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CHAPTER.;

SECONDARY SUCCESSION

(a) The Neture and Importapce_Qf.^c(?ndary Succession

The distinction between primary and secondary succession 
arose soon after developw«^.C of the concept of plant 
succession, although the validity of the separation was 
doubted by Cowles (1911). The characteristic of primary 
succession is that it takes place under natural conditions, 
whereas secondary succession involves changes in vegetation on 
denuded soils, and is almost always a result of interference 
by man (Carpenter, 1938)• Apart from passing references the 
only secondary succession considered in this thesis will be 
that taking place on land that has been cropped or disturbed 
and subsequently abandoned. For convenience the term 'succession' 
will be used to denote 'secondary succession1, following the 
example of Davidson (l$6l).

The study of succession is of considerable practical 
importance in the world today because of the vast areas of serai 
vegetation covering the earth's surface. Sample (1952) states 
that in western United States alonv there are 80 million acres 
of abandoned cropland, an area larger than the Transvaal. Large 
areas of Africa are also covered with serai vegetation, the 
'shifting cultivation' practices of the native populations being 
the main contributing cause. Semple also states that in most 
instances the early stages of serai vegetation give low quality 
feed, and so the areas concerned tend to remain unproductive and 
in an erosion susccptable state until the arrival of the sub- 
climax or climax grasses. This process usually takes 30 or more 
years.

The productivity of these old cultivation lands can be 
restored by the sowing of an introduced improved or native species 
after cropping, or by the manipulation of the usual succession.
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An example of this latter approach is given by Davidson (1961) 
who showed how the normal highveld succession was deslreably 
controlled by nitrogen. However the success likely to be achieved 
in the manipulation of succession is very dependent upon an 
understanding of the ccusal factors of succession, and this 
study reports investigations carried out to help obtain such an 
understanding.

(b) An Outline of Secondary Succ@sjlaD_ari_th@
Sandv Soils

The course of the highveld succession was first described 
in detail by Rose-Innes (1939), who set up the following stageat-
1. The Ruderal Stage, cha^cterised by annual weeds, under normal 
conditions mainly dicotyledons such as Canyza ambieua.
2. The Primary Grass Stage, characterised by the rhizooatous 
Cvnodon dactvlon and the bunch grass EragrosiU  SiimilS..
3. The Secondary Grass Stage, characterised by the tall growing 

HygarTbiCla blfta.
4. Thra Grassland Subclimax or Purple Veld, a mlxecl grassland of 
about 20 species, e.g., Tristachya hisnlda and Tpa<;hyBOKfla 
splcatu#.

The primary grass stage usually commences after two years of 
abandonment, and tho secondary grass sta;e after approximately 10 
years. The return of a serai area to subclimax grassland has 
never been observed, but several workers have suggested this 
would take place in 30 to 50 years.

Davidson (Ifcl) has split up the primary glass stage into a 
first grass stage of stolonlferous grasses, and a second grass 
stage of bunch grasses. Throughout this thesis, however, the 
classification of Rose-Innes has been followed as observations 
suggest that there is little or no value in the division of the 
primary grass stage.
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aose-Innes also postulated that under natural conditions 

succession till proceed from the grassland snbcllmax through a 
Protea Open Woodland to a Scrub Climax. There Is still consider­
able dcubt about this further succession, and In this study It 
will be treated as a 'hypothetical climax' as described by 
Davidson (1961), Tne grassland subclimax will be referred to as 
purple veld throughout this work.

(c) Review of UteraUu-.^ y■ &&GS9

(1) Succession on the South AfrlsAa Highveld
The records of previous workers will be fully discussed In 

each relevant section, but the following brief outline lists the
main research work carried out on this topic.

Murray (3934) outlined the succession and also carried out 
several root bisect studios, while hose-Inniss (1939) described the 
succession in detail, performed soil analyses from the various 
stages, dealt with the reproduction of several species from the
sere and also carried out further root bisect studies. At the
same time Story (1938) investigated aspects of succession in 
Themeda triandra veld, van Rensburg (1942) gave further informa­
tion about field aspects of succession, whilst Goetzee (194?) 
made additional root bisect studies.

Israelstaa (1953) compered aerial evaporative power and soil 
temperature regimes in a fallow end under mderal vegetation, and 
investigated the possible effects of the differences cn the 
germination of Cvnodon dactvlon seed. Roux (1954) and Jong and 
Roux (1955) carried out work on the nitrogen sensitivity of grass 
seedlings, a study being continued b) .oux and Warren (in press). 
Stiven (1957) studied succossional soils with particular reference 
to available nitrogen. Evidence was also put forward to show that 
Trachypogon s Jlcatus produced an anti-bacterial and a germination 
inhibiting substance. Davidson (1961) has briefly summarised the



4.
results of earlier studios, and has presented field data on the 
influence of soil fertility on succession.

(2) Succession on other argas.
As far as can be ascertained most investigations of secondary 

succession have boon carried out in the United States* Booth (l;4l) 
investigated 106 old fields in Kansas and Oklahoma and described
the following typical stages

1. A 'weed1 stage, lasting approximately two years.
2. An annual grass stage (Aristide yl,&&&&&&), lasting 

nine to thirteen years.
3. A bunch grass stage which in the oldest field 

examined was still dominant, there being no d ilto signs of 
invasion by climax prairie, similar stages in Oklahoma are 
described by Klee ot al (i960). '%lth (19^0) found that annual
weeds and forbs were followed by annual grasses, then by bunch
perennials and finally by stoloniferous perennials.

fomanek et al (1955) investigated tho composition of Kansas 
land last cultivated 33 years ago under ungrazed and moderately 
grazed conditions. The protected area had ?3X' of the climax 
composition and tho grazed area only 28;.. A’he main difference 
was in the occurrence of Buchloc dactvloides (a creeping rhisomatous 
grass similar to Cynodon dactylon) which comprised 21^ of the 
cover of all species in the ungrazed area and 6l% of the total
cover in the grazed aree.

Judd and Jackson (1939) described succession in western 
Nebraska as comprising dicotyledons in the first stage, followed 
by an annual grass, Broraus tectorua, then by a succession 01 

perennial grasses. Judo (1940) found a similar pattern in Montana 
with ono to throe years vf annuals followed by a mixed annual- 
perennial pasture, with climax grasses reinvadlng in eight to ton 
years, a period much shorter than that usually quoted. The usual 
period seems to be from 25 to 40 years, as found by Savage and 
Runyon (1937) on the great plains. Coupland (1952) described a 
succession in the western Canadian provinces where annual weeds



domlr.at' for the first two yr ollowed by perennial forbs
and r .vrt lived grasses and finally oy the climax community in
1< *,0 20 years.

Quaterman (1957) found a slightly different pattern in the 
central basin of Oklahoma where the cultivated area was origin­
ally forrested. Although succession began with weeds (pr!&&&.% 
sr.), there was only one definite grass stage with AndrgpggsB 
vlrginicus being co-dominant from about the fourth to the fif­
teenth year, after which trees were dominant. Keever (1950) 
described a varying weed complex in the initial sta^e of succes­
sion in Carolina, and this complex was also followed by 
Andropoeon vlrginicus which was in turn re-invaded by pine.
Cvans and Dahl (1955) found that the re-invasion of forests into 
cleared, cropped and abandoned areas in Michigan was very slow. 
Piemeisel (1938) described the changing weed complex that follows 
for at least the first seven years on abandoned lands in the 
U.S.A. previously under sagebrush (Artemisia tridentatft).

Rowe (1962) outlined the course of succession on abandoned 
tobacco lands in Rhodesia. Weeds, such as Tagetes minuta. 
dominated in the first year, and these in the second year were 
followed by serai grasses similar to the primary grasses of the 
highveld sere. Aristide sp. was usually dominant in the third 
year, but was displaced in the fourth to seventh year by 
Hyuarrhenia , which in turn was replaced by woodland. If 
Aristide and Perotis s d . dominated for longer than seven years, 
lands had usually been overcropped prior to abandonment►

Nye and Greenland (i960) have summarised the available data 
on the course and causes of succession in tropical African forests.

The published investigations of success!jn in South Africa 
appear to be confined to the studies of the highveld, but 
Acocks (1955) in a general review refers to "the problem of old 
fallows which remain for decades, even half a century, at an 
early or relatively useless stage of succession."



All iLVs» studies referred to have dealt with succession on 
old cultivate! lend, but similar studies bev« bscn carried out, 
on other uxsturbed or degenerate areas. Langenheim (19i6) 
investigated succession on a subalpine earthflow and Bramble and 
Ashley (1911) found that rocky spoil areas froa open cut mining 
had trees and shrubs as pioneers, and that horbs only developed 
where top soil was exposed, labor (1962) haj suggested that 
succession can be utilised to maintain a cover on abandoned road 
cuts and similar areas. Weaver (1954) has described the regen­
eration of prairie in the Midwestern United States after the 
great droughts and windstorms of the 1920s and 1930s. Shields 
and Wells (1962) reported that the succession on blast areas of 
nuclear explosions was the same as that occuring on disturbed 
areas or outwashes on the surrounding desert vegetation type.

The studies referred to described the pattern of succession 
in different areas. Fewer investigations hav down made about 
the ceuses of succession end these will be mentioned in the 
relevant chapters of this thesis.

Conclusions
From this brief review of literature it appears that 

secondary succession in grassland usually comprises a rudcral 
stags, a stage of annual or short lived perennial grasses, 
followed by a further one or two perennial grass stages, and in 
most instances by climax orairie. This overall pattern suggests 
that the main causal factors of secondary succession would be 
of a universal nature, and would not be special properties of 
particular species in any one area.

(d) heview of Literature on

As succession is a series of Invasions by successful com­
petitors with a consequent "urtial or complete elimination of 
the unsuccessful C'Mpetitors, it is important to briefly consider
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the subject of ylvnt competition, the most comprehensive refer­
ence for this subject being that by Clemonts et al (1929).

These authors stated that in almost all circumstances two 
p ants do not compete as long as ihe supply of water and air, 
nutrients and h:t and light are in excess of the needs of both. 
Brencniey (1919) and Kilthorpe (1961) list the sane environmental 
factors with an additional ono being the possible harmful effect 
due to toxic excretions, if such occur.

Competition, then, is a combined need in excess of sipply, 
and competition is only for energy and raw materials and not for 
indirect factors such as space, wind and humidity.

Clements et al stated that the advantages of a competing 
species may be summarised in two words, ''amount1 and 'rate". 
Greater storage in seed or rootstock, more lapid end complete 
germination, earlier start, more rapid growth of roots and shoots, 
taller and more branching stems, deeper and more spreading roots, 
more tillers, larger leaves and more numerous flowers were all 
mentioned as the "essence of success." i-napp (19&1) has given 
a similar list of properties including seed production and seed 
dispersal. Clements and Shelford (1939) also comment that "rate 
and amount of germination often yield an initial advantage 
difficult to overcome later, and these are related to the number 
and kind of soeds produced,.." Leith (I960) has also mentioned 
the importance of adaptation and efficiency of dispersal in 
conpetlcive success.

Clements et al have described several experiments where 
seeds of annual or biennial ruderals (one spocles being Oenothera 
biennis) were sown with perennial grass seed. The ruderals 
usually dominated in the first year, but in the Second or sub­
sequent years the grass became dominant and the grass community 
prevented both germination and establishment of annuals, and 
the authors sta:o "annuals and biennials arc unable to compete 
with the climax grasses during the proper soason for the latter.
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In consequence they never occur in tac climax except in disturbed 
places... •:l

Experiments carried out with short and tall prairie grasses 
showed that short grasses could only maintain themselves vhvn 
tall grasses are kept down by grazing or moving, but were reduced 
or eliminated by protection.

Other conclusions reached by Clements et al can be summarised 
as follows
(1) As a stand becomes incrersingly dominated by one species, 
competition decreases, a point restated by Llton ■1958).
(2) Competition in grassland is usually for water, light and 
nutrients playing a secondary role.
(3) Species establishment is the direct outcome of response to 
the physical factors of a habitat only in open pioneer conxmunitieii 
where competition has not begun. In all communities proper, 
establishment and ecesis are determined as much or more by com­
petition and reaction than by the initial factors themselves.
(4) Competition in a community eventually gives rise to an 
equilibrium state, but it is a dynamic equilibrium continually 
changing as new shoots and Individuals appear.
(5) Transplant experiments, even when carried out under condi­
tions favourable to the transplant, were rarely successful, 
emphasising the advantage of the species in possession at that 
time. It was found to be very difficult for an alien specios to 
to invade and establish in the face of the control exerted by 
undisturbed occupants.

This last point has been emphasised by me v workers, diton 
(1958) stated that almost all alien plants in the 1.Itish isles 
live in habitats such as arable lard and roadsides which have 
been dis urbed and simplified by man. Pew introduced ulants had 
successfully established themselves in natural communities. 
Pieroeisfil (1951) reached a similar conclusion from studies on 
shrubland in the U.S.A. Moore (1959) emphasised this for
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Australian corcuunitiest and went on to state tnat aliens which 
had entered as r result of disturbance are in many cases elimin­
ated if the disturbing factor is removed. Relph (1958) also 
pointed out that exotics usually only establish under disturbed 
conditions. Bunting (i960) pointed out that weeds in arable 
land are, in a sense, adapted to the crop, and when cropping 
ends it follows that these species are not adapted to living in
a closed community.

Increasing numbers of studies are expressing plant compet­
ition or: a quantitative basis. Harper (i960) and Harper and 
Gajic (1961) have studied the factors controlling plant numbers 
and the reaction of plants to increasing density, end replacement 
series of pot trials are being used to investigate such problems 
as the effect that altered nutrient levels have on a mixture of
two species (van der Bergh and Slberse, 1962).

, ... - *
Competition as experienced by seedlings

Seedlings are usually the weakest sta'e in the 'ife cycle 
of a species. 31even species verged from sowings by Leigh (I960) 
into Eregrostls cu.-vnla pasture, but all the seedlings died.
Leigh attributed this to either soil moisture deficiency or to 
carbon dioxide levels, although it is difficult to see how tie
latter could be involved.

Grass seedlings are particularly susceptible to soil 
moisture deficiency in the seedling stage. Laing (1958) 
attributed seedling death of ^basses to the failure of dven-. 
titious roots to develop and to the inability of seminal r(.ots 
to supply adequate moisture, though Locke and Clar -:e (1929) 
found that under their conditions seminal roots of whea , seed­
lings supplied adequate moisture until adventitious roots devel­

oped.



As elongation of the grass mesocotyl places the crown node 
near the surface, sustained moist conditions are required for 
adventitious root development from this point. Olmstead (1941) 
stated that three days of moist conditions are required in the 
case of Bonteloua cnrtlaendnla, and attributed many field seed­
ling deaths to the failure of adventitious root development* 
Olendening (1941) also found that lack of soil moisture retarded 
adventitious root development and that soil moisture was the 
major controlling factor in the establishment of HetgronggflB 
coitortus under range conditions. Blake (1935) found that drought 
was the principal, cause of death following the temporary estab­
lishment of seedlings, and soil moisture deficiency was also 
indicated by Chamnness (1950) as being the major cause of seed­
ling death.

Conclusions
This review emphasises that plants only compete for energy 

and 'raw material' requirements, and points out the difficulties 
of seedling invasion in a closed and undisturbed community, with 
particular reference to the role of soil moisture in seedling 
establishment.



CHAPTER II 

—  6B NOP.TH

(a) The CntXine and Aims of the ^:?eriment

The studies reported in this thesis are centered around 
experiment T6B North ./hich was laid out to be ready for inves­
tigation in the period 1960-1963. For convenience the experiment 
is hereafter referred to as T6B«

The experiment is on the Frankenvald Field Research Station 
situated on latitude 26cm*S and longitude 28°06’B at approx­
imately 5,000 feet above sen level. The soils, derived from 
pre-Witvatersrand old granites, are acid and sandy. The station 
has a summer dominated rainfall averaging 30 inches a year.

The experiment originally consisted of nine adjacent blocks, 
each 25 x Ijo feet. All blocks were cultivated and cropped in 
1950/1951, and the next year eight were cropped, and then seven, 
with one additional block being left to fallow in each year. In 
1957/1958 when seven adjacent blocks had been abandoned an add­
itional block was laid out at the top of the previously marked 
area, and this was crooned for three seasons (1957/1958 to 
1959/1960) before it was abandoned. This gave ten adjacent 
blocks which had been abandoned from 1951 to I960.

It should be noted that when this work was being carried out 
no one at Frankenweld was aware of the shorter cultivation period 
of the extra block and it had been assumed that the last abandoned 
block had been cropped for 10 years, and the experiments described 
in this study were laid out on this assumption.

Unfortunately no record was made of the botanical composition 
of the area nrior to the first ploughing, but from the appearance 
of the surrounding vegetation and from aerial photographs it may 
be assumed to have been an 1 old fallows1 v getation of such 
specios as Hyparrhenja fcliia, Stqe^e vulgaris, firftlXfllSli £2* 
and Cvnodon dactvlon (confirmed by Davidson, personal communication).



j,Vo points in pf vticular should be noted about this exper­
imental design.

Firstly, there is no 'buffer zone' around the experiment, 
and the ends of all the plots and the outside edges of the 
1959/1960 and 1950/1951 plots were exnosed so that they could be 
influenced by the vegetation along the boundaries.

Secondly, the range of treatments on the soil varied from 
one year of cropping to nine years of cropping, fhe only fertil­
izer used was superphosphate which was apulied at onch cropping.

An area of purple veld usually grazed or mown lay further 
down the slope from experiment T6B, and in this area a block of 
25 x 150 feet wns pegged out approximately 50 yards south-west of 
the 1950/1951 plot. This area was used for equivalent studies to 
those carried out on the serai vegetation.

Most studies were confined to four plots, the 1959/1960 plot 
representing the ruderal stage, the 1956/1957 plot the primary 
grass stage, the 1950/1951 plot the secondary grass stage and the 
plot described above in the purple veld or Trachypogon - other 
soecies grassland. For convenience these plots will be referred 
■) as the d, 5, *1 and T plots, and these initials will only refer 

to these particular plots. Also a plot referred to as a 1959 plot, 
for eranple, would be that cropped in 1958/1959, hence abandoned 
in 1959.

These plots were used to measure the environment of the 
various serai communities growing alongside each other with the 
same aspect on the same soil type. It had been proposed (Anon, 
1959) to measure the following environmental chnracters:- 

Light
Temperauiire: soil temperature and air temperature

beneath the canopy 
Humidity: relative humidity and evaporating power of

the air 
Soil Moisture 
Soil Nutrients



After defining the environment of the serai sta - s it was 
proposed to measure the tolerance of the dominant species to each 
of these factors, and possibly to be able to prove "chat succe­
ssion is due to biotic reactions, i.e. that each community 
produces an environment which is unsuitable for itself and suit­
able for the next stage in succession."

The final stage of this programme would be the modification 
of the environment by artificial measures which would make poss­
ible the development of any serai stage by providing the mic­
roclimate desired.

(b) Zxperld^nt T6B in 1961/1962

(1) Analysis of Vegetation
As various measurements of the micro-environment were being 

taken throughout the growing see son, no quantitative analysis of 
the vegetation w"s made until late autumn 1962 when the environ­
mental studies were being concluded. Measurements of species 
basal cower were then taken on the 10 plots of T6B, and the 
T plot, 500 point quadrats being thrown on each plot using a 10 
point frame.

Tne customary standards were used for the recording of a 
hit, ana in the case of C. dactvlon a hit was taken as being any 
strike on a main runner, as well as counting those hits on a 
rooted node. Those points which did not strike a plant base 
were recorded as 'bare' or 'litter'. Litter was defined as a 
strike on an area where the soil was well protected by living or 
dead plant material lying close to the. ground.

In the- R, E, H and T stands measurements of plant dens ivy 
and frequency were taken from k-0 throws of a .quartor-metre quadrat, 
and visual observations were made on all plots.
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results
The results of the point quadrat analyses are given In table 

1 and the results of the frequency and density determinations, 
the latter being expressed as plants per sq. metre, are given 
in table 2. Ahe errors to be expected from using 40 quadrat 
throws for frequency determinations can be assessed from table A1 
in the Appendix.

^3^, ..2
SP.XI3S FREQUENCY AND DENSITY

H, E, H ana oL0T3

Density Percent
Soecies (plts/si. m.) Frequency

R, 3 H , X , 4- Y
Uonyza arabigua 16.6 4.7 M - tib It 48

48
-

Gnaphalium luteo-albua 0.7 14.3 8.2 13 •
Tagetes minuta 52.6 19.5 0.4 - 73 73 5 -
Oenothera biennis 2.1 5.4 0.4 - 2b 28 8 -
Ursinia nana ND ND • m 58 8 m -
AcanthospermW', xantholdes ND ND • - 78 e • -
Senecio so. - - 0.2 - - « 3 -
Helichrysum sp. c* - 1.3 - 20 -
Bidens schinperi - 32.1 - - - 40 - •
Misc. dicots — 0.4 • 10 •

I Eragrostis curvula 0.9 2.5 4.3 4.0 13 50 63 20
PaspaTurn commersonii 0.6 0.7 0.7 m 10 15 13

I  1
Sporobolus pyraraidalls 
Setaria pallide-fusca 0.4

0.1
0.1

m
8 3

3
Cynodon dactylon ND ND ND ND 78 88 70 8
Eragrostis racemasa 0.1 - cm mm 1.4 3 - - 29
Hyparrhenia hirta 0.4 m 4.7 0.1 8 53 3
Stoebe vulgaris - - 1.5 0.1 • 25 3
Andropogon amplectans - m * 0.2 - - - 5
Cymbopogon excavatus m • 0.5 — • - 10
Monocyrabiura ceresiiforrae m w 0.1 - - m 3Brachiaria serrata - m - 1.5 m - m 25
Heteropogon contortus * m 5.2 - - m 58
Dlplachne biflora » m - 1.5 «• - » 33Digitaria tricholaenoides m • — — ND * - •• 2d
Vrelytnua squarrosvxm m - 0.1 • » 3
Elyonunis argenteus m m - 6.9 . » - 60
Tristachya hispida * * - 13.2 — - 35I Trachypogon spicatus » 8.5 1 m • * 85

ND * Not determined, counting not possible owing to the habl
of the plant, frequency alone recorded.

Throughout this thesis Convza amolxna covers both this species 
and Erigeron canadensis, as separation of these species in the 
field proved to be very difficult, or impossible in the case of 
plants without seed heads.

acmm
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In figure 1 the percentage basal cover of all species, 
percentage bare ground and percentage litter for all the plots 
have been depicted in graphical form, and other graphs illus­
trate the change in basal cover of C. dactvlon. E. curvula and
H. hirta with an increasing period of revegetation, the figures 
for the T plot being shown as zero years of cultivation.

Brief descriptions of the T6B and T plots as at the 1961/
1962 season are given below, and throughout those descriptions 
and thereafter Cynodon will refer only to C. dactvlon, Eragrostis 
to E. curvula, Hyparrhenia to H. hirta, and Trarhypogon to 
Trachyooeon soicatus.
I960 (R) plot: Much bare ground, Eragrostis scattered with many
tussocks from I96O/I96I season; good growth of Cynodon in past
and present season, many runners from bordering vegetation on tf.E.
or long boundary; approximate count of Hyparrhenia 3^ plants, 
smallish, mainly from past season; scattered Paspalua comaersonil 
through this plot and all to 1951; very scattered Eragrostis 
racemosa.
1959• Much tare ground; more Eragrostis than i960 plot, in good 
health; less Cynodon than i960 plot; approx, count of Hyp&r- 
nhenia 21 plants, some large; Tagetes mlnuta growth best near 
Tatra s p . (rodent) burrows, noted also in i960 plot; rare to very 
rare Pogonarthria wparrpsa Ândroppgon eucomus, Arlstida congests 
and E, racemosa.
1958; Much bare ground, but less than 1959 plot. Eragrostis still 
healthy but increasing proportion of dead material; slight 
increase in Cynodon; approx. Hyparrhenia count 18, most tussocks 
la’-ge; rarer species as for 1959 plots with 1957 and 1956 plots 
has highest Oenothera biennis density.
195/ (E); Little bare ground - applies for remaining plots; 
big increase of Cynodon in fair condition; Eragrostis in very 
poor condition where Cynodon plentiful, otherwise in fair health; 
asprox. Hyparrhenia count 7, all large; thick Onaohull'iro lutco- 
album. mainly associated with Cynodon.
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Cynodon often very thick, fair to poor condition; 6regr- 
ostis poor, almost all dead in dense Cynodon areas; approx. 
Hyparrhenia count 40, with few small bushes.
19cj: cynodon the main grass, fair to poor condition, Eragroa-
tis very poor, mostly dead; estimated Hyparrhenia count over 100.

Cynodon and Sragrostis as for 1955 plot; further increase 
in Hyparrhenia with some old tussocks; 2 apparently spreading 
clumps of Cvmbooogon excavatus - only ones in T6B, each clump 
quite distinct, no special environmental characteristics noted. 
1951; Cynodon dominant where Hyparrhenia absent; Sragrostis 
poor; slightly larger number of live Hyparrhenia than 1954 piot,

but more dead material.
1952; Cynodon and Sragrostis both in poor condition; greater 
number of dead Hyparrhenia tussocks which in all plots tend tc re 
at the S.B. and. An area of ItoeM v̂ lKSllS. In NeW* corner 
continuous vith a similar area outside.
1951 (h ); IXirther decrease in Eragrostis and Cynodon; many more 
llye and dead Hyparrhenia tu socks, alive in centre cf piot, dead 
in the 3.2. end, with the N.W. covered by St&SkS

All the plots from i960 to 1951 had varying amounts of annual 
weeds, mainly Cor.yga ambigua, Gnaphallum I'lteq-â biis, iiLLLLi-'. 
micuta. and Bldens schinsrerl. Acanthospsrmm M n t h g l W  and 
Ursinia nana were common in the recently abandoned plots. At the 
beginning of the season dead stalks from the 1960/1961 ruderals 
were noticeable but these soon flattened out.
Purple Veld Plot (T)j

Typical purple veld over most of the plot except for an *rea
of small and low Eragrostis tussocks in one corner of the plot.

Photographic Record
Plates 1 to 9 further illustrate the characteristics of these 

experimental plots, and reference car. be made to plates 11, 1 r* 
and 15 which also illustrate various features of the plots.



Dlsousslon
Reference will be made to the botanical analysis and des­

cription of the plots It. several of chf flowing chapters, but 
the following points will be noted now and their importance 
discussed later on.
(1) There were no annual ruderals growing in purple veld, even 
though a small number of ruderal seedlings were present in the 
veld at the start of the season (as shown in tne following 
section). In contrast to vhis ruderals were abundant in the ToB 
plots.
(2) There was a decrease in the health of Eragror.tis plants as 
the age of the plots increased, with a particularly large number 
of dead individuals in the 195; and 1954 plots. In the 1956 and 
1957 plots the growth of Cynodon was much denser around the poor 
ETagrostis tussocks than the healthy ones; the encroachment of 
Cynodon did not apoear to be the cause of the poor Sragrostis 
tussoeks, but probably paralleled the increasing unhealthiness of 
the Eragrostis.
(3) There was a marked decrease in the cover of Cynodon in the 
1959 plot as compared with the I960 plot. This was attributed t ? 
the outgrowth of this species from the i960 plot boundary, not to 
any limiting factor of the 1959 plot.
f 4) In the i960 plot there were more Hyparrhenia plants than in 
the 1959, 1958 and 1957 plots. Most of the plants counted were 
from the 1960/1961 season, the first year of abandonment, and the 
establishment was often on areas which, as far as can be Judged 
from thepresence of dead rudural stems of that season, would have 
offered little protection and shelter. The areas with the great­
est concentration of young Hyparrhenia were close to the boundary 
0: the plot where dense Hyparrhenia was growing. In the 1959,
1956 and 1957 plots, although there were fewer Hyparrhenia plants



they were very vigorous and Li much better condition than those 
in the 195l+ to 1951 plots.

The many dead tussocks in the early plots, especially in the 
1951 plot, suggest that many Hypnrrhenia plants established in 
the first years of abandonment in order for the tussocks to have 
reached such a size before dying off prior to the 1961/1962 
season.

The degeneration and death of ungrazed Eragrcstis and 
Hyparrhenia tussocks has a parallel in the similar degeneration 
of ungrazed purple veld (shown to some extent 11 plate 21) - 
though it seems that a longer period of time is required before 
purole veld tussocks die than is the case for the serai g-ssscs.

Donald (1961) has suggested that the degeneration Of ungrazed 
or unmown grassland is a result of an accumulation of leaf mat­
erial with a consequent Leaf Area Index such that respiration 
demands equal or exceed energy gains from photosynthesis. 

Conclusions
Experiment T6B has been described, and results presented of 

botanical analyses carried out in 1962. The succession on these 
nlots has, as a general rule, followed the expected course, but 
several points have been noted in the discussion.

12J— rhe_Establishment and Growth of Ruderals
1- E'-rly. soring establishment counts
Methods
It was noted in late August 1961 that there wore considerable 

numbcia of small dicotyledonous seedlings throughout experim .t 
T6b as a result, of Isolated winter rainfalls. Consequently 
seedling counts were taken on the 31st August using 30 throws of 
& 350 sq. cm quadrat in each of the X, E, H and T stands. At 
the- same time five samples of 0-3 inch soil were taken from 
each stand, and the moisture content determined us percentage



Results
The number of seedlings per square metre, the soil moisture 

percentages and the wilting point soil moisture percentages (from 
chapter III) for the four stands are given in table 3.

fABLS. 3

933DLING COUNT3 IN FOUR COM (UNITIES

Community
R E H T

Seedlings per 
sq. metre 123 545 952 12

Soil moisture % 3.1 3.4 5.8 5.2
pF 4.2 moisture %  
(wilting point)

4.4 4.7 5.9 5.9

The variation between the counts within each stand was enn-
■ v  • • •

sidcrable and this is illustrated in table V which shows the
number of quadrats, out of the 30 thrown in each stand, in which 
various levels of seedling density were recorded.

DISTRIBUTION OF SEEDLINGS IN FOUR COMMUNITIES
No. of seedlings 
per quadrat

Ro. 0$ quadrats in each
R 2 H

community
T

0 6 5 2 ! 221 - 1 0 If i4 3 811 - 20 3 3 721 - 30 1 131 - 40 e» 1 3
41 - 50 1 3
51 - 60 3 16l - 70 1 1
71 - 80 381 ~ 50 1 191 - 100 - 1 -
Total no. quadrats 30 30 30 30

The results in tables 3 and 4 clearly show the low seedling 
density recorded in the T plot. Although the soil moisture



21

sampies were taken after establishment had taken place it would 
ap ear that the low seedling numbers cannot be solely attributed 
to an excessively high moisture tension in the T plot as compared 
with the other throe plots. As there ware no dead stalks of 
rnderals from past seasons in this plot it is obvious that there 
must be some factor or factors limiting the growth of ruderals.

The seedling establishment in the R plot was lower than in 
tne E or H plots, the main period of germination in the R plot 
being after the ooening seasonal rains at the end of October.
This low establishment is largely attributed to the faster rate 
of drying out of the bare surface soil of the R plot as compared 
with the protected surface of the other plots. In the R, E and H 
stands the highest seedling counts were recorded in sheltered and 
protected areas.

Later visual observations indicated a considerable mortality 
of these seedlings in all plots, with complete seedling death in 
thy T plot. This mortality is almost certainly due to the higher 
moisture tension level1' in the soils as the perennial grasses began 
to come away in September with the higher soil temperature, the 
limiting nature of which has been demonstrated for P.. curvula 
(Leigh, i960) and T. spicatus (Davidson, unpublished). This mois­
ture stress would be expected to be greatest in the T plot as the 
eGr"y perennial grass growth in this plot was much more vigorous 
- lan on the protected E and H plots. Competition for water has 
b«en suggested as the reason for the failure of annuals to compete 
with vigorous perennial grass in Carolina (Keever, 1950).

U Sl̂ w.th of ruderals
The seedlings which established from winter rains were 

mainly Cgnyza ambigua and Gncpthallun luteo-album and almost no
or T&getes mlnuta established until the November rains. 

Sven so the growth of these last mentioned species was very poor,
®nd this is illustrated by measurements made of the height and
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weight of Tagetes and Conyza plants from he R p]ot In early 
December end from the R and H plots In mid-February. To avoid 
interference with the micro-environment studies the samplings 
were limited to 10 plants, selected at random.

TABLE 5
5 h?MNQ DATA FOR THE GROWTH OF RUDERALS - 1961/1962

Date & Stand
Tagetes(R)

7/12
minuta
CO

15/2
(H)

15/2

Conyza ambigua 
(R) CO (H) 

7/12 15/2 15/2
Mean height 

(ins)
Fresh weight 

(gms)

1.2
0.1

2.7
e.i

7.8
0.6

10.2
10.4

33 39 
32 >8

Results and Discussion
The results of the sampling, given in table clearly ill­

ustrate the much greater bulk production and height of the Conyza 
plants, and also illustrate that the Tagetes in the H stand grew 
better than Tagetes in the R stand. Visual observation indicated 
that. Tagetes growth in the E stand was sinrllar to that in the 
H stand. Observations also indicated that the differences in 
Tagetes growth between the stands was not related to different 
seedling densities.

Examination of a number of stands also suggested that al­
though Tagetes and Conyza grew equally well in cropped land, 
Tagetes and Bldens so. seldom grew as well as Conyza on aban­
doned land. Tagetes is very rarely found in completely protected 
purple veld, a condition which allows considerable Conyza growth 
(plate 21).

££I&justpns
Following scattered winter rains there was an abundant 

germination of annuals in the R, E, and H stands, but germination 
was rare in the T plot. There was considerable mortality among 
seedlingq, especially of those in the T stand. Surviving seed- 
lings grew better in the H stand than in the R stand.

I# m  ......



CHAPTER HI

THE PHYSICAL ENVIRDgKEPT OF AIR ANL .SOIL IN. RELATION
TO 1SCOHDARY SUCCESSION

(a) Light intensity
In the review of competition in chapter I it was noted that 

light is one of the main factors in plant competition, and that 
competition for light was generally of less importance in grass­
land than competition for soil moisture (Clements et al, 1929).

The major role of light is in regard to requirements for 
photosynthesis, but light can also be involved in the germination 
requirements of seeds, and daylength is important in the photo- 
period requirements fbr flowering.

Many studies have been made of light intensity in forests,
e.g., Ashton (1958), and a range of results are listed by Shirley 
(1945). Cooper (1961) studied light intensity under a range of 
life forms, but most of the work in grasslands has been carried 
cut in connection with Leaf Area Index investigations, e.g.,
Stern (1962).

Story (1938) by use of the Eder-Hecht photometer showed that 
the light. Intensity at ground level in Themeda veld was approx­
imately half that in serai vegetation, and this was confirmed in. 
one set of measurements with a photo-electric coll. Some meas­
urements were also taken with a photo-electric cell in purple 
void at FrankonwaId (undated, unsigned file record) and although 
mainly concerned with the passage of different wave lengths 
through loaves, it was noted that it was quite common to find
light intensities under tussocks of 10£ or less. No records 
dealing with succession and light intensity hrv« been located 
Cher thch .tWase of Story. *

Matheson (1939) had used purple veld when comparing light 
measuring instruments, but gave no details about the actual 
light conditions in the void.

It can be misleading to place too m;ch cmohasis upon the 
1Aoan1 light intensity under vegetation, the mean is generally
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nade' up of al: rge proportion of low readings and a small propor­
tion of high readings, usually due to •sunflecks* through the 
vegetation.* The Importance of these sunflecks has been dis­
cussed. by Evans (1939) and briefly by Stern (1962).

Daubenmire (1959) lists different species as having differ­
ent compensation points (the point of lowest light intensity 
where a species can maintain itself, and photosynthesis is 
sufficient to off set respiration), but Blackman and Wilson (1951) 
suggest that there is little difference in the conpenst.tion point 
between sun and shade plants, ..1 though shade plants have an 
optimum growth rate at lower light intensities than sun plants. 
These differences between the optimum light intensity levels 
were more dependant on changes in Leaf Area Ratio rather than 
on differences in Net Assimilation Rate.

Methods
There are manv methods of .measuring light inte vsity, and 

these have been discussed by Matheson (193d) and Daubenmire (1959)• 
The instrument used in the investigations described was a Weston 
photometer with a selenium receptor cell. The scale readings 
on the instrument only went to 250 foot candles, but readings 
of full sunlight (10,000 to 12,000 foot candles) were brought 
on to the scale by incorporation of resistances between the 
receotor cell and the meter. The method of calibration of the 
scale readings is described in part two of the Appendix.

As recommended end used by almost all authorities (e.g.,
Lvana, 1939) an opal glass filter was placed over the receptor 
cel]. Consequently light Intensities were recorded as a per­
centage of full sunlight and not as absolute values, but this 
method of recording is often prejerred (Daubenmire, 1959)* 
Daubenmire suggested that the days for recording either be 
comparati ply cloudless or have a uniform overcast sky, the 
latter being preferable as over heating of the receptor cell



is avoided. Uniform overcast skies, however, are uncommon in 
tue highveld and so all “’ut two sets of meaurements were carried 
out in cloudless conditions.

It is very difficult to insert the cell into vegetation 
without concious or subconcious selection of sites. Daubemoire 
stated that some workers, in order to obtain a satisfactory 
value for average light intensity under vegetation, have direc­
ted the sensitive element of the light meter upwards and placed 
it successively at equal intervals along a tape, taking an aver­
age of readings made in the open at the beginning and the end 
of the series as a 1m ais for comparison. In the investigations 
described it was necessary to kneel down and place the meter 
and resistance box on the ground before inserting the cell into 
the vegetation and taking the reading.

The procedure adopted was that six sites were chosen at 
random within each stage, the studies being carried out on the 
R» E, H and T plots. At each site six measurements of light 
intensity were made at equal intervals around the circumference 
of a 'circle' of diameter six feet, and it was found that only 
on extremely rare occasions did the plant growth controlling 
the reading at one point have any effect at the next measuring 
point. Measurements of full sunlight were aken at the begin­
ning and the end of each set of six readings, and so the average 
light intensity as percent of full sunlight in each stand was 
recorded from 36 readings (6 sets of 6) and 12 control readings 
(6 sets of 2), All readings were taken over the noonday period, 
and care was taken the t the sensitive cell was covered except 
when readings were being taken.

Throughout the growing season measurements were taken on 
seven occasions at the half inch level above the soil surface, 
and on four occasions at the four inch level. Measurements in 
the H plot were confined to the Hyparrhenia portion of the plot



as were all measurements recorded In this and other chapters. 

Hegults
Table 6 lists the reductions of full sunlight intensity 

recorded in the four stands at both the half and four inch 
levels for each occasion when measurements vere made.

PISLD LIGHT INTENSITY MEASUREMENTS 
Full Sunlight as 100

(a) At the i inch level.
t

Date 
■--------- —

Conditions "sLand
S 3 H T

i 8/11/1961 
30/11/1961 
19/12/1961 
24/ 1/1962 
21/2/1962 
21/3/1962 
5/5/1962

Cloudy
Sunny

11

ti
it
11

n

72 31 22 23 
70 24 19 25 
64 19 21 23 
68 2? 20 25 
7p 27 20 18 
24 20 16 17 
60 18 21 15

Mean 
— ----------- .

65 24 20 21 !

(b) At the 4 inch level

Date Conditions Stand
H E H T

28/2/1962
13/3/196?.
6/4/1962

25/5/1962

Sunny
Cloudy
Sunny
Sunny

82 63 48 79

|  %  %
75 53 45 60

Mean 76 50 41 64

xhe results are also expressed on a frequency basis, as 
recommended by Daubenmire (1959), where the number of readings 
within each 10J* level of light intensity are expressed as the 
percentage of all readings taken. Thus the resulting histograms 
are based on 252 (7 x 36) readings at the half inch level in each
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st<nd for figure 2, and IM+ (1+ x 36) readings at four inches in 
each str.nd for figure 3. The values, on which the histograms are 
based are given in table A2 in the Appendix.

Discussion
The results in figure 2 show there is a marked similarity

between the frequencies of the different light intensities at
the half inch level in the three grass stages, as compared with
the completely different distribution of light intensity within 
the R stage.

In the measurements at four inches there is a much greater
proportion of high intensity readings in the T stand than in the
E and H stands, this difference being due to the short habit
of the purple veld grassland. Similarly in section (bj of this
chapter a large change in the evaporating power of the air at
two levels within purple veld grassland is dcionstr , The
greater shading effect of the taller Hyparrhenia is also shown 
in figure 3.

Prom visual observation of other stands of the various 
successions! stages it would appear that these measurements 
would be representative of tost of the equivalent ungrazed stages, 
though a more vigorous and taller growing ruderal stage would 
probably give greater reductions in light intensity by the end 
of the se-ison.

ssuming that soil moisture and nutrients are freely avail­
able the differences in light intensity within the four stages
could have three direct effects as follows.
(1) stands could have such a high light intensity at the soil
surface that seedling establishment may be severely hampered, 
as nostulated for Stoebe vulgaris by Lecatsas (1961).
2̂) Stands may have such a low light intensity at the ground 
surface that seedlings could not, on their own resources, reach 
8 height where there is sufficient light intensity to maintain 
their growth.
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(3) The shading effect of the tall species could severely 
handicap the shorter species in their growth.

The first two possible reactions will be discussed in 
chapter VII after the results >f a seedling growth trial have 
been presented.

From results given by Story (1938) and the compensation 
points listed by Daubenmire (1959) a figure of 30# full sunlight 
could be taken as that likely to greatly reduce or to tease 
mature plant growth. From the four inch measurements it can be 
seen that only 2, 20, 33 md 13# of sit .s in the R, E, H and T 
stands have below 30# of full sunlight at any one time. This 
suggests that there would be few sites in these stands wnere 
mature plants, prosumoably at a height of above four inches, 
could ncJt maintain themselves. The only pMnt that docs not rise 
far above four Inches.is. Cvnodon dactvlon. which has the ability 
to grow in light intensities of well below 30# full sunlight 
(Story, 1938). It is therefore suggested that the light inten­
sity in these stands is not so limiting that it would, by itself., 
prevent the growth of mature plants, but it is possible that 
reduced light intensities could so handicap a plant that it 
would die midor other competition pressures, i.e., for water.

However figures such as these which are for a stand can 
never give a complete picture. A pasture of Eragrostis with 
very scattered I.yparrhonla could have the same mean values and 
frequency distributions of light int^raity at various heights 
as a pasture of pure Eragrostis; yet in the first case the few 
Hyparrhenia pints present could exert a significant ihading 
effect upon the nearby Eragrostis plants with which they would 
bo competing. For this reason it is suggested that any further 
studies of light intensity in relation to secondary succession 
be based on detailed analyses of light intensity within various 
species interactions as they occur in the field.



It has been shown that the light Intensity at the half inch 
level above ground in the four vegetation types studied was, in 
order of decreasing intensity, R^> E ^  H —  T. At the four 
inch level the order is R >  T^> E)> H, and the changes between 
the two levels are attributed to the life forms involved. It 
has bem concluded that reduced light intensity would hardly ever 
be the sole cause of death of a mature plant, but could make 
plants more susceptable to death by competition from other 
causes.

(b) Bya^rative Power of {he Air
(1) Livingstone Atnometers
The direct measurement of factors which Influence plant 

transpiration, e.g., wind, solar radiation, air temperature anu 
relative humidity, is vary difficult, especially in a grassland 
community. Therefore over the last sixty years ecologists nave 
found it convenient to avoid ma-y of the problems associated with 
the measurement of these factors by determining the 'evaporative 
power of the air'. There are sevf -al devices for measuring this 
factor, and they are fully Cussed by Livingstone (1935), but 
It is important to keep in >d that there is usually variation 
between the different types o. mometers when used undar diff­
erent jnditlons. When it is ,her considered that the ‘
evaporative power of toe air' is not an absolute measurement, 
it is obvious that atraometers are not suitable for highly 
critical work, and so are often regarded with suspicion by 
meteorologists.

However to the plant ecologist who is trying to art out 
gloss differences between the evaporative stress of the air with­
in aifferi..t plant communities atmomoters are a very useful tool, 
because, as expressed by Daubenmire (1959) 'measurements of 
the ovaporative power of the air are very important because they
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It has been .°hown L. at the light intensity at the half inch
level above ground in the four vegetation types studied was, in
order of decreasing intensity, E ̂  H -  T. At the four
inch 1...1 the order -3 B >  T »  E >  H, and the changes between
thf two levels are attributed to the life forms involved. It
has been concluded that reduced light intensity would hardly ever
be the sole cause of death of a mature plant, but could make
plants more susceptable to death by competition from other 
causes,

(b) & & 10r tlve Power of M v

(1) llYlBAsto'ie Atmomet^rs
The dir act measurement of factors which influence plant 

transpiration, e.g.,, wind, solar radiation, air temperature and 
relative humidity, is vary difficult, especially in a grassland 
community. Therefore over the last sixty years ecologists have 
found it convenient to avoid many of the problems associated with 
the measurement of these factors by determining the 'evaporative 
Power of the air'. There are several devices for measuring this 
factor, and they are fully discussed by Livingstone (1935), but 
U  is important to keep in mind that there Is usually variation 

ween the different types of atmometers when used under diff­
ered conditions. When it is further considered that the ' 
'evaporative power of the air' is not an absolute measurement, 
it is uuvious that etmometers are not suitable for highly 
critical work, and so are often regarded with suspicion by
meteorologists.

However to the plant ecologist who is trying to art out 
gross differences between the evaporative stress of the air with­
in different plant communities atmometors are a very useful tool, 
because, as expressed by Daubenmirc (1959) 'measurements of 
the Poratlve power of the air are very important because they
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integrate the influences of all the strictly atmospheric factors 
that promote evapotranspiration from the soil, and most of the 
factors that affect transpiration." Middleton (I9U3) in his 
book "Meteorological Instruments" adopts a view similar to the 
one given above, namely, that atmometers are a useful instrument 
provided both their advantages and limitations are recognised.

The relationship of evaporation from Livingstone atmometers 
to the environmental factors of vapour pressure deficit and wind 
velocity have beendbter'ulned by Kucera (1955), and Halkias et 
at (1955) found that evaporation from Livingstone atmometers 
and a U.S.A. class A evaporation pan were strongly correlated 
(r - 6.98), whilst Harrold and Dreihelbis (1958) found a con­
sistent relationship between evaporation as measured from an 
atmomett and from an evaporation pan. Matheson (193?) demon­
strated a very close relationship between the relative day to 
day readings of a Piche evaporimeter and a Livingstone atmometer.

Livingstone atmometers were used to study the differences 
in evaporating power of the air in the various stages of succe­
ssion on sand dunes by Fuller (1911), and have been used in the 
study ox relationships between plant form and microclimate by 
Coope! (1961). Other examples of studies whtira atmometers have 
been used to demonstrate differences in evaporative power be­
tween different communities are those of Rice (i960, 1962).
The studies of Cooper and Rice are of interest in that they 
emonstnte the similar relationship of atmometer readings with­
in Afferent communities to the corresponding humidity and wind 
speed measurements.

Methods

The atmometers, mounted in the manner described and illus- 
tratad by Daubennire (1959), except in that the Livingstone- 
Thone valves were mounted at the bottom of the uptake tube,
^re exposed in experiment T6fi over the 1961/1962 growing

i m k



season, ihe distilled water .storage bottles were placed in 
containers sunk below ground level, as done by other workers, 
so that the pcvous cups were approximately eight inches above 
ground level. Hence the cups were below the main transpiring 
level of Hyparrhenia leaves and some of the ruderals, were sli­
ghtly below the corresponding level of Eragrostis leaves and 
were slightly above the corresponding level of Cynodon and the 
grasses in the T plot. Plate 10 illustrates the manner in which 
the cups were mounted, and Plated! shows one of the cups in 
position in the 1957 (E) plot.

Owing to the time taken, to get the available cups cleaned, 
checked and mounted, and to the use of the cups in the washing 
experiment (Appendix, part three), the full number of cups was 
not operating until January. Two cups were placed out in the 

E, H and T stands in October, three cups in each stand in 
November, with two additional cups being exposed during December 
in clearings of six yards by six yards which were clipped to the 
one inch level, as shown in Plate 12. Four cups were placed in 
each of the five stations from January to May, when frost inci- 
'lence caused the cups to be withdrawn. The usage of four cups 
in each stand omparee favourably with the number used by workers 
in the references consulted. The atmometers were removed, 
cleaned and washed at fortnightly intervals, and if the cotton 
wool of the valves was becoming effected by algal growth it was 
replaced. The cuds were washed in the field at approximately 
weekly intervals as evidence presented in the Appendix (part
hree) show that more frequent washing of atmometers is not 
required.

Hf-auings, made by regular weighing of the atmomotor assemb­
lies, were made at intervals of every two or three days over the 
summer months, lengthening to seven days in autumn. Calibration 
checks of the atmometers were made throughout the crowing soaso.., 
the later checks being made against two newly purchased and
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calibrated cups made by the only manufactures*. By means of the 
coefficients obtained from these calibration chocks the correc­
ted figures can be compared with these obtained by all previous 
users of Livingstone atmomcters. Removal of the atmometers for 
cleaning and calibration checks meant that approximately three 
days readings were lost every month.

Results

The mean monthly lo^ of water, expressed as cc per day, 
from each stand is given in table ?, and tha detailed data in 
table A} in the Appendix. Figure 4 is a histogram where the 
readings for the R, C, H and T stands from November to March 
are given as an average evaporation loss in cc per day.

Plscssion
The values for the evaporation losses are of the order to 

be expected under these conditions. Under more temperate 
conditions in America Cooper (1961), for example, recorded six 
monthly averages over the summer period from 8.; to 13.0 cc per 
day in various vegetation types, and Fuller (1911) recorded a 
maximum average loss over summer of 21 cc per day in the most 
exposed association studied. On the highveld Israelstam (1953) 
showed that evaporation losses in a ruderal stand were consis­
tently about 80/ic of those over bare ground. The only figures 
available for the average evaporation over 24 hours were 54 

and 68 cc per day for the rud ral and fallow stages in October, 
and 29 and 36 cc per day respectively in November. Story (1938) 
compared the evaporative power in serai vegetation and climax 
Themeda veld and found the average monthly evaporation over the 
year ranged from 9.6 to 20.8 cc per day for the veld, and 11.3 

to 32.8 cc per day for the serai stage. The yearly evaooration 
for the veld was 7%  of that of the serai stage, but there was 
considerable variation in this figure from month to month.
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MONTliLY EVAPORATION PROM LIVINGSTONE ATMOMETKiS

IN CC PER DAY
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The evaporation rates recorded in October 1961 were very 
much higher than those recorded in any of the following months,
f.s was the case in the figures of Israels tarn quoted above.
This is attributed to the dryness of the atmosr’ are before ‘he 
onset of rains and to the windier conditions \» ch prevailed 
during this period. (The climatic conditions during the 1961/ 
1962 growing season are described in part seven of the Appendix). 
Evaporation losses did not vary to any app-.-eciabJ e extent over 
the remainder of the growth period, but fell away slightly with 
the onset of autumn. The slight lowering of evaporation loss 
in autumn was in no way a true reflection of the greater falling 
off in plant growth.

The relationship between the four successional stages can 
be summarised in the following way, listing stands in terms of 
decreasing evaporation:*

T —  R E *= H 
It the records for the cleared areas are considered with 

those from the T and R stands it appears that there is a general 
change in relative values as follows; C.A.> T (Dec, Jan.)
to C.A. T R (Feb, Mar.) to T >  C.A.> R (Apr, May).
As the main protection in the R plot was comprised of Convza 
agbigua. which does not run to head until mid summer, it is 
understandable that the R T of Dec ember/January changed to 
T / R thereafter - though the November results do not follow 
this pattern.

It is however far more difficult to explain the very con­
sistent reversal of C.A. T to T > C.A. which took place in 
April. There was a definite lowering of height of the leaf 
layer in the T plot over this period, so T would be expected to 
become close to C.A., but this does not explain the change to 
T / C.A. The only reasonable explanation would appear to be 
that the slightly different situation of the T plot, which was 
surrounded by low purple veld, was sufficient at this time to

m



bring about slightly higher evaporation losses than those recor­
ded in the areas cleared among taller vegetation further up the 
slope.

From consideration of the variation in structure, compo­
sition and density of the various serai areas observed. it is 
suggested that in ungrazed pasture the general pattern of summer 
evaporation at the eight inch level, in order of decreasing 
evaporation, would be

j rachypogon Ruderal ^  Eragrostis Hyparrhenia
However when the small differences between the four stands 

studied arc viewed in relation to the equally small differences 
observed by Israelstam and Story, and to the much greater range 
recorded by other workers, e.g. Rice (i960), it is suggested 
that the differences in aerial evaporative power will not be a 
causal factor in succession. Reference to the .Investigation* 
where evaporative power has been recorded in conjunction with 
wind speed, humidity and air temperature, e.g., C.oper (196l), 
Rice (1962), indicates that there will be no critical differences 
in these factors between the four communities studied at this 
particular height.

Different ratios of evaporative power would bo expected in 
the air layers within one or two inches of the soil surface, and 
it is possible that these differences may be important in regard 
to seedling establishment and persistance.

Cone)us ions
In the R, E, H and T communities investigated, the E and H 

communities offered the greatest protection against evaporation 
loss from Livingstone atmometers at eight inches above ground 
level, and the R and T communities offered loss protection. 
However the differences involved were small, and from consider­
ation of all the factors involved it is suggested that differ­
ences between the four stages in evaporative power at this height
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and prestian'.'1./ in air temperature, humidity, and wind speed, 
are not causal factors of the highveld secondary succession.

(2) Soil Point Cones
In addition to measuring the evaporative power of the air 

at eight Inches above ground level, it was considered desirf.fe 
to measure this factor at the immediate ground level in the 
environment of germinating and establishing seedlings. Living­
stone atmometers cannot be operated ao close %o the gfound, and 
insufficient Piche atmometers were available, and in any case 
these instruments were difficult to use in dense grass or litter. 
It was therefore decided to use Soil Point Cones, described by 
Livingstone (1935)» as evaporimeters. The decision to use 
another n at evapcrimeter was taken reluctantly, but tests 
outline*, i atail in part four of the Appendix demonstrated that 
evaporati isses from Piche evaoorimeters and points were in 
a constt „io, and hence the ratio between points and Living­
stone atmou..,ce:,s would also be in a constant ratio (Ma the son, 
1937). Plate 13 shows one of the points operating in the R 
stand. The pre-soaked points were filled with 5 cc of water, 
evaporation was allowed to take place through the porous band 
marked >P' in plate 13, and after <? -citable length of time the
remaining water was measured and the -evaporation rate' calcula­
ted*

Methods
Measurements of evaporation losses from soil points were 

nads in the R, E, H and T stands. The runs were always carried 
out during daylight hours, the length of time varying with the 
evaporation rate. Four points were exposed in each stand, and 
50 exposures were made at regular intervals throughout the 
growing season.
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Results

The mean evaporation loss in cc per hour of the readings, 
taken during each month are given in table 8, together with the 
losses expressed on the basis cf the loss in the R stand being
1005c.

TABLE 8

MONTHLY 1 EVAPORATION 1 DATA FROM SOIL POINTS

Month

Mean Monthly Evaporation Relative evaporation 
in cc per hour with R as' 100.

R
Stand 

E H

October 1.19November •39December .48
January .78February . 63March .58April .44May .44
Mean .62

.28 .30 .3* 

.32 .31 .34
•49 .39 .?4
.34 .36 .41
.39 .32 .39
.27 .24 .30 
.28 .24 .28
.39 .35 .42

I
R

100
100100100100100100100100

Stand 
E H

56

I
64
63

56
II
50

I
u

58
98

1
6468

discussion
As only six runs were taken during each month, and as these 

were taken over different lengths of time, it is not intended 
that the results for one month should be compared with other 
months; although the expected overall pattern was obtained with 
high October readings, low November and December readings, a 
rise in readings during the dry summer months and a fall in 
readings.with the onset of cooler weather in autumn.

Comparison of the reductions in the E, H and T stands 
relative to the P readings as 100 shows that there is a reason­
ably consistent ratio becween the various stands over the grow­
ing season, with a tendency for the grass stands to have a 
relatively low loss in the warmest month (October), and a



rslstive!/ high 1oso in mors htunid conditions (November- 
D e e  ember), Although the T plot always had the highest relative 
evaporation of the grass stages, the differences between the 
three grass stages (with the exception of November) are small 
compared with the differen es between the grass stages and the 
R stand. With tne P reading taken as 100 there is generally a 
drop of over 30 to the T reading, with a diffe'-once of 12 between 
the grass stands. The E readings are slightly lower than the 
• readings, with the H stand having the lowest reading of all, 
again with the exception of November.

Relative evaporation losses at half an inch height can 
therefore be expressed by T ^  E^> H. The different 
relationships of the R and T readings as obtained by points and 
atmometers is a reflection of the habit of the two stands. The 
R, E and H stands have a similar falling off in leaf density 
with height between i" and 8", but the short dense T stand 
{ ilntt 8) has a marked change in leaf density between these two 
heights.

^hese results indicate that the evaporative stress on an 
emerging seedling would be the same in any grass s+age of reason­
able density, regardless of the species composition, but that 
the environment would be less 'arid' than in sparsely covered 
conditions such as those in the R stand. When the differences 
in protection and density between the various representative 
stands of any one stage are considered, it is suggested that 
differences in the evaporative power of the air at near ground 
level could only be effective in controlling succession in the 
very early stages of colonisation on any area. Even in these 
situations the differences in evaporative stress are only likely 
to be of importance under conditions of soil moisture stress.
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Conclusions
Allowing for the limitations involved in the use of soil 

points as atmometers, it has been shown that the evaporation 
losses at the half inch level within the successional stages 
studied were in the following order of decreasing evaporation-

R„- V  E >  »
It is considered that these diiierenccs could only be a 

minor causal factor of succession in the very early stages of 
colonisation.

(c) Son Temperature
Many studies have been made of soil temperatures under 

various agricultural treatments and under natural couaur es, 
end the effect of plants in reducing surface temperatur.. ...otigh 
shading by leaves or litter is well known. The hi^ner surfac 
soil moisture levels often encountered under close 'onummlties 
further reduce soil temperature levels as compared v»xth o en 
communities, Richardson (1958), for example, found that the 
maximum surface temperature f.ttalnod on the bare surface cf 
pit heaps was 50°C, whereas under two grass communities the 
corresponding maxima were 26° and 20°C, Differing soil temper­
atures recorded under different communities can effect plant 
habitats by their effect on the mineralisation of nitrogen, 
the survival and germination of seeds (Daub nmirc, 1959) and 
through the different temperature requirements of plant root 
systems for optimum growth, as demonstrated for Eraarostls 
curvula by Leigh (i960).

The only studies of soil temperatures under highvold 
communities have boon by Israelst=>m (1953) and Story (1938)» 
Israelstam found that the greatest differences in the mean month­
ly soil temperatures between a bare fallow soil and a soil 
under a ruderal community was 4,4°C, although the mt asuremerts 
werc only taken over six months from Juno to November. When
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the soils were mois t, differenoos-were minimised or eliminated. 
Story showed that the soil temperatures wore lower under a 
climax Themed* veld than in an area of 'old fallow' abandoned 
for 16 years.

Methods
Some time was spent initially in endeavouring to bring soma 

available soil thermographs into operation, hut ^wing to the 
erratic functioning of these instruments it was elded they 
were too unreliable for use. Instead laboratory thermometers 
with he bulb centit at one inch below ground level were used to 
measure maximum t< .aporaturee at approximately 1400 hours. 
Laboratory thermometers are still used by many workers for field 
soil temperature studies, examples ucing the papers of Hamilton 
and Bucholtz (1955) and MacHattie ^nd McCormack 1I96I). Harold 
and Shaw (1955) showed that soil temperature measurements made 
at one to six inches with laboratory thermometers had an average 
error of 1°F or less.

The thermometers were checked against each other before 
being placed out, and were checked again on final removal from 
the stands. Using alcohol thermometers the exposed dye gradu­
ally blcacacd in intense light, bU4 the dye was redistributed 
by pulling the liquid thread down into the bulb by means of a 
salt/ice freezing mixture.

Five thermometers were placed in each 6f the R, E, H and 
T plots, the top of each thermometer leaning to the south so 
that neither the thermometers, nor the steel rods used to 
supoort them, could shade the ground near the recording bulb. 
Readings wore also taken by approaching from the south so the 
vegetation ab ve the bulb would not be disturbed in any way. 
Whenever temperatures wore m asured descriptive notes of soil 
moisture, cloud cov.r and air temperature were taken.



The readings of soil temperature were, on the average, 
taken on eleven days in each month, so emphasis is laid on 
comparison between plot readings, and to a much lesser extent 
in comparison between monthly readings for any one plot.

Results
The mean monthly temperatures from November to May are 

given in table 9, together with the number of d*vs each month 
when recordings were taken. Thus the average of 3C9 for plot 
R in December is based on a total of 55 readings.

ims . 3

MEAN MONTHLY MAXIMUM SOIL TEMPERATURES

Month No. of 
Readings R

Stand
E H T

November 1961 16 32 £? 24 ■December " 11 30 26 22 25January 1962 11 40 30 26 29February " 
Me-ch "

10 M 2723 2522
26
23April 11 6 21 ifl 16 18May " 10 22 15 15 16

Mean for 
growing season 30 24 22 23

JABJUL.IQ
GROUPING OF SOIL TEMPERATURES

"Groups No. of 
Readings

Mean readings for each 
stand

R E H '£

Readings with h tenp< 30

" > 353;
16
15
22

i r " ' 23 1 »■“ ” 55 ■

33 27 24 26 
39 30 26 26

The jata for November to Kerch has. been presented in a 
different form in table 10. The mean daily readings from the 
R plot have been split into three groups, namely readings less
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than 30°C, readings between 30° and 35°C and readings above 
35°C. The corresponding readings from the other plots have 
been grouped according to the readings of the R plot, end the 
mean temperature calculated within each group for the four 
stands.

Discussion
The results in table 9 clearly show that the R soil had a 

higher surface temperature throughout the growing season than 
the remaining soils, and show the influence of soil moisture 
to the extent that the dry months of January and February 
(see fig. 7) had the highest temperatures. From November to 
March the extreme monthly differences between the grass plots 
ranged from 1° to 4°C, whereas the differences between the R 
plot and the grass plot giving the highest temperature (the E 
plot) ranged from 4°' to 10ClC„

The variation was greatest xn the R and E plots as a result
of the differing types of cover present within each plot, and
was least in the T plot as a consequence of the uniform cover 
on this plot, shown in plate 9. The variation in the Eragros-
t„.s plot, for example, was caused by one of the measuring sites
being in the bare inter-tussock areas of E. anrvn]lflr where 
the temperature was closer to that recorded in the R soil.

The results given in table 10 indicate that under condi­
tions of low R temperature that there was very little differ­
ence between the R temperatures and those under the grass _ 
stages, but with higher R temperatures the difference between

Uupei’etvvr&s-. ■ under the R plot and the grass plots 
becomes increasingly large* Reference to the notes made at 
each recording showed, as would oe expected, that soil moisture 
was by far the most important factor in the recording of low 
temperatures over the summer months, and it would appear that 
whilo the surface soil was moist that differences recorded in
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maximum soil temperature between a btre and covered plot at 
one inch depth would only be of the order of 3°C.

These results» considered from the view point of seedling 
development, suggest that low soil moisture levels are likely 
to be the most important factor in causing seedling death in 
the R plot, rather than soil temperature; though an increasing 
temperature in a drying soil would increase the risk of seed­
ling mortality, but would not be the cause of it. When soils 
were dry the lower temperatures under grass would be expected.

Laurie at al (1952) studied the effect of high soil temp­
eratures on seedling emergence of perennial grasses and found 
distinct differences between the temperature rolerance of 
different species, but the temperatures used were higher than 
wtuld occur in wet 01 drying soils at Frankenwaid, and even in 
dry soil would only be obtained on bare areas.

As the temperature regime of moist soil under the four 
stages is similar, it would appear unlikely that succession 
could be influenced by different stages of succession having a 
selective effect on seeds with different temperature require­
ments for germination, or on species with differing root tem­
perature requirements for growth.

It would also appear to be doubtful whether higher soil 
temperatures would result in an increased rate of mineralis­
ation in the surface layers of the R soil, as it is known 
(Harmson and van Schreven, 1955) that mineralisation virtually 
ceases in dry soil.

As there is no experimental evidence concerning the effect 
of dry heat on dormant seeds, with the exception of Eracrsatia 
gurv^a (Leigh, I960), it is impossible to whether the higher 
R soil temperatures would influence succession by causing diff­
erential death of surface seeds,
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Conclusions
Accopting the limitations imposed by nature of the data 

available it would appear valid to conclude as follows
(1) When the surface soils under the R, E, H and T stages were 
dry, during summer the maximum R temperature was about 10°C 
higher than the maatimum temperatures under the grass stages at 
the one inch depth.
(2) When surface soils were moist R soil temperatures were 
otily about 3°C higher than temperatures under grass.
(3) The faster drying out of the R soil would load to an in­
crease in maximum: soil temperatures before a corresponding 
increase took place under grass cover.
(4), Aa a result of (2) it is unlikely that temperature regimes 
of racist soil will vary enough between the various stages to 
differentially favour the germination of seeds witu different 
germination requirements, or species with different root 
temperature requirements.
(5) The higher soil temperatuies recorded in a dry or drying 
soil under bare ground could be a contributing am?- of seedling 
death, but arc not likely to be an initiating cause.
(6) When the variation between the temperature measurements 
within each plot is considered, and Flso the likely variation 
between examples of the one serai stage, together with the ques­
tion of aspect, it appears that as long as a reasonably tnlck 
cover is present on any area that the soil temperatures under 
this cover would not vary greatly with species composition.
(7) No conclusions can be drawn as to whether the higher R 
soil temperatures would lead to a higher mineralisation rate, 
or to a greater death of dormant seeds, than occurs under grass 
stages.
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(d) Sail Physical Properties 
Analyses r£ the physical properties of soils from under 

different vegetation types, in particular from the R, E, H and 
T plots, were undertaken with the following aims.
& characterise some soils, especially those of experiment 
?6B, as at the 1961/1962 season so that future workers would 
be able to follow changes in physical properties with changes 
in vegetation.

b To compc.ro the results obtained with those of previous workers 
who have inve.51 i'gated soil properties in relation to succession, 
c To enable a clearer interpretation of the soil moisture 
results presented in the next section. This, in particular, 
was the reason for the soil moisture/tension and bulk density 
measurements.

The soils used in analyses were each from a bulked sample 
composed 0: six subsampftaa*

For convenience the soil physical properties will be class­
ified into two groups, depending on whether the property is a 
soli moisture'tension relationship or otherwise, the discursion 
for all properties being found ir. part (J) of this section.

(1) Soil Moisture/Tension Relationship^
1 Field capacity
Three small areas were cleared on both the R and T plots, 

and a low bank was formed around each area. The areas were well 
flooded with water, and were then covered with plastic and loft 
for 48 hours. After this time three samples were taken from 
the 1 to 4 inch depth in each area for soil moisture determin­
ations,. The average results from the 9 subsamples were 9»3z* 
for the R soil end 12.9x for the T soil with the respective 
standard errors (-* ̂  where w * ) being & 0.3X and
* 0.2%;. In common with othe" data given in this section thr 
results have been graphed in igure 5 to give tho soil moisture



46

characteristics or pF curves for the R and I soils. The field 
capacity results have been graphed at pF 3.1, the value given 
by Daubcnmire (194?). Piper (1950) gives pF 3.2, but a range 
of lower values are given by Marshall (1959).

Attempts to use the Bcuycous technique of determining 
field capacity, as outlined by Wright (1934), wore unsatis­
factory. The method, where saturated soil is placed on a 
Buchner funnel ano suction applied, gave very high valuos with 
great variation between replicates.

ii Tensions of 0 to 100 cm suction (pF 2)
These measurements were taken on a Haines1 apparatus, which 

consists of a sintered glass plate connected to a burette by 
tubing. When the apparatus is filled with water it is possible 
to impose tensions of up to a convenient height of lOOcir on 
the soil sample placed on the sintered glass plate. Duplicate 
determinations wore carried out on the R and T topsails and 
subsoils, the results being presented in figure 5, and in table 
A4 in the Appendix.

lil Filter paper equilibrium method
This method was suggested by Gardner (1937) and the mct.iod 

is further described by Deeper (1952). Although this teclmieuc 
is not used to the same extent as the pressure membrane mcthoi, 
good agreement between the two methods has been obtained by 
Muirhead (1962) and Warren (1962), especially at higher tension 
levels. Determinations were carried out on the R and T top- 
soils, and the results are graphed in figure 5, and ere given 
in table A5 ir the Appendix.

iv Vapour pressure measurements
Measurements of soil pF above wilting point arc commonly 

made by this technique, where soil samples are held for several 
weeks in an atmosphere of known relative humidity, hence of 
known tension. Tho relative humidity control was obtained by 
using different concentrations of sulphuric acid (Wilson, 1921)
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in a vacuum deuslcator. Measurements in triplicate were made at 
two pP levels for the R, E, H and T top soils and for the R and 
T subsoils, known as RS and TS, and are presented in table 11 
and are incorporated in figure

smsjii

yP R3LATI0NTTIP$ - VAPOUR ''R3'j.3URl K33A3UR3MSNTS 
Percent Moisture Content in Each Soil

(a) pF V.2

Replicate

Mean

(b) pF 5,0

j Replicate I 

~
3

Mean

1.7
1.5
1:1

E
1.9 2.2 
1.7
1.9

Soil 
H T RS
2.8
3.0
3.0 
2.9

3.1
3.0
3.1
3.1

1.6
1.8
1.7
1.7

T'3

I
v Wilting point - tne sunflower technique 
The use of sunflowers as indicators of wilting point is 

common practice, the technique being descrioed by Pioer(1950).
The determinations were made in duplicate on the R and T topsoils 
and subsoils, the values being presented in table 12. In view 
of the evlr'ence given by Ursic (1961) the moisture contents are 
graphed in figure 5 at suctions of 22-2? atmospheres (pF .4*4) 
rather than pF 4.21.



pr UiiLAXiONSHIPS
Wilting Point as determined by Sunflower

neplicate

Mean

Zl Air dry moisture content
Air dry moistu-e contents for the R, E, H and T topsoils 

and fcr the R and T subsoils were determined on duplicate samples, 
and the results are presented in table 13.

?-'.BLE 13

pF RELATIONSHIPS - AIR DRY MOISTURE CONTENT 
Percent moisture content in each soil

Replicate R E
Soil 

H T ;.S TS
1 e.7 0.6 0.7 0.6 0.5 0.82 0.3 0.6 0.7 0.8 0.6 0.8Mean 0.5 0.6 0.7 0.7 0.6 0 8

(2) Other 3q11 Physical Properties 
Sticky point

Determinations of sticky point were made in triplicate 
or the R, E, H and T topsoils and in quadruplicate on the R 
and T subsoils, following the suggestions given by Piper (1950) 
for retaining reproduceable measurements of this index in light 
toxtured soils. The results are given in table 14.



table 14
STICKY POINT VALUES 

Percent moisture content in each soil

Replicate E
Soil
H T as TS

1 13.1 14.3 16.5 19.0 15.7 18.22 14.0 14.1 15.5 18.7 15.3 16.1
3 13.2 13.6 15-0 18.9 14.2 21.1
-f - • «• — 15.1 16.5Mean 13.4 1K 0 15.7 18.9 15.1 18.0

ii Water stable aggregates
The percentage of waxer stable aggregates was determined 

for the 10 blocks of experiment T6B and for the T soil and also 
for additional soils representing fallow soils (F), serai Eragr- 
cstis (E2), Kyparrhenia (H2) and purple veld (T3L). The area of 
soil T2 is described in chapter' VI (b) and the areas of soils 
H2 and T2 in chapter VI (a). The F soil was from a paddock 
under crop in the 1961/1962 seajon, but the sampling was made 
before the crop was sown and was aftei a winter fallow.

The wet sieving method used has been described in detail 
by Gillard (i960). The determinations were done in duplicate 
and are presented in table 15 and In graphical form in figure 6.

lABld ,15

PEnUSNTAGZ WATER STABLE AGGREGATES

Soil
1960(B) 

, IV 59
1958
1957(E) 
1956
lUl

1953

heplicate 
1 2

41Ui

%
l i
61
69

s
4l
&
^7

Moan
41
42
1+6

6660
68

Soil
Replicate
1 2

1952
1951(H)
T
F
El
HZ
TZ

61s
80
82
84

66
71
71
%
62

Mean
64
7828
7

83







ill Mechanical analyses 
Mechanical analyses of the soils described in jart 11 above, 

and also of the R and T subsoils were carried out by African 
Explosives and Chemical Industries using the hydrometer tech­
nique, and the results are given in table 16.

Keen - Raczkoi/ski tins of approximately 28cc were used in 
♦:he manner described by Wright (1934). Determinations were made 
in triplicate on the R, E, H end I soils of apparent density, 
moisture retaining capacity, percentage porosity, specific gravity
nd percentage volume expansion, nr.d the results are summarised 
In table 17.

The differences between the values of volume expansion, 
*?oclflc gravity and percentage porosity are not considered to be 
significant,

TABLE 16

MEC;VtNICAL ANALYSIS DATA 
Percentage composition of various fractions

! "land 'TTflt CTay
So11 Kop.l Rep.2 Mean jRep.l Rep.2 Mean i Rep.l Rep.2 Mean

1960(R)

1955 
1954, , 
1953 
1952 
1951(H)

iY Keen - Rr-czkowskl measurements

TF”
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30IL PHYSICAL ^ROPSHTILS AR MEASURED 

•• IthCZKOUSXI TECHNIQUE :Y THE

Soil Apparent 
Density

R
E
H
T

Moisture
Capacity

X.^3 g/cc 
1.50 
1.36 
1.26

34.7
38.5

Pe’cent 
Porosity Specific ;Percent Vol. ' 

Gravity j Expansion
2.48 i/ovl
1$  i
2.38

0.6;,
1.4
1.9
1.3

v Bulk Density
Prelininer; estimates of bulk densIty were taken by using a 

core .sampler of 620 cc cape city. D-terrainatiohs were made on 
the R» E, H and T topaoils with four replicates por stand, and 
with six replicates on the R and T subsoils. The topsoll was 
sampled on two occasions to see if there was any variation in 
bulk density with soil moisture, one sampling being taken aftar 
rain with the soil moisture above field capacity, the other 
sampling being in the range of pF 4.2 to pF 3.7. The bulk 
de- slties am mean soi] mis w e  ' nterts of the two samplings 
are given in table 18.

TABLE 18
BULK DENSITY DETERMINATIONS (gm/cc)

(a) Topsoils

Date
R

Ll/61 2/62

Soils
E

11/61 2/62
H

11/61 2/62
T

11/61 2/62
Replicate

1
2

I
Mean

1.68 1.72 
1.41 1.52 
1.59 1.66 
1.64 1.63 
1.58 1.63

1.55 1.32 
1.51 1.49
1.55 1.27

1.43 1.14 
1.49 1.24 
1.48 I.34 
1.32 1.55
1.43 1.32

i : K
1.2(
1.48
1.39

1.35
1.32
1.16
1.4?
1.31

Moirttob % 10.1 4.5 11.4 6.3 15.1 9.1 15.2 8.7

Subsoils

Soil 1 Replicate#
2 3 4 5 6 Mean

r Soil
Moist. ^

RS
TS I.63

3.27 1.40 1.60 1.58 
1.57 1.42 1.48 1.45 .135 1.42 1.44 1 HI

-L
6l^



As a number of 100 cc sampling tubes became available it 
was decided to make further topsoil density determinations of 
the R, E, H and T soils and of the P, E2, H2 and 12 Soils. 10 
tubes were used in each Soil, and the mean bulk densities, 
Standard errors for bulk density and mean soil moisture values 
at sampling are given In table 19

TABLE 19
BULK DENSITY DETERMINATIONS (gm/cc)

10 sauries from each soil

Property R E
Soil
H T P E2 H2 T2

Bulk Density 
Standard Error 
Moisttire %

1.55 1.48
4.02 +.03 
12.0 l4.1

1.42
±.01
15.4

1.33 1.48 
^  ̂ 3°?,

1.40
±.04
12.7

1.40
±.03
15.3

1.35
±>02
14.8

Yl Specific gravity
The specific gravity of the R, a, H and T topsoils and the 

R and T subsoils was determined by the method described by 
bright (1934), a vacuum pump being used tot the withdrawal of 
air from the soil/water suspension. Initially duplicate measur­
ements were made, but where these varied to any extent, a third 
measurement was taken, all three results being included in the 
calculation of the mean, the results being tabulated in table 20.

i m s.zo

SPECIFIC GRAVITY DETERMINATIONS 
Results in gm/cc—  ssn------------

Replicate R______ 5______H T RS TS
1 ! 2.56 2.57 2.57 2.4R 2.46 2.58
2 2.54 2.56 2.56 2.58 2.61 2.56 I
3 j - - - 2.54 2.6l

Mean I 2.55 2.1? 2.57 2.53 2.56 2.57

Yii Soil porosity
Using the data given in sections v and v^ it is possible 

to calculate the percentage porosity for undisturbed soil cores



by the usual formula (Sever, 1956).
Percentage pore space = (1 - apparent specific gravity1) x 100

real specific gravity
The bulk density figures used are those given v

in tables lob and 19 and the specific gravity of the F, E2, H2,
and T2 soils has been taken as 2.55. The porosity results are 
then as followsj-

Soils
Porosity 39 42 45 5? 42 45 45 4? 41 44

vl 11 Percolation rate
Measurements of soil percolation rate were carried out on 

the R, E, K and T stands by the method used by Rose-Innes (1939) 
and other workers at Frankenwald, e.g., Jansen (1959a) and 
Oillard (1962b). Steel cylinder* of 5.5 om diameter were hamm­
ered into the ground with the minimum possible disturbance and 
100 cc of water, that is a head of 4.2 cm, were added and the 
length of time required for the water to soak away recorded. 
Although this method does not yield the same information as a 
properly conducted infiltration trial, it has an advantage that 
in being such a simple technique it is possible to carry out 
a large number of replications. An almost identical technique 
is described by Daubenmire (1959),

On the 25th January x962 twenty measurements were made in 
each stand and the mean times required for infiltration of 100 
cc in each block, together with the longest and shortest times, 
and the soil moisture at the four inch depth as measured on the 
Previous day, are given in table 21. A similar run, with only 
live cylinders in each stand was made on soil moistened to above 
field capacity on the 29th and 30th November 1961, and the 
results are also given in table 21 in the form described above.

Further gain fell after the soil moisture measurements in 
part (b) were taken and before the percolation tests were 
coamencad and a few points Tell during the trial. The trial
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had to be ended at 30 hours when one of the five tubes in each 
grass stand still had traces of free water.

SOIL PERCOLATION DATA 
â) Pry joilj <--0 cylinders in each stand. Times in minutes.
Son" Soil moisture Mean time "Short.ist time Longest time

R
E
K
T

L......

5.1* 
7.3 10-9 
9.9

—

12.6
4.17.2 
16.4

-

4.0
1.0 
L.f>
M

35.0
14.0
30.0 
36.5

(b) We>t soil, 5 cylinders in each stand. Times in hours.
Soil Soil moisture Mean time Shortest time Longest time

R
E
K
T ii.*7 !

6.6
12
912

e.2
0.2
1.0
1.1

1.1
30
$

(3> S&LL%y:2l;al Pr9pe:^ies^.Discuss 1 on
IVhen a soil that has been cropped for some time is aban­

doned, it would be expected from consideration of the voluminous 
literature on the effect of pasture leys on soil physical prop­
erties that there would be a gradual 1 Improvement1 in these 
ro erties. The reasons for expecting these improvements in 

soils left under grass will not be discussed, but for a full 
coverage of this subject reference can be made to Baver (1956), 
in particular to his discussion on the effect of roots on soil 
aggregation.

The term * improvement1 covers such trends as an increased 
stability to wetting, lowered bulk density, increased porosity, 
higher moisture retaining capacity and a higher field capacity, 
probably associated with a higher wilting point, but neverthe­
less with an overall increase in available water, and an in­
crease in sticky point. Smaller changes in mechanical analyses 
results would be expected, but a soil that has been cropped

  frTWw
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or several /ears is likely to have a lower colloid content than 
nearby virgin or grassland soil.

studies by Billings (1938) on the physical properties of 
soils under various serai stages through to a pine stand showed 
an increase in water holding capacity and in the moisture equiv­
alent, and a decrease in bulk density. Rose-Innes (1939) working 
with the serai soils of the highveld found an increase in colloid 
content and moisture retaining capacity and a decrease in per­
meability as succession advanced. However in most cases there 
was little difference between the grassland soils, but rather 
between these soils and the presumed 'climax' scrub. Coetzee 
(191+5) examined soils from under Eragrostis, Hyoarrhenia and 
Trachypogon, and found that there was virtually no difference in 
clay or colloid content, but that the Trachypogon soil had a 
considerably higher moisture retaining capacity. In Thence da void 
Story (1938) found a decrease in permeability from ploughed land 
through serai vegetation to Thomeda veld, and found a higher 
wilting point and slightly higher water retaining capacity in 
Thomeda soil than in serai soil.

In considering the results obtained in this study the diff­
erent crooping histories of the soils, as outlined in chapter II, 
should be considered. It would be expected, for example, that 
the • improvements' from the R and « soils through to the H soil 
would be quite marked. In addition as the R soil is further up 
tne slope it would be expected that this soil would be lighter 
tortured through its profile than the T soil which is lowor down 
the catena. Thus tho recorded increases in water stable aggre­
gates, sticky poiht and porosity, and the decrease in bulk density 
rc all to be expected. There is almost no change in tho specific 
gravity of the soils, which is to bo expected from the dominating 
sand fraction in all samples. Tho specific gravities arc of the 
expected order as altnough a value of 2.60 - 2.65 is. the average
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S»G. for the miuoral portion of soils, soil values arc slightly 
lower as a result of the presence of organic matter.

The porosity values are typical of lighter soils, as sandy 
soils usually have a lover porosity than clays (Saver, 1956), 
but in view of the pore-size distribution of those sandy soils 
it is virtually impossible for'lack of aeration to be a limiting 
factor for growth under normal field conditions.

The soils arc not likely to restrict root growth by mech­
anical impedance, with the possible exception of the R soil 
which has a porosity of 39> compared with the limiting value of 
W  suggested by Kidding and van don Berg (1961).

Analyses of the F, E2, Hif, and T2 soils showed the sfmo 
pattern as the T6B soils,with the F soil having the weakest 
aggregate stability of ary of the soils tested and a high bulk 
density.

There is a change in the percolation rate of the various 
stands from E H R y  T under dry conditions, where the 
order is of decreasing percolation rate, to R\'z > H 2 = T for 
vet conditions. The change in the positii’. of the R soil cannot 
bo explained satisfactorily, but it may be due to the sealing 
action or tho pore-size distribution of the surface crust on 
the R soil. Lower percolation rates would be er.pocted in wet 
soil under grass cover as a result of roots blocking soil pores. 
Sedgloy and Barley (1956) found that grass roots in a sandy 
loam reduced capillary flow, it 30 cm tension, from .026 cm 
per hour to .005 era per hour. These results were found to be 
due to lateral root growth rather than to main adventitious root 
growth (Barley and Sedgloy, 1961). Although ttn R plot had a 
f >ster rate of percolation than the grassland plots in wet soil, 
visual inspection showed that this plot could have the greatest 
run-off. This was a result of the largo proportion of bare 
ground on theU plot as compared with the thick litter and mulch
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on the other plots (chap cor II) where water was Retained and 
given opportunity to percolate.

The results of the soil moisturo/tension properties of 
these soils show the expected rc&ults in that there is a general 
tendency for soil moisture levels at any given tension to ircr- 
easo with a longer period of plant rovegctatxon. Thus the T 
soil has a higher field capacity and wilting point r,han the fl 
soil, but there is an overall increase in the range of available 
water.

Baver (1956) claims that "soil structure is the key to soil 
fertility", because of the importance of the air and water rela­
tionships of ;hc soil in determining a soil's fertility. How­
ever in these soils that have been investigated it docs not 
appear that the physical relationships would limit soil fertility. 
None of the differences between the soils appear to bo signifi­
cant enough to favour any particular group of species.

Conclusions
The soils of experiment T6B showed a general'improvement1 

in soil physical conditions with a longer period of rest from 
cultivation and an advance in succession, and analyses from 
other areas showed a similar trend. It is considered that this 
improvement in soil physical properties would not be a can041 

factor in succession, and that it is related to the history of 
soil cultivation and rovogctation rather than to succession of 
definite species.

(c) Soil Moisture

No overseas studies of soil moisture in relation to sec­
ondary succession have been encountered, and the only sampling 
cirriod cut on the highvold was done by Roso-Inncs (1939) and 
jtory (1936). Hoao-Innes sampled under various serai stages on



one occasion, while Story studied seasonal variations under 
Themeda veld and serai vegetation. Both workers encountered 
higher soil moisture levels under higher serai or climax stages, 
bit if the small differences recorded by Story are considered 
in relation to the wilting points of the soils, there was no 
significant difference between the available soil moisture 
regimes. If the soils studied by Rose-Innes showed the same 
rise in wilting point percentages as the soils studied In section 
fd), then although there was an increase in soil moisture oer- 
cntages as succession advanced, there would be little >r no 
increase in available water.

in view of the importance of soil moisture in competition 
in grasslands a study of the soil moisture regimes under the 
Hi 2, i and I stands was carried out in 1961/1962.

fhe soix moisture studies were made by using the gypsum 
olock resistance units of the type described by Jansen (1959 b). 
At the time the blocks were installed it was intended to use the 
calibration curves given by Jansen, but as the season progressed 
and soil moisture/tension relationships were obtained, it became 
obvious that new curves would have to be drawn up as the soil 
moisture values read off Jansen’s curve under dry conditions 
were far too low. The technique used to derive the new calibr­
ation curves is described in part five of the Appendix. 
Calibration curves were drawn up for the R, E, H and X topsoil: 
and for the R and T subsoils.

The Frankenwald soil is well suited to the use of gypsum 
blocks as it has a low clay content (section (d) of this chapter), 
ar*d a negligible salt content (chapter IV).

Five blocks were Installed at each of four depths (4", 10",
1 and 30") in each stand, these depths being midpoints over 

samoling ranges of 7", 7", 10" and 12", to a total depthf of 36".

Methods

■"i 1111" H i m



The blocks were elected for uniformity of resistance when 
saturated, an each block was installed at the bottom of a hole 
made by a narrow auger.

Temperature measurements for adjustment of the topsoil read­
ings were made by specially installed thermometers (distinct 
from those installations described in section (c) ), but meas­
urements for the subsoil were from a thermograph. The resis­
tance reelings could then be corrected when required by use of
the nomogram given by Aitchison et at (1951). A reading of 2,000 
ohms at <-0 C, for example, is equivalent to readings of '
1,500 ohms ftt 10 C and 2,300 ohms at 30°C. If corrections for
temperature were not made the maximum resultant error would be
about one-tenth of the soil moisture percentage, but in most
conditions the error would be equal to or less than one-twentieth
of the soil moisture percentage.

Resistance measurements were made at approximately weekly 
intervals throughout the growing season, with two extra sets 
of measurements in winter 1962.

Results

ihe results are presented as soil moisture percentages by 
weight in table A6 in the Appendix, as ‘readily available water* 
by volume in table A? in the Appendix and for the R and T soils 
as ‘mean soil moisture tension* (Taylor, 1952b) in table A8 
in the Appendix. The results have also been presented in 
graphical form, the soil moisture percentages by weight being 
rraphed in figure 7> the moisture percentages at pF 4.2 being 
indicated at the left hand side of the graphs. The ‘readily 
HVAilabl<s water* for the four stands and the mean soil molst- 
’ire tensions for the R and T stands have been plotted in figure 
8» where the tension values are graphed in thousands of centi­
metres of tension. The figure of 15,000 centimetres (or ih, 7 

bars) can for convenience be considered as 15 atmospheres (one



atmosphere equalling 1,034 cm), or 'wilting point'.
ine conversion of foil moisture percentage by weight to 

1 readily available water', or water held at tensions lower than

held in each sampllng°zone! Se'volume1 of'watir held* a^'ten-3 
sions higher than pF 4.2 is calculated in the same manner, and 
extra water held above this volume can be termed 1 readily 
available water', and this term can te considered as a depth, 
i.e. so many Inches of available water. This manner of expre­
ssing soil moisture has been used by many workers in irrigation 
as it is convenient when used with the normal practice of adding 
so many inches or centimetres of water, but has also been used 
by workers in dryland agriculture (e.g., Slatyer, 1955). The 
value of pF 4.2 is not considered to be a definite limit «. * 
available water, but is rather used a- a convenient measure of
the limit of readily available water; the concept of wilting
point being fully discussed by Slatyer (1957).

When the readily available water i; a soil has dropped
below zero, the graphs in figure 8 could be kept at zero, buL 
they have been carried on so that the extent of the negative 
valuj is an indication of the severity of moisture stress.

The pF curves for the R and T soils have been given (figure 
5) and these have been used to derive the 'moan soil moisture 
tension' as defined by Taylor (1952b), which can be considered 
as the 'integrated soil moisture tension' (Taylor, 1952a,
1952b). The mean soil moisture tension for each sanroling 
between the 29th November and the 29th April for the two 
stands has been derived by 'Integrating' the tension present 
at the various depths on each occasion, and final mean moisture 
tension* for the whole growing season, that is integrated for 
both depth anA Xvite. given 1r t”bl e A8.

111 I *.
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Calculations were made of evapotranspiratlon, assuming that
rain falls of less than 0.2 era were Ineffective, unless falling
before or after a day with a fall of over 0.2 cm, and also
assuming s 2%, loss of moisture through run-off (mainly in the
R Plot) or interception (mainly in the .grass plots). Th?
estimate for Interception was based on the studies of Clark
(1940). Evapotranspiratlon values usually averaged from 0.20
to 0.30 cm per day when moisture was freely available, to 0.1$
to 0.20 cm per day when soil moisture was limiting and fell to

' > cm - r day in autumn. However detailed analysis of ovapo-
uspiration is not warranted with the experimental data 

available.

&iamsslg%
ihe soil moisture percentages by weight show that the follow­

ing relations ' hold for the four depths investigated.
At 4 inches , T E R (H having the highest soil

moisture)
8 " K T >  R
IS end 30" H - T . B - R 

As a general rule there is less variation from week to 
week as the depth of sampling increases, that is the surface 
soil is subject to the most violent fluctuations in moisture 
content. This situation is observed in almost all soil moisture 
studies (e.g. Harroid and Drelbelbis, 1958). The soil moisture 
percentages in the surface soil arc occasionally higher than 
the flvld capacity values given in suction (d). There are two 
possibl? reasons for this.
1 The field capacity measurements wer„ made after 48 hours free 
drainage, yet some of the soil. moiStucu moasurumfints wbrb .made 
only 24 hours or loss aftor rain. The moisture content of the 
bulk density samples, determined gravimetrically not long after 
rain (table 19), was above 15> for the T and H stands whereas



the field capacity was 12,9% 'fot. thb T stand.
2 Gypsiun blocks are not as sensitive in measuring soil moisture 
contents at or above field capacity as they arc in the range 
of field capacity to wilting point (Baver, 1956).

Although the graphs of soil moisture percentages indicate
clear and consistent differences between the four stands, the
graphs of readily available water (figure 8) show that from
March to August 1962 the amount of readily available water was
much the same for the four stands, and that the h, 4 and T
stands were similar in this regard from November 1961 to March 
1962.

Th.j graphs of the R and T mean soil moisture tensions 
(figure 8.) again show a similar relationship, but as they ' 
illustrate a different aspect of the soil moisture relationships 
compared with the corresponding readily available water graphs,
1L s>louj-d not bo expected to see an exactly parallel relation­
ship between the two sets of graphs. Aithouji. no mean soil 
moisture tensions of the R and T stands were reasonably close 
throughout the growing season, different depths contributed to 
a differing extent in the two stands.

Table A6 shows that the R topsoll at 4" exceeded a pF of 
4.2 or more occasions than the T topsoll, but that at 18" and 
30 the R soil never foil below pF 4.2 whereas the T subsoil 
exceeded tensions of pF 4.2 at thosa depths. This emphasises 
'-he need for considering moisture percentages in relation to 
tension, as this tabl^ also shows that in all cases except one 
the -?oil moisture percentages were higher at 30" in the ? 
subsoil than in the R subsoil, and in all cases except throe 
®t the 18" dopth.

The relative contributions of topsoils and subsoils in the 
R and T stands to the readily available water in the two pro­
files art again brought out in table. A?. The fact that the
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cension in the R subsoil never rose above PF 4.2 does not mean 
that water was never limiting in this stand, as Doss et al (1962) 
concluded that under their conditions if the surface soil layers 
were dry, the supply of water from the deeper soil layers was 
insufficient to maintain normal transpiration requirements, 
deference to tables A6 and A? show that these comparisons between 
the R and T soils also apply between the R and E soils, and to 
a lesser extent the R and H soils.

The high total and available moisture levels under the H 
.> -ana over the first hali of the growing season deserve further 
consideration, and in this connection it is noted that the read­
ings in the H stand on the l6th January may be somewhat low, 
and that the true level of available water could be at point A 
tic rked on figure 8. There is no doubt however that the H soil 
was at a lower moisture tension than soils of other stages ever 
the December - March period, as indicated by the ruperior growth 
of mderala in this stand (chapter II). The assumed lower amount 
ox transpiring leaf surface in this stand would have resulted 
in Ip -s demand on soil moisture supplies, and yet there would 
h«vr been a greater retention of moisture in the K profile than 
in the R profile, where the amount of transpiring loaf surface 
is also assumed to be less than in the E and T stands. As the 
development erf plants in the H stand was not checked so much 
during the dry January - March as was the case in the other 
stands, they may have 1 caught up' with the growth in the other 
stands resulting in the similar levels of readily available 
water recorded in all four stands from March to August.

The lower moisture losses from the less vigorous H stand as 
contrasted with the other more vigorous plots are a1so in accord 
with the finding of Liacos (1962). Liacos found that soil 
moisture losses were higher from a lightly grazed grassland than 
froB *lthcr sluggish ungrazed or heavily grazed vegetation.

* 1 .......



*he lover rate of moisture loss from Hyparrhsnia aver the 
summer period could also be linked with the findings of Mitchell 
and Class (1958). These authors showed that under high radia­
tion levels moisture losses from tall grass stands were lower 
than from short grass stands, although under low radiation more 
water could be lost from the tall grass stands. This change
was a result of the heat transfer pattern at the soil surface 
and within the vegetation.

During January to March notes were taken of the reaction 
of species to dry conditions, and the purple veld species appo- 
rred to be the most severely affected, as would bo expected from 
the available water data (table A? and figure 8). The annual 
mderala in the it, E and H stands were held back by the dry 
conditions, but to s lesser extent in the H stand. The young 
Hyoarrhenia plants in the R block were more effected than those 
in the H block, while Paspaj,^ c2mm£rs£naLL.and Cyperus eaculentes. 
especially the latter, were badly set back. However the overall 
impression was that under these exceptionally dry conditions 
(part seven of the Appendix), all species in each area of veg­
etation reacted similarly to water stress.

Conclusions
In an exceptionally dry year thoro appeared to be only 

slight differences in the tolerance of most individual species, 
as assessed by visual observation, to dry conditions.

Soil moisture measurements in the R, 15, H and T stands 
showed that the H stand had higher levels of readily available 
' u.r during the first half of the growing season than the other 
tl ‘ ee stands, but all stands had similar rvrllable moisture 
l'-veis over the second half of the growing season and in tho 
winter months. The R topsoil dried out faster and hold less 
water than the topsoils under grass, but the R subsoil was at

m t



s lower Qcisture tension than the subaoils imdcr grass, the H 
subsoil having the lowest tension of the grass subsoils and the 
T subsoil the highest.

(f) Summary of chante

fhc main difficulty in studying the physical environment 
ox air ana soil in relation to secondary succession is that there 
is so much variation between the different stands of any one 
succcssional stage. And as most old fields are usually in a 
mixture of two stages, there is no such thing as a ‘typical* 
stand of each sfcago. This comment, to a Lesser extent, even 
applies to purple veld. The position is further complicated as 
it is still nrt certain in which stage several species should be 
placed (see chapter IX).

■“■he only approaches, therefore, arc to study one stand of 
each stage and to objactively as possible extend the results to 
cover the sta';o as a whole, or, preferably, to study several 
representatives tho one str

The studies of light int nd evaporative power of the
air at two levels within the ,v>d <<, 2, % and T stands have
shown that at the near ground level there was little difference
between the three grass stands in thcso two factors, and that
differences wore more dependent on plant density than on species
composition. *his was not tho case at higher levels of four
and eight inches where the H sland, and to a losscr extent the
E stand, were more protected than tho T stand as a result of
the different life form of the species involved. Thoro wore
only small differences between the wo’’, and dry surface soil
tonmernturos of the grass stages, and these differences wore
largely dependent upon plant density, and not on species compos­
ition.
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The zl stand has, aj expected, been shown to be more 'arid' 
in its aerial environment than the grass stages, but the fact 
that.it la so does not mean that the difference is of necessity 
a causal factor in succession.

The difference between tne near ground level environment 
of the R stand and the grass stands is due to the mulch or Utter 
layer of the latter (see table 1) as well as to differences in 
species life form. The importance of mulch in altering the 
the micro-environment of the soil surface has been pointed out 
by wiliard (1952), Moore (1943) end Weaver and Rowland (1952). 
inese authors state that mulch generally results in a higher 
and less variable moisture content - even though interception 
would lover the effectiveness of light falls (Clark, 1940), 
less surface trusting, lower maximum temperatures and lower 
light intensity levels; conditions which would generally favour 
seedling establishment.

However mulch in grassland can either be present between
actively growing plants which would exploit any additional water
held us a result of the mulch, or can bo between unhealthy and
inactive grasses, such as enclosed and protected grassland,
which would not utilise this water to the sane extent. Hence
mulch would aid seedling establishment more in the second inst­
ance than in the first.

It is also reasonably certain that soil physical properties 
io not a direct causal f ctor of succession, but the importance 

ax Soil moisture is still uncertain. Further soil moisture 
investigations could well solve some of the problems associated 
with secondary succession, such as the failure of seedlings to 
establish in vigorous grassland (Leigh, i960), but such in­
vestigations would have to be more detailed than those carried 
°1lt ln ths 1961/1962 season, with more stands being studied 
Wlch creator replications in each stand. The fluctuations of 
'J°i 1 nolst'ire in the 1-2" depth definitely merit Investigation,



and all measurements, especially those of low moisture content, 
would have to be related to moisture tension.

Therefore if further investigations of the aerial and phys­
ical edaphic factors in succession are contemplated, it is sug­
gested that they be concentrated on light and soil moisture.
It is considered that further studies of soil temperature and 
the evaporative power of the air (hence of humidity, wind and 
air temperature) are not warranted,

Consideratiun of the range of readings around the mean 
values of the environmental properties investigated (i.e. figures 
2 and 3), and of the variation in these values with different 
heights within the stands, and of the variation between diffor- 
ene stands of th6 .one sudcodsionnl stage suggests that the 
aim laid out by Anon (1959), that cf simulating different micro­
environments by artificial measures, would be extraordinarily 
difficult or even impossible.

I



CHAPTER IV

C9.it- FG R TM Ty— HL., h c la tio m  to skconda^y

Recent studies at Prankenwnld on succession have concen- 
trated on the role of soil fertility, with particular reference 
to available nitrogen, m  this review only the soil chemical 
aspects of soil fertility will be considered, as soil physical 
i- operties have been discussed in the previous chapter.

forking on the highveld succession, Stiven (1957) showed 
that after three weeks incubation nitrate nitrogen production 
from five soils invest! gated was 5.11 pun - fallow (equivalent 
to the R soil), 2.31 ppm - Cynodon, 1.68 ppm - Eragrostis and 
0.35 pom - Hyparrhenia with no nitrate production from a Trach- 
.'pogon soil. Soil perfusion studies confirmed that mineral­
isation was rapid *h the fallow.soil, progressively lower in 
the serai grassland soils and very low in the Trachypogon soil. 
Pots of representative soil were placed out in the open, and 
T'‘ie concentration of nitrate in the drainage water was deter­
mined over approximately five months, these results being 
reproduced in figure 9. It should be noted that the order of 
nitrate loss in the five soils was completely reversed over 
this period. Stiven attributed the initially low nitrate levels 
under purple veld to the production of an anti-biotic by 
iilff.chyppgon spjcatns. and showed that extracts of Trachypogon 
roots and soil inhibited bacterial growth at irregular intervals 
throughout the year. Two comments can be made on this sugges­
tion.



CONCENTRATION OF N<̂  IN 
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Figure 9, The change In concentration of nitrate nltrognn 
In drainage water from pofe containing soil from fallow, 
Cynodon, Eregroetle, Hyperrhenle and Traohypogon etagea.

Results are from Stlven (1957)*



Firstly, all literature agrees that low nitrate levels 
under permanent grassland are the usual condition. Richardson 
v!93o) showed that the free nitrate level under old grassland 
was very low and was constant throughout the year, and these 
facts were further emphasised by Harn&en and van Schreven (1955) 
Simpson (1962) recorded varying nitrate levels under a cool 
season grassland, but the reasonings given to explain these 
fluctuations would support the suggestion that the variations 
beneath a summer rainfall grassland during the growing season 
would be very low. Even the assumed short term grasslands of 
Eragrostis, Cynodon and Hypa rhenla Investigated by Stiver, had 
progressively reduced nitrate nitrogen levels as the age of the 
grassland increased.

Some authors have suggested that this lowered mineral­
isation is caused by excretions from living roots, but these 
claims have been rejected by most workors (Harmsen and van 
Schreven, 1955), as the reduction in available nitrogen can 
be satisfactorily explained on the basis of the content and 
Cirbon/nitrogen ratios of the decomposed and undecomposed 
organic matter in the soil. Barrow (1957), for example, has 
explained the stimulation of grassland from renovation by 
reasoning along these lines.

Secondly, it is suggested that there is insufficient 
evidence for the claimed inhibitory effect of Trnchypogon on 
mineralisation. Apart from one test of fallow soil all inves­
tigations of Stiven were either on Trachypogon roots or soil.

Tests carried out on a wide range of plant species at the 
Michigan Agricultural Experiment Station have shown that almost 
half the species tested contained one or more constituents 
that inhibited bacterial growth. It is recognised that the 
various reports from this station (e.g. Lucas et al, 1955) 
indicate that grasses generally have not the same level of 
anti-biotic activity as other plant groups. Even so, it is



suggested that before attributing the low mineralisation rate 
in puroie veld to anti-bacterial substances extracted by ether 
from Trachyoogon, a range of species and soils from serai 
stages and purple veld should have been tested. Even if Tra- 
chypogon was shown to be the only species to have anti-bacterial 
properties, further tests would be needed to show that this 
activity was responsible for the initially low mineralisation 
rate of soil removed from purple veld.

The decline in mineralisation rate under the serai grass­
land soils has already been referred to, and it is assumed 
that this decline with increasing age of grassland would take

Independently of any species change. Even after only one 
or vwo years of grass ley without legumes there is usually a 
decline in available nitrogen, and Theron and Haylott (1953) 
referred to nitrogen starvation in the second and subsequent 
years of a grass ley.

The build up of total nitrogen under grassland is assumed 
to be of the pattern shown in figure 10, taken from Russell - 
(1956),though equilibrium maybe attained fnater under the 
•.varmer conditions of the highveld.

0.25

Percentage
of

nitrogen

0. 20 
0.15 

0.10

0.05

100 200 
Age of parture In yearc

- lg. 10. Build up of nitrogen under grassland 
(froc Rueeell, 1956)
T



.'■aranen and r&n Schreven havo also referred to the rapid 
build up of root residues and organic matter in the early stages 
of a grass ley. Konurov (1961) found that the build up of root 
material and humus was mora rapid under perennial grasses than 
under >;ho usual early stages of succession. It would therefore 
be expected that when soils which had been under grass for 
difierent lengths of time were removed to pots, that it would 
take the longest time for soil that had been under permanent 
grassland to reach a state where nitrogen made available by 
minerallsAtlop was free to be leached out. However when froo 
nitrogen was produced in this soil higher levels could be exp­
ected as more substrate would be available. This would explain 
the reversal of the mineralisation rates shown in figure 9.

Fallow soils recently abandoned from cropping would be 
expected to have low available nitrogen levels, but Harmson and 
van jchreven have noted that even after many years of cropping 
that soils can still mlr ralisc appreciable quantities of nit­
rogen if sufficient humus remains. As the surface of such 
areas on the h^hveld is often bare after the removal of the 
last crop, it is quite likely that the available nitrogen stat­
us of those soils in springtime is appreciably higher than it 
Is in grassland soils.

It would therefore appear valid to suggest , with reser­
vations for unpredictable conditions in the first two o' so 
yvnrs, uhat c.ctual fertility in terms of immediately available 
nitrogen will decline with succession, but potential fertility 
in t rms ofpotentially available nitrogen will increase.

ilius the left hand side of the graoh reproduced from 
^Liven (figure 9) represents the actual fertility at the time 
.t Svimoling, and the right hand side is approaching the. potun- 
tlal fertility. The terms u»ed are those of Boux (I'. 53), but 
it should be noted that there is no clear division between

7—r fTur
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these two states of fertility. The terms refer to the extreme 
ends of a gradual fertility change.

uice et al (i960) have indicated that the general pattern 
or. abandoned fields in Oklahoma is for a build up in ohosoh- 
orus and total nitrogen to take place with time, and sugges­
tions have been made that the deep rooting forbs of the rutieral 
s-age may be important in bringing back nutrients from the 
deeper layers of the soil. It is perhaps a doubtful point 
whether the hi shveld ruderals would have a greater rooting - . 
range than the maize grown during cropping,

Nyeand' Greenland (i960) have examined in detail the sol. 
fertility aspect of succession in the trjplcal areas of Africa, 
but conditionsunder the plant communities considered bear little 
relationship to the highveld grasslands.

Stiven (1957) recorded a decrease in exchangeable calcium 
tnd an increase in exchangeable magnesium as succession advan­
ced, but little work on nutrient levels in relation to highveld 
succession has been done apart from that on available nitrogen.

Studies have been made by Roux (1954), Jong and Ronx (1955), 
Lecatsas (1961) and Roux and Warren (personal communication) 
on the seedling growth of purple veld and serai species in 
relation to nitrogen concentration of culture solutions. These 
workers have shown that Eragrostls curvula. Hyparrhenlr. hirta 
aiu* Ifdchyporon spjeatus seedlings have a decreasing optimum 
nitrate requirement forgrowth, but there is a discrepanc- be­
tween Lecatsas and Roux in regard to the actual optimum level 
of nitrate nitrogen for growth of Trachvi)Ouon aj-plcr.tns. Pre- 
limimary data given by Jong and Roux indicated that ruderal 
dicotyledons hove a low nitrogen tolerance, equivalent to that 
of Trachypogon. Yet these species grow in soils with the 
highest free nitrogen levels (Stiven, 1957)•

Results of field experimentation on th effect of soil 
fertility on succession have been described by Davidson (lf 6l).



Davidson showed that although high nitrogen treatments Changed 
the rate of accession there was little alteration in the course 
oj succession. High nitrogen levels reduced the proportion of 
dicotyledons in the first year of succession and slowed down 
the rate of invasion of Ryparrhenla hj.rta into the primary 
grass Svage. This experiment was, however, laid out on old 
fallows grassland with only one year of cropping, and it will 
be suggested later on (chapter IX) that a limited period of 
cropping could have an effect on the following succession.

furthermore the results given by Davidson (1962 - table 8) 
show fcL t the actual yield of Hyparrhenia in a high nitrogen 
treatment was the sane as in an unfertilized control, even 
though it formed a lower percentage composition of the herbage 
in the nitrogen treatment.

Leigh (19^0) has shown that even under the very high nit­
rogen treatment of 18$ lb of nitrogen per acre that Hyparr­
henia was still invading swards of Bragrostis laid out on a 
well cultivated old fallow soil which previously supported a 
Hyparrhenia dominant pasture. Under a treatment of 4? lb of 
nitrogen per acre Hyparrhenia gained very markedly over 3ra- 
grostis in a two year period. Although the population of di­
cotyledonous weeds was low in both treatments, the production 
from these specier was greatest in the high nitrogen treatment 
(Leigh, i960, table 122, excluding figures for Phytolacca and 
Solanum), The Fallows Fertility Experiment described by 
Davidson was mown twice a year, and this may have favoured the 
supression of dicotyledons under high nitrogen treatments. 
Assuming that the vigour of both the dicotyledons and the grass- 
e» was increased by nitrogen, mowing would probably favour the 
grasses owing to the different growth habit of the two groups. 
Again assuming that the vigour of both Eragrostis and Hyparr- 
enia were increased by nitrogen, the mowing would probably 
favour Eragrostis more than Hyparrhenia.



It should also be noted that purplb veld species can grow 
satisfactorily on newly ploughed land. In the denuded quadrats 
laid out by Hiven (1957) discussed in chapter VI the freshly 
ploughed area war colonised by purple veld species, and David­
son (1961) mentioned that Trachypogon grew in cultivated soil 
in nursery plots. Hose-Innes (1939) stated that the growth of 
Trachypogon was better on freshly ploughed soil than in undis- 
turfred veld. This was noted by the present author (chapter VI). 
These observations emphasise the hazard of making assumptions 
from laboratory experiments, such as the statement "Under such 
conditions (i.e., freshly iloughod virgin veld) Trachypogon 
apparently cannot grow at all." - Ron* (1954). Davidson also 
points out that Eragrostis and Cynodon are known to grow on 
the poorest agricultural soils.

Summarising the laboratory and field experiments reviewed 
io is suggested that as the highveld secondary succession ad- 
vances that actual fertility decreases, but potential fertil­
ity increases. Conditions of available nitrogen have in some 
ccses influenced the rate of succession, but the overall pat­
tern of succession has not been altered by changes in soil 
fertility far greater than those likely to be encountered in 
the usual cropped land which is not fertilized after abandon­
ment.

(a) P'oll. Chemical Analyses.
The tcpsoils from the ten blocks of experiment 163, the 

T> F, E2, H2 and 12 topsoils and the R and T subsoils wore 
analysed for avoliable phosphorus, potassium,, calcium and 
nitrogen, and for organic carbon, percentage total nitrogen, 
pl and free sodium. Cnch topsoll sample was composed of six 
subsamples taken from 0-3 inches before the opening rains, 
and the subsoils were taken from bulk samples.



All tac analyses,apart from those of available nitrogen 
and one set of pH measurements, were done by African Explosives 
and Chemical Industries, using standard laboratory techniques. 
fhe analyses done by this body wore all in duplicate.

Ava-lable nitrogen was determined by leaching soil with 
C.5M KjjSOtj. brought to pH 1 by sulphuric acid, and then distil­
ling off all inorganic nitrogen as ammonia by the addition of 
Devarda's alloy. The ammonia was collected in boric acid and 
standard HC1 was titrated into this solution. The rather in­
definite endpoint obtained in this titration, using Tashiro's 
indicator, was the limiting factor in this technique. The 
soils for the available nitrogen analyses, specially sampled 
with six subsamples, were dried at 55°C immediately after sam­
pling (see Piper, 1950), and then stored in an air tight con­
tainer over calcium chloride. Even ao comparisons can only be 
made between the soils sampled on this one occasion, and values 
can not be compared with results from other samplings.

Results

The full results of the analyses are given in table A9 in 
the Appendix, while results for the R, E, H and T soils are 
summarised in table 22.

Ti-BLE 22 
OF THE R1 5. I-j AND T 30

Property R "TA ILS
E H T
26 9 8

0.010 0.010 0.0090.017 0.023 0.018
0.9 1.1 1.2

0.059 0.076 0.08315 1.4 14
12 11 10

.5 .5 5.5 5.5
5.5 5.3 5.4

L _

Available P?0r ppm 
Avail, potash KpO 
Avail, calcium '/e CaO 
Organic carbon >
Total nitrogen 
f arbon/Kitrogen ratio 

 ̂ablo nitrogen ppm PH (A.E.&C.I.)
H (author)
Sodium % NagO

200.006
0.018

0.7
0.053

J
5.0
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Discussion
(1) Available phosphorus

As phosphate had buen added at each crop Ting of the T6B plots 
there was an expected overall decline in available phosphorus 
from the 1959 to the 1951 plot, with the mere recent i960 (R) 
plot ooing equivalent to the 1956 plot. The F soil, being 
currently fertilized and cropped, was very high in available 
phosphorus.
(2) Available potassium

There was little variation between all soils in this property. 
(5) Available calcium

There was considerable variation between soils and between 
duplicate analyses of this property, but there were no consis­
tent trends. The F soil had the highest value, probably as a 
result of current fertilization.
(b) Available nitrogen

There was an overall fall in available nitrogen in the T6B 
soils with an increasing period of revegetation, but the res­
ults were rather erratic.
(5) Total nitrogen

There was an over 11 increase in total nitrogen with an 
increasing period of revegetation of the T6B soils, the incr­
ease being depicted graphically in figure 6. The irregularities 
in the graph are associated with variation between duplicate 
determinations (table A9), except for the fall from the 1960 
to the 1959 plot, which is probably associated with past treat­
ment (chapter II).

Organic carbon 
There was an Increase in organic carbon in the T6B soils 

from the R to the T soils, the increase being depicted graphic­
ally in figure 6. The RS carbon content was low, as would be 
expected, but the TS level was surprisingly high.
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(7) Carbon/nitrogon ratio
Topsoil values fell between 12:1 and 16:1, 14:1 being the 

comnon figure. Buchman and Brady (i960) quote the usual range 
as being from 8:1 to 15:1. The variation in the raticr bore no 
relationship to succession or length of time since the last 
cultivation.
(8) pH

Within experiment I6b there was * slight increase from 
the I960 plot to the 1955 plot, with an even smaller fall to 
the 1951 plot, the changes being illustrated in figure 6. The 
only interesting difference was the value of 6.2 recorded in 
the P soil which had been fertilized with urea.
(9) Free sodium

Sodium, expressed as percentage NagO, could not be detected 
in any soil.

1 With an increasing period of revtgetation in the T6B plots 
there was a rise in organic carbon and total nitrogen, but a 
fall in available nitroger.
2 Thore were no significant changes in available calcium, 
available potassium or pH.
1 Cropped lands fertilized with phosphates showed a fall in 
available phosphorus as succession took place, 
it The results, together with those of sections (b) to (d) 
are further discussed in section (e) of this chapter.

(b) Joil Fertility Pot Trial 
Pot trials have been used by workers in a wide range of 

ecological and soil fertility studios (e.g. Moore, 1961; Evans 
I960). Of special interest is the standard trial used for 
soil fertility work in California described by Wagle and Vlamis
(1961), where lettuce is the test species.
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Methods
The following trial was set up to evaluate the relative 

fertility of the R, E, ff and T soils, with particular reference 
to nitrogen. As discussed in the proceeding review nitrogen 
had been suggested as an imporW.it factor in controlling the 
rate, even if not the course, of succession.

Earthenware pots were filled with two kilogrammes of air 
dry soil, and four pots of each soil type were left untreated, 
while four were treated with nitrogen at a rate equivalent to 
four hundredweight of ammonium sulphate per acre. Altogether 
32 pots were used, eight from each of the four soil types.
The nitrogen was applied as a solution to the surface of the 
pots and at the same time each pot was sown with 20 lettuce 
seeds. The surfaces of the pots were then covered with 50 cc 
of washed river sand, and the pots were placed out in a glass­
house and periodically their positions were interchanged.

The germinating lettuce were thinned out to five per pot, 
and an occasional transplanting from extra sowings carried out 
as required. The plants were cut at soil level after 10 weeks 
and were weighed before and after drying at 50°C. During the 
first six weeks a check was kept of the rmr'ier of lettuce and 
dicotyledonous and monocotyledonous 1 weed1 seedlings emerging.

Checks taken with mercury thermometers showed that the 
normal daily soil temperatures at the one inch depth were 
20-25°C at 0900 hours, 30°C at 1300 hours and 25°C at 1700

The seedling emergence data, given in table 23, shows that 
the T soil had the lowest viable seed content of the four soils. 
There was no significant effect of nitrogen on the emergence 
of monocotyledons, but nitrogen caused a 50# reduction in the 
emergence of lettuce seedlings, and a 75# reduction in the

hours.
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emergence of dicotyledons. The greater reductions with dicot­
yledons would be expected from the results of Jong and Roux 
(1955) • The roduction of germination which otiours when, 
fertilizer is placed in contact with seed is ell known (as in 
abstracts in Anon, 1962)

SEZDLINO COUNTS: EACH FIGURE A MEAN OF FOUR POTS
Lettuce Monocots DicotsSoil Untreat. Nitro. Untreat. Nitro. Untreat. Nitro.

R 15 4 17 15 17 5E 7 4 17 18 16 4H 10 6 25 24 18 7T 15 8 9 6 7 1Mean 12 6 17 16 15 4

('t1 tests showed that differences between treated and un­
treated pots of each soil were allinsignificant for monocot 
seedlings, were significant for the four soils to <  0.01 for 
dicot sedlings, and in the case of lettuce seedlings were sig­
nificant to 0.05 for all but the 6 soil.)

The treatment yields in grammes are given in table A10 in 
the Appendix, but the results are summarised in table 24, where 
the oven dry yield of each treatment is expressed as relative 
fertility in terms of the untreated K soil as 100.

T PlfM, &
RELATIVE FERTILITY OF THE R, B, H AND T SOILS - LETTUCE TRIAL

(R untreated as 100)

r Son---------------
R E H T

Untreated 100 72 JO 26
With nitrogen 21 21 41 27
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Discussion
Table 24 shows there was a fairly consistent falling off 

in fertility from the R to the T soil, and there was also a 
corresponding falling off in leaf colour from a healthy green 
in the R soil to a pale yellow green for the T soil. The 
growth of lettuce in the teeatod soil was very pool * the 
plants only started to come away before harvesting.

Analysis of variance showed the differences between the 
oven dry weight production from the four untreated soils were 
significant at the 0.0? level, whereas differences between the 
the nitrogen treated soils were not significant.

It was asumed that the low production of the treated soils 
was due to the nitrogen being applied as a solution to the 
soil surface in the immediate vicinity of the gcrraiu , seeds 
and extending root systems.

The conclusions from this experiment are incorporated in 
section (o).

(c) Pur"her Pot Trial

Methods
In order to clarify the results obtained in the lettuce 

trial r ,d to verify the hypothesis used to explain the poorer 
gr »th in soils treated with nitrogen, further investigations 
v<-re carried out on the oots used in the previous experiment.

The pots were re-sown tb malze, but owing to uneven estab­
lishment the first two sowings had to be abandoned. An. even 
establishment of three seedlings per pot was obtained with the 
third sowing, and the planes were harvested at six weeks and 
weighed before and after oven drying at 50°C.

Results
The hardest results are given in table 25, again with the 

R untreated soil as 100, and the actual weights are given in
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table A10 in the Appendix. It was also found that the dried 
stems rarged from 26 to 31%, of the total dry plant weight for 
the untreated soils and from 22 to 26% for the treated soils.

TABLE 25
RELATIVE FERTILITY OF THE R, E, H AND T SOILS - MAIZE TRIAL

(R untreated as 100)
""Soil - ......-

R E H  T
Untreated 
With nitrogen

100 75 80 67 
110 117 111 113

Discussion
The results show that there is little difference in fert­

ility between the nitrogen treated soils, and that in the un­
treated soils there is still the same trend as in the lettuce 
trial, though differences between the soils were smaller and 
no longer significant. This would be expected as the miner­
alization of soil organic matter that had taken place since 
the soils were placed out would have favoured the build up of 
available nitrogen in the grassland soils. Also more nitrogen 
would have been removed from the R and E soils by »the lettuce 
experiment, though the amount would be small, the total loss 
from- the ruderal pots being about 0.22 gm of nitrogen (assum­
ing 20%, protein of 16%, nitrogen). It is also unlikely that 
maize would give the same results as lettuce even under ident­
ical conditions.

In the nitrogen treated soils deficiency symptoRs of 
potassium appeared and this could have limited yield. The 
addition of nitrogen was also found to increase the proportion 
of leaves to stem of the maize plants.

The conclusions from this experiment are incorporated in 
section (o).



(d) Seedling Grcwch Irial 
In a further study to evaluate the role of soil fertility 

in succession, representative seedlings from oach of the *(, E,
H and T stands were grown in soils from these stages.

^ t h&ls
16 small earthenware pots were filled with 500 gm of air 

dry soil from each of the R, E, FT and T strges* giving a total 
of 64 pots for the trial. Pour pots of each s a* type were 
planted with germinated seeds of Taeetcs mlnuta. four with 
Eragrostls curvula. four with Hyrar-henla hirta and four with 
Irachypogon saicatus. It is recognised that these available 
pots used for this trial wore rather small, but it is considered 
that they wero of adequate size for a study of seedling growth.

As the seed samples of Hyparrhenia and Trachypogon had a 
very low germiJ ation level, transplanted germinated seeds were 
used for the four species, three seedlings being planted out 
in each pot in the form of an equilateral triangle. Seed from 
several sources of Hyparrhenia had to bo used, and one source 
proved to bo of a lower and ’stumpier1 strain.

The pots wjre placed out for several weeks prior to trans­
planting the seedlings, and were watered lightly to germinate 
seeds present in the surface soil, as otherwise excessive wood 
germination would have made operation of the trial very diff­
icult. The watering doubtlessly led to some mineralisation 
and release of nitrogen, but there would have been a much 0 
greater upset in soil fertility if sterilisation had boon used 
to kill seeds. A count was kept of the germinating seedlings 
removed, and the results of these counts are presented and
discussed in chapter VIIc). After six weeks from transplanting 
seedling heights were measured and then fresh and oven dry 
(?0°C) velints.

TnooVoh dry weights are presented in table 26, the values 
bo in*, referred to the growth of Tagetcs in the H soil as 100*

'rirw•»w

mW



The actual fresh weight> dry weight, percentage dry matter and 
height data are given in table All in the Appendix.

ZABLE 26
SOIL FERTILITY AND SEEDLING GROWTH 

(T« '".in.ioa in the R aoil as 100, has 3d on O.D. weights)

Soil T. minuta E. curvula
Species 

H. hirta T. spicatus 'Mean*
R 100 109 84 44 84E 101 85 43 71
? 30 71 23 44T 36 30 20 33
1 Moan1 62 ,21 68 33 58

Analysis of variance of the actual oven dry weights showed 
that differences between the plant species were significant at 
the O.Of level, differences between soils Just failing to 
attain this level.

Discussion
Tfc-getes and Trachypogon showed a consistent decline in 

bulk production from the R soil to the T aoil, as shown in the 
lettuce trial. Tho 01 change in this order for the Rtypar- 
rhonia seedlings was i con the R and E soils, and this was 
duo to a larger number e ' *he shorter, stumpier and slower 
growing strain being used ' the & soil pots. The presence of 
this strain was responsible for the somewhat erratic height 
data for Hyparrhcnia. There was also a decline in the produc­
tion of Eragrostis from the R to ♦ho T soli, with the exception 
of a very low production in the Ft soil. Two of the four pots 

Eragrostis in this soil gave very poor growth, and no 
explanation can bo offered for this. The poor growth in this 
spocj a/soil combination was re ponslble for the differences 
between the soils failing to attain the 0-Zj level of signifi­
cance.

In comparing the growth of the four species it is most 
Noticeable that Trachypogon was slower growing in t 11 soils.
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The seedling development of this species is rapid during the 
actual period of emorgonccf but subsequently is vory slow.

Eragrostis seedlings gave the highest yield in three of 
th four soils* ani could well have given the highest yield in 
the H soil but for the exp or.' mental error discussed above.

This does not necessarily mean that Eragrostis would out- 
yiold xagetes.in their first year of growth, although the poor 
growth ol Tagetos in these soils has already been mentioned 
(chapter II). The higher yield of Tagetes in the d soil as 
against the H soil is the opposite of the growth recorded in 
the field. This further suggests that under Cield conditions 
s.'11 moisture was not as limiting in the II soil as it was in 
the H soil.

The conclusions from this experiment are incorporated in 
section (o).

(o) Summary of Chapter IV 
Soi2_rertlllty and secondary succession

Wherever trends of soil fertility in relation to succession 
are mentioned in this summary, it Is with the understanding that 
the period of time since cropping Is the important factor, 
rather than changes in species composition over that time. The 
relative importance of these two different concepts can only 
be determined by examination of a large number of old fields 
of differing composition and a known histerry.

The results of chemical analyses of the succosslonal soils 
indicated that, of the major nutrients, available nitrogen and 
available phosphorus decreased as succession advanced, though 
the latter trend at least was dependent upon the fertilizer 
applied while the land was cropped; on the other hand total 
nitrogen and organic carbon increased with succession* No 
fronds wore observed with exchangeable calcium and potassium.



Thus, ps suggested in the earlier review, these results indicate 
that actual fertility foil as succession advanced, but poten­
tial fe ility, in ..erms of potential mineralisation, increased.

The results of the pot trials, described in sections (b) 
and (c) confirmed these suggestions, with fertility expressed 
as lettuce yields falling as succession advanced, but with a 
second trial, using maize, showing the expected smaller diff­
erences between soils. The maize trial also suggested that 
available nitrogen was the limiting deficiency of the actual 
fertility of the grassland soils.

Seedlings of four soccies, Tnget^s mlnuta. Ercfrrostis 
SHTYlll#> Hyjarr.hQnj.ci hjrta and Trachypoeon spicatus were grown 
in R, E, H and T soil, and there *us again a general decline 
in growth for all species as the soil came from a more Advanced 
stage. Jong and Ronx (1955) showed that these species had 
markedly different tolerances of nitrogen, yet they gave the 
same reaction to those soils of varying fertility. Eragrostis 
gave the highest bulk production of the four species tested in 
throe of the four soils, and Trachypogon had the lowest yield 
in each soil type.

Conclusions
The results presented above and the review of literature 

suggest that for succession on the highveld sandy soils
(1) As succession advances actual fertility will usually 
decline, but potential fertility will incr no.
(2) Under unfertilized conditions the normal range of soli 
fo'tility will not markedly influence succession and even under 
fertilized conditions the rate, rather than the course of succ­
ession, will be influenced.



CHAPTER V
5&_MtOWCTION OF GERMINATIO?: INHIBITORS

The presence 01 an anti-bactcrial substance in Trachvpogon 
sPicaturn was demonstrated by Slingcr (1953), and Roux (1953) 
inhibited seed germination with loachates from Trachypogon 
plants grown in sand with nutrient solution* Stivcn (1957) 
found thru, other extracts of Trachypogon roots and soils 
clearly inhibited bacterial growth at irregular intervals 
throughout a year of testing and that some extracts also 
inhibited seed germination. On one occasion an extract from 
the 'F* soil (equivalent to the R soil) was found to possess 
no a. oaotcrial properties, but apart from this tost extracts 
w ' r.ly prepared from Trachypogon roots and soil. The lower 
’ JC." of germinating seedlings from purple veld soil was 
also advar.v:.-d as additional evidence for the production of 
germination inhibitors by Trachypogon.

There is still a gr )at divergence of viev/s about the im­
portance of possiblv germination or growth inhibitors produced 
by higher plants, these substances being termed 'kolines' by 
Grummer and Beyer (i960). This divergence is well illustrated 
by a comparison of the recent reviews of Woods (i960) and 
Garb (1961). Woods adopts a cautious outlook and states that 
although many claims have bvon mrdo about the role of germin­
ation and growth inhibitors, there arc few substantiated 
cases of :heir ecological effectiveness that can bo cited.
Garb is much loss restrained and states "differential plant 
growth inhibitors appear to play a substantial role in many 
botanical relationships," Much of his evidence is indirect, 
particularly when such occurences as monospecific stands, 
growth patterns around trees and reduction of crop yield by 
weeds arj produced as 'proof of the effectiveness of inhib­
itors.

|



Border (195n) had previously stated that "the alleged 
existence of plant toxic substances would seem to be somewhat 
better supported than it has been in the past." Bonner 
further commented that complete evidence to show that toxic 
substances were effective under normal or field conditions 
was available only in respect to Artemesie absinth-̂ jnj and 
dncelia farlnosa.

The methods that have usually been employed in the 
laboratory to test for inhibitors involve soaking chopped up 
dried or living plant tissue, and seeing if the resultant 
extract effects seedling grown in culture solmtlons. As evi­
dence has been produced by Cannon et al (1962) to show that 
extracts produced from macerated plant material are not com- 
parable with extracts from intact material, it appears to be 
^referable to use the latter. If the interest is in germination 
inhibitors the extracts are generally used to moisten filter 
paper on which test seeds are germinated (Evensri, 1949). 
Leachates from plants grown in pots have also been used to 
test whether these plants excrete germination inhibitors.
However as Gmmmer and Beyer (i960) have pointed out, there 
is very little evidence to show how effective these reactions 
obtained in the laboratory are under field conditions, and 
vuey farther comment that many* of the interactions between 
Plants that can be demonstrated in petri dishes disappear 
vhen the experiments are carried out in soil. Canno:' et *1
(1962) and Harper (1961) have also emphasised the need for 
great care in the interpretation of laboratory experiments on
Inhibitors.

The studies of Lawrence and Kileher (19&2) show that«many 
common plantsproduce germination inhibitors under laboratory 
conditions. These authors extracted one part of dried plant 
material with 10 parts of water and used the extract to germin- 

seeds placed on sand. Out; of eleven platit species tested
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six had aprohotmtiedreffect* including Agropyron renens (discussed 
further below), lucerne (Med^ca^sativa.), dandelion (Taraxacum 
offliiiSiiJ. ond Sor^i^m aj.mum. An extract effective against seeds 
of one species was generally effective against seeds of all 
species. The authors stated that this was only a screening 
technique and was in no way proof of the ecological effective­
ness of inhibitors.

Two of the species subject to detailed laboratory and field 
studies in connection with germination and growth inhibitors 
will be briefly discussed. Chopped roots and rhizomes of 
*£123mXk repens when incubated with soil produce substances 
toxic to seedlings, and it was suspected that this soecies was 
ecologically favoured by these inhibitors. However further 
teats by y/elbank (1961) showed that similarly prepared extracts 
irom Italian Ryegrass (Lollum multiflorun) and lucerne (Medlcago 
sat̂ va) had a similar retarding effect on the growth af rad­
icles of rape seedlings, although they did not have the same 
effect on hypocotyl growth. Welbank stated "Evidently the 
production of toxic substances by decay is far from being a 
specific property of Agropyron rhizomes and roots...". Welbank 
(1Q60) also germinated test seeds on top of Agropyron roots 
removed from culture solutions and found that germination was 
not inhibited, and so cast further doubt or. the importance of 
germination or growth inhibitors as factors in the competitive 
Power of Agropyron reoens.

The closely investigated case of Encolia farinose, 
mentioned by Bonner (1950) as being one of the two well docu­
mented cases of inhibition, illustrates the caution that is 
required when investigatinginhibjtors. Field studies on the 
shrubs of th< Mojavv desert had ahown that no shrub dependent 
herbs grew under Encella fnrlnosa although they grow under 
iXPnsyrJ« dumpsa. This lead to the suggestion that Encclia 
l)rodnced germination or growth inhibitors, and Gray and Bonner
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(IfUaa) found that extracts from Encelia leaves killed tomato
seedlings grown in water culture, They also (.1948b) identified
the substance responsible, synthesised it, and found that the
synthesised compound had the same effect as the original extract
on tomato seedlings. Howevdr, Muller (1973) showed that leaves 
of Franserla dumoga extracted in the same way were equally toxic
to tenato seedlings, and Muller and Muller aud Muller (1956) 
showed that this was the case for anotherspecies of bush which ' 
had herbs growing underneath.

These examples of Agropyron and Enculia clearly show that 
the presence of an inhibitor 1 in vitro* does not mean that this 
substance is automatically effective 'in vivo', and also emphasise 
the need for testing a series of plants, as well as the plant 
suspected of producing the inhibitors. Grumracr (1961) has 
summarised the available data for these and three other species 
which have been intensively studied, and results in all cases 
do not allow a definite statement that inhibitor production from 
those species plays a dominant role in their relationships with 
surrounding plants.

However recent work by Martin and Rademachor (i960) and 
Gnunmer and Beyer (i960) has shown that in laboratory conditions 
interactions between species can bv obtained where competition 
for light, water and nutrients has boon avoided, and where the 
experimental techniques used havu avoided many of the usual 
Pitfalls.

There is also considerable disagreement about the mode of 
action of many of the 'inhibitors' demonstrated in thi labor­
atory. Evonari (1949) strt^s tnat osmotic pressure and pH do 
not explain most of the inhibitions recorded, but detailed 
investigations by Duym ct al (1947) on the Inhibiting action 
of Qn extract, from secdballs of Beta vulgaris showed that the 
osmotic effect of inorganic components was mainly responsible 
1 or tho inhibition produced, and any action of specific inhib­
itory substances was onlv slight and secondary. Miller (1962)
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shoved that extracts of cattle dung, poultry manure and lucerne/ 
grass hay reduced germination and grovth, and concluded thst 
salt content of extracts was the main Inhibiting factor.

This review Illustrates the need for great care In making 
claims for the ecological effectiveness of germination or growth 
inhibitors. It also appears th-t any project on Inhibition la

ap.cies arc periodically tested for production of inhibitors.
If the species being studied does show distinctive inhibitory 
properties, then a detailed study is required to determine the 
effectiveness of those properties under field conditions.

Methods

Thc following screening technique was used over the 1961/
19^ growing season to see if extracts from Trachvpogop seicatus 
had a different effect upon seed germination than extracts of 
o^hor associated species.

The activity of the extracts prepared was tested bv deter­
mining their effect on the amount and rate of germination of 
^•grvstis curviiln seed, Err.grostls curvula was selected because 
it was a common serai perennial grass and as its germination 
had boon 'inhibited' in purple veld soil in the pot trial of 
^tivon (1957); mentioned further in chapter VI(c). Also all 
the testing coula be carried out using one sufficiently large 
1958 seed sample of high viability.

Extracts were obtained from unmacerated roots of Era,.res cis 
, Hypr.rrh-.nin ĥ r.tr and XrachitPOKon srlcrtus. and from 

the surface (0-2") soil near the butts of those snccios, and 
1 So from soil in the R stand, at intervals of four to five 

Wc k̂$. Six plants of oach species were removed and thoir roots 
V'rc cut off and bulked. Soil samples from each of these sites,
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and from six sites in the R stand, wore bulked into one sample 
of each type. The sampling of grasses was done near the E, H, 
and T plots, but was not done in the plots owing to the 
environmental studies being carried out.

Soil extracts were prepared by scaking one part of soil in 
five parts of deionized water, the soil weight being on an 
even Iry basis as calculated from the soil moisture content 
determined on a separate sample. For the first two of the 
routine tests root extracts were prepared by soaking one part 
of fresh roots in twenty of water, but tests three to eight had 
in addition a separate and more concentrated extract of one 
part roots to five of water, in 'Edition to these routine 
determinations some extra cxtrnr were prepared from purple
veld perennial dicots, purple veld vos and mulch, roots of
purple veld species other than Tr w»on, and from corns of
Cyperus isculentoj.

The extracts were allowed to soak with a very occasional 
stirring for 24 hours, after which they were filtered through 
a Whatman's number one paper. This paper allowed some colloidal 
material to pass through, but chis was intentional in nnsv any 
germination inhibitors present were attached or attracted 
colloidal particles. If the germination tests wore not comm­
enced on the day the extract was prepared, the solutions wore 
stored at 5°C. pH measurements were made of all extracts 
using a glass electrode.

Each extract was added to four petri dishes each with 50 
seeds of Eragrostis on filter paper placed on a thin layer of 
washed river sand. The control dishes were treated with 
deionized water. The amount of solution used to wet the sand 
to near saturation was in th. ratio of 1 part of water to 1.7 
P*rts of sand by volume. The dishes wcro plead out in room 
conditions of 20 - 25°C, conditions for the last test being 
slightly below 20°C.
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Initially germination counts were made at 48 or 36 hours 
after the trial commenced to chock on any early differences in 
the germination rates in the various extracts, followed by one 
intermediate and one final count. However as the advantages 
of the 'Average Time of Germination' formula became apparent 
in other investigations, it was dooldod to make dally counts 
so this value could bo calculated and both the average time of 
germination and the final germination percentage be used ter 
tost for germination Inhibitors.

The 1 average time of germination' is calculated from the 
following formula;

Average Time = Zgt
l. 8

‘f  is the uimo in days since the beginning of the tost, 
and 'g< is the number of seeds germinating on that one day.

Special Etftor Extracts

In vivw of the inhibitory action on germination of the 
Trachypogon root extracts prepared by Stivon (1957), extractions 
were made of the roots and soils used in test eight by a method 
'S close Rs Possible to that of Stiven. Soil and fresh finely 
ground roots were extracted by soaking them in ether for 2k 
hours, filtering off the extract, and then taking up water 
soluble substances in distilled water after allowing the other 
to evaporate. The solution was tested in exactly the same 
m nncr as described in the above paragraphs.

Results

The final germination percentages for all the samplings 
are given in table 27, the average tines of germination for 
samples 6, 7, and 8 in table 28 and the pH values of the extracts 
In table 29.
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The soils wore sampled in moisture conditions varying from 0.6 
to 6.5*. for the R soil, 2.0 to 10.2* for the E soil, 2.0 to 
12.6* for the H soil and 2.3 to 12.4* for the T soil.

Differences significant at the %  level were shown between 
thu S'-rmination percentages from solutions in sample 1, sample 
3 and in sample 7, and between the average time of germination 
of the ether extracts of sample 8.

Tho 48 or 36 honr counts made on samples 1 to 5 were usually 
within %  of the final germination percentage, and there is no 
point in presenting these values.

TABLE 27

THE EFFECT OF ROOT AND SOIL EXTRACTS ON THE 
GERMINATION PERCENTAGES OF SEED OF 

ERAGROSTIS CURVULA

Date collected 1
4/9

Sample No. (ether)
2 3 4 5 6 7 8 8
4/1C 8/11 8/12 16/1 15/2 21/3 2/5 2/5 
1961 1962

Extract 
Control 
R etbil 
E soil 
ff soil 
T soij.
Egu roots 1:20 
Hyph roots 1:20 
Tras roots 1:20 
Egu roots 1;5 
Hyph roots 1:5 
Tras roots 1:5 
Special tests

86 89
91 92
83 86
84 67
89 8992 8788 92
89 88

89 88 89
90 84 84
89 86 8788 86 86
83 90 88
89 87 91
89 81 86
0 84 88

91 90 87
90 87 90
88 85 89A88

86 90 
62 93 
93 90
83 88
92 85
89 89 86 87 
85 86
90 84
84 85 
88 89
B90 D90 
C93

87
87
88
87 90
88 
90
90
91

88
90
92
90
92
88*
87*
88*

(A - roots of purple /eld dicots, B - green leaves of 
£"'PX M d ' ^ h )  " corms of ^Pvrns ftCdlMW,,

« The concentration of thv ether root extracts was not 
1*20, but was equal to the concentrations used by Stivun
V * / y / y •
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TA3LE 28

THE EFFTCT OF ROOT AND SOIL EXTRAL.S ON THE 
AVERAGE TIME OF GERMINATION OF SEED OF 

ERAGROSTIS CURVULA 
Avorr.go tlmo in days

Date collected

R soil 
E soil 
ff soil 
T soil
Eg,i roots 1:20 
Hy?h roots l:20i 
Trns roots 1:20 
Egxi Ro^ts 1:5 
ffyph roots 1:5 
Tras roots 1:5 
D - mulch 
B - void loaf 
C - corms

6
15/ z

Sample no.
7 8
21/3 2/5 8(other) 

2/5/1962

2.2
2.32.22.2
2.2

.

§:§
2 0
2.1
2.1
all2.1

2.02.1
2.0
2.02.02.0
2.0
2.02.1
2.12.1
1.9

3.4
3.5
#
3.5 
3.3 3.2
11
3.5
3.5

TABLE 29
pH ViiLUES OF ROOT AND SOIL EXTRACTS

Date collected

Snffe
R »411
E soil 
H soil 
T soil 
Egu roots 
Lyph roots 
Jras roots 
Egu roots 
R/ph roots 
'iras roots

1
4/9

Sample No.
2 3 4 5

4/10 8/11 8/12 16/1 
1961

6 7 
15/2 21/3 
3962

(ether) 
8 8

2/5 2/5

1:201:201:20
1:5
1:5
1:5

7.57.0
7.0

1:1

» 5.5 5.5 6.56.5 6.4 6.8
' 7.0 6.0 6.8

5.5 5.4 6.56.5 7.4 7.17.0 6.9 6.5
6.5 6.7 5.6
6.5 2.2 5.7a» N.D. 6.8
» 7.6 6.1
* N.D. 5.6

1:1
11:1

y.i
7.5
7.1

7.1
7.0
7.1 
6.8

U

N.D. M.D. 
6.3 6.56.^
6.7
7.0

ii!
f.'o

66:i6.6
1:1

6.8
7.7
7.0
7.1

N.D.
6.66.1
1.1
MI:

(N.D. = not determined)



The results given Above show that there was no worthwhile 
inhibiting or stimulating effect of any of the extracts on the 
germination of Eragrostls se c, with the single exception of 
the Itaa w ggn s&lcatus 1,20 root extract of the 8/11/1961. 
Extra testing and checking of this result were cc-rted out 
and are detailed In part six.of the Appendix, and it Is con­
cluded that the inhibiting properties of this extract were In 
no way a general property of purple veld r-ots or soil at this 
tl-ei as Illustrated by the failure of the 1,5 Tr.chypogon 
root extract to effect germination.

Extract, of purple veld leaves and mulch, and extracts of 
purple veld grasses other than Tr.chypogon, the testing of the 
latter extracts being described in part six of the Appendix,

1,0 faUca to lnhlblt the germination of Eragrostls as did 
tiie specially prepared ether extracts.

Although four statistically significant differences in 
germination percentage and average time of germination were 
obtained these are not considered to be of biological signif­
icance, especially when the variation in the results given 
above are compared with th-sc of workers using a similar 
technique who did obtain biologically significant results,
(o.g. Lawrence and Kilcher, 1^62). With the exception of 
sample 3 the statistical significant differences resulted from 
v?‘ore one extract slightly favoured germination compared with 
the control, whereas another extract reduced germination.
0r*ly In one of these three cases of statistical significance 
was the retarding extract from Trachvu gp. splcatus.

The pH of the deionized water used varied considerably, 
b,it the pH values of all the extracts fell between 5»5 and 8.5 
wHh the exception of the Trachypogon 1:20 root extract of the 
t/11/1962 which was 2,2.
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Thus use of a screening technique failed to demonstrate 
the presence of a germination inhibitor in root or soil extra­
cts from representative stages of the hi*h veld secondary 
succession, and it is therefore suggested that inhibition would 
not be important in field conditions.

Th< fact that Lxachyppgon splcatus is usually only the 
second or third most important species out of the 10 or so 
major species in purple veld is a further stumbling block to 
the aocepccnce of the inhibition theory. The existence of a 

monospecific stand is usod as evidence for the production of 
inhibitors (Garb, 1961), yet purple void is far from being 
r vncif ic. It would appear to be necessary to assume that 

1though the inhibitor from Trachypogon is active against soral 
grasses, it is inactive, or less active, against the other 
purple veld grasses.

a further problem is provided uy tho growth of md.orals 
in purple void that has been nngrazed or unmown for several 
years. It would be necessary to assume that tho production of 
she inhibitor ceases under those conditions.

Finally it can bo noted that in tho lottuc. fertility 
trjal described in chapter IV the germination of lettuce seeds 
was greatest in the T soil, oven though the T soil had tho 
lowest germination of buried seeds (table 23).

A screening tost carried out showed that root and soil 
-xtracts from serai and parole veld communities had no effect 
v-.i the germination of fragrostls curvula socA It is therefore 
bggosted that it is unlikely that inhibi'/̂ rs ploy any apprec­
iable part in determining the course of succession in tho field.



A different technique of testing living roots for the 
production of germination inhibitors was developed by Welbnnk 
(i960). Plants were grown in culture solutions and roots of 
these plants were then removed from the solution and wore 
placed around the base of potri dishes. The seeds of the tost 
species wore then germinated on filter paper placed over the

A similar technique was used to study Trachyppgor splsatus 
but tho plants were grown in soil. In Docember 1961 throe 
tussocks of Trachypogon growing at Frankcnwali were taken back 
to the University and wore transplanted into purple veld soil 
in three 12" earthenware pots. The plants wore thon left for 
five months, when a section of the surface soil was removed so 
as to expose as many roots as possible rmong tho soil mass,
100 seeds of Bragrostls c irvula. of tho same seed 0ample am 
used in the testing already describee, wore then sown onto tho 
soil and roots in a circle of 3" diameter, and the soil was 
moistened and covered by a potri dish lid. A second potri 
dish containing 100 Erngrostis seeds on moist river sand was 
placed on top of tho lower dish, and tho excavation and potri 
dishes were covered over. Both surfaces were kept moist 
throughout the experiment. Only one excavation was made in 
aach pot, a diagrammatic representation of each pot being given 
in fig. 11.

roots.

~4—  Seeds sown undor pctrl dish lid

Cover over excavation
/  Control petri dish with washed 
jr- river sand

Soil/root mass
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Ta avoid the risk of rain getting under the cover, the 
pots were moved undor an unheated glasshouse, but owing to the 
location of the glasshouse there was little direct sunlight 
on the pots, and wjth the low May temperatures the rate of 
germination o* tho Eragrostis seed was considerably slower then 
th« rates recorded in the previous section. Dally germination 
counts were made for tho duration of the experiment.

Results

The germination percentage and average time of germination 
for each pot is given in table 30.

TH.: EFFECT OF T. SPICATUS ROOTS ON THE GERMINATION OF
E. CURVULA SEED

1 'Joed in contact with 
roots Controls on river 

sand

Replicate 1 
" 2 

3Mean

# germination Av. time
sa
80 10.5 
71 9.7
78 9-8

* germination Ar. time 
(days)

75 12.1 
72 12.7 
7? 10.5 74 U.8 1

Discuss 1 iip

These results indicate that living Trnchypogcn roots and 
‘-heir surrounding soil had no Inhibiting effect on either the 
■'mount or rate of germination of Eragrostis seed under these 
experimental conditions. There was in fact a slightly higher 
'•nd faster germination of seed sown in direct contact with the 
soil/root mass, but such small differences could easily he duo 
*o differences between tho soil and sand temperatures and mois­
ture tensions.

As the conditions of this experiment approximated field 
condition* to a much closer extent than most investigations of



gonnlnr.tion inhibitors, these results support the suggestion 
rlroady put forward that Tr^c^yppgon splcatus docs not inhibit 
the germination of Erngrostls seed under such conditions.

QonSlUSivns

Seed of curviqa sown on a soil/root mass of
s^cr. 1̂̂ 5 germinated at a slightly faster rate than 

did seed on washed river sand. This adds further weight to 
the suggestion that ffracftypygpn spicc.tus docs not excrete 
germination inhibitors.



CHAPTER VI

STUDIEC— OF— gUCCE^SION AND JQ1L 3ELD CONrENT ON

Cfi) Denuded quadrats
Denuded quadrats involve removing the vegetation from an

area and studying the following recolonisation. Twc studies
of this type carried out in Oklahoma prairie are of particular 
interest.

Rice and penfound (1954) have described how an area 611 
prairie, thoroughly ploughed on one occasion, returned to a 
near climax state by the end of the second season, though this 
was to some extent due to the presence of perennating parts of 
the climax grasses. There was an increase in the bulk produc­
tion of grasses which was attributed to an increase in avail­
able nitrogan.

Penfound and Rice (1957) ;r npared the changes in pi mt 
composition which took place over five years on an area that 
was ploughed every year, as compared with an adjoining untouched 
area. At the end of the first year the climax species were 
still present on the ploughed area, but secondary species, 
originally present in very low numbers, now dominated. At 
the end of the third season climax species were very infrequent 
nd secondary species had given way to ruderal species, which 
were absent from the original vegetation and were present to 
a mlnor degree at the end of the first year. After five years 
no cliiaax grasses remained, secondary species were of still 
lower importance, and ruderals were dominant. These changes 
would appear to be largely hie to two parallel chains of 
events. Firstly there would oe a reduction in the available 
3ee(* and perennating part population of the climax species 
with each ploughing, and at the same time a rapid build up of

*  .......  in 'in piiim



102

seeds of the ruderal species would take place under the once a 
year ploughing treatment. The secondary species would be 
intermediate in both trends.

lu an unpublished report Gilliland (1939) described the 
results obtained from six denuded quadrats laid out in purple 
veld. Two of these quadrats repopulated with mixed annual and 
perennial species, but for the remaining fr.ur it was recorded 
that they "are remarkable for the absence of any ephemeral 
population of annuals". The second season charts for these 
four quadrats referred to were examined and the seedling 
densities were 7, 15, 54 and 7 seedlings per square metre.
Most of these seedlings were grasses, 49 of those in the quad- 
rat with 54 being Hctgrgpg.pr) contortus. Those counts can be 
compared with the densities of 123, 545, 952 and 12 seedlings 
per square metre for the R, E, H and T stands in August 1961 

(cnapter II). I’he word "remarkable" in the quoted comment 
r-fers to the fret that the result was unexpected, but does 
not moan that it contradicted earlier results.

Stiven (1957) laid out denuded quadrats in purple veld 
'*ith three treatments of denudation, namely, pioughing-discing- 
harrowing, digging out with forks and scraping of vegetation. 
Tho rc-appearance of seedlings was slow, but the following 
were the mean soed.ing counts after three months for each 
treatment" in an area of 100 sq. yard.

Monocotyledons 
Ploughed & harrowed 107

Dug up 278

Scraped 360

Dicotyledons
4
16
33

The ploughed plots had the least regrowth, possibly as 
a result of greater burial of seeds, and the lowest proportloi 
0i dicotyledons. Not only were the seedling counts very low, 
^ing one to four per square yard, but there were very few

■



dicotyledons and most of thr grosses were of the purple veld 
type, notably Brachjaria _scrrata. Seedling establishment 
and the proportion of dicotyledons to monocotyledons, arc 
unlikely to be effected by the usual soil fertility ranges.

Stiven assumed that this "oeult bore no relation to the 
seed content »f the soil, and attributed it to the fact "that 
the subclimrx community makes the edaphic habitat unsuitable 
for the establishment of any other immunities in the succes­
sion." i.e., the soilvas effected by germination inhibitors.

van Ronsburg (unpublished report) has summarised the data 
obtained from blocks M and VI laid out in 193^-1935 and 1937 
respectively. Block M was laid out on serai grassland with 
very scattered purple veld species and VI was laid out on old 
fallow cultivated for at least one season. Various cultivat­
ion and fertilizer treatments were used and un*7 ,at',d control 
plots wore left in both blocks.

Comparison of the results shows that all treatments of 
block VI (th pre-cultivated area) had a far greater cover of 
rudcrals in the first year of revegotation than the treatments 
of block M in their first year. Taking all the rudoral species 
as listed by Rose— Innes (1939)i with the cxcopti u of Cypurus 
iLseuluntpp. the rudoral species formed about 2% of the total 
composition on all treatments of the M block in the first 
year of revegotation, and from 19% of total composition on 
the control VI blocks in their first year to 75% on the plough­
ed blocks. Thus very low numbers of rudorals wore present 
after one years ploughing of mixed serai grassland (block M) 
as well as for the case of purple veld (Stiven, 1957)

The cover of Eragrostis/Cynodon on the other hand was 
greater in block M than in block VI in the first year of 
succession, with the exception of a kraal manure trcatme.it in 
b-ock VI which had a very heavy growth of Cynodon, greater
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than that recorded pn the fertilAzer treatments. This result 
suggests that additional Cynodorx may have germinated from 
seed in the manure.

Blocks M and N have been used to support the contention 
that purple veld could replace serai grasses, but although 
there was an Increase In cover of the purple veld species 
between 1934-35 and 1941 (van Kensburg, unpublished) the per- 
cecttago increase was the same as that of the other grass 
stages. However the main point Is that 'high' purple void 
species (i.e. Trachypogon) appeared in the first season of 
succession, and it is suggested that the one years cultivation, 
■m the old grassland was insufficient to destroy all the seed 
reserver or perennating parts of these purple veld grasses.

Story (1938) gave photographic evidence to show that an 
area of completely here ground can be colonised by Themeda 
Wapdra in less than one year, under conditions where serai 
grasses were absent.

(i) 1261/1962 investigations.
Methods
Two 10 x 1C yard denuded quadrats were marked out in an 

area of purple veld, and two in an adjacent area of Hvnarr^ffpia 
&irta about 30 yards away. The Hypharrhenia quadrats were 
close to a maize field with many ruderala, the nearest 
quadrat being about 15 yards from the field. Each quadrat 
was botanically analysed with 200 point quadrats prior ta 
ploughing.

The soil was too dry to plough before the opening rains,
*nd was only ploughed on the 13th December 1961. On the 19th 
Decenber thi quadrats were thoroughly hoed and levelled out 
n3 snown in plate 14. Throughout the rest of the summer 
occasional chlpning had to be made of the rogrowth from 
scattered old tussocks.

v  'Hweemii



The results of point quadrat analyses of the original. 
cover, expressed as percentage basal cover, are given in table 
31* ^hese illustrate the gross differences between the plots, 
A few rare plants of Eragrostia curvulavere noted in the 
purple veld quadrats, and Cynodon dactvlon was scattered 
throughout the HVparrhenia quadrats. No ruderal dicotyledons 
were noted among the tussocks at any tine during the growing 
season.

V/hen the regrowth from the old tussocks was being chipped 
after the initial levelling, it was noted that the most 
regrowth came from purple veld dicotyledons and Cynodon.

Visual observation throughout the growing season showed 
that there was virtually no recolonisation of the area in 
autumn 1962, and the only ruderals present on the quadrats 
were as follows:-

Hyparrhenia quadra u No. 1. Nil
” " " 2. 1 Erodium *p 1 Datura so..

1 laaetfg mlnuta
Purple veld quadrat No. 1. 1 Datura so.

" " " " 2. 5 Er odium., so. (?)
As there was little competition between plants for soil 

moisture, they were well developed, the one Tagetes plant 
being bigger than any growing in experiment ToB.

Visual observation at the ond of the 1962/1963 season 
showed that ruderals were from very rare to scattered in the 
four quadrats. E. curvula was the dominant grass on all the 
Plots, and E. racemose was common. C. dactvlon was common in 
the Hyparrhenia quadrats, but was scattered to rare in tne 
Purple veld quadrats. Trachytx.gon solcatus was very scattered 
•n the purple "eld quadrats, as were tussocks of other purpJe 
veld species, but was absent in the Hyparrhenia quadrats,
*here H. hirta was scattered.
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IABL: \1
PERCENTAGE BASAL COVER OF DENUDED QUADRATS

Species
Purple veld 

quadrats 
No. 1 Non, 2

Hyparrnenia 
quadrats 

No. 1 No. 2
Trachypogon spicatus 7.0 4.0Tristachya hispida 3.0 8.0Elyonumi argentws 
Digltaria trichlaenoides 2.53.0 0.5 - -
Dlplachne biflora 4.0 _
Heteropgon contortus 0.5 1.5tilsa.'purple vald sp. 2.0 2.0 1.5 •
Hyparrhenia hlrta _ 7.5 O.I>Eragrostis curvula m 3:;

l.CEragrostis racemosa 2.0 3.5Misc. serai sp. • 0.5 3.0
Total cover 22.0 17,0 14.0 17.0

It was suggested in „• hap ter II that a nunrber of ffyparr- 
henia plants must have established in the 1951 or once cropped 
block in the first year or no of abandonment. The results 
presented in this section confirm that Hyparrhenia can re­
establish on a denuded area, even though there was no period 
of cropping in this instance.

Conclusions
Den#udation of areas under HVparrhenla hlrta and purple 

veld resulted in very little invasion of ruderals. Colonisa­
tion during the first complete season after denudation was 
mainly by primary grass stage species, originally present in 
low numbers. Purple veld species regenerated only in purple 
veld quadrats and FT. hlrta in Hyparrhenia quadrats.

(11) Additional Experiment on Denuded quadrats - 1962/
1961

i’o further determine tha importance of the original flora 
in determining succession on denuded ground it was proposed 
to clot r areas in each of the ruderal, primary grass, second­
ary grass and purple /eld stages, and to sow a different 
Portion of each area with representative seed of the four 
st&ges. The actual investigations were carried out by Cain
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and Toms or. (unpublished report) and the final clipping of 
quadrats was done by Gillard (personal communications),

Areas were ploughed in eech of the four stages in early 
March 1962 and esti.uli.shment counts of naturally regenerating 
seedlings wore made in mid-April. Seed of the four stages was 
collected but as a result of the poor germination from H. hlrta 
and 9,8tus dissominules only snail amounts of seed were
available for sowing in September 1963.

Each cleared area was divided into five.1 plots, one plot 
being . t unsown and the o'ther four plots being sown with 
B.1 P U i?̂ d and Tt- minpta, E. curvula and C. dactvlon. H. hlrta , 
and purple veld so d (largely I. splcatus) respectively.
Each plot of 16 square yards was sown with tne same number of 
seeds, equivalent to E. curvula t̂ one pound per acre.

u e s u i t s .

The results of the establishment counts,es percent 
prcsonco in 100 quarter metre quadrats, are given in table 32.

TABUS 32
DEJJUDED QUADRATS - 1962/1963 - ESTABLISHMENT COUNTS 

Percent presence of selected species in 100 i metre quadrats

Species
Stand

Ruderal P. Gr«-s b. Grass P. Veld
Taget.-s minuta Bldens pilosa 
Vorbana sp.
Misc. Dicots 
Cyperus csculentcs 
Cynodon dactylon 
P. Veld grasses 
Mi'c. monocots ------- -------------

42 3 1 - 
7 1 2 
1 — - -
43 12 2 
73 12
20 11 - - 
— • • 2 
— 1 -

Clip quadrats wore taken in March 1963 and the results 
of weighing air dry herbage are given i table 33. The clip­
pings from each plot were sorted into the four serai stages. 
A&ong the ruderals production from monocotyledons 'ePerally 
outweighed that from dicotyledons.



TABL2 n  
DENUDED QUADRATS - 3.9̂ 2/1963 

Clipped quadrat results - values In lbs/morgen

CHS -ruderal stage, PGS - primary grass stage* 
SGS = secondary grass stage, PV = purple veld)

Ruderal Plots Primary Grass Stage Plotsj
Clipping weights Clipping weights

RS PGo SGS PV RS PC'S SOS PVSown to:
Rudernls 1780 20 - - 10 - -
Erng/Cynodon 700 P - . 1*90 1+0 ~ -
Hyparrhenia 740 110 - 950 60 P -
Trachypcrgon 690 P P 740 jOC - P
Unsown 1100 - - 710 ; .1

RS PG5
Sown to:
Rudernls 150 50
Er-rg/Cynodon 270 b0
Hyparrhonia 330 P
Trnchypvgon 150 P
Unsown 130 80

weights Clipping -weightsSGS PV LS PGS PGS PV
_ 340 P - P— p 80 140 - P- - 89 10 140 10P p 70 P - 80P • 170 P 60 P

(P indicates present, but below 10 Ifc/ norgen)

Discussion
The results of the germination counts show a marked fall 

off in the number of regenerating dicotyledonous seedlings 
f ora the ruderal to the primary grass plots, with very low 
numbers in the secondary grass and purple veld plots. Grasses* 
apart from C. dactvlon. were virtually absent, and the on1 • 
purple veld grass seedlings were in the purple veld plots.

The results of the clipping studies are rather inconclu­
sive, which is only to be expected with the low numbers of 
seeds sown and with the small plots used.

There was ft fall off in the production of ruderals from 
the ruderal to the purple veld plots. The proa .cticn of 
primary grass species was highest in the primary gras stage 
Plots, and the production of purple void species was highest 
In the purple veld plots. With one exception purple veld
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species lia naj .appeir excert Jh plotd where they were naturally 
present or were sown. On the other hand it is diff.cult to 
explain the fact that the ruderal species had the highest 
production of any of the stages in the purple veld plots.
This, result ie quite at variance with the low ruderal convent 
of the denuded quadrats referred to in section (i). However 
as mentioned previously most of the ruderals in this ;xperir'snt 
were monocotyledons.

Assuming that sufficient numbers of viable Hyparrhenia 
and Trachypogon seed can be collected it is suggested that a 
repetition of this experiment would be profitable, using larger 
plots and areas of ground with known history and botanical 
composition and with at ie°st two areas denuded in each serai 
ŝ age. To sample the larger plats move reliably frequency 
cunts may be preferable to clipped quadrats.

A factorial experiment is described where areas of diff­
erent serai stages were cultivated and sown to seed of these 
stages. The results indicated that there is a different seed 
content in soil beneath the different stands, but the original 
components of the vegetation in the older serai stages did 
not dominate the regenerating vegetation to the expected 
extent.

Recommendations have been made about the repetition of 
this experiment.

(b) Field__Botan 1 cal Analyses 
i. Old Cultivation Areas
Three different areas of abandoned cultivation land 

rfere botanically analysed by deter lifting species frequency 
from 4o throws of a quarter-metre qu «<. at. Thr areas were 
3elected after examination of old aerial photographs, Frank- 
on wa id photos of thr3e different ages being available, and
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after consultation with the previous farm foreman who had 
teen on the farm for over 50 years. f\\\ three sites had been 
cultivated, cropped and abandoned 20 to 30 years ago and had 
not been cultivated since, though it is assumed that they 
have been lightly grazed.

Results

The results of the frequency determinations are given in 
table 34, and reference can be made to table A1 in the Appen­
dix for the significance limits likely to be obtained with
the use of 40 quadrats,. Brief descriptive notes on the areas 
are given below.

Area__l. Originally used for squatter cultivation this area
has boon abandoned for over 30 years. The area was dominated
by Sigefcs vul&aris and Eragrostls so., mainly E. gummiflna.
with Hxparrftqn^a hirta along the old cultivation banks.
Cinsdsn dactylpn was very rare, and Trjstachva hlsnida was not 
seen at all.

^-2* Therc was a lot of bare ground on this area, Eragros- 
Us_s,£. again being dominant with scattered H. hirta along 
low banks and depressions. C_. dactylon was present as scat- 
rt.d smaii and stunted shoots. Trachypogon splcatus was 

V,'ry rare and no If h^splda, Panlcum natalonse. Elvonurus 
or Brachiarla serrata were seen.

~.fre— S_i_jrul£ari^ and H. hirta were the dominant species, 
but Stoebe bushes were smaller than in area 1, and Erariosti:; 
££• wore less frequent. Again no T. hlsolda. E. argcntmia 
or natal nnsr, wore seen. The area had young pine trees 
Srowing on it from seed blown from a nearby roadside planting, 

it was unfortunate that experiments M and N could not 
studied as these blocks had boon loft for over 20 year* 

since abandonment, but it was decided that as virtually no
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pegs were left on the area that too much risk would be in­
volved in trying to relocate the experimental plots.

TABLE ^
BOTANICAL ANALYSIS OF OLD CULTIVATION AREAS 

Percentage Frequency as determined from kO quadrats
Stage | Species Area 1 Area 2 Area 3|

Bare Ground
Primary
Grass
Stage

I

1
1I>

% bare ground (estimated)
Eragrostls curvula 
Eragrostis gumniflue 
Eragrostls racemosa 
Eragrostis plana 
Eragrostls sp.
Perotis indica 
Pogonarthria squarrosa 
Paspalum commersonil 
Aristida congesta 
Cynodon dactylon 
Andropogon eucomus 
Trichrneura grandiglumls 
Monocymbium. cere si if or me

| 10 60 40

i M  11 %

! *1 If il

l i  I 

1 j  I

3 : 5 
13 - -

Secondary
Grass
Stage

Hyparrhenia hirta 
Schizachyrium semlberbe 10 5 38 

5 - -
i

Purple
Veld

Andropogon amplectans 
Themeda triandra 
Brachiaria serrata 
Pan! aim natalense 
Elyonurus.. argenteus 
Trachypogon spicatus 
Misc. purple veld grasses

5
33- c

! i  1
Ruderal
dicots

Conyza ambigua 
Bidens schimperi 
Gnaphalium luteo-album

.5
3

- 3 -
Perennial
dicots

Stoebe vulgaris 
Indigoferr . sp. 
Senecio sp. 
Misc. dicots

2̂  a 30
3 - - 10 - -10 26 13

Piscussloh.
These results cast considerable doubt upon the concept of 

Purole veld replacing serai stages. Previous evidence for 
this assumed replacement has been very meagre. The last 
worker concerned was Crook (1950) who held to the idea of 
purple veld replacing the serai stages, but was far from 
decided about the question, commenting that "the Hvrarrhenla



hirta dominated stage may, however, persist practically un­
changed for a very long time, especially when the area is an 
old fallow".

Regretably there are few areas of old cultivation land 
with a known history, but high purple veld species show no 
signs ox regaining their former dominance on areas from which 
they were removed by cultivation until 25 years ago. It is 
suggested that they will never regain this dominance, a view 
agreed to by Dr.A. D. Hall (personal communication).

These results also demonstrate that a thick, and persis­
tent Hyparrhenia stage is not an inevitable feature of second­
ary succession before the proposed final invasion of purple 
veld. Most of the serai areas observed on Frankenwald and 
the bankenveld had a mixed vegetation from the various serai 
stages, sometimes as a mixture of species and sometimes as a 
mosaic of stages. A similar observation was made by van 
Pensburg (1942).

Conclusions
Analyses of old abandoned cultivation lands have emphas­

ised that these areas are usually in a mixed state and that 
succession is not a fixed step uy step process. There has 
been no appreciable invasion by purple veld in land abandoned 
for 25 to 30 years, and the question is raised as to whether 
this final invasion does actually take place.

Aa.Abandoned Road 
Running through Frankenwald is an old dirt road abandoned 

"bout 1930 and not disturbed since. In one area the road 
passes through serai grassland, and 400 yards on through 
purple veld. In both areas frequency determinations were 
made with 20 throws of a quarter-metre quadrat on the commun- 
ty established on the old road and on the adjacent commoiity 
'n both sides of the road.



neanj.t'a ana Discussion

™  re” ,lta- I" table 3?, .how very clearly that
the composition of the road vegetation la a reflection of 
the composition of the adjacent communities. In view of 
evidence brought forward In the preceedlng subsection It 
could be assumed that the roadside communities have not 
changed appreciably since 1930, In which case the differences, 
in the road vegetation In the two areas would be most likely 
due to the different seed being available for colonisation.

TABUS

 Percentage frequency as determined from 20 quadrats
(a) Rqad passing through purnle veld

Spedies Road
vegetation Adjacent | 

vegetation
Primary Grass Stage 
Arlsttda eongesta 
Jynodon dactylon 
Eragrostis curvula 
Eragrostis gummiflua 
Eragrostis racemosa 
Monooymbiiun ceresiiforme

Secondary Grass Stage 
Hyparrhenia hirta 
Cymbopogon excavatus

Purple Veld 
Andropogon sf.
Ffeteropogon con tortus 
Harpochloa falx 
Panlcum natalense 
Brachiaria serrata 
Bigiteria tricholaanoides 
Elyonurus argenteus 
iristachya hispida 
Trachypogon spiestus
Stoebe vulgaris
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Tr.ble 35 (continued)

! (b) Hoad P"551"*! through Errgrostls/Hvnarrh^in
Species adjacent vegetation vegetation

Hyparrhenia hirta 
Eragrcstis plana 
Eragrostls curvula 
Eragrostis gummlflua 
Sporobolus pyrnmidalls 
Cynodon dactylon 
Setaria pallide-fusca

48) 1)
1,’ ** 5$] 68 
4
2° 12

Tagetes minuta ^ 8

U i  Purple Veld Plonrh'ftr!

An area of purple veld was accidentally ploughed in 1958 
end had not been ploughed since. Specie* frequency on the 
ploughed portion and also on the surrounding purple veld was 
determined from 40 throws of a quarter metre quadrat. Basal 
cover was determined from 600 point quadrats on each area.

Results apd nj.scussion

^BLE 16
the effect of a single ploughing on purple veld

BOTANICAL ANALYSES

Species
Purple veld sp. 
^rachypogon spicatus 
Trlstachya hispida 
Slyonurus argenteus 
fhemeda triandra 
Srachiaria serrata Other P.v. Sp.

^Percent Frequency Percent basal cov-r 
Ploughed Purple Veld Ploughed Purple Veld

Serai grasses 
Hyparrhenia hirta 
Eragrostls racemose 
Bragrostls curvtila 
Bregrostls plana 
Cynodon dactylon 
Other serai grasses

10
8

10
8
15
13

43

Serai dlcots 
5®re ground/Litter

40
65
30

1
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fThe result of the botanical analyses given in table 36, 
especially the frequency figures, show that the unploughed 
area had a small but significant population of serai grasses. 
The proportion ol these grasses was greatly increased by the 
single ploughing while the basal cover of the purple veld 
grasses was reduced to 1% of that in the unploughed purple 

veld. It is suspected that many of the Trachypogon and 
allied species nresent on the ploughed veld were old tussocks 
that had not been killed out by the ploughing. These tussocks 
were more vigorous than those in the undisturbed veld.

ihese trends are similar to those recorded by Penfound 
and Rice (1957) in the first year of their five year plough­
ing sequence discussed in section (a) of this chapter, namely 
that after ploughing there was a great increase inthe number 
of serai grasses and a corresponding reduction in the imports 
ance of the •climax' grasses, with a slight invasion of 
ruderal species.

The case of Eragrostls racemosa deserves special mention. 
Originally it was intended to classify this species in with 
purple veld, as was done by Davidson (1961), but subsequently 
it was found that this species had many properties of a serai 
grass and it was placed ... the primary grass stage, as done 
by Rose-Innes (1939).

The reproductive capacity, seed weight and seed viability 
data of this species support the suggestion that it is a 
3eral species, as does its reaction to over-grazing (Gillard, 
196?b). The evidence brour* * forward in the previous sub­
section shows that it is strongly associated with serai 
species (tnole 3*0 » although it is also associated with purple 
veld (table 35).

In this case a single ploughing resulted in a reduction 
in the frequency of E. racemosa. and as most of the plants

The result of the botanical analyses given in table 36, 
especially the frequency figures, show that the unploughed 
area had a small but significant population of serai grasses.
The proportion ol these grasses was greatly increased by the
single ploughing while the basal cover of the purple veld 
grasses was reduced to 1% of that in the unploughed purple 
veld. It is suspected that many of the Trachypogon and 
allied species nresent on the ploughed veld were old tussocks 
that had not been killed out by the ploughing. These tussocks 
were more vigorous than those in the undisturbed veld.

These trends are similar to those recorded by Penfound 
and Rice (1957) in the first year of their five year plough­
ing sequence discussed in section (a) of this chapter, namely 
that after ploughing there was a great increase inthe number 
of serai grasses and a corresponding reduction in the imports 
ance of the 'climax' grasses, with a slight invasion of 
ruderal species.

The case of Eraxrostls racemosa deserves special mention. 
Originally it was intended to classify this species in with 
purple veld, as was done by Davidson (1961), but subsequently 
it was found that this species had many properties of a serai 
grass and it was placed ... the primary grass stage, as done 
by Rose-Innes (1939).

The reproductive capacity, seed weight and seed viability 
data of this species support the suggestion that it is a 
3eral species, as does its reaction to over-grazing (Gillard, 
196?b). The evidence brour* * forward in the previous sub­
section shows that it is strongly associated with serai 
species (tnole 3*0 » although it is also associated with purple 
veld (table 35).

In this case a single ploughing resulted in a reduction 
in the frequency of E. racemosa. and as most of the plants
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on the plouched area were seedlings and not plants that sur­
vived ploughing, there was a greater reduction in basal cover. 
Considering the overall properties of this species, it was 
expected that it would have at least maintained itself in
the ploughed area to the extent it was present in the original 
pasture.

Soil from the ploughed area, as soil E2, was used for 
certain studies described in chapters III and VI, as a second 
example of primary grass stage soil. Table 36 shows that 
gj-glirvî La, and C. dactyl on comprised ?]& of the
total basal cover of this area. The R2 soil was different 
from the E soil in that there had never been a ruderal stand 
on the BZ. If such a stand had boon present in 1959/1960 
traces of it would have been clearly visible in 1961.

Conclusions
On* year's ploughing in. an area of purple veld with a 

small proportion of aeral species was sufficient to greatly 
reduce the number of purple veld grasses and to increase the 
number of serai grasses.

(c) Burled Viable Seeds

Most studies of buried viable seeds have dealt with the 
relationship of weed seed populations to various cultivation 
practices, examples being the papers of Budd ct el (1954), 
Roberts (1958) and Warington (1958).

Champncss and Morris (1948) studied the population of 
buried viable seeds in relation to pasture and soil typos, 
nd noted that many unimportant pasture components had great 
numbers of buried viable seeds, whilst some of the dominant 
soocifis had low seed levels, Ouyot (i960) found that fields 
bnndoned for many years still had dormant seeds of cultural
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cdvcntives present, and that the buried viable seed content 
of adventive species was a reflection of past as well as 
present vegetation.

Costing and Humphreys (1Q40) followed burled viable seed 
changes in relation to secondary succession and found that 
for herbaceous stands the number of germinations from any one 
age class or stage may be usually correlated with dominance 
in vegetation. This relationship was only a general one, 
and there were some examples of species where the buried via­
ble seed pattern had little or no relation to chanos in 
vegetation. However most of the grasses dominant n the later 
stages had very few or no seeds in soil of the earliest 
stages, whilst most of the important species of the vegetation 
and soil seed content of the early stages had few or no seeds 
in soil from the later stages.

Many of the studies of buried viable seeds have boon 
carried out on soil as sampled in the field, but some inves­
tigators (Budd et al, 1954; Warington, 1958) have reduced 
the soil volume by washing.

For detailed studies it is generally recommended that 
the soil be kept moist for two years or growing seasons, but 
almost all workers agree that most germinations occur in the 
first ‘year*, Budd et al recording 75/» of all germinations 
in the first year. In many cases the 'year* may be an 
effective period of less than six months.

The depth of sampling also varies between investigators. 
Chippendale and Milton (1932) noted that viable seeds were 
found at 10 - 14" in one soil, but only at 3" in another,
%nd they found that this was due to the activities of oarth- 
vorms. They suggested that where deep ploughing was not 
Practised seeds would not be washed down by rain to any 
appreciable extent and would be in the shallower layers of 
ĥe coll unless earthworms were active. Roberts (1958)



sampled t: >1:: inches in regularly cultivated soil end Guyot 
(I960) f Jiplod to four inches on old cultivation soils.

The number cf samples taken varies greatly with the 
worker and the size of samples, and the need for replication 
has been emphasised by Champness (191+9).

Methods

Samples of the R, B, H, T, F, E2, H2 and T2 soils wore 
collected on the Vth October 1961. TWenty-four samples of 
0-3" were collected in each soil, and the samples were bulked 
and thoroughly mixed. Each bulked sample was thou divided 
into two lots, and from each lot four earthenware plate* 
were filled with 500 gm of air dry soil per plate.

The plates were placed in a greenhouse and were kept 
moist and covered with a glass fr me to reduce the risk of 
seed contamination. Lot A plates were placed out on the 10th 
October and Lot B plates on the 23rd October. Plates con­
taining sterile sand wore among the soil plates to check on 
possible seed contamination. With space at a premium the 
plates were very tightly packed and it is likely that isolated 
cases of splashing of seed may hnvu taken place. This could 
never have resulted in a mass transfer of seed, but could only 
Result in an appearance of a species in a soil where it woulu 
not ho expected. As the glasshouse was heated during winter 
to a minimum of 2C°C, conditions favourable to germination 
(chapter VII) prevailed for over 9 months.

Seedling counts wore taken on the 13/11/1961, 20/12/1961, 
8/2/1962, HA/1962 and 25/7/1962. Seedlings of important 
grassos wore grown in pots to assist identification and 
specimens of seedlings appearing wore 'grouped1 and then 
grown to be identified. However the grouping of the many 
different seedlings emerging proved to be very difficult, 
especially for grasses, and in the results only the positive

T
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Identlfle tlons have boen kept separate and the reaming 
classes have been hmped Into one group, if any further „ork 
of this type is to bo done, It 1, suggested that the first 
season bo devoted to classification and identification of 
seedlings before commencing further experiments.

Gspwlta
■me total number of seedlings of each species or group 

germinating from both lots, (I.e. 4,000 gm sell) are given 
m  table 37, the results for each Individual lot In table A12 
in the Appendix and the percentages of seedlings removed at 
er.ch sampling date in table 38.

TABLE 17
TOTAL 3iJET>LXHG NUMBERS PER 4,000 GM OF SOIL

(a) Monocots Soil
H T F Ev H2 T2

Cypems esculentea 
Fimbristylis sp.
Eleusine indica 
Xragrostis curvula 
Cynodon dactylon 
Hyparrhenia hirta 
prachypogon spicatxis Other sp.

8  1  5!  11  H  !
2 12 4 - - 5 ! _
3 5 17 6 14 11 10

9 - - 1 28 2 
— — 3 ** — — 428 26 ' 51 37 - 43 30 62

Total Monocots 211 216 144 59 44 64 98 72

ikL_Dlcots
E E R T F E2 H2 T2

Acanthospernnun
xantholdes 

Corrigiola littoralis 
Tagetes minuta 
Gnaphr.lium luteo-album Conyra ambigua 
Portulnca el erne eft 
Oldenlandic sp.
Other dicots

59 — — — — — — —

7? ^  Li i  9 i  I  :

2 I 3« - 16 i 3 1 
1 - - 9 l

z 1 18 260 9 44 3 3 11 12 3
Total Dicots 
Total all sp.
Ratio dicots/monocuts

245 40 106 7 45 31 20 5 
456 256 250 66 89 95 118 77 
1.2 0.2 0.7 0.1 1.0 0.5 0.2 0.1



DJAS %
PEHCENTAGSS OF S3JDLINGS IN EACH LOT REMOVED AT EACH COUNT

13/11/1961 20/12/1961 8/2/1962 11/9/1962 25/7/1,62
Lot A
Lot P 

L---  . % 11 I S i

Discussion

rhe overall burled viable seed levels are perhaps slightly 
lower thrn the usual values recorded, and this would be expec­
ted from the one year germination period. The H soil, for 
example, can be taken as 55 million buried viable seeds per 
acre. Brcnchloy and Warrington (1930) recorded a level of 
150 million seeds per acre, and the results of most workers 
are usually around 50 to 100 million seeds per acre.

The results given in table 38 show that most germinations 
occured within the first few weeks of placing out, when, 
unfortunately, identification was more difficult than later on.

The T soil had a much lower seed content than the R, F, 
and H soils; and the T and T2, '>nd to a lessor extent the E2 
and H2 soils, had a few seeds of rudcrals. Hudoral plants 
were very sparse in the E2 soil, as shown in section (b) of 
this chapter, and in section (a) a complete absence of ruderals 
in the H2 andT2 areas was noted. One unusual feature of the 
results is thelow content of buried viable dicotyledonous 
seeds in the E sell, and no adequate explanation can bo off­
ered for this.

Reference was made in the proceeding review to the fact 
that many workers have found that some species with high seed 
numbei„ are unimportant pasture components, and this was the 
case for Fimbrlstylls so.* Corrigiola llttoralis and 
Qldenlandia so. Elgusine indica plants were very rrre in the 
R and B stages, yet there wore many seeds oi this species
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present. Plate 16 shows the usual sire of an isolated clump 
of Fimbrigtylls so. in tho R stand.

There is, however, an overall close relationship between 
the soil seed content and past or present vegetation. 
Hyparrhenia and Trachypogon seeds, both with very characteris­
tic seedlings, were coruined to soils in which they had been 
growing and aeodlng. Portulac^a pleracca was present as 
plants in the F stand and as seeds in the F soil, but was 
nosent in the R stand and soil. Again Acanthosperpum xanthoidcs 
common in the R stand and soil, was absent from tho F stand 

'11. v’ne interesting exception is the low connt of 
-tfMlinm 3dktoo-nlbun in tho E soil, where a viable seed 

content at least equal to the H soil was expected, which would 
also have brought tho dicotyledon/monocotyledon ratio for 
this soil to the expected level.

In view of the fact that the T, H2 and T2 stands wore all 
50 yards or elcser i tends of vegetation rich in ruderal
species, the low jv Li of mderal seeds recorded indicate 
that seed dissemination may not be as widespread or efficient 
as previously accepter, although it mugt still bo recognised 
that there are a small number of ruderal seeds in these 
grassland communities where ruderal plants are absent.

£ ̂cluslgns
These results clearly demonstrate that different stands 

of vegetation have different quantities and typvs of buried 
viable seeds even though tho stands can bo adjacent to each 
other. The soil seed content of minor pasture components is 
in many cases not a true reflection of their abundance as 
plants, but the soil seed content of important pasture species 
is usually related to tholr past or present growth in tho soil 
concerned. Grassland soils free from rudcmls have a very lov 
burled viable seed population of these species, even though



they may be close to cultivation fields viere mderals arc 
growing.

B v l d e n s e  o f  Seed Poonirtjons in Snrr.J S o i l s

1 From previous wnr%
Stiven (1957) gave seedling counts, from the pot/lerchin% 

trial where various soils were taken within a "few yards" of 
each other, and were therefore claimed to have a similar seed 
population. The total counts from seven pots of each soil 
type are given in table 39, together with individual counts
of five selected species.

m y ;  w

SEEDLINGS REMOVED FROM VARIOUS SOIL TYPES - Stiven (1957)

Species Fallow Cynodon^lrng. Hyparr. Trachy.
Tngetcs minuta 
Elousino Indies 
Cynodon dactylon 
Eragrostis sp.
IT. hi.rtii

Total
all species

23 6 W? 1 i
a  '1 %  :

-  -  -  r '

10fi 77 115 46 25

Stiven argued that as all the seed, population must have been 
the same that germination inhibitors were responsible for the 
low count in the rrachypogon soil, hence, for example, the 
absence of Eragrostla sp. must have been caused by the 
inhibitor. Even apart from the low Trachypogon soil count it 
is still necessary to explain the low and yet characteristic 
Hyparrhenia soil seed population. In view of the results 
given in the section above, and of the results of the germ­
ination inhibitor investigations (chapter V) it is suggested 
that the different seedling counts shown in Table 39 are a 
reflection of different soil seed populations.
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Ai Evidence from 1961/1962 investigations

In the seedling growth trial described in chapter IV pets
°f "• E* ”and r 5011 v̂atered to geminate most of the 
viable seeds present. The watering was done to destroy wia-
hle seeds rather than to establish them, so many more seeds 
may have germinated, but not emerged. Hence only the gross 
dllferences in e ®  total count of emerging seedlings, and in 
counts of individual species, given in table to, are of impor­
tance. again as only six samples of soil were bulked for
each stand the replication is Insufficient for detailed anal- 
ysis of buried viable seeds.

TABLE 40
sidling counts from 8,000 gm. of soil

Species “ OTl-------- ------- 1
r e h t

Cynerus esculentos 
Fimbristy]is sp. 
Eleusine indica 
Misc. monocots 
Total monocots 
Total dicots 
Total all sp.

1  %ll

1  i  8157 208 101 7

While the differences between R, E, and H stages given 
in table 40 cannot be considered to be real differences, the 
very low seedling numbers of the T soil are again further 
evidence of a low seed population of this stage, or else of
8 Very Patent germination inhibitor which was not present in
soil sampled at the same time (chapter V).

The differences recorded in soil seed content in the 
i'ttuce fertility trial (section (b), chapter IV) were not 
»o extreme, but the total count for the T soil soadlMgs was 
still only 40%: of the count for the other three stages.
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Conclusiona

Indirect evidence n-on; three trials further suggests that 
buried seed populations under different vegetation types are 
also different, especially in the case of purple veld soil.

lil Mbit? %n relation to secondary succession
A. review of ore/jpus work

Studies on the rooting habit of representative species 
of the highveld accession have been carried out, with in­
creasing amount of detail, by Murray (193k), Rose-Innes (3939) 
and Coctzee (19k5). The studies have been confined to the 
study of root bisects, and have not dealt with the weight of 
roots produced in the various pastures.

A brief summary of the data accumulated is presented for 
each of the serai stages.
(1) Ruderel Stage

Rose-Innes concluded that the root systems of the plants 
examined were all of one type, having extensive superficial 
lateral systems combined with a deep taproot system. Coetzee 
recorded similar characteristics for Erigeron canadensis.
(2) Primary Grass Stage

Rose-Innes found a greater range of root systems than 
in the ruderal stage, but on the whole the systems tended to 
be shallow rooted. However all three workers found that 
&ynodon cia_c tv Ion had many roots in the deeper soil levels,
»s well as an extensive root system in the surface soil.
Coetzee excavated Eragrostls chlorcmelas and concluded that 
this species could absorb water from 36". So although some 
Pf-;:. ary species such as Arlstlda congests and Eragiostls 
r e emosa may be shallow rooted, C. dactvlon and E. curvula 
(though only sub-species chlorcmclas was investigated) have 
effective rooting systems over a range of approximately three 
f«et. Burton et al (195k) found that 30 to 35% of C.dactvlon



roots were below 24,", and concluded that this was partially 
responsible for the drought reUstant nature of this species, 
as a drought susceptable grass under similar conditions had 
only Gfr of roots below this depth.
(2) Secondary Grass Stage

Hyparrijeftla hirta was found by both Rose-Innes and Mkrray 
to have well develop6d lateral r ,ots as well as an extensive 
deeper rooting system.
(3) Purple Veld Stage

Coetzee found that the only species that could absorb 
water from the extreme surface were Heteroppgon contortus

9r#g, while Trachvpogon sg3catus. 
Sre,<?h;ar̂ ,a ŝ rrata and ^J^^rpps^. semlalata were the only 
deep rooted species. The remaining species were reasonable- 
shallow rooted, especially Iristachya hlsplda. Rose-Innea 
on the other hand found that all members of this stage inves­
tigated had deeper root systems, Brachiaria serrata being an 
exception. The same comment for Brachiaria was made by 
Murray.

There is certainly a cons' lifference between the
findings of Rose-Innes and Coo regards the rooting
system of purple veld, but this miy be due to different sites 
being investigated, as Coets.ee has stressed the importance 
of soil type in determining root penetration.

From his findings Rose-Innes concluded that as secondary 
succession advanced towards the grassland climax, the horiz­
ontal superficial type of root system gradually gave way to 
a more deeply penetrating vertical type. However in view of 
the findings of Coetzee this 1 trend1 is very much open to 
doubt, and it would appear from all the investigations that 
all grass stages have a reasonable absorbing system in both 
the shallow and deeper layers.
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Tne generalisations made by Rose-Innes as to the effec­
tiveness of rooting systems are at times rather sweeping, as 
indicated in the following quotation - "It can be seen that 
the root systems of the ruderals immediately prevent the in­
vasion of deeper rooted plants by their superficiality. All 
supplies of water percolating down through the soil after rain 
are likely to be absorbed before they can reach deeply situ­
ated roots." The last statement has sho' n to be false in 
in the soil moisture studies in chapter III where it is seen 
that the R subsoil remained at a lower moisture tension than 
the T subsoil throughout the growing season.

In the case of seedling establishment by invasion it may 
be assumed from evidence in chapter I that the main signifi­
cance of the established root system lies in its competing 
power for soil moisture rather than for soil nutrients.
Therefore determinations of soil moisture, which take into 
account evaporation from the surface, would give more infor­
mation about the susceptibility of a stand to invasion by 
seedling establishment than deductions from root bisects.

The m;;moisture studies reported' in chapter III showed 
that the surface of the R soil was usually at a higher tension 
than the stir face of the T soil, whereas the reverse hold for 
subsoils. This would support the suggestion that exploitation 
of the subsoils by roots of ruderals is not as great as in 
the case of purple veld and other grasses. Doss ot al (1962) 
also found that soil moisture extractions were a good indi­
cation of effective rooting depth. i

Conclusions
Previous studies of rooting habit in relation to succes­

sion have been reviewed, and conflicting results not-J in 
the case of purple void. It is suggested there may be little 
difference between the rooting habits of the serai and purple I

I
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veid grasses, but that rudaral, may have less extensive 
subsoil systems.

The need for caution In the Interpretation of root bio- 
acts has been emphasised.



CHAPTER VIT

fB.CP^TI_3— OF— S2ZDS AND 
iai 2rfwth.»„(i^ different 11 ,nt«n„n..

Studies of the effect af reduced light Intensity cn Ihemeda 
veld were carried out by Story (1938) who placed hesslan screens 
giving different light intensities over serai and cllrsx veld.
In the serai veld Ar)st)da cangest& was killed out under 33% 
of full sunlight, but Eragfostle Cjirvula and Cynodon d a c ty l  on 

par isted. Cynodon persisted to some extent under 15,, 0f full 
-.'■.might, but was killed out under 9*. In climax veld most 
of the grasses persisted under 33* full sunlight, although In 
some cases the form of growth vis altered. Cohen (1940, found 
thatmature plants of &taabg Vjiiga^ remained alive in a sever­
ely stunted condition at 10' of full sunlight. No other 
experiments relating light intensity and succession, or light
intensity and the growth of mature highveld species have been 
located.

Lecatsas (1961) investigated the reaction af Stoobe vuWan* 
seedlings to different light intensities, and found that opti- 
murn growth was obtained at one-eighth normal sunlight. A 
similar method was used to study the reaction of representative 
serai and climax species to varying light intensities.

Seedlings grown under a range of decreasing light intens- 
ities would be expected to show increasing etiolation, increas­
ing moisture content of tissues and an increasing shoot/root 
ratio (Daubonmlre, 1959). The possible reasons for the earlier 
decline in root production as against top production have boon 
discussed by Blackman and Wilson (195*0.

Methods

fhln plastic containers of 2" diameter and holding approx­
imately 450 gm of soil or sand were placed out in large metal
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trays of 4« x 4' x 3". The trays were filled with half an 
inch of water which kept the soli In the cups moist by soaking 
through holies plugged with paper in the bottom af the cups.
Five germinated seeds of the one species were planted out in 
each container, four of the seedlings being at the corners of 
a 'square', with the fifth in the centre of the 'square1. Two- 
containers with each species were placed out under light inten­
sities of 100, 40, 20 and 3> full sunlight. Screens of hessian 
were used to obtain the reduced light intensities, screening 
being recommended by Daubenmiro (1959) as being closer to 
natural conditions than can be obtained by using artificial 
light.

The initial experiment was carried out with the following 
species, la^et^s mlEiM, S.SlUmpgrl, Erairostls curvula.
£iyp_arrfcenla hirjfca, Elygnurus argenteus and Trachypoeon sole *qs. 
The seedlings were transplanted out into river sand and a dil­
uted nutrient solution (Vnyer and Anderson, 1946 - complete 
solution) was applied to the water in which the pots were 
standing. The trays were placed out on the Botany Department 
roof in late January and were left for 4 we vks. The seedlings 
were then removed and root and shoot weights and shoot heights 
wore determined for all species.

Following the poor results of the first trial a second 
trial was commenced in mid March lasting for five weeks. In 
this trial a sandy loam soil was substituted for the river sand 
and no nutrient solution was added. The reaction of most of 
the tost species to varying fertility levels had teen previous­
ly determined (chapter IV) and found to be similar.

Results
The results of both runs were extremely disappointing.

The first run was complicated by the fact that just after 
commencement a f»w ofthe emerging seedlings in the control
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containers were removed by birds. To overcome this coarse wire 
netting was placed over the containers. Seedling growth was
still very poor, and it was thought that despite the use of a
layer of gravel around the seedlings and on top of the sand, 
evaporation may have resulted in an excessively high concentr­
ation of nutrient ions around the seedling roots. T0 avoid this 
possibility e. sandy loam without added nutrients was used in 
the containers for the second run, but seedling growth was 
slightly poorer than in the first run. A further complication
in both runs was that heavy storm rains caused damagu to seed­
lings, even under a covering of hcssian.

Since the pots were stai ing in.water the low tension 
levels of about 10 cm may have boon responsible for the poorer 
growth in the sandy loam as compared with the sand used initi­
ally, and perhaps even for the poor growth in the sand.

The Trachypogon seedlings failed to t'dic in both runs, 
as did Eragrostis seedlings in the second run.

To assist in the clarification of results both runs have 
been considered as duplicates, even though carried out under 
different conditions; and the moan value of the dry weight 
and fresh weight of tops and the dry weight of roots (relative 
to full sunlight growth for each species as 100), the percent­
age dry matter (dry weight/wot weight. :x 100), the ratio of 
dry tops to dry roots and the seedling heights are given in 
table 41. In view of the erratic results values for each of 
the above properties for each run are given in table Alj in 
che Appendix.

Converting the actual yields to values relative to full 
sunlight as 100 has drawbacks, but it enables bettor comparison 
of the two runs, and makes the graphical representation of the 
results given in figure 12 much easier. *o enable easier 
comparisons the figure is in the form of graphs rather than 
histograms. The adtunl height and dry weight figures were of



the same order aj those given for Stoob. vulzr.rls by Lecatsas 
(19bl), Hie results for Stocbe have been incorporated in 
graphs a and & in figure 12. Plate 16 shows the top growth 
obtained from representative containers of Tag^tcs minute, in 
Run B.

SE2DLIN0 GROWTH UNDER DIFFERENT LIGHT INTENSITIES
(ucight and weight values under full sunlight for each 

species as 100)

yy Light Bid Tag Egu Height 
Hyph Bin Fresh ». 

Bid Tag
oicht (tsp.S)
Egu Hyph Ela

lOu 100 100 100 100 100 100 100 100 100 10040 100 180 90 140 90 64 107 54 n o  96
20 230 400 200 290 160 102 2,30 :6i 177 1003 190 220 60 70 90 28 30 8 23 50

Dry weight (tops) Dry weight (roots)
X Light Bid Tag Egu Hyph Eln Bid Tag Egu Hyph Ela
130 100 100 100 100 100 100 100 100 100 100

40 51 38 59 72 96 48 61 42 52 8720 72 114 71 96 89 42 40 23 ' S 46
3 8 9 6 8 25 2 12 4

/■ Dry matter Dry tops/dry roots%» Light Bid Tag Egu Hyph 21a Bid Tag Egu Hyph Ela
100 23 22 27 31 31 .70 .52 .35 .31 .3740 20 15 30 25 31 .77 .86 .50 .28 .41
20 14 12 23 17 25 1.17 1.49 1.09 .87 .72

3 6 6 20 11 12 3.13 2.66 1.00 -

(Bid = Bid,ng schlmp^M, Tag = 
ilS. curvula. Hyph = Hvoarrhcnia hirt 
argent^)

Discussion
The pattern of hei ht variation »es the same for all 

species, with little or no elongation °t 40' full smi?ight 
but with much greater elongation at 20% sunlight. Ahe pattern 
of change at lower intensities than this was depend nt on the 
period of growth, Aic seedlings under 3% sunlight extended 
the fastest initially, but then remained static or fell b ck

s. Egu = a ra a ro fi'
a, Eir= ^izmirilg
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light intensities in the characteristics measured.
(3) From consideration of the field light intensity and soil 
moisture data given in chapter III and from points (1) and 
(2) above it is suggested that the majority of sites in all 
stands could be invaded by seedlings of all the species tested. 
It is appreciated hdvever that seedling reaction to a screened 
light intensity of 20% full sunlight would not be identical 
to the reaction to an average field light condition of 20%.
(V) Even though shaded areas may have slightly lower moisture 
tensions than bare arca% the shade induced reduction of the 
seedling root system may result in greater moisture stress to 
the seedling, despite the lower moisture tensions $ as pointed 
out by Daubenmlre (1959) and Milthorp* (1961). Milthorpe has 
also suggested that the shade induced reduction of root growth 
could lead to a reduction in nutrient uptake in competition 
with other plants.
(5) It is suggested that any future studies of this type bo 
carried out under clear %lass, with the soil moisture content 
in each pot being controlled by weighing.

famulusIona

The techniques used to investigate seedling growth under 
different light intensities were unsatisfactory and possible 
improvements have been suggested.

However the results obtained indicate that the represen­
tative species from the different serai stages will give a 
similar reaction to varying light intensity; and that differ­
ential responses to varying light conditions are not likely 
to be a causal factor in enabling different species to invade 
serai stages,

(b) Temperature Hcqulromunts for Oiml.n*LUflD

A study of seed germination requirements in relation to
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temperatur.3 has i n n y  instances enabled a clearer understand­
ing of the vegetation typos concerned. An example is the work 
carried out by Went and Wcstergead (1949), where the type of 
desert plant germinating after rains was shown to bo dependent 
upon the temperature regime.

B.tronbrug (193)) writing on the highvold grasses commen­
ted that "a list of temperatures, where each species would 
give the optimum results in the shortest possible time, should 
be compiled", but no work of this type has been carried out.

M&thpd?
Studies on the germination requirement of a species are 

usually commenced with tests at a range of constant temperat­
ures, as in the studies by Burbidge (194?). With the number 
of species involved in these invcstiga .ions it was decided to 
carry out tests at 10, 20, 30, 40 and 50°C, dnd aj,so- at tdom 
temperature with a minimum of 20°C and a maximum of 35°C.
This maximum was over a brief period when the petri dishes 
wore directly exposed to sunlight. The constant temperature 
tests were carried out in ovens for 40° and 50°C, in a germin­
ation cabinet for 20° and 30°C and in a refrigerator for 10°C. 
All the chambers were completely dark except/for when they 
wore opened to chock for germinations.

Four petri dishes, each containing 50 dlsserclnules or 
seeds, were used for most tests, two dishes icing used for 
the 10°C tests for all species end for other instances marked 
by an * in table 42(b). The seeds were germinated on a 
filter paper placed on top of washed river sand, and the sand 
was kept moist, but not saturated, throughout. Daily counts 
of germinating seeds wore made for the first week, but after 
that counts were omitted on some days. Owln; to the low 
viability of the purple veld grasses the only species that 
could bo tested from this stage w< s Elyonum; ar&ontuis.
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Dissemlnulea were used for tests on H. hlrta. Aristida 
confiSSta and EjJEBBHEM argonteus* but eetual seeds were used 
for the remaining grass species.

The mean germination percentages and average times of 
germination are given in table 42.

xABLE 42
GERMINATION CHARACTERISTICS OF SELECTED SPECIES

(a) Average time of germination (in days)

Species 10 20
Temperature 

30 40
°c
50 20-35

Tagetes minuta 14.2 2.7 1.6 0.0 0.0 2.7Bidens schioperi 10.2 1.2 1.3 0.0 0.0 1.5Conyca amlbgua 16,6 3,4 4.3 0.0 0.0 3.8Oenothera biennis 30.0 3.7 4.4 0.0 0.0 4.0Rhyncelytnun repens 0.0 3.2 1.9 3.1 0.0 3.1
Eragrostis curvula 26.3 2.5 1.7 1.5 0.0 2.2E. chloromelas 24.9 4.1 2.2 2.3 0.0 3.1E. robusta 30.5 3.9 2.7 2.7 0.0 3.2Aristida congests - 3.4 1.7 1.9 0.0 3.6E. racemosa 0.0 4.1 2.8 • 0.0 2.8
Flyparrhenla hirta 0.0 4.0 3.1 2.1 0.0 6.9Eragrostis capensis 0.0 4.3 5.7 3.6 0.0 2.9
Elyonurus azgenteus 0.0 18.3 6.2 10.8 0.0 5.3

(b) Germination percentage

Temperature °C
Species 10 20 30 40 50 20-35

Tagetes minuta 79 76 79 0 0
Bidens schimperl 99 92 90 0 0 87
Conyza amblgua 57 63 12 0 0 71Oenothera biennis 19 71 42 0 0 83Rhyneelytrum repens 0 6l 66 29 0 86
Eragrostis curvula 19 94 93 82 0 86
E. chloromelas 29 71 74 68 0 71
!!• robusta 8 68 62 35 0 65
Aristida congests - 46 * 37 39 k 0 * 35El. racemo-sa 0 48 4 • 0
^yparrhenia hirta 0 10 8 6 0 6
Eiragrostls capensis 0 73 58 25 0 96
Elyonurus argenteus 0 11 * 10 1 M 0 K 5
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Discussion
The only species which r;ave a greater and faster germin­

ation under conditions of variable temperature and light, as 
compared with constant temperature, were Eraerostis racemose 
and K« capensls.

Xtie optimum results for the dicotyledonous species, as 
measured by the amount and rate of germination, would be 
obtained at or Just above 20°C, whereas the optimum results 
for tho grasses would generally be at about 30°. All four 
dicotyledonous species failed to germinate at 4oa, whereas all 
grasses germinated at this temperature, in some cases germina­
ting faster than at though with a reduced germination
percentage, A faster germination with a lower germination 
percentage at higher temperatures is a frequent occurrence, 
and, for example, has boon noted by Burbidgo (1945) and Hassls 
(1926), At 10° the germination of the dicotyledons was gener­
ally faster and greater than the germination of the grasses.

In correlating tho results of laboratory experiments such 
as these with field observations the average time of germina­
tion is Just as important a character from the ecological 
point of view as the germination percentage, although both 
values are required to give a balanced picture. Tho germin­
ation percentage, for example, was the same for tho three 
annual dicotyledons at 20° and 10°, but the average time of 
germination was five to ten times longer at 10°,

The results for the rudoral and primary grass stage spec­
ies suggest that at a constant temperature of 20° and a 
variable temperature of 20°-35o there is little difference 
between spooles as regards the rate of germination, though 
Bldens schlmpcrl was slightly faster in these tests. The two 
slowest species to germinate were Hyparrhenia hlrta and 
filyonurna are out .

Germination tests of a wider range of species, usually



137

with at least two seed samples or each species, were carried 
out in conditions equivalent to the variable temperature con­
ditions described above, an! these results are given in the 
''ext chapter. The data given here suggests that this temper­
ature range is the most suitable for the comparison of the 
germination capacity of different species.

As the rainfall regime of the hlghveld is of a reasonably 
reliable summer distribution there are no important winter 
growing species and so great differences in the germination 
requirements of seods would not be expected. Such differences 
would occur in areas of erratic rainfall, or in areas of both 
summer and winter rainfall.

The mean summer temperature for the moist soils of the 
hlghveld, as distinct from the maximum values given in table 9 
of chapter III, would almost certainly be be? w  the optimum 
temperature for even the dicotyledons, and would be well below 
the optimum tcmne'’- t"T<' for the grasses.

In chapter III it was also shown that there was compar­
atively little difference between the 'Various serai stages in 
the temperature of moist soils at one inch depth, though such 
differences wow) ' increase as the surface was approached, TM" 
would result in moist rudcral or fallow soil being slightly 
warmer than grassland soils, and so conditions in b-rc soil, 
if sufficiently different to favour the germination of any 
group of species, would frveur grasses rather than dicotyledons. 
This would contrast with the cooler conditions in the moist 
grassland soils which would favour dicotyledons relative to 
grasses. Both these deduced trends go against the normal course 
of succession, indicating that a differing temperature requir­
ement for germination between various serai species is not a 
causal factor of succession.



Concluslcr»s
Selected species from different serai stages were germin- 

a§<id under six temperature regimes and the germination percen­
tage and average time of germination were determined. Only 

capensls and Eragrostis racemose gave increased 
germination with fluctuating temperatures and light, as against 
a constant temperature level.

As a general rule the rudoral dicotyledons gave a greater 
and more rapid germination than serai grasses at low temperat- 
ures (10°C), but the reverse held at 40%. The optimum 
temperatures for germination of the two groups would bo at 
about 20°C and 30oC respectively.

From consideration of the soil temperature data presented 
in chapter XII it appears certain that that differing temper­
ature requirements for germination between various serai 
species would not be a causal factor of succession.

No samples of Hyparrhenia seed from Frank1' void were on 
hand at the start of the 1961/1962 season, and a number of 
disseminule samples collected in various parts of South Africa 
by officers of the Department of Agriculture had to be used for 
studies such as those reported in chapter IV (d).

Germination tests of the samples, which were mostly of 
1961 origin, were dnrricd out in the usual manner described 
earlier, using 200 fertile florets foronch test. The results 
of the tests are given in table 4], listing the germination 
percentage only.

TAPLC, . jtj
PERCENTAGE GERMINATION OF HYPArt.'lHENIA HIRTA SEED SAMPLES

Sample Dunbar % Germination Sample Number % Germination

$
Ik?

6.52.0
1:

146
144
148
152

Bulked other 
senmles

10.0
5.0 

11.0
8.0
2.0
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Discussion and Conclusions
Those results suggest that HVparrhonla hlrta nos a 

consistently low germination capacity.
(bii) Vlabig-itv of Stored Seed

A npnbor of old seed samples collected In 195V1955 
wore tested to see if they had retained viability under 
laboratory conditions. Unfortunately no records had boon loft 
as to their initial viability, but testing showed that a few 
samples were still viable. The 1955 samples of Arlstlda 
congesta and Eragrostls robusta were thoso used in the 
temperature/time tests described earlier.

This proved that seed samples of some highveid species 
could retain their viability under laboratory conditions for 
a period of six years,

(c) Gemination Requirements of Cynodon

In view of the important role of Cynodon dactylon in 
succession, it was decided to carry out germination experiments 
on a sample of Cynodon seed harvested in i960-1961 with approx­
imately 98$v of disseminules containing seeds. Previous 
tests by Woinbrenn (quoted in Hall, 19^8) had shown a marked 
increase in germination from 0-3& to 85-96)* when seeds wore 
germinated in direct sunlight, but it was left undecided as to 
whether light had any effect additional to that of alternating 
temperature. This question had not been resolved by Isracl- 
sta.. (1953).

Methods 
Experiment *

Using - etri dishes in the manner described in scdtion
(b), four dishes each with 100 seeds of Cynodon wore left to 
germinate under six conditions as follows«-



A Seeds were plr.ccil in a room and were exposed to indirect 
sunlight of intensities of up to 200 foot candles, but never 
in direct sunlight ($10,000 f.c.); hence the temperature 
range was 15-25°C*
B Seeds were placed in an incubator at 30°CA1°C.
£ Seeds were placed on an open bench in a greenhouse, and were 
exposed to direct sunlight from about 0800 to 1430 hours; 
hence with a temperature range of 15-35°c.
£ Seeds were placed out as for C, but the seeds were tested 
by the elcohcl flotation method described by Israelstam, and 
the seed had not floated in 95% alcohol, i.e., was sound or 
•viable1.
£• As for D, but seeds had floated in alcohol i.e., were 
unsound or 'not viable'.
F The untreated seeds were in jidtti iishosnear the dishes of 
C, D and E but were placed in a tarnished 10" copper oven.
By taking temperatures in moist sand in petri dishes inside 
and outside theoven, a I by using minimum thermometers tc rec­
ord night temperatures it had been established that the sand 
temperatures inside and outside the oven were virtually the 
same at any given time, the greatest difference being about 
2°C, yet seeds inside the oven were excluded from light.

This experiment would further test the claim that const­
ant temperatures or normal laboratory temperatures would ' 
retard germination, would check on the alcohol flotation 
method as a test of sound seeds, and would determine whether 
alternating temperatures were effective without light. The 
experiment was. laid out on the 6/12/1961 and was left for 
6 weeks, 
experiment g

After the conclusion of experiment JL a second trial 
was laid out on tiw 27th February 1962 and was also continued 
for 6 weeks, using only 2 dishes of 100 seeds for each



treatment. Treatments A, B, C, and F were repeated, but the 
following new treatments wore included.
2 Seeds were placed out on a laboratory bench two feet away 
from those in treatment A, but unlike A the direct rays of 
the sun fell on the dishes for two to three hours every after­
noon; hence the maximum temperature in the dishes was 35°C. 
g Seeds that were sound when tested in alcohol were placed 
in the light proof copper oven along with those of treatment 
P.

1 Seeds that were unsound when tested in alcohol wore placed 
out in the oven with those of treatments F and H.

ftsgnUg
The results of experiments ^ and £ are given in table 44, 

being expressed as percentage germination and as average time 
of germination in days.

TABLE 44
CYNODON DACTYLON GERMINATION EXPERIMENTS

Treatment "EtfffilflEHT i —
% germ. Av. Time germ.Av. TTmc

A Lab. conditions 
f 30°C ±. 15C 
vT Greenhouse, light 
D As C, sound seed 
£ As unsound seed 
F Greenhouse, no light 
G Lab. with sunlight 
E As F, sound seed 
T As unsound seed

t &  daya
x i  it
4  il 

.. .—------  —----  _ ...

6 51 days 
4 27 
71 19

97 16

15 11
56 14 j

PlSWiPsAop
From experiment i it was concluded that Cynodon seed 

germinated more rapidly and readily under conditions of 
fluctuating temperatures without light. Fluctuating temper­
ature with light gave almost negligible germination as did 
constant temperature germination treatments. The soaking of 
seed in 95a alcohol appeared to have a stimulating effect on



gemination, with the result that oven unsound seed gave a 
better germination than theuntreatod seed in the same position. 
Experiment 2 vas designed to clarify some of the problems 
raised from experiment but when this experiment was laid 
out three factors had changed compared with the first exper­
iment, namely the age of seed, the intensity of light and 
radiation received- was lower, and the length of exposure to 
direct sun in the glasshouse was reduced by about an hour.

The results from experiment 2 clearly show the stimulat­
ing effect oi limited amounts of direct sunlight, treatment 0 
compared with treatment A, and again suggest that an excessive 
amount of sunlight, treatment C, reduces the amount and rate 
of germination. However the best germination was again 
recorded in the light proof oven, showing that alternating 
temperatures are the key to increased germination rather thah 
light snsltlvlty.

Treatments F, K and I again i» dicatc that testing of 
seed with 95k alcohol may eliminate the unsound from the sound 
seeds, but wllll include some sound seeds with the unsound.

(I) Constant or slightly variable temperatures, with or with­
out low light intensity, wore unfavourable conditions for the 
germination of Crjnodon dactylon seed.
(II) Fluctuating temperatures with or •Mthout direct sunlight 
greatly increased the amount ard rate of germination of
C. dactvlon seed, but there is evidence that daylong exposure 
to sunlight in summer decreased germination.
(ill) The seeds found to bo unsound by the alcohol flotation 
method had a considerable proportion of viable socds, and in 
experiment i there was evidence that this treatment stimulated 
germination.
(iv) For a complete understanding of the germination of
C. dactvlpn controlled laboratory conditions will bo necessary.



CHAPTER VIII 

s;:sp CHARACTERISTICS ANn AVA 

lal Sctd and DUsemlnnJc Characteristics

The relationship between seed properties and succession 
was discussed in detail by Salisbury (1942) who found that 
species occupying open or disturbed habitats generally produced 
a great number of light seeds, while those of a closed or 
woodland habitat produced fewer and larger seeds. Those 
trends were related to the fact that seedlings of the first 
group of species usually had to establish or pioneer an area 
where there was only competition between seedlings, Vhcreaa 
seedlings ofthe second group had tc compute against establish­
ed plants, often trees or shrubs. The small seed size of the 
first group was not directly due to most of these species 
being annuals, but rather that open or disturbed habitats 
selected for annual plants or plants with a high reproductive 
capacity.

Work by Roac-Inncs (1939) brought out the following 
points regard <•. seed characteristics and the highveld secon­
dary succcssio
i As succession anccs there is a greater amount of paras­
itism by insects.
£ As sucrouton advances there is an overall increase in the 
weight of disscminules.
i As succession advances there is loss fertile seed set. 
it As succession advances soed is usually slower to germinate.

Barcnbrug (1935) had previously commented for Urclvtrua 
SQuarrosum and Trachypogon splcatus that "all the seed coll­
ected by no was infested by larva, I have not been able to 
obtain a single viable embryo". Dickenson (1939) also found 
that the germination percentage of ^irplo veld species wasvery
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while those under 2.0a were still growing vigorously.
There was o drop in fresh weight and dry weight production 

ft sunlight, though 20̂  sunlight yielded more than the 
control. No satisfactory explanation thn ,̂ h t^faryd'for-this 
drop-, especlaj 17. in the case of dry weight production, though 
it may be connected with the definite reduction in stem thicl - 
ening which took place at the level without anv correspon­
ding change in elongation, or possibly to variation in seedlihg 
reaction to low moisture tension. Lecat.es (19&1) recorded 
a similar trend with Stoebe vulgaris. where growth at 38x 
full sunlight was 49,. of the control, whereas grow** at 12,$%, 
sunlight was 320% of the control. This could indicate that 
there is a definite physiological reason for the fall in 
production at about 40/v full sunlight, but this appears 
rather unlikely. The results of Lecatsas also appear to be 
subject to considerable experimental error, although not so 
much as in the experiment described (see values for S_. yu.l&airjs 
in figure 12),

Root production showed a decline with decreasing light 
intensity, and the ratio of shoot to root production increased 
slightly at 40%, sunlight and markedly at 20% sunlight. In 
seme cases the dried root weights at 7% sunlight were so 
small that they could not be measured. The percentage dry 
matter of all species fell as light intensity decreased, 
though it was always higher in the grasses. These trends in 
root/shoot ratio and dry matter content were expected, as 
indicated in the preceeding review.

Even allowing for tie great experimental erro.'s the 
following points are worthy of note:-
(1) Seedlings of species from all stages gave better top 
growth over a four to five week period under 20; sunlight than 
in full sunlight.
(2) All the species showed the saao reactions to varying



low. Bunting (1938) stated tW^-sccds of a oral Arlstida so. 
gerrain.Atod in a shortoi time than seeds of climax members of 
this species, end also produced more seed than the climax 
members. B.ake '1935) also found that climax prairie con­
stituents in the U,3./, gave lower germination percentages 
than serai species. „

As the reproductive capacity of representative species 
of the highveld succession was being determined (described 
in section (b) of this chapter) it was necessary to £ti**bcr 
investigate points 3 and 4 brought out by Roao-Innos. No 
studies were made of point Jl» but further investigations wore 
carried out on point 2, as Rosc-Inncs had m, isured the average 
disscminule weight, rĉ igardlcss of whether the dissorcinulvs 
held seed or otherwise. This work was extended Jn 1961/1962 
to find the average seed weight and the average weight of a 
fortllb disseminule. The seed weight gives an indication of 
the energy rescr^"*’ available to the seed, and the disseminule 
weight is related to the ease of dissemination. As the con­
tribution of the seed weight to the disseminule weight varies, 
both characteristics should be known.

Methods
100 seeds or dissominules from different samples of the 

varicxte species were dissected to find the percentage sound 
seed of the samples. The sound sc da were removed and exam­
ined to ensure they had not been chipped and all the seeds of 
each species wore bulked. In addition the 100 empty disscm- 
inulcs of each sample wore weighed, and the average empty 
diEwemlnolo *vc# dct&prtncd. Ad the number of seeds avail­
able for seed weight determinations varied, each sample was 
halved, and the average seed weight was determined separately 
for each half.

Germination tests were carried out on 100 seeds or diss- 
emirnvles of each sample within a few weeks after collection



in 19&1/19&2* ?ho tests were done at room temperature of 
15-25°C with peak periods of 25°C when the petri dishes wore 
exposed to full sunlight for about two hours« The disscmin- 
ules were placed on filter paper on top c? moist washed river 
sand in petri dishes* Where the seeds are usually enclosed 
in <2isscminul.cs, the tests were of dlssomlnulcs, the eases 
where tests wore done on actual seeds being indicated by m 
in table 45*

The percentage of sound seed in disscmlnules of Eraerostis 
curvula was d.tcrmined by soaking the florets containing near 
mature seed in a solution of sodium hypochlorite, after the 
manner described by Wright and Strootman (1959)• The sound 
seed can then be soon thi »h the bleached glumes. However 
this was not done until February 1962, and the figure of 24%, 
'fertility^ would probably be lower than that for the culms 
which shod seed in Novcmbcr-Docember 196l,

Results
The findings for the grasses have been listed in table 45?, 

where the individual seed weight, empty dlssomlnulc weight 
and full dlssomlnulc weight arc given for each species, 
together with the mean percentage soimd seed and the moan 
germination percentage and average time of germination. •Lhc 
numbers of different seed samples of each species used to 
derive the moan values are also listed.

No seed weight dnta is given for Tristach.va hlsplda, for 
out of the hundreds of disscmlnules examined only one sound 
seed was found. Most of the disscmlnules had never contained 
seed, and virtually all the remainder were parasitised by 
larvar.

As a result of practical difficulties only the total 
disseminulc weights are given for the dicotyledons listed in 
table 45b, and not the weights of the scporntu components.



The weight given would be very close or the sane as that of
full disseminules, as a result the high sound seed percent­
ages.

table ^

CHARACTERISTICS OF SOME HIGHVELD SPECIES 
(a) Monocotyledons

Species Nct. of Indiv Indiv Full 
samples seed diss. diss. 

____________  vt(mg) wt(mg) wt(mg)
sound
seed
%

% Av. tine 
germ germ, 

(days)
Purple veld
tfrelytrum 
squarrosunt 

Themeda 
triandra 

Iachypogon 
;pjlcatus 
steropogon 
con tortus 

| Andropogon 
amplectans 
Elyonurus 
argenteus 
Panicum 

j natalense 
I Tristachya 
i hiapida
Secondary

3 5.62 9.50 15.12 4 0
1 2.00 N.D. N.D. 23 0 -
6 1.82 3.51 5.33 4 3 34
2 1.6? 4.82 6.49 29 12 12
3 1.39 2.44 3.83 15 1 41
2 0.91 1.69 1.60 9 3 5
4 0.49 0.18 0.6? 5 c 33
r N.n. N.D. N.D. 0 0

Hyparrhenia
hirta 3 0.55 1.06 1. 61 10 1 12
Cymbopogon
excavatus

2 0.61 0.65 1.26 23 5 40
Eragrostis
capensis
Primary

2 0.30 N.A. 0,30 N.D. 96 3 *

Paspalum 
pauciciliaturn J

2 1.42 0.74 2.16 29 7 51 *
Eleusine | 
indlca

2 0.79 N.A. 0.79 N.D. 17 11 H
Aristida
congests

4 0.32 0.40 0.72 78 3 30
Rhyneelytrum 
repens

1 0.27 N.D. N.D. N.D. 86 3
Cynodon
dactylon

2 0.28 0.08 0.36 12 13 N.D.
Eragrostis
curvula

2 0.19 N.A. 0.19 24 71 3 H
■'rlchoneura 
grandlglumls 1

1 0.19 0.08 0.27 74 38 17
Andropogon
eucomus 3 0.14 0.20 0.34 55 34 35
Perotls
Indlca

2 0.12 0.08 0.20 51 11 35
(continv ed on page 147)



Table 1+5 (continued)

Species RT: of Indiv IndfTI--- POT--
samples seed diss. dlss. seed

_________ *&) wtr^) wt(»v3,). %
^ A v .  time 
germ. germ, 

(days)
Primary (cant)
Pogonarthria 1 0.08 0.04 0.12 N.D. 4? 4squarrosa
Monocymbium 3 * N.D. 0.70 N.D. 1 oceresiiforme
Eragrostis
gummUiua 2 0.03 N.D. N.D. N.D. 99 6 x i
Eragrostis 2 o .o ; N.A. 0.05 N.D. 82 3 *racemose

(N.D. s Not determined, N.A. = Not applicable)

(b) Dicotyledons

(N.D. - Not determined, N.A. = Not applicable)

Species No. of Total % sound % Av• timesamples diss. wt. seed germ. ^germ. !(mg ) lays)
; Convza 2 0.03 67 55 14amblgua
Onapthalium 2 0.01 N.D. 70 11luteo-album
Serecio 2 0.04 81 44 23sp.

i Bldens 2 N.D. 92 52 24schimperi
Tagetes 2 0.82 - 81 82 8ainuta
Acanthospenmm' 1 20.10 N.D. 66 120xanthoides
Ursini' 1 1.45 98 0 ■»
nana
Oenothera 3 0.70 N.A. 83 4biennis

Discussion and Conclusions
% e  results in table 45 clearly show the trends observed 

by Rose-Inncs. The 'average' seed weight oft'' jpurple veld 
grasses is approximately six times that of the primary grass 
sbage species, and the 'average' sound disseminule weight 
is about ten times that of the primary species. On the other 
hand the primary grasses averaged about four times the per­
centage sound sod of the purple veld grasses. "Furthermore 
most of the sound! seed among the purple veld grasses was found
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in the 'low' species, such as HoterpppRon contortns. Aixdroppgon 
ampj^ctans and Ihmn^da trjandra. rather than the 'high' purple 
veld grasses such as Trachylqggn apicatUSV Tristachya hispida 
and Uje^ytnpn squarrosum. Cain and Tomson (1962-unpublished 
Frankenwald report) found that the average percentage of 
sound seed in 13 samples of Trachypogon and 6 samples of 
UX£&£Zl±£I)-±$. h&rta_ was %  and 12^ respectively, these values 
being similar to those given in table 45.

The seeds of the early serai species usually gave a higher 
and more rapid germination than seed from the later serai 
stages, though there were several exceptions to this trend, 
notably j^jg.tya cafl&csta £nd Pgrotls indlca. The rapid 
germination of the 1955 sample of Aristida used in the tem­
perature requirement examinations (chapter VII) suggests that 
this species may germinate better in the second or subsequent 
years after colledting.

Although the trends mentioned above are reasonably clear, 
there are so many exceptions that they, in themselves, could 
never be the sole causal factor of succession. However those 
results will be tofcrrfcd to in the following sections of 
this chapter, and also in chapter IX.

ibX Aver Age. Seed Output from Individual Plants

The 1 average seed output', as delined by Salisbury (1942), 
is obtained by counting the seed output of a number of 
individual plants of each species until a graph plotting 
the progressive average against the number of plants counted 
shows little variation.

If the germination percentage of the seed samplo is 
kntawn, the average seed output can be multiplied by this 
factor to give the 1 reproductive capacity1. Salisbury 
noted that "competition as a factor effecting the reproduc­
tive capacity appears to bo no less important, sometimes
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perhaps more so, than climatic or edaphic conditions", and 
that it was therefore essential to obtain data of this type 
from plants growing under natural conditions.

Salisbury also pointed out that tho modal value of any 
property such as capsules por plant is usually less than the 
average value, as .there are commonly a few individuals with 
many capsules and many individuals with few capsules. Oroig- 
Smith (194?) showed how this comBri be allowod for In studios 
of seed production, but in tho investigations described the 
procedure involved would havebeon far too tine consuming 
for field use.

By comparing the reproductive capacity of various species 
of the one genus, Salisbury was able to show that tho pos­
session of a high reproductive capacity is a positive asset 
to a species in its spread, and not just a device to ensure 
survival alone. Stevens (1932) showed that wood species, 
which are ahcott always effectively and widely spread, 
usually produce large quantities of viable seed.

The only determinations of tho reproductive capacity of 
highvold species wore by Poultney (1952) who found that 

splcatus had a reproductive capacity of 59 
viable seeds per plant, compared with a range of 604 to 
10,000 for 17 subspecies of Eragroatls cnrvtiln.

Methods
From January to April 1961 measurements were made on the 

seeding capacity of a range of serai and purple veld species. 
The procedure used was similar to that of Salisbury, but had 
to be changed to some oxtpnt as this work was mainly on 
grasses, whereas Salisbury's ■ 'sv.r " j&t- were almost all 
on dicotyledons.

With grasses the average number of seed heads (seed- 
bearing culms) per plant was determined, followed by the



average number of fertile florets per seed head. This latter 
figure can be arrived at in one step in the case of species 
with one fertile floret per spiklet, e.g., Trr.chypogen. splcctus.

If there is more than one fertile floret per spikclot, 
the average number of spikclots per seed head and the average 
number of fertile florets per spikclot must both be known.
In the following tables fertile florets are referred to as 
•seed1, indicating potential seed.

fTom the above values the average number of fertile 
florets per plant can be determined, and this has been termed 
the 1 potential seed output *• This figure can bo multiplied 
by the fertility percentages given in section (a) to give the 
average seed output, and also by germination pelcentages to 
give the reproductive capacity.

Almost all the plants examined in this study wore from 
an area around experiment T6B, and there were only isolated 
cases where specimens from other areas of FrankenvaId wore 
used. Counts were only taken from grass tussocks, and not 
from grasses in their first year of establishment. Counts 
were not taken on areas that received-abnormal moisture 
supplies, as soed head production was usually hoa/ior and more 
prolonged on those areas (plates 17 and 18).

Generally about $0-90 plants or seed hoads were examined 
to determine the average for onch characteristic, these 
numboia, for the greater part, being at least equal to the 
numbers examined by Salisbury; but even so it can bo appre­
ciated that counting the seeds per soed head of a species 
such as gnapthallnm lutoo-album is tathcr time consuming, 
and the following comment of Salisbury "often however the 
data are limited by either the time facto’* ortho number of 
specimens available • holds for this work.

For two of th. species ooncj**nad, ~.r;grostls gaciniflun 
end Pogonsrthrlr sjur.rrcsr.. heads wore taken and the seed



151

TABLE
AVERAGE SEED OUTPUT AND REPRODUCTIVE CAPACITY DATA - MONOCOTS

Character
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Eragrostis
curvula | io.9 503 4.6 25,26(5 +-S75o 4J60-1
Eragrostis
gummiflua

8.2 ND ND
1

ND 374 3,660 3,030

Aristida
congests ' 15.6

,
91. *.0 1,420 1,110 43

Pogonarthria
squarrosa 11.5 ND

l
ND 1,270 14,600 6,860

Andropogon
eucomvc

8.0 5.7 • .6 1,850 1,020 629

Eragrostis
racemoca 13.9 21.1 12.1 3,550 NDi ND

Hyparrhenia
hirta

14.4 135 1.0 1,940 194 19

Cymbopogon
excavatus

6.0 254 1.0 1,520 350 76

Eragrostis 
capens is 8.7 11.9 13.6 1,410 hv ND

Andropogon
amplectans

8.0 68.7 1.0 550 83 6

Monocymbturn 
ceresijforme 12.5 4.0 7.1 355 4 0
Themeda
triandra

6.6 11.1 1.0 73 17 0

Pani cum 
natalense 3.6 285 1.0 1,030 52 0
Urelytrum 
s cjuarrosum

8.2 20.4 1.0 167 7 0

Tracu/pogon
splcatus

4.1 30.3 1.0 124 5 . 4

Trlstachya 
hlsplda 1

9.0 | 2.7 1.0 24 >1 1 0

(ND * Not determined)



Vne hand throshed mit» rnd by using seed v.lght values the 
weight of seeds per head was converted go number of seeds per 
head. As some seed may have fallen from the heads, this 
method would tend to underestimate the seed production. For 
these two species this technique proved to be much faster 
than the usual approach.

TABLE 46b
AVERAGE SEED OUTPUT AND REPRODUCTIVE CAPACITY DATA

DIC0T5

Character ^ a ^ C K Z ^ '
biennis

Seeding stems per 
plant NA NA 1.4 1.5 3.3

Se- d beads per s eem 5.9 68 482 188 8.5
Sound seeds per 

seed head 28.2 4.5 109 87.9 163
Sound seed per plant) 
Average seed output )

166 306 73,500 24,800 4,560

% viability 
(section a) 52 82 55 70 83

Reproductive capacity 86 251 4o,4oo 17,400 3,790

(NA = Not applicable, whole plant treated as one stem)

Results
The data obtained for the selected monocotyledonous and 

dicotyledonous species, using theterms previously defined, 
ate summarised in table 46a end 46b respectively, and the 
detailed results are given in tables A14, Al? and Al6. It 
is difficult to express the results for different species 
under compact table headings, but Androuogon eucoaus is the 
only misfit in th-S the headings for this species in the 
first three columns of table 46a should be 'seed bearing culms 
per plant' (average 8.0), 'seed heads per culm' (average 5.7) 
and 'spikelets perseod head' (average 40.6), Those changes
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also apply to the tables of detailed results of this species.
In the detailed analyses, of results the number of items 

counted, the maximum, minimum and mcqn values, and the stand- 
ard erro* of each count (* %* ) are given. The standard 
error is usually of the order of lOf of the mean in tables 
Al*, A15 and Al6. £he figures given in those tables are giver 
to three places for all determinations.

Figure 13 shows therange of values commonly encountered 
in the number of seed heads per plant and the number of seeds 
per seud head, frequency histograms being given for three 
species foreach of the above properties. The histograms show, 
particularly in the case of 'seed headv per plant' that the 
modal value is less than the average value. The distribution 
of seeds per seed head is closer to the normal distribution 
curve. The only species where there were regular occurences 
of mature plants or tussocks without seed heads were Trachv- 
E2SSB sjUcntus and g.lyonurus argentous.

The average seed output data for selected species from 
the various stages con bo summarised as follows (excluding 
EjL_ra9YP9sa, jLt.JLap.snŝ 3 and M. cerosiifer -

Stage. No. of species. Average seed output
Ruderal 5“ 20,700
Primary grass 5 5,170
Secondary grass 2 '272
Purple vela 6 27

Average seed output figures are given in preference tti 
reproductive capacity figures as the former do not discrimin­
ate against species such as Aristida congest-.. Urclvtrum 
gquarrosum and Themeda triandra which appear to have a delayed 
germination.

If t n e  scral species which were tho most frequent in 
experiment T6B (sec chapter II) ore taken, the seed produc­
tion data is as follows:-





Species/Stage Potential Se a Average Seed Reproductive
Output Output Capacity

Mean of C. ampiguaC e j u g M a d B
and G. Inteo-album 1+9,200 28,900
.̂ .■.curvu^a 2?,200 6,050 V,300

1,940 194 ^
6 purple veld 112

species * 27 2

OASSUgglon and Conclusions
The ruderal species whicn gave tno lowest seed output 

were St. gghlfflPTfl and T^rinj^a, wUch, as mentioned in chap­
ter II, seem to be more aggressive as weeds of cropland rather 
than in a true ruderal community. Among the grasses the 
potential seed output, sound s#»ed output and reproductive 
capacity almost always decreased as species come from a later 
serai stage.

It is recognised that this data is only for a restricted 
number of species, and is from limited sampling through e 
single season. Even so it is considered to adequately demon­
strate that a falling off in seed production takes place as 
succession advances. The significance of these results will 
be further considered in following discussions.

average Seed Output From Stands: lime of Seeding

Although it was felt that the first step in arriving at 
quantitative data on seed output should be that of a thorough 
examination of the average seed output of individual species, 
it was acknowledged that further studies were required on 
the seed output of stands of vegetation. Stands of weeds 
have been shown by Harper (i960) and Harper and Gajic (1961) 
to have a self regulating seed output that is to a consider­
able extent independent of density, and Harper (personal 
communication) stressed the importance of determining output 
of seeds from stands. However Salisbury (1942) held that



tne avorigu output per plant as measured In the field was
a more satisfactory measure. *hese different views appear
to be related to the type of study on which each worker was 
engaged.

Methods
Preliminary determinations of seed production from stands 

were carried out in 1961/1962 over a 2,000 sq. yard area of 
purple veld and a 22? aq. yard area rf serai Eragroatis- 
Hyparrhenia. fho seed head production la the purple veld 
Vos determined by counting the number of seed heads of each 
species in 50 qu.' r.t.e:vmet,re quadrats thrown on six occasions 
throughout the growing season. The acral area was sampled 
on two occasions throughout the growing season. Both these 
areas were botanicolly analysed with 600 point quadrats 
enabling seed head production to be expressed in terms of 
the basal cover of each species. By using the figures given 
in the previous section for the number of sound or viable 
seeds for head (seed-bearing culm) it is possible to estimate 
the actual and viable seed production of the two stages.
The 'lumber of seeds per seed-head is effected by habitat to 
far less an extent than the number of seed Deads per plant 
(Salisbury, 1942).

Resjilts
The results of the f'—ile veld investigations given in 

table 4?A list tho percentage ground cover of each apecios, 
the estimated number of seed heads produced and the potential 
and actual seed production for an area of 100 square metres. 
The r yiivalent results for the serai area are given in table 
4?B. For some purple veld grasses the number of potential 
seeds per seed head had not been determined, and in these 
cases, marked by an x in table 47A, an allowance was made to 
enable the estimation of thcpotcntial seed production of the
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TABLE 4? 
(A) SEZD PRODUCTION OF PURPLE VLLD

Species

Tristachya 
hlspidti 
Eragrostis 
racemose 
Elvoourus 
argent'jtis 
Trachypogon 
splcatus 

Andropugon 
ampleetans 
Prachiaria 
serrata 

|Cymbopcgon 
excavatus 

I Eragrostis 
capensis 
Diplrchne biflora 
urelytrum 
squarrosim 
Eragrostis curvola 
Digitaria 
trichlaenoidcs 
Pan1cum 
natalense 
Heteropogon 
contortus 
Setaria sp.
Hypanhonia
hirta
Thomeda
triandra

c/c basal
cover

Maxim mu 
no. culms ’Potential 

se d prod.
Actual 
seed prod.

9 .0 3,600 9,750 100

- 240 61,300 NA
3 .8 240 4 ,800 432

4.3 200 6,c6o 242

0 .8 144 9 ,900 1,480

0 .2 126 * 12,800 NA
0 .2 120 30,500 7 ,020

0 .2 64 10,400 NA

56 x 11,200 NA
- 48 976 39

24 5»56o 1,330

3-8 16 K 3,200 NA
- 16 4 ,560 228

- lb  x 1,600 464

- 8 h 800 NA

- 8 - i , r 8 o 108
— 8 90 21

I

■ (5) SELD FROXrTION OF’ StRAL Ô A.SSLAMT)
»

Species  ̂bnsal
cover

Tinximum 
no. culms

Potential" 
seed prod.

Actual 
seed prod.

Eragrostis
curvula

Hyparrhonla
nlrta

5 .2

4 .2

3,680

3,360

8 , 530,000

454,000

2 ,050 ,000

45,400

1
These production ftgvt )S have been calculated for an area of 100 

square metros in both grassland typos,
NA * No' kvallahle
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purple void r rea• Tho resultstif thu soporatc samplings of 
seed heads per quadrat on the two areas ar given In table A17 
In the Appendix. The maximum production of seed heads was 
estimated from graphs of the actual counts, and graphs for 
foul species, expressed as seed head production per unit area 
of basal cover are given In figure Ik, and clearly illustrate 
the early seeding of Trjstachya hls^ida and ^ivonurus argcntcns 
compared with Trachvpogon gpjeatus. The results L. table Al? 
also emphasise thovirtual absone3 of flowering In Djgitarla 
tricholacnoidcs.

Observations throughout tho growing season showed that 
the primary stage grasses, such as Paspalum conmerconll. 
Eragrostls cunrula. Fprptls Indlca and Arlstlda eongesta 
flowered early In the season, but could carry on flowering 
throughout depending upon the soil moisture conditions, while 
Tristochya, Fa achlarla serrata and Zlyonurus do not resume 
flowering once their brief flowering period is ended. The 
times of flowering for the grasses arn in agreement with those 
given by Glover (1937).

If thepotcntlnl seed production figures from the purple 
veld area ere considered in relation to basal cover, it can 
be calculated that 38& of potential seed was produced by 
purple void spocius comprising 98> of basal covor, 24> of 
potential seed was produced by secondary species which comp­
rised 2% of besrl cover, and tho remaining 38>> of potential 
seed was produced by primary species which were not recorded 
in 600 poiint quadrats. Unfortunately the results for tho 
actual coed production arc not complete, but q-f HTdCCive 
examinations carried out on those species which are marked 
as «NA' in table 47A sugg.st th t a similar pattern o f actual 
seed production in relation to succession would be obtained.
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(la t h v  calculations given above E, rr.cumosa is considered to 
bo primary Jtr.g© and E. cr.jensic secondary stage*)

These results also indicate that the bur‘ad viable seed 
content of soil beneath the purple veld area would only have 
a limited relationship to vegetation.gaouing on the area* 
Ploughing and removal of the present purple veld plants would 
be expected to produce a pasture with a greatly increased 
proportion of secondary and primary species - as has been 
demonstrated for another area (chapter VI).

The differences between the seed production from the two 
grassland types are also striking. The production of potential 
seud from Eragrostis and Hyparrhonia, which were the two most 
important grasses on the serai area, was about 50 times that 
of i'.e potential seed production of all the grasses on the 
purple veld area. With only two samplings of seed heads in 
the sorr.l stage, the true difference may be eg on greater. 

Calculations based on the plant density of individual 
species in the R, E  and H plots (table 2, chapter II) and or 
the reproductive capacity of indivldu •! plants of the same 
species, (table this chapter), give an estimate of the 
seed output of the three stands. One such calculation shows 
that a population of Convza amblgua in an area of 100 square 
metres, with the same plant density as the R plot, would have 
an ajtual seed output of approximately 78,000,000 seeds, A 
figure such as this, when contrasted with the results In 
table 47, suggest that a stand of ruderal species would have 
a greater seed output than a stand of primary species.

Even allowing for the experimental error involved, the 
results presented in this section show a elear trend towards 
* eduction in seed out t as succession advances. The seed 
output from a stand of .rple veld species has been shown to 
be particularly low* The results from this section will be 
referred to later in this thesis.



Time g£ seeding of ruderais
Following on the observations on the time of seeding of 

grasses, notes were taken throughout the growing season on 
the time of flowering of the main mderal species, as Glover 
(193?) does not list flowering times for most of these. The 
observations., expressed as early, mil, late and very late 
flowering are summarised in table N-8.

FLOWERING DATA FOR TMP0RTANT RUDERaL SPECIES - 1961/1962

Species Sept/Oct Nov/Doc
Month
Jan Feb Mar *pr May

Oenothera EF MF MF/LF LF LF VLFtblarniS
Ursiniu nana EF MF MF/LF LF LF VLF - •

Acanthospcrnram EF MF LF VLF
xanthoidcs

Ghapthalium - EF MF MF/LF VLF •

luteo-album
Conyza - - EF MF MF/LF VLF •

ambigua
Senecio sp. - - El MF MF/LF VLF -

Bidens VEF MF LF
schimperi

Tagetes m w m EF MF VLF
minuta

Oenothera and Drsinia flower throughout tftre growing 
season depending on the soil moisture level, whereas the 
annual composites do not run to head until December or Jan­
uary. Oenothera -lan even flower before the opening rains, as 
shown in a photograph by Leigh (1958).

Keever (1950) has shown that time of seeding ro?.y bo 
critical in determining secondary succession in tee first 
two years, depending upon the cultivation treatment given 
to the final cropping. It would be possible, for sxcmfrl>, 
that one particular pattern of cultivation could favour the 
late flowering Tr-jct̂ s. Further knowledge is required about 
the phasic development of the highvold rudcrals before any
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statements could be made to this but it would appear
unlikely that the time of seeding of ruderals would be as 
important as in the case given by Keovor. Piemcisc* (1951) 
has also shown hov the different periods of phasic develop­
ment and flowering time cf ruderals may determine the early 
soccersIon among these annual species.

Seed dispersal and the role of the various disseminating 
agents have boon discussed in many books and papers, such as 
Weaver and Clements (1938), and Rcso-Tnnes (1939) has given 
photographs and detailed d sctiptions of the Ado of dissem­
ination of many of the highvcld species.

The dispcr-nl mechanisms of the important highvold rudorol 
dicotyledons can be classified into two gr^ps, as follows 

Dispersal by wind Dispersal by animals
Cfin̂ za anblgua Acanthospcrnum xantholdes

The only important grasses which appear to have well 
developed and effective mechanisms for disp sal are Arlst '.da 
c&ngwsta and HUorotogcn contortus. dispersed by adhesion to 
animals, and AndrogDf;on eucomus dispersed by wind. Story
(1938) rofcred to the dispersal of aristldn conzusta seeds 
on the logs and muzzles of cattle, but noted that Thcacda 
trlandra was not dispersed in this manner. Although many 
of the grass diss^inul^s hero owns of some description, 
observation indicates that those are of limited effectiveness. 
If this is so, any widespread dissemination of these grasses 
must bo by wind or passage through thv digestive tradt 
(ITnrlan, 1956).

The only wcvk located on wind dissemination of grasses 
vns that by Runyon (1936) who studied wind dispersal of seeds

(dl Seed Dissemination.

la -.pIc _§_£».
Ormpthall\tra lutce-album

5l&ns,.sp,
lr̂ t>.s mlnuta



in dust storms and concluded that wind distribution of grass 
seed is largely limited to movement for short distances along 
the surface of the soil, the distance depending on the amount 
of obstruction present.

Hice et al (i960) found that fruits of little bluestea: 
grass (A£»dro£2&2ii scoparlus) were dispersed to a very limited 
extent but that seeds of the annual Arlstlda sllgciytha were 
carried for long distances. These facts were used to explain 
the eaiiy invasion of the latter species and the very slow 
invasion of the former.

ihere is a little more knowledge about seed dispersion 
through the digestive tract of animals, although much of the 
work has been done on the spread of shrub seed, the study of 
Timmons (1942) on the spread of prickly pear by rabbits being 
an example. Harmon and Keim (1934) found that calves pass 
a higher percentage of viable seed than do other domestic 
animals, the percentage**bet nb calves 9.6, hogs 8.8, horses 
8.7, sheep 6.4 and chickens 0.2,

Burton and Andrew*: (1948) found that most seeds of 
grasses and legumes that passed through cows were recovered 
on the second and third day after feeding, but some were still 
being pajsed on the tenth day. In most cases the smaller 
seeds passed through more quickly and suffered less damage 
than the larger seeds. Pagsage reduced the viability of most 
seeds but increased that of Cynodon dactylon. Weinbronn (in 
Hall, 1948) also found that germination of Cvnodon dactvlon 
was stimulated by ‘ussagc through the digestive tracts.
Lehrer and Tisdale (1956) and Krefting and Roe (1949)also 
founa that although viability was vsuSlVf reduced by 
passage through the digestive tract, there vas almost always 
some seed that remained viable.

Green (1961) suggested that the role of wind in seed 
dispersal has boon overemphasised and Levina (1956) found



that in the Russian steppes species with dispersal by elastic 
mechanisms were t>-e mst imnortant group. Harper (i960) 
states that, although it is oftc* considered that outbreaks 
of weed infestation may arise by wind dissemination from a 
neighbouring field or from uncultivated margins, there is 
increasing evidence to show that this is a rare occurence 
and that long distance transport of seed in appreciable 
numbers is most unusual. A similar observation was made by 
Poole and Cairns (1940) in their study of Senecio .lacobf-a.

These authors showed that 60Jfc of the Sonccio' seeds were 
deposited at the base of plants, andthrt almost all the rem­
ainder were held within the seed heads. Although :he seeds 
were equipped with a pappus, and the vcrage seed weight was
0.3mg, only 0,5% of seeds became windborne outside the seed 
producing area, and most of these were deposited within five 
yards.

Clements and Shelford (1939) comment that migration in 
natural communities is much more restricted than- is commonly 
supposed, and thr* dissemination is odT chief significance in 
the colonisation of primary and secondary bare areas and in 
supplying newcomer3 for the stages in the ensueing succession.

Methods of studying seed dispersal by clinging to or by 
passage through an'yrpV are fairly stral -W forward, but * 
studies of wind dispersal present greater difficulties. The 
only techniques would ser"1 to be by the use of seed traps, 
such as the wire trap used by Boe (1955) in his study of 
the dispersal of Larix qccidĵ n̂ alij. and the 'wood-wool* 
traps of Poole and Cairns (1940), the use of similar equip­
ment tr spore traps whore spores nT< trapped by air passing 
through a filter (Gregory ct al, 1961) and the use of glass 
smeared with vaseline as used by Srecramulu and Rumalingnm 
(1961) in ch'.ii Liu., of IdGSflfipdtya and allied spores. It 
can be noted that although there arc 9.4 x 10''



spores per gram, these workers found that there was an appre­
ciable fall out of spores In the immediate vicinity of the 
liberating source,

111 Sad qispcrg-; of rudwrals in experiment IbB
During the dry weather in the summer of 1962 it was 

noticed while washing the atmomoter cups that wind dispersed 
composite seed was adhering to the moist porous surface. 
Counts on the 21st February were made of seed and floral 
parts, but on the three counts made subsequently only seeds 
were counted, the se~ds being either Gnapthallum luteo-album 
or Conyza amtlgua, though some of the 'Conyza1 seed on the 
cups in the H stand may have been of Seneclo sp.

The total number of these seeds that collected on the 
four cups at each station is given in table 49, the grand 
total excluding the first ccutrt on the twenty-first February,

Bfifjfjli ■ 1 * I - '#18TABLL . .49 .
SE2iS ADHERING TO LI/INGSTONE ATMOMETERS

Date 1 2172 26/2/62 6/3/62 21/3/62 Grand I
Etand 'seeds' Joa Gnl Total Coa fkil TotalCo" Gnl Total total j
H 5 1 1 2 4 2 6 ! 20 3 23 31 |
E 3? 6 4? 51 I 1 100 101 i 18 79 97 249
H 49 9 52 6i ,35 70 105 IH7 202 319 485
T 0 0 0 0 0 0 J ! o 0 0 0
Out.

L----
1 , 0 0 0 2 0 2 2 1 3

(Coa * Conyza amblgua. Gnl = Onapthallum

The seed collected on each cup was consistently dependent 
upon the concentration of seed heads in the immediate vicinity 
of the atmometer, and, with only four cups in each stand, the 
figures given should not be regarded as a complete picture of 
the seed production in each stand.



When it is considered that the T stand was about J>0 yards 
from the H plot, and that the 1 outside* a tonometers wore much 
closer to the T6B plots, one cup being only 15 feet from the 
1956 plot, V je results strongly suggest that dispersal of 
Conyza and Gnapthallum seeds is not as widespread as may be 
expected, and that the number of seeds deposited per unit area 
falls away very sharply as the distance from the seeding plant 
increases. The few seeds which werr deposited on the 'outside 
atmor, iters could also have been blown from ruderals aJonj the 
edge of experiment T6B South.

If the movement of light ruderal seed is less than antic­
ipated, it follows that wind dissemination of grass seed, 
especially of late serai and purple veld grasses, would be 
very limited. This would especially apply in dense grassland 
where seed cannot blow along the soil surfaces. Species such 
as Conyz-' and Gnapthallum are light and are specially adapted 
for wind dissemination (discussion and photographs given by 
Pose-Inncs, 1939) whereas grass dissomlnulcs of the later 
stages are usually about 100 times heavier (section (a), this 
chapter) with no adaptations for wind dispersal.

Goncliislg&s
The numuers of wind blown seeds cf Conyza omblguo and 

Onapthallxm. jut eo-album that adhex cd to Livingstone ateooefceri. 
showed that the number of wind dispersed seed deposited per 
unit area fell away rharply w 'h increasing distance from the 
parent plants. Comparison of seed weights and disscmlnule 
structure suggests that wind dissemination of grass seed would 
bo much less than for the two rudera1 species mentioned.

LSI Dissemination by c&ttifi Auif
Samples of cattle dung were taken in February 19 2 from 

the O.G. (overgrazed) unit and the V.A. (v Id aractc) unit 
at Frankenwa .d. The samples were collected in a very fresh



condition t? avoid the entry of dung beetles, and were then 
placed out to air dry. Air dryin» prior to keeping the samples 
moist for seed germination made the following handling and sub­
sampling considerably easier, and probably reduced the risk 
of high nitrogen levels hampering seed germination.

On the 14th March 600 gm of oaoh sample of air dry dung 
was placed out in four earthenware plates, each plate containing 
150 gm. The samples wore kept moist until the end of July in 
a heated glasshouse, giving a germination period of over four 
months. Seedling * unts without the removal of seedlings 
were made in lato m , n and April, and soedl; :gs were removed 
in May, June and July.

Raaults
Table 50 gives the progressive emergence conn';? at each 

sampling date of monocotylodonous and dicotyledonous seedlings 
for the four replicates of both samples of dung.

PROGRESS IV" C0rTNT OF SEALING SSTABJISHMSNT FROM
CATTLE DOUG

... xsu..

' Sample

-------- fiaTcs------------ -----— 1
27/3/62 10/4/62 29/5/62 28/6/62 25/7/62 

Mon. Die. Mon. Die. Mon. Die. Mon. Die. Mon. D.c.
A

I B
sTotal

11 1 1 57 8 
22 8 89 13 
50 7 i 185 16

3  2?

3.45 5 184 19 
252 26 
229 24 
810 78

172 10 193 11 
187 19 1 190 19
253 28 28

m  d  1 $

(b) Veld Arable Unit
D tcs , , 

27/3/62 10/4/62 29/5/42 28/6/62 
Sample 1 Mo&. Die. Mon. Die. Mon. Die. Mon. Die.

25/7/62 ;
Mon. Die. :

A
B
C
D

Tbtal--

11 2 
15 3

I  ;
I  i
146 19

8  I
51 1 
233 18

81 8 
49 14 
62 9
1^8 £

82 8 
49 14
62 9 
57 7 

250 36
(Hon. = monocotyledons, Die. - dicotyledons)
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All but 11 of the 1137 monocotyledons removed were seed­
lings of Cynodon c ctylon. and iimaranthtis s p. was the most 
frequent dlcoty.1 edon.

Assuming that the average steer defecates 5*8 lb of air 
dr; dung each day (Gillard, 1962a) the total figures at che
last count in table 50 can be multiplied by k.k to give an
estimate of *hc number of viable seeds dispersed per beast 
per day, or assuming 12 defecations per da, (Gillr d, 1962s) 
the totals can bo multiplied by 0,37 to give an estimate of 
the number of seeds in each dung pat. Thus at the time of
sampling each beast on the 0.0. unit was dispersing about
1*,000 viable seeds each day, approximately 90# of these seeds 
being Cvnodon. daetvlon. Plate 19 illustrates the vigorous 
seedling growth of Cyrodon in the samples of -amg.

Discussion.
It must of course be recognised thrt this 5 imp ling was 

made on cnly one occasion throughout the growing 3 ason, and 
that the total number of viable seeds in the dung, and the 
relative composition of the different species could vary widely 
over the growing season, but nevertheless the following points 
can bo made.
1 The results indicate that cattle droppings could bo a very 
important factor in determining the amount of seed present on

any area.
2 The species which has the greatest proportion of viable 
seeds in dung need not bo the most important constituent of

the grazed pasture.
Cvr.odon flactvlon, for example, comprised 8.5> of the

total basal cover of the 0.0. unit in I960, and 1.9# of the
V.A. unit (Oillard, 1962b), but 91# and 85# of the viable
seeds in dung from cattle grating on those units were of this
species. Hence selective dissemination of seeds by dung
could influence seed availability, and hence succession on
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any area* The results obtained In this study, for example, 
can be linked with the comment of van Rensburg (19̂ 2) that 
under heavy grazing, fallows have been known to revert to 
Cvnodon dactvlon within one year,
2 As the review of literature indicated that smaller seeds 
were Letter suited to passage through the digestive tract 
of animals, and as it is shown in section (a) of this chapter 
that seeds of the serai grasses are generally lighter than 
seeds of purple veld grasses, it is suggested that cattle 
droppings would favour the spread of the former group*

Conclusions
Samples of cattle dung taken on one day of the 1961-1962 

graving season wore shown to contain large numbers of v^ab.c 
seeds, 90# being seeds of Cvnodon dactvlon* It is suggested 
that dissemination of seeds by cattle dung could favour the 
spread of seeds of the serai grasses, and by influencing seoa 
availability, could, in some cases, influence the course of 
secondary succes sion.

(e) Summary of Cfraptgr 7.1.11 
From the results of the studies reported in the previous 

sections of this chapter, together with the results of earl­
ier workers on succession on the highveld and other areas, 
the following general principles can bo stated*
As the highveld succession advances there is:-
(1) A greater amount of seed parasitism by insects.
(2) An overall increase in seed weight.
(3) An overall incr asc in disseminule weight.
(4) A slowing down of the rate of germination.
(5) A reduction In the Amount of potentlol and fertile seed

sot.
(6) A decrease in ti.o efficiency of the spread of dlsscln- 

ulos.



rhat is, as succession advances, seeds produced are fewar, 
slower to germinate, more likely to be parasitised and less 
likely to be spread. In other words seed availability 
decreases markedly as succession advances. The significance 
of this will be discussed in the next chapter, but as expres­
sed by Weaver and Clements (1938), who used •mobility**ln 
the. ewese of'•availability*, 11 the relation cf mobility to 
suocesalon is obvious". Leith (i960) has alsr> referred to 
succession as "essentially a problem of plant migration".



C M i m . M

GENSRAL CONCLUSIONS 
C.a) . Plg.cĵ sion

In recent rtudies of the casual factors of hicfcveld 
secondary succession the Importance of aerial and edaphlc 
factors has been emphasised. Davidson (1961) stated "Second­
ary succession repeats itself with remarkable similarity 
wherever it is initiated in any one region, and the contin­
uing causes are undoubtedly the aerial and edaphlc factors 
of the environment". It is noticeable however, that in 
recent years many of the conclusions,of earlier workers of 
the 1938-1940 period have been overlooked, and there have 
been virtually mr references to overseas studies on secondary
succession.

Of the earlier workers Dickenson (1939) stated that 
"the study of seeds and their problems.....! feel has more 
potentialities than any other branch in the study of secondary 
succession". Rose-Innes (1939) stated "the factors of mobil­
ity and viability of seed are extremely important and influ­
ence the course of succession to a very marked extent.", and 
also "The final conclusions I have to make upon this work 
(i.e. secondary succession) are that the mobility, viability 
and a'ailability of disseoinules are the most important 
factors in operation, that root habitats have an important 
effect upon succession once the disseminules are deposited, 
and lastly, that habitat factors of the soil are of compar­
atively little importance in influencing either the course 
or velocity of secondary succession as studied in this area 

Story (1938) concluded that rc-invasion of Themeda tri- 
andra into serai vegetation was very slow because "Themeda 
seeds, are not trenAperted b* cattle, and are far too heavy 
for wind dispersion. *'or this reason, seedlings are not



170

found far from tho parent plant, but remain clustered around 
as shown In photo 13. This Is without doubt the main reason 
that Themeda Is so slow to take In areas of fallow land".
Story also stated that Themeda established much better in 
bare areas than amidst serai vegetation and "It thus appears 
that Themeda Is one of the advanced grasses not because of, 
but In spite of Its reaction to shading....". It was further 
noted that by artificial seeding almost any species, includihg 
Elyonurus argenteus and Irachvoogon spicatus could be made to 
act as a pioneer. Artificial seeding of Themeda seeds in 
seed heads appears to be the best way of re-establishing this 
species on old cultivation lands (Farmer's Weekly, personal 
communication).

The findings of these earlier workers have not been over­
thrown, and apart from some revised ideas about rooting systems 
(chapter VI), and for the recent studies showing that avail­
able nitrogen can influence the velocity of succession, need 
no modification.

It appears that the recent line of work may have devel­
oped because succession has been regarded as too much of a 
fixed and rigid sequence, whereas van Rensburg (19'+2) commented 
"succession cannot be regarded as a process where one torever 
and always definite phase will give way to the next at a 
certain stage, and the development does not always take place 
along definite lines or during fixed periods of time. We 
must rather picture the different stages of succession as an 
uneven or mosaic structure." This viewpoint has been emphas­
ised in studies of old abandoned cultivation lands (chapter •. 

VI).
If the highveld secondary succession is defined as being 

the revegetation of destroyed areas of 'sub-climax' grassland, 
and such a definition is implicit in Davidson (1961) - page 
2, surely more attention should be paid to the revogotation



of <nce destroyed but uncropped areas where Davidson's 
statement that "secondary succession repeats itself with 
remarkable similarity wherever it is initiated in any one 
region" does not hold. .Evidence brought forward in chapter 
VI from past and present ilghvcld studies and from overseas 
work show that under these conditions the 1 normal1 succession 
does not usually take place. It was shown, for example, that 
the ruderal stage was often negligible or non-existant.

It has been mentioned how Story (1938) found that Themoda 
could reestablish better on bare areas than in soral vegeta­
tion. Because species B follows species A, it does not follow 
that B requires the environment of A to establish. As Keever 
(1950) has said, "the second invador may finally attain 
dominance in spite of, and not because of, the changes in 
environment brought about by the first dominant". This v'ow 
can be compared with that in the Frankenwald Experiment guide 
(Anon, 1959) where it is stated "it is hoped to prove event­
ually the hypothesis that succession is duo to biotic reactions,
i.e., that each community produces an environment which is 
unsuitable for itself and suitable for the next stage of suc­
cession".

Costing (1956) discussed the regular sequence of changes 
that are characteristic of secondary succession and continmd- 
"Surely, one might assume that here reaction is most effective 
and that each of these distinct communities prepares the way 
for the next as it inhibits its own continuation. Actually 
it has been shown that neither reaction nor odaphic change 
need bo involved." Ho further recognised that "Other peren­
nials may have few seeds or low rates of dissemination, fur- 
thur to dolly their appearance,", and concluded "Although, 
obviously, the species of later stages are competitively 
successful they do not necessarily require the earlier stages 
to prepare or modify the environment for them." Piem, isel



f ’.951/ stated "The community first on the ground Is there 
becaus-' of its rapid migration and development and the scond, 
because of its greater capacity to hold the ground once it 
gets there".

Some overseas workers have shown how the pattern and rate 
of succession can.vary with circumstances. Savage and Runyon 
(1937)» for example, found that cropped fields cultivated 
lightly for a year or two and th-.m abandoned reverted to the 
original cover much more rapidly than those tilled for longer 
periods, as a result of survival of vegetative parts and 
persistence of seeds. Thoso authors also found that aband­
oned areas enclosed with virgin pastures recovered much more 
quickly than similar areas enclosed without virgin pastures, 
and this was attributed to the spread of seed by livestock. 
There were only a few instances of an orderly succession of 
grasses from the edge of the fields, ^nd it was concluded 
that wind dissemination was of comparatively little importance.

Studies of edaphic factors in relation to highvo?’ 
succession have been carried out by Roso-Innes (1939), Stiven 
(1957), Leigh (1958) and tho present author (chapters III 
and IV). Available nitrogen has been shown to bo tho edaphic 
factor most likely to be a causal factor in succession, yet 
as Davidson (196ij has stated, although it can alter the 
rate of succession, the course is not changed. Furthermore 
Leigh (I960) has shown that Hypnr.rhenia kirta can invade 
Eraerostls curvula under conditions of very high nitrogen, 
and Eragrostis and Cyipdoji d a g t ^ n  have been known to grow 
on the poorest of agricultural soils (Davidson, 1961). 
Considering all the work tost has been carried out it would 
appear most unlikely that edaphic factors are the Important

causal factors of succession.
Studies on aerial environment in relation to succession 

have been car, led out by Story (1938) in tho Themed, veld



and by Israelstnm (1953) and the present author (chapter III) 
at Frankcnvuld. As discussed in chapter III it is very 
difficult to know what is a * typical' community of each stage 
that studies can be centered on. Aicrc is quite a variation 
between the ungrazed representatives of each stage, but if 
grazed and mown stands arc considered the variation is very 
wide.

Considerable caution is required in interpreting results 
of investigations of aerial factors. Davidson (1961) for 
example, has stated that "Under normal conditions the ruderols 
provide cover which reduces the soil temperature and evapor­
ation from the surface soil, and thereby enables the establish­
ment of Cynodor seedlings (Israclstam, 1953)•" Tk® first half 
of this quotation can bo neceptod, but the second is somewhat 
misleading, Israclstam showed that Cynodon in artificial 
containers gave higher germination under ruderal than under 
fallow conditions, but there was still some germination under 
the fallow environment. Even assuming that those results 
apply completely to conditions in the soil, it would have to
bo shown that Conyza ambUna, for example, did not give the
same r.sult. Reference has already been made to the fact that 
a Cynodon sward has been obtained in one year by heavy grazing, 
a conditior which would allow geminating Cynodon sc dlings
very little protection from ruderals.

Prom consideration of all the available data it is sug­
gested that aerial factors are generally not causal of second­
ary succession, though shading and light relationships may 
bo critical in determining the success of some spooler such 

OS Hvonrrhenia hirta (see chapter xll).
Extensive testing has failed to show any trace of

germination inhibitors produced by B s g h T M U S  aUSSiaa. b” t 
this does not prove that such substances are absent in field 
conditions. However in view of the evidence brought forward



for their claimed activity, it is suggested that inhibitors 
can be forgotten until further positive evidence is produced 
for their action.

A preliminary study of the germination requirements of 
seeds and of the reaction of seedlings to varying light 
intensities (chapter VII) indicated that these relationships 
would not be a causal factor of succession, whereas studies 
of seed availability (chapter VIII) produced substantial 
evidence that this could be causal of succession, particularly
In the early stages.

An attempt has been made to summarise r - knowledge on 
the course of succession j.n figure 15. The ipecies at the 
left of each row of representative species from each stage 
are those which grow best under conditions of high fertility 
and fairly heavy grazing. Those spefiies at the right ox each 
row are favoured by low fertility and no grazing. Tnis figure 
is only a general picture and it must not be taken to mean 
that any species cannot grow on an area until this area nas 
been colonised by species of the earlier serai stages. The 
purple veld species are not in any particular order, and 
there are many species not listed in this 1.gure.

With this previous discussioh in mind an attempt will be 
made to explain some aspects of succession on the hlghveld.

Following the usual pattern it is reasonable to expect 
that continued cropping on cultivation land wi-l favour the 
build up of ‘weed* or ruderal seed. Perennial grasses will 
be destroyed by cropping, and any of their seedlings establish 
ing will bo destroyed before they can seed to an appreciable 
extent, and so their seed supply will decrease. However some 
weed plants would almost certainly escape cultivation, or 
would germinate after cultivation, and so set seed. Further- 
more many weeds, especially Composites, have the ability to 
mature seeds even when inflorcsenccs are cut off in the
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flov TL'tg 5t gc (Gill, 1938). So weeds, which are In a sense 
adaptva t.> the crop fPnnting, i960) will at least maintain 
their seed reserves, and most likely increase them. There­
fore when cropping lend is abandoned a dominant mderal and 
annual population can be expected.

Weeds are usually well equipped for dissemination, and so 
a species success may be linked with an effective dispersal 
mechanism aa was found by Pienreisel (1938) to be the case 
with Russian-thistle, (S»jLsola pes cifer). The important high- 
void weeds can be disseminated by animals or wind, and produce 
large numbers of viable send (chapter VIII).

Once the land is abandoned rudoral growth will continue, 
but some seed of perennials will enter the community, and some 
may survive the cropping. The resultant seedlings will be 
small in the first year, but will usually dominate over annur.ls 
in following years (see chapter I). The twr .ost important 
of these grasses in the Frankcnwald trea arc 
and Cvnodon dactvlon. Eragrostis sets large quantities of 
light and viable seed (chapter VIII), -and Cynodon also sets 
light seed and is well equipped for invasion with its rhiz- 
omatoous habit, as shown in the greater cover of this species 
on the i960 T6B plot as against the 1959 plot (chapter II).

Grazing on the highvcld speeds up the invasion of these 
grasses, and this is attributed to the edible nature of the 
herbaceous rudcrals (as shown in plate 21), the superior 
growth of grasses under high nitrogen conditions brought about 
by dung and urine, the effect of trampling on the erect mderal 
herbs and to the likelihood of dung patches disseminating
grass seed (chapter VIII).

The effect of moving on succession at this point has not
been experimentally asscsod, but it would he expected to 
favour the grasses and handicap the h.rte-coou. rudcrals, 
perhaps to a lessor extent than grazing. Heavy grazln,. or



moving with nitrogenous fertilizer application, will maintain 
Eragrosti* and Cynodon, but under negligible or no grazing 
these grasses will loose their vi; . (Chapter II).

Under conditions other than those of heavy grazing and 
hi|;h fertility these primary grasses will be invaded, though 
the difficulty of invasion has been demonstrated by Leigh (i960). 
Although some of the invading species would be favoured by 
their height once they established, e.g. Hvrarrhenla hlrta 
and Cvmbopocon excavatus. low available nitrogen may be the 
cause of the common occurence of species such as Stoebe 
vulgaris and Eragrost.is gnmnlflua on old lands (chapter VI).
It is however emphasised that Hyparrhenia can invade bare or 
mderal areas, as in the i960 T6B plot (chapter II), depending 
on seed availability.

The evidence given in chapter VI also indicates that 
the 'high' or 'characteristic' purple veld species, !%&&&&- 
ppgon spicatns, Trlstachya W^jda, ZlyqmDlS.
Digitarla trlcholaenoides and Ur elytra gqijarraaffl will not 
become dominant on areas from where they have been eliminated 
by cropping. Purple veld grasses, especially the 'high' 
species, usually produce very few viabl# seeds and these are 
ill equipped for dissemination (chapter VITI). Some of the 
purple veld species may re-invade, but in many r-ascs it is 
undecided where some of these species should be classified, 
as shown by the different classification used by Rose-Innes
(1939), Crook (1950), Davidson (1961) and the- present authoi.

Species which are particularly hard to classify are 
Theneda trlandri,, Cvmbopogon and HftgFOPOKBD
co.'1 tortus (all described as secondary by Crook, and as 'sub- 
climax' by Davidson), Konocvrnblm W V i U s W L wid 
birior i (discussed by Rose-Innes) and dFf f F' cemosa 
(see chapter VI). f^agrosti^ rapgpgga and Z 2 1 & '

ortus are the first and second most important species in the



'purple veld' t pr -rae land of the V.A. unit, yet In the 
analyple of the pur 1< volu *aod area (oho ter VIII) these 
speclee were not recorded with 600 point quadrats. The 
fact ttat t .ere is still disagreement wbout the classi­
fication of the e important specie* even after 20 or more 
years of investigations is a good indication thot secession 
is not a fixed end rejulmr sequence.

Although previous workers sue.: as Davidson (19S1) have 
emphasised t.iot the high veld succession is a dynamic 
process which can move in various directions at varying 
speeds, it has "be-- n assured th t succession was lar ely 
due to the changing micro-environment of the varlou: reral 
stages in relation to species requirements. Also it has 
ueet: f  '■'imed thrt each successioral ai.a re can only develop, 
cr t • 0 : velopn more readily, after the a s e preceeding

As a result of the wort outlli 5 in this thesis it ie 
concluded that n.any factors, e ch as tne history of ■' 

disturbed area, micro-environment, seed availability, soil 
fertility, palatobillty an.: reaction to tr t llrig ere 
causal of eotr.e of the various movement of the high veld

Emphasis has been laid on the importance of seed end 
rhizome svsllabi ity «e causal factors of s u c c e s s i o n ,  and 
limited succession on disturbed but uncropped grnorland haa

lb) ^unmary

it.

success ion

been explained on thisthis b ale of need availability.
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br en or i e colo if 
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process•
On croppod ureoe it ic suggested thst the seed supply

of rudcralc will build up durin cropping while the seed 
re ervee of other e ectes decrease, leading to the dorri ifli-ce 
of ruderols on abandonment. However the rudernl com u.it.7 
will include or wiy. soon include scattered perennla. ,raesee, 
notably tuo^e of tho primary grass st pc, and although 
initially incons icous the«c grosses will usually be con,' 
dominant in nbout the third year of abandonment. It has been 
shown that the .rimary et ge grass epecice as a whole produce 
f ur more vir.ble seed than tho second ,r ' and purple veld 
sta0e grosses, and there is vidence to suggest that seed 
dissemination of the rimary stage species wou d be more 
effective. The later and slower ii,'/ sion of the secondary 
grass eta^e spec ins could be largely a result of taeir 
lower reproductive capacity end a die ersal that is less 
efficient. There is also restricted evidence 
that seedlin c of the primary graft’ % nay develop mo: r !ai‘; 
then seedlings of the secondary raeees.

Finally it liqe been suggeetc that a re-invnsion of t e 
•high' pur le veld grasses may not take place on areas from 
where theme species have been eliminated.
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Blake, A.K. (1935)% Viability and germination of seeds and 
early life his to’'/ of prairie plants. Ecol. Mon. .

405-460.
Boe, K.N. (1955). A one-foot-square wire seed trap. J. For.

B: 368-369.
Bonner, J. (1950). The role of toxic substances in the inter- 

actions of higher plants. Bot. Rev. 16: 51-65.
Booth, W.E. (1941). Revegetation of abandoned fields in 

Kansas and Oklahoma. Amer. J. Bot. 2&: 415-̂ 22.
Bramble, W.C. and Ashley, R.H. (1955). Natural revegetation 

of spoil banks in central Pennsylvania, acol.
361 417-423.

Brenchley, Winifred E. (1919). Some factors in plant compet­
ition. A.in. Apr1* Bill. 6: 143-1/0.

Brenchley, Winil- » Warington, Katherine. (1930).
The weed a, atlon of arable soil. I Numerical
estimation vl.ble seeds and observations on their 
natural dormancy. J. Ecol. i&i ^35-272.

Buckman. H.0. and Brady, N.C. (I960). The nature and proper.
ties of soils. Macmillan Co. New York. 567 pp.

Budd, A.C. et al (19?*). Germination of weed seeds. Ill The
influence of crop, and fallow on the weed «ed population
of the soil. Can. J. Agr, Scl. it- ^

Bunting, A.H. (1938). Notes on the systematic, and ecology 
of some species of the genus Aristida L. Unpublished 
B.Sc. (Hons) thesis presented tc the diversity of the

Witwatersrand.
Bunting, A.H. (1960). Nome reflection on the ecology of weeds 

Brit. Ecol. Soc. Symp. No. I  The biology c* weeds.



Burbidge, Nancy T. (194;). Germination studies of Australian 
Chenopodiaceac with special reference to the conditions 
necessary for regeneration, I Atriplex vcsicarium 
Reward, Trans. Roy. 3oc. Sth.Aust. 62* 73-34.

Burton, G.W. and Andrews, J.S. (1948). Recovery and viability 
of seeds of certain southern grasses and Lespedeza 
passed through the bovine digestive tract,
J . Ag. Res. 26: 95-103.

Burton, G.W. et al. (1954). Root penetration, distribution 
and activity in southern grasses measured by yields, 
drought symptons and F32 uptake*
Agron. J. 46: 229-233*

Cannon, J.R. et al. (1962). An investigation of the effect 
of the dehydroangustione present in the leaf litter of 
Backhousia angustifolia on the germination of Araucaria 
cunnlnghamii— an experimental approach to a problem in

rain-forest ecology.
Aust. J. Bot. 10: 119-128.

Carpenter, J.R. (1938). An ecological glossary. Kagan Paul,

Trench, Trubner & Co., Ltd. London 306pp.
Champneas, Stella 3. (19W). Note on the technique of sampling 

soil to determine the content of burled viable seeds, 
j. Brit. Grass. soc. 4: 115-118.

Champness, Stella A. (1950). Effect of microclimate on the 
establishment of Timothy grass. Nature l&l 325. 

Champness, Stella S. and Morris, Kathleen. (1948). The
population of buried viable seeds In relation to con- 
trusting pasture and soil types. J. Ecol. j£i. 51-5 . 

Chlpplndale, H.O. and Milton, M.K.J. (1932). 
occurence of burled seeds In the soli.
J. Agr. Scl. 2£: 451-452.

Clark, O.S. (1940). Interception of rainfall by prairie 
grasses, weeds and certain crop Plants. Bool. Mono.

10; 243-277.



Clements, P.2. et al. (1929'. Plant Competition. An analysis
of community functions. Carnegie Inst. Washington. 340pp. 

Clements, F.E. and Chelford, V.E. (1939). Bin-ccology.
John Wiley & Sons Inc. New York. 425pp.

Coetzee, J.A. (1945). A first contribution to the root ecology 
o f certain highveld communities: some subseral and
priseral stages. Unpublished M.Sc. thesis presendted to 
the University of the Witwatersrand.

Cohen, C. (1940). Stoebe vulgaris Levyns. Unpublished M.Sc.
thesis presented to the University of the Witwatersrand. 

Cooper, A.W. (1961). Relationships between plant lifo-forms 
and micro-climate in Southeastern Michigan. Ecol. Mono.

21: 31-39.
Coupland, R.T. (19?2). Grassland communities of the western 

Canadian prairies. - climax and sub-climax. Proc.
Sixth Int. Grass. Cong, i.: 625-631.

Cowles, H.C. (1911). The causes of vegetative cycles. Bet
Gaz. 21.: 161-183.

Crook, A.O. (1950). Some observations on the effects of
protection from burning and grazing on secondary succession 
in the purple veld at Frankenvald, with special reference 
to the regeneration of native trees and shrubs.
Unpublished B.Sc. (Hons) thesis presented to the Univers­
ity of the Witwatersrand.

Daubemlrc, R.F. (1,47). Plant* a™> environment. A text book 
of plant anteoology. John Mlley Sons Inc. Now York.

424 rrp.
Daubonmlre, R.F. (1959). As above. 2nd. adit. 422 pp. 
Davidson! R.L. (1,61). An experimental study of succession 

in the Transvaal highveld. Unpublished paper hold at 
the university of the Witwatersrand.

Davidson, R.L. (1,62). The influence of edaphlc factors on 
the species composition of early stages of the subsore.

Ecol 401-410.



185

Dickenson, E.B. (1939). Unpublished reports and comments held 
at the University of the Vfitvatersrand.

Donald, C.M. (1961). Competition for light in crops and 
pastures• Soc. Exp. Biol. Syrup. &Vt 283-313.

Doss, B.D. et al. (1962). Sail moisture regime effect on
yield and evepotranspiration from warm season perennial 
forage species. Agron. J. 14: 239-242.

Duym, Chr. P.A. et al. (1947). The inhibition of germination 
caused by extracts of seedballs of the sugarbeet (Beta 
vulgaris). Konlnklijke Nederlandsche Akademie van 
Wetenschappen. Proc. Vol. No. 5: 527-535*

E'.rick, D.E. and Tanner, C.B. (1955). Influence of sample 
pre-treatment on soil moisture retention. Soil Sci.
Soc. Amer. Proc. 12.2 279-282.

Elton, C.S. (1958). The ecology of invasions by animals and 
plants. Methuen & Co. Ltd. London. 181pp.

Evans, F.C. and Dahl, E. (1955). The vegetation*! structure 
of an abandoned field in southeastern Michigan and its 
relation to environmental factors. 2col.

Evans, G.C. (1939). Ecological studies on the rain forest of 
Southern Nigeria II The atmospheric environmental
conditions* J • Ecol. 2Z! 436-482. [  I

Evans, R.A. (I960). Differential responses of three species 
of the annual grassland type to plant competition and 
mineral nutrition. Ecol. hit 305-311 

Evenari, M. (1949). Germination Inhibitors. Bot. Rev.
H: 153-194.

Fuller, D.O. (1911). Evaporation and plant succession.
Bot. Gaz. 52: 193-208.

orb, 8. (1961). differential growth Inhibitors produced by
plants. Bot. Rev. U'

Oardner, R. (1937). A netted of m tsurln, th. c.plll.ry 
tension of soil moisture over a wide moisture range.

Soil Sci. 4j: 277-283,



Gill, K.T. (1938). The viability of weed seeds at various 
stages of maturity. Ann. appl. Biol. V+7-456

Gillard, P. (i960). A further investigation of aggregation 
in soixs from fallows fertility experiment. Unpublished 
B.Sc. (Hons) thesis presented to the University of the 
Witvatersrand.

Gillard, P. (1962a). The role of excretal return in the 
maintenance of pasture fertility. Unpublished paper, 
held at the University of the Witvatersrand.

Gillard, P. (19b2b). The effect of grazing intensity on 
cattle gains and the vegetation of the bankenveld. 
Unpublished paper, held at the University of the 
Witvatersrand.

Gilliland, U.S. (1939)• 1938/1939 Report: Work in connection
with vh-3 Frankenwald Botanical Research Station.

Glendening, G. (1941). Development of seedlings 0. aeteropogon 
contort is cs related to soil moisture and competition, 
Bot. Gaz. 1C2i 685-698.

Glover, P.E, (1937). A contribution to the ecology of the 
highveld flpra. S. Afr. J. Sci. 224-259.

Gray, H. and Bonner, J . (1948a), An Inhibitor of plant growth 
from the leaves of Encella farinosa. “mer. J. Bot.
i£. 52-57.

Gray, R. and Bonner, J. (1948b). Structure determination and 
synthesis of a plant growth inhibitor, 3 acetyl 1-6 
methoxybenz,aldehyde, found in the leaves of Encella 
farinosa. jr. “raer. Chem. 3oe. 2,0.! 1249-1253*

Green, H.E. (196.1). Some notes on seed dispersal,, Prcc.
Bot. Sue. Brit, isles. 4: 153-154. (reference:
Biol. Abs. (1961) J6 abs. 58888).

Gregory, P.H. et al. (1961). Dispersion and deposition of 
air>orne Lycopodium and Ganoderma spores. Arm. appl.



Greig-Smith, p, (1947). Quantitative plant ecology. 
Buttervorths, Lm.don. 198pp.

Grumner, G. (1961). The role of toxic substances in the Inter- 
Celr.tiezioSlps between higher plants. Soc. Exp. Biol.
Symp. XV: 219-228.

Grummer, G. and Beyer, H. (i960). The influence exerted by 
species of Camellna on flax by moans of toxic substances. 
Brit. Ecol. So*. Symp. No 1. The biology of weeds. 153-157 

Ouyot, L. (I960). Sur la presence dans les terres cultlvSes et 
incultes de semences dormantes des especes adventices.
Bull. Serv. Carte phytogeog. (B) 197-254.

Halkias, N.A. et al. 1955). Determining water needs for crops 
from climatic data. Hilgardia 24: 207-233.

Hall, T.D. (edit) (1948). Experiments with Cynodon dactyion 
and other grasses at the South Africen turf research 
station. African Explosives and Chemical Industries.
90pp.

namid, Q* and Shaw, R.ff. (1955). Measurement of soil temper­
ature with laboratory mercury-in-^lass thermometers, 
lawa State College J. Scl. j&: 243-247

Hamilton, K.C. and Bucholtz, K.P. (1955). Effect of rhizomes 
of quackgrass (Agrcpyron repens) and shading on the 
seedling development of weedy species. Ecol. 36; 304-308. 

Harlan, J.R. (1956). Theory and Dynamics of grassland agrlc- 
".Iture, D.- vrn Hostr v:d. Co-.-Inc. New Jersey.' 2vl pp.

Harman, G.W. and Reim, F.D. (1934). Thie percentage and vii.- 
bildty of weed seeds recovered in the feces of farm 
animals and their longevity when buried in manure.
Amer. Soc. Agron. J. 26: 762-767.

Harmsen, G.W. ancl van Schreven, D.A. (1955)* Mineralization 
of organic nitrogen in soil. Adv. Agron. £: 299-398.

Harper, J.L. (I960). Factors controlling plant nwrburs.
Brit. Ecol. 9oc. Symp. No. 1. The biology of weeds.
119-132.



188

Harper, J.L. (1961). Approaches to the study of plant compo- 
. tltlon. Soc. Exp. Biol. Symp. V̂» 1-39.

Harper, J.L. and Gnjio* D, (1961). Experimental studies of 
the mortality and plasticity of a weed. Weed Res.
1: 91-10k.

Harrold, L.L. and Dreibelbis, F.U. (1958). Evaluation of
agricultural hydrology by monolith lysimeters 1944-19$$. 
U.S. Dept. Agr. Tech. Bull. 1179.

Hassis, F.W. (1928). Germination energy of lots of coniferous 
tree seed, as related to incubation temperature and to 
duration of incubation. Plant Physiol. 3.1 367-412.

Ridding, A.P. and van der Berg, C. (1961). The relation betw­
een pore voluiuq and the formation of root systems in soils 
with sandy layers. Inst. Land Water Mangt., Wageningen. 
Tetih. Bull. 24.

Israelstam, G.F. (1953). A comparison of micro-climatological 
factors in fallow and ruderal communities at Frankenwald, 
and an investigation of the germination a 1 estab ishoent 
of the seods 01 Cynodon dactylon Pors. Unpublished
B.Sc. (Hons) thesis presented to the University of the 
Witwatersrand.

Jansen, P.J. (1959a). The influence of burning on grasses and 
soil structure of Trachynogon • other - species veld. 
Unpublished B.Sc. (Hons) thesis presented to the 
University of the Witwatersrand.

Jansen, P.J. (1959b). Calibration curves for the use of the
electrical resistance method of determining soil moisture 
at Frankenwald. Unpublished B.Sc. (Hons) thesis present­
ed to the University of the Witwatersrand.

Jong, k. and Bonn, E.R. (1955). A further Investigation of 
the nitrogen sonaltlvlty of void grasses. S. Afr. J.
Sci. 27-28.



Ji.dd, B.i. (1940) Natural succession of vegetation on aban­
doned fanr. lands in Teton Comity, Montana. Amur. tioc.
Agron. J. 32: 320-336.

Judd, B.I. and Jackson, M.L. (1939). Natural succession on
abandoned farm lands in the rtosebud soil area of Western 
Nebraska, Arler. Soc. Agron. J. 3 $̂ 541-557.

Kecver, C.A. (1950). Causes of succession on aid fields of 
the Piedmont, North Carolina. BjoI. Mon. 20: 230-250.

Knapp, R. (1961). Recognition of social relations, mutual 
influence and competitive power of plants in analyses of 
vegetation. Bor. dcutsch. Bot. Ocs. 23: 418-426.
(reference: Bjol. At*. (1962). 32;Abs 413).

Konurov, S.G. (1961', Quantitative changes in organic matter 
in ordinary chernozem under different agricultural uses. 
Soviet Soil Sci. Jo. 5. 533-537.

1 rufting, L..V. and Roe, E.I. (1949). The role of some birds
and mammals in so d gemination. Ecol. Mono. J£s 270-286.

Kucera, L. (1955). Some relationships of vaporation rate to 
vapcur pro. ure doficiet and low'wind velocity.
Ecol. 31; 71-75.

Lalni, C.G. (1958). Studies in the ecology of jimmcphila 
breriligulata. I Seedling survival and relation to pop­
ulation increase and dispersal. Bot. Oaz. 3̂2$ 208-216.

Langc-nhcim, Joan. H. (1956). Plant succession on a subalpine 
earth flow in Colorado. 3col. 32: 301-217.

Laude, M.H. et al. (1952). The effect of hign soil temperat­
ures on the seedling emergence of perennial grasses.
Agron. J. 44: 109-111.

Lawrence, T. and Kilcher, M.R. (1962). The effect of fourteen 
root extracts upon the germination and so.dllng length of 
fifteen plant species. Can. J. Pit. Sci. 4g: 308-313.

Lecatsas, 0. (1961). borne aspects of the ecology of Stocbc 
vulgaris. Unpublished K.Sc. thesis presented to the 
University of the Witwatcrsrand.



190

Lecper, G.tf. (195a). Introduction to soil science. Melbourne 
University Press, Melbourne. 222 pp.

Lehrer, W, P. and Tisdale, E.W. (1956). Effect of sheep and 
r<tbl 1 digestion on the viability of some range plant 
seeds. J. Range Mgt. 2: 118-122.

Leigh, J.H» (1958). A study of plant succession )n relation 
to soil fertility. Unpublished B.So. (Hons) thesis pres­
ented to the University of the Witwatorsrand.

Leigh, J.H. (i960). Some aspects of the anatomy, ecology and 
physiology of Eragrostis. Unpublished Ph.D. thesis 
presented to tht University of the Witwatorsrand.

Leith, H. (i960). Patterns of change within grassland commun­
ities . Brit. Eeol. Soc. ‘**nnp. No.l. The biology of weeds. 
27-39.

Levina, R.E. (1956). Methods of plant dispersal in the steppes. 
Bot. Z. 3.3.S.R. 41: 619-633. (reference: Herb. Abs. 
(1957) 3L: Abs. 322)

Liados, L.A. (1962). uoil moisture depletion in the annual 
grass type. J. Range Mgmt. JL£: '67-72.

Livingstone, B. .. (1931). Soil point cones and thoir uses.
Publ. T̂ b. Plant Physiol. John Hopkins University. 

Livingstone, B.E. (1935). Atmometcrs of porous oorclain and 
paper, their use in physiological ecology. Bcol.
16 : 438 -472 .

Locke, L.F. and Clarke, J.A. (1924). Development of whoa': 
olants from seminal roots. J. Amor. ôc. Agron.
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APfiBm - PAnT ONE

MISCELLANEOUS TABLES AND TABLES OF DETAILED RESULTS

TA^ E.Aj.
LIKELY ERRORS IN FREQUENCY DETERMINATIONS 

95% confidence limits for the binomial distribution and 
limits obtained by the use of 11', giving values for 20 and 
50 observations.

Taken from Greig-Smith (19̂ 7).

frequency 20 observations 
observed Binomial 1t' Binomial

50 observations 
nomial 11 *

70 46 38
60 . 56 94
90 I 69 99

100 83 100

0 i 0 17
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FREQUENCY DATA FOR LI3HT INTENSITY HISTOGRAMS 
DATA USED TO CONSTRUCT FIGURES 2 AND 3. 

Percentage of observations in each light intensity grouping.

(a) At the half, inch level

1

Light ibtensity 
groitp

StandR E K T

0.0 - 9.9 
10.0 - 19.° 
20.0 - 29.9
30.0 - 39.9
40.0 - L9.9
90.0 - 99.9
60.0 - 69.9
70.0 - 79.9
80.0 - 89.990.0 - 100.0

I I  I  |8 9 7 6
II 7 6 6

i  s !  j
Ton loo 1QQ--------102-

| Light intensity 
group R K T

0.0 - 9.9
10.0 - 19.9
20.0 - 29.9
30.0 - 39.9
40.0 - 49.9
50.0 - 99.9
60.0 - 69.9
70.0 - 79.9
80.0 - 89.990.0 - 100.0

, 1 - r

i l l
ii io6 i

ITb" E ®  w c
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DETAILRD MONTHLY EVAPORATION RECORDS FROM LIVINGSTONE 
ATMOMETERS IN CC PER DAY.

Month

Cleared
1
2
2

C Mean

Stand Oct Nov Dec Jan Feb Mar Apr May
R 1 45 23 21 .24 21 23 21 18
2 48 22 21 23 21 1 1% 20
3 25 23 22 22 20 1? 15
4 26 25 25 20 if

R Mean 47 23 22 24 22 22 19 18
E 1 39 17 15 18 16 16 12 12
2 32 20 15 15 15 15 14 13
3 17 16 15 14 16 13 15
H 18 16 17 14 14

E Mean 36 18 15 17 15 16 13 14

H 1 30 3uu 17 18 13 16 14 13
2 29 18 17 16 14 lc 15 15
3 17 16 18 15 18 13 14
i 17 15 15 15

K  Mean 30 17 1 7 17 14 16 14 14 |

T 1 26 20 22 22 24 24 18
2 47 26 21 21 24 25 22 23
3 25 22 25 23 25 20 21
i 22 21 23 23 18

X Mean
U L

26 21 23 23 24 22 20

%
27

26

26 23 22
25 25 21
27 27 21
27 27 21
26 26 21

TABLE A.w

pF RELATIONSHIPS - AT TENSIONS OF 0
(Haines* apparatus)

- IOC CM WATER

20
18
18
19
19

Tension
0 

1.0

1:1 10.0 20.0
30.0
40.050.0 
60.0
70.0
80.0 
90.C100,0

pF

0.4
0.7
0.91.0
tty1.6o
1.69
i S
1.90
1.9?2.00

R T
23.2* 32.6*
22.9 •
22.4 31.6
21.9 30.7
21.7 30.3
21.3 29-920.6 28.6
20.0 27.2
19.2 25.8
18.3 2 H17.6 24.3
18.9 23.4
16.2 22.7
15.5 21.9
14.7 20.9

RS
22.Of 
21.6
21.3 20.7
20.3
i l : i
17.9

16.1

¥14.4
13.7

TS
26. If
25.1
24.4
23.9
23.6 
23*2 21.8 
20.8
20.4
19.919.2
18.7
17.9
17.2 17.1

Results are means of duplicate determinations



table A5
pF RELATIONSHIPS - FILTER PAPER EQUILIBRIUM DETERMINATIONS 
(tabulating soil pF and the corresponding soil moisture
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I H N H Ol* H O W CXI ,40 »  WCOOCO

oH

c acoq

>

u

I v\\OVMr>vCCO OVNCv. » . . • • • • • •(NHHH<N(N m<N r4
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MEAN SOIL MOISTURE TENSION FOR THE R AND T SOILS FROM 

THE 29/11/61 TO 26/V62

Date
29/11/61
7/12/
14/12
19/12
28/1216/1/62
24/1
3V1
7/2
15/2
21/2
28/2

1
%
12/4
18/4
26/4

Mean profile tension 
for growing season

Tension (cm)
R profile T profile

l:?7°o
l : p2,840

20,7008,700
l’fo°o
8,08c
9,050
lA,200
397;S°c10,58021,200
&  
5', 210 
2,030

10,150

2,220
1.510
1,240
980

1.450 11,700
11.900 
11,500 
10,5008,810
,5 :5 $

I I
15.900 
4,110
4.450
t,ioc

9,340

(The mean profile tension for the growing season is 
not the mean of the figures given above, but these 
have to be adjusted to allow for the differing time 
Interval between observations)



A9
RESULTS_OF SOIL CHEMICAL ANALYSES 

'R - repllceie, M * mean)
Available 
phoephate 
Ppm P2O5

Available 
potash 
% k2c

Available 
calcium 
% CaO

Organic 
carbon %

Soil R1 R2 M R1 R2 M FI R2 M R1 R2 — 1M
I960 R 19 20 20 .007 .008 .008 .024 .012 .018 .6 .8 ,7
1959 1*6 43 45 .007 .005 .006 .018 .012 .015 .7 .6 .71958 40 42 41 .007 .006 .007 .016 .012 .014 *7 .? .?19 >7 E 26 25 26 .010 .009 .010 .020 .014 .017 1.0 .8 .91956 22 21 22 .009 .00? .008 .020 .010 .015 1.1 .9 1.0J955 12 11 12 .010 .012 .011 .018 .016 .017 1.1 1.0 1.11954 13 12 13 .010 .010 .010 .028 .016 .022 .9 .9 .91953 11 11 11 .010 .008 .009 .018 .018 .018 1.0 1.0 1.01952 13 14 14 .006 .008 .007 .012 .012 .012 1.1 1.0 l.L1951 ff 9 9 9 .008 .012 .010 .020 .026 .023 1.0 1.6 1.1T 7 9 O .010 .008 .009 .022 .014 .018 1.3 1.1 1.2F 110 126 118 .012 .011 .012 .038 .038 .038 .8 .9 .9E2 9 9 9 .007 .005 .006 .014 .012 .013 .9 1.0 1.0H2 9 9 9 .006 .007 .00? .010 .oce .009 1.0 .9 1.0T2 18 16 17 .009 .010 .010 .016 .016 .016 1.2 1.2 1.2
RS 6 7 7 .006 .006 .006 .012 .014 .013 .3 • 3 .3TS 7 8 8 .007 .008 .008 .008 .010 .009 .9 .7 • 0

Soil Chemical Analyses (continued)
Soil % Nitrogen C/N PH pH Available

Total ratio (AE&CI) (author) Nitrogen
R1 R2 M R1 R2 M M P#m

I960 R .054 .053 .053 13 5.1 5.1 5.2 5.o 29
.04? .044 .045 16 5.2 5.2 5.2 5.1 16
.051 .050 .051 14 5.1 5.1 5.1 5.2 19

1957 E .062 .056 .059 15 5.4 5.5 5.5 5.5 12
1956 .070 .066 

.084 .069
.068 15 5.5 5.5 5.5 5.4 10

1955
1954

.07? W 5.6 5.6 5,6 5.7 15
.074 .072 .073 12 5.6 5.6 5.6 5.4 12

1953 .072 .074 .073 14 5.5 5.5 5.5 5.4 18
1952 .074 .065 .080 14 5.5 5.5 5.5 5.3 11
1951 FT .081 .075 .078 14 5.5 5.4 5.5 5.3 11
T .086 .079 14 5.5 5.5 5.5 5.4 10
F .065 .07) 13 6.2 6.2 6.2 6# 3 -
E2 .069 .064 .067 15 5.8 5.8 5.8 5.9 -
K2 .972 .07' 

.086 .93
.071 14 5.5 5.5 5.5 5.6 —

T2 .090 13 5.3 5.5 5.4 5.5 •
RS .034 .032

■ M
9 5.8 6.9 5.9 - ■

TS .960 .96- 13 5.3 5.3 5.3 ■

TABLE A1C 
RESULTS OK FERTILITY TRIALS 

Total oven dry weight (in gm) for each treatment

Soil
R
E

(a)
Lcttuac trial 

Untreated Nitrogen
(»)Mr.lac trial 

Untreated Nitrogen
6,88 1.44 .36 ?.92



S2.3DLING GROWTH IN RELATION TO SOIL TYPE
(ci) Moan height of thTCo seedlings in each treatment of 

foxtr pots as mensurod before harvesting
Measured in cm to highest paint as standing, in. pots

T. minuto E. Species
curvula IF. hirta I. spicatns Mean

Soil R 9.5 16.5 * 9.0 7.3 10.6E 7.5 18.5 11.0 6.0 10.8K 7A. 9.5 13.5 5.5 9.0T 6.2 11.2 9.0 C.6 8.0
Moan 7.7 13,9 10.8 5.9 9.6

* Height lower in R soil them E soil due to tending cf 
the topmost leaves, actual leaf growth longer in the R soil than E soil.
(b) Mean fresh weight in gm for each soil/specios combination

T. minute
Species 

E. curvula H. hirta I. spicatus Mean
Soil R .91 .78 M .24 .60

E .57 .52 .23 .46
H .20 .12 .30I .32 .23 .16 .10 .20

Mean ,55 .....M __________ .40 . •38

(c) Mean oven dry weight in gtn for each soil/species combina­
tion

Species
T. minute 2. curvula H. hirta T. suicatus Mean

Sail R 
E 
K 
T

.133 .145 .111 .051 .112 

.075 .134 .113 .057 .095 

.071 .040 . 095 .031 .059 

.051 .057 .040 .026 .044

Mean .083 . 094 . 090 . 043 . 078

(d) Percents o dry matter for each species/soil comb innttite

T. minute
Species 

E. curvula H. hirta 7. spicntvrs Mean

Soil R 
E 
W 
T

14.6*
14.4
16.1
15.9

18.6*
23520.0
24.8

23.2*
21.721.6
25.0

24.2*
24.8
25.8 
26.0

20.2
21.1
20.9
22.9

Mean 15.3 21.7 22.9 25.2 21.3
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SELDLING ITlJMBEHS EOR TWO LOTS EACH OF 2,000 GM OF . /IL 
Let A given flrat, lot B second.

Tol Monocots

!d. csculontes 
; Fimbristylis sp. 
E. indicn 
E. CXTTVula 
C. dactylon 
j ff. hirta 
T. spicatus 
Other ap.

I Total

Sail

6  ' i t  5 :  , 1  &2/11-/2

- /  -

30/22

f  
-/•

•*/ —2/2
6/3 
-/ *"

1 A
:/6 
-/ - 
V -

, 15/7 V 2
5/19 —/ — —/— —/—
-/- —/5 -/I -/-6/8 10/1 10/ .  - / -
-/- - A  15/13 2/- 
-/— ./■ - / .

10/18 15/11 23/2O li/26 ->- 19/24 25/5 32/^0
99/112 110/106 6C/76 20/39 14/30 33/31 65/33 35/37

(b) Dicots 
A. xanthoides 27/32 -/ — —/ «• -/- -/-

-/-
-/. —/ -i C. littoralia 13/7 9/8 -/- 1/2 -/- -/ -T, mirmtr 3/66 -/4 —/I —/- 3/6 -/- 1/- -/-

0. luteo-nltoui 2//. 12/20 -/4 2/2 -/- -AC. nmbigua ZJ- 5/1 -/- 5/11 V »  „ 1/2 -AP. olcracea •/•* 1/- —/- —/- 2/7 -/- -/I -/-
Oldonlandio sp. 3/14 1/1 6/— —/— -/I 2/16 1/1 -/-
Other dicots 
Total

30/36 8/1 
78/167 27/13

31/13 -/3 
63/43 r/7

2/1 10/1 : 
15/30 13/18 %

(Agreesest between the two lots can be considerod as aatiafactory, 
the greatest discrepancy being in the numbers of T. minute 
seedlings in the R soil.)
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SEEDLING GROWTH UNDER DIFFERENT LIGHT INTENSITIES 
Height r.nd weight values for full sunlight for each species as

•A' is the first run, «B« the second, ‘

Light
100
k)20
3

Bid 
A B
100 100 
120 80 290 160 220 160

HeightTag 
A B

100 100 
240 110 
440 360 
270 170

Hyph 
A B
100 100 
160 110 
300 280 
70 _

Ela
A B
100 100 
80 100 

200 1 50 
90 -

% Light
100
4020
3

Bid 
A B
100 100 
65 62H6 88 
26 30

FretiL Weight. Xkica) 
Tag Hyph

A B A B
100 100 
135 79
200 259
24 35

100 100
S M B
272 
23

! Bid > Light 1 A B
Dry Weight- (tops) 

Tag Hypn
A B A P

100
4020
3

100 100 
■ n §

9—

100 100 
112 64
95 132 5 12

100 100 
85 

150 
8 8

Ela 
A B
100 100 
96 96110 89 
50

Ela
A B
.00 100 
100 96
100 77
25 -

Bid
* Light A B

Dry Weight,(roots’) 
Tag Hyph

A B A- B
100
4020
3

100 100 42 54
139

100 100 
91 
39 2 22

100 100 
56 47
61 11
4 -

Ela 
A B
100 100 
83 9152 39

I
Jb Light 100 

4020
3

Bid 
A B 
25 21
39 21

> Dry. Weight,(dry tops/fresh, tops * 100) 
Tag 

A B
22 
10

21
1910
4

Hyph Ela
A B A B
33 29 33 28

35 27
18 15 25 24
11 12 -

Egu

10054
6

Eif
100
59
1

T
100
42
23

Ef
27

I
I

Bid
% Light A B

100 .77 .63
40 .93 .60
20 1.51 .84
3 I 3.25 3.00

Dry tops/dry roots 
Tag &5rpF; "

A B A B
.65 .42 
.82 .89

1.60 1.363.00 2.31

.42 .19

.32 .24 
1.03 .701.00 -

Ela 
A B

.67 .77

Egu
A

•M
1.09



REPRODUCTIVE CAPACITY DETERMINATIONS 

Seeds per seed head (dicots) : Spikelecs per seed heed (monocots)
i Species
1 No. heads 

examined
Mean
value

Minimum
value

Maximum
value

Standard
Error

Bidens
schimperi 78 28.2 11 54 * 1.0-xTagetes
minuta ; * 51 4.5 2 7 • 3

Conyza
ambigua 57 109 9 295 9.6

Criapthaliun
luteo-albun >i9 87 >9 4 158 5.3

Oenothera
biennis 5o 163 17 266 9.9

Eragrostis
curvula 56 505 66 2,073 56.6

Cynodon
dactylon

86 120 51 250 4.4
Eragrostis h 
gunnniflua 47 374 40 1,540 49.8

Aristlda
congests 59 91.2 18 220 5.3

Pogonarthria h 
squarrosa ,270 100 16,200 45.5

Andropogon
eucomus

8 5.7 1 22 0.4
Eragrostis
raceroosa

r : 21.1 10 80 0.9
hyparrhenia
hirta

So 135 23 368 10.9
Cymbopogon
excavatus 72 254 73 585 14.5

Eragrostis
capensis

63 11.9 ~ 5 19 0.3
Andropogon
amplectans

90 68.7 20 l6l 4.2
Monocy^biua 
ceresiiforme

121 4.0 1 13 0.2
Themeda
triandra

94 11.1 1 44 0.7
Panlcmn
natalense

48 285 131 499 15.0
Urelytrum

squarrosum
56 20.4 12 34 0.6

Trachypogon
spicatbs

8f 30.3 13 60 0.5
Tristachjia
hispida

70 2.7 1 4 0.1 i

(19 Elyonurus az'gentens seed heads averaged 20 * seeds* 
per seed head.
h = Values are for seed per seed head.)



REPRODUCTIVE CAPACITY DETERMINATIONS 
SEED HEADS PER PLANT (MONOCOTS)
SEED HEADS PER SEEDING S1EM CDICOTS)

No. specimens Mear Minimum Maximum. Standard 
SPECIES examined value val&o value Error

i Bi dens 73 5.9schimperi
681 Tagetes 41

mlrmta
Conyza 54 482
ambigua

188| Gnapthalium 79lut.eo-albim
Oenothera 81 8.5biennis

, Eragrostis 72 10.9
cun*.:ulB

641 Eragrostis 8.2
gummlflua

32 15.6Aristlda
congests

11.5Pogonarthria 93aquarrosa
81 8.0Andropogon

eucomus
96Eragrostis 13.9

racemosa 14.4Hyparrhenia 103.
hirta 6.0Cymbopogon 93
cxcavatus

8.7Eragrostis 73
capensis

83 8.0Andropogon
amplectana

12.5Monocymbium 79
ceresiiforme

Themeda 102 6.6
triandra

68 3.6Pan!cum
natalense

83 8.2UTelytrum
sqearrAatam

114 4.1Ttachypogon
spicatus

55Tristachye 9.0
hlspida

0

1

38 
318
2192
1297
33
58
37
84
58
30 
58
l6o
39 
26
40 
51
31 
36
41
a
33

±  0.7
3-9
4$.2
22.4

1.7 
0,? 

2.0 
1.2 
0.7 ,
1.3 , 
1.9 
0.7 
0.9 
0-7
1.3 
0(6 
0(5 
0.7 : 
0.4 Ii
0.7 i
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TABLE A16 

REPRODUCTIVE CAPACITY DETERMINATIONS 

SEEDING STEMS PER PLANT (DICOTS)

Species
No. plants 
examined

Mean
value

Mlid. mum 
value

Maximum
value

Standard
error

Conyica
amblgua 84 1.4 1.0 7.0 0.1
Gtiaphallum
luteo-album 50 1.5 1.0 6.0 0.1
Oenothera
biennis 89 3.3 0.0 16.0 0.6

' SE :DS1 PER SPIKELET (MONOCOTS)

1
Species

No. spikelets 
examined

Mean
value

Minimum.
value

Maximum
value

StaMard
error

Eragrostis
curvnle

154 4.6 " 3 10 ±- 0.1

Andropogon
encoraus

65 40.6 26 68 l . s H

Eragrostis
racemose

75 12.1 6 32 0.5

Erti grostis 
capensis

71 13.6 6 21 0.4

Monocymbium 
iceresiiforme

92 7.1 5 12 0.2
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SEED HEAD PRODUCT 108 FiiuM TWO COMMUNITIES
, x IN 1961/1962(a) Purple veld Total seed head production from ?0 quadrats

each of 0.25 metres

%

Species
Dates of sampling Estimated

7/12 25/1 21/2 23/3 2?/* 20/5 maxima®
T. hiapida 
E. racemosa 
E. r.rventcus 
T. spicatus
A. amplectans
B. serrata
C. excavatus 
E. capensls
D. biflora
U. aquarrosum
E. curvula
D. tricholaenoides 
P. natalense 
H. contortus 
Setaria sp.
H. hirta 
T. triandra

3l l22
k20
IS

111

270
24
14 
1 
9
15

2
5
1
1
2

169
29
3

132
I
3

23
13
21
4
14
4
2
2

I

1
1

(b) Eraerostls/Hvdarrhenla veld Total seed head production
25 quadrr ta each of 0.25 metres

Species
Dates of sampling

ZL/2/62 1/31/62 Estimated

E. curvula 
FT. hirta

229202
130
205 I

Observations indicated that for each species th> seed 
heads remained standing for long enough to ensure that the 
earliest heads did not fall over until seeding had virtually 
ended. Thus it is valid to estimate the maximum number of seed 
heads in the manner described.



21}
APPENDIX - PART TWO

QAW A A i m - Q F  h r a Q j m m

A Weston photometer which had receatly been refitted with 
a selenium receptor cell was made available in November 1961 * 
but the Instrument scale could only read to 250 foot candles 
(full sunlight being about 10,000 foot candles). The actual 
meter was enclosed d.n a portable wooden box of approximately 
b" x 8" x 3", and the receptive ceil was connected to the vox 
by several feet of flex. The holder of the cell was only 
deep with a breadth of less than 2n, so it could easily be 
Inserted into vegetation w.' h a minimum of disturbance.

It was known that If esistances of the order of 1,000-
2,000 ohms were incorporated in series between the receptor 
cell and the meter, readings of full sunlight could be regis­
tered on the scale. The problem was to cai -/rate the scale 
readings, with resistances in circuit, against the true light 
intensity.

The only other photometer available for calibration 
purposes, but not for field use, recorded up to 600 foot 
candles. Attempts were therefore made to calibrate the first 
mentioned meter with resistances in circuit up to this level 
and then to continue the calibration curve by extrapolation, 
but this could not be done with any confidence. An opal 
glass screen was in position over the top of the cell during 
this and all other attempts at calibration.

A Weston photographic exposure meter was than used in an 
attempt to calibrate the photometer. This meter moaserod 
light intensity in candles per eq. foot, and multiplication 
of this reading by four gave a reading in foot candles (Sangamo 
Weston rty. Ltd., personal communication). However because 
jf the screen in frost of the exposure meter cell light was 
only received from a limited field of view, compared with the 
wider receptive field of t *  photometer cell. Thus even 
though both instruments were pointed in the same direction,
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