° exclusion angle is set out on 
either side of it for the random pairs method. The dis- 
tance from the second tree that is nearest to the first 
one and lying outside the exclusion angle is taken. The 
mean distance from all the points is equal to the square 
root of the mean area divided by 0.8 (NRC 1962; 
Mueller-Dombois 1974). 

Point Centred Quarter (PCQ) 

The point centred quarter method was developed 
by the Wisconsin Plant Ecology Laboratory and later 
improved by Curtis (Mueller-Dombois and Ellenburg 
1974). The method was primarily developed for mea- 
suring the tree layer of the plant community. The tech- 
nique is based on the idea that the number of trees per 
unit area can be calculated from the average distance 
between trees. 

Sampling points are randomly located along a line 
transect and from each point four quarters are estab- 
lished (NRC 1962). The distance from the plant nearest 
to the point in each quarter is then measured. The 
mean distance is used to calculate the mean area occu- 
pied by each tree. 
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Table 1. Sample PCQ method of measuring distances. 

Sampling Number Distance 
point of quarter (m) 

1 

2 

1 8 

2 5 

3 11 
4 7 

1 6 

2 15 

3 2 
4 10 

Total 64 

Mean distance = 64 - 8 = 8 m 
Mean area per tree 8 x 8 = 64 m2 
Tree density per hectare = 10000 _ 64 = 156 trees 

Curtis argued that it is easier to estimate the 
number of individuals using mean distance rather than 
the standard way of counting all plants appearing in a 
quadrat or plot. The PCQ method saves time because it 
is easier to measure the distances rather than plot 
boundaries (Table 1). 

The accuracy increases with the increasing number 
of sampling points. Newson and Dix found in 1968 two 
limitations with this method (Mueller-Dombois and Ellen- 
burg 1974). These limitations were (a) an individual 
must be located in each quarter and (b) an individual 
must not be measured twice. Risser and Zedler in 
Wisconsin and Olang and Peden (1982) found one more 
limitation: (c) the method overestimates regularly 
spaced individuals by 100% and underestimates dumped 
vegetation by 50%. 

Bitterlich (Variable Radius) Method 

The Bitterlich (variable radius) method was 
developed to determine the basal area of trees. It was 
used in 1957 to measure shrub density and again in 
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1960 to measure tufted grasses (NRC 1962). The method 
is also used to measure crown cover of trees (Mueller- 
Dombois and Ellenburg 1974). Crown spread of each 
tree should be seen so that the measurement can be 
taken. 

A stick with a 30 inch arm and a 3-inch cross arm 
radius is used. The area subscribed by the small arm is 
1% of the area subscribed by the big arm. The area of 
the small arm is 3 x 3 x 7r ; area of big arm, 30 x 30 x 

; percent of small over big (3 x 3 x 7r )/(30 x 30 7r ) 

1 / 100. When using it a bit is counted when the small 
arm is either smaller than the tree trunk or crown 
spread. 

Site Potential Approach Method 

The site potential approach method was developed 
by Humphrey (Pratt and Gwynne 1977) and it empha- 
sizes the potential forage production. The criteria for 
the classification are the contribution of key species of 
known forage value, plant vigour, seed production, and 
the occurrence of soil erosion. Heady (1960) followed a 
suggestion by Brown who favoured increasers, decrea- 
sers, and invaders and he suggested four successive 
stages due to grazing intensity. The first stage is the 
tall bunch grass climax followed by the intermediate 
stage of creeping species and the third stage is where 
the annual grasses are important. The fourth stage is 
made up of annual broad-leaved herbs with bare and 
eroding soil. 

The site potential approach is recommended for 
areas that are being managed for a specific group of 
animais. Skovlin (1971) stated that rangeland charac- 
teristics for evaluating conditions are based on: (a) 
forage plant composition, (b) bush overstory, (c) ele- 
ments of ground cover, and (d) soil stability. These 
four characteristics are rated and scored from 1 to 5. 
The total rating ranges from 4 to 20 and the condition 
rating is, therefore: 16-20, excellent; 11-15, good; 
6-10, fair; and 1-5, poor. 

Landsat Imagery 

Because of the vast range areas that have very 
little development in terms of roads and communication, 
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the landsat imagery interpretation method is quite 
suitable. The method is actually a modified version of 
the ares sampling frame method (Wigton and Borman 
1978). Landsat imagery interpretation was also used in 
Tanzania to collect data for rural development planning 
(Dunford et al.1983). 

Enhanced imagery of a false colour at a scale of 
1:250,000 is preferred because contrast is increased 
between different colours. The method is used in stages 
(Olang 1983a). The first stage is visual interpretation 
of landsat imagery into different strata. Stratification is 
done on an overlay that is later transferred onto a 
topographic survey map of the saure scale as the landsat 
imagery. Using artifically constructed and natural fea- 
tures litre roads and rivers, each stratum is further 
subdivided into primary sampling units (PSU). 

All PSU having the same colour tone are given the 
same number for random selection of sampling units 
(SU). The number of SU selected for sampling depends 
on the time and money available for work. A topographi- 
cal map is used for orientation purposes and for naviga- 
ting to the site. The same sites can be revisited if 
another sampling is necessary. It has been found that 
different plant communities can register different tones 
either because of different plant density or composition 
(Olang 1983a). 

The second stage involves the location of a 
sampling site within a sampling unit that has been ran- 
domly selected and is a critical phase in the whole 
sampling methodology. The site should be located in a 
representative area, i.e., at least 500 m away from a 
road and away from any watering point. 

Using the overlay and topographic survey map the 
researcher can drive or walk to one of the sampling 
units. Once within the unit, the researcher should 
decide on which direction to move and for how many 
meters. Next, the starting point for the transect lire 
should be fixed for monitoring purposes, a sampling 
site should be permanently fixed. A 15-inch concrete 
beacon dug into the ground and only 1 or 2 inches left 
above ground has been found useful for marking perma- 
nent transects. They should have small metal rods 
inside so that relocation can be done with a magnetic 
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instrument. The direction or the bearing of the transect 
should also be recorded. 

SAMPLING TECHNIQUE 

The major aim of sampling vegetation is to measure 
changes in plant production, composition, and cover. 
Because vegetation is in two main layers, the herb 
layer and the woody layer, two different methods are 
required for measuring them. Small plots are required 
for sampling small herbaceous plants and large plots for 
shrubs and trees (Olang and Peden 1982). Quadrat 
plots of 0.5 m2 have been found useful for herbaceous 
layer measurement, while circular plots of 2.5 m radius 
are used for woody layers. 

Woody Layer 

Circular plots of 2.5 m radius are circumscribed 
along a fixed permanent transect. Random numbers used 
in placing the plots are permanently recorded for future 
monitoring. Plant density is used in determining plot 
size, although in Kenya 2.5 m radius plots have always 
been used, which means more work in dense stands. 
From each plot plants are recorded by species and 
measurements of stem diameter, total tree height, crown 
depth, and crown spread are recorded (Olang and 
Peden 1982). Tree density is recorded according to 
height classes, i.e., 0.7-2 m, 2-4 m, 4-6 m, 6-8 m, 
and above 8 m. All measurements are recorded in a 
field data sheet. The information is later analyzed using 
a computer. 

The need to learn about the woody layer cover is 
made more urgent by the increasing demand for char- 
coal and woodfuel. It is, therefore, necessary to deter- 
mine the aboveground biomass (Olang 1984). Change in 
crown cover may not occur if one species is replaced by 
another. It is, therefore, important that plant composi- 
tion should be measured, so that change can be detec- 
ted. 

Herb Layer 

Herbaceous plants form the major food source for 
herbivores, which necessitates determining their quan- 
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tity and quality. The method calls for ocular estimation 
of plant cover within 0.5 x 0.5 m quadrats or any other 
plot size depending on plant density. Random numbers 
are chosen between 15 and 25 m and these are used to 
place up to 40 quadrats. Thus, an area of about 800 m 
is covered when sampling herb layers from one site. 
This eliminates some localized effects like an old borna 
site or a swamp from influencing the collected data. 

All plants in a quadrat are listed by species then 
the percentage ground cover by plant foliage is estima- 
ted visually. Estimates are first done on 50% of the 
quadrat, then on 25%, and last on 10% of the quadrat. 
Those that do not make 1% are recorded as trace. The 
weight of all plants in the quadrat is estimated and 
recorded then plants from 25% of all quadrats are 
clipped and weighed. The clipped material is later oven- 
dried and then weighed. The weight of the material 
from the clipped quadrats is later extrapolated for the 
rest of the quadrats. 

A combination of the list quadrat method, dis- 
cussed earlier, for herbaceous plants and circular plots 
for woody plants is being used by KREMU (Olang 
1983b) to detect changes in plant composition, cover, 
vigour, production, and density. 

All woody plants are recorded within a 2.5 m 
radius segment along a 100 m transect. Herbaceous 
plants are recorded at 10 m intervals. Recause the 
transect line is permanently fixed with a beacon and the 
bearing is also known, later measurements on the saure 
plants can be done easily. 

Most of the methods can be used to measure plant 
composition, density, cover, and production. Periodic 
measurements of the same sites are used to measure 
changes in the various parameters measured, e.g., 
whether certain plants are in danger of extinction, loss 
of vigour, or possible reduction of their crown cover. 
What is important is that the transect is permanent. 
Skovlin (1980) reported on seven botanical methods 
studied in Zimbabwe, the fine intercept method was 
recommended as suitable for cover analysis, while the 
plot frequency method is suitable for measuring change 
in the composition of important species. Pratt and 
Gwynne (1977) suggested a rating system where the 
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condition of an area is expressed according to a scale 
ranging from excellent to very poor. It combines desi- 
rability scoring for plant composition changes. Skovlin 
(1980) used it to measure vegetation changes in Kenya's 
rangeland. The International Livestock Centre for 
Africa (ILCA) has used permanent point loop transect 
for herbaceous vegetation and belt transect for woody 
species in Kenya (Bille and Heemstra 1978). 
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