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ECOLOGICAL EFFECTS OF FIRE IN THE MONTANE GRASSLANDS OF NATAL 

EVERSON, C.S."Ph.D. University of Natal, 1985. 

Although controlled burning has been used to manage Highland Sourveld 

grasslands, little was known of its effects on the vegetation. This 

study examined the effects of past fire treatments on veld condition, 

species composition, dry matter production, quality and canopy recovery 

growth rates of these grasslands. Also, six techniques of estimating 

the species compostiion of grasslands were compared in order to decide 

on a standard technique for monitoring these grasslands. From this 

work it was concluded that the wheel point method is the most satisfac­

tory. 

Veld condition scores were significantly lower in grassland protected 

from fire than where veld had been burnt or burnt and grazed at regular 

intervals. Frequent defoliation was found to maintain the grassland 

composition largely unchanged over a period of 30 years. Individual 

species were, however, found to react strongly to defoliation frequency. 

Plant demographic studies were therefore carried out to explain this 

differential response to burning. Three Decreaser and two Increaser I 

species were studied. 

In all species examined, recruitment of secondary tillers was stimulated 

by regular burning, each species being well adapted to a regular fire 

r~gime. Differential responses to burning were best explained by the 

combined effects of the different reproductive capacities and mortality 

rates of tillers of these species. A biennial spring burning regime 
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was shown to be most suitable for maintaining the most important grass 

species at their present levels of abundance. 

Annual winter and biennial spring burning did not result in significant 

differences in dry matter production. Maximum net productivity was 

approximately 230 g/m2 in both treatments, placing them amongst the 

more productive areas of Southern Africa. 

Examination of canopy recovery growth rates showed that there is little 

difference in the percentage canopy cover at the end of the growing 

season when veld is burnt annually in winter or biennially in spring. 

However, differences in season of burn resulted in exposure to erosive 

forces at different times of the year. 

The results of this investigation have highlighted the importance of 

regular burning during the dormant period in the montane grasslands of 

Natal. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background to the study 

In the Republic of South Africa, where at least two thirds of the area 

may be classified as arid or semi-arid, the need for conserving water is 

of national importance (Dyer, 1963). The only means by which these water 

resources can be conserved is by the judicial management of the plants 

which vegetate mountain catchment areas. 

The Drakensberg mountains form the main catchment area of Natal and at 

present most of the area falls under the jurisdiction of the Department 

of the Environment Affairs. The major portion of this area is covered 

by grassland (Veld types Nos. 44 and 48; Acocks, 1953), the condition of 

which is maintained by a regular burning regime. Present management 

goals include: 1) the production of high quality water and preservation 

of the soil mantle, 2) the maintenance of faunal and floral species di­

versity within communities, and 3) the prevention of accelerated extinc­

tion of any component species (Bainbridge & Scott, 1981). Although pre­

scribed burning is used to attain these goals there is little knowledge 

on the long term effects of burning at different times of the year and 

at different frequencies on species composition and floristic diversity. 

This has resulted in controversy over different burning regimes used by 

management in the past • . For instance, Nanni (1969) suggested that an 

irregular fire regime would maintain species diversity, since no species 

or community would be favoured at the expense of others. Results from a 

burning experiment at Giant's Castle Game Reserve led Edwards (1969) to 
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propose that biennial spring (September) or annual winter (August) burns 

be applied to maintain good vegetative cover and palatable species for 

grazing. Mentis, Meiklejohn & Scotcher (1974) suggested a biennial summer 

burning regime to encourage woody vegetation while maintaining good grass 

cover. 

At the Cathedral Peak Forestry Research Station, different fire treat­

ments have been applied to the grassland over the past 30 years. These 

experiments provided an ideal opportunity for examining the effects of 

various long term burning treatments on the grasslands within the research 

catchments. In addition to assessments of long term burning treatments, 

there has recently been greater emphasis on the need to assess the effect 

of current management practices (Mentis, 1984; Tiedman & Wiedland, 1983). 

This can be achieved by regularly monitoring community-composition, by 

which is meant lithe maintenance of regular surveillance to test the null 

hypothesis of no change in predefined properties of a system which is vul­

nerable to impacts, the nature, timing and location of which are not 

necessarily known" (Mentis, 1984). 

The Directorate of Forestry has recently proposed a monitoring programme 

in the Natal Drakensberg to determine the degree to which the objectives 

of management are being achieved. There are however a number of tech­

niques which are used for monitoring species composition. During the 

course of this study the author was requested by management to determine 

which technique was most suitable for asseSSing changes in grassland 

species compOSition. 

An experiment was therefore carried out to assess six different monitor­

ing 'methods, including the one used in the present study. Standardiza-
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tion of the methods used will be the first step towards a sound monitoring 

programme. 

1.2 Objectives of the study 

The main objectives of the study were: 

_ to provide management with a technique suitable for assessing grass-

land species composition, 

- to develop a prescribed burning policy which would meet the objectives 

of management. 

1.3 Approach 

In order to achieve the stated objectives a number of goals were developed 

to provide direction to the research and enable its progress to be assess­

ed. The goals of the study were: 

1) To compare six methods of measuring grassland species composition and 

determine the most suitable method for Highland Sourveld. 

2) To investigate the effects of thirty years of burning on the species 

composition of the grassland catchments at Cathedral Peak. 

3) To identify the most important grass species and study their popu­

lation dynamics to understand their differential responses to burn­

ing. 

4) To determine the effects of the long term burning treatments on the 

dry matter production and quality of Highland Sourveld. 

5) To study the redevelopment of the grass canopy under different fire 

regimes in order to gauge their potential effects on water quality. 

/ 

It was hoped that achievement of the above goals would provide a scientif­

ic basis for the formulation of a prescribed burning policy for the Natal 
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Drakensbarg catchments. 

Results pertaining to each of these goals are organized into discrete 

chapters. Thus the procedures, results, discussion and conclusions re­

lating to each goal are all presented in their respective chapters. It 

was felt that this would facilitate easy reference to the various topics. 

1.4 Historical background 

Acocks (1953) suggested that the Highland Sourveld of the Drakensburg 

(between 1 350 m and 2 150 m) has replaced woody communities that orig­

inal ly extended over the Little Berg. Thus, protection of these fire 

sub-climax grasslands may result in the invasion of woody species. This 

is evident in a catchment at Cathedral Peak Forest Research Station which 

has been protected from fire for approximately 20 years. Other examples 

of suppression of fire favouring plant succession have been cited by West 

(1951), Killick (1963), Phillips (1965), Scott (1971) and Westfall, Ever­

son & Everson (1983). However, it is unlikely that fire exclusion has 

been maintained over large tracts of the Little Berg, since this area has 

a long history of high frequency, natural firing (Watson, 1981). Manry 

(1983) reported that some of the highest lightening ground-strikes re­

corded in South Africa (> 9,0 strikes/km/annum) occur in the Drakensberg. 

In addition to these natural fires, human influence has served to increase 

the frequency of fires, particularly in the dry season (Watson, 1981). 

Although it is uncertain how long primitive man has modified the natural 

fire regime (Mentis, Meiklejohn & Scotcher, 1974), there is evidence of ' 

occupation by man in the Drakensberg approximately 7 000 years ago (Cable, 

Scott & Carter, 1980). 
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By the early eighteenth century regular veld burning was practised by 

the Bantu people to temporarily improve grazing and aid hunting (Bryant, 

1929). More recently the European settlers of the early nineteenth cen­

tury burned extensively in August to promote early growth for grazing 

(Nanni, 1969). 

This use of fire had deleterious effects on water yield and prompted the 

proclamation of the Soil Conservation Act in 1946. This act virtually 

eliminated the use of fire to ensure efficient erosion control. Total 

protection of the Drakensberg grasslands was, however, impractical 

(Nanni, 1969), and Scott (1970) questioned the wisdom of this policy. 

Throughout this period there was a growing recognition of need for planned 

management of mountain catchment areas. This led to a new burning policy 

in the Department of Forestry by which management units were burnt at 

two-yearly intervals after the first spring rains. However, in spite of 

an inherent comprehension of the role of burning as a management tool 

(Scott, 1951), little was known about the effects of fire on vegetation 

in montane grasslands, since the research work which led to this compre­

hension had largely been undertaken on lower altitude grasslands. 

In 1936 Scott (1984), laid out veld burning experiments in the Highland 

Sourveld of Thabamhlope to determine the effect of various treatments on 

species composition, soil factors and run-off. This comprehensive study 

included treatments of p~otection from fire, grazing, mowing and burning 

in winter, spring and autumn at intervals of 1, 2 and 3 years. Although 

this study and others (Edwards, 1969; Dillon, 1979) have clarified some 

aspects of veld burning, much more research is required on this subject 
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CHAPTER 2 

. STUDY AREA 

2.1 Introduction 

The Drakensberg mountains, situated 160-240 km inland from the eastern 

seaboard of South Africa, form the edge of the great elevated inland 

plateau of South Africa. This range varies in altitude between 1 380 m 

and 3 350 m a.s.l. and creates a natural boundary between the province 

of Natal and Lesotho between latitudes 28030'S and 300 30'S, and longi­

tudes 28°30'E and 29°30'E (Fig. 2.1). 

The great uplifting which took place in this area during the late pliocene 

accelerated the erosion cycle, particularly of the rivers draining east­

wards. This resulted in the formation of a deeply dissected terrain be­

low the main escarpment, known as the Little Berg. Killick (1963) des­

cribes this as "a terrace consisting of finger-like spurs projecting into 

Natal more or less at right angles to the escarpment". The spurs, lying 

between 1 675 m and 2 130 m, are capped with basalt and end abruptly in 

conspicuous cave sandstone cliffs. 

The Cathedral Peak Forestry Research Station (29°00'S; 29°15'E) was 

established in 1935 to examine the influences of various management 

practices on the vegetation and water yield of the local mountain catch­

ments. As a consequence, its topography, geology, hydrology and vege­

tation have been extensively studied and are described in detail by 

Killick (1963), Nanni (1956; 1970; 1972), Schulze (1974), Granger (1976~ 

Tyson. Preston-Whyte & Shulze (1976), Bosch (1979) and Watson (1981). 
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1 850 m and 2 150 m) Acocks recognized a second veld type i.e. Themeda­

Festuca Alpine Veld. This is a short dense grassveld, dominated by 

T. triandra and other species common to Highland Sourveld, as well as a 

high proportion of temperate grasses, particularly on the cool southern 

aspects and at higher altitudes. Common species are Festuca costata, 

Merxmuellera disticha, Koelaria cristata, Pentaschistis spp. and Poa 

binata (Scotcher, 1982). Where fire has been absent, a form of Fynbos 

is a common component of the vegetation, consisting chiefly of Passerina 

montana, Erica ~., Cliffortia nitidula, Encephalartos ghellenckii and 

Widdringtonia nodiflora. 

The most comprehensive study carried out on the vegetation at Cathedral 

Peak is that by Killick (1963). He recognized three altitudinal vegeta-

tion belts, corresponding with three climax communities, viz.: 

(1) Montane Belt: Podocarpus latifolius forest (1 280 m - 1 829 m). 

(2) Subalpine Belt: Passerina - Philippia - Widdringtonia Fynbos 

(1 829 m - 2 865 m). 

(3) Alpine Belt: Erica - Helichrysum Heath (2 865 m - 3 353 m). 

The research catchments, situated between 1 675 m and 2 130 m, fall into 

the subalpine belt. This vegetation belt consists mainly of fire-main­

tained tussock grassland, chiefly Themeda triandra Grassland. Also 

present are temperate grassland occurring on mesocline slopes, tall grass-
, --

land, Rendlia altera grassland and the Merxmuellera ma,owanii consocies. 
~ 

Woody communities include Cliffortia linearifolia scrub, Leucosidea 

sericea scrub, Buddleja salviifolia scrub, and the climax community 

Passerina - Phillippia - Widdringtonia fynbos (Killick, 1963). 

Associated with these grasses are a wide variety of perennial forbs, most 

of which are non-WOOdy. Bayer (1955) separated these forbs into vernal 
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aspects and autumnal aspects species. The former depend on regular fires 

for their survival whilst the latter are fire sensitive (Scotcher, 1982). 

2.2 Climatic conditions during the study period 

Climatic data were obtained from the central meteorological station situ­

ated north-west of the study area (Fig. 2.2). Ecologically significant 

climatic parameters recorded during both the study period (climatograms), 

and for the 33 year period from 1948 to 1981 (climatic diagram), are 

summarized in Fig. 2.3. 

The Cathedral Peak research area lies in the summer rainfall zone of 

South Africa and as a result the summers are wet and humid, and the 

winters are dry and cold. This is clearly evident in the climatic dia­

grams (Fig. 2.3). The long term average annual rainfall is 1 380 mm. 

Precipitation during the study period was 1 706, 1 278, 1 337 and 1 230 

mm for 1978, 1979, 1980 and 1981 respectively. 1978 therefore represent­

ed a wetter than average year (+326 mm), while 1981 was drier than normal 

(-150 mm). The mean annual temperatures were 14,0°C for 1978, 14,3°C 

for 1979 and 13,8°C for 1980. These did not differ markedly from the 

long term average of 13,8°C. The only year during the study period 

which was colder than average was 1981 (12,0°C). 

Drought periods (dotted areas in Fig. 2.3) were experienced between May 

and July for 1978, 1980 and 1981, while June was the only month in which 

drought was recorded in 1979. The early part of the growing season 

(September - November) for the years 1979 to 1980 were characterized by 

a higher than average precipitation in August/September followed by lower 

than average precipitation in September/October. 
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CHAPTER 3 

A COMPARISON OF SIX METHODS OF BOTANICAL ANALYSIS 

IN THE MONTANE GRASSLANDS OF NATAL 

3.1 Introduction 

14 

In nature conservation it is necessary to monitor ecosystems for changes 

which may indicate the success or otherwise of current management poli­

cies. Public authorities (for example the Department of Environment 

Affairs) control large tracts of montane grasslands which are comprised 

of the most important river catchments and mountain nature reserves in 

South Africa. To monitor these it is essential to follow changes in 

species composition. These changes are then interpreted as being desir­

able or undesirable, according to management objectives. 

A large variety of methods of botanical analysis are available to the 

ecologist for quantitatively assessing grassland condition, of which 

various have been used in the Natal Drakensberg. With administrative 

arrangements now being made to monitor the vegetation changes in these 

large areas, it has become essential to standardize the methods used. 

Of the several techniques recommended for use in grasslands by various 

experienced ecologists, five techniques for estimating percentage fre­

quency and one for estimating above-ground biomass for dominant speCies 

have been reported to be promising (Walker 1970). The purpose of the 

study reported here was to evaluate these techniques with regard to rela­

tive accuracy and precision especially as affected by inter-operator 

variation and information return. 
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3.2 Study area 

The study site, which was chosen for its proximity to the research station, 

represented grassland in good condition and the vegetation was visibly 

uniform. An area of 120 X 120 m was demarcated for the study. This 

area was then subdivided into plots, each 20 X 20 m. 

3.3 Methods 

There are a number of measurable species parameters available for sampling 

vegetation. The more important of these are: 1. density, the number of 

individuals; 2. frequency, the number of times a species is recorded in 

a given number of small quadrats; 3. cover, either of crown and shoot 

area or of basal area. In addition there are other measurable quantities 

such as height, stem diameter and biomass (Mueller-Dombois & Ellenberg, 

1974). 

Density is readily determined but because its determination is time con­

suming and laborious (Greig-Smith, 1983) it was not included in this 

study. 

Frequency provides an objective measure similar to denisty, but in con­

trast it is a nonabsolute measure. This means that the result is depen­

dent on the size and shape of the quadrat frame. Frequency is usually 

the easiest of the quantitative measures to determine (Greig-Smith, 1983). 

In order to measure percentage frequency a quadrat method was introduced 

into the experiment. When a sampling quadrat is reduced to a dimension­

less pOint, frequency becomes an absolute measure of cover. In order to 

attain a reasonable level of precision, however, a very large number of 
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points is necessary (Mentis, Collinson & Wright, 1980). Recently the 

nearest pl~_method has been used as an alternative, where the plant 

species nearest the jX)int is recorded. The results provide an estimate of 

the proportional species composition rather t han cover. 

Three point techniques were included in this study viz.: the Levy bridge, 

the wheel point and the step point. These techniques differ principally 

in the distance between successive points. This may be important because 

if the points are located too close to one another relative to the dia­

meters of most of the plants then the observations will not be indepen­

dent, and the variance is consequently under-estimated (Tidmarsh & 

Havenga, 1954). 

Cover is defined as the proportion of ground occupied by perpendicular 

projection on to it of the aerial parts of individuals of the species 

under consideration (Greig-Smith, 1983). Top-cover, the proportion of 

ground cove~ by the aerial portions of the species, is the more easily 

determined measure. The metric belt transect technique was included to 

assess species composition by cover. 

The contribution of biomass of individual species is an objective measure 

of the vegetation in terms of the percentage composition by weight. The 

techniques of estimating biomass are generally laborious and destructive. 

The method of It Mannetje and Haydock (1963), whereby species composition 

is estimated by ranking the first three species in relation to their bio­

mass, overcomes these problems and was included in this study. 
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3.3.1 Frequency techniques 

3.3.1.1 Quadrat method 

The 0,4 X 0,4 m quadrat frame used in the experiment was divided into 

three; two 0,1 X 0,1 m sub-quadrats and one 0,2 X 0,2 m sub-quadrat. 

These were allocated the symbols A, Band C respectively. The quadrat 

was placed randomly in the plot, after which all rooted species in the 

A portion were recorded. The operator then recorded any new species in 

sect ion S, followed by new species in section C. In each placement the 

spec ies were recorded without regard to their quantity or number of in­

dividuals. The results were expressed as the percentage frequency, i.e. 

the percentage of samples in which each species was found. A preliminary 

analysis of the data showed that the 0,1 X 0,1 m quadrat resulted in a 

frequency of about 80% for the common species and was therefore consid­

ered to be an acceptable size to use (Hyder et ~., 1966). 

The size of the sample was not determined for any of the methods as each 

operator worked with each method for a specified period of time (see 

experimental design 3.3.4). 

3.3.1.2 Levy bridge 

The Levy bridge is a frame supporting 10 needles, each 0,15 m apart 

(Levy & Madden, 1933). To conduct a survey the bridge is located ran­

domly within the sample plot. At each random emplacement of the bridge, 

the needles are lowered vertically through the grass sward. When the 

needle reaches ground level the plant struck or if there is no strike, 
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the plant nearest to the point, is recorded. Thus the diameter ~ the 

needle and of the needle point are not important. 

3.3.1.3 Wheel point 

The principle of this method is the same as that of the Levy bridge. The 

apparatus consists of a simple spoked wheel (3 m circumference) that runs 

on its spoke ends. A handle is attached through the axle of the wheel 

in such a way that it an easily be pushed in an upright position. As 

sampling was restricted to only one of the spokes, the distance between 

points was 3 m. This results in a less clumped distribution of point 

positions within the sample site when compared with the Levy bridge. 

3.3.1.4 Step point 

This method requires only one operator and no equipment. The operator 

marks a point on the toe of his shoe, and uses this mark to define the 

point positions. The species nearest the mark in front of the shoe was 

recorded at every second step to give the percentage species composition 

(Mentis, 1981). 

3.3.2 Estimation of relative biomass 

3.3.2.1 ~t Mannetje & Haydock 

This is a dry-weight rank method (It Mannetje & Haydock, 1963) in which 

a 0.4 X 0,4 m quadrat is placed randomly in the site. All species pre­

sent are recorded, after which the three most common species are ranked 

on the basis of their dry mass. The proportion of quadrats in which 

each species occurred in first, second and third place is then calcu­

lated. These values are then weighted by multiplying them against three 
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previously determined constants, and the swn of these values, for each 

species, gives the percentage contribution of that species to the total 

mass of the sward. The constants used in this study are those derived 

by It Mannetje and Haydock (1963). 

3.3.3 Species composition by aerial cover 

3.3.3.1 Metric belt transect 

The metric belt transect method described by Schmutz, Reese, Freeman & __ 

Weaver (1982) involves the emplacement of a 0,316 square frame along a 

tape stretched across the ground. After the emplacement of the frame 

the tape is relocated and the method repeated. The cover of each species 

in the quadrat is estimated by using the frame which is divided into two 

halves, each 0,1 m2
• One half is further subdivided into five 0,01 m2 

units. Percentage crown cover is then converted to percentage species 

composition by div iding total transect cover of each species by total 

cover of all species in the transect. 

3.3.4 Experimental design 

The techniques were tested by 6 operators each assisted by a scribe. 

Three of the operators were trained (familiar with botanical assessments) 

and 3 were relatively untrained. A day was spent before testing started 

in familiarising the operators with the different techniques and plant 

names. Plants which could not be identified were allocated nicknames 

until proper identification could be made at the end of a time period 

or day. In this way plant names could be standardised. 

The precision, repeatability and accuracy of the six methods were ex-
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amined using a 6 X 6 Latin square design (Fig. 3.1). Precision, the 

degree of clustering of the observations around a central value, was esti­

mated using the coefficient of variation. Repeatability, the scatter of 

mean results between workers, was estimated in the same manner. Accuracy, 

regarded in this study as the degree of bias, was gauged according to the 

frequency distribution of the results. 

The efficiency of the various methods (i.e. in terms of man hours per 

samp le), was not measured directly as each operator worked continuously 

throughout each time period, regardless of how many observations were 

made . Efficiency was therefore gauged by the precision, repeatability 

and accuracy of the information obtained per unit of time. 

The experiment was conducted over six days, each day being split into 

six 45 minute time periods. Sampling was arranged in such a way that 

each operator visited six plots every day, using a different technique 

each time. Thus the operator effect, technique effect, day effect and 

time of day effect were all mutually orthogonal. However, a direct com­

parison of the scores obtained using the six different techniques is 

difficult. The point techniques give a score for the proportional spe­

cies composition; the quadrat gives percentage frequency; the It 

Mannetje & Haydock method gives ranked species composition by mass and 

the metric belt transect estimates proportional species composition by 

aerial cover. In order to make comparisons, functional relationships 

between the various techniques were sought using regression analysis. 

In this way it was possible to standardize the scores. 
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Figure 3. 1 The 6 X 6 Latin square design used in the experiment. The 
letters A, B, C, 0, E and F refer to the quadrat, Levy 
bridge~ metric belt, step point, wheel point and It 
Mannetje & Haydock methods respectively. 
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3.4 Results and discussion 

3.4.1 Analysis of relationships between methods 

The homogenous nature of the plots meant that variation in scores for any 

single species across plots was small. This resulted in clumping of 

points for each individual species so that very little opportunity existed 

for relationships between the methods to be manifested in species 

analyses. This was confirmed by the data (see example Fig. 3.2 and 

Table 3.1 for Themeda). 

TABLE 3.1 Correlation rnab8x of the relationships between the 
six methods for Themeda 

Method Quadrat Levy Metric Step Wheel t t Mannetje 
bridge belt point point & Haydock 

I 
I Quadrat 1,0000 
I 
ILevy bridge 0,4962 1,0000 
1 
IMetric belt -0,0634 0,3220 1;0000 
1 
IStep point 0 ,2718 0,3250 ° ,2l72 1,0000 
1 
IWheel point 0,1964 0,4205 
1 

0,4306 0,2611 1,0000 

1 t t Mannetje -0,0020 0,1043 0,2093 0,2500 0,1720 1,0000 
1& Haydock 
1 

In order to overcome this problem the mean scores for every species for 

all plots were compared for all combinations of methods. The resulting 

values were used to plot scatter diagrams for the 22 most common species 

(Fig. 3.3 a-d). In Fig. 3.3a the mean scores for the various species 

using the quadrat are plotted against those obtained for the other 

methods. In this example the most abundant species had a mean relative 

frequency of 72% and the rarest species a relative frequency of 1%. This 
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Methods 1, 2, 3, 4, 5 and 6 refer to the quadrat, Levy 
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provided a range of 71% over which the methods could be compared. The 

ranges obtained for methods 2, 3 and 4 in this manner (Fig. 3.3 a-c re­

spectively) were ca 20%. In each case the relationship between anyone 

method and any other was approximately curvilinear. 

From these data, quadratic regression lines were fitted by arbitrarily 

relating the score for the quadrat method as a dependent variable to the 

scores for each other method in turn as independent variables. Both 

regressions through the origin and regressions with arbitrary intercept 

were fitted. However the intercepts were not significantly different 

and the simple models were subsequently used. Fig. 3.4 illustrates both 

sets of curves. 

Table 3.2 shows the values of the estimated parameters and other rele­

vant details for the regressions through the origin. In all cases the 

regression lines fitted the data very well, (R2 varying between 0,74 

and 0,68). Logarithmic functions fitted the data less well. The quad­

ratic regressions were therefore used to make all data comparable to 

that of the quadrat. This is referred to as quadrat adjusted data. 

3.4.2 Analysis of variance on quadrat adjusted data 

Quadrat adjusted data were used in analyses of variance in which the 

main effects of days, operators, methods and their interactions were 

examined. The fourteen most common species (species exceeding 10% rela­

tive frequency as measured with the quadrat) were examined in this way. 

An examination of the interaction between methods and operator revealed 

that the wheel point, quadrat and Levy bridge methods were least affected 
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by operator differences. This can be seen by examining Table 3.3 in which 

the coefficients of variation have been presented for each method and 

each of the fourteen species. No single method is universally best for 

every species. But if the methods are ranked according to the coeffi-

cients of variation for each species and the mean rank for each tech-

nique calculated, then the wheel point has the lowest mean rank. 

. , 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TABLE 3.2 Regression equations with the quadrat score 
as the dependent variable 

Independent variable Regression equations 

x = Levy bridge score y 7,50 x 0,201 x2 

+ 0,52 + 0,03 

x = Metric belt score y = 6,74 x 0,191 x2 

~ 1,70 0,105 + -

x = Step point score y = 7,07 x - 0,183 x2 

~ 0,854 ~ 0,051 

x Wheel point score y = 7,405 x - 0,195 x2 

~ 0,593 ~ 0,035 

• 
x = 't Mannetje & Haydock y = '7 , 022 - 0,204 x2 

~ 1,731 ~ 0,090 

*** = Significant at the 1% probability level 

R2 

0,968 *** 

0,792 *** 

0,917 *** 

0,954 *** 

0,764 *** 
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TABLE 3.3 The coeff icients of variation and ranks fo r the method x operator 
----- interaction for the fourteen most common species 

Quadrat Levy Met..ic Step Wheel 't Mannetj f:: 

Bridge Belt Point Point & Haydock 

Species CV Rank CV Rank CV Rank CV Rank CV Rank CV R;:mk 

14.3 2 13.3 1 17.6 5 15.5- 3 16.5 4 22.2 6 
Becium 

Diheteropogon 8 . 0 4 10 . 3 6 10.1 5 7.9 3 7.8 2 4.9 1 

Harpech10a 9.9 1 12 . 8 2 15.3 4 18.1 5 13.5 3 41.9 6 

He1ichrysum 19.1 4 30.2 5 26.4 2 28.3 3 21.8 1 45.3 6 

Hypoxis 10.1 1 10.5 2 19.4 4 20 .9 5 15.6 3 31.9 6 

Oxalis 21.4 3 19.6 2 32.0 5 30.1 4 17.6 1 6 

Rendlia 5 . 5 2 5 . 2 9.7 5 9.3 4 9 .2 3 12.6 6 

Scilla 18.9 4 16.7 2 29.9 5 17.9 3 12.9 1 48.3 6 

Senecio 16 .2 4 9.7 2 41.7 5 8.9 1 12.5 3 102.3 6 

Themeda 3.4 4 2.9 3 7.3 6 2.2 2 1.1 1 5.8 5 

Trachypogon 15.4 1 21.8 4 25 . 2 6 24.0 5 16.2 2 21.2 3 

Tristachya 2.0 2 3 . 9 4 9.2 5 3.0 3 1.4 1 15.1 6 

Vernonia 5.5 1 10.7 2 15.0 5 13.1 4 11.6 3 17.5 6 

Alloteropsis 4.6 3 4 .7 4 2.7 2 2.2 1 7.3 6 6 .9 5 

Mean rank 2.57 2.79 4.50 3.29 2.50 5.29 

Although the mean ranking of the quadrat and wheelpoint were very close, 

the coefficients of variations for the quadrat method will vary with 

variations in quadrat size. The relationships between the wheel point 

and the other methods were therefore examined more closely. 

3.4.3 Wheel point adjusted data 

Quadratic regression lines were fitted relating the score for the wheel 

pOint method as dependent variable to the scores for each other method 

as the independent variable as described previously. Fig. 3.5 illus­

trates the regressions through the origin and the regressions with arbi-
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trary intercept. The intercepts were not significantly different and the 

simpler models were used. Table 3.4 shows the values of the estimated 

parameters and other relevant details. Comparison of these data with 

Table 3.2 reveals that the fit obtained using the wheel point method was 

in all cases better than that using the quadrat. Wheel point adjusted 

data were therefore used in all subsequent analyses. 

TABLE 3.4 Regression equations with the wheel point score 
as the dependent variable 

Independent variable Regression equations R2 

x = Quadrat score y = 0,049 x 0,003 x2 0,966 *** 

+ 0,024 + 0,004 - -

x = Levy bridge score y = 0,947 x 0.006 x2 
0,992 *** 

+ 0,058 + 0,004 - -

x = Metric belt score y = 0,796 x 0,005 x2 0,872 *** 

+ 0,294 + 0,018 - -

x = Step point score y = 0,902 x 0,079 x2 0,985 *** 

+ 0,004 + 0,005 -

x = t' Mannetje & Haydock y = 1,074 x -0,017 x2 
0,840 *** 

score 
+ 0,313 + 0,016 - -

*** = Significant at the 1% probability level 
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3.4.4 Analysis of variance on wheel point adjusted data 

Wheel point adjusted data were used to perform an analysis of variance 

in which the main effects of the days (DA), time of day (TI), operators 

(OP) and methods (ME) were examined. Because analysis of these four 

factors could not be performed simultaneously (due to confounding of 

interactions between pairs of factors in certain cases) two separate an­

alyses were performed. 

The first involved examining the factors DA, OP and ME and their first order 

interactioos (~ix A). In the second analysis, TI replaced OPe The four­

teen most common species were examined in this way. A summary of both 

analyses is presented in Table 3.5. Differences between methods were 

significant at the 1% level for most species examined. These differences 

were in most cases attributable to low values recorded using the metric 

belt transect and It Mannetje & Haydock methods. For example the values 

recorded for Themeda by the quadrat, Levy bridge, metric belt, step 

point, wheel point and It Mannetje & Haydock method were 10,11; 15,68; 

10,66; 14,08; 16,17 and 9,64% respectively. Results for the metric 

belt and It Mannetje & Haydock methods were, in general 4% to 8% lower 

when compared with the other four methods. 

Differences between days were significant (at the 1% level) for Hypoxis 

and Tristachya (Table 3.5). For Hypoxis this was due to the fact that 

for the first three days operators did not distinguish between different 

species (note that only one of the three Hypoxis species encountered is 

included in this analysis). After three separate species had been id­

entified by day four, the mean decreased from 4,92 to 2,76. Significant 

differences between operators and the first-order interactions between 
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DA x OP and OP x ME for these two species can also be explained in this 

way. There appears to be no obvious reason as to 'tkly days were signifi-

cantly different for Tr i stachya. 

TABLE 3 .5 Summary of analysjs of varjance on wheel 

Species ~lethods Days Times Operators 

Bcium N.S. N.S. N.S. N.S. 

Diheteropogon *** N.S. N.S. N.S. 

Harpechloa N.S. N.S. N.S. *** 

Heli chrysum N. S. N.S. N.S. N.S. 

Hypoxis *** **i~ N.S. *** 

Oxalis *** N.S. N.S. N.S. 

Rendlia *** N.S. N.S . N.S. 

Sci 11a *** N.S. N.S . *** 

Senecio *** N.S. N.S . N.S. 

Themeda -:1-** N.S. *** N.S . 

Trachypogon ** N.S. N.S. N.S . 

Tristachya *l',* *** N.S. *** 

Vernonia ** N.S. N.S. N.S . 

Alloteropsis *** N.S. N.S. N.S . 

N.S. c Not significant 

*** = Significant at the 1% probahjli ty level 

** = Significant at the 5% probability level 

poi nl adjusted dala 

VA x OP DA x HE TI x HE OP x HE 

N.S . N.S. N.S. N.S. 

N.S. N.S. N.S. N.S. 

N.S. N.S. N.S. N.S. 

N.S . N.S. N.S. N.S. 

** N.S. N.S. ** 

N.S. N.S. N.S . N.S. 

N.S. N.S. N.S. N.S. 

N.S . N.S. N.S. *** 

N.S. N.S. N.S. N.S. 

N.S. N.S . *** N.S. 

N.S. N.S. N.S. N.S. 

*** N.S. N.S . N.S. 

N.S. N.S. *** N.S. 

N. S. N.S. N.S. N.S. 

Themeda was the only species where time of day was significant at the 

1% level (Table 3.5). The means of Themeda for times one to six 

were 14,05; 16,02; 14,24; 12,86; 14,81 and 12,30% respectively. 

Lower values recorded just prior to the midday meal break (Time 4) and 

the last period of the day (Time 6), when the effects of fatigue would 

be most noticeable, may account for this difference. The fact that time 

of day did not significantly affect the results for other species was 

surprising, as many other workers have reported on the effects of 

human stress on botanical analysis techniques (Walker, 1970). However, 
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Walker (1970) found that actual sampling time should be limited to between 

four and five hours a day, which was within the four-and-a-half hour 

sample time used in this study. 

Perhaps the most surprising result was that differences between operators 

were not significant for most of the species examined. This may be due 

to the fact that common grasses at Cathedral Peak are morphologically dis­

tinct and therefore easily recognizable. The only species in which op­

erator differences were significant were the herbs Hypoxis and Scilla. 

The confusion arising from the three different species of the genus 

Hypoxis has already been discussed. Similarities between the herbs 

Scilla and Ledebouria may have caused similar identification problems 

for the untrained operator 2. 

The first order interaction of DA x OP was only significant for Hypoxis 

and Tristachya. Since both days and operators were significant for 

Hypoxis, this could be expected. There appea~ to be no obvious reason 

as to why the DA x OP interaction is significant for Tristachya. 

The interactions between DA x ME were not significant for any species 

(Table 3.5). This implies that the manner in which a method was used 

remained unchanged over six days and that six consecutive days of bot­

anical analysis did not appear to affect this interpretation. This re­

flects the simplicity of the techniques studied. 

The TI x ME interaction was significant for only two out of the fourteen 

species examined. This indicates that time of day has little effect on 

the results derived from methods used. Exceptions to this were Themeda 

and Vernonia. 
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The OP x ME interaction is the most important one since it provides a 

measure of how much variation is a result of the way in which different 

operators use the various techniques. In the OP x ME interaction confu­

sion in the identification of Hypoxis and Scilla once again resulted in 

significant differences. There were however no significant differences 

for the remaining species. The coefficient of variation for this inter­

action (Table 3.3) shows that the wheel point, Levy bridge and quadrat 

methods were the most consistent. However, the coefficient of variation 

is not necessarily a reliable indicator of the relative merits of the 

methods. The tendency of certain methods to record zero values for in­

conspicuous species would give erroneously low coefficients of variation, 

and other features such as extreme skewness are not revealed. The al­

ternative approach adopted was to examine the frequency distribution of 

the data for the various methods. 

3.4.5 Frequency distribution of the data for the various methods 

The design of the experiment was such that by the end of the experiment, 

each method had been used once in every plot. Because operator diff­

erences were generally not significant, it seems reasonable that the 

scores for all 36 plots could be used to plot histograms of the frequency 

distributions for each method by species. The fourteen most common 

species were examined in this way (Fig. 3.6 a-n). 

The method of It Mannetje & Haydock exhibits a frequency distribution 

which for most species differs markedly from the other methods. The 

distribution of the frequency classes appears to be related to the ab­

undance of :a particular species. For species low in abundance the dis­

tribution is positively skew or po~tive J-shaped. Scilla, Harpechloa, 
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Hypoxis, Becium, Oxalis, Senecio and Trachypogon fall into this cate­

gory (Fig. 3.6 a-n). For the common species the distribution is nega­

tively skew. Rendlia, Tristachya, Diheteropogon, Alloteropsis and Themeda 

are examples. Thus the proportional composition of inconspicuous species 

is underestimated (or not recorded at all) while that for common species 

is overestimated. Although the It Mannetje & Haydock method has advan­

tages when trying to estimate the mass contribution of various species, 

its usefulness is limited when species composition is the important 

parameter. For the less common species such as Oxalis, Hypoxis, Scilla 

and Senecio, the distribution is skewed to the right. For the common 

species the metric belt transect exhibits a much flatter (i.e. platykur­

tic) frequency distribution when compared with the other methods. Ren­

dlia, Alloteropsis and Tristachya clearly illustrate this feature. These 

frequency distributions appear to be complex, with more than one peak. 

The platykurtic nature of the frequency distribution for the metric belt 

data indicates a large variance for this method. The metric belt method 

was therefore not considered suitable for the measurement of species 

composition. 

A critical examination of Fig. 3.6 a-n reveals that for eight of the 

species (Themeda, Oxalis, Trachypogon, Vernonia, Rendlia, Harpechloa, 

Scilla and Diheteropogon), the least biased distribution (i.e. closest 

to normal) was obtained using the wheel point. The Levy bridge showed 

similar results for Becium, Hypoxis and Alloteropsis and the step pOint 

for Senecio and Tristachya. Helichrysum was omitted from this assess­

ment as the frequency distributions are positively skew for all methods. 

Although the quadrat method did not rank first for any species the 

frequency distribution was not as biased as It Mannetje & Haydock and 

the metric belt transect. 
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3.4.6 A comparison of veld composition scores obtained using the 

various methods 

A modified form of the quantitative climax method of Dyksterhui.s (1949) 

(referred to as the veld condition assessment technique) has been developed 

to enable the rapid assessment of the agro-ecological condition of grass­

veld in Natal (Foran, Tainton & Booysen, 1978; Tainton, Edwards &_ 

Ment is, 1980). In order to use this technique the proportions of the 

different plant species at a site must be known. The wheel point has 

been commonly used for this purpose. There is, however, no reason why 

other techniques should not be used. The present experiment provided an 

ideal opportunity for evaluating the effect of different methods of deter­

mining botanical composition on the calculation of the veld condition 

score. 

Veld composition scores were calculated for the 36 plots for each method 

and an analysis of variance was performed on standardized data. The 

main effects of days, operators, methods and their first order interac­

tions were examined separately for each of the ecological groups and the 

veld condition score, and the results summarised in Table 3.6. 

The factor days was only significantly different (at the 1% level) for 

the Increaser I scores. This difference was a result of the low score 

obtained on day 2 (20,1%) when compared with the other days (23,2%; 

23,5%; 23,4%; 23,9% and 24,0%). The DA x ME interaction table for In­

creaser I scores showed that the Levy bridge (17,3%), metric belt (17,2%) 

and It Mannetje & Haydock (14,6%) methods all rec6rded low scores on 

this day when compared with the quadrat (20,6%), step point (24,5%) and 

wheel point (26,2%) methods. 



TABLE 3.6 

Species class Days 

Decreaser N.S 

Increaser I *** 

Increaser II N.S. 

Inceaser III N.S. 

Veld condition N.S. 
score 

N.S. = Not significant 

Summary of analysis of variance on the ecological groups and 
veld condition score 

Operators Methods DA x OP DA x ME 

N.S. *** N.S. N.S. 

N.S. *** N.S. N.S. 

N.S. *** N.S. N.S. 

N.S. N.S. N.S. N.S. 

N.S. *** N.S. N.S. 

*** Significant at the 1% probability level 

OP x ME 

N.S. 

N.S. 

N.S. 

N.S . 

N.S. 

.po 
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No significant operator effects were found (Table 3.6) indicating that 

even relatively untrained operators can use these methods. The inter­

actions DA x OP, DA x ME and OP x ME were all non-significant. 

The methods were significantly different for the Decreaser, Increaser I, 

Increaser II, and veld condition scores (Table 3.6). In all cases these 

differences can be attributed to low scores obtained using the metric 

belt transect and It Mannetje Haydock methods. These two methods re­

sulted in a mean veld condition score which was 10% lower than that for 

the point or quadrat methods. Differences between the latter methods 

were small (2 - 3%). 

3.4.7 A comparison of the methods using multivariate techniques 

Ordination techniques have recently been proposed for interpreting the 

results of monitoring experiments (Mentis, 1984). Principal co-ordinates 

analysis (peO) was used to examine the effects of the six methods on a 

sample by species ordination. peo was chosen simply because the computer 

programmes were readily available. 

The 36 plots represented the samples, and the 15 most common plants, the 

species. Since wheel point adjusted data would ~ the true ordination 

picture, non adjusted data were used in the analYSis. For brevity, only 

the plot of the first and second principal co-ordinates for each method 

are presented (Fig. 3.7). The first peo shows that the quadrat, Levy 

bridge, step point and wheel point are most similar. Samples 13 and 7, 

and 12 and 30 at the . two extremes of the axes illustrate this. The 

percentage variation accounted for by these methods was similar, ranging 

between 43,1 and 44,5 for the first two axes. The samples from the 
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metric belt and It Mannetje & Haydock methods are more clumped when com­

pared with the other methods. This indicates that these methods are not 

as sensitive as the others to ordination techniques. 

Visual comparison of these diagrams is difficult and a measure of com­

paring the configuration obtained by the various methods was sought. This 

was achieved by using the method of IProcrustes Rotation I , where two con­

figurations are compared by moving the centroid of the second configura­

tion until it coincides with the first (Gower, 1971). After translation, 

the axes are orthogonally rotated 'and isotropically stretched until the 

distance between t he samples is minimized. The figure obtained is a dis­

tance measure (residual) between the two configurations. In this study 

all combinations of configurations were compared in this way. The re­

sults (Table 3.7) confirmed the earlier observation that the configura­

tions obtained us ing the wheel point, step point and Levy bridge were the 

most similar. The quadrat was similar to the step point and wheel pOint, 

with residuals of 0,4211 and 0,4095 respectively. The metric belt and 

It Mannetje & Haydock methods did not compare favourably between them­

selves or with any of the other methods, their residuals being 0,92 for 

all comparisons. 

3.5 Conclusions 

Examination of various techniques reveals that species composition can be 

measured by one of four criteria: frequency of occurrence, number of 

individuals, area covered and mass (Brown, '954). In this study at lea'st 

one example of each has been compared. Although numerous studies have 

compared these methods (Brown, 1954; Johnstone, 1957; Walker, 1970; 

Poisson et !! ~., 1973 and others) the present study differs from these in 
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TABLE 3.7 Results of the procrustes rotation (residuals ) 
for all combinations of methods 

I 
I Method Quadrat Levy Metric Step Wheel 
I bridge belt point point 
I 
I 
I Quadrat 
I 
I Levy bridge 0 , 7668 

I 
I Metric belt 0 ,9436 1,0063 

I 
I Step point 0,4211 0,4071 0,7966 
I 
I Wheel point 0,4095 0,5207 0 ,8966 0,3659 
I 

0,9380 0,9279 I It Mannetje 0,9232 0,9210 1 ,0573 
I & Haydock 
I 

two main respects. Firstly, relationships were sought between the methods 

and the raw data were standardised to make the comparisons more meaning-

ful. Secondly, for the pOint methods the nearest plant technique rather 

than basal cover was used to estimate species composition. This removes 

any bias associated with determining a strike as well as greatly increas­

ing the efficiency of these methods. 

The results of this study show that area covered (metric belt) and weight 

methods (It Mannetje & Haydock) are not suitable for detailed botanical 

analysis. The choice therefore is between measuring frequency of occur­

rence (quadrat) or proportional species composition (point methods). The 

results of the analysis of variance showed that while there was little 

difference between the quadrat, the wheel pOint and the Levy bridge, the 

least biased frequency distributions were obtained using the wheel pOint. 
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Frequency data can be used as a basis for defining the limits of.communi-

ties. However, since they only supply information about the presence 

or absence of species, frequency data are not the best method for 

determining changes in the relative proportion of species of a parti­

cular site. Frequency readings can be converted to density through the 

logarithm of percentage absence, which will provide exact information 

for investigating critical and intensive vegetation changes (Brown, 1954). 

Unfortunately this relationship only applies to species which are randomly 

distributed, a situation rarely found in the field. Because frequency 

is measured using quadrats, problems associated with selecting optimum 

quadrat sizes are encountered. In addition the disturbance caused by 

placing the quadrat in position and the difficulty of deciding whether 

a plant occurs in or out may create edge effects (Tothill, 1978). 
, 

The point methods are free of problems associated with quadrat size. Of 

the three point methods assessed in this study the wheel pOint was the 

most consistent, followed by the Levy bridge. Although the wheel point 

has been shown to be the most suitable method, it does have the disad­

vantage of requiring three people to operate it. In situations where 

three people cannot be afforded the Levy bridge could be substituted. 

Most studies comparing different methods of measuring species composition 

agree that the choice of method depends on the objectives and precision 

required (Walker, 1970; Becker & Brockett, 1973). However, the mathe­

matical relationships developed in this study enable the wheel point 

data to be easily converted to the parameters measured by other methods: 

Similar relationships were found by ·Poissonet et!!.. (1973) in dense her­

baceous vegetation. The results obtained in the present study (together 

with the applicability of the mathematical relationships) have shown that 

the wheelpoint is the best method for monitoring grassland vegetation in 
the Natal Drakensberg. 
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3.6 Summary 

(i) An evaluation of sampiing techniques was conducted on Highland 

Sourveld in the Natal Drakensberg. The quadrat, Levy bridge, step point, 

metric belt transect and It Mannetje & Haydock methods were used. In 

order to compare the methods the scores were standardized against the 

wheel point. 

(ii) Analysis of variance showed that the methods were significantly 

different for most species examined. These differences are attributable 

to low values recorded using the metric belt transect and It Mannetje & 

Haydock methods. Operator differences and time of day had little effect 

on the results. 

(iii) The frequency distributions obtained for each species using the 

different methods showed that the best distributions were obtained using 

the wheel pOint. 

(iv) Principal co-ordinates analysis was used to examine the effects of 

the six methods on a sample by species ordination. The results indicate 

that the metric belt transect and It Mannetje & Haydock methods are not 

as sensitive to ordination techniques as the other methods. 

(v) It is concluded that the wheel point method is most suitable for 

determining grassland species composition in the Natal Drakensberg. 
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CHAPTER 4 

THE EFFECTS OF THIRTY YEARS OF BURNING ON SPECIES COMPOSITION 

4.1 Introduction 

In their review of fire in grasslands, Tainton & Mentis (in 'Booysen & 

Tainton, 1984) conclude that fire has played a major role in the develop-

__ ment and maintenance of grassland communities in the montane grassland 

regions of South Africa. Controlled burning is therefore the logical 

form of management of this ultra-sensitive environment. Watson (1981) 

reports that controlled burning of Themeda triandra dominated grassland ' 

communities may modIfy the structural and functional dynamics of the 

floral constituents. At the Cathedral Peak Forest Research Station a 

number of different fire treatments have been applied to the grassland 

over the past thirty years. These experiments provided an ideal oppor­

tunity for examining the effects of various long term burning treatments 

on the species composition of Highland Sourveld. 

4.2 Procedure 

The research catchments are protected by permanent firebreaks which have 

been burnt, annually in winter for the last thirty years. This winter 

treatment was used as a control against which the other treatments were 

compared. The location of the firebreaks between the treatments enabled 

the demarcation of 14 paired plots and 6 triplicate plots having a wide 

range of treatments, aspects, slopes and altitudes (Table 4.1 & Fig. 

2.2). Direct comparison of all combinations of treatments over most 

land facets represented in the research area was therefore possible. 
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TABLE 4.1 Treatments and topographical characteristics of the different plots 

Plot Treatment Altitude (m) Slope Aspect 

1a Annual winter burning 1 960 17' 40' 13' 

1b Biennial spring burning + grazing 16' 0' 12' 

2a Annual winter burning 1 905 4' 0' 338' 

2b Biennial spring burning + grazing 2' 30' 350' 

3a Annual winter burning 1 890 12' 40' 235' 

3b Biennial spring burning + grazing 16' 30' 174' 

4a Annual winter burning 1 875 20' 0' 132' 
4b Biennial spring burning + grazing 20' 40' 140' 

5a Annual winter burning 1 875 12' 0' 330' 
5b Biennial spring burning + grazing 12° 40' 310° 

6a Annual winter burning 1 829 37° 0' 354° 
6b 10 yrs protection 1 800 25° 20' 350' 
6c 10 yrs protection 1 768 4° 40' 13° 

7a Annual winter burning 1 890 1° 10' 270° 
7b Biennial spring burning 0° 40' 275° 

8a Annual winter burning 1 829 12° 30' 164° 
8b Unknown protection 8° 20' 157° 

9a Annual winter burning 1 960 21" 0' 75° 
9b Bienn~al spring burning 21: 10' 62° 
9c 18 yrs protection 22° 0' 83° 

lOa Annual winter burning 1 900 3° 50' 84° 
lOb Biennial spring burning 3° 30' 103° 
10c 18 yrs protection 1° 10' 83° 

11a Annual winter burning 1 890 15° 0' 297° 
11b Biennial spring burning 11° 40' 301" 
11c 18 yrs protection 14° 20' 298° 

14a Annual winter burning 2 280 35° 0' 343° 
14b 20 yrs protection 32° 40' 343° 

15a Annual winter burning 2 130 29° 30' 165° 
15b Biennial spring burning 17° 40' 186° 

16a Annual winter burning 2 130 31" 0' 17° 
16b Biennial spring burning 31" 40' 170 

17a Annual winter burning 1 98J 7° 10' 80° 
17b Biennial spring burning 11° 30' 162° 

18a Annual winter burning 1 965 22" 40' 347" 
leb Biennial spring burning 19° 20' 340° 
1ec 5 yrs protection 27° 10' 342° 

19a Annual winter burning 1 900 7° 20 ' 348° 
19b Biennial spring burning 9° 20' 336" 
19c 5 yrs protection 10° 40' 6° 

20a Annual winter burning 1 920 16° 30' 280° 
20b Biennial spring burning 12° 40' 275° 

218 Annual winter burn i ng 1 950 11° 0' 40° 
2lb Biennial spring burning 15° 40' 12° 

22a Annual winter burning 1 829 22" 30' 210° 
22b Biennial spring burning 24° 40' 196° 
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A ten point bridge (with points spaced 150 mm apart) was used to derive 

estimates of species composition. Two hundred point positions were sam­

pled in plots of 25 X 25 m. The data were then compared against a bench­

mark site. This site represented vegetation considered to have optimal 

species composition and basal cover in terms of the management objectives 

of the area. Sample sites were scored against this benchmark to determine 

the veld composition score according to Tainton, Edwards & Mentis (1980). 

This method classifies plants into four ecological groups: Decreaser 

species which decrease in abundance with lenient utilization (in the con­

text of the mounta in catchments this implies infrequent defoliation) or 

heavy utilization (frequent defoliation); Increaser I species which 

increase with lenient utilization; Increaser II species which increase 

with heavy utilization and Increaser III species which increase with 

selective grazing. Mentis & Collinson (1979) have described the use of 

this technique for managing natural areas. They suggest that maximising 

on-site species diversity implies fair to good veld condition, and there­

fore little soil-loss. 

Recently the identity and membership of the ecological groups has been 

questioned since no formal objective techniques of ordination and classi­

fication have been applied (Mentis, 1980). In the present study important 

species were ordered by both the methods of direct and indirect gradient 

analysis (Gauch, 1982). 

4.3 Results and Discussion 

The mean proportional species composition for the annual winter burn, 

biennial spring burn with grazing, biennial spring burn and protected 

treatments are presented in Table 4.2. The effects of these treatments 
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TABLE 4.2 Mean species composition of the benchm~k site and different burning treatments at Cathedral Peak 

Treatment 

DECREASER 

Themeda triandra 

Trachypogon spicatus 

Heteropogon contortus 

Diheteropogon amplectans 

Panicum natalense 

Monocymbium ceresiiforme 

Eragrostis capensis 

stiburus alopecuroides 

Eragrostis racemosa 

INCREASER I 

Tristachya leucothrix 

Alloteropsis semialata 

Andropogon apendiculatu5 

Harpechloa falx 

Cymbop~o~ validus 

Aristida monticola 

Helictotrichon.turgidulum 

Unidentified grass spp. 

INCREASER II 

Hyparrhenia ~ 

Microchloa caffra 

Eragrostis curvu1a 

Digitaria monodactyla 

Spring forbs 

Herbs 

Sedges 

INCREASER III 

E1ionurus muticus 

Diheteropogon fi1ifolius 

Koeleria cristata 

~~ 
Loudetia simplex 

Fes~~ 

Benchmark 

31.5 

10.8 

10.31 

3.4 

0.0 

0.1 

0.0 

0.1 

0.0 

16.8 

0.0 

1.3 

4 . 9 

o.c 
0.0 

0.0. 

0.0 

0.0 

0.1 

0.0 

0.0 

10.5 

1.1 

4.0 

0.0 

1.3 

2 . 8 

0.0 

0 . 0 

0.0 

Protection 

18.9 

2.1 

0.9 

1.2 

0.1 

17.9 

14.7 

1.1 

12.3 

0.3 

0.5 

0.1 

4.4 

0.2 

5.7 

12.6 

1.3 

1.2 

0.4 

3.7 

0.6 

Annual winter 
burning 

29.2 

6.4 

6.0 

2.3 

0.5 

0.5 

0.4 

0.3 

2.7 

8.1 

5.0 

0.2 

3.0 

2.2 

1.0 

3.3 

8.8 

12.8 

0.6 

1.5 

2.0 

3.0 

0.3 

Biennial 
spring burning 

25.5 

7.9 

3.4 

1.7 

0.4 

0.4 

0.5 

0.4 

12.2 

6.5 

1.4 

6.6 

1.8 

0.8 

0 . 2 

0.1 

2.3 

11. 7 

5.2 

0.6 

0.9 

3.5 

4.6 

0.1 

0.7 

Biennial spring 
burning + grazing 

28.3 

7.3 

6.9 

1.,3 

0.2 

0.9 

1.4 

9.3 

6.5 

5.8 

2.4 

1.0 

3.2 

3.7 

9.8 

1.5 

2.0 

1.1 

7.4 
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on the mean relative proportion of the most important grass species are 

shown in Table 4.3. Only species whose mean composition exceeded 5% in 

anyone treatment are included. 

Themeda triandra, Heteropogon contortus, Tristachya leucothrix, Trachy­

pogon spicatus, Harpechloa falx and Alloteropsis semialata were selected 

in this way. The responses of these species to fire frequency are shown 

in Fig. 4.1. 

T. triandra, H. contortus and T. spicatus all decrease and T. leucothrix, - - -
A. semialata and H. falx increase in abundance with a decrease in defolia-

tion frequency. These six species and the sample plots have been ordered 

by the methods of indirect gradient analysis using the technique of de­

trended correspondence analysis (Gauch, 1982). The results are pres­

ented in Fig. 4.2. Samples 1 to 19, 20 to 30, 31 to 35 and 36 to 40 

represent the annual winter burn, biennial spring burn, biennial spring 

burn and grazing and protected treatments respectively. This ordination 

places similar entities in close proximity in a two dimensional space. 

The majority of the annual winter burn plots fall together to the right; 

biennial spring burn and grazing and biennial spring burn samples occupy 

a middle position and the protected plots ordinate to the left. The 

species ordination (Fig. 4.2) shows T. triandra, ~. contortus and I. 
spicatus falling to the right on the first ordination axis and T. leuco­

thrix, ~. falx and A. semialata falling to the left. This difference 

in dominant species indicates a gradient from frequent burning to protec­

tion (Fig.4.2) as was also shown by the sample ordination. Plot 44 

appears to be an outlier. It is interesting to note that the period 

of protection for plot 44 (plot 44 in the sample ordination is plot 8b 

in Table 4.1) is unknown. It is possible that the protected period of 
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TABLE 4.3 The effect of the various burning treatments (with 
and without grazing) on the mean spec ies compos ition (%) of the 

most important grass species 

I 
I 
I 

Species I Protection 
I 
I 
I 
I 

Alloteropsis semi alata I 14.7 
I 

Tristachya l eucothrix I 17.9 
I 

Harpechloa falx I 12.3 
I 

Themeda triandra I 18.9 
I 

Trachypo~on spicatus I 2.1 
I 

Heteropogon contortus I 0 . 9 
I 
I 
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Figure 4.1 Response of the various species along a defoliation fre­
quenc~ gradient for Highland Sourveld. T. triandra, 
T. splcatus and li. contortus decrease in-abundance and 
R. falx, · t. leucothrix and A. semialata increase in abun­
anae wIth decreaslng defoliation frequency. The BS + G 
treatment is related at a mean frequency of 1,5 yr. 
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this plot has been too short for the species composition to move to the 

left on the ordination axis. 

The second axis spreads the samples less than the first axis but the 

individual species are still widely separated. This spread may result 

from the environmental gradients of altitude, slope and aspect. However, 

sampling sites were not representative of sufficiently wide ranges in 

these factors to permit an explanation of the gradients which were re­

corded. 

Both the direct and indirect ordinations confirmed the identity of the 

ecological groups Decreaser and Increaser I. ,Species not ordinated in 

this study were classified according to Tainton et ~., (1980). 

A least squares analysis in which the individual veld condition and 

group scores for each plot were adjusted to remove the effects of slope, 

altitude and aspect is shown in Table 4.4a. These results showed that 

veld composition scores in grassland protected from fire ex = 34,7) were 

significantly lower than those in the annual winter burn (X = 58,0), 

biennial spring burn (X = 56,6) and biennial spring burn and grazing 

(x = 66,3) treatments. 

Differences in veld compositi~n scores between the latter three t~eat­

ments were non significant. It would appear therefore that a regular 

fire regime, whether in the winter or spring, will maintain the condition 

of these grasslands, whereas protection from fire resulted in a 42% drop 

in veld condition. Although differences in veld composition scores be­

tween the regularly burnt treatments were non significant, examination 

of the individual group scores (Tables 4.4 b-e) revealed significant 



TABLE ~.4a Comparisons of veld composition scores becween treatments 

Treatment 

Annual winter burning 

Biennial spring burning 
: grazing 

Biennial spring burning 

Protection 

Treatment 

Annual winter burning 

Biennial spring burning 
+ grazing 

Biennial spring burning 

Protection 

Treatment 

Annual winter burning 

Biennial spring burning 
+ grazing 

Biennial spr ing burning 

Protection 

Treatment 

Annual winter burning 

Biennial spring burning 
+ grazing 

Biennial spring burning 

Protection 

Treatment 

Annual winter burning 

Biennial spring burning 
+ grazing 

Biennial spring burning 

Protection 

Mean 

58.0 

66.3 

56.6 

34.7 

TABLE 4 . 4b 

Mean 

48.8 

52.0 

36 .6 

26.2 

TABLE 4.4c 

Mean 

17.3 

23.4 

26.4 

45.8 

TABLE 4.4d 

Mea'1 

32.9 

20.8 

31.2 

31.3 

TABLE 4.4e 

I·lean 

8.4 

8.4 

8.8 

8.1 

Versus annual winter 
burning 

t SE Sig. 

8.3 +7.2 NS 

0.6 .. !:-.o NS 

-23.~ +5.4 YJ( 

Versus biennial spring 
burning .. grazing 

t 

- 7.7 

-31.7 

SE 

+8 .7 

+9.0 

Sig. 

NS 

xx 

Comparisons of Decreaser scores between treatments 

Versus annual winter 
burning 

t 

3.2 

-12.2 

-22.5 

SE 

+3.0 

+2.1 

+2.2 

5ig. 

N5 

xx 

xx 

Versus biennial spring 
burning + grazing 

t SE Sig. 

-15.4 +3.7 

-25 .7 +3.8 xx 

Comparisons of Increaser I scores between treatments 

Versus annual winter 
burning 

t 

6.1 

9.1 

28.6 

SE 

+4.2 

+2.9 

+3.1 

Sig. 

NS 

xx 

xx 

Versus biennial spring 
burning + grazing 

t 

3.0 

22.5 

SE 

+5.1 

+5.2 

Sig. 

NS 

xx 

Comparisons of Increaser II scores between treatments 

Versus annual winter 
burning 

t SE 

-12.1 +4.5 

- 1.6 +3.1 

- 1.6 +3.4 

- Sig. 

x 

NS 

NS 

Versus biennial spring 
burning + grazing 

t 

10.5 

10.5 

SE 

+5.5 

+5.6 

Sig. 

NS 

NS 

Comparisons of Increaser III scores between treatments 

Versus a'1nual winter 
burning 

t 

0.1 

0.4 

-0.4 

SE 

+0.3 

+0.2 

+0.2 

Sig . 

NS 

NS 

NS 

Versus biennial spring 
burning .. grazing 

t 

0.4 

0.4 

SE 

+0.4 

+0.4 

Sig. 

NS 

NS 

56 

Versus biennial spring 
burning 

t SE Sig. 

-23.9 +5.9 xx 

Versus biennial spring 
burning 

t SE 5ig. 

10 .4 +2.5 xx 

Versus biennial spring 
burning 

t SE Sig. 

19 .• 5 +3.4 xx 

Versus biennial spring 
burning 

t SE Sig. 

0.1 +3.7 NS 

Versus biennial spring 
burning 

t SE Sig. 

0.8 +0.3 xx 
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treatment differences. For example, treatment means for the Decreaser 

species were 48,8% in the annual winter burn; 52,0% in the biennial 

spring burn and grazing; 36,6% in the biennial spring burn and 26,2% in 

the protected treatments (Table 4.4 b). Comparisons between these treat­

ments were significant at the 1,0% probability level, with the exception 

of the annual winter burn versus biennial spring burn and grazing treat­

ments. This implies that in order to maintain a high proportion of De­

creaser species, defoliation needs to be more frequent than once in two 

years. 

Similar differences were apparent when comparing the mean Increaser I 

scores between treatments viz. annual winter burn = 17,3%; biennial 

spring burn and grazing = 23,4%; biennial spring burn = 26,4%; protec­

tion = 45,8% (Table 4.4 c). Here, all comparisons against the protected 

treatment in addition to the biennial spring burn versus annual winter 

burn were significant at the 1,0% probability level. Thus, both infre­

quent burning in the absence of grazing, and complete protection, resulted, 

not unexpectedly, in a high percentage of Increaser I species. Compari­

son of the Increaser II and Increaser III scores (Tables 4.4 d & 4.4 e) 

generally showed no significant differences between treatments. Since 

there has been no heavy utilization or selective grazing at Cathedral 

Peak it is not surprising that no differences were found in the propor­

tion of Increaser II and III species. 

It would appear that the ecological groups, Decreaser and Increaser I 

are responding along a gradient of defoliation frequency (from annual or 

biennial burning with grazing to protection). The theory of classical 

succession or relay floristics assumes that each group of species modifies 

the site conditions so that it becomes less suitable for its own persis-



58 

tence and more suitable for its successor (Clerrlents, 1936). However 

the existence of all the important grass species in each plot (Table 

4.2) would rather support Egler's (1954) initial floristic composition 

theory. Thus species shifts reflect the gradual emergence and dominance 

of species which may have been present but inconspicuous prior to the 

burning treatment. 

By using data collected by Killick (1963) in 1950 for catchment IV it is 

also possible to examine changes in species composition within treatments 

over the past 30 years. A comparison between the species composition 

found by Killick in 1950 and that found in the present study is shown in 

Table 4.5. 

Killick used a wheel point apparatus and only recorded basal strikes. 

His basal cover figures have therefore been converted to reflect the 

relative proportions of the different species present. Data from plot 

6 (the closest protected site to C IV) have also been included to illus­

trate the effects of protection on the species composition. Linear 

correlation between the 1950 and 1980 data showed that r = 0,86; P <0,001 

for the biennial spring burn treatment and that r = 0,87, p <0,001, for 

the annual winter burn treatment (Table 4.5). From these data it is 

apparent that 30 years of biennial spring or annual winter burning have 

had no significant effect on the species composition. However, the corre­

lation between the protected treatment and the 1950 data (r = 0,05) was 

non significant. Although not a repeat survey of the same site, the 

data nevertheless suggest changes which may have occurred with protec­

tion. For instance, the percentage Decreaser species found at this 

protected site was only 4,5% compared with 49,5% found in C IV in 1950. 

This decrease was particularly noticeable in T. triandra which dropped 



59 

TABLE 4.5 Comparison between the species composition of Catchment IV 
found by Killick (1 950) and the present study (1 980) 

Species 

DECREASER 

Themeda triandra 

Trachypogon spicatus 

Heteropogon contortus 

Eragrostis racemosa 

Diheteropogon amplectens 

Monocymbium ceresiiforme 

TOTAL 

INCREASER SPECIES 

Tristachya leucothrix 

Harpechloa falx 

Rendlia altera 

Diheteropogon filifolius 

Alloteropsis semialata 

Microchloa caffra 

Koelaria cristata 

Elyonurus muticus 

Andropo~on apendiculatus 

Eragrostis capensis 

TOTAL 

Catchment IV 1950 compared 

Catchment IV 1950 compared 

Catchment IV 1950 compared 

C IV 
(Killick 
1950) 

25,8 

13,0 

9,8 

0,1 

0,0 

0,8 

49,5 

11,0 

7,3 

7,3 

0,0 

6,9 

0,0 

1,6 

3,9 

2,0 

0,0 

40,0 

C IV , 1980 
(30 years 
biennial 
spring 
burning) 

27,5 

4,0 

12,0 

0,0 

1,0 
, , 

0,0 

44,5 

11,0 

3,5 

1,5 

2,0 

13,5 

2,5 

4,5 

0,0 

0,0 

0,0 

38,5 

to C IV 1980 r 

to firebreak 1980: r 

to plot 6 1980 r 

= 
= 
= 

C IV, 
firebreak 
(30 years 
annual 
winter 
burning ) 

28,0 

3,8 

11 ,3 

3,8 

1,0 

2,5 

50,4 

9,3 

2,5 

5,0 

4,0 

3,3 

0,0 

0,5 

0,0 

0,0 

0,0 

24,6 

Plot 6, (10+ 
years 
protection) 

1,0 

3,0 

0,5 

0,0 

0,0 

0,0 

4,5 

24,5 

16 t 5 

0,0 

1,0 

21,0 

0,0 

7,5 

5,5 

0,0 

12,5 

88,5 

0,86; p = < 0,001 

0,87; p = < 0,001 

0,05; p = Not sig-
nificant 
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from 25,8% to 1,0%. In addition there was a marked increase in Increaser 

I species. This is reflected in A. semialata which increased from 6,9% 

to 21,0%. Similar changes were found by Granger (1976), who noted a 

striki ng decrease in the abundance of T. triandra in Catchment IX and an 

increase in Andropogon appendiculatus. He also noted an increase in A. 

semia lata in the grass dominated communities of C IX. 

4.4 Conclusion 

The general conclusion which can be drawn from these experiments, is that 

30 years of veld burning has not resulted in a significant change in the 

veld condition of Highland Sourveld burnt annually in winter, biennially 

in spring or biennially in spring with light summer grazing. However, 

even after short periods of protection (only 5 years) there has been a 

change in species composition. Particularly noticeable is the decrease 

in T. triandra and increase in A. semialata, with a corresponding drop 

in veld condition. In order to maintain natural areas of Highland Sour­

veld in optimal condition (implying maximum species diversity and mini­

mal soil loss) it is obvious that a regular fire regime is essential. 

These results support the view that the ecological groups (Decreaser and 

Increaser I) can be arranged along a successional axis, with defoliation 

frequency as the experimental variable. The evidence presented also 

suggest that annual winter and biennial spring burning with and without 

light summer grazing is capable of maintaining the status quo in these 

mountain grasslands. 
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4.5 Summary 

i) A veld condition assessment was used to determine the effect of 

past burning treatments on the species composition of Highland Sourveld 

at Cathedral Peak. 

ii) Veld condition scores in grassland protected from fire were signif­

icantly lower than where veld had been burnt or burnt and grazed at 

regular intervals. 

iii) Frequent defoliation was found to maintain the grassland composition 

largely unchanged over a period of 30 years. 

iv) Individual species were found to react strongly to defoliation 

frequency. 

v) The results support the view that the ecological groups (Decreaser 

and Increaser I) can be arranged along a successional axis, with defolia­

tion frequency as the experimental variable. 



CHAPTER 5 

POPULATION DYNAMICS OF SELECTED GRASS SPECIES IN 

RELATION TO BURNING IN THE NATAL DRAKENSBERG 

5.1 Introduction 
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In spite of a long history of burning, and current practices of applying 

prescribed fire regimes to montane grasslands, there remains little fac­

tual data on the responses of vegetation to fire. 

Early work in this field addressed the developmental behaviour of indi­

vidual tillers and the influence of defoliation treatments on their devel­

opment (Booysen, Tainton & Scott, 1963; Tainton & Booysen, 1963; Tainton, 

1964; Tainton & Booysen, 1965). Similar work on developmental tiller 

morphology in relation to burning and grazing was carried out in the semi­

arid grassveld in the Eastern Cape (Danckwerts, Aucamp & Du Toit, 1984) and 
the Eastern Transvaal (Rethman, 1971). 

Resu lts from the present study (Chapter 4) show that individual species 

react markedly to the frequency of burning. In particular Themeda trian­

dra, Heteropogon contortus and Trachypogon spicatus decreased in abund­

ance with infrequent burning while Tristachya leucothrix, Alloteropsis 

semialata and Harpechloa falx increased. The reasons for such differ­

ential responses are unknown. It was hypothesized in this study that 

changes in the relative abundance of these grass plants are brought about 

by changes in the birth and death rates of tillers as a direct result of 

fire (or its absence). An elaboration of these changes could, hopefully, 

lead to general pr inciples which could be applied across all species, and 
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would therefore provide valuable information which could be u?ed in the 

design of scientific management programmes for these grasslands. The 

objective of this investigation was to monitor the population dynamics 

of the above species in order to test the above hypothesis. 

Studies of this nature can operate at two levels: counting of 'individ­

uals ' (genets) or counting of sub-units (tillers) within a plant (Harper 

& White, 1974; Harper, 1977). Since species abundance is often better 

represented by number of tillers than genets, tillers were used as the 

ecological unit of growth in this study. As far as the author is aware, 

with the exception of Themeda triandra and Tristachya leucothrix, there are 

no similar demographic data for the species examined in this study. Com­

paris'ons between -the present and other studies were therefore not possible. 

5.2 Methods 

On a representative area of veld two paired plots (25 X 25 m) were each 

subdivided into 25 sub-plots (5 X 5 m). Within each sub-plot, two tufts 

of each of T. triandra, H. contortus, T. spicatus, T. leucothrix, A. sem-- - - - --

ialata and ~. falx were randomly located and marked with wire stakes to 

facilitate relocation. The treatment allocated to the paired plots were 

annual winter and biennial spring burning. 

The annual winter burn treatment was applied in July 1979, June 1980 and 

July 1981. The biennial spring burn treatment was applied in October 1979 

and October 1981. In November 1979 five tillers were tagged on each of 

the two marked tufts within each sub-plot, resulting in a total of 250 

tagged tillers on each species within each plot. Only newly emerged 

tillers were tagged to represent an even aged population or cohort. Ini-
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tially the tillers were tagged wi~h 5 mm plastic sleeving. Prior to the 

treatment burns this was replaced with wire tags covered with asbestos 

string. As young tillers of A. semialata are enclosed in the leaf sheaths 

of the parent plant they were impossible to locate without damaging the 
. . 

parent plant. This species was therefore omitted from the study. 

In the initial phase of the programme a number of new tufts were marked 

and tagged to compensate for tillers that died. This enabled sufficient 

marked tillers to last the entire study period. 

The relocation of individual tillers was aided by silver tags placed on 

the edge of the tuft next to the tagged tiller. In addition, a detailed 

map was drawn showing the position of each tuft and records were kept on 

each tiller (i.e. whether removed by sampling, dead, live or lost). Thus 

the fate of virtually every tiller could be followed throughout the study 

period. 

Collecting marked tillers commenced in December 1979 and continued to 

March 1982 (a period of 27 months). Five tillers were removed randomly 

from each plot approximately every fortnight until growth ceased in win­

ter. Thereafter sampling proceeded at monthly intervals until growth 

commenced in the next spring. 

The tillers collected were dissected and the following characteristics 

recorded: 

(a) height of main shoot apex; 

(b) dry mass (living and dead material combined); 

(c) presence of flowers; 

(d) number of lateral (secondary) tillers; 
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(e) mean mass of secondary tillers. 

A total count of all living tillers was also carried out before and after 

each treatment burn. This enabled the calculation of mortality rates in 

both plots. To test whether the difference in the mortality of a species 

in the different treatments was significant, the following formula (Clarke, 

1985 pers. comm.) was applied: 

u = 
P1 - P2 

P1(1 - P1) + P2(1 - P2) 

where u (standardized normal variate) was significant at 5% if> 1,96 

and 1% if > 2,54. P1 and P2 were the proportions dying (i.e. number 

dead divided by the expected number living) and n1 and n2 were the num­

ber of living tillers. 

Two additional plots were included .in the experiment in 1980, their res­

pective treatments being summer and early winter burning. The procedure 

was the same as that already described, with the exception that only 

tufts of T. triandra were tagged. Sampling in these plots commenced in 

December 1980 and continued to March 1982 (a period of 16 months). 

5.3 Presentation of Results 

In this study graphical representation of the raw data was considered to 

be most suitable for illustrating the developmental morphology of the 

species (Clarke, 1985; pers. comm.). 
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Because the study was continued over a 27-month period, it was possible 

to follow the fate of uniform aged popuiations of tillers from birth to 

death. The data were used to construct life tables similar to those used 

by Silvertown (1982), in which the important events in a population are 

summarized. 

The first column in these tables (eg. Table 5.1) shows the age interval. 

The second column records the length in days between two successive cen­

suses, and the third column records the number of survivors (Nx), present 

at the beginning of an age interval. Survivorship (Ix) is calculated as 

the proportion surviving to day x. The average mortality rate per day, 

qx, is obtained by dividing the number dying, dx, during an interval by 

the length of the interval, Dx. 

In order to predict the fate of successive cohorts of tillers from the 

raw data, a transition matrix model was used, based on the Leslie Matrix 

(Leslie, 1945; 1948). These models are deterministic and are based on 

the age distribution of the population, predicting the distribution of 

age classes at successive intervals. 

The Leslie matrix places the numbers of individuals in the dilferent 

classes of the population in a column vector (a) in which the numbers of 

each age class of the population are one unit older each row down the 

vector. This is premultiplied by a transition matrix (A) of fertility 

rates (F) and probability (P) of surviving to the next class correspond­

ing to classes in the column vector. 
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A a 

F F F · ...... F F N 

P 0 0 · .. .... 0 0 N 

0 P 0 · ...... 0 0 X N 

. . . . . . . . . . . . . . . . . . . . . . . . . . ... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . 
0 0 0 ••••••• . p 0 N 

The product of multiplication is the column vector at +1' representing 

the population structure after one unit of time, 

5.4 Results and Discussion 

In the" following section the overall reaction of the tillers of each 

species to fire is dealt with individually. Comparisons between species 

are highlighted in the general discussion. 

5.4.1 Themeda Triandra 

5.4.1.1 Primary tiller mass 

The mean mass of primary tillers of T. triandra burnt annually in winter 

and biennially in spring is illustrated in Fig. 5.1 a. Tillers from both 

treatments increased in mass from December 1979, reaching a maximum of 

0,15 g in April/May 1980. After the frosts in April, tiller mass de­

creased. From spring (September) tiller mass increased rapidly, reaching 

a maximum of 0,23 g (February) and 0,21 g (April) in the biennial spring 

and annual winter burn treatments respectively. 
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Simi lar results were obtained by Danckwerts et ~., (1984) who recorded 

a mass of 0,14 g for T. triandra tillers growing in a winter mow treat­

ment in the False Thornveld of the Easter Cape. Tiller mass followed 

simi lar trends in both treatments during the 1980/81 growing season. In 

he following season however, only the basal sections, which continued to 

support daughter tillers, remained and little increase in tiller mass was 

recorded, indicating that irrespective of these treatments, primary 

tillers had a life span of two years. 

Growth of primary tillers in the summer and early winter burn treatments 

is i l lustrated in Fig. 5.2 a. Both plots were initially burnt in July 

1980 to synchronize treatments. Although growth commenced in spring, a 

uniform population of new tillers could only be recognized and tagged in 

December 1980. Following this, tiller mass increased until January 1981, 

reaching a maximum of approximately 0,15 g. From mid February until late 

April tiller mass decreased to 0,08 g per tiller. Here the early winter 

burn treatment resulted in complete removal of the above ground material. 

Following the dormant winter period, growth resumed in spring 1981 with 

tiller mass again reaching a maximum of approximately 0,15 g in both 

treatments. As the tillers were already establi~hed, this peak was re­

corded two months earlier than in the 1980 season. Tiller mass then de­

creased steadily in the early winter treatment until early March. 

The summer burn treatment was applied on 21.12.1981, resulting in a sharp 

decline in tiller mass. In those tillers that survived, growth was re- , 

sumed in January, reaching a value of 0,18 g in early March. 

5.4.1.2 Elevat ion of shoot apices 

In the first ~ng season (December 1979 ·to the end of May 1980) the 
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shoot apices of tillers in the annual winter and biennial spring burn 

treatments were elevated to only 10 mm above the soil surface (Fig. 5.1 b). 

Tillers that remained vegetative generally did not elevate their shoot 

apices beyond 12 :mm throughout the rest of the study period. Neverthe­

less, they continued to grow during the flowering and post-flowering 

period (Fig. 5.1 a) and produced the bulk of the above ground living 

material. These results are very similar to those of Rethman (1971), 

who was working at similar altitudes in the Transvaal highveld. As 

pointed out by Rethman (1971), elevation of apices during summer in the 

highveld is much slower than at the lower altitudes in which Tainton & 

Booysen (1963; 1965) worked, where shoot apices reached 90 mm by the end 

of the growing season. 

During the study period a high proportion of vegetative to fertile tillers I I 
was recorded, even at the peak flowering period. In the annual winter 

burn treatment this ratio was 31 : 1, while in the biennial spring burn 

treatment the ratio was 62 : 1. Similar results were found by Tainton 

& Booysen (1963), where the ratio of vegetative to fertile tillers for 

T. triandra was 47 : 1. The heights of fertile and vegetative shoot 

apices are presented separately (Fig. 5.1 b). Inflorescences were ele-

vated to approximately 300 mm above the soil surface. Unfortunately, the 

sampling technique used did not allow the exact determination of time of 

flowering. Thus inflorescences sampled in March could have been produced 

earlier in the season. However, it would appear that the majority of 

tillers that produced flowers, did so between November and February. 

The results indicate that tillers in the annually burnt treatment produced 

I 
more inflorescences (8) in the season following a burn than those in the 

biennially burnt treatment (4) in their second year after a burn. These 
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results imply, contrary to common observation, that the annual winter 

burn did not adversely affect initiation and survival of inflorescences. 

Also, the data showed that, at least in the tiller cohort which was 

investigated, flowering did not occur in the season following initiation. 

Tillers flowered only in the second season after initiation. These re­

sults are, however, inconclusive as so few fertile tillers were recorded. 

The height of shoot apices in the early winter and summer burn treatment 

followed similar trends to the annual winter and biennial spring burn 

treatments. Shoot apices elevated to approximately 7 mm in the first 

season (1980/81) and only increased to approximately 12 mm in the 1981/82 

season (Fig. 5.2 b). No flowers were recorded on marked tillers in either 

of these treatments. Season of burn therefore had no positive effect on 

flowering. From the results of this investigation it would appear that 

flowering is of minimal importance for the propagation of !. triandra 

plants in the Highland Sourveld of Natal. 

5.4.1.3 Secondary tiller development 

In the 1979/80 growing season, no secondary tillers were produced from 

marked primary tillers in either the annual winter or the biennial spring 

treatment (Fig. 5.1 c). Development of secondary tillers in the annual 

winter burn treatment commenced in mid-September, and continued through 

to the end of the growing season in May 1981. During this period primary 

tillers produced an average of 0,8 to 2,8 secondary tillers. In the bi­

ennial spring burn treatment however, fewer secondary tillers were pro­

duced (0-1,0). Annual winter burning thus appeared to stimulate pro­

duction of secondary tillers during the first growing season. Similarly, 

Tainton & Booysen (1963) found that the average number of secondary 

y 

/ 
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tillers produced on each primary tiller of I., triandra was greatest in 

burnt plots and least in rested plots. Tiller production ceased in both 

treatments with the onset of winter. 

In the following growing season, primary tillers in the annual winter 

burn treatment carried approximately 2,5 laterals per primary tiller. 

In contrast, the number of lateral tillers on primary tillers in the 

biennial spring burn treatment increased to 4,15 following the treatment 

burn in October 1981. This difference in tillering rate may be due to 

a greater accumulation of food reserves during the two year inter-burn 

period in plants burnt biennially in spring. In spite of this increase, 

it is apparent from Fig. 5.1 c that the average number of secondary till­

ers carried by primary tillers during the 27 months study period was high­

er in the annual winter burn treatment. Similar results were found by 

Tainton & Booysen (1965), where veld burnt in early spring after a two 

year rest, produced a large number of lateral tillers (3,1 per primary 

tillerr immedLately after the burn. 

The development of secondary tillers from I,_ triandra plants burnt in 

early winter and summer is shown in Fig. 5.2 c. During the first growing 

season (1980/81) no secondary tillers were produced in either treatment. 

These results, together with those of the annual winter and biennial 

spring burn treatment, indicate that primary tillers need to reach a cer­

tain stage of maturity before they produce basal secondary tillers. 

During the second growing season (1981/82), the number of secondary 

tillers in the early winter burn treatment had reached a maximum of 2 by 

October . After decreasing sharply in November to zero through tiller 

death, initiation continued to produce about 1 per parent during the 
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rest of the season. In contrast, the rate of tiller initiation was low 

in the summer burn plot until the treatment burn was applied in mid 

December. Although the number of secondary tillers increased to approxi­

mately 1,4 by the end of the season, the high mortality rate of the pri­

mary tillers necessitated the termination of the experiment in March 

1982. 

5.4.1.4 Mass of secondary tillers 

The mass of secondary tillers produced in the annual winter burn treatment 

was generally higher than that of the biennial spring burn treatment dur­

ing their first growing season (Fig. 5.1 d). The treatment burns appeared 

to have no marked effect on mass of these tillers by the end of their 

second growing season. 

In contrast, the summer burn treatment applied in December resulted in 

a low secondary tiller mass in the early growing season (Fig. 5.2 d). 

This treatment was so severe that by the end of the growing season these 

tillers had not recovered fully. They were on average approximately 

0,4 g less than the secondary tillers in the early winter treatment, 

which had steadily increased in mass during the growing season. 

5.4.1.5 Population dynamics of T. triandra subjected to various 

burning treatments 

Life tables and survivorship curves of I. triandra subjected to various 

burning treatments are presented in Table 5.1 and Fig. 5.3 respectively. 

For comparative purposes the annual winter, biennial spring and summer 

burn treatments have been plotted on the same axes. The data for the 

early winter burn treatment were incomplete and were excluded. 



TABLE 5.1 Life tables of populations of Themeda triandra subjected to annual winter, biennial spring 
and summer burning treatment 

Treatment Days on Age Length No. Survivor- No. No. No. Ave. 
which interval of surviving ship removed remain- dying mortality I 
burn (days) interval to day x ~ x by ing during rate/day I 
applied x-x' (days) Nx sampling interval qx I 

Dx dx I 
annual 0-151 151 268 1,0000 35 233 51*a- 0,338 

19(3 151-305 154 209 0,7798 20 162 10 b- 0,065 

winter 305-488 183 196 0,7313 50 102 25 c- 0,137 

490 488-700 211 148 0,5522 25 52 10 d+ 0,047 

burn 700+ 120 0,4477 

biennial 0-151 151 268 1,0000 30 225 49 a- 0,325 

151-305 154 208 0,7761 25 151 13 b- 0,084 

spring 305-488 183 184 0,6865 50 88 20 c- 0,109 

660 488-700 211 173 0,6455 20 48 6 d+ 0,028 

burn 700+ 119 0,4440 

summer 0-166 166 331 1,0000 35 296 81 0,488 

166-357 191 225 0,6797 15 200 13 0,068 

burn 360 357-456 99 220 0,6646 25 162 141 1,424 

456+ 28 0,0846 
-....J 

*Values sharing the same letter jndicate comparisons between treatments 
(J1 

(Standardized normal variate). Not significant 

+ Significant at the 1% probability 

level 
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The survivorship curves of Themeda triandra in Highland 
Sourveld grassland when sugjected to annual winter, bienn­
ial spring and summer burn treatments. 

In the first growing season (day 0 to 151) there was little difference 

in the survivorship of I. triandra with the three treatments. The aver­

age mortality rate (qx) was 0,38 tillers per day. Approximately 77% of 

the original populations survived t o the first winter period, when the 

mortality rate declined to 0,065 - 0,084 tillers per day for all treat­

ments (Table 5.1). The annual wint er burn treatment applied during this 

period had no effect on the mortal ity rate. 

/ 
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During the second growing season (day 305 to 488), the large increase in 

the mortality of tillers in the summer burn treatment is particularly 

noticeable. Here, the mortality rate averaged 1,4 tillers per day, until 

only 8 % of the original populatioD remained alive at day 456. There 

was little difference between the annual winter and biennial spring 

treatments, their mortality rates being 0,137 and 0,109 tillers per day 

respectiveiy. The treatment burns applied between days 488 and 700 

appeared to have no e!fect on the tillers which had survived to this 

period. By the end of the recording period only 44 % of the original 

populations were still surviving. 

Fig. 5.3 illustrates quite clearly a stepwise survivorship curve of till­

ers. This phenomenon, in which mortality is most severe at a time of 

rapid growth in spring and early summer, was also described by Sarukhan 

& Harper (1973) for Ranunculus. The survivorship curves for !. triandra 

for the annual winter and biennial spring burn treatments exhibited an 

exponential decline of numbers with age over the study period - a death 

risk that is independent of the age of the tillers. This survivorship 

curve described as Type II (Deevey, 1947) is characteristic of popula­

tions where a fixed proportion of individuals die per unit of time. 

Following this interpretation, the half life (the time taken for a popu­

lation to fall by 50 %) of T. triandra was calculated to be 20 months. 

From the life tables it was possible to construct matrices to predict the 

rate of growth or decline of populations of I. triandra receiving differ­

ent treatments (Table 5.2). Five age classes of tillers were recognized 

viz. 0-151; 151-305; 305-488; 488-700 and 700+ days. Fertility rates 

were calculated as the number o~ daughter tillers produced per primary 

tiller for each age interval. Since the study period was 700 days and 

the transition matrix defines the transition from one step to the next, 
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TABLE 5.2 Transition matrices (A) and vectors (a) used to derive 

predicted values of population growth of Themeda trilindra 

populations in annual winter (i), biennial spring (ii) 

and summer burn treatments (iii). 

A a 

(i) 0,00 1,20 1,33 1,53 2,32 

r
268 

0,78 0 0 0 0 209 

0 0,93 0 0 0 X 196 

0 0 0,75 0 0 148 

0 0 0 0,80 0 120 

(ii ) 0,03 0,05 0,51 1,00 2,80 268 

0,79 0 0 0 0 208 

0 0,91 0 0 0 X 184 

0 0 0,77 0 0 173 

0 0 0 0,87 0 119 

(iii) 0,00 0,12 1,01 0,00 331 

0,72 0 0 0 X 225 

0 0,93 0 0 220 

0 0 0,12 0 28 
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The results (based on actual mortality and birth rates) are presented in 

Fig. 5.4. The model predicts that I. triandra will increase exponentially 

with annual winter burning (Fig. 5.4 a), gradually increase with biennial 

spring burning (Fig. 5.4 b) and will decline with summer burning (Fig. 

5.4 c). These results concur with those in Chapter 4 (Table 4.2) where 

after 30 years of burning, T. triandra was found to be more abundant in 

annually burnt firebreaks (29,2 %) than in biennially burnt veld (25,5 %). 

It is unlikely, however, that the exponential growth predicted for annual 

burning will be realized, since at some stage the effects of overcrowding 

will bring the population down to a supportable size. The deleterious 

effect on veld condition and decrease in T. triandra by summer burning 

has been shown by Scotcher & Clarke (1981), Tainton, Groves & Nash (1977) 

and Tainton & Mentis (1984). 

5.4.1.6 Conclusions 

The results of the study suggest that in Highland Sourveld flowering is 

of minimal importance for the propagation of I. triandra, the majority 

of tillers remaining vegetative until death. Shoot apices remained close 
, 

to the soil surface, enabling the plants to survive frequent defoliation. 
• Tiller mortality was not adversely effected by burning either in winter 

or spring, whereas burning in summer had a catastrophic effect on tiller 

survival. 

Tiller survival showed a stepwise pattern, indicating that mortality was 

most severe at the time of rapid growth in spring and summer. Tillers 

of T.triandra had a half-life of 20 months, the survivorship curve being 

classed as Deevey Type II. Mortality was thus shown to be independent of 

the age of the tillers at least up to an age of 700 days. It was not, as 

might be expected, greater in winter than in summer, and did not appear 
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to be related to the stage of morphological development of the tiller. 

This insensitivity of the survival pattern to morphological development 

was probably related to the poor flowering in the tiller population ex-

amined. 

Pred ictions of population growth of I. triandra tillers indicated that 

(a) annual winter burning would exponentially increase the population, 

(b) biennial spring burning would gradually increase the population and 

(c) summer burning would result in a loss of T. triandra from the sward. 

If T. triandra is to be maintained at its present levels of abundance in 

the Natal Drakensberg, then a two year burning cycle is likely to be the 

most suitable. Annual burning would tend to increase its abundance rela­

tive to that of other species. 

5.4.2 Heteropogon Contortus 

5.4.2.1 Primary tiller mass 

The mean mass of primary tillers of ~. contortus burnt annually in winter 

and biennially in spring is presented graphically in Fig. 5.5 a. In the 

1979/80 growing season the increase in tiller mass was low, with a maxi­

mum of 0,05 9 in the annual winter burn and 0,03 g in the biennial spring 

burn. After the frosts in April 1980, tiller mass decreased until spring 

(September). Tiller mass then increased rapidly, reaching a maximum of 

0,11 g (April) in the 1980/81 growing season. There was little differ­

ence between the two burning treatments. In the 1981/82 growing season 

little increase in tiller mass was recorded. At this stage the life 

span of the primary tillers was completed and only the basal sections, 

which continued to support daughter tiller, remained. 
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5.4.2.2 Elevation of shoot apices 

In the first growing season (December 1979 to the end of May 1980) the 

shoot apices of tillers in both the annual winter and biennial spring 

burn treatments were elevated to only 5 mm above the soil surface (Fig. 

5.5 b). Tillers t hat remained vegetative generally did not elevate their 

shoot apices beyond 10 mm throughout the rest of the study period. They 

did, however, continue to grow during this period (Fig. 5.5 a) and pro­

duced the bulk of the above ground living material. 

Only two fertile tillers, recorded in the annual winter burn treatment, 

were sampled during the study period. The proportion of vegetative to 

fertile tillers was therefore high in both treatments. Thus vegetative 

propagation of til lers appears to be the most important means of repro­

duction in this species. The results are similar to those presented for 

T. tr iandra, where season of burn had no positive effect on flowering. 

5.4.2.3 Secondary tiller development 

No secondary tillers were produced from marked primary tillers in either 

treatment until mid-October 1980 (Fig. 5.5 c). Development of secondary 

tillers was sporadic during the 1980/81 growing season, varying between 

0,2 to 1,5 and 0,2 to 0,7 per parent in the annual winter and biennial 

spring burn treatments respectively. The annual winter burn treatment 

therefore stimulated greater production of secondary tillers than the 

biennial spring burn treatment. 

In the following growing season, primary tillers in the annual winter 

burn treatment carried approximately 1,5 laterals per primary tiller in 

September, increasing to a maximum of 3,2 at the end of February 1982. 
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In contrast, the number of latera l tillers in the biennial spring burn 

treatment remained low ( ~,O per primary tiller) until after the treat­

ment burn in October 1981. Thereafter the number of laterals per prim­

ary tiller increased sharply, reaching a maximum of 3,4 in February. It 

is apparent from Fig. 5.5 c that the average number of secondary tillers 

produced per primary tiller during the study period was considerably 

lower in the biennial spring burn treatment than in the annual winter 

burn treatment. 

5.4.2.4 Mass of secondary tillers 

Secondary tiller mass increased steadily from October 1980, reaching a 

maximum of 0,05 g and 0,06 g in the annual winter and biennial spring burn 

treatrrents respectively (Fig. 5~5d). Beb.een . January and June 1981 secondary 

tiller mass varied between 0,02 g and 0,05 g in both treatments. There 

appeared to be no discerrnmle pattern in the data. The winter and spring 

burns applied in July and October 1981, respectively, resulted in a mark­

ed decrease in secondary tiller mass. Although there was little differ­

ence in secondary tiller mass at the beginning of the 1981/82 growing 

season, by January values in the annual winter burn treatment were con­

siderably higher (0,065 g) than in the biennial spring burn treatment 

(0,025 g). These differences were no longer as apparent by March, indi­

cating that initial differences between treatments were related to season 

of burn. 

5.4.2.5 Population dynamics of ~. contortus subjected to annual 

winter and biennial spring burning 

Life tables and survivorship curves of H. contortus subjected to annual 

winter and biennial spring burning are presented in Table 5.3 and 



TABLE 5.3 

I 
I Treatment 

Life tables of populations of Heteropogon contortus subj e cte d to annua l winter, biennial spring 
and summer burning treatments 

Days on Age Length No. Survivor- No. No . No. Av e . 
I 
I 

I which interval of surviving s hip r e mo v ed r e main- dying mor tal ityl 
I burn (days) interval to day x ~ x by ing d'..1rir.g r ate /day I 
I applied x-xl (days) Nx sampling inte rval qx I 
I Dx dx I 
I 
I annual 0-151 151 238 1,0000 35 203 30*a- 0,199 
I 198 151-305 154 203 0, 8 529 20 153 36 b- 0 , 233 I 
IWinter 305-488 183 162 0,6807 50 61' 14 c- 0,077 
I 490 488-700 211 138 0,5798 25 28 14 d- 0,066 I 
I burn 700+ 115 0,4832 
I 
!biennial 0-151 151 240 1,0000 30 210 36 a- 0,238 

I 151-305 154 199 0,8292 25 149 29 b- 0,188 

!spring 305-488 183 165 0,6875 50 70 13 c- 0,071 

I 660 488-700 211 143 0,6958 20 37 8 d- 0,038 

!burn 700+ 131 0,5458 

*Values sharing the same letter indicate comparisons between treatments 

(Standardized normal variate). = Not significant 

+ = Significant at the 1% probability 

level 

00 
Ul 
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Fig. 5.6. In the first growing season (day 0-151) there was no signifi­

cant difference in the survivorship between the two burning treatments. 

The average mortality rate (qx) was approximately 0,20 tillers per day. 

Nearly 85 % of the original populations survived to the first winter per­

iod. The annual winter burn treatment applied during this period (day 

198) had no effect on the mortality rate (qx = ca 0,20) which was similar 

to that recorded in the previous summer season (Table 5.3). 

100 winter Winter Spr i ng .. ... burn burn burn .. .. .. .. + .. .. .. 
80 .. .. .. 

;--: 

Q.. 50 
H 

I ---- ... 
U1 
a:: 
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0~~----~~~----~~-------~L-----~~------~~-------~L-----~~ 
~ ~ ~ ~ ~ ~ ~ 

N ~ v ~ w ~ 

Summer Winter Summer Winter 
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Figure 5.6 The survivorship curves of Heteropogon contortus in Highland 
Sourveld grassland when subjected to annual winter and 
biennial spring burn treatments. 
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During the second growing season (day 305 - 488), the mortality rate 

declined in both t reat ments t o ca 0,07 t i llers per day. Approximately 

59 % of the original popul at ion survived to the end of this period (Fig. 

5.6 ) . The treatment burns applied bet ween days 488 and 700 therefore 

appeared to have no detriment al effect on t he mortality of these plants. 

By the end of the st udy period approximately 50 % of the original popu­

lations were surviving. The hal f - l if e of H. contortus tillers was there-

fore 27 months. 

The survivorship curves ~or ~. contortus in both treatments exhibited an 

exponential decline of numbers with age (Fig. 5.6). Thus the death risk 

is independent of the age of the t i llers (Deevey, Type II), a fixed pro­

portion of individuals dying per unit of time. 

Following the procedure already described for T. triandra, it was possible 

to construct matrices (Table 5.4) to predict the rate of growth or decline 

of populations of ~. contortus receiving either annual winter or bi­

ennial spring burning. The results are presented in Fig. 5.7. The tran­

sition matrix models predict that~. contortus will increase exponentially 

with annual winter burning (Fig. 5.7 a) and remain essentially constant 

with biennial spring burning (Fig. 5.7 b). The results agree with those 

in Chapter 4 (Table 4.2) where after 30 years of burning, ~. contortus 

was found to be more abundant in annually burnt firebreaks (6,0 %) than 

in biennially burnt veld (3,4 %). It is unlikely, however, that the ex­

ponential growth predicted for annual winter burning will be realized, 

since at some stage the effect of some or other density dependent factor 

(eg. competition with other plants) would reduce the population to a 

supportable size. 
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TABLE 5 . 4 Trans ition matrices (A) and vectors (a ) used to derive 

predicted values of population growth of Heteropogon 

contortus populations in annual winter (i) , and biennial 

spring burn treatments (ii). 

A a 

( i ) 0,09 0,60 0,64 1 ,32 2,68 238 

0,85 ° ° ° ° 203 

° 0,77 ° ° ° X 162 

° ° 0,79 ° ° 138 

° ° ° 0,50 ° 115 

(ii ) 0,00 0,12 0,24 0,35 2,60 240 l 
0,83 ° ° ° ° 199 

° 0,81 ° ° ° X 165 

° ° 0,81 ° ° 143 

° ° ° 0,78 ° 131 

5.4.2.6 Conclusions 

The results of this investigation suggest that flowering is of minimal 

importance for the propagation of~. contortus, the majority of plants 

being recruited as ramets. Shoot apices remained close to the soil 

surface, enabling the plants to survive frequent defoliation. Recruit­

ment of new tillers was stimulated by regular burning, the annual winter 
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burn treatment producing on average more secondary tillers per primary 

tiller than the biennial spring burn treatment. 

Tiller mortality was not adversely effected by burning either in winter 

or spring. The survivorship curves (classed as Deevey Type II) showed 

that mortality was independent of tiller age during the study period, and 

that H. contortus had a half life of 27 months. 

Predictions of population growth of ~. contortus tillers indicated that 

annual winter burning would exponentially increase the population while 

biennial spring burning would result in a stable population. If H. con-

tortus is to be maintained at its present levels of abundance in the 

Natal Drakensberg, then a biennial burning cycle is likely to be the most 

suitable, since annual burning would tend to increase its abundance rela­

tive to that of other species. 

5.4.3 Trachypogon spicatus 

5.4.3.1 Primary tiller mass 

Fig. 5.8 a illustrates the seasonal pattern of primary tiller mass for both 

the annual winter and biennial spring burn treatments. Tillers from both 

treatments increased in mass from December 1979, reaching a maximum of 

approximately 0,1 g. Following the first frosts in May tiller mass in 

both treatments decreased. From spring (September) tiller mass increased 

rapidly, reaching a maximum in February 1980 of 0,20 g and 0,24 g in the 

annual winter and bLennial spring burn treatments respectively. In the 

following season, however, only the basal sections ' remained and little in­

crease ;in tiller mass was recorded. The results showed that there were 
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generally no differences in primary tiller mass between treatments. This 

indicates that the different seasons and frequency of treatment burns had 

little effect on primary tiller mass. 

5.4.3.2 Elevation of shoot apices 

Shoot apices in both treatments increased steadily from a minimum of app­

roximately 1 mm in December 1979 to a maximum of 20 mm in February 1982 

(Fig. 5.8 b). Differences between treatments were generally not signifi­

cant (13 and 26 mm). 

No fertile tillers were recorded from marked tillers from either treat­

ment during the study period. Season of burn therefore had no positive 

effect on flowering. Although this implies that 1. spicatus does not 

produce flowers, flowering heads were observed on unmarked tillers. The 

results suggest that I. spicatus depends mainly on vegetative reproduc­

tion for its continued existence in these montane grasslands. 

5.4.3.3 Secondary tiller development 

Secondary tiller development in the annual winter burn commenced in 

November 1980, with a maximum of 1,75 daughters being produced per pri­

mary tiller (Fig. 5.8 c). Secondary tiller development in the biennial 

spring burn commenced three months later in January 1981, reaching a 

maximum of only 0,75 daughters per primary tiller. For the period June 

to July 1981 the annual winter burn produced an average of approximately 

1,25 daughters per parent, while there were no tillers produced in the 

biennial spring burn treatment. In the following growing season (1981/ 

82) tiller initiation increased markedly in the annual winter burn treat­

ment (3,0 daughters per parent), but ralained comparativelY , low (1,25 daugh-
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ters per parent), in the . biemial spring burn treatment. The annual winter 

burn treatment was therefore a greater stimulus in initiating secondary 

tillers than the biennial spring burn treatment. 

5.4.3.4 Mass of secondary tillers 

During the 1980/81 growing season secondary tiller mass reached a maxi­

mum of 0,10 g in both the biennial spring (January, 1981) and annual 

winter (February, 1981) burn treatments (Fig. 5.8 d). From February on­

wards secondary tiller mass in the annual winter burn varied between 

0,10 and 0,05 g. The application of the winter burn in July resulted in 

the removal of all the above ground material. Secondary tiller mass in 

the biennial spring burn treatment decreased steadily during this period, 

until no tillers were produced between May and October. 

In the 1981/82 growing season there was little difference in secondary 

tiller mass between treatments. Maximum masses of 0,05 g (annual winter 

burn) and 0,04 g (biennial spring burn) were recorded at the end of the 

growing season in March. The results therefore show that frequency and 

season of burn had little effect on the maximum tiller mass attained in 

the annual winter and biennial spring burn treatments • 

. . 5.4.3.5 Population dynamics of T. spicatus subjected to annual 

winter and biennial spring burning 

The life tables and survivorship curves for T. spicatus subjected to 

different burning regimes are presented in Table 5.5 and Fig. 5.9 res­

pectively. During the first growing season (day 0~151) the average 

mortality rate (qx) was low in both the annual winter (0,132 tillers/ 

day) and biennial spring burn treatments (0,199 tillers/day). This 



TABLE 5.5 Life tables of populations of Trachypogon spicatus subjected to annual winter, biennial 
spring and summer burning treatments 

, , 
,Treatment Days on Age Length No. Survivor- No. No. No. Ave. , 
, which interval of surviving ship removed remain- dying mortali ty , , burn (days) interval to day x ~ x by ing during rate/day , , applied x-xl (days) Nx sampling interval qx , 
, 

Dx dx , , 
\ 

I annual 0-151 151 225 1,0000 35 190 20*a- 0,132 I , 198 151-305 154 201 0,8933 20 150 14 b- 0,091 
, 

IWinter 305-488 0,137 
I 

183 185 0,8222 50 86 25 c- I 
I 490 488-700 211 145 0,6444 25 36 33 d+ 0,118 I 
Iburn 700+ 0,37~.6 

I 
89 I , , 

, , 
,biennial 0-151 151 230 1,0000 30 200 30 a- 0,199 I , 

151-305 154 196 11 b- 0,071 
I , 0,8522 25 145 
I 

Ispring 305-488 183 183 0,7957 50 84 20 c- 0,109 
, 

I 660 488-700 211 151 0,6565 20 44 10 d+ 0,047 I 
I I 
,burn 700+ 136 0,5913 I 

I I 

*Values sharing the same letter indicate comparisons between treatments 
\.D 

(Standardized normal variate). Not significant .p. 

+ Significant at the 1% probability 

level 
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difference was not significant (Table 5.5), and the majority (ca 85%) 

of the initial populations in both treatments survived to the following 

winter (Fig. 5.9). During this winter period (day 151 -305), the mortality 

rate declined to 0,091 and 0,07 1 tillers/day in the annual winter and 

biennial spring burn treatments respectively. The annual winter burn 

treatment app lied during this period therefore had no effect on the mort­

ality of plants. 
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The survivorship curves of Trachypogon spicatu£ in Highland 
Sourveld grassland when subjected to annual winter and 
9~ennial spring burn treatments. 

During the second year of the study the pattern of tiller mortality was 

similar to that of the first year, with the rate increasing during the 

growing period (day 305-488) and then declining in the dormant winter 
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months. However t by day 700 (Fig. 5.9) there were still 39% and 59% 

of the original populations surviving in the annual winter and biennial 

spring burn treatments respectively. This difference was significant 

at the 1% probability level. This is explained by the fact that mortal­

ity in the annual winter burn treatment during the second winter remained 

relatively high (qx = 0,118) when compared with that in the biennial 

spring burn treatment (qx = Ot047). This difference was possibly a re­

sult of the treatment burns applied between days 488 and 700. 

The survivorship curves of I. spicatus (Fig. 5.9) for the annual winter 

and biennial spring burn treatments followed a pattern where the death 

risk was low for young individuals, the majority (ca 80%) reaching at 

least an age of one year. This survivorship curve described as Type I 

(Deevey, 1947) is characteristic of populations where most individuals 

survive to an old age for the species (eg. laboratory populations of 

Drosophila, Hydra and man). Although similar curves were found for 

perennial grasses in Arizona (Canfield, 1957) they differ from any other 

populations described for plants (Harper, 1977). 

The transition matrices used to predict the fate of successive age 

classes of T. spicatus tillers are shown in Table 5.6. The results 

(Fig. 5.10 a) indicate that annual winter burning would result in fluctu­

ations in the numbers of the different age classes. However, there was 

an overall tendency for an increase in the population. For example, in 

the 0-150 age class an initial 225 tillers increased to 431 tillers after 

20 years • 

In comparison, the transition matrix model for biennial spring burning 
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(Fig . 5.10 b) predicted an initial decline in!. spi catus numbers in the 

first 10 years and thereafter a relatively stable population of t i llers. 

TABLE 5 . 6 Transition matrices (A) and vectors ( a ) used to derive 

( i ) 

(ii ) 

predicted values of population growth of Trachypogon 

sp icatus populations in annual winter ( i ) , and biennial 

spring burn treatments(i i) . 

0,00 

0,90 

° 
° 
° 

0,00 

0,90 

° 
° 
° 

0,00 

° 
0,91 

° 
° 

0,00 

° 
0,91 

° 
° 

A 

0,90 

° 
° 
0,71 

° 

0,90 

° 
° 
0,71 

° 

a 

0,56 1,92 225 

° ° 201 

° ° X 185 

° ° 145 

0,08 ° 89J 

0,56 1,92 418 

° ° 202 

° ° X 182 

° ° 131 

0,08 ° 116 

These results show that!. spicatus increases slightly with annual burn­

ing and decreases slightly with biennial spring burning. The small 

difference in the proportional composition between these two treatments 

observed in Chapter 4, Table 4.2 (1,5%) would tend to support the above 
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observations. 

5.4.3.6 Conclusions 

The res ults show that there were no significant differences in primary 

tiller mass between treatments. Shoot apices were not elevated beyond 

a height of 20 mm, enabling the apical buds of !. spicatus plants to avoid 

the effects of fire. This strategy, however, appears to result in these 

plants being dependent on the production of ramets (rather than genets) 

for its continued existence. Regular burning (i.e. the annual winter 

burn treatment) was once again a major stimulus in the recruitment of 

secondary tillers. 

Tiller survival showed an unusual pattern for plants where the risk of 

death was low in middle age, followed by a higher death risk in older 

plants. This is a survivorship curve of the type described by Deevey 

as Type I. 

Predictions of population growth of !. spicatus tillers indicated that 

either annual winter or biennial spring burning would be capable of 

maintaining I. spicatus at acceptable levels in the Natal Drakensberg. 

5.4.4 Tristachya leucothrix 

5.4.4.1 Primary tiller mass 

The mean mass of primary tillers followed similar trends in the annual 

winter and biennial spring burn treatments during the study period (Fig. 

5.11a). In the first growing season (1979/80) the maximum mass attained 

was approximately 0,1 g. In the following season masses were three times 

• 
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greater, reaching a maximum mass of 0,3 g in February 1980 in the bi­

ennial spring burn treatment, and 0,24 g in April 1980 in the annual 

winter burn treatment. In the third growing season masses were low 

(less than 0,1 g) since only the basal portions remained. This indi­

cates that irrespective of these treatments, primary tillers had a life 

span of at least 27 months. 

5.4.4.2 Elevation of shoot apices 

The apical buds of T. leucothrix in both the annual winter and biennial 

spring burn treatments remained close to the soil surface «10 mm high) 

for the entire 27 month study period (Fig. 5.11 b). This indicates that 

the growing part of the grass is protected from fire during this period. 

Low elevations of !. leucothrix apices were also recorded by Tainton & 

Booysen (1963) in the first season of a biennial spring burn treatment. 

In the second season however, these authors recorded elevations of up 

to 140 mm. In contrast, no flowers were produced from marked tillers 

in the present study. These results once again illustrate the major 

role played by vegetative reproduction in these Highland Sourveld grasses. 

5.4.4.3 Secondary tiller development 

Secondary tillers were initiated in November/December 1981, when the 

primqry tillers were approximately one year old (Fig. 5.11 c). With the 

exception of January/February 1981, approximately one secondary tiller 

per primary tiller was stimulated by annual winter burning between Nov- .. 

ember 1980 and July 1981. In contrast tiller initiation in the biennial 

spring burn treatment during 1981 was generally low, seldom exceeding a 

mean of 0,5 laterals per parent. In the following season (1981/82) 

tiller initiation was high, reaching maximum values of 3,25 in the annual 



102 

winter and 3,75 in the biennial spring burn treatments. Overall, the 

average number of secondary tillers per primary tiller was higher in the 

annual winter burn treatment. 

5.4.4.4 Mass of secondary tillers 

The mass of secondary tillers produced in the biennial spring burn treat­

ment «0,2 g) was generally higher than that of the annual winter burn 

treatment «0,15 g) during the first growing season (Fig. 5.11 d). 

Although more laterals were produced per parent during the 1981/82 grow­

ing season (Fig. 5.11 c), their mean dry mass was approximately half 

that (i.e. ca 0,08 g) of the previous season (Fig. 5.11 d). There appear­

ed to be little difference between the burning treatments. 

5.4.4.5 Population dynamics of Tristachya leucothrix subjected 

to annual winter and biennial spring burning 

Life tables and survivorship curves of T. leucothrix subjected to annual 

winter and biennial spring burn treatments are presented in Table 5.7 

and Fig. 5.12 respectively. During the first g~owing season (day 0-151) 

mortality (qx) in the annual winter burn (0,298 tillers/day) was almost 

four times as great as in the biennial spring burn (0,082 tillers/day). 

This difference (significant at p<0,1) resulted in only 79% of the 

annual winter population surviving to the first winter period, in com­

parison with 90% in the biennial spring burn treatment. This difference 

in mortality between the two treatments remained significant throughout 

the entire study period and eventually resulted in only 31,6% of the 

original population surviving to day 700, as opposed to 70,9% in the 

biennial spring burn population. 



TABLE 5.7 Life tables of populations of Tristachya leucothrix subjected to annual winter, biennial 
spring and summer burning treatments 

I I 
I Treatment Days on Age Length No. Survivor- No. No. No. Ave. I 
I which interval of surviving ship removed remain- dying mortali ty I 

I burn (days) interval to day x .e x by ing during rate/day I 

I applied x-xl (days) Nx sampling interval qx I 
I Dx dx I 
I I 

I annual 0-151 151 250 1,0000 35 215 45*al 0,298 I 
I 

I 198 151-305 154 198 0,7920 20 150 28 b+ 0,182 I 

lWinter 305-488 183 166 0,6640 50 72 25 c+ 0,137 

I 490 488-700 211 124 0,4860 25 22 21 d+ 0,100 

lburn 700+ 79 0,3160 

I 
Ibiennial 0-151 151 220 1,0000 30 190 18 a+ 0,082 

I 151-305 154 199 0,9045 25 147 11 b+ 0 ,091 
I 
I spring 305-488 183 183 0,8318 50 83 7 c+ 0,038 

I 660 488-700 211 172 0,7818 20 56 12 d+ 0,057 
I 
I burn :..... 700+ 156 0,7091 
I 

*Values sharing the same letter indicate comparisons between treatments 

(Standardized normal variate). Not significant 

+ Significant at the 1% probability 0 
w 

level 
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Figure 5.12 The survivorship curves of Tristachya leucothrix in High­
land Sourveld grassland when subjected to annual winter 
and biennial spring burn treatments. 

Tnese differences are clearly illustrated in the survivorship curves 

for T. leucothrix for annual winter and biennial spring burn treatments 

(Fig . 5.12). Thus plants in the biennial spring burn treatment exhibited 

a survivorship curve where the majority of individuals survived to an 

old age for the species (Deevey Type I). In the annual winter burn 

population however, there was an almost constant number of individuals 

dying per unit of time after an initially high mortality in the first 

summer season. This type of survivorship curve, although approximated 

by some plants (Jain, 1979; Solbrig & Solbrig, 1979) was not classified 

by Deevey (1947). 
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The Leslie matrices used to predict the increase or decrease of tiller 

populations in annual winter and biennial spring burning are presented 

in Table 5.8. The model predicts that.!. leucothrixtillers will decrease in 

number with annual winter burning and increase with biennial spring 

burning. This difference is a direct result of the higher mortality in 

the annual winter burn treatment since the birth rates were in fact high­

er in this treatment than in the biennial spring burn treatment (Fig. 

5.13). 

TABLE 5.8 Transition matrices (A) and vectors (a) used to derive 

predicted values of population growth of Tristachya 

leucothrix populations in annual winter (i), and biennial 

spring burn treatments (ii). 

A a 

(i) 0,00 0,00 0,73 0,70 1,72 250 

0,79 0 0 0 0 198 

0 0,81 0 0 0 X 166 

0 0 0,65 0 0 124 

0 0 0 0,05 ° 79 

(ii ) 0,00 0,00 0,50 0,15 1,16 220 

0,91 0 0 0 0 199 

0 0,91 0 0 0 X 183 

0 0 0,92 0 0 172 

0 0 ° 0,79 0 156 
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These results agree with the classification of !. leucothrix as an in­

creaser I species, as noted in Chapter 4 (Table 4.2), where 30 years of 

burning resulted in a proportional composition of 8,1% in annual winter 

and 12,2% in biennial spring burn treatments. 

5.4.4.6 Conclusions 

The results indicate that the life span of!. leucothrix tillers is 

approximately two years, with very few tillers reaching sexual maturity. 

Reproduction by seed therefore appears to be of little importance in this 

species. 

In spite of its classification as an Increaser I species (Chapter 4), 

vegetative reproduction was higher in the annual winter burn than in the 

biennial spring burn treatment. The most intriguing aspect of the popu­

lation dynamics of T. leucothrix is that the survivorship curves for the 

burning treatments were different, the death risk being higher in the 

annual winter burn than in the biennial Sprill9 llIm .treatrrent. This differ­

ential response to burning re~ulted in predictions of decreases in growth 

of tillers in annual winter burn treatments and increases in biennial 

spring burn treatments. It would appear therefore that a two year burn­

ing cycle would be the most appropriate for the maintenance of T. leuco­

thrix in these montane grasslands. 

5.4.5 Harpechloa falx 

5.4.5.1 Primary tiller mass 

Fig. 5.14 a illustrates the seasonal change in the dry mass of primary 

tillers of H. falx . Tillers increased in mass from December 1979, reach-
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ing maximum values of 0,11 and 0,17 g in the biennial spring and annual 

winter burn treatments respectively. In the next growing season (Septem­

ber - February, 1980), the dry mass of primary tillers in the annual win­

ter burn treatment increased to 0,26 g, and to 0,31 g in the biennial 

spring burn treatment. The arrival of the frosts in May 1980, resulted 

in a decrease in tiller mass. Tiller mass in the 1981/82 growing season 

was low (<=0,15 g) since only the basal portions remained. The results 

indicated that there was little difference in the dry mass of primary 

tillers burnt either annually in winter or biennially in spring. 

5.4.5.2 Elevation of shoot apices 

The apical buds of ~. falx showed no significant increase in height 

during the study period, remaining less than 10 mm above the soil surface 

in both treatments (Fig. 5.14 b). During this period only two marked 

tillers in the annual winter burn produced inflorescences. These re-

suIts show that ~. falx is well adapted to frequent defoliation, the 

apical buds remaining safe from damage by fire during their entire life 

span. 

5.4.5.3 Secondary tiller development 

Initiation of secondary tillers from marked primary tillers commenced 

during February/March 1980 (Fig. 5.14 c). In the following 13 months 

initiation was sporadic, varying between 0,0 and 2,4 in the annual winter 

burn, and between 0,0 and 1,0 in the biennial spring burn treatment. 

During the 1981/82 growing season, maximum values for both burning 
\ 

treatments were 2,5 secondary tillers per primary. Perusal of the data 

(Fig. 5.14 c) shows that annual winter burning generally stimulated 
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greater production of secondary tillers per primary tiller when compared 

with biennial spring burning. 

5.4.5.4 Mass of secondary tillers 

Fig. 5.14 d illustrates the change in dry mass of secondary tillers 

during the study period. In February/March secondary tillers were small, 

their average dry mass being less than 0,03 g in both treatments. In the 

following growing season (October 1980 to March 1981) the average dry 

mass increased 1n both the annual winter (0,16 g) and the biennial spring 

burn (0,01 g) treatments. The mass of secondary tillers in the annual 

winter burn was generally 0,05 g higher than in the biennial spring ~urn 

treatment during this period. 

In the 1981/82 growing season, however, this situation was reversed when 

maximum values in the biennial spring burn were 0,16 g, when compared 

with 0,01 g in the annual winter burn treatment. The results indicate 

that frequency and season of burn may effect the mass of secondary tillers 

by stimulating their growth immediately after the application of the 

first treatment burn. The second annual burn applied in July 1981 did 

not, however, have this same effect. 

5.4.5.5 Population dynamics of ~. falx subjected to annual 

winter and biennial spring burning 

Life tables and survivorship curves of ~. falx subjected to the two 

different burning regimes are presented in Table 5.9 and Fig. 5.15 

respectively. During the first growing season (d~y 0-151) there was no 

significant difference in the survivorship of H. falx in thetw:> treatments. 

The average mortality rate (qx) was 0,146 and 0,086 tillers per day 



TABLE 5.9 Life tables of populations of Harpechloa falx subjected to annual winter, biennial 
spring and summer burning treatments 

, 
,Treatment Days on Age Length No. Survivor- No. No. No. Ave. , which interval of surviving ship removed remain- dying mortality 

I burn (days) interval to day x £ x by ing during rate/day , applied x-xl (~ays ) Nx sampling interval qx , Dx dx 
I 
annual 0-151 lSI 225 1,0000 J5 190 22*a- 0,14 5 

198 151-305 154 199 0,8844 20 148 23 b- 0,149 

winter 305-488 183 173 0,7689 50 75 11 c- 0,060 

490 488-700 211 155 0,6889 25 39 14 d- 0,066 

burn 700+ 132 0,5867 

biennial 0-151 151 219 1,0000 30 189 13 a- 0,086 

151-305 154 204 0,9315 25 151 28 b- 0,182 

spring 305-488 183 171 0,7808 50 73 11 c- 0,060 

660 488-700 211 153 0,6986 20 42 7 d- 0,033 

burn 700+ 143 0,6530 

*Values sharing the same letter indicate comparisons between treatments 

(Standardized normal variate). Not significant 

+ Significant at the 1% probability 

level 

, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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in the annual winter and biennial spring burn treatments respectively. 

Between 88 and 93% of the original populations survived to the first 

winter, the mortality rate during this period remaining similar to that 

of the previous summer. The annual winter burn treatment applied during 

this period had no effect on the mortality rate. 
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Figure 5.15 The survivorship curves of Harpechloa falx in Highland 
Sourveld grassland when subjected to annual winter and 
biennial spring burn treatments. 

The second growing season (day 305-488) and winter period (day 488-700) 

were characterized by having a general decline in the mortality rate 

(qx = 0,060) when compared with the first year of the study (qx = 0,149). 

There were no significant differences in mortality between treatments. 

The treatment burns applied between days 488 and 700 therefore had no 

effect on the tillers which had survived to this period. By the end of 
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the recording period approximately 60% of the original population were 

still surviving. Since the majority of individuals of ~. falx in both 

treatments survived to an old age fur the species, the survivorship curves 

for this species (Fig. 5.15) are characteristic of those described by 

Deevey (1947) as Type I. 

The transition matrices used to predict the fate of successive cohorts 

of H. falx tillers are shown in Table 5.10. The results (Fig. 5.16) 

indicate that populations of ~. falx tillers are capable of increasing 

with either annual winter or biennial spring burning. In Chapter 4, 

where the effects of 30 years of burning on species composition was ex­

amined, ~. falx was found to represent 3,0% in veld burnt annually in 

winter and 6,6% in biennially spring burnt veld (Table 4.2). The popula­

tion growth predicted in Fig. 5.16 a & b does not concur with these find­

ings, since the predicted growth was similar in both treatments. They do 

however, illustrate that ~. falx is capable of increasing under biennial 

spring burning, which may explain its classification as an Increaser I 

species. 

5.4.5.6 Conclusions 

Season and frequency of burn did not stimulate ttre elevation of shoot 

apices of ~. falx, indicating that this species is well adapted to fre­

quent defoliation. Furthermore, annual winter burning stimulated a great­

er number of ramets when compared with biennial burning. 

Tiller mortality was not affected by burning either in winter or in spring, 

while the number of individuals surviving to an old age for the species 

was high. The survivorship curves were therefore classed as Deevey Type I. 
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Predictions of population growth of ~. falx tillers indicated that both 

annual winter and biennial spring burning would result in a population 

increase. It is concluded that either of these treatments would be 

suitable for the maintenance of ~. falx in these Highland Sourveld grass­

lands. 

TABLE 5.10 Transition matrices (A) and vectors (a) used to derive 

predicted values of population growth of Harpechloa falx 

populations in annual winter ( i) , and biennial spring 

burn treatments (ii) . 

A a 

(i) 0,03 0,10 0,88 0,92 1,80 225 

0,88 ° ° ° ° 199 

° 0,85 ° ° ° X 173 

° ° 0,85 ° ° 155 

° ° ° 0,64 ° 132 

(ii ) 0,07 0,40 0,46 0,40 1,60 219 

0,93 0 ° 0 0 204 

° 0,82 ° ° ° X 171 

° ° 0,85 ° ° 153 

° ° ° 0,83 ° 143 
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5.5 General discussion 

The results described in this chapter have revealed some unexpected 

generalities in the population dynamics of the perennial grasses studied 

(T. triandra, H. contortus, T. spicatus, l. leucothrix and ~. falx). The - - -
most important of these are: 

i) In all five species studied, the results suggest that flowering is 

of minimal importance for their propagation, the majority of tillers re­

maining vegetative until death. The extent of seed production is unclear 

as there have been no studies on the seedling dynamics of grasslands in 

South Africa. The role of seedling inputs should not be ignored, however, 

since although small seedling inputs contribute very little to maintain­

ing the total size of the ramet population, they playa significant 

role in maintaining genetic diversity (Soane & Watkinson, 1979). The 

management of these montane grasslands needs to account for these fac­

tors, since a burning regime that results in a decline in the number of 

genets would result in a genetically impOVeri\ed population. If these 

patterns are to be determined, the demography of the genets must be 

studied, beginning with their initial colonization. Future research in 

these grasslands should therefore be directed at elucidating these fac­

tors. 

ii) Coupled with (i) above, was the fact that in all the species stud­

ied shoot apices remained close to the soil surface, enabling them to 

survive frequent defoliation. These results were unexpected since ob­

servations at the Ukulinga Research Station near Pietermaritzburg (Tain­

ton & Booysen, 1963) have shown that veld grasses differ widely in res­

pect of their apical bud behaviour. As a result of such variation bet­

ween grass species, management practices involving defoliation at diff-
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erent times during the year exert profoundly different effects on the 

grasses in the sward. Since this was not evident in this study, the im­

plication is that the management of these Highland Sourveld Grasslands 

should be simpler than for the Southern Tall Grassveld in which Tainton 

and Booysen worked. 

iii) In all examples described, recruitment of secondary tillers was 

stimulated by regular burning, the annual winter burn treatment producing 

on average more secondary tillers per primary tiller than the biennial 

spring treatment. Thus all species were well adapted to a regular fire 

regime. 

iv) All species exhibited a remarkable smoothness of their survivor­

ship curves. This suggests that climate and its variations as well as 

fire, have less impact on mortality than was expected. Fire, however~ 

increased mortality when applied during the summer months when growth 

and recruitment were most active. Season of burn is therefore of little 

importance from the time of the first frosts in May until spring, but 

fires applied outside this period may be detrimental to the grass sward. 

v) The predicted exponential increase in growth for the plant popula-

tions subjected to the various burning treatments was not demonstrated 

in the field, suggesting the occurence of d~ity-dependent factors in 

the regulation of these populations. This implies that the most serious 

hazard in the life of these perennial grass plants may be overcrowding, 

especially too many neighbours of the same species. 

The above generalizations do not explain the differential response of 

these five ,grass species to burning. This response is best explained by 
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the combined effects of their different reproductive capacities (birth 

rates) and mortality rates. For example, the ability of I. triandra 

and H. contortus (both Decreaser species) to increase in regularly burnt 

veld, is a direct result of their higher birth rates when compared with 

the other species. 

The decreaser character of I. spicatus was, however, best explained by the 

high life expectancy (Deevey Type I curve) demonstrated in the cohort 

studied. Similar traits were shown by ~. falx (Increaser species) enabl­

ing it to increase in both annual winter and biennial 'spring burn treat­

ments. I. leucothrix (Increaser species) demonstrated the most interest­

ing response to burning in that it had different survivorship curves for 

the annual winter and biennial spring burning regimes. The high life 

expectancy demonstrated with biennial spring burning enabled the popula­

tion to increase, whereas a high mortality in annual winter burn treat­

ment resulted in a decrease in the population. 

The above discussion shows that it was not possihle to group the Increaser 

and Decreaser species according to anyone characteristic curve (i.e. 

Deevey Type I, II or III). In fact this was not even possible for the same 

species (e.g. ~. leucothrix). According to Pianka (1970) and Solbrig & 

Solbrig (1979), such characterizations may be premature or inappropriate 

since they imply a greater knowledge of the history of a species than is 

generally available. In addition it suggests an inflexibility in popula­

tion dynamics which most species do not display (Mack & Pyke, 1983). 

The use of life tables and Leslie matrices should ' also be considered with 

caution, since they attempt to predict what will happen to members of the 
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population, from what has happened. They may not do this very accurately 

for they assume that the future will repeat the past, that mortality will 

not change with time, and that there will be neither immigration nor 

emigration (Colinvaux, 1973). 

This study, however, has demonstrated that a knowledge of the numbers 

and fates of individuals is fundamental to understanding the present 

status, as well as for predicting the future of a population. The single 

most important fact derived from this study is that a biennial burning 

regime would be the most suitable for maintaining these five important 

grass species at present levels of abundance in the Natal Drakensberg. 

Finally this study has shown that the scientific management of grasslands 

can be aided by a plant demographic approach. 

5.6 Summary 

i) Demographic studies were carried out to test the hypothesis that 

changes in the relative abundance of Decreaser and Increaser I species 

are brought about by changes in the birth and death rates of tillers as 

a direct result of fire or its absence. 

ii) In all species investigated, flowering was found to be of minimal 

importance for their propagation, and the majority of tillers remained 

vegetative until death. 

iii) Shoot apices remained close to the soil surface enabling all spec­

ies to survive frequent defoliation. 

iv) In all examples described, recruitment of secondary tillers was 
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stimulated by regular burning, the annual winter burn treatment producing 

on average more secondary tillers per primary tiller than the biennial 

spring burn treatment. 

v) AI~ species exhibited smooth survivorship curves, suggesting that 

dramatic fluctuations in climate and severe defoliation, as by fire, have 

little impact on mortality. 

vi) The results suggest the occurrence of density-dependent factors 

in the regulation of these populations. 

vii) The differential responses of these five grass species to burning 

was best explained by the combined effects of their different reproductive 

capacities and mortality rates. 

viii) A biennial burning regime was shown to be suitable for maintaining 

the most important grass species at present levels of abundance in the 

Natal Drakensberg. 



CHAPTER 6 

EFFECTS OF SHADING ON TILLER INITIATION IN SIX SELECTED 

GRASS SPECIES AT CATHEDRAL PEAK 

6.1 Introduction 
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Tiller ing, the process by which lat eral buds situated in the axils of the 

leaves at nodes of the grass stem develop into actively growing tillers, 

is vital to the production of grasses (Tainton, 1981). Different plants 

however, differ in their ability to produce tillers (Tainton, 1981). 

In the present study it was observed that T. triandra, ~. contortus and 

T. spicatus dominate grassland which is burnt regularly, while ~. falx, 

T. leucothrix and A. semialata dom inate veld which is burnt infrequently. 
- ~L 

It was established in Chapter 4 that these six princip~grassland spe-

cies of the Natal Drakensberg can be arranged along a successional axis, 

with defoliation frequency as the variable. This suggested that shading 

could have been implicated in controlling the relative competetive ability 
-

of these species, and that this may operate through the effect of shade 

on tillering. 

Although the effect of shading on tiller initiation in agricultural crops 

has been extensively studied (Aspinall & Paleg, 1963; Friend, 1966; 

Fletcher & Dale, 1974) there has been little detailed investigation on 

the response in growth of indigenoll s grasses to shade. This may be im­

portant since Increaser species (which are most abundant in protected 

areas) generally tiller from below t he ground, while Decreaser spe~ies 

(which are most abundant in regularly burnt areas) tiller from above the 
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ground. This differential response to shading led Tainton & Mentis 

(1984) to hypothesize that Decreaser species are unable to produce till­

ers when the canopy remains dense for any length of time. Thus they 

attributed differences in tiller development to the intensity of shade 

at the crown level of the plant, rather than to any direct effect of 

burning. 

In order to test the above hypothesis a nursery experiment was set up to 

determine the effects of intensity and height of artificial shade .on the 

growth response of three Decreaser species (!. triandra, ~. contortus and 

T. spicatus) and three Increaser species (~. falx, A. semialata and 

T. leucothrix). 

6.2 Methods 

Three hundred and seventy eight plants comprising sixty three whole tufts 

of !. triandra, !. spicatus, ~. contortus, A. semialata, T. leucothrix and 

~. falx plants were collected in the field with roots intact to a depth 

of 200 mm. The plants were transplanted into black 200 mm diameter plas­

tic bags filled with a 3 : 1 mixture of soil and sand. Plants were left 

to stabilize in the pots for 8 weeks, with dead plants being replaced 

with live until all plants were growing vigorously. During this period 

plants were irrigated to avoid water stress. Thereafter plants were ex­

posed in an open nursery and were subjected to natural precipitation. 

Plants were then randomly allOCated to two groups for the examination of 

the following: i) the effect of intensity of shading on tiller initiation 

and ii) the effect of height of shading on tiller initiation. 
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6.2.1 Intensity of shading 

Thirty six plants of each of the six species were randomly selected for 

each of the following treatments: 100%, 80%, 60% and 30% full sunlight. 

Each treatment was represented by nine replicates of each species. The 

bottoms of the plastic bags were removed to avoid limiting root volume. 

These bags were then buried in trenches so that plants were growing at 

normal groJnd level. Plants were widely spaced (0,25 X 1,00 m)to limit any 

possibility of interference between plants. Shadecloth, which does not 

alter the spectral quality of light (Gaskin, 1965), was used to provide 

artificial shade. The shadecloth was sewn onto cylindrical wire frames 

(diameter = 180 mm), set 200 mm above the ground. To obtain an estimate 

of growth all tillers were counted at the initiation of the experiment, 

and then recounted 12 months later. The results are expressed as the per­

centage increase in the number of tillers. 

6.2.2 Height of shading 

Shadecloth (representing 60% full sunlight) was sewn on to cylindrical 

wire frames (diameter = 180 mm), set 100 mm and 200 mm ~ve the ground. 

The third treatment, the control, had no shading treatment. This ex­

periment comprised three groups of 54 plants, each of the three treat­

ments represented by 9 replicates of each species. The plants were set 

into trenches as described previously. Plant growth was estimated as 

described in the previous experiment. 

6.2.3 Statistical procedures 

An analysis of variance for a nested deSign was applied to the data. In 

order to obtain the normality requirement assumed by the analysis, it was 
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necessary to transform the dat a. A plot of the variance aga inst the mean 

gave a lognormal relat ionship, indi cat ing that a logarithmic transforma­

tion was required. Since the data contained zeros it was necessary to 

adj ust the transformation to loge (x+1). The transformed relationship 

between the mean and variance is shown in Fig. 6.1 and Fig. 6.2. Since 

the ordinary treatment means of t he original variate values are ineffi­

cient estimates of the true treatment means because of non-normality, and 

are prone to distortion when the data are log normally distributed (Ray­

ner, 1967), the data were de-transformed after analysis. Although these 

means may be biased, they are considered to be more efficient estimates 

of the true mean (Rayner, 1967). 

In order to determine which factor levels within the analysis of variance 

were significantly different from one another, a multiple comparisons 

procedure (Student-Newman-Keuls test, Snedecor & Cochran, 1971) was app­

lied to the main effect means. 

6.3 Results 

6.3.1 Intensity of shading 

The results in Table 6.1 showed that shading was significant at the 1% 

level. This is illustrated in Table 6.2 where the percentage increase 

in tillers decreased from 2808,6% under full sunlight to 12,1% under 30% 

sunlight. The multiple comparisons test (Table 6.2) showed that within 

each species there were no significant differences between the control 

(full sunlight) and 80% sunlight. Likewise for two of the Increaser 

species (~. falx and I. leucothrix) there were no significant differences 

between the control and 60% sunlight. However, at this level all the 

Decreaser species had a significant reduction in tiller numbers. This 
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TABLE 6.1 Nested analysis of variance of transformed data to show the effect of shading 
intensity (A), Decreaser/lncreaser effect (B) and species effect (C) on 

percentage increase in tillers 

Source (Name) df Sums of Squares Mean Square F ratio Significance 

I Total 215 1767,5971 8,2214 2,48 
I 
I A 3 858,0271 286,0090 86,28 *** 
I 
I B(A) 4 138,5859 34,6465 10,45 *** 
I 
I C(B(A)) 16 134,5431 8,4089 2,54 *** 
I 
I Sampling error 192 636,4409 3,3148 
I 

N 
en 



Shade 
treatment 
(% full 
sunlight) 

TABLE 6.2 Effect of shade on the percentage increase in tillers subjected to different shade 
intensities between 2 March 1981 and 2 March 1982 

Species 
Mean shade 

effect Decreasers Increasers 

Tt Hc Ts Hf Tl 

I I 
As 

100% (con-I 2808,6 a c 1661,8 A c 3103,2 A c 3436,8 A b 5010,5 A b 1526,4 A 'c 3619,6 A 
trol) I , 

I I 
I 684,6 b bc 936,8 A c 1142,0 A c 911,8 A ab 1235,3 A b 408,8 A 'bc 685,4 A 
I , 

80 

I 231,7 c ab 209,7 A b 141,3 A b 157,5 A ab 876,8 A b 295;2 A 'b 250,0 A 
, I 

60 

I 12,1 d a 23,3 B a 0,0 A a 0,0 A a 385,2 C a 26,4 B I a 
I I 

30 18,8 B 

Mean species effect 298,0 A 148,9 A 134,8 A 1202,9 B 266,1 A 332,3 A ._-, ----

Mean decreaser/increaser , 181,6 A 474,0 B 
effect I 

I 

Values sharing the same letter (Capitals for species data; lower case for shade effect) 

are not significantly different at the 1% level. 

Tt Themeda triandra 

Hc = Heteropogon contortus 
Ts Trachypogon spicatus 

Hf Harpechloa falx 

Tl 

As 

Tristachya leucothrix 

Alloteropsis semialata 

N 
'-J 
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indicated that at 60% sunliqht the Decreaser species were more sensitive 

to shade than the Increaser species. This was supported by the analysis 

of vari ance (Table 6.1) which showed that the comparison between the 

Decreaser and Increaser categories was significant at the 1% level. 

The results showed that there were significant differences at the 1% 

level between spec ies (Table 6.1). This mostly results from the death 

of two of the Decreaser species (H. contortus and !. spicatus) at the 

30% sunlight level (Table 6.2). The multiple comparisons test showed 

that ~. falx was best able to survive this low light intensity. 

The results showed therefore that although reduced light intensities 

decreased tiller initiation in all species, the Decreaser species were 

more sensitive to shading than the Increaser species. 

6.3.2 Height of shading 

From the analYSis of variance in Table 6.3 it was evident that height of 

shade had a significant effect (p < 0,01) on tiller initiation. There 

was a significant decrease in initiation of tillers from 592,8% under 

the control (no shade treatment) to 287,7% at the 20 cm height of shade 

level (Table 6.4). The multiple comparisons test (Table 6.4) showed that 

the 20 cm height of shade level was the most detrimental to tiller initi­

ation. 

In contrast to the shading intenSity experiment, there was no significant 

difference between Decreasers and Increasers (Table 6.3). However diff­

erences between species were apparent with H. falx once again being less 

sensit ive to shading than the other species. 



TABLE 6.3 Nested analysis of variance of transformed data to show the effect of height of shade (A), 
Decreaser/lncreaser effect (B) and species effect (C) on percentage increase in tillers 

- I 
Source (Name) df Sums of Squares Mean Square F ratio I Significance 

I 
I-I 

Total I 161 115,4738 0,7172 1,76 I 
I I 

A I 2 14,0475 7,0237 17,22 I *** 
I I 

B(A) I 3 2,9567 0,9856 2,42 I NS 
I I 

C(B(A)) I 12 39,7554 3,3130 8,13 I *** 
I I 

Sampling error I 144 58,7141 0,4077 I 
I I 

N 
1..0 



TABLE 6.4 Effects of shade on the percentage increase in tillers subjected to different heights of 
shading between 14 March 1980 and 30 June 1981 

1 1 IS' 
1 I I pec1es 

I 
Shade Mean shade -~-------------------

Treatment I effect I Decreasers Increases 

I I I Tt Hc I Ts Hf Tl As 

I I I , 

I No shade , 592,8 c 1< ~ 223,0 A b 933,1 B , b 757,2 B a 1037,2 B b 303,1 A b 874,6 B , ., 
I 10 cm I 400,3 b a 213,1 A a 501,6 A I a 315,6 A a 968,3 B ab 271,0 A a 465 ,1 A 
I I I 
I 20 cm I 287,7 a a 249,7 AB a 390,0 BC I a 259,9 SB a 624,5 C a 151,3 A a 238,8 AB 
I I I 
I I 
I Mean species effect 227,9 A 567,3 B I 395,6 B 856,1 C 231,7 A 460,0 B 
I I 
I 
I Mean decreaser/increaser 371,3 A 450,3 A 
I effect 
I __________________ L-___________________________ ~ ________________________ _ 

Values sharing the same letter (Capitals for species data; lower case for shade effect ) 

are not significantly different at the 1% level. 

Tt Themeda triandra 

Hc = Heteropogon contortus 

Ts Trachypogon spicatus 

Hf Harpechloa falx 

Tl 

As 

Tristachya leucothrix 

Alloteropsis semialata 

w 
C> 
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6.4 Discussion and conclusions 

Although shading resulted in a marked reduction in tillering, all species 

showed outstanding growth capacities. All plants, apart from those sub­

jected to the highest shading intensity treatment, had a percentage in­

crease in tillers in excess of 140% (Table 6.2 and Table 6.3). This re­

markable increase in the number of tillers is undoubtedly due to lack of 

competition. Caution should therefore be exercised when interpreting the 

results of potted plant experiments and extrapolating them to conditions 

in the field. 

The results in Table 6.2 support the view expressed by Tainton & Mentis 

(1984), that Increaser species have a greater ability to survive shaded 

conditions than Decreaser species. These authors attribute this to the 

fact that new tillers of Decreaser species do not develop from heavily 

shaded basal nodes. Tainton & Mentis (1984) observed that Decreaser 

species respond to shade by the production of aerial tillers which lack 

roots and eventually die. The fact that two of the three Decreaser 

species in this study died at the highest shading intensity supports this 

view. 

Tiller production also declined substantially with height of shade, esp­

ecial ly at the 20 cm height level. The fact that height of shade was 

not significantly different between Decreasers and Increasers implies 

that it is the base of the plant that is the most sensitive to shade. 

This is supported by Deregibus, Sanchez, Casal & Trlica (1985), who att­

ributed tillering rate and death of tillers to changes in red:far red 

light at the base of the plant. These authors found that increased 
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shading brought about by higher leaf densities decreased incoming red 

light, resulting in reduced tillering rates. The authors suggest that 

the plant parts located at the base of the plant were most sensitive to 

changes in the spectral composition of light. The sensitivity of buds 

to changes in the quality and quantity of light has also been documented 

by Mor, Halevy & Porath (1980). 

According to Deregibus et ~. ( 1985) the red:far red ratio could serve as 

a signal to indicate canopy cover or leaf density. This signal is .thought 

to interact with others related to the availability of various resources 

(water, assimilates, nutrients, etc.) to determine the rate of tiller 

formation or death. The distribution of carbon among different sinks may 

be controlled in this manner (Mor et ~., 1980). It is interesting to 

note that there are morphological differences between Increasers and 

Decreasers (personal observation). Increasers have swollen bases and 

tiller from below ground, while Decreasers, which tiller above ground, 

have no such organs. It may be postulated that the swollen bases of 

Increasers are used as a sink for the storage of carbohydrates. Such 

a system may explain the differential response of Increasers and Decreas­

ers to defoliation, and would confer a competitive advantage to Increas­

ers at low light intensities. 

It would appear that changes in canopy density together with concomitant 

changes in light quality, brought about by different fire regimes are an 

important mechanism in regulating grass vegetative reproduction through 

tillering. Thus with infrequent fire (i.e. low light interception) 

tillering is reduced, whereas frequent defoliation (i.e. high light in­

terception) promotes tillering. 
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Although Increaser species were more tolerant of shade than Decreaser 

species, all species were detriment all y affected by low light intensities. 

Such conditions are most likely to occur in areas where fire has been 

absent for long periods. Examinat ion of such areas (Westfall, Everson 

& Everson, 1983) indicate that eventually all grass species are replaced 

by woody species. Thus although certain species can survive shaded con­

ditions better than others, none can survive long term protection without 

some form of defoliation. 

The results of this study support t hose of Tainton (1981) who found that 

tillering patterns are not only a function of the species, but are de­

pendent on the growing conditions which are provided. Thus by judicial 

management it is possible to provide conditions which favour one group 

of species and not the other. 

6.5 Summary 

i) Tiller initiation in all species decreased progressively with in-

creasing shading intensity. 

ii) Decreaser species were more sensitive to high shade intensities 

(30% full sunlight) than Increaser species. 

iii) Decreaser and Increaser species did not differ significantly in 

their response to height of shading. 

iv) Due to lack of competition tiller initiation in these potted plant 

experiments was considerably greater than that found in natural conditions. 



CHAPTER 7 

ABOVE GROUND DRY MATTER PRODUCTION AND QUALITY OF 

HIGHLAND SOURVELD 

7.1 Introduction 
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In a recent review of the ecological effects of fire on grassland, Tain­

ton & Mentis (1984) report that there is scant information specifically 

on the effect of fire on plant production and quality. This is supported 

by the fact that above-ground dry matter production data (standing dead 

and standing green material) measured at the Giant's Castle Game Reserve 

by Scotcher & Clarke (1981), are the only data of this kind for the 

Drakensberg. That there is so little data is surprising, as it is gen­

erally accepted that such information can contribute significantly to an 

understanding of the manner in which fire affects the functions of an 

ecosystem (Daubenmire, 1968). Since the techniques for estimating pro­

duction are generally simple, this paucity of data probably reflects the 

tedious nature of these techniques. 

The different fire treatments applied to the grassland at Cathedral Peak 

over the past 30 years provided an ideal opportunity for examining the 

long term effects of burning on herbage quantity and quality. 

7.2 Procedure 

7.2.1 Dry matter production (above ground) 

The project consisted of two phases. The first was to compare the recovery 

growth rates of grass burnt annually in winter and biennially in spring. 
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The second was to compare the standing ~ material and the dry matter 

production of all treatments represented in the Cathedral Peak research 

catchments. 

7.2.1.1 Phase 1 

Time series harvests of biomass were used to form the basis of computing 

dry matter product ion. This was an intensive investigation and was con­

fined to 3 pairs of replicated plots. Each pair consisted of a plot that 

had received 30 years of annual winter burning (referred to as la l plots) 

and 30 years of biennial spring burning (referred to as 'b ' plots) The 

replicated plots were situated at ca 1 900 m on a north east, horizontal 

and westerly aspect and were referred to as plots 9, 10 and 11 respec­

tively (Fig. 2.2). As grazing pressure by indigenous antelope was neg­

ligible in this study the plots,were not protected from grazing. The 

amount of material consumed by insects may be significant in grasslands 

(Coupland, 1979), but because of practical difficulties was not measured 

in this study. 

The sampling unit was a 0,167 m2 circle clipped to stubble height appro­

ximately 30 mm above ground level using electrically driven sheep shears. 

A portable generator was used to supply the electrical power. Five ran­

domly located samples (considered to be the maximum practical number) 

were collected from each plot at the beginning of the growing season in 

1978 and sampling continued at two weekly intervals until June 1979. In 

the following year samples were collected at approximately monthly intet­

vals in the biennial spring burn plots only. In order to reduce the 

sampling load, standing biomass (all of which comprised~ material) 

was estimated on annual winter burn plots during the second year using 
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the pasture disc meter (Bransby & Tainton, 1977). Samples taken during 

the 1978/79 growing season were used to calibrate the disc pasture meter. 

The calibration equation was: 

y = 2,014 + 0,041 x (r = 0,84; n = 100) 

where y = estimated standing green material (g/m2) 

x = mean disc height (mm). 

Estimates of y were based on 50 disc meter readings per plot. 

Standing ~ material was separated from standing dead material, oven­

dried at 90°C, and weighed. The results are expressed as grams dry 

matter per square meter (g DM/m2). 

7.2.1.1.1 Calculations 

Although the calculation of above ground dry matter production is usually 

based on time series harvests of biomass, no single standard technique 

of computation is available (Singh, Lauenroth & Steinhorst, 1975). A 

review of the various techniques was carried out by Singh et~. (1975). 

They concluded that trough peak analysis was the best method of calculat­

ing dry matter production (DMP). In this analysis only the positive 

increments and their corresponding clipping intervals are considered. 

The following advantages are gained from this approach: (1) it does not 

require biomass measurements for individual species; (2) more than one 

growth peak per season may be measured; and (3) it does not assume a 

zero starting pOint for standing live material, so that the method can 

be used for estimating DMP for any time interval. The main disadvantage 

of the method is the unaccounted loss of photosynthate, and losses due to 

translocation of metabolites to the unsampled below ground organs, re­

sulting in an underestimation of production. Below ground respiration 
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results in further loss of photosynthate, as do exudation and leaching 

(Grossman, 1982). 

In this study standing green (8) refers to attached, live standing green 

material and standing dead (N) to attached standing dead material. The 

sum of 8 + N represents 'standing crop' which in this case applies only 

to above ground plant material. Since only 8 and N were measured in this 

study and litter decay was not measured, the methods 6a and 7 of Singh 

et~. (1975) appear to be most appropriate for calculating the mean 

rate of accumulation (A). 

Method 6a may be mathematically expressed as: 

(1) • 

In this equation the harvests are at times to to t k, with positive values 

only (*) and their corresponding intervals being used. 

Method 7 of Singh et~. (1975) attempts to correct for losses by death 

between clipping dates, which Williamson (1976) showed may be important. 

It may be written as: 

Here ** indicates only those intervals during which the sum of the Band 

N differences are positive, and their corresponding clipping intervals 

are included. The calculation does not allow for loss by physical re­

moval, decay or translocation of photosynthate below clipping height. 

Another problem in calculating DMP is the amount of residual material 

carried over from a 'previous' to a 'current' growth season. Grossman 
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(1982) demonstrated that this carryover may be considerable. Because 

of this and other problems, which he considered produced an underestimate 

of the true value, he proposed a method for calculating DMP for perennial 

grass swards in Southern Africa. However, this method could not be used 

here since certain parameters required for the calculation were not 

measured (e.g. flow of standing dead to litter). Nevertheless in this 

trial, ~ufning the experimental plots prior to the experiment, would 

have increased the accuracy of the DMP estimates (Grossman, 1982). Al­

though the results are likely to be an underestimate of DMP, they are 

considered adequate for comparing the differences between the annual win­

ter and biennial spring burn treatments. 

Equations (1) and (2) give mean rates only. It is also of interest to 

examine the instantaneous rate, particularly that of standing green 

material (B). This was achieved by plotting the mass of standing green 

against time, and then differentiating. A number of different I growth I 

functions were fitted in an attempt to model these data. These included 

2nd degree and 3rd degree polynomials, and broken stick models using 

quadratic and linear equations. Splined functions (Hunt, 1982) were 

not considered suitable because of the variable nature of the data 

(Clarke, 1985, pers. comm.). The best fit was obtained using an expon­

ential quadratic function. Standing green material (B) was then ex­

pressed as: 

B = exp (c + bx + ax 2) ..•..•......•.•..• (3). 

The rate of change of standing green can then be expressed as: 

dB/dt = (bx + 2ax2) [exp (c + bx + ax 2)J .......•....• (4), 

where the term on the left represents the Irate of change of standing 
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green material', and that on the right the 'growth rate'. When dB/dt is 

positive it represents the 'standing green accumulation rate'. ' 

7.2.1.2 Phase 2 

The research catchments are protected by permanent fire breaks which have 

been burnt annually in winter for the last 30 years. This annual winter 

treatment was used as a control against which the other treatments within 

the catchments could be compared. This was achieved by demarcating 14 

paired plots and 6 triplicate plots having a wide range of treatments, 

aspects, slopes and altitudes. Direct comparison of the various treat­

ments was therefore possible. The harvesting of samples was identical to 

that described previously (see Phase 1). 

In order to determine the mass of standing g~, all the plots were 

sampled in the first week of January, a time when the maximum quantity 

of standing green material was expected. The standing~ material was 

separated from the standing dead material and the oven-dry mass of each 

determined. In May, additional quadrats were harvested to provide total 

dry matter yield data. These samples, were however, not separated into 

standing green and dead components. 

7.2.2 Dry matter production (below ground) 

To obtain a complete appraisal of primary production it was necessary 

to gain some measure of the belowground dry matter production. Because ­

of the inherent difficulties involved in sampling (San Jose, Berrade & 

Ramirez, 1982) and the laborious nature of the techniques, only one sample 

was possible. The sample was collected during March 1983 from an area 

with a history of biennial spring burning. 
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7.2.2.1 Procedure 

A soil pit (0,75 m wide and 1,50 m deep) was excavated to obtain an esti­

mate of maximum root dry matter production. A square meter quadrat was 

marked out on one side of the pit and all above ground vegetation removed 

from the soil surface. The soil from the area inside the quadrat was 

then excavated in 7 cm layers to a depth of 49 cm. Each soil layer was 

placed in a plastic bag and transported to the laboratory. The large 

clods of soil in each of these sub-samples were broken up before air 

drying the soil. After the bulk of the roots had been hand separated, 

the soil of each layer was submerged in a container filled with water. 

Once saturated, remaining roots were separated by flotation (McKell, 

Wilson & Jones, 1961). In this way loss of fine roots was minimized. 

Material (including other debris) collected in this manner was air-dried 

and any remaining roots removed by hand. The final root samples were 

then oven-dried at 105°C and the mass for each layer recorded. 

7.2.3 Herbage nutritive value 

Crude fibre (CF) and crude protein (CP) were used as an estimate of 

herbage quality • . These two measures are still widely used by the Cedara 

Feed Analysis laboratory to estimate forage quality, and data are avail­

able which relate the CF and CP contents of forages to animal performance. 

Samples analysed for herbage quality were those collected from plots 9, 

10 and 11 of Phase 1, and plot 12c. The latter was included to obtain 

an estimate of the quality of grass protected from fire for 16 years. 

Samples were analysed .by the proximate methods used by the Cedara Feed 

Analysis Laboratory, Department of Agriculture and Fisheries. In order 

to reduce costs, samples from each plot of the same treatment were bulked. 
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Samples were analysed for CP at approximately monthly intervals between 

September 1978 and June 1980 from the biennial spring burn plots; be­

tween September 1978 and June 1980 from the annual winter burn plots and 

between November 1979 and June 1980 from the protected plot. 

7.3 Results 

7.3.1 Dry matter production (above ground) 

7.3.1.1 Phase 1 

Summaries of all relevant data for each of the six plots are presented in 

Appendix B, Tables I to VI. Important differences between the treatments 

and seasonal rates of growth are best shown graphically (Fig. 7.1 a-c). 

In the first year following the burns (1978/79), the mass of standing 

green material is described by bell-shaped curves. As a result of the 

different seasons of burn, the biennial spring plots initially lagged 

behind the annual winter plots. By December these differences were no 

longer apparent. Maximum values were recorded between December and 

February, with peak values varying between 201 and 255 g/m2. There 

were no noticeable differences between burning treatments. From March 

onwards there was a rapid decline in the amounts of standing green mat­

erial. This was associated with death of the above ground parts due to 

the advent of winter and the arrival of the first frosts. 

In the second year (1979/80) similar results were found (Fig. 7.1 a-c). 

During this period, howevQr, maximum green standir.g mass was generally 

lower in the biennial spring burn plots (172-207 g/m2) than in the annual 

winter burn plots (218-280 g/m2). As there were no observable differences 

between the plots to which a particular burning treatment was applied, 
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the data were pooled, and mean values calculated for each burning treat­

ment (Figs. 7.2 a & b). 

The fitted curves and the rate of change of standing green (dB/dt), are 

given in Figs. 7.3 a & b). These figures summarize the standing green 

dynamics in the annual winter' and biennial spring burn treatments. The 

integral of the positive part of the growth rate curve approximates the 

dry matter production of these treatments. It does not, however, take 

losses due to physical removal, death between clipping dates, decay or 

translocation of photosynthate to tiller bases and roots into considera­

tion. 

The rate of biomass accumulation 'in the first year was 13,2 and 14,1 

g/m2/wk in the annual winter (Fig. 7.3a) and biennial spring (Fig. 7.3 b) 

burn plots respectively. On an annual basis (i.e. the integral of the 

growth rate curve) net productivity was 233,4g/m2/yr and 225,6 g/m 2 /yr 

in the two treatments. This represents a difference of only 3%. 

In the second growing season aaxilTUll aca.nulation in the annua 1 winter burn plots 

was 15,8 g/m2/wk (Fig. 7.3 a). This was 5,65 g/m2/wk higher than that 

recorded in the biennial spring burn plots (Fig. 7.3 b). Also notice-

able was the fact that maximum net primary productivity in the biennial 

spring burn plots was 4,0 g/m'/wk lower in the second season than in the 

first. On an annual baSis, net productivity in the second year was higher 

in the annual winter burn plot (310,95 g/m2) than in the biennial spring 

burn plot 170,20 g/m2). The higher production in this second year than 

in the first year on annual winter burnt plots may have been due either 

to more favourable growing conditions in the second year, or to an over­

estimation of the standing green materia,l by the disc pasture meter. 
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The maximum net primary productivity rate in both burning treatments 

was reached at the end of December, and the maximum live biomass at the 

end of March in both the 1978/79 and 1979/80 growing seasons (Figs. 

7.3 a & b). 

Dry mass of green grass stems and inflorescences was 22,3; 22,8 and 

15,4 g/m2 for plots 9b, 10b and 11b respectively. This represented app­

roximately 10% of the net productivity in the second growing season 

(Appendix B). No flowering material was collected in the annual winter 

plots. 

Standing dead material was recorded in both the annual winter and biennial 

spring burn treatments from the end of April 1979, immediately after the 

first frosts (Appendix B). By the end of June standing dead material 

represented approximately 95% of the total dry matter yield. The annual 

winter burns, applied in July, resulted in the removal of the above 

ground material in these plots. Standing dead material in the biennial 

spring burn plots was carried over into the next grow1ng season, increas­

ing steadily until February and rising sharply with the advent of frosts 

in May 1980. At the end of this two year period total dry matter yield 

had approximately doubled to 476, 638 and 518 g/m 2 in plots 9b, 10b and 

11b respectively. 

The mean rates of accumulation (A) calculated using equations (1) and (2) 

are shown in Table 7.1. The methods produced similar estimates for each 

season of the annual winter burn treatment (9 g/m2/wk), and for the first 

season of the biennial spring burn treatment (13,08 & 14,71 g/m 2 /wk for 

equations (1) and (2) respectively) . However higher results were recorded 

by equation 2 (11,37 g/m 2 /wk) in the second season of the biennial spring 
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burn treatment when compared with equation 1 (7,87 g/m 2 /wk). This higher 

value is due to the fact t hat losses by death between clipping dates are 

accounted for in equation (2). Irrespective of which equation is used to 

calculate mean accumulation, it is apparent that growth in the second 

season of the biennial spring burn treatment was lower than in the first 

growing season. 

TABLE 7.1 Mean rates of accumulation (g/ m2/ wk) calculated 
using equat i ons (1 ) and (2 ). Values are the means 
of plot 9 , 10 and 1l. 

I 
Equation Season I Annual Winter Biennial Spring 

I Burn Burn 
I 
I 

1 first I . 8,11 13,08 

I 
1 second I 9,42 7,87 

I 
I 

2 first I 9 , 90 14,71 
I 

2 second I 9,42 11,37 
I 

7.3.1.2 Phase 2 

Least squares analysis in which the standing green and total dry mass 

values were adjusted to remove the effects of slope, altitude and aspect 

are shown in Tables 7.2 and 7.3. The biennial spring and biennial spring 

with light summer grazing plots included both one year and two year post­

fire age grasslands. In the analysis these age classes were separated. 

Results of the standing green material collected during January 1979 



Treatment Mean 

x 

Annual winte r burning 144,7 

Di e nnial spring burning 1 54,5 
+ grazing (1st s e ason) 

Biennial spring burning 99,1 
+ grazing (2nd season) 

Biennial spr i ng burning 154,4 
(1 s t season) 

Bi e nnial spring burning 135,1 
(2nd s eason) 

Protection 118,2 

+ P < 0.05 

++ P < 0.001 

Est. Estimate 

SE Standard error 

Sig. Significant 

TABLE 7.:> Compariso ns o f standing green mas s (g / m l ) between treatments 

Versus Annual Ve rsus Bi e nnial Bi ennia l Spring Bi e nnial Spring 
Winter Burning Spring Burning Burning + Grazing Burning 

• + Grazing (2nd season) (l st season) 
(lst seaso n) 

Est. SE Sig. Es t . SE Sig. Est. SE Sig. Est. SE S1g . 

7,7 +27.9 NS 

-18,4 +22,6 NS 25,5 +36,0 NS 

12,'6 +15,2 NS 4,9 +31,f! NS -31,0 +27,4 

- 0,1 +18,2 NS 7.8 +33,3 NS -10,3 +29,2 NS 12,7 +21,7 NS 

-20,4 +13,2 + 36,1 +30,8 NS 10,0 +26,3 NS <11,0 ~17,3 + 

.. 

Bi e nni al Spri ng 
Bu rning 
( 2 nd sE'ason) 

Est. SE Sil! . 

20 , 3 +20 , 0 NS 

.t:­
OO 



Treatment Mean 

x 

Annual winter burning 190 

Biennial spring burning 365 
+ grazing (1st season) 

Biennial spring burning 164 
+ grazing (2nd season) 

Biennial spring burning 202 
(1st season) 

Biennial spring burning 
(2nd season) 

471 

Protection 609 

p ( 0.01 

+ p <. 0.05 

++ p < 0.01 

+++ p 0.001 

TABLE 7 . 3 Total Dry Matter yield (g/m 7 ) 

Versus Annual Versus Biennial Biennial Spring 
Winte r Burning Spring Durning Burning + Grazing 

+ Grazing (2nd season) 
(1st season) 

Est. SE Sig. Est. SE Sig. Est. SE Sig. 

180,8 +92,6 + 

- 9,6 +75,6 NS 190,4 +119,5 + 

8,4 +50,4 NS 172,4 +105,4 NS -18,0 +90,8 NS 

247,1 +60,4 +++ -66,3 +110,5 NS -256,7 +96,8 ++ 

410,6 +43,1 +++ -229,8 +102,4 +++ -420,2 :87,3 +++ 

Est. Estimate 

SE Standard error 

Sig. Significance 

Biennial Spring 
Burning 
(1st season) 

Est. SE Si~. 

-238,7 !72,2 ++ 

-402 ,2 :!:57 ,4 +++ 

Bi e nnial Spring 
Burning 
(2nd season) 

Est. SE Sig. 

-163.5 !66.2 ++ 

~ 
I.D 
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(Table 7.2) showed that the only significant comparisons were protection 

(x = 118,2 g/m2) versus annual winter burning (x = 144,47 g/m2) and pro­

tection versus the biennial spring burning in one year post-fire age 

grassland (x = 154,5 g/m2). Mean values of standing green varied between 

99,1 and 154,5 g/m2 and were considerably lower than maximum standing 

green values recorded in Phase 1 (approximately 220 g/m2). These lower 

values (recorded in January) are underestimates of the maximum standing 

green since peak values were only reached at the end of February (see 

results, Phase 1), nearly two months later than was predicted. 

Comparisons of total dry matter (TOM) yield data are presented in Table 

7.3. These results showed that TOM yield values in grassland protected 

from fire (x = 609 g/m2) were significantly higher than all the other 

treatments. In the first season following a fire there were no signifi­

cant differences between the annual winter burn (x = 190 g/m2), the bienn­

ial spring burn (x = 202 g/m2) and the biennial spring burn with grazing 

(x = 164 g/m 2) treatments. Likewise there were no significant differences 

between the second season of the biennial spring burn (x = 471 g/m2) and 

the biennial spring burn with grazing (x = 365 g/m2) treatments. Results 

from the biennial spring burn treatment (Table 7.3) showed that the TOM 

production doubled Jrom 202 g/m2 in the first season to 471 g/m2 in the 

second. This indicates little decay or loss of material by grazing or 

other means during this two year period. Similar results were found in 
. 

the biennial spring burn with grazing treatment, where the mean TOM 

yield incre~sed from 164 to 365 g/m2 from the f"irst to the 

second se~son. Although these values were lower than those in the other 

treatments, differences were not significant, implying that the grazing 

was very light. 
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7.3.2 Dry matter production (below ground) 

The results presented in Table 7.4 showed that at the time of maximum 

dry matter production (February), roots extended at least to a depth 

of 49 cm. Sixty four per cent (585 g/m2) of the roots occurred in the 

top 14 cm, while 25,4% (222 g/m2) occurred in the following 14 cm. This 

biomass decreased with depth so that only 1,33% of the roots were present 

between 42 and 49 cms. Thus, although roots extended to a depth of at 

least 49 cm, approximately 65% of the total root dry matter (903 g/m2) 

was confined to the top 14 cm of soil, and approximately 90% to the top 

28 cm. 

TABLE 7.4 Distribution of roots in the top 50 cm of the 80il 

I I 
Soil depth 0-7 7-14 14-21 1 21-28 28-35 35-42 42-49 1 Total 

(cm) 1 1 
1 I I 

Dry mass 306 279 126 1 96 64 20 12 1 903 
(g/m > ) I . 1 

1 I I 
Percentage 33.89 30.90 13.95 1 10.09 7.09 2.21 1.33 °1 100 
of roots 1 1 
present in 1 1 
each layer 1 1 

1 1 

7.3.3 Herbage nutritive value 

Monthly changes in the crude protein (CP) and crude fibre (CF) of the 

standing green material are illustrated in Fig. 7.4. During the 1978/79 

growing season CP in the annual winter burn plots declined from a maxi­

mum of 8,5% in early spring (September) to a minimum of 3,7% in winter 

(July). In the biennial spring burn plots the trend was similar, al-
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though the maximum value (9,4%)was recorded in November. This delay 

was probably due to the difference in the time of application of the 

treatment burns. By the end of December these differences were no longer 

apparent. The minimum value in the biennial spring burn treatment was 

recorded at the end of winter (early September) just prior to the start 

of the next spring flush. 
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Figure 7.4 C~.~in and fibre content of standing green material 
of Hlghland Sourveld burnt annually in winter biennially 
in spring and after 16 years protection. ' 

In the following season (1979/80) crude protein increased to a maximum 

of 7,1% in October. Thereafter values declined to 3,9% at the end of June. 

This maximum value was approximately 2% lower than that recorded in the 
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previous growing season. 

The maximum value attained in the plot which had been protected from 

fire for 16 years and then burnt (plot 12c) was considerably higher 

(16,1 %) than the values recorded in the annual winter and biennial spring 

burn treatments. This value declined sharply after November to approxi­

mately 6% at the beginning of February. Between February and April CP 

values remained essentially constant and then declined to 4,9% in June. 

Using mean values of standing green from Phase 1, it is possible to show 

the amounts of CP available per hectare for each treatment (Fig. 7,5). 

The mass of CP per hectare increased sharply between October and Decemb~r 

1978 in both the annual winter and biennial spring burn treatments. Al­

though the maximum for the biennial spring burn treatments (113 kg CP/ha) 

was higher than for the annual winter burn treatments (95 kg CP/ha), 

there was little difference between the two treatments. In spite of the 

high CP levels found in plot 12c, the maximum value recorded per hectare 

was only 45 kg. This low value is a result of the decrease in standing 

green material (Appendix D, Table 1) brought about by the prolonged period 

of protection. 

In contrast to CP, CF levels (Fig. 7.5) tended to increase during the 

initial part of the growing season (October to December) and then decrease 

towards winter. The CF ranged between 31% and 38%. Values from the 

annual winter burn plots were initially about 2% higher than those in 

the biennial spring burn plots. In the second season of the biennial 

spring burn the pattern was similar although values tended to be higher 

than those of the previous season. 
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Crude protein yield (kg CP/ha) in plots burnt annually in 
winter, biennially in spring and after 16 years protection. 

7.4 Discussion and conclusions 

The results of this study showed that differences in the effects of 

burning the veld, either in winter or in spring, were largely short 

term. Although growth was stimulated earlier in the season by burning 

in winter, the maximum net productivity was approximately 230 g/m 2 for 

both treatment burns (determined by the integral of the growth curve). 

Tainton et~. (1977) also found that the recovery growth rate of Tall 

Grassveld burnt in winter and in early spring was very similar. Values 

recorded in this study were similar to those of Scotcher (1982) who 
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found that the maximum net productivity of one year-old grassland was 

approximately 200 g/m2/yr. However, the veld during the non-burning 

season of the biennial spring burn treatment showed a marked decrease in 

productivity (ca 60 g/m 2/yr). Similarly, protected treatments where 

fire had been excluded for a number of years also had significantly lower 

values of standing green material. 

Production estimates from other areas of the grassland biome (Rutherford, 

1978) range from 63 g/m2/yr for grasslands around Bloemfontein receiving 

500 mm mean annual rainfall, to 390 g/m 2/yr in the higher rainfall grass­

lands near Pietermaritzburg. The values recorded for Highland Sourveld 

in this study (230 g/m2/yr) would therefore place these grassl~ amongst 

the more productive areas of Southern Africa. 

In the lower rainfall areas of Southern Africa rainfall generally has a 

significant positive effect on the productivity of grasslands (Huntley, 

1984). The 1978 growing season of this study was characterised by having 

25% more precipitation than normal (Fig. 2.2). That yields were not 

affected by this above average rainfall suggests that moisture is gener­

ally not a limiting factor in the growth of these grass plants. 

Estimates of the below ground dry matter were 903 g/m2. Unfortunately 

it was not possible to distinguish between living and dead material, 

limiting the use of these data. It is interesting to note, however, 

that the below ground dry matter mass of veld burnt biennially in spring 

was approximately 300 g/m 2 greater than the above ground material after 

2 years of growth. 
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The CP and CF values founu l ~ ~h i s study did not differ markedly from 
I 

\ those of previous workers (Weinmann, 1955; Scotcher, 1982). Summer 
\ 
\ levels ranged between 5 and 10%, while winter levels dropped to approxi-

\ mately 3%. If 7% CP is considered to be the minimum level for animal 

maint enance (N.R.C., 1970), then the stimulation of fresh green shoots 

high in CP on burnt grassland early in the season, may be an important 

factor for the survival of antelope in these areas. 

Various techniques were used to estimate the production of the grassveld 

in this study. The limitations of these methods have already been dis­

cussed. However, in areas where grazing is minimal and decay slow (as 

was the case in this study) the selection of a particular technique is 

probably not as important as in areas where this is not the case. Per­

haps what is important is the number of samples taken at the time when 

maximum values are expected. Thus it is recommended that sampling inten­

sity should be increased at this time, since the calculation of A in 

equations (1) and (2) is based on the peak value. 

The calculation of net productivity using fitted mathematical functions 

avoids the problems just discussed and allows the calculation of the in-

stantaneous growth rate. It does however, smooth the data, which may 

result in the loss of real fluctuations in the data. 

The 'data presented in this study illustrate the beneficial effect of fire 

on the growth and quality of these montane grasslands. The most impor­

tant aspect of these results is that there were no significant differ­

ences in the production of grasslands which had received either 30 years 

of annual winter or biennial spring burning. From a management pOint of 

view it would appear that the veld can be burnt at any time between 
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winter (May/June) and spring (September/October) without adversely affect­

ing productivity. 

7.5 Summary 

i) In this chapter the long term effects of burning on herbage quantity 

and quality were examined. 

ii) The results indicated that differences in the effects of burning 

veld, either in winter or in spring were largely short term. 

iii) Maximum net productivity was approximately 230 g/m 2 in both annual 

winter and biennial spring burning. 

iv) Standing green material in protected areas was ca 20% lower than 

regularly burnt veld. 

v) There was little difference in the amount of CP available per hec-

tare between annual winter (113 kg CP/ha) and biennial spring burning 

~ (95 kg CP/ha). However, burning after 16 years of protection from fire 

resulted in a marked decrease (45 kg CP/ha)! 

vi) Winter burning stimulated fresh green shoots high in CP in early 

spring. This was considered an important factor for the survival of an­

telope in these areas. 

vii) The results showed that Highland Sourveld grassland can be burnt 

at any time between May and October without adversely affecting produc­

tivity. 
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CHAPTER 8 

THE EFFECT OF VELD BURNING ON CANOPY COVER AND SEDIMENT YIELD 

8.1 Introduction 

The catchment areas of the Natal Drakensberg are characterized by deeply 

dissected valleys and steep slopes. Falling within the region of very 

high rainfall energy ( > 10 000 J/m 2 /annum - Schulze, 1980) of South 

Africa the potential for soil erosion in these areas in considerable. 

Garland, Chisholm & Christian (1977) described the area as " .•. a high 

energy geomorphological system that is in a state of imbalance with cli­

matic and hydrological conditions". They concluded that "erosion and 

denudation rates are quite rapid, since significant quantities of soil 

and rock are transported over fairly short time spans of only 10 to 20 

years". Thus modifications of existing land use may result in a serious 

increase in rates of denudation. Management of the area should therefore 

take into account the effect of these geomorphological processes result­

ing in rapid rates of erosion (Garland et ~., 1977). 

In the early days of European settlement of these areas, farmers prac­

tised extensive burning together with heavy grazing (Nanni, 1969). This 

resulted in rapid degradation of the veld and accelerated soil erosion. 

As a result a commission of enquiry was held in 1923 which issued a re­

port condemning burning in Catchment Areas (Levyns, 1929). This was re­

emphasized in the Governments 1 investigation report following the severe 

droughts during 1932 and 1933 (Scott, 1951; 1955). 

However, by the early 1960 ' s seral development to woody plant species, 
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reduction of grass basal cover, accumulation of dead fuels and concomi­

tant increases in fire hazard and reduced water yields, illustrated the 

need for controlled burning treatments (Wicht, 1959; Le Roux, 1966; 

Duffey et ~., 1974; Bands, 1977). It was apparent that the only means 

by which catchment areas could be managed for the production of high 

quality water and preservation of the soil mantle was by regular burning. 

Thus comRlete protection of these grasslands from fire was replaced by a 

policy of burning the veld every second year in spring (Bainbridge & 

Scott, 1981). This policy was still in practice at the commencement of 

this study. 

Despite the controversy surrounding the use of fire and its effect on the 

water and sediment yield of catchments, there has been little research 

on these aspects in South Africa (Garland, 1982). At Cathedral Peak the 

hydrological effects of biennial burning in grassland catchments have 

been monitored since 1949. The results of these experiments (Nanni, 

1960; Bosch, 1979) have suggested that fire has little effect on stream­

flow. The only measurements of erosion in the Drakensberg have been made 

by Watson (1981), who attempted to estimate the effects of veld burning 

on sediment yield from catchment XI at Cathedral Peak. Her results in­

dicated, from measured run-off from firebreaks that had been burnt annu­

ally in early winter for 30 years, that regular fire had not resulted in 

accelerated soil losses. As this is the only work of this nature in the 

Drakensberg, it is apparent that further research on the effects of fire 

on the quality of water flowing from mountain catchments is required. 

The aims of this study were to determine firstly the effect of veld 

burning on vegetal cover, and secondly to predict soil loss using the 

canopy data derived from the different veld burning treatments. 
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8.2 Methods 

8.2.1 Canopy cover 

8.2.1.1 Apparatus - Levy Bridge 

The original Levy Bridge design detailed by Levy & Madden (1933) was 

adapted for this study following Granger1s observations (in Watson, 1981) 

that the mean basal diameter of this type of tussock grassland is approxi­

mately 130 mm. The interval between the holes in the horizontal bar 

through which the striking pin is directed was therefore increased from 

50 mm to 150 mm. This necessitated lengthening the horizontal bar from 

the standard 0,5 m to 1,5 m. Furthermore, 15 mm X 65 mm long brass sleeves 

were inserted into the holes to minimize lateral movement of the pin, and 

the diameter of the pin was increased to 12 mm to prevent bending. A 

sharpened point (ca 1 mm) was attached to the end of this pin. 

8.2.1.2 Sampling technique 

A preliminary assessment was carried out to determine the required sampl­

ing intensity. The Levy bridge was placed randomly 100 times in a 25 X 

25 m plot to obtain a total of 1000 pOint positions. The measurements 

were carried out when the canopy cover was low (September) since varia­

bility is highest at this time and sample size should be greatest. On 

the basis of running mean calculations, 40 point positions were consider­

ed adequate. However, at a later date these data were reanalysed to check 

whether this was enough to give a standard error within 10% of the mean. 

As it is possible for only integral values to occur in this type of 

enumeration, a discrete or discontinuous distribution was expected. How­

ever, a plot of the frequency distribution of the data (Fig~ 8.1) and a 

Chi-squared test (Table 8.1) showed that this was not the case. A Chi-
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Figure 8.1 Frequency distribution (percent) of canopy cover data and 
normal curve overlay for 100 emplacements of the Levy bridge. 

TABLE 8.1 Distribution of canopy cover data collected from 100 
placements of the Levy bridge. 
Fitted Poisson distribution. 

No. of strikes per Observed Expected 
bridge placement Frequency Frequency 
(10 points) 

° 1 9,499 

1 17 22,992 

2 36 33,148 

3 27 23,964 

4 14 8,679 

5 3 1,570 

6 2 0,148 

Chi-square value = 16,91; Degrees of freedom = 3 

o . 01 ~ n ~ o. om 

Contribution 
Chi-square 

7,604 

1,562 

0 ,245 

0,384 

7,119 

to 
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squared test for normal goodness of fit (Table 8.2) was therefore applied 

and showed that the data were normally distributed. The standard error 

of the mean (Parker, 1973) was therefore calculated as: 

x+s ................. ···(1) 

n 

and the standard deviation (s) as the square root of the variance. The 

number of samples required to give a standard error within 10% of the mean 

could be calculated by substitution in the formula: 

•••••••••••••••••• (2) • 
n = 

(0,1x) 

TABLE 8.2 Distribution of canopy cover data collected from 100 
placements of the Levy brige. Chi-square 

goodness-of-fit for normality. 

No. of strikes per Lower Limit Observed 
bridge placement 
1JO points) 

1 

2 

3 

4 

5 

6 

Chi-square value = 4 735 , ; 

0,10 > p > 0,05 

No. of Obs. 

1,0000 17 

1,8333 36 

2,6667 27 

3,5000 14 

4,3334 3 

5,1667 2 

Degrees of freedom = 3 

Expected 
No. of Obs. 

18,03 

27,13 

25,04 

14,18 

4,92 

1,05 
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The X and s of the data collected in this experiment were 2,53 and 1,17 

respectively. The minimal number of required placements of the bridge 

was calculated as 21,24. Thus, the sampling intensity of 40 used in this 

study was greater than the actual intensity required. 

During the early stages of this study it was envisaged that SLEMSA (the 

Soil Loss Estimator Model for Southern Africa, Dept. of Agricultural 

Technical Services, 1976) would be used for predicting soil losses. In 

this model aerial canopy cover is the only vegetation parameter required 

as an input into the model. Thus initial measurements included this 

parameter only. However, it later became apparent that MUSLE (Modified 

Universal Soil Loss Equation, Williams & Berndt, 1977) would be the 

more appropriate model for predicting sediment yield from catchments. 

In this model canopy includes mulch and close growing vegetation in 

addition to cover. Thus the initial results were later complemented 

with combined estimates of canopy and mulch cover (see later discussion). 

8.2.1.3 Study Sites 

Comparisons of canopy cover from annual winter and biennial spring burning 

treatments were obtained from the three replicated plots 9 a & b, 10 a & b, 

and 11 a & b (described previously in Chapter 7). Plot 12c was included 

in this study to examine recovery growth rate of veld burnt after 16 

years protection. Canopy cover was also estimated in an annual winter 

(plot 12 a), biennial spring (plot 12 b) and summer burn treatment (plot 
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12 d). 

Canopy cover estimates were taken in the above treatments at approxi­

mately two weekly intervals during the 1978 and 1979 growing seasons. 

Additional estimates of combined canopy and mulch data were recorded 

from the annual winter and biennial spring burning treatment during 1984 

and 1985. 

In order to assess the possible effect of altitude on canopy recovery 

additional canopy cover estimates were taken in a high altitude plot 

(1 900 m) and a low altitude plot (1 400 m), both which had received 

long term annual winter burn treatments. 

8.2.2 Soil loss modelling 

8.2.2.1 During the period 1976 - 1979 

Modelling of soil loss enables management with foresight, and not only 

after damage has occurred (Schulze, 1979). In Southern Africa both the 

Universal Soil Loss Equation (Wischmeier & Smith, 1978) and the SLEMSA 

equations have been used to model soil erosion. 

Schulze (1979) applied SLEMSA to the Drakensberg Key Area, and later used 

a modified version of USLE (MUSLE) for use in entire catchments (Schulze, 

1981). Sensitivity tests run on SLEMSA indicated that slight variations 
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in some parameters caused soil loss estimates to vary, in some cases by 

hundreds of percent. This led the author to conclude that at present 

SLEMSA can at best give only comparative results. The MUSLE, developed 

from more than 10 000 plot years of data, was therefore considered to be 

the better corroborated of the two models. Since prediction from a whole 

catchment was required, the MUSLE was adopted in this study. 

8.2.2.2 Description of the Modified Universal Soil Loss Equation 

Traditionally soil loss has been predicted on an average annual basis with 

equat ions including a rainfall energy component (Musgrave, 1947~ Wisch­

meier & Smith, 1965). Because this approach is neither suited to modell­

ing sediment yield (as opposed to soil loss) from catchments (as opposed 

to runoff plots), nor to applications where shorter time intervals are 

required (e.g. for water quality modelling), the USLE was modified (MUSLE, 

Williams, 1975 in Williams & Berndt, 1977) by replacing the rainfall en­

ergy factor with a run-off factor. According to Williams & Berndt (1977) 

the MUSLE increases sediment yield prediction accuracy and is applicable 

to individual storms on catchments. These authors found that in 60 

catchments, MUSLE generally explained 80% or more of the variation in 

individual storm sediment yield for each catchment. 

The MUSLE is expressed as: 

Y = 11,8 (Q x qp)0,56 K.C.P.LS •................... (1) 
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where Y = trie sediment yield from an individual storm in metric tons, 

Q = storm runoff volume in m3, 

qp = peak runoff rate in m3/ s , 

K = the soil erodibility factor, 

C = cover factor, 

p = the erosion-control-practice factor, and 

LS = the slope length and gradient factor. 

In this study, values of Q and qp were obtained from measured runoff 

from Catchment IV (area = 0,947 ha) at Cathedral Peak. Although Q and qp 

are highly intercorrelated, Q is more related to the detachment process, 

while qp describes sediment transport processes (Williams & Berndt, 1977). 

Values for K and LS for Catchment IV were obtained from Schulze, 1979. 

The C factor of the model is divided into three types: 

Type I - Canopy cover: This is defined as the percentage of the 

total surface area of ground that cannot be hit by vertically falling 

raindrops because of interception by leaves and stems which do not 

directly contact the soil surface. 

* Type I = 1,0 - 0,008 x 

where x = percentage canopy cover. 

Type II - Mulch and close growing vegetation: This includes all plant 

material in direct contact with the soil surface, and is expressed as the 

percentage of ground surface it occupies. Mulch intercepts raindrops, 

impedes overland flow of water and promotes infiltration. 
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* Type II = 1,078 - 0,107 Iy 

where y = percentage mulch. 

Type III - Residual effect: Land use affects soil stfucture, density, 

porosity, surface roughness, organic ma t ter content and rooting, all of 

which influence erodibility at a site. All these effects are specified 

as "residual". Values for the residual effect on natural areas were 

obtained from Wischmeier (1975). 

* Type III = 0,2 (residual effect on natural areas). 

* These equations are based on Figs. 1, 2 and 3 in Wischmeier (1975). 

The C factor was calculated for the annual winter and biennial spring 

burning treatments in the following manner: 

C = Type I x Type II x Type III .............. (2). 

If cover includes both canopy and surface mulch, the canopy and mulch 
I 

factors overlap and cannot both be fully credited. The mulch factor is 

taken at full value and the canopy factor is reduced to apply only to 

the percentage of the surface not covered by mulch. Thus the effective 

canopy cover 

a = x X (100 - y)/100 ..............•...•.... (3). 

Then Type I = 1,0 - 0,008 a. 

In making tl1is adjustment it was assumed that canopy and mulch cover were 

distributed independently. It is unlikely that this assumption is valid, 

but it probably suffices as an approximation, except when mulch cover is 
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low (Mentis, 1982). The product of the three types (C) is non-dimensional 

and ranges from 0 - 1. Daily values of C were computed for the four­

year period between 1976 and 1979. This period was chosen since values 

of measured runoff were readily available for this period. Four years 

were used to obtain two cycles of a biennial spring burn. Sediment loss 

was predicted by substiuting the above data for catchment IV into the 

MUSLE for the period 1976 to 1979. 

It is more important to note that the cover value was the only factor 

which varied in the comparison of the sediment yield from annual winter 

and biennial spring burn treatments. 

8.2.2.3 Modelling long term effects of veld burning on sediment loss 

In order to estimate long term effects of annual winter and biennial 

spring burn treatments, the MUSLE was used to predict daily values of 

sediment loss for a 20-year period from 1951 to 1970. To enable easy 

handling of the large data sets required for these analyses, the MUSLE 

was added as an option into the ACRU model (Schulze, 1981) by ' W. George, 

Assistant Research Fellow in the Dept. of Agricultural Engineering, 

University of Pietermaritzburg. For the period 1976 to 1979 observed 

values of Q and qp were used. However, between 1950 and 1970 only daily 

streamflow was available. For this period the ACRU model was used to 

derive the daily Q and qp values. 

8.3 Results 

8.3.1 Canopy cover 

Estimates of canopy cover (from October to December 1975) for veld burnt 
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annually in winter (plots 9a, 10a & 11a) and bienniall~ in spring (plots 

9b, 10b & 11b) are shown in Fig. 8.2 a-c. It is apparent from these dia­

grams that the biennial spring plots initially lagged behind the annual 

winter burn plots as a result of the different seasons of burn. At the 

beginning of the recording period these differences were approximately 

20%. By the end of November these differences were no longer significant. 

Maximum values at the end of the growing season varied between 60 and 80% 

in both treatments. Initially, lower percentage canopy cover values were 

also recorded in the biennial spring burn treatment in the beginning of 

the 1979/80 growing season (Fig. 8.2 d). Canopy cover in Plot 12 c, which 

had been protected for 16 years and then burnt, was however, significantly 

lower than the corresponding winter and spring burns throughout the grow­

ing season (Fig. 8.2 d). This difference was greatest in January, when 

estimates were approximately 40% lower than those from the annual winter 

and biennial spring burn treatments. By the end of March 1980 this 

difference had decreased to approximately 15%. 

Fig. 8.2 e illustrates the canopy recovery of plots burnt in the previous 

summer, autumn and winter. There was little difference between the re­

covery of the autumn and winter plots, maximum values being 62 and 73% 

respectively. The summer burn however" resulted in significantly lower 

canopy cover values, with the maximum value (47%) being approximately 

15 - 20% lower than the autumn and winter burn treatments. 

Estimates of canopy cover recorded in the low and high altitude plots 

during the 1981 growing season are shown in Fig. 8.2 f. The results show 

that there were no significant differences in the canopy recovery between 

the two sites. 
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8.3.2 Soil loss modelling 

Generalized curves of percentage cover for annual winter and biennial 

spring burn treatments (Fig. 8.3 a & b) were developed from canopy data 

from the previous section, and additional measurements of canopy and 

mulch estimated during 1984 and 1985. 

In the annual winter burn treatment (Fig. 8.3 a), canopy cover reached 

a maximum of 80% and mulch cover reached 62%. Canopy cover dropped to 

0% in May after the annual winter fire treatment removed the aerial 

canopy. Mulch cover, represented by stubble or tuft after the fire, 

dropped to 30%. These values remained constant throughout the rest of 

the winter period until growth resumed in August. Thereafter canopy 

recovery growth was rapid with both canopy and mulch cover reaching pre­

burn values by the end of December. 

Although mulch values in the biennial spring burn treatment were similar 

to those of the annual winter burn treatment, maximum canopy cover values 

were approximately 20% higher than the winter burn values (F.ig. 8.3 b). 

These values were attained in September of the second year after a burn. 

The fire treatment in early October removed the canopy, while mulch values 

approximated those of the annual winter burn treatment (30%). By early 

November growth had recommenced and canopy and mulch cover increased 

rapidly until January. 

Seasonal trends in the C factor over a two-year period, derived from 

Fig. 8.3 a & b), are shown in Fig. 8.4 for both annual winter and biennial 

spring burning. Since the C factor in the MUSLE is directly proportional 

to soil loss, low values of C (i.e. high cover), represent low values of 

soil loss. 
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At the end of the annual winter and biennial spring burning cycles (Marchi 

April - year 1, Fig. 8.4), C factor values were low «0,04) with little 

differences between treatments « 10%). The application of the winter 
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burn in May resulted in a sharp increase in the C factor from 0,036 to 

0,098. These high levels persisted until growth was initiated two months 

later in September. During this period the C factor in the biennial 

spring burn treatment remained low. However, values increased rapidly 

to 0,096 following the treatment burn in September. In spite of the 

immed iate commencement of growth in this treatment, the C factor was 

consistently higher than that of the annual winter burn treatment until 

the following June (a period of approximately seven months). At this 

stage the annual winter burn cycle was repeated, increasing the C factor 

to 0,096 as in the previous year. 

The C factor values for both burning treatments were substituted into the 

MUSLE to obtain estimates of predicted sediment loss (Fig. 8.5). The 

results showed a distinct seasonal trend with maximum predicted sediment 

loss (up to 185 tons) during the wet summer periods, and minimum predicted 

sediment loss during the dry winter periods «2 tons). 

Differences between the annual winter and biennial spring burn treatments 

were generally small. Predicted losses were lower in the annual winter 

burn when the burning of the two treatments coincided every second year, 

but were higher in the alternate years . 
• 

The long term effect of these two burning treatments on predicted sediment 

yield are shown in Fig. 8.6. Differences in the mean monthly sediment 

yield (20 years data) between treatments were generally small between 

January and July. In August and September predicted losses were greater 

in the annual winter burn treatment. From October to December, however, 

losses were greatest from the biennial spring burn treatment. 
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Estimates of predicted sediment loss using ~he ~USLE f?r 
the period 1976-1979 in annual winter and bIennIal sprIng 
burning. 

8.3.3 Corroboration of the MUSLE 

Corroboration is the procedure by which the model is assessed to deter­

mine the degree to which it meets expectation. In terms of the objec­

tives of this study interest is focussed on the relative difference be-

tween burning treatments. Thus the predictive ability of the model in 

abso lute terms was of little concern. However, since this is the only 

data of this kind available in Southern Africa, some attempt at corro-

boration is made. 
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To test the ~1USLE, observed sediment yield data from C IV (van Wyk, 1985, 

unpublished report) were compared against predicted sediment yield by 

examining their relationship with observed monthly stormflow (Fig. 8.7). 

Stormflow was selected as the independent variable as it was considered 

to be the variable most closely associated with sediment loss. Unfortun­

ately the measurements of observed sediment (1981-1984) did not coincide 

with observations of predicted sediment in this study (1976-1979). Thus 
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direct comparisons for individual storm events could not be made. The 

period 1981-1984 could not be modelled for soil loss since observed storm­

flow and peak discharge data were not available. Nevertheless the data 

in Fig. 8.6 should provide some measure of the magnitude between ob­

served and predicted sediment losses from catchment IV. 
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than the observed estimates. The data show that predicted losses were 

better correlated with monthly stormflow than the observed data which 

were more scattered. The better correlation between predicted losses 

and monthly stormflow might be expected, since the MUSLE uses a runoff 

factor to predict soil losses. The poor relationship between observed 

sediment and monthly stormflow needs further investigation before comment 

can be made. This would best be achieved by using daily streamflow an~ 

sediment values since monthly totals are difficult to relate to individual 

storm events. 

8.4 Discussion and conclusion 

The results of the experiment have shown that there is little difference 

in the percentage canopy cover at the end of the ":growing season between 

veld which had received 30 years of annual winter burning, and veld which 

had been burnt biennially in spring. However, differences in season of 

burn resulted in exposure to erosive forces at different times of the 

year. Thus early winter burning exposes the soil for an extended period 

during the dry season, but allows for immediate recovery in spring. In 

contrast, spring burning exposes the soil to the first summer rains and 

results in higher predicted sediment losses than does annual winter burn­

ing. 

This study has not quantified the effects of frost and wind erosion. 

Goetzee (1942) noted, however, that autumn burning, which leaves a sub­

stantial portion of the soil exposed before regeneration of the cover in 

spring, considerably increased the susceptibility to wind erosion. Loss 

of soil by wind following burning was, however, found to be of minor sig­

nificance in the Tall grassveld of Natal (Edwards, 1961). 
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The results of this study concur with those of Watson (1981), who found 

that annual winter burning did not result in accelerated soil losses. 

It would appear then that the optimum time of burning is mid-August 

(late winter), when the effects of exposure to wind and rainfall erosion 

would be minimized. Scott (1952), however, reported that soil losses 

from a veld burning trial at Estcourt were highest from annual August and 

triennial spring burnt veld. However, in this study both summer burnt 

areas and an area protected from fire for 16 years, showed significantly 

reduced canopy cover. These treatments might therefore be expected to 

result in increased runoff and erosion. Summer burning and protection 

from fire should therefore be used with caution since they would conflict 

with the primary management objective of the prevention of accelerated 

erosion. 

The fact that there was little difference in the recovery of the canopy 

over an altitudinal range of 500 m was surprising, as temperature decreases 

with increasing altitude. One would therefore have expected the canopy 

to have been initiated earlier at the lower altitude. There appears to 

be no explanation for this apparent anomaly. The implication of this 

r~sult is that the area between 1 400 m and 1 900 m (i.e. the approximate 

range of Highland Sourveld), can be managed as a single unit. 

As far as the author is aware, there are no published accounts of attempts 

to apply MUSLE to veld in Southern Africa using observed stormflow and 

peak runoff rates. Mentis (1982) used the USLE to predict soil losses 

with changes in canopy cover due to burning and grazing. According to 

Garland (1982) there is a tacit acceptance among investigators that USLE 

will provide the basis of future South African research on soil loss 

modelling. The results of this study have shown that while the MUSLE is 
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useful for comparative studies, its predictive ability is poor. This may 

be attributable to the fact that other variables controlling soil loss 

may be dominant in different regions. Alternatively, variables may in­

teract in different ways in regions of dissimilar terrain and environ­

mental characteristics (Garland, 1982). However, the fact that agreement 

between observed and predicted values was poor does not necessarily mean 

poor prediction by the model. There are two reasons why the model may 

appear to be overpredicting sediment loss in the present study. Firstly, 

since the MUSLE is not a sediment routing model, the location of deposi­

tion cannot be determined. This may explain the lack of agreement between 

the observed sediment and predicted values from the catchment IV weir. 

Secondly, the collection of observed sediment data is fraught with 

difficulties and measurements are most likely to underestimate sediment 

losses, because larger sediment particles are often not sampled. 

It is obvious from this discussion that thorough tests of validation 

should be carried out on the MUSLE before it is either accepted or re­

jected for use in South Africa. Until further research is carried out 

in this field, the MUSLE does, however, remain useful for comparative 

purposes. 

8.5 Summary 

i) This chapter examined the effects of various veld management 

practices on vegetal cover and soil loss. 

ii) There was little difference in the percentage canopy cover at the 

end of the growing season between veld which had received 30 years of 

annual winter burning and 30 years of biennial spring burning. 
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iii) Differences in season of burn resulted in exposure to erosive for­

ces at different times of the year. 

ivY Winter burning did not result in accelerated soil losses. 

v) The optimum time for burning is mid-August, when the effects of 

exposure to wind and rainfall erosion are minimized. 

vi) Both summer burning and protection from fire significantly reduced 

canopy cover. 

vii) Estimates of predicted sediment loss showed a distinct seasonal 

trend with maximum losses (185 tons) occurring during the wet summer 

periods, and minimum losses occurring during the dry winter periods 

( < 2 tons). 

viii) Differences in predicted sediment loss between annual winter and 

biennial spring burning were generally small. 

ix) The results showed that while the MUSLE is useful for comparative 

studies, its predictive ability is poor. 
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CHAPTER 9 

FACTORS AFFECTING THE TIMING OF GRASSLAND REGROWTH AFTER FIRE 

9.1 Introduction 

Burning in late spring and early summer, after active growth has commenced, 

has been shown in this study (Chapter 5) and in the Tall Grassveld of 

Natal (Dillon, 1979) to lead to severe damage to the grass cover and to 

T. triandra in particular (Tainton & Mentis, 1984). Other trials at 

Underberg showed that the closer the time of the burn is to the start of 

active spring growth, the more rapid is the recovery of the grassveld 

(Tainton, Groves & Nash, 1977). The design of a burning policy would 

therefore be greatly improved by an insight into the factors controlling 

the initiation of grass growth in the spring, thereby enabling the end 

of the fire season to be more accurately determined. 

Growth essentially comprises the conversion by solar energy of atmos­

pheric carbon dioxide, soil nutrients and water into herbage. The basic 

climatic factor limiting growth is the seasonal input of solar energy, 

but in practice the utilization of solar energy may be limited by other 

climatic factors such as low temperature and water stress (Cooper & 

Tainton, 1968). In the Natal Drakensberg, the dormant winter period is 

characterized by long periods of drought and low temperatures. An ex­

periment was therefore designed to test the hypothesis that early rain­

fall (i.e. increased soil moisture) is responsible for stimulating growth. 

The experimental design together with the parameters studied are pres­

ented as a flow diagram in Fig. 9.1. 
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9.2 Study site 

Two adjacent plots (15 x 15 m) were located at an altitude of 1 800 m 

in veld which had previously received a biennial spring burn treatment. 

The site was situated on level ground ca 500 m from the meteorological 

station at Cathedral Peak. A nearby stream provided water for irrigation 

purposes. Both plots were burnt in early July so that new growth could 

be easily measured. 

One of these plots received additional moisture by irrigation (referred 

to as the irrigated plot) to simulate early rain, while the other (the 

control) recei~ natural precipitation only. 

9.3 Methods 

9.3.1 Irrigation 

The irrigated plot received water by gentle spray from 10 microjets sit­

uated 33 mm apart on a 3,0 m long portable horizontal bar. This system 

was used so that the whole apparatus could be pushed through the plot 

at a constant rate to obtain an even distribution of water. This was 

essential as preliminary investigations revealed very une~en water distri­

bution from stationary microjects. For example, the coefficients of var­

iation from stationary microjets and from the portable apparatus were 

68,0 and 28,5% respectively. These values were obtained by measuring 

the amount of water delivered for each technique over a 3 X 4 m area at 

a grid interval of 1 X 1 m (i.e. 20 grid positions). Calibration of the 

portable apparatus indicated that at a speed of the apparatus of 1 m per 

minute across the plot, an equivalent of 7 mm of rainfall was delivered. 
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In practice the plot was divided into four lanes through which the app­

aratus was pushed at a rate of approximately 1 m per minute. Ten con­

tainers were randomly placed in each row and the amount of water delivered 

in each was measured. In this way the mean amount of water applied by 

each irrigation event could be calculated. This was checked against 

a standard raingauge placed at ground level in the irrigated plot. Diff­

erences between the mean obtained from the containers and the values for 

the raingauge were generally less than 1 mm. Irrigation continued at 

weekly intervals from 26 August 1982 to 29 September 1982. 

9.3.2 Rainfall 

Rainfall was measured after each rainfall event from an on site rain 

gauge. 

9.3.3 Ambient air temperature 

A continuous record of ambient air temperature was obtained from a ther­

mograph at the Cathedral Peak meteorological station. Temperature was 

expressed as "total daily temperature", that is, the integrated area 

under the diurnal curve. It was felt that this would provide the most 

meaningful index of the temperature conditions during the trial. 

9.3.4 Soil temperature 

This was recorded at three depths (30 mm, 60 mm and 90 mm) in each plot 

from temperature probes (wax type), and a continuous recorder during the 

study period. As the curves for the three depths were very similar, only 

data from the 30 mm depth are presented here. Total daily temperature 

was calculated in a similar manner to that described for air temperature. 
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9.3.5 Soil moisture 

Five randomly selected soil cores within each plot were collected at 

0-30, 30-60 and 60-90 mm depths. Samples were collected before and 

immediately after each irrigation event and after each rainfall event 

between 19 August 1982 and 30 September 1982. In the event of no rain 

falling the samples were taken every 7 days. Soil moisture was deter­

mined gravimetrically (98°C for 24 hours). 

Although an estimate of percentage soil moisture is useful, it provides 

little information about the amount of water available to the plants. 

Soil moisture characteristics were therefore estimated from undisturbed 

soil samples (i.e. cores in which the natural structure of the soil is 

preserved as far as possible) taken from the study site. These soil 

cores were used to determine field capacity (j.e. the moist end) and per­

manent wilting percentage (i.e. the dry end). Estimates of water poten­

tial were made from the gravimetric measurements of water content by 

drawing the calibration curve relating matric potential to water content. 

Two replicates of undisturbed cores were taken from both the irrigated 

and control site at a depth of 30 - 60 mm. Matric potentials of - 12,2 

kPa (field capacity) to - 69,0 kPa were determined using Tempe cells and 

successive weighings in desorption from saturation by application of air 

pressure. Matric potentials of - 98,3 kPa and - 1 462 kPa (permanent 

wilting point) were determined by use of pressure chambers and ceramic 

plates. " These measurements were carried out in the soil science labor­

atory at the Agricultural Faculty of the University of Natal. 
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9.3.6 Growth 

Growth was estimated in six selected grass species (T. triandra, 

H. contortus, T. spicatus, H. falx, T. leucothrix and A. semialata) at - - ----
weekly intervals throughout the study period. Twenty plants of each 

species in each plot were chosen at random and the longest leaf measured. 

9.4 Results 

The time and amount of rainfall in relation to the irrigation that was 

applied is shown in Fig. 9.2 d. Both plots received 67 mm rain, and an 

additional 47 mm water was applied to the irrigated plot. Thus a total 

of 114 mm was received by the irrigated plot, an amount of 24 mm above 

the average rainfall for this period (90 mm). 

The field capacity (Fe) of the dry mass of the soil at the control and 

irrigated sites was estimated to be 71,1% and 73,8% respectively (Table 

9.1 & Fig. 9.3). Permanent wilting pOint (PWP) (-1 462 kPa) occurred at 

ca 43% of the dry mass of the soil (Table 9.1 & Fig. 9.3). The relation-

ship between matric potential and soil moisture content was similar at 

both sites, although the irrigated site tended to have slightly higher 

moisture contents at the -12,2; -34,5; -69,0 and -98,3 kPa matric 

potentials (Fig. 9.3). 

Additions and losses of water from the soil are usually measured in in­

ches or centimetres, and may be readily converted to volumes. It is 

useful to convert the water content, expressed per unit mass, into water 

content per unit volume. This conversion is achieved by multiplying the 

percentage soil moisture by the bulk density of the soil. Thus the per­

centage available soil moisture (Fe - PWP) may, for any depth of soil, 
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be expressed as millimeters per unit of soil depth. From these calcu­

lations it is evident that if the soil was at Fe, there would be ca 43 mm 

of available soil moisture to the plants. 

TABLE 9.1 Soil water retention data from the control and irrigated 
sites (Soil form - Griffin). 

% Water Content 

Matric Potential 
Control Site Irrigated Site 

(k Pal 

Rep 1 Rep 2 x Rep 1 Rep 2 

- 12,2 69,2 78,4 73,8 69,4 72,8 

- 34,5 60,4 69,2 64,8 63,2 63,5 

- 69,0 57,5 67,0 62,0 61,0 61,7 

- 98,3 61,1 63,4 62,3 60,7 51,1 

- 1462,0 42,1 42,5 42,3 42,1 43,4 

Estimated 

saturated 
84,7 104,5 94,6 91,7 101,7 

water content 

Bulk density 1,48 1,41 1,45 1,45 1,42 

x 

7,1 

63,4 

61,4 

55,9 

42,8 

96,7 

1,44 
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cates. Soil form - Griffin. (PWP = permanent wilting 
point; Fe = field capacity). 

The effects of irrigation and rainfall on soil moisture are illustrated 

in Fig. 9.2 a-c. At the time of irrigation (26/8/82) there was no sig­

nificant difference between sites. Soil moisture at this time was 

approximately 25, 50 and 60% in the 0-30, 30-60 and 60-90 mm regions 

respectively. The 10 mm of additional water added to the irrigated plot 

increased soil moisture by ca 27% in the 0-30 mm region. Similar patterns 

were noted in the 30-60 mm zone, although the magnitude (ca 15% increase) 
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was much less. In the 60-90 mm region the effect was not immediately 

apparent, there being no significant difference between the plots at 

this t ime. In the following five days, however, during which time no 

water was received by either plot (Fig. 9.2), the moisture content in 

the irrigated plot tended to increase in the 60-90 mm region, while in 

the control it decreased. This would indicate that there is a time lag 

of 1-2 days for moisture to infiltrate to the 60-90 mm region. By the 

30/8/82 the moisture in the 0-30 mm region had decreased by 20% and 

estimates were similar to those prior to irrigation. In contrast, 

estimates of soil moisture in the 30-60 mm region' did not decrease sig­

nificantly during this period. This pattern, whereby moisture fluctuated 

widely in the 0-30 mm region (between 20 and 65%), and not in the deeper 

regions, was evident throughout the study period. 

Between the 1/9/82 and 4/9/82 approximately 38 mm of natural rainfall 

was recorded. This resulted in soil moisture increasing to a maximum 

of 65, 70 and 75% in the irrigated plot and 60, 63 and 70% in the con­

trol for the 0-30, 30-60 and 60-90 mm regions respectively. Differences 

between sites were therefore small at this time. The occurrence of this 

natural rainfall was unfortunate as it was hoped that the soil moisture 

potential in the irrigated plot could be maintained above that of the 

control. In any event, by the 14/9/82 the soil moisture in the 0-30 mm 

zone had returned to approximately 35% in both treatments. 

For t he remainder of the study period (14 to 30/9/82) the additional 

water applied to the irrigated plot maintained soil moisture at a sig­

nificantly higher level than in the control. 

An interesting feature of these soil' moisture data was that the irri-
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gated plot always had higher moisture values (even before irrigation 

commenced) than in the control plot. This may be due to the slight 

difference in the moisture characteristics between sites discussed previous­

ly (P.;l. 189). It was fortunate that it was the irrigated site that was wetter 

as the trial was designed to investigate the effect of increased moisture 

on plant growth. 

Soil moisture in the 60-90 mm zone of the irrigated site (ca 70%) approxi­

mated that of FC (71%). In addition the moisture contents of both sites 

in the 30-60 and 60-90 mm region did not drop below the PWP (43%). Thus 

at both sites moisture was always freely available below a depth of 30mm. 

Tne daily trends in the total daily air temperature and soil temperatures 

are shown in Fig. 9.4 and Fig. 9.S respectively. Immediately apparent 

from these figures is the effect of the cooler cloudy conditions (Fig. 

9.2 d) experienced between the 2~5/9/82 and again on the 23/9/82, which 

resulted in a sharp decrease in both ambient and soil temperatures. Both 

air and soil temperature followed very similar trends and surprisingly 

the maximum values attained (ca 400°C) were the same for both parameters. 

The results of the growth measurements of the six grass species (Fig. 9.6) 

showed that there were generally no significant differences in growth 

between plants in the control and irrigated plots. In all species 

growth followed the typical sigmoid curve, starting at some or other low 

value on the 30/9/82 and increasing to a maximum by the beginning of 

October. The .maximum length attained by the longest leaf during the 

study varied from 90 mm in H. contortus to 210 mm for H. falx. 
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Figure 9.6 

Dcte (1982) 

Mean weekly leaf lengths (mm) of Alloteropsis semialata, 
Harpechloa falx, HeteroDogon contortus, Themeda triandra, 
Tristachya leucothrix and Trachvpogon spicatus in the 
control and irrigated sites during spring, 1982. Vertical 
bars represent standard errors. 
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The correlat ion coefficients between the various parameters are pres-

ent ed in Table 9.2. There was c high correlation between soil tempera­

ture and air temperature. This is also reflected in the correlation 

between growth and air temperature and between growth and soil tempera­

ture, both of which were significant at the 1% level. There was however 

no significant correlation between growth and soil moisture in either 

the control or irrigated plots. 

TABLE 9.2 Correlation coefficients (r) for various parameters 
measured at the control and irrigated plots. 

(NS = not significant; * = p < O.l; ** = p <O. Ol) 

FAC TORS r 

Growth vs Soil Temp. 0,88 

Growth vs Air Temp . 0,89 

Growth vs Soil Moisture (Control) 0,10 

Growth vs Soil Moisture (Irrigated) 0,10 

Soil Temp. ( ° - 30 mm) vs Air Temp. 0,94 

Soil Temp . (30 - 60 mm) vs Air Temp. 0,90 

9.S Discussion 

Sig. 

* 

** 

NS 

NS 

** 

** 

The values for FC and PWP are unusually high when compared with soils 

from other areas, a fact best explained by their high organic matter 

contents (Cass, 1985, pers. comm.). Similar results for soils at Cath­

edral Peak were found by Everson, 1979. 

In the False Thornveld of the Eastern Cape, Danckwerts (1984) found that 
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an important determinant of herbage production is the time of onset of 

the first effective rains. In this study, however, the results showed 

that even after a long drought period, such as that which occurred prior 

to the study, soil moisture was high (average = 60%) at a depth of 90 mm. 

Since a proportion of the grass roots penetrate to at least a depth of 

500 mm (see results, Chapter 7), water is likely to be available to the 

plants throughout the year. This is contrary to the results of Sharrow 

& Wright (1977), who showed that in Texas soil moisture was the limiting 

factor in dry years in Hilaria mutica. 

The extension of the rainy season by early spring irrigation had no sig­

nificant effect on initiation or increase in growth. In contrast, studies 

by Parrot & Donald (1970) showed that an 18-day difference in the date 

of the first rains had a marked influence on the commencement of growth. 

This indicates that in the present study, some factor other than moisture 

was limiting growth. This is supported by the fact that there was no 

correlation between growth and soil moisture (Table 9.2). The results, 

although preliminary, demonstrate that early rainfall is not responsible 

for stimulating growth. The high correlation between growth and soil 

and air temperature (Table 9.2) suggest that temperature may be one of 

the limiting plant growth factors in this environment. 

These results have important implications for management, as previously 

in dry years (when foresters were unable to complete their burning pro­

grammes) the burning period was extended later into spring. The rationale 

for this was that growth was delayed in years of drought. This study has 

shown, however, that the initiation of growth in these years is probably 

not influenced by rainfall. 
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bridge & Scott, 1981). The blocks in turn are divided into compartments 

in which the appropriate burning treatment for the predominant vegetation 

is applied. Burning prescriptions prior to 1981 required that grasslands 

be burnt biennially in spring, after the first rains. In the event of 

no rainfall, they were to be burnt dry before the end of November. The 

'ideal' burning period is in late winter (August - S~ptember) while the 

grasses are still dormant (Scott, 1971; Tainton, Groves & Nash, 1977; 

Dillon, 1979; Scotcher & Clarke, 1981). Thus there is a relatively 

short period over which managers should implement burns. This period 

is further restricted by prevailing weather conditions which are seldom 

suitable for burning. It is apparent then, that some compromise must be 

reached that is also practical for managers. 

Evidence from this study (Chapter 5) has shown that burning once growth 

has been initiated can have detrimental effects on these grass swards. 

For example, summer burning (December) resulted in a 95% mortality rate 

of tagged Themeda triandra tillers, and a marked reduction in recovery 

growth rates. The only alternative for managers of large areas would 

therefore be to burn earlier in the season, that is during early winter. 

In this study it was shown that there were no significant differences 

in mean veld condition scores between plots which had received over 30 

years of annual winter and biennial spring burning. Similarly, there 

were no significant differences in the yield of above ground living mat­

erial between these treatments (Chapter 7). Plots burnt in early Octo­

ber (spring) had significantly lower percentage canopy cover values than 

the winter burnt plots in the early growing season (Chapter 8). Thus 

areas burnt at this time have little protection during the November/ 

December high intensity rains. However, areas burnt in winter (June 
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and July) are also subjected to long periods of soil exposure. These 

results suggest that burning should be allowed earlier in the season 

(from May onwards) rather than later in the year, that is into spring. 

Because significant growth has taken place by the end of September (Chap­

ters 5, 7 & 9), burning should not be permitted from October onwards. In 

dry years this period should not be extended (as has previously been per­

mitted), as growth may be initiated prior to the first rains (Chapter 9). 

The most suitable season for burning Highland Sourveld is therefore from 

the t ime of the first frosts in May until the end of October. 

In th i s study it was shown that the absence of fire results in a decrease 

in both veld condition (Chapter 3) and yield (Chapter 7). A regular 

fire regime was shown to be essential for maintaining these grasslands. 

Annua l and biennial burning were not significantly different in their 

ability to maintain veld condition, productivity and canopy cover, and 

so provide protection for the soil. A biennial burning regime maintained 

the dominant grass species at their present levels of abundance (Chapter 

5). This, together with the fact that biennial burning is cheaper to 

apply, suggests that a biennial burning regime would be most suitable for 

these grasslands. 

• 
According to Nanni (1969) the best form of veld management would be a 

combination of different burning seasons and different frequencies. In 

this manner no species would be favoured at the expense of others. Such 

a burning programme would, however, be complicated and difficult to apply. 

The results of this study have been incorporated into a revised manage­

ment burning programme which is also a compromise of Nanni's proposal. 

The burning season is now divided into three periods: 1) May (early 

winter), 2) June-July (winter) and 3) August-September (early spring). 
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This is aimed at encouraging ecological resiliance, since burning bienn­

ially ensures that a management compartment is burnt in a different 

period once every six years. An added advantage of such a policy is 

that there is a phased reduction in fuels loads and so provides some 

protection against wildfires. 

This raises the question of how such a burning policy would affect the 

fauna of these areas. Although not part of this study, it is obviously 

a question which must be considered. Rowe-Rowe (1982) has made observa~ 

tions on the five most abundant antelopes (eland, grey rhebuck, mountain 

reedbuck, oribi and blesbok), in the Natal Drakensberg. All of these 

antelopes showed positive responses to fire, feeding on recently-burnt 

veld in preference to unburnt veld. Early burning (May and, to a lesser 

extent June and July), would provide a green flush of high quality food 

for the winter period. Rowe-Rowe (1982) recommended biennial burning as 

this provides equal areas of burnt and unburnt veld. Unburnt veld was 

considered important to provide cover for grey rhebuck, mountain reedbuck 

and oribi, as lying out behaviour is practised by these antelopes for at 

least six weeks after the young are born. 

Biennial burning has also been found satisfactory for maintaining small­

mammal communities (Rowe-Rowe & Lowry, 1982). These small mammal popu­

lations are considered to be important in contributing to the abundance 

and species richness of avian and terrestrial predators. 

Mentis & Bigalke (1979), who examined grassland francolins in these mon­

tane grasslands, found that these birds flourished in biennial burns and 

that populations declined in the absence of fire. Annual burning was not 

advocated in this study as important food plants do not flower u~der this 
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burning regime. 

An avifaunal survey of the Natal Drakensberg (Little & Bainbridge, in 

press.) has shown that most grassland bird species are ecologically ad­

apted to the presence of fires during the dormant period. Since most 

bird species begin breeding in early spring, these authors recommended 

that late spring burns (after September) be avoided. The burning regime 

proposed for the grass vegetation is therefore also the most suitable 

for the local fauna. 

From the preceding discussion it is obvious that fires and Highland Sour­

veld grassland (including the fauna dependent on them) are inseparable. 

Management plans for these montane grassland areas that do not consider 

this inherent relationship are bound to fail, as the only way of achieving 

the stated objectives, is through the regular use of fire in the dormant 

period • 
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APPENDIX A Results of the analysis of variance using wheel point adjusted data 

Beciurn 

***.- ANALYSIS OF VARIA~CE ***** 

SOURCE OF VARIATION 

*UNITS* STRATUM 
DA 
OP 
ME 
DA.OP 
DA.ME 
OP.ME 

RESIDUAL 
TOTAL 

GRAND TOTAL 

DF 

5 
5 
5 

25 
25 
25 

125 
215 

215 

GRAND MEAN 2,38 
TOTAL NUMBER OR OBSERVATIONS 216 
** .. , 'I'ABLES OF MEJ>J.IS **'*. 
GRAND MEAN 

DA 

OP 

ME 

OP 
DA 

1 
2 
3 
4 
5 
6 

ME 
DA 

1 
2 
3 
4 
5 
6 

ME 
OP 

1 
2 
3 
4 
5 
6 

2,38 

1 
2,24 

1 
1,81 

1 
2,84 

1 

1,97 
3,15 
1,43 
1,68 
1,45 
1,18 

1 

2,74 
2,14 
4,01 
3,77 
2,07 
2,30 

1 

2,24 
3,01 
4,01 
0,83 
2,72 
4,23 

2 
2,55 

2 
2,27 

2 
1,93 

2 

1,03 
1,36 
2,60 
4,13 
1,93 
2,58 

2 

1,80 
1,86 
1,66 
2,10 
2,71 
1,45 

2 

1,14 
1,91 
3,03 
1,93 
1,23 
2,35 

SS 

12,808 
39,003 
43,481 

170,905 
119,554 
177 ,426 

1144,871 
1708,047 

1708,047 

3 
2,55 

3 
3,06 

3 
3,04 

3 

1,88 
3,36 
4,76 
2,75 
1,70 
3,92 

3 

2,11 
4,14 
2,43 
3,39 
0,91 
5,28 

3 

3,33 
2,73 
4,51 
4,38 
2,90 
0,41 

MS 

2,562 
7,801 
8,696 
6,836 
4,782 
7,097 
9,159 
7,944 

4 
2,39 

4 

2,72 

4 
2,16 

4 

2,32 
2,63 
2,71 
3,32 
1,33 
3,99 

4 

3,04 
2,53 
2,01 
1,85 
1,1·0 
2,43 

4 

1,04 
1,86 
2,31 
3,62 
1,88 
2,24 

VR 

0,280 
0,852 
0,949 
0,746 
0,522 
0,775 

5 
1,92 

5 
2,46 

5 
2,49 

5 

4,60 
3,25 
2,19 
1,13 
2,30 
1,28 

5 

1,95 
2,25 
3,52 
1,95 
3,15 
2,12 

5 

1,88 
1,07 
3,65 
3,70 
2,92 
1,72 

Sig. 

N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 

6 
2,64 

6 
1,98 

6 
1,84 

6 

1,66 
1,54 
1,62 
1,34 
2,81 
2,90 

6 

1,82 
2,38 
1,67 
1,30 
1,58 
2,28 

6 

1,23 
3,05 
0,86 
1,84 
3,10 
0,94 

.**** STANDARD ERRORS OF DIFFERENCES OF MEANS ****. 

TABLE 

REP 
SED 

DA 

3~ 
0,713 

Op 

36 
0,713 

ME DA DA OP 
____ .::,OP=--___ -.:M;::.E;:. ___ ...-:.ME.::::.. __ 

36 6 6 6 
0,713 0,747 0,747 0,74? 

••••• STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION ***** 

STRATUM DF SE CV% 

*UNITS· 125 3,026 127,0 
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APPENDIX A (Continued) Diheteropogon 

w**** A~ALYSIS OF VARIANCE ***** 

SOURCE OF VARIATION OF SS MS VR Sig. 

*UNITS· STRATUM 
DA 5 3,51 0,70 0,030 N.S. 

O? 5 55,38 11,08 0,472 N.S. 

5 432,82 86,56 3,691 *** ME 
DA.OP 25 318,73 12,75 0,544 N.S. 

DA.ME 25 205,80 8,23 0,351 N.S. 

OP.ME 25 577,79 23,11 0,986 N.S. 

RESIDUAL 125 2931,35 23,45 

TOTAL 215 4525,38 21,05 

GRAND TOTAL 215 4525,38 

GRAND MEAN 8,03 

TOTAL NUMBER OR OBSERVATIONS 216 

***** TABLES OF MEANS ***** 

GRAND MEAN 8,03 

DA 1 2 3 4 5 6 

7,97 7,93 8,20 8,05 7,85 8,19 

OP 1 2 3 4 5 6 

8,52 7,83 7,17 8,39 7,71 8,57 

ME 1 2 3 4 5 6 

6,62 6,35 10,08 7,78 7,66 9,71 

OP 1 2 3 4 5 6 

DA 
1 6,55 6,65 7,68 10,53 8,81 7,61 

2 5,99 9,96 6,57 7,50 7,74 9, S3 

3 11,06 7,45 7,14 6,50 8,57 8,46 

4 10,19 7,81 6,94 8,00 6,60 8,79 

5 9,53 8,74 5,98 7,72 7,23 7,93 

6 7,80 6,39 8,73 10,1.) 7,31 8,81 

ME 1 2 3 4 5 6 

DA 
1 6,25 5,71 10.93 8,03 6,78 10,13 

2 6,64 6,85 6,76 8,82 7,45 11.07 
3 6,68 7,43 12,10 7,06 7,40 8,50 

4 6 1 87 5,33 10,90 7,18 8,12 9,91 
5 7,38 5,37 9,27 8,39 6,95 9,72 
6 5,89 7,40 10,53 7,18 9,28 8,85 

ME 1 2 3 4 5 6 

OP 
1 5,48 7,61 6,62 10,84 9,98 1.0,59 
2 7,73 3,12 11,34 6,30 8,92 9,59 
3 5,72 5,56 8,74 7,70 5,48 9,83 
4 7,37 7,51 13,89 5,76 7,28 8,55 
5 3,96 7,48 8,33 8,93 6,48 11,08 
6 9,46 6,82 11, "55 7,15 7,83 8,59 

.*.*. STANDARD ERRORS OF DIFFERENCES OF MEANS ****. 

TABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 1,141 1,141 1,141 2,796 2,796 2,796 

***** STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION ***** 

STRATUM OF SE CV% 

·UNITS· 125 4,803 60,3 
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APPE:NDIX A (Continued ) 

Harpech10a 

****. ANALYSIS OF VARIANCE ***** 

SOURCE OF VARIATION OF SS MS VR Sig. 

*UNI'l'S * STRA'l'UM 
5 5,170 1,034 0,385 N.S. 

OA 
01' 5 17 ,919 3,584 0,385 N.S. 

5 125,696 25,139 9,354 **" 
ME 
DA.OP 25 87. 372 3.515 1,308 N.S. 

OA.ME 25 40,056 1.602 0,596 N.S. 

OP.ME 25 77,133 3,085 1.148 N.S. 

RESIDUAL 125 335,927 2,687 

TOTAL 215 6d :~, 77j J ,:;JC 

GR1,ND TOTAL 215 689,773 

GRAND MEAN 1,77 

TO'l'AL NUMBER OR OBSERVATIONS 216 

***** TABLES OF MEANS ***** 

GRAND MEAN 1,77 

OA J 2 3 4 5 6 

1.91 1,54 1,:>1 1,70 1,92 1,62 

OP 1 2 3 4 5 6 
1,73 1,98 1,69 1,61 2,25 1,33 

ME 1 2 3 4 5 6 
2,43 2,23 0,95 1,77 2,64 ·0,58 

OP 1 2 3 4 5 6 

DA 
1 3,12 1,22 1,09 2,47 2,67 0,91 

2 1,52 2,49 1,40 1,18 1,93 0,70 

3 1,55 2,34 2,70 1,23 2,44 1,24 

4 2,11 1,90 1,31 1,89 2,'C0 1,00 

5 0,96 1,86 0,74 1,72 2,95 3,29 

6 1,15 2,05 2,91 1,20 1,53 0,89 

ME 1 2 3 4 5 6 

DA 
1 3,20 2,05 0,89 1,91 3,42 0,00 

2 1,72 2,04 1,40 1,70 1,63 0,73 

3 2,70 2,29 0,67 1,91 2,98 0,92 

4 1,46 2,94 0,51 1,77 3,20 0,34 

5 2,77 1,70 1,57 1,74 2,78 0,94 

6 2,72 2,35 8,69 1,56 1,85 0,56 

ME 1 2 3 4 5 6 
OP 

1 3,14 1,53 1,04 1,47 2,90 0,05 

2 1,35 3,39 0,85 2,16 2,40 1,72 

3 2,96 2,05 1,55 0,78 2,52 0,28 

4 2,39 1,61 0,41 2,95 2,13 0,20 

5 2,54 2,84 1,00 2,22 4,57 0,54 

6 1,94 1,94 0,88 1,01 1,55 0,69 

•••• * STANDARD ERROR:; OF DIFFERENCES OF MEANS .*.** 

TABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 0,386 0,386 0,386 0,946 0,946 0,946 

*.*.* STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION ***** 

STRATUM DF SE CV% 

*UNITS* 125 1,639 92,8 
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•••• * ANALYSIS OF VARIANCE ***** 

SOURCE OF VARIA'I'ION DF SS MS VR Sig. 

·UNITS* STRATUM 
0,61 0,037 

DA 5 3,05 N.S. 

OP 5 19,48 3,90 0,236 N.S. 

HE 5 86,16 17,64 1,066 N.S. 

DA.OP 25 500,49 20,02 1,211 N.S. 

DA.ME 25 174,35 6,97 0,422 N.S. 

OP.ME 25 527,72 21,11 1,276 N.S. 

RESIDUAL 125 2067,13 16,54 

TOTAL 215 3360,40 15,72 

GRAND TOTAL 215 3360,40 

GRAND MEAN 2,03 

TOTAL NUMBER OR OBSERVATIONS 216 

••••• TABLES OF MEANS ** ••• 

GRAND MEAN 2,03 

DA 1 2 3 4 5 6 

1,96 1,94 2,13 2,20 1,85 2,06 

OP 1 2 3 4 5 6 

2,15 2,06 1,77 2,54 2,04 1,59 

ME 1 2 3 4 5 6 
:0 ,33 :;,20 i, :"J2 ~, ::: 2 2,97 1. ';1 

OP 1 2 3 4 5 6 

DA 
1 0,36 0,72 3,05 5,32 2,06 0 ,22 

2 3,98 3,44 1,69 0,61 0,51 1, ·~l 

3 0,74 0,60 0,44 3,03 5,49 2,46 

4 5,21 2,68 0,15 1,78 1,18 2,18 

5 0,24 0,30 2,02 3,56 2,70 2,30 
6 2,37 4,61 3,28 0,94 0,33 0,92 

ME 1 2 3 4 5 6 

DA 
1 1,13 2,67 0,07 2,63 4,85 0,40 

2 2.83 2,92 2,06 0,92 2,07 0,84 

3 4,45 0,82 0,61 1,32 3,88 1,69 

4 2,86 1.,94 1,17 2,13 3,07 2,00 

5 0,73 1,85 1,04 2,77 2,55 2,18 

6 2,00 2,98 1,17 3,53 1,43 1,35 

ME 1 2 3 4 5 6 

OP 
1 5,08 1,58 2,39 0,68 3,13 0,05 
2 0,15 4,94 0,35 3,44 0,92 2,54 
3 2,49 0,03 1,44 1,61 4,85 0,2.!. 

4 0,55 3,55 0,81 5,31 3,22 1,81 
5 5,07 0,71 0,88 0,66 4,93 0,00 
6 0,66 2,37 0,25 1,59 0,80 3,84 

*.*** STANDARD ER1WRS OF DIFFERENCES OF MEANS ***** 

'I'ABLE DA OP /'IE DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 0,959 0,959 0,959 2,348 2,3413 2,340 

.' ... - STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION .* ••• 

STRATUM DF SE CV% 

·UNITS· 125 4,067 200,8 
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Hyooxis 

••••• ANALYSIS OF VARIANCE --**-
SOURCE OF VARIATION OF SS MS VR Sig. 

·UNITS· STRATU~I 

5 207,808 41,562 4,666 •• * 
DA 

5 296,979 59,396 6,668 ••• 
OP 

5 1154,725 230,945 25,927 ••• 
ME 

25 375,110 15,004 1,684 .* 
DA.OP 
DA.ME 25 203,706 8,148 0,915 N.S. , 

OP.ME 25 405,972 16,239 1,823 *" 

RESIDUAL 125 1113,437 8,907 

TOTAL 215 3757,739 17,478 

GRAND TOTAL 215 3757,739 

GRAND MEAN 3,35 
TO'l'AL NUMBER OR OBSERVATIONS 216 

***** TABLES OF MEANS ***** 

GRAND MEAN 3,35 

DA 1 2 3 4 5 6 

4,92 4,34 3,32 2,76 2,15 2,61 

OP 1 2 3 4 5 6 

2,50 5,66 2,06 3,72 3,39 2,76 

1 2 3 4 5 6 
7,00 4,92 0,44 2,76 4,20 0,7\; 

OP 1 2 3 4 5 6 

DA 
1 4,67 9,54 2,87 7,26 3,08 2,09 

2 0,63 8,06 3,05 3,58 6,84 3,86 

3 3,05 6,36 1,65 4,17 2,25 2,44 

4 1,57 5,32 1,66 2,94 3,22 1,84 

5 1,53 3,05 1,92 1,42 1,61 3,36 

6 3,54 1,66 1,19 2,98 3,34 2,95 

ME 1 2 3 4 5 6 

DA 
1 9,80 5,73 0,98 6,97 5,88 0,14 

2 9,99 5,03 0,59 2,68 4,27 3,45 

3 5,91 5,97 0,17 2,18 4,82 0,86 

4 5,54 4,92 0,17 1,95 3,87 0,09 

5 4,46 3,93 0,15 1,49 2,87 0,00 

6 6,32 3,96 0,59 1,29 3,52 0,00 

ME 1 2 3 4 5 6 
OP 

1 5,29 4,29 0,46 0,93 3,60 0,41 

2 9,38 8,63 0,16 6,79 8,43 0,59 
3 3,04 4,36 0,77 1,23 2,38 0 .,55 
4 11,83 4,50 0,50 2,40 3,07 0,05 
5 6,42 3,82 0,52 2,75 3,90 2,95 
6 6,013 3,95 0,24 2,45 3,83 0,00 

****. STANDARD ERRORS OF DIF'FERENCES OF MEANS .**** 

TABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
'SED 0,703 0,703 0,703 1,723 1,723 1,723 

**.*. STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION .*.,. 
STRATUM OF SE CV\ 

·UNITS· 125 2,985 89,1 
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***** ANALYSIS OF VARIANCE ***** 

SOURCE OF VARIATION DF SS MS VR Sig. 

*UNI'l'S * STRATUM 
DA 5 21.429 4.286 0.541 N.S. 

OP 5 20,942 4,188 0,529 N.S. 

5 278,862 55,772 7,045 *** 
ME 
DA.OP 25 228,1311 9,1:, ,1 1,156 N.S. 

DA.ME 25 155,680 6,227 0,787 N.S. 

OP.ME 25 278,180 11,127 1,405 N.S. 

RESIDUAL 125 989,629 7,917 

TOTAL 215 1973,565 9,179 

GRAND TO'l'AL 215 1973,565 

GRAND MEAN 1,45 

TO'l'AL NUMBER OR OBSERVATIONS 216 

****. TABLES OF MEANS **.*. 

GRAND MEAN 1,54 

DA 1 2 3 4 5 6 
1,98 1,48 1,78 1,69 1,21 . 1,09 

OP 1 2 3 4 5 6 
1,23 1,58 1,21 1,33 1,93 1,96 

ME 1 2 3 4 5 6 
3,04 2,33 0,14 1,46 2,27 0,00 

OP 1 2 3 4 5 6 

DA 
1 0,43 0,98 1,98 2,80 4,21 1,47 

2 0,38 3,51 1,70 1,14 0,37 1,80 

3 2,14 0,15 0,65 . 1,71 4,12 1,92 

4 2,16 3,71 0,50 0,26 0,64 2,90 

5 0,74 0,32 0,76 0,83 2,22 2,39 

6 1,51 0,79 1,66 1,26 0,00 1,30 

ME 1 2 3 4 5 6 

DA 
1 3.,60 2,38 0,08 2,16 3,65 0,00 

2 1,71 4,09 0,08 0,63 2,40 0,00 

3 6,26 0,95 0,07 0,89 2,53 0,00 
4 3,49 2,84 0,00 1,97 1,87 0,00 
5 1,03 2,11 0,21 1,55 2,35 0,00 
6 2,12 1,61 0,37 1,58 0,83 0,00 

ME 1 2 3 4 5 6 
OP 

1 3,67 2,21 0,31 0,00 1,17 0,00 
2 0,83 4,81 0,17 2,74 0,92 0,00 
3 1,94 1,18 0,11 1,22 2,80 0,00 
4 0,66 1,48 0,03 2,95 2,88 0,00 
5 6,10 0,90 0,17 0,56 3,83 0,00 
6 5,00 3,39 0,03 1,32 2,03 0,00 

.*.*. STANDARD ERRORS OF DIFFERENCES OF MEANS ****. 

TABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 0,663 0,663 0,663 1,625 1,625 1,625 

***** STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION ***** 

STRATUM DF SE CV\ 

*UNI'l'S* 125 2,814 182,8 
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Rendlia 

***** ANALYSIS OF VAR I ANCE tr**** 

SOURCE OF VARIATION 

*UNITS* STRATUM 
DA 
OF 
ME 
DA.OP 
DA.ME 
RESIDUAL 

TOTAL 

GRAND TOTAL 

GRAND MEAN 

DF 

5 
5 
5 

25 
25 
25 

125 
215 
215 

SS 

137,14 
95,25 

1335,63 
508,23 
345,32 
750,72 

9008,43 
12180,70 
12180,70 

MS 

27,43 
19,05 

267,12 
20,33 
13,81 
30,03 
72,07 
56,65 

VR 

0,301 
0,264 
3,707 
0,282 
0,192 
0,417 

Sig. 

N.S. 
N.S. 
*** 
N.S. 
N.S. 
N.S. 

TOTAL NUMBER OR OBSERVATIONS 

10,88 
216 

***** TABLES OF MEANS 

GRAND MEAN 10,88 

DA 

OP 

ME 

OP 
DA 

1 
2 
3 
4 
5 
6 

ME 
DA 

1 
2 
3 
~ 

5 
6 

ME 
OP 

1 
2 
3 
4 
5 
6 

***** 

1 
9,93 

1 
11,42 

1 

8,86 

1 

9,85 
9,70 

10,69 
12,58 
14,41 
11,27 

1 

7,48 
9,11 
9,73 
7,00 

10,50 
9,35 

1 

6,99 
10,37 

7,39 
10,04 
10,10 

8,28 

2 
9,9'0 

2 
11,10 

2 
. 8,48 

2 

9,77 
10,93 
12,83 
12,55 
11,65 

8,89 

2 

8,79 
4,32 
9,50 
9,33 

10,10 
8,85 

2 

6,3'8 
7,45 

10,21 
9,71 
8,55 
8,60 

3 
11 ,17 

3 
11,05 

3 
15,71 

3 

9,35 
9,01 
9,23 

12,79 
15,27 
10,63 

3 

13,86 
12,10 
16,57 
18,88 
17,92 
14,93 

3 

16,86 
16,10 
16,10 
14,12 
15,27 
15,81 

4 
11,38 

4 
9,43 

4 
10,32 

4 

10,40 
12,07 

9,10 
8,87 
8,30 
7,84 

7,82 
11,98 

9,68 
10,78 
10,52 
11,14 

4 

13,66 
11,00 

8,00 
5,55 

13,00 
10,63 

***** STANDARD ERRORS OF DIFFERENCES OF MEANS **.*. 

TABLS 

REP 
SED 

DA 

36 
2,001 

OP 

36 
2,001 

ME 

36 
2,001 

DA 
OP 
6 

4,901 

5 
12,15 

5 
11,29 

5 
9,61 

5 

8,84 
9,19 ' 

13,17 
9,69 

13,13 
13,70 

5 

8,87 
10,40 
9,08 
9,57 

10,48 
9,23 

5 

10,65 
13,15 

8,78 
5,23 
8,47 

11,35 

DA 
ME 
6 

4,901 

•• *** STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION ***** 

STRATUM OF SE cn 

·UNITS* 125 8,489 78,0 

6 
10,75 

6 
11,00 

6 
12,30 

6 

11,37 
8,54 

11,98 
11,82 
10,12 
12,15 

6 

12,78 
11,51 
12,44 
12.73 
13,36 
10,97 

6 

13,96 
8,55 

15,79 
11,93 
12,25 
11,31 

OP 
ME 

211 

6 
4,901 
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** * ** ANALYSIS OF VARIANCE ***** 

SOURCE OF VARIATION OF SS MS VR Sig. 

*UNITS* STRATUM 
DA 5 13 ,804 2,761 0,862 N.S .• 

5 109,887 21,977 6,863 •• * 
OP 

5 472,072 94,414 29,483 .*~ 

ME 
DA.OP 25 104,692 4,188 1,308 N.S. 

DA.ME 25 37,986 1,519 0,474 N.S. 

25 168,558 6,742 2,105 .*. 
OP.ME 

RESIDUAL 125 400,298 3,202 

TOTAL 215 1307,297 6,080 

GRAND TOTAL 215 1307,297 

GRAND MEAN 1,97 

TOTAL NUMBER OR OBSERVA'rIONS 216 

***** TABLES OF MEANS ***** 

GRAND MEAN 1,97 

DA 1 2 3 4 5 6 

1,51 2,12 1,77 2,02 2,10 2,27 

OP 1 2 3 4 5 6 

2,22 0,65 1,40 2,31 2,64 2,57 

ME 1 2 3 4 5 6 

4,05 3,34 0,39 1,36 2,61 0,05 

OP 1 2 3 4 5 6 

DA 
1 3,31 0,12 0,18 1,07 1,82 2,55 

2 1,57 0,18 0,81 2,21 4,62 3,35 

3 2,26 0,04 2,22 1,85 1,61 2,64 
4 1,82 0,44 1,64 3,47 2,84 1,92 

5 2,33 2,01 2,00 2,13 1,65 2,46 
6 2,00 1,10 1,57 3,14 3,30 2,51 

ME 1 2 3 4 5 6 

DA 
1 2,55 2,48 0,77 1,04 2,22 0,00 
2 4,58 4,09 0,11 1,38 2,58 0,00 
3 3,71 2,29 0,28 1,73 2,62 0,00 
4 4,63 3,38 0,41 1,34 2,27 0,11 
5 3,69 4,21 0,36 1,34 2,78 0,21 
6 5,13 3,57 0,43 1,32 3,17 0,00 

ME 1 2 3 4 5 6 
OP 

1 5,77 3,27 0,59 0,87 2,80 0,00 
2 0,80 1,26 0,12 0,50 1,15 0,07 
3 1,77 3,01 0,12 1,01 2,37 0,14 
4 6,02 . 3,17 0,24 1,85 2,58 0,00 
5 3,87 6,36 0,53 1,92 3,05 0,11 
6 6,05 2,94 0,76 2,00 3,68 0,00 

... *. STANDARD ERRORS OF DIFFERENCES OF MEANS .*.** 

'I'ABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 0,422 0,422 · 0,422 1,033 1,033 1,033 

* •••• STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION .*.** 

STRATUM OF SE CV\ 

·UNITS* 125 1,790 91,1 
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Senecio 

.**.* ANALYSIS OF VARIA·NCE ***** 

SOURCE OF VARIATION DF SS MS VR Sig. 

*UNITS* STRATUM 
DA 5 25,466 5,093 0,871 t\.S. 

OP 5 25,693 5,139 0,.879 N.S. 

5 299,234 59,847 10,234 .** 
HE 
DA.OP 25 115,210 4,608 0,788 N.S. 

DA.ME 25 65,191 2,608 0,446 N.S. 

25 220,630 8,825 1,509 **. 
OP.ME 

RESIDUAL 125 730, '385 5,848 

TOTAL 215 1482,409 6,895 

GRAND TOTAL 215 1482,409 

GRAND MEAN 1,67 

TOTAL NUMBER OR OBSERVATIONS 216 

**.*. TABLES OF MEANS ***.* 

GRAND MEAN 1,67 

DA 1 2 3 4 5 6 
1,45 2,35 1,87 1~51 · 1,51 1,34 

OP 1 2 3 4 5 6 
1,35 2,41 1,64 1,51 1,59 1,52 

ME 1 2 3 4 5 6 
3,91 2,01 0,54 1,42 1,82 0,33 

OP 1 2 3 4 5 6 

DA 
1 1,24 1,58 1,68 2,51 0,70 1,00 

2 2,72 3,32 1,28 0,79 2,94 3,03 

3 0,76 4,49 1,96 1,93 0,77 1,31 

4 0,68 1,12 1,63 1,91 1,63 2,09 

5 1,21 1,29 2,54 0,89 2,20 0,92 

6 1,49 2,70 0,76 1,02 1,28 0,78 

ME 1 2 3 4 5 6 

DA 
1 3,79 1,61 0,35 1,64 1,32 0,00 

2 3,33 4,09 1,77 1,56 1,53 1,80 

3 4,83 2,54 0,17 2,22 1,45 0,00 

4 3,65 1,75 0,52 1,32 1,82 0,00 

5 4,16 1,04 0,29 0,86 2,53 0,18 
6 3,74 1,03 0,12 0,90 2,25 0,00 

ME 1 2 3 4 5 6 
OP 

1 2,33 3,54 0,19 0,81 1,23 0,00 
2 8,58 1,52 0,23 1,53 2,63 0,00 
3 3,87 2,23 0,32 1,41 2,03 0,00 
4 4,26 1,56 0,00 1,43 1,80 0,00 
5 2,39 1,77 0,72 1,64 1,03 1,98 
6 2,05 1,45 1,77 1,68 2,17 0,00 

***** STANDARD ERRORS OF DIFFERENCES OF J-iEANS .**** 

TABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 0,570 0,570 0,570 1,396 1,396 1,396 

••••• STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION ***** 

STRATUM DF SE CV\ 

·UNITS* 125 2,418 144,8 
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***** ANALYSIS OF VARIANCE **t •• 

SOURCE OF VARIATION DF SS MS VR Sig. 

*UNI'l'S* STRATUM 
DA 5 144,95 28,99 1,265 N.S. 

OP 5 129,18 25,84 1,127 N.S. 

5 1965,63 393,13 17,149 .. -
ME 
DA .OP 25 799,02 31,96 1,394 N.S. 

DA.ME 25 544,88 21,80 0,951 N.S. 

OP.ME 25 547,43 21,90 0,955 N.S. 

RESIDUAL 125 2865,52 22,92 

TOTAL 215 6996,61 32,54 

GRAND TOTAL 215 6996,61 

GRAND MEAN 14,06 

TOTAL NUMBER OR OBSERVATIONS 216 

* •••• TABLES OF MEANS *.* •• 

GRAND MEAN 14,06 

DA 1 2 3 4 5 6 
15,18 13,10 14,74 12,92 14,01 14,38 

OP 1 2 3 4 5 6 
13,54 14,34 14,25 15,06 14,49 12,64 

ME 1 2 3 4 5 6 
18,11 15,68 10,66 14,08 16,17 9,64 

OP 1 2 3 4 5 6 

DA 
1 14,35 15,16 13,41 14,61 17,08 16,46 

2 11,70 10,56 17,59 18,00 10,92 9,86 

3 14,14 17,90 13,78 14,17 16,71 11,72 

4 12,08 16,13 13,82 12,97 11,02 10,70 

5 15,91 11,65 12,54 13,91 14,21 15,84 

6 13,06 14,66 14,37 16,72 16,20 11,28 

ME 1 2 3 4 5 6 

DA 
1 19,34 18,51 9,60 13,60 18,50 11,52 

2 16,53 10,42 14,20 13,89 15,40 8,19 

3 19,79 16,21 10,01 15,14 17,87 9,40 

4 13,60 17,36 8,14 13,57 15,90 8,96 

5 19,15 15,66 11,44 14,01 14,55 9,25 

·6 22,24 15,92 10,56 14,25 14,82 10,50 

ME 1 2 3 4 5 6 
OP 

1 16,94 16,07 8,50 15,57 16,12 8,05 
2 15,12 17,2.2 10,81 15,41 16,87 10,63 
3 16,20 15,91 12,92 13,35 16,68 10,45 
4 22,56 15,21 9,09 14,49 16,38 12,65 
5 19,69 17,31 13,24 14,05 16,45 6,20 
6 18,14 12,36 9,40 11,59 14,53 9,84 

••••• STANDARD ·ERRORS OF DIFFERENCES OF MEANS .. -_. 
'l'ABLE DA OP ME DA DA OP 

OP ME ME 

REP 36 36 36 6 6 6 
SED 1,129 1,129 1,129 2,764 2,764 2,764 

.ta*. STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION .* •• * 

STRATUM DF SE cn 

'UNITS' 125 4,788 34,1 
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Trachypogon 

••• *. ANALYSIS OF VARIANCE **** • 

SOURCE OF VARIATION OF SS MS VR Sig. 

*UNITS· STRATUM 
DA 5 95,59 19,12 1,506 N.S. 

OP 5 102,65 20,53 1,617 N.S. 

5 122,78 24,56 1,934 • ME 
DA.OP 25 23 3 ,62 9,34 0,736 N.S. 

DA.ME 25 287,04 11,48 0,904 N.S. 

OP.ME 25 253,65 10,15 0,799 N.S. 

RESIDUAL 125 1587,07 12,70 

TOTAL 215 2682,39 12,48 

GRAND TOTAL 215 2682,39 

GRAND MEAN 1 , 95 
TOTAL NUMBER OR OBSERVATIONS 216 

***.* TABLES OF MEANS ***** 

GRAND MEAN 1,95 

DA 1 2 3 4 5 6 
1,66 3,36 1,55 2,07 1,36 1,72 

OP 1 2 3 4 5 6 
2,44 0,83 2,07 1,24 2,40 2,74 

ME 1 2 3 4 5 6 
1,39 3,04 2,85 1,36 1,99 1,08 

OP 1 2 3 4 5 6 

DA 
1 1,96 1,17 1,45 0,90 2,70 1,78 

2 6,10 0,17 1,98 1,11 3,21 7,60 

3 1,25 0,10 1,93 1,37 1,94. 2,69 
4 2,37 1,95 3,34 1,05 2,07 1,63 
5 1,64 0,28 1,97 1,10 1,40 1,77 
6 1,32 1,29 1,76 1,89 3,08 0,98 

ME 1 2 3 4 5 6 
DA 

1 0,86 1,97 1,66 1,53 2,88 1,05 
2 1,19 7,15 7,65 1.,16 2,17 0,85 
3 1,97 2,78 1,39 1,20 1,37 0,58 
4 1,1"6 2,68 4,77 I,ll 1,92 0,77 
5 1,24 1,42 0,76 1,55 1,62 1,55 
6 1,91 2,24 0,84 1,62 2,02 1,69 

ME 1 2 3 4 5 6 
OP 

1 1,07 6,55 2,81 1,31 1,35 1,54 
2 0,40 0,41 1,83 0,09 0,80 1,45 
3 1,02 3,47 1,77 1,79 2,70 1,66 
.; 1,89 1,63 1,02 0,83 1,70 0,35 
5 1,79 4,25 2,44 2,31 2,57 1,05 
6 2,16 1,94 7,21 1,85 2,85 1,44 

*.*.* STAN1>ARD ERRORS OF DIFFERENCES OF MEANS *".*.* 

TABLE DA OP ME DA DA OP 
OP HE ME 

REP 36 36 36 6 6 6 
SED 0,840 0,840 0,840 2,057 2,057 2,057 

***.* STRATUM S'l'ANDARD ERRORS AND COEFFICIENTS OF VARIATION ***** 

STRATUM OF SE CV% 

*UNITS* 125 3,563 182,5 
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Tristachya 

••••• ANALY SIS OF VARIANCE 'i**** 

SOURCE OF VARIA'l'JON DF' SS MS VR Sig. 

·UNI'l'S • STRA'l'UM 3,816 ••• 
DA 5 508,88 Hll,78 

5 130,53 26,11 0,979 N.S. 
OP 

5 1069,87 213,97 8,024 ••• 
ME 

25 1289,76 51,59 1,935 ••• 
DA.OP 

25 849,31 33,97 1,.274 N.S. 
DA.ME 

25 826,57 33,06 1,240 N.S. 
OP.~lE 

RESIDUAL 125 3333,41 26,67 

TOTAL 215 8008,36 37,25 

GRAND TOTAL 215 8008,36 

GRAND MEAN 18,55 

TOTAL NUMBER OR OBSERVATIONS 216 

****. TABLES OF MEANS ***** 

GRAND MEAN 18,55 

DII 1 2 3 4 5 6 

18,86 15,36 18,43 18,97 20,29 19,38 

OP 1 2 3 4 5 6 

19,26 18,84 18,99 19,03 16,97 18,19 

ME 1 2 3 4 5 6 

19,62 18,38 18,02 19,72 21,35 14,19 

OP 1 2 3 4 5 6 

DA 
1 22,92 18,34 18,40 17,79 17,31 18,40 

2 14,61 17,87 14,82 16,22 12,24 16,43 

3 19,43 17,28 21,77 19,47 15,70 16,93 
4 15,23 13,09 21,12 21,14 20,30 2 J, ~J2 

5 20,18 25,81 20,50 22,02 17,08 16,13 
6 23,18 20,66 17,34 15,46 19,21 20,34 

ME 1 2 3 4 5 6 

DA 
1 24.13 3 19,59 18,04 18,17 19,45 13,57 
2 14,99 13,07 12,30 18,10 23,98 9,75 
3 16,75 18,07 20,27 20,62 18,92 15,95 
4 20,89 18.48 15,59 22,17 21,10 15,56 
5 20,71 21,39 22,14 20,04 23,87 13,57 
6 20,05 19,68 19,80 19,24 20,80 16,72 

ME 1 2 3 4 5 6 
OP 

1 -17,44 17,69 22,76 20,34 22,05 15,26 
2 18,43 18,31 19,41 20,05 21,55 15,31 
3 18,41 21,61 14,65 23,40 21,03 14,84 
4 21,14 17,30 22,80 16,17 22,57 14,22 
5 21,12 16,38 13,20 18,87 20,18 11,98 
6 21,19 18,99 15,32 19,40 20,73 13,52 

***,. STANDARD ERRORS OF DIFFERENCES OF 1-tEl.NS .**** 

TABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 1,217 1,217 1,217 2,981 2,981 2,981 

***** STRATUM STANDARD ERRORS AND COEFFICIENTS OF VARIATION *.*.* 

STRATUM OF SE CV% 

·UNITS· 125 5,164 27,8 
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APPENDIX A (Continued) 

***** ANALYSIS OF VARIANCE ***** 

SOURCE OF VARIJ\1'lON DF SS MS VR Sig. 

*UNITS* STRA'l'UM 
5 7 ,201 1,440 0,298 N.S. 

DA 5 17,934 3,587 0,742 N.S. 
OP 

5 56,288 11.258 2,328 •• 
ME 25 107,363 ~,2:J5 0,888 N.S. 
DA.OP 

25 155,820 6,233 1,289 N.S. 
DA.ME 

25 150,495 6,020 1,245 N.S. 
OP.ME 

125 604,512 4,836 
RESIDUAL 

215 1099,613 5,114 
TOTAL 

GRAND TOTAL 215 1099,613 

GRAND MEAN 2,22 

TOTAL NUMBER OR OBSERVATIONS 216 

** ••• TABLES OF MEANS ***** 

GRAND MEAN '-,22 

DA 1 2 3 4 5 6 

2,28 2,55 2,30 2,01 2,14 2,06 

OP 1 2 3 4 5 6 

1,72 2,01 2,51 2,54 2,19 2,36 

ME 1 2 3 4 5 6 

1,82 2,10 2,58 1,91 1,74 3,18 

OP 1 2 3 4 5 6 

DA 
1 2,76 2,65 2,11 3,02 1,36 1,77 

2 1,61 2,03 2,90 1,66 5,17 1,95 

3 1,99 1,62 2,85 3,02 1,62 2,71 

4 1,08 1,82 1,91 2,38 2,21 2,62 

5 0,92 1,77 2,11 2,96 1,87 3,18 

6 1,98 2,18 3,15 2,2.l 0,90 1,93 

ME 1 2 3 4 5 6 

DA 
1 0,99 1,44 3,70 2,59 1,80 3,15 
2 2,48 5,81 1,26 1,88 1,88 2,01 

3 2,17 1,03 3,21 1,62 1,67 4,13 
4 0,99 1,61 2,10 1,97 2,02 3,35 
5 1,96 1,03 2,70 1,34 2,13 3,65 
6 2,30 1,72 2,51 2,09 0,92 2,82 

ME 1 2 3 4 5 6 
OP 

1 1,80 1,47 1,08 1,74 1,30 2,94 
2 1,74 1,74 3,09 1,32 1,78 2,40 
3 1,64 1,66 4,18 2,75 0,98 3,83 
4 1,83 1,06 2,04 2,25 2,27 5,82 
5 1,50 4,59 1,98 1,25 1,93 1,87 
6 2,38 2,11 3,12 2,16 2,15 2,25 

** ••• STANDARD ERRORS OF DIFFERENCES OF MEANS ***** 

TABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 0,518 0,518 0,518 1,270 1,270 ~,;:70 

***** STRATUM STl>.NDARD ERRORS AND COEFFICIENTS OF VARIATION ***** 

STRATUM DF SE CV\ 

·UNI'£S* 125 2,199 98,9 
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••••• ANALYSIS OF VARIANCE ***** 

SOURCE OF VARIATION DF SS MS VR Sig. 

"UNITS· STRATUM 
DA 5 61,20 12,24 0,386 N.S. 

=: 
OP 5 151,47 30,29 0,954 N.S. 

ME 5 446,78 89,36 2,815 •• 
DA.OP 25 291,32 11 ,65 0,367 N.S. 

DA.ME 25 411,21 16,45 0,518 N.S. 

OP.ME 25 425,13 17,01 0,536 N.S. 

RESIDUAL 125 3968,19 31,75 
TOTAL 215 5755,30 26,77 

GRAND TOTAL 215 5755,30 

GRAND MEAN 11,52 

TOTAL NUMBER OR OBSERVATIONS 210 

*.*.* TABLES OF MEANS ...... 

·GRAND MEAN 11,52 

DA 1 2 3 4 5 6 
10,76 10,88 11,67 11,83 12,27 11,70 

OP 1 2 3 4 5 6 
12,04 11,21 10,44 11,10 11,24 13,07 

ME 1 2 3 4 5 6 
13,11 9,05 12,63 11,65 10,21 12,45 

OP 1 2 3 4 5 6 

DA 
1 .l1, 1'3 12,10 10,12 7,59 10,76 12,7B 

2 12,79 10,55 11,24 9,06 8,72 12,91 

3 13,53 10,92 9,55 11,96 10,60 13,48 

4 10,44 11,29 10,83 13,98 11,98 12,54 

5 12,64 12,86 11,35 11,07 12,19 13,49 

6 11,66 9,55 9,53 12,94 13,27 13,24 

ME 1 2 3 4 5 6 

DA 
1 11,39 7,97 14,00 10,40 8,70 12,00 
2 15,75 6,49 8,33 11 ,83 10,92 11,96 
3 13,35 10,37 13,02 12,58 9,02 11,70 
4 11,33 10,01 13,50 10,37 12,98 12,78 
5 12,15 9,72 15,31 12,60 10,72 13,10 
6 14,67 9,77 11,53 12,14 8,95 13,13 

ME 1 2 3 4 5 6 
OP 

1 14,38 9,17 14,56 13,54 7,87 12,75 
2 11,85 10,19 13,33 10,61 8,18 13,13 
3 10,08 8,60 10,.35 12,25 9,23 12,10 
4 11,76 6,77 10,72 12,49 12,85 12,01 
5 15,45 8,25 12,89 9,77 11,30 9,77 
6 15,12 11,35 13,93 11,26 11,85 14,92 

.**** STANDARD ERRORS OF DIFFERENCES OF MEANS -**** 

'I'ABLE DA OP ME DA DA OP 
OP ME ME 

REP 36 36 36 6 6 6 
SED 1,328 1,328 1,328 3,253 3,253 3,253 

***** STRATUM STANDAHD ERRORS AND COEFFICIENTS OF VPJUATION .... * .. * 

STRATUM OF SE CVIl 

·UNITS· 125 5,634 48,9 



~PPENDIX B:TABLE 1 
~IOMASS DATA (g/m2):PLOT 09A ANNUAL WINTER BURN 
----------- --------------- ------------------

)ATE MEAN STD. MEAN STD. 1'1EAN LIVE 1'1~lSS No. No. ACCUI1. TOTAL. 

LIVE ERROR DEAD ERROR MASS DEf.)D DAYS I,JEEI<S T 111E MASS 

MASS MASS FLOLJERS FLOLJERS ( tJEEI<S ) 

1/06/78 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0 
7/09/78 19.63 2.2'5 0.00 0.00 0.00 118 16.86 16.86 19.63 
3/10/78 27.00 3.13 0.00 0.00 0.00 16 2.28 19.14 27.01 
7/11/78 63.38 4.2'5 0.00 0.00 0.00 32 4.'57 23.71 63.38 
2/11/78 89.63 10.38 0.00 0.00 0.00 115 2.14 2'5.8'5 89.63 
8/12/78 127.00 8.88 0.00 0.00 0.00 16 2.29 28.14 127.00 
0/12/78 144.00 14.69 0.00 0.00 0.00 12 1. 71 29.815 144.00 
3/01/79 1'58.38 1'5.63 0.00 0.00 0.00 14 2.00 31.815 1158.38 
7/01/79 197.13 8.2'5 0.00 0.00 0.00 14 2.00 33.8'5 197.13 
1/01/79 161.63 '5.2'5 0.00 0.00 0.00 14 2.00 3'5.8'5 161.63 
4/02/79 210.13 7.31 0.00 0.00 0.00 14 2.00 37.8'5 210.13 
1/03/79 134.'50 12.44 0.00 0.00 0.00 1'5 2.14 39.99 134.151 
6/03/79 119.63 8.2'5 0.00 0.00 0.00 115 2.14 42.13 119.63 
4/04/79 132.13 13.37 0.00 0.00 0.00 19 2.71 44.84 132.13 
3/04/79 11'5.'50 9.19 0.00 0.00 0.00 19 2.71 47.'3'5 11'5.'30 
6/0'5/79 97.'50 14.44 92.30 10.7'5 0.00 0.00 23 3.29 '30.84 189.80 
6/06 /79 38.88 '5.63 182.00 13.715 0.00 0.00 41 '5.86 '56.70 220.88 
3/08/79 11.00 P 0.00 0.00 0.00 158 8.29 64.99 11. 00 
9/09/79 68.00 R 0.00 0.00 0.00 27 3.86 68.8'3 68.00 
3/10/79 48.00 E 0.00 0.00 0.00 34 4.86 7 3.71 48.00 
2 / 11/79 72.00 0 0.00 0.00 0.00 30 4.29 78.00 72.00 
4/12/79 232.00 I 0.00 0.00 0.00 32 4.'57 82.'57 232.00 
1/02/80 2'50.00 C 0.00 0.00 0.00 39 '5.'57 88.14 2'50.00 
8/03 /80 2'58.00 T 0.00 0.00 0.00 46 6.'57 94.71 2'58.00 
2/04/80 222.00 E 0.00 0.00 0.00 3'5 '5.00 99.71 222.00 
9/06/80 187.00 0 0.00 0.00 0.00 '58 8.28 107.99 187.00 

Summary statistics-live material 
1st growing season (6/10/78-17/1/79) 2nd growing season (23 / 8 /79 -18 /3/80 ) 

N 

Sum ( B n,- Bn -1 . ) = 197. 13g/rn2 Sum(Bn,-Bn- 1)= 247. 01g/m2 \D 

1'10. weeks 33.8'5 No.weeks = 29.72 
Rate = '5.82g/m2 /wk Rate 8.31g / m2/t"k 

Mean rate of accumulation (A) =8.31 g/m2 / wk 



PPENDIX 8:TABLE 2 
IOMASS DATA :PLOT 098 BIENNIAL SPRING BURN 

. DATE 

S/10/78 
7/11/78 
2/11/78 
3/12/78 
)/12/78 
~/01/79 

7/01/7'7 
L/Ol/79 
V02/79 
l/03/79 
;/03/79 
V04/79 
1/04/ 79 
;/0'5/79 
;/ 07/79 
>/08/79 
' /09/79 
·/10/79 
:/11/79 
i/12/79 
/02/80 

1/03/80 
/04/80 
/06/80 

MEAN STD. 
LIVE ERROR 
MASS 

0.00 
26.00 
44.88 
9'5.7'5 

11'5.88 
120.63 
132.'50 
147.7'5 
201.7'5 
119.81 
116.63 
134.13 
99.81 
78.63 
14.7'5 
11.38 
2'5.30 
158.60 
74.40 

117.90 
172.90 
148.60 
133.90 

39.10 

o. 00 
2.44 
6.19 

13.00 
8.63 
9.50 

15.50 
11.69 
16.19 
12.94 
13.69 
15.25 
7.75 
8.13 
3.75 
4.44 
5.70 
'5.20 
9.30 

19.80 
23.20 
20.80 
11.60 

6.10 

MEA!'-l STD . 
DEAD ERROR 
MASS 

O. 00 
0.00 
0.00 
~.OO 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o. 00 

79.63 
132.75 
164.88 
132.10 
191.30 
142.00 
377.40 
243.50 
259.30 
256.70 
437.80 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
4.63 

14.88 
8.56 

16.90 
21.60 
17.30 
53.40 
27.20 
30.90 
21.30 
37.80 

1·1EA~·1 LIVE 11ASS 
MASS DEAD 

FLOWERS FLOWERS 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
9.90 
2.10 
7.00 
23.30 
o. a a 
0.00 
0.00 
0.00 

0.00 
0.00 
o. a a 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

10.30 
2.'50 
6.40 
9.10 

No.No. 
DAYSWEEKS 

ACCUM. TOTAL 
TIME t1ASS 

(WEEKS) 

o 
32 
15 
16 
12 
14 
14 
14 
14 
15 
15 
19 
19 
23 
50 
49 
27 
34 
30 
32 
39 
46 
35 
70 

0.00 
4.57 
2.14 
2.29 
1. 71 
2.00 
2.00 
2.00 
2.00 
2.14 
2.14 
2.71 
2.71 
3.29 
7.14 
7.00 
3.86 
4.86 
4.29 
4.57 
5.57 
6.57 
5.00 

10.00 

0.00 0.00 
4.57 26 . 00 
6.71 44.88 
9.00 9'5.75 

10.71 115.88 
12.71 120. 63 
14.71 1 32 .50 
16.71 147 .715 
18.71 201.7'7 
20.85 119.81 
22.99 116.63 
2'7.70 134.13 
28.41 99.81 
31.70 158.26 
38.84 147.'70 
45.84 176 . 26 
49.70 167.30 
54.156 2152.00 
58.85 223.40 
63.42 518.60 
68.99 416.40 
75.56 40 7 .90 
80.56 390.60 
90.56 476.90 

Summary statistics -live material 
1st growing season (6/10/78-17/1/79) 2nd qrowinq season (23/8/79-18/3/80) 
SumC8n -8n _ 1 )= 132.5g/m2 SumCB,, -8;"' _1-)= 179.'72g / m2 
No.weeks 14.71 No.weeks 29.72 
Rate 9.01g/m 2/wk Rate 6.04g / m2/wk 

Mean rate of accumulation (A) =15.16 g/m2/wk 

N 
N 
C> 



IPPEND I X B: TABLE 3 
I Iot1ASS DATA (g/m2):PLOT lOA ANNUAL WINTER BURN 

----------------------------- ---------------
lATE MEAN STD. MEAN STD. MEA!'-I LIVE t1ASS !'-Io . 1'10. (~CCUt'1. TOTAL 

LIlJE ERROR DEAD ERROR MASS DEAD DAYS ldEEI<S T I ~1E ~1A S~; 

t1ASS t1ASS FLOWERS FLOWERS ("'IEEI<S) 

1/06/78 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 

7/09/78 79.215 15.38 0.00 0.00 0.00 118 16.86 16.86 79 .2t;. 

3/10/78 22.156 2.69 0.00 0.00 0.00 16 2.28 19.14 22.156 

7/11/78 82.63 8.38 0.00 0.00 0.00 32 4.t;. 7 23.71 82.63 

2/11/78 97.63 6.156 0.00 0.00 0.00 115 2.14 215.815 97.63 

3/12/78 142.13 15.00 O. 00 0.00 0.00 16 2.29 28.14 142 .1 3 

)/12/78 173.63 14.63 0.00 0.00 0.00 12 1. 71 29.815 173.63 

~/01/79 1156.715 13.94 0.00 0.00 0.00 14 2.00 31.815 l ?6 .7t;. 

;>/01/79 194.215 13.215 0.00 0.00 0.00 14 2.00 33.815 194.217 

l/01/79 1153.38 8.31 O. 00 0.00 0.00 14 2.00 317.817 1173.38 

V02/79 224.715 8.715 0.00 0.00 0.00 14 2.00 37.817 224.717 

L/03/79 179.63 14.19 0.00 0.00 0.00 115 2.14 39.99 179.63 

i/03/79 162.2? 21.717 0.00 0.00 0.00 115 2.14 42.13 162.217 

./04/79 146.00 13.7? 0.00 0.00 0.00 19 2.71 44.84 146.00 

:/04/79 1150.38 13.31 0.00 0.00 0.00 19 2.71 47.1515 1t;.0.38 

,/0t;./79 101.7? 10.7? 107.13 10.717 O. 00 0.00 23 3.29 '50.84 208 .88 

/06/79 28.00 3.7? 1415.00 7.715 0.00 0.00 41 15.86 156. 7 0 173.00 

/08/79 18.00 P 0.00 0.00 0.00 158 8.29 64.99 18.00 

/09/79 23.00 R 0.00 0.00 0.00 27 3.86 68.817 23.00 

/10/79 76.00 E 0.00 0.00 0.00 34 4.86 73.71 76.00 

/11/79 127.00 D 0.00 0.00 0.00 30 4.29 78.00 127.00 

/12/79 160.00 I 0.00 0.00 0.00 32 4.157 82.157 160.00 

/02/80 218.00 C 0.00 0.00 0.00 39 15.157 88.14 218.00 

/03/80 200.00 T 0.00 0.00 0.00 46 6.157 94.71 200.00 

/04/80 218.00 E 0.00 0.00 0.00 315 15.00 99.71 218.00 

/06/80 176.00 D 0.00 0.00 0.00 158 8.28 107.99 176.00 

Summary statistics-live material 
1st growing season (6/18/78-17/179) 2nd growing season (23/8 / 79-18 /3/80) 

Sum(Bn -Bn-1. )= 194.215 g/m2 Sum(Bn ... 8n-1 )= 182.01 g / m2 ' 

No. lAJeeks = 33.8? "Io.weeks 29.72 N 
N 

Rate 15.74 g/m2/wk Rate 6.12 g/m2/wkk 

Mean rate of accumulation (A) =8.23 g/m2/wk 



PPENDIX B:TABLE 4 
~IOMASS DATA :PLOT lOB BIENNIAL SPRING BURN 

.. ATE 

16/10 / 78 
17/11/78 
2/11/78 
8/12/78 
0 / 12/78 
3/01 / 79 
7/01 / 79 
1/01 / 79 
4 / 02 / 79 
1 / 03/79 
6 / 03/7 9 
4/04/79 
3 / 04/79 
6/017 / 79 
~ / 07/79 

3 / 08/79 
~ / 09/79 

3/10/79 
2/11 / 79 
~/12/79 

l/02 / 80 
3/03 / 80 
~/04/80 

l/06/80 

MEAN STD . 
LIVE ERROR 
MASS 

0.00 
26.69 
63.81 

1417.00 
181.60 
197.13 
242.90 
208.40 
206.80 
226.10 
1175.170 
148.40 
131.60 

91.30 
18.13 

4.80 
27.90 
717.40 

111.20 
130.60 
150.00 
207.56 
161.38 

30.81 

7.217 
8.06 

17.06 
12.51 
14.56 
44.19 
16.56 
17.06 
25.69 

7.56 
25.31 
17 .75 
12.61 

3.88 
2.69 
4.13 
5.19 
5.69 
7.38 

10.51 
11.13 
18.06 
7.31 
6.88 

MEAN STD. 
DEAD ERROR 
11ASS 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

115.90 
155.00 
229.60 
251.10 
3 16.10 
2 98.50 
323.80 
3 41.30 
347.94 
441.63 
607.25 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

14.88 
11. 50 
44.44 
24.75 
18.81 
11. 69 
39.75 
37.63 
53.94 
14.19 
41.38 

MASS LIVE MASS No. No . 
FLOWERS DEAD DAYS WEE KS 

FLOWERS 

ACCUI'1. TOTAL 
T I 11E ~1A ~3S 

( ["JEEI<S) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
O. 00 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00 
0 . 00 
0.00 
8.00 
2.6 3 
22.81 
7.81 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0 . 00 
0.00 
0.00 

24.25 
19.88 
2 3.88 
14.00 

o 
32 
15 
16 
12 
1 4 
14 
14 
14 
15 
15 
19 
19 
2 3 
50 
4 9 
27 
3 4 
30 
32 
3 9 
46 
3 5 
70 

0.00 
4.5 7 
2.14 
2.29 
1. 7 1 
2.00 
2.00 
2.00 
2. 0 0 
2.1 4 
2 .1 4 
2 . 7 1 
2. 7 1 
3 .29 
7 . 1 4 
7 .00 
3.86 
4.86 
4. 2 9 
4.5 7 
15 . 157 
6.157 
15.00 

10.00 

0.00 
4.15 7 
6. 7 1 
9.00 

10. 7 1 

0.0 0 
26 .6 9 
6 3 . 8 1 

1 415 . 0 0 
18 1 .60 

12 . 7 1 197 . 13 
14 .71 242.9 0 
16 . 71 208 . 40 
18. 7 1 206 . 80 
2 0.8 15 226. 10 
2 2 . 9 9 206 . 150 
25 . 7 0 206 . 00 
28. 4 1 206.00 
3 1. 7 0 2 07 . 2 0 
38. 84 1 73 . 13 
415 .8 4 234 . 40 
49. 7 0 287 . 00 
17 4.5 6 394.13 
58. 8 5 43 2. 15 1 
63 .42 462 . 2 1 
68. 9 9 49 1. 3 0 
715 .156 151515.50 
80.56 6 03.01 
90. 5 6 6 3 8.06 

Summary statistics-live material 
1st growing ~ea~on (6/10/78-17/ 1 /79) 2nd growing season (23 / 8 / 79 - 18 / 3 / 80) 
Sum(Bn-Bn-l)= 242.91g/m2 Sum(8,n- Bn-l)= 244.01g / m2 
No.weeks = 14.71 No.weeks 29.72 
Rate 16.51g / m2/wk Rate 8 . 21g / m2/wk 

Mean rate of accumulation 10.33 g / mZ/wk N 
N 
N 



,PPEND I X B: TABLE 15 
I IOMASS DATA (g/m2):PLOT 11A ANNUAL WINTER BURN 

----------------------------- ---------------
lATE MEAN STD. t1EAN STD. t1EAN L I tJE 11ASS No. No. ACCUI'1. TOTAL 

LIVE ERROR DEAD ERROR MASS DEAD DAYS loJEEI<S T I t1E MA:3 '3 

MA~;S 11ASS FLOt...IERS FLOloJERS (WEEKS) 

1/06/78 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.00 

7/09/78 115 1. 44 0.00 0.00 0.00 118 16.86 16.86 15 .00 

3/10/78 27.44 1. 156 0.00 0.00 0.00 16 2.28 19.14 27.44 

7/11/78 78.00 7.38 0.00 0.00 0.00 32 4.157 23.71 78 . 0 (\41 

2/11/78 111.38 9.00 0.00 0.00 0.00 115 2.14 215.815 111. 38 

8/12/78 11515.13 7.81 0.00 0.00 0.00 16 2.29 28.14 11515.13 

0/12/78 148.215 9.94 0.00 0.00 0.00 12 1. 71 29.815 148.215 

}/01/79 144.13 13.31 0.00 0.00 0.00 14 2.00 31.815 144 .13 

7/01/79 196.00 18.38 0.00 0.00 0.00 14 2.00 33. 8 15 196.00 

1/01/79 173.13 ' 115.150 0.00 0.00 0.00 14 2.00 315.815 1 73 .1 3 

~ / 02/79 2315.88 8.156 0.00 0.00 0.00 14 2.00 37.815 23 5. 8 8 

L/03/79 1315.13 7.69 0.00 0.00 0.00 15 2.14 39.99 1 35 .1 3 

;/03 / 79 1153.63 10.19 0.00 0.00 0.00 115 2.14 42.13 1153.6 3 

V04/79 1615.63 16.215 0.00 0.00 0.00 19 2 . 7 1 44.84 1 65 . 63 

!/04/79 1152.38 19.715 0.00 0.00 0.00 19 2.71 4 7 . 7 15 1152. 38 

;/015/79 11515.38 13.19 155. 715 13.38 0.00 0.00 23 3.29 50.84 3 11.1 3 

;/06/79 43.38 6.10 181.63 27.31 0.00 0.00 41 15.86 156. 7 0 22 5.01 

·/08/79 2.00 P 0.00 0.00 0.00 158 8.29 6 4.99 2 .00 

'/09/79 26.00 R 0.00 0.00 0.00 27 3.86 68.8 5 2(,.00 

:/ 10/79 121.00 E 0.00 0.00 0.00 34 4.86 7 3. 7 1 121.00 

'/11/79 1415.00 D 0.00 0.00 0.00 30 4.29 78.00 1415.00 

~ /12/79 221.00 I 0.00 0.00 0.00 32 4.57 82.15 7 221.00 
/ 02/80 214.00 C 0.00 0.00 0.00 39 5.157 88.14 214.00 
/03/80 272.00 T 0.00 0.00 0.00 46 6.57 94.71 272 .00 
/04/80 280.00 E 0.00 0.00 0.00 315 15.00 99.71 280.00 
/06/80 210.00 D 0.00 0.00 0.00 158 8.28 107.99 2 10.00 

Summary statistics-live material 
1st growing season (6/10/78-17/1/79 2nd growing season (23/8/79-188 / 3 / 80) 
Sum(Bn-Bn _1 )= 196.01g/m2 Sum(Bn - 8 in:"i)= 270.01g/rn2 N 

N 

No.weeks = 33.815 No. l"eeks = 29.72 w 

Rate "" ?79g/m2/wk Rate 9 . 08g / m 2/.,.,k 

1'1ean rate of accumulation (A) =10.32 g/m2/wk 



PPENDIX B:TABLE 6 
iIOMASS DATA :PLOT I1B BIENNIAL SPRING BURN 

lATE 

6/10/78 
7/11/78 
2/11/78 
8/12/78 
0/12/78 
3/01/79 
7/01/79 
1/01/79 
4/02/79 
1/03/79 
:'/03/79 
~/(l4/79 

5/04/79 
:'/017/79 
;/07/79 
~/08/79 

)/09/79 
)/10/79 
:/11/79 
,/12/79 
./02/80 
1/03/80 
/04/80 
/06/80 

1-1EAt-l 
LIlJE 
MASS 

0.00 
46.81 
817.69 

139.170 
151.88 
17'3.2'3 
217'3.88 
189.38 
216.7'3 
1'3'3.38 
188.13 
206.38 
201.38 . 
1178.88 
26.43 
21.00 
33.88 
74.'30 

108.00 
1'32.69 
1'36.69 
176.88 
120.63 

28.88 

STD. 
ERROR 

0.00 
3.217 
'3.69 

12.06 
12.06 
22.69 
20.7'3 
1'3.38 
1'3.06 
117.2'3 
30.88 
20.88 
24.69 

9.7'3 
5.69 
3.31 
1. 7'3 
8.00 
1. 69 

18.44 
115.38 
11.06 
9.34 
3.156 

11EAt~ STD. 
DEAD ERROR 
MASS 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

237.37 
203.00 
191.88 
236.150 
340.81 
215'3.12 
274.06 
303.38 
393.13 
380.81 
489.69 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

33.88 
26.156 
32.19 
30.215 
48.19 
32.69 
15'3.38 
217.63 
30.63 
48.9'3 
26.81 

MEAN LIVE MASS No. 
MASS DEAD DAYS 

FLOWERS FLOWERS 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
8.44 
3.215 
10.06 
1'3.38 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

1'3.'30 
117.43 
16.13 
12.06 

o 
32 
117 
16 
12 
14 
14 
14 
14 
115 
115 
19 
19 
,")7 
L .. ,l 

'30 
49 
27 
34 
30 
32 
39 
46 
315 
70 

1,10. 
I~JEEI<S 

ACCUM. TOTAL 
TIME MASS 

(WEEKS) 

0.00 
4.157 
2.14 
2.29 
1. 7 1 
2.00 
2.00 
2.00 
2.00 
2.14 
2.14 
2.71 
2.71 
3.29 
7.14 
7.00 
3.86 
4.86 
4.29 
4.'37 
'3.57 
6.'37 
17.00 

10.00 

0.00 0.00 
4.'37 46.81 
6.71 815.69 
9.00 139.50 

10.71 1'31.88 
12.71 175 .25 
14.71 255.88 
16.71 189. 38 
18. 7 1 216.75 
20.85 15 5 . 38 
22.99 188.13 
215.70 206.38 
28.41 201 .. :~8 
31.70 396.75 
38.84 229 .43 
47.84 2 12. 88 
49.70 278.82 
'34.56 418.76 
158.85 373.18 
63.42 442.13 
68.99 460.07 
7 5.'36 1770.01 
80.'36 '301.44 
90.176 '318.57 

Summary statistics -live material 
1st growing season (6/10/78-17/1/79) Istgrowing season (23/8 /79-18/3 / 80) 
SumCBn,- Bn_i 1 )= 2'5'3.88g/m 2 Sum(Bn-B~_l)= 193.01g /m~ 
No.weeks 14.71 No.weeks 29.72 
Rate 17.39g/m2/wk Rate 6.49g /m~/wk 

Mean rate of accumulation (A)=1'3.93 g/m2/wk 

N 
N 
.f:>. 
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APPENDIX C 

Parameters of curves in Fig. 7.3 a & b. 

The equations are of the form: 

y = exp (P1 + P2x + P3x 2
) 

where: y = standing green biomass (g/m 2
), 

P1, P2 and P3 are the parameter coefficients 

Fig. 7.3 a 1978-79 (first season - annual winter burn): 

y = exp (- 4,57941 + 0,52712x - 0,00702x2) 

Fig. 7.3 a 1979-80 (second season - annual winter burn): 

y = exp (- 3,32271 + 0,45516x - 0,00601x2) 

Fig. 7.3 b 1978-79 (first season - biennial spring burn): 

y = exp (2,77284 + 0,26207x - 0,00671x2) 

Fig. 7.3 b 1979-80 (second season - biennial spring burn): 

y = exp (- 29,18000 + 0,76498x - 0,00425x2) 
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APPEND I >< D:TABLE 1 
B IOt1ASS DATA :PLOT 12C BURNT AFTER 16 YEARS PROTECTION 
------------ --------- --------------------------------
DATE t'1EAN STD. MEAN STD. MEAN L I l)E MASS TOTAL 

LIVE ERROR DEAD ERROR MASS DEAD MASS 
MASS MASS FLOWERS FLOWERS 

22/11/79 7.69 1. 19 7.06 3.56 0.00 (I • a a 14.715 
24/12/79 26.25 5.38 40.51 7.38 O. 00 0.00 6 ' -" b. ,.. 0 

o i'/02/8 0 62.75 6.63 16.75 4.81 O. 00 0.00 79.15 
18/03/80 64.06 9.88 55.56 9.13 0.00 0.00 119.62 
22/04/80 54.38 13.44 48.31 17.56 7.94 0.00 110.63 
19/06/80 7.81 3.25 134.56 18.13 0.00 3.00 142.37 
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