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GENERAL INTRODUCTION

South Africa, like all developing countries, has a
rapidly increasing population which is steadily increa=
sing its standard of living. The inevitable result of
this unavoidable trend is & continuously increasing de=
mand for food. This increasing demand will soon reach
the stage where it places a servere strain on the agri=
cultural tand and agricultural industry of South Africa
to produce to potential. At this stage it will be im=
portant that all available arable land produce human
food as efficiently as possible. The production of
food directly from plant sources is considerably more
efficient than the conversion of plant crops fto animal
products for human consumption. Thus field crop pro=
duction will in time take precedence over |ivestock

farming for the arable areas of the country.,

South Africa has relatively little land which is
suited to annual cropping. It seems to be generally
agreed that no more than 15% of the land surface of
the country is potentially arable. It is 2also pros=
bably true to say that much of this land is already
cultivated for annual cropping. fn Turn much of this
cultivated land is already producing at levels somes=
where near theg potential of the land. The remaining
85% of the Republic must, due to limitations of ralnfall
and physiography, bs retained as veld or grassland.

What is the potential of this grassland and has this po=
tential been fully developed and utilized? ls it not
possible to meet the need for food, of the growing po=
pulation, from the as yet unutilized potential of this

grassland? Information on which to base answers to
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these questions is limited and has not been co-ordinas

ted and assessedu.

Radical veld improvement means the use of radical
measures (cu|vaaTion, overseeding and furTiIizaTion)w
-fn an attempt to develop the full production potential
of the veld areas. Tidmarsh (1966), Edwards (1966)
and Davies (1968) have indicated that the production
of the grassland of cerfaln areas of this country can
be improved considerably. However, as yet no surveys
have been made to determine the exftent of the areas
which can be Improved. Thus one of the aims of this
study was to produce, in very general terms, a map of
ths grassland potential of the Republic, Such a map,
if reliable, would provide some data on the nature and

ical veld improvement.

cL

scale of the potential for ra

The Highland sourveld of Natal, which has a high

rainfall, a rugged terrain and which is generally un=

suited for large scale annual cropping, is a good
example of grassland in which the full potential has
yet to be developed. T was for this reason, and be=
cause facilities for research, as well as much research

data, was already available, that a detailed investiga=
tion of the potential for the improvement of veld in
this area was instigated. The resesarch programme was
not initiated with the speclific purpose of studying
radical veld improvement but develcped in this direcs=
tion over a period of years from the tTime of establish=
ment of the Tabamphlope Research Station in 1936. The
period of research covered by this dissertation extends
from 1955 to 19€6, during which time the writer was ac=

tively engaged in research in the area,.



Thus the objects of this dissertation are fully
to assess the production potential of The non-arable
areas of the various ecologicel regions of the Repus=
blic of South Africa, to consider the possibilities
for increasing production to the potential of these
areas and, by way of example, to study the possibili=
ties for the meximization of producticn of Hatal
through radical veld improvement. Furthermcre, the
aim of the work reported here is to provide some in=
formation on methous of achieving this objective.
Finally, it is hoped that the whole will provide both
a stimulus and a starting point fo- further work di=

rected to ths realizaticon of this goal.



2. THE FUTURE FOR RADICAL VELD [MPROVEMENT IN SOUTH
AFRICAN AGRICULTURE

2.1 Introduction

I+ is estimated that the population of the

Republic of South Africa will reach 54 million af the
turn of the century (Barac, 1969). This is abcuft
three times the present populaticn. A breakdown of
this figure into racial groupings gives 35.5 million
Africans, 6 million Coloureds, 5 million Asiatics and
7.5 million Whites. This increa== in population willl
be paralelled by an increased demu: for food.

I+ must be assumed that there will also be a stea=

dy increasc in earnings of the non=-European population.
Such Increasod earnings will result in a demand for

more food per capita for these 47 million people.

Voster (1963) attributes the increases in the daily in=
takes per capita of calories from 2,456 to 2,879 and

of protecin from 68 to 62 grams between 1947 and 1962

to rising Incomes combined with rapid urbanisation In
the Republic. lihen the increase in population is cons=
sidered in conjunction with the increased incomes, a
four-fold Increase in the demand for food by the year

2000 does neot appear tc be unreasonable.

At present the position regarding the supply of
human focd in the Republic shows a fairly even balance
between exports and imports. Maize 1s exported (in
years of plenty but imported in drought years such as
1969) as are considerable quantities of sugar, fruit

and fruit products. There are no significant exports
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of edible grassland products inspite of periodic local
seasonal surplusses. Significant imports of wheat
and rice are made annually. in 1962, 72,000 and
48,000 short tons of wheat and rice respectlvely were

imported.

Bascd on the present systems of farming only re=
latively small increases in food production can be
expectec. Tcchniological advances in agricultural

producticn, Increased areas under cultivation and the

application of improved farming practices will un=
doubtedly go some way towards uli=viating the problem
of future food shortage. A smail increase in the

production of the fishing industry in local waters,
which provides an important scurce of protein, can
also be expected. Although only ten percent of the
total area of the Republic was cultivated In 1963, it
appears that this area is unlikely ever fto exceed
fifteen parcent, due fTo physical limitations (Voster,
1263).

I+ would seem tTherefore, that if the expected de=
mands for food are To be met, considerable reliance
will have to be placed on the remaining 85% of the
area of the Republic. The uncultivated land (veld)
is stocked up to and, in some cases, over its present
carrying capacity. Some improvement in production
from the veld can be expected if the potential carrys
ing capacity is realized by means of the application
of desirable veld management practices on a nation-
wide basis. Despite many repeated appeals to arrest
veld deterioration and soil erosion and to implement

veld management methods designed for reclamation of
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of the grassland vegetation fto its optimum condition
aﬁd restoration of the potential productive capacity,
little has been done. Even If these mesasures are
applied, as they must be if denudation is fto be avois=
ded, the increase in production will be small in re=

lation to the anticipated demand.

I+ would appear that, if thc demends for increas=
ed food production are to be met, some drastic chan=
ges In the farming systems will be needed in the future.
Pentz (1945) presented a detailed agro-ecological map
of the Republic in 1945, These surveys, in which he
recommended the application of farming systems deters
mined by the natural limiting factors, describe the
agricultural potential of the Republic as he saw it
over twenty years ago. At that stage, the possibility
of altering the natural factors other than soil fers=
tility, in order to alleviate limiting factors was not
considered in the context of a balanced farming system.
However, because of the predicted food shortages and
because of technical advances these possibilities now
warrant careful consideration. Pentz (1945) consi=
dered the naturatl factors limiting thg potential of
an area to be soil, climate, vegetation and topography.
It is, of course, nct feasible tco consider large scale
changes in climate and topography even though local
improvement can be achieved by irrigation and by cons=
structing terraces and contours., The sall, al¥hough
it can not be changed, can be improved considerably cn
a practical scale by the application of fertillzers,
The indigenous vegetation of our grasslands frequently
has genetic limitations which prevent it from making

optimum use of environmental conditions. Much re=



search work, the most recent of which is that of Ed=
wards (1966) and Graven (1967), has shown that the
partial or total replacement of veld by spcecies with a
greater genetic potential, when associated with fers=
tilization of the soil, results in a vastly increased
production in the higher rainfall areas. The advent
of the acroplane in agriculture, used for the spreas=
ding of fertilizer, herbicides and sced, also makes
the rapid development of large tracts of non-arable

land mocre practicable.

For these reasons it was considered that a reas=
sessment of the production potential of cur grasslands
was a8 matter of some urgency. In spite of & lack of
adequate knowledge and data, an attempt is made to pres=

sent such an assessment in the following section.

2.2 The production potential of the veld areas of
Spouth ‘Africa

Pentz (1945) emphasised the need for planned
farming on the basis of the type of agriculture to
which the area was best suited. "This must be based
in the first place on a knowledge of the vegetation,
soil and climatic conditions - particularly the Inci=
dence and distribution of rainfall, summer and winter
temperatures, altitude and topography, and in the ses=
cond place on a knowledge of the requirements for dif=
ferent types of stock, crops, pastures and timber.
Such a survey made on the broadest lines, would demo=
crate first of all the areas sultable for different
types of farming." (Pentz, 1945), Although the first

object of this section is to delimit areas in which



grassland farming systems can be considered, and not,

as was Pentz's concern, to define correct land utili=

zation in all agre-ecological regions, the approach to
the realization of the former objective lies also in
the consideration of the natural limiting factors de=

scribed by Pentz.

Although the distribution of the indigenous vege=
tation, as mapped in veld types, is a valuable indica=
tor of the potential of the vegetation in its undi=
sturbed state, it does not necessarily indicate the
potential of areas for production by means of radical
veid improvement. Such maps are usually based on the
distribution of the climax species, but it may well
be the pioneer species which determine the reaction
of the sward to certain radical veld improvement prac=
tices such as fertilization and introduced species
may be those to be used in complete replacement. On
the other hand, it may well be fthat the speclies pre=
sent in a particular veld type will influence the sucs
cess of overseeded species. Their growth habift,
their competitive ability and possibly root exudates
may act to the detriment or benefit of introduced
species. However, lack of information in these direcs=
tions necessitates the exclusion of such considerations.
It is probable that the vegetation, as classified into
veld types, can serve as a useful indicator of the po=
tential for radical veld improvement because it is a
tangible expression of the edaphic and climatic envis=
ronmental conditlons., such use of these maps must,
howsver, await the acquisition of more field data.

In a later portion of this chapter an attempt has been

made to relate the proposed classification for radical



veld improvement to Acocks' (1953) veld fypes.

Topographical considerations undoubtedly play an
important role in determining the grassland potential
of an area. The influence of altitude, aspect and
stope on climatic conditions is well known, Topogra=
phy is also important in that it may often determine
the most suitable method for grassland improvement.
However, because topographical changes take place
within short distances, particularly in the high rain=
fall areas of this country, it is an almost impossible
task to survey and map the country on a scale which
would reflect the influence of fopography on grassland

potential.

Soils fall inftfo much the same category as does
topography. In fact, 1in many instances local vari=
ations in soils and topography are closely associated.
Both the texture of the soils and their chemical com=
position are of importance in grassland improvement.
The texture is of significance in determining the soil
water regime and the erodibility of the soil. The
chemical composition (although it can usually be ames=
|iorated by the addition of lime or fertilizers) fre=
quently determines the range of plant species and le=
gume rhizobia which will succeed in a specific area.
It may determine the production of the successful spe=

cies, and in extreme cases (alkali) is related to the

stability of the soil. Unfortunately, however, be=

cause of the localized nature of soil variations, and
because of the possibilitics of modification by ameli=
oration and fertilization, soils are unsuitable as a

mappinag uni+t for Thic eclaccifiration nf ~ratmamAri Ae ~&



differing potential for radical veld improvement.

The parent material from which the soils are
formed is, except for local intrusions such as dole=
rite, usually distributed in a form suitable for map=
plng. However, in many of the higher rainfall areas,
climatic and thus topographic conditions override the
influence of parent material in soil formation (Or=
chard, 1954). Thus the parent geological formations
may have little influence on the grassliand potential

of a region.

Climatic factors, partly because of their over=
riding influence, undoubtedly play a greater role than
do other environmental factors in determining tThe suc=
cess of plants in an area. Precipitation and, fo a
lesser extent, the extremes of temperature are the

most significant of the climatic factors.

The season of the year during which the greatest
proportion of the precipitation falls, is of consequ=
ence in determining the grassland potential of an area.
Whether the rain falls during wintfer or summer not
only determines the effectiveness of the rainfall due
to variations in the evaporation rate, but also deters=
mines the plant species best suited to the area primas=
rily because of the photoperiod and temperature condi=
tions prevailing during the moist secason, For satiss=
factory growth, soil moisture, temperatures and photo=
periods must be near the optimum for the plant species
under consideration. Thus two regions which receive
the same total amount and form of precipitation, but

at different seasons. would be suited +a entiralwv



different plant species. The total amount of preci=
pitation (as well as its distribution) is perhaps the
most important single factor determining the grass=
land potential of an area. It is generally accepted
that most plant species have certain moisture ftolerance
ranges outside which they can not survive., Further
their production and competitive ability within these
ranges is determined by the available water supply.

The efficiency of the precipitation in maintaining a
favourable moisture regime for plant growth is modi=
fied by evaporation. It would appear that evaporation
rates are an empirical expression of the effects of
altitude, temperature and incoming radiation on the
moisture regime, and as such can be an aid to mapping
for grassland potential. Extremes of temperature are
of importance in determining the range of plant species.
In the wetter (>500 mm annual rainfall) reglions of the
Republic the incidence of high temperatures, appears to
be negetively related to the occurrence of extremes of
cold (frost incidence). Thus the latter appears to

be a satisfactory line of demarcation. Because of the
overriding influence of climate on othaer environmental
components, these climatic factors have been used as
the basis for compiling a map of the grassland poten=

tial of the Republic.

The report published by the Weather Bureau (Anon,
1960) divides the Republic into twenty-three rainfall

districts, and presents data giving the percentage of

the annual rainfall which falls in the summer between
October and March. The districts, when considered on
this basis, fall into three fairly distinct categories:

(1) The winter rain region consis+s nf +he £ire+



four districts all of which are situated in
the Western Cape Province and rececive less
than 33% of their total annual rainfall in

the summer.

(2) The all-year rain region includes disfricts
five to eight which lie along the southern
coast-line of the Cape Province and receive

more than 43% but less than 56% of their to=
tal annual rainfall in the summer.

(3) The summer rain region (districts nine fo

twenty-three) which comprises the rest of
the country, receives more than 66% of its
rainfall in tThe summer. In this regicon the
incidence of summer rainfall is greatest in
the north (up to 86% in the Transvaal) and
least in the south (down to 66% in the Karoo).

(Note: None of the districts receive between
34-42% and between 57-65% of their
rain in summer.)

These rainfall regions have begn used to provide
the basic division of the Republic of South Africa for

the purpose of this discussion.

The Weather Bureau (Anon, 1965a), presents a map
on which the coastal arcas and the Transvaal lowveld
are separated from the rest of the country, on the bas=
sis that these areas have an averagg¢ annual occurence

of less than five days with minimum temperatures below

0%c. This information has provided the basis for the
subdivision of tha summer rainfall region into "frost"
and "frost free" zones. The lines demarcating the five,

ten and thirty day per annum frost frequency zones lie



very close to one another and so fuirther subdivision

was not warranted. |+ was not considerad nccessary
to extend this division o the all year and winter rain

regions because the temperate plant species, which

D

dominate pastures in these regions, are adapted fto frost
conditions, A case could be made for demarcaiing the
small portion of the all-year rainfall region befwesan
Port Elizabeth and East London on tThis basis. T
area is suited to tfropical grass and legume species,
but it is small and the western boundary is at this
stage uncertain. Such 2 subdivision would bes more
appropriate in a more devailed classification of the

area than is undertaken here.

The total annual rainfall within each reggion
(Anon, 1957) has been emploved to sub-divide further
the regions and zones in relation to fTheir grassland
use potential. In This sub-division the average
annual evaporation, as reccrded from the Amsrican class

A tank (Anon, 1965a) has also been Teken in

To account.

(It is considered that this factor influences the ef=
fectiveness of the rainfa’'l). Fortunately rainfall

reliability and vartability appear 1o be closeiy res=
lated to ftotal rainriall. The former is positively
and the latter is negatively related to total rainfall

(Anon, 1960).

In an eariier publication the writer (Edwards,
1966) suggested a preliminary division of the Republic
intfo three veld use cutegories based on the potential
for grassiand improvement. These three categoriess were:
(a) wveld suited to management only, (b) areas suited

to veld reinforcement (overseeding and fertilization),



and (c) areas suited to veld replacement. Veld

management is achieved by making use of fencing to

control stocking densities and livestock movement and
by providing water facilities. Reclamation measures
may be ncecessary. These measures may include tThe re-

seeding of areas, but the process is distinct from
that practiced In radical veld improvement, in thet
the original cemponents of the sward are generally

resesded and not exotic species. Veld may be reins=

forced by the addition of improved pasture plants and/
or by the addition of plant nutrients by fertilizer

application. Veld replacement is the complete and

immediate replacement of veid on a large scale by im=

proved perennial pasture plants.

Since the date of this publication the term
"Radical veld improvement” has been coined. This

term, Radical veld improvemegnt, in the context of this

thesis is considered o include both veld reinforcaement

and veld replacement. Thus sach region or zone has
been subdivided into rainfall and svaporation areas

which correspond with one ¢f these three potential

veld use units.

In the winter rainfall regicn the 300 mm annual

.

rainfall isohyet has

L,

been accepted as the lcwer limit
to radical veld improvement, and consequently the
upper limit for veld management and reclamation.

This figurs was decided upon somewhat arpitrarily,
although at similar latitudes, with winter rainfall
in Australia it has been found +¢ be close to the
practical |imit to pasture improvement (Anon, 1965b;

Edwards, 1968). In the all-year rain region two



limits have been used. In the portion west of Port
Elizabeth with an average annual evaporation of less
Than 70 inches (1778 mm), the 400 mm isohyet has been
accepted as the lower limit to veld improvement,
However, in the area between Port Elizabeth and East
Lendon, with a higher evaporation (>70 Inches per
annum) the 500 mm annual rainfall ischyet becomes the
bcundary. These limits ars close to those suggested
for similar regions in New South Wales in Australia
(Anon, 1965b). tn the summer rainfall region fTwo
limits have also been used. On *he Drakensberg escarp=
ment and In the area east of 1+, 25 far as the Indian

Ocean, which has an average annual evaporation of less

than 80 inches (1932 mm), a lower limit of 500 mm
average annual rainfall has been set for radical veld
Improvement., Obtservations on the success obtained with

planted pastures in the river valleys of Natal and near

Stutterheim In the Eastern Cape indicate that this limit

is not unreascnable. West of the Drakensberg escarps=
ment (>80" average annual evaporaticn), the limit has
been set at 600 mm average annual rainfall, Hall,

Meredith and Altona (1955), and Visser (1966) state
that benefit from nitrogen fertilization is unlikely
to be obtainsd in the Highveld and in the Orange Free

State when the rainfall drops below 625 mm per annum.

The boundary between veld reinforcement and veld
replacement has becn placed along isohycts 200 mm (in
the Winter rain region) and 300 mm (in the other res=
gions) higher than the previous boundary. A lower
figure has been zlloczted to the winter rain region,
because this region has a much lower evaporation rate

during the rainy season, and thus the rainfall is much



ATLANTIC QLEAN

RHODERA

BOTSMANA / 23°
[ a0 MOCAMBIQUE
/‘ .-ﬁ - O = 250
/\‘\_\ﬂ/r\:.‘l‘" 1 ; 35°
\ /  S— » PRETORIA 33°
\ / .:‘Toumuuwge_ “ ‘Louuw.o MARGUES
5T AFRICA ( e = u\f,
SOUTH WED L“ *\‘ CWAZRLAND
L —27°
&9,’
) 3 INDIAN OCEAN
3J ] J i N
E
BLOFM"ONTF_*,.M ‘_ 290
LESOTHO 33
i FIGURE 1
GRASSLAND POTENTiAL
3i° oF
3 SQUTH AFRICA
REGION ZONE
S | WINTER RAINFALL
> ALL YEAR RAINFALL
N 6 3 SUMMER RAINFALL
EAST 29330 a Frosty
A -
17° 2 —) LONDON 32 Fros: Free
————___*.—:"1]‘- RACSLAND USE UNIT
il s GRACSLAND USE UNIL
CAPE TOW| - e TS —= Epgar ELIZABETH P R— i

35° 5°
u® Xy 25° 21°

= 2 wd Resnforcemsnt
O - 3. ved Replacement



Table 1

The ecological regions of South Africa

Size as % of

Region Zone Area Veld-use Unit total area of Republic
1. Winter rainfall 1.1 < 300 mm rainfall per annum Management & reclamation 8.57
(< 33% of total 1.2 300 - 500 mm rainfall per annum Reinforcement 1.49
vainfall n spemier) 1.3 > 500 mm rainfall per annum Replacement 1.06
Total 11.12
2. All-year rainfall 2.1 < 400 mm rainfall p.a. < 70" evaporation p.a. & i
(43 - 15%1% of total < 500 mm rainfall p.a. > 70" evaporation p.a. Poblgieant & rosimption Zaf
rainfall in summer) . " N
2.2 400 - 700 mm rainfall p.a. < 70" evaporation p.a. :
& 500 - 800 mm rainfall p.a.> 70" evaporation p.a. Reinforcement 1.5
2.3 > 700 mm rainfall p.a. < 70" evaporation p.a. &
> 800 mm rainfall p.a. > 70" evaporation p.a. el =]
Total 9.71
3. Summer rainfall 3.1 Frost 3.1.1 < 500 mm rainfall p.a. < 80" evaporation p.a. & :
(> 662 of total (> 5 minimum < 600 mm rainfall p.a. > 80" evaporation p.a. Hanagement & ‘reciamation e i
; tempergtures u
rainfall in summer) 8 3.1.2 500 - 800 mm rafnfall p.a. < 80" evaporation p.a. :
of < 0°C p.a.) & > 600 mm rainfall p.a. > 80" evaporation p.a. Reinforcement 1583
3.1.3 > 800 mm rainfall p.a. < 80" evaporation p.a. Replacement 7.49
Total 70.72
3.2 Frost-free 3.2.1 < 500 mm rainfall p.a. < 80" evaporation p.a. & 1 :
(< 5 minimum < 600 mm rainfall p.a. > 80" evaporation p.a. Management ¥ reclamstion <89
Kenpergtures 3.2.2 500 - 800 mm rainfall p.a. < 80" evaporation p.a.
of < 0°C p.a.) ; : !
b & 600 -~ 900 mm rainfall p.a. > 80" evaporation Reinforcement 2.65
p.a.
3.2.3 > 800 mm rainfall p.a. < 80" evaporation p.a. &
> 900 mm rainfall p.a. > 80" evaporation p.a. Replacsmant T
Total 8.44

(1 inch = 25.4 mm)

"2e
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more effective. Veld replacement requires wetter con=
ditions for success than does veld reinforcement, This
is because the remnants of the indigenous flora which
are retained when the veld is reinforced, are generally
more drought resistant than the species used in veld
replacement. Thus, even in very dry seasons, there is
always a fair proportion of the plants which survives

and sometimes produces, whereas the introduced speclies

may all die leaving the grazier without feed and with
bare soil which is subject to erosion. The higher
rainfall limits for veld replacement, and the greater
reliability of the rainfall at these levels, thus en=
sure a stable grassland even in drought years. Obsers=

vations on the margin of the Highland sourveld indicate,
that in this area at least, an average annual rainfall
of 800 mm is the lower limit for successful long term

plantings of many improved pasture species.

A map of this classification as applied to the

Republic (See Figure 1) is presented and the system
of classification is summarised in Table 1.

It is emphasised that these are only general
boundaries, and that local variations in soil, topos=
graphy and climate will alter conditions considerably.
Further, in calculating the relative size of the re=
gions, zones and units cultivated land has been inclus=
ded. A ftrue picture of the amount of veld involved
in each area would necessitate the subtractlion of the
amount of cultivated land.

As has been stated previously the vegetation, as

classified into veld types, may provide a valuable in=
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dicator to the potentlal for grassland intensification
in an area. However, at this stage insufficlent in=
formation is available, on the response of planted
species In each veld type, to make use of this Indica=
tor. In an attempt to add tc this knowledge the sug=
gested classification has been compared with a group=
ing of Acocks! (1953) veld types into formations.
Booysen and Taintgn (Undated) have grouped these veld
types into five vegetation formations viz. Fynbos,
Karrooc, Savanna, Grassland and Forest. The number

of veld types of each formation which occur in each

region or zone are given In Table 2.

Table 2.

The distribution of Acocks! (1953) veld types in
each vegetation formation among the reglons

and zones in South Africa

Number of veld types

Winter R P T Summer rain region

Formation rain ool Frosty Frost free
4 rain region

region zone zone
Fynbos 5 3 = 3
Karroo 7 6 11 -
Savanna = 1 8 4
Grassland = - 20 oA
Forest - 4 5 7
Total 12 14 44 11

The veld types In the Fynbos formation are con=

fined to the winter and all-year rain reglions, while

the Karroo formation is present In all except the fros+-
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free zone of the summer rain region. The Savanna fors
mation is confined to the summer raln reglion, except
for the Valley Bushveld (Veld type 23 of Acocks) which
extends into fthe all-year rain regicn, The Grasslana
formation is confined to the frosty zone of the sumner
rain region, while the Forest formation Is absent ia

the winter rain region.

In Table 3 the number of veid tTypes of each fors=

mation which occur in each grassland use unit are given.

Table 3.

The distribution of Acocks' (1953) veld types in
each vegetation formation among the grassland

use units in South Africa

Number of veld types

e P xili Eigagzz Radical VYeld Improvement
clamation Reinforcement Replacement
Karroo 24 - S
Savanna 6 7 =
Grassland 6 11 3
Fynbos 1 7 1
Ferest ~ 7 9
Total 36 32 13

The Karroo formation is confined to the veld mas=
nagement and reclamation veld=-use unit, while the
Savanna formation does noct extend intc the intenslive
veld replacement unit. Veld types of the Grassland

formation occur In all three land use unlts, but the
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Fynbos formation is mainly in the veld Reinforcement
unit. Ths Ferest formation is confined to the Radi=
cal veld improvement unifts. Thus it would appsar

that the major vegetation formations are, to a certsin
extent, associated with the proposed reglons and gr.:s=

land-use units.

2.3 The implications of large scale intensification
of agricultural production by radical veld im=

provement

The urgent need for increased food produc=

tion in the near future in South Africa was dlscussed
in +he lotroductiaon *o Fhis Secticn. It appears that

most of the extra food required will have to be pro=
duced from the 35% of the Republic which enjoys fa=
vourable rainfall conditions. ln particular The
greatest scope for development appears to lie in the
20% which has a high rainfall and which is not nor=
mally conzidered to be arable and thus is at present
largely undeveloped. However, the 65% of the Republic
with a low rainfall should also not be neglected.

This area must be conserved and in many Iinstances re=

claimed to its original productivity.

The primary concern of this dissertation is the
undeveloped high rainfall area which comprises 20% of
the Republic. The lack of development in this area
is due to steep slopes or stoniness or shallow soils
or excessive accumulation of water, which make it un=
suitable for cultivation and annual cropping. I+ is
probable that the required future increases in food
production will depend largely on these areas. An

estimate of the effects of the development of this areas



..27_

velopment will result in marked social changes in the
rural areas concerned and will have considerable ecv=

nomic implications.

The development of the grassland potential of
this 20% of the Republic would result in a conslider~ole
increase in production. Increased herbage yields
resulting from the use of improvad plant species and
better plant nutrition, would result in a larger num=
ber of livestock being successfully carried per unit
area. The improved plant species and thelr balanced
nutrition, would result in an improved nutfritional
quality and palatability of the herbage requiring a
high animal potential for optimum utilization but
more rapid and greater returns of animal products.
These pastures should provide a more equitable distri=
bution of herbage producticon and conseguently animal
feed over the year, This distribution of production
would be¢ achieved by the selection of suitable plant
species and by the judicious appiication of fertili=
zers, and would reduce the winter feed requirements
of the livestock. As much of this winter feed con=
sists of the products of arable lands, more land would
then became availeble for the direct production of
human food. It would appear to be rcasonable to pres=
dict about a three-fold increase in the output of anl=
mal products from thc 20% of the Republic which is

undeveloped and hes a high rainfall,

At present many farms in the high rainfall areas
are large and are grazed extensively. Under such an
extensive system of farming, management and labour tend

to be inefficient. The large areas may preclude
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adequate coverage of breeding stock by rams and bul'ls,
which due to the large distances to be walked and
relatively low nutritional plane can not perform effis=
ciently resulting In low calving and lambing percentages.

Animals arc seen Infrequently and lack of condition or

sickness are often noted when it is too late. Labcur
spends much time travelling to and from work, and pro=
ductive work hours are |low, Internal roads are gene=

rally poor or expensive to malntain resulting in In=
creased transpert costs per unit of product. Fencing

and other capital costs are also high per unit of pro=

duct. Intensification of the area would result in
more ¢fficient livestock and farm management and mors
efficient use of capitel and labour. Economic units

for intensive grassland farming would be smaller and
because more units would be available this should halt
and might temporarily reverse the drift of manpower
from the ‘and.

The full development of this grassland potential
with its subseguent Increased production will require
large inputs of capital. Twenty percent of the area

of the Republic, which is the estimated area to be
developed, amounts to 94,600 square miles or about
28.5 million morgen (24.4 million ha). Development
of this area would require fertillzer, seed, watering
and animal hurbandry facilities and additional |ives=
stock., An estimate of the fertilizer requirements is
an average of 150 Ib N, 50 Ib P, 150 Ib K and hal f-a-
ton of lime per morgen (79.5 kg N; 26.5 kg P; 79.5 kg
K and 529.5 kg lime/ha ) per annum, This at present
day prices (Limostone ammonium nitrate 26% N - R40.95

per ton (907 kg), Superphosphate 8.3% P ~ R23.60 per
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ton, KC1 50% K - R34.70 per ton and agricultural lime
at about R2 per ton) amounts fto an initial capital in=
vestment in fertilizer alone of R25.50 per morgen.

An increase of the carrying capaclity of the grassland
from an averagce of about two, to 2/3 morgen (1.7 tfo
0.57 ha) per MLU for the grazing season, means the
purchase of an extra aninal (= R120) per morgen (0,86
ha). These two items, fertilizer and livestock,

alone mean a capital input of R145.5 per morgen, which
over the arca to be devaloped amounts fto over R4,000
million, However, as the development would ftake place
slowly, much of the additional capital requirements for
further development could be provided by the additional

profits.

An intensified grassland farming system would
simplify agriculfural rescarch and the advisory, ser=
vices could be used more efficisntly. At present
the extensivc use of much of the high rainfall grass=

land allows a great diversity of grassland practices

and types of livestock to be employsd with success.
More intensive farming is likely to narrow the range
of successful practices. Thus the range of the ro=

search worker would be narrowed as would the breadth

of knowledge required by the extension offlicer, which
should lead to & semblance of specialization in this
field, Such specialist knowledge can only be of bene=
fit to the farmer. Further, the extension officers!
time could be usacd more productively with many more
productive units being covered in the same time where

there are more intensive farming units,
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From a purely agricultural polnt of view much re=
search is necessary in these areas. It is, however,
clear that the whole enterprise depends largely on the
supply of adequate nitrogen to the grassland. [t will
have to be determined whether fthis nitrogen will come
from the "bag" or from Rhizobium via the legume. b ¥
appears that both sources will play a role, the extent
of which will depend on environmuntal conditions, the
economic climate and the type of livestock used fto uti=
}ize the grasslands. All these and other factors ass=
sociated with the development require urgent investigas
tion. This Is no research project for a number of
scattered individuals; all disciplines associated with
the production and utilization of grassland should work
tfogether on the problem. This requires a co~ordinated
effort in the area of development. It seems obvious
that the most favourable situations should be developed
first, and consequently research should be directed

towards these areas Initially.

More Intensive farming untis would result in
increased population densities in the rural areas,
which in furn would eventually result In improved school=
ing facilities, soclal amenities and transport facili=
ties in tThese arecas. Greater opportunities would exist
for co-operative cndeavours such as joint cwnsrship of
expensive, neocessary, but seldom used, capital aquip=
ment and for the use of artificial insemination to ims=
prove |lvastock. A further benefit of this increased
rural population, in areas which at present sparsely
populated, would be in the improved internal defence of

the country.
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The management of intensive high producing grasss
land requires technical knowledge and skill as does the
management of thc highly productive livestock when con=
fined toc small areas. Under this system of farming,
managerial ability is of considerable importance in
determining the profitability of an enterprise. There
is doubt as to the present lack of ability of the aver=

age South African farmer to manage adequately on an

intensive grassland farming unit. He has no recent
tradition of this type of farming (Edwards, 1966).
This skill can undoubtedly be developed under suitable

guidance, but this factor requires consideration be=

forec embarking on such a programme.

The increased population in the rural arecas means
a drain on the slender resources of skilled and simi-
skilled labour in the country. Imigrants from in=
tensive grassland farming areas in Eurcpe and iNew
Zealand might case this position and may also provide
some of the expoerience required. This increased po=
pulation will in turn result in an increased demand
for housling, social and transport facilities. These
facilities will be strained to capacity throughout thea

country as z result of the population explosion.

Thus the development of the full grassland poten=
Tial of our stseper high rainftall argas could result

in an agricultural revolution, which would almcst

certainly invelve the urban population as well. What
stimulus is required to trigger this off? The main

problem restricting the Intensification of the high
ralnfall, non-arable areas in South Africa is an econo=

mic ong. There are a large number of young vigorous
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men who would dearly love to "go farming" but are
frustrated in this desire by a lack of capital. These
are the group who, when adequately frained by the
Agricultural Colleges and Agruculfural faculties of
our Universities, is required to set an intensive grass=
land programme on a sound footing. Few can afford
the immense caplital outlay (probably @ minimum of
R50,000) required for farming, and those men of sub=
stance who have such capital Tind the lew returns on
investment (often less than 5%) unattractive, Il n=
vestments .in land today are frequently In the nature

of a "hedge"

against erosion in the value of the Rand,
and sometimes a means of offsetting profits for income-
tTax purposcs. Unfortunately littlec suitable crown
land is available for allocation to suitable candidates,
while loans even at low interest rates do not appear to
offer an adequate solution — immense bonds do not offer
a congenial climats for the development and intensifi=
catlon of such a hazardous enterprisc as farming.
Perhaps the solution may be in the hands of the land=
owners themselves, Many farms in regicns suitable

for intensification are too large t¢ be managed by the
farmer alone if they were to be developed to thzair

full potential, An apprentice manager could assist

in this doveleopment and could receive undceveloped land
in lleu of part of hls wages. The farmer could be
compensated, by the state, by a subsidy on every morgen
of non—~arable land developed to improved grassland.
(Payment of subsidies following an inspecticn three
years after establishment of the pastures, should en=
sure adequate pasture management and fertilization),
Intensive and attractive publicity backed by research

results and sdequate demonstration would be required to



ensure success. It has been suggested that an In=
crease in meat prices would solve the whole problem

of grassland intensification. However, it is doubt=
ful 1f adequate Increases could be justified in the
face of overseas competition which, reportedly, can
land meat at our parts cheaper than our present market
prices. Consumer resistance may also play a role in
destroying the beneflts, To The farmer, of increased
prices. It is suggested that more efficlent produc=
tion methods and conscquently lower costs Is a more

realistic solution to the problem,
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3. THE POLICY, PROBLEMS AND PROGEDURES OF RADJCAL
VELD IMPROVEMENT IN THE HIGHLAND SOURVELD OF NATAL

o T Introduction

In the first portion of this dissertation an
attempt has been made to indicate the importance, to
the country, of estimating the potential of our grasss
lands. A preliminary map, dividing the grasslands
into three productlion potential classes in each of
three recgions, has been produced. The development of
the potential of these areas is, in the first place,
dependent on the results of research work directed
Into this field of study. The object of tThis research
work is to verify the hypothetical production potens=
tials, and t¢ detormine the most practical and econcmic

means of developing the potential.

Ide2ily, such a research programme should be
initiated on 2 broad front, To a certain extent
this is being done by the widely spread network of
rescarch stations of the Department of Agricultural
Technical Services. However, it was considered that
more intensified research into radical veld improves=
ment was necessary. As such a programme of research
into methods of intensification could not be undertaken
in all regions It was dJdecided to concentrate on cne
particular area. This area was the Highland sourveld
of Natal in which is situated the old established Ta=

pamhlcpe Agricultural Research Station,

The Highland scurveld and the Tabamhlope Research
‘Station both fall within the portion of the Summer rains

fall, frosty zoune which is suited to veld replacement
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(Region 3.1.3) — a zcne with a high grassland potential.
The choice of the sample area is thus, consistent with
the suggestion that the areas of highest potential
should be davelopad first. Despite the fact that the
Highland sourveld of Natal enjoys a high and rellable
rainfall, this area is not suited to large-scale annual
cropping. Thls is primarily duec to the limitations
imposed by climatic, edaphic and topographic factors.
The growing scason is too short for optimum production
of most cash crops. Sclls in the arza ere frequently
too shallcw, stony or water-loggsd to permit success=
ful annual cropping. The topography of the arca
varies from undulating to rugged but for the most part
slopes arc too steep for the cultivation of annual
Crops . Thus large scale cultivation of the Highland
sourveld landscape would almost certainly cause extens
sive soil losses through erosion, increased pollution
of the water In the rivers arising in this region and

a less stable flow of water in those rivers. The con=
sequences of these effects would be nct only a seriocus
decreasc In the agricultural potential of the area but
also severe dlfficulties for industry in Natal fto the
extent of curtalling industrial development. This

is because the rivers on which the industrial develop=
ment of Natal deponds arise in and are fed mainly from
the Highland sourveld. I+ scems clear that other than
in localized arcas, the most suitable ferm of land use
In the area is the production of perennial pasture crops
for use by grazing animals., Pasturc production would
be less limited by the short growing season than would
cash crops. In addition they afford the best means

of conserving the soil and ensuring the continuation

of plentiful and stable water supplies.
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There were further advantages to the Inltiation
of a research programme on intensification of produc=
tion in the Highland sourveld. The area has been well
covered by surveys. Pentz! (1945) agro-ecolcgical
survey was followed by Acocks' (1953) vegetation survey,
and by the more detailed vegetation (Edwards, 1967) and
soil (reference) surveys (v.d. Eyk, iacvicar & De Vil=
liers, 1969) of the Tugela Basin undertaken under the
auspices of the Natal Town and Regional Planning Com=
mission. The Tabamhlope Rescarch Station was establish=
ed in 1936 and a comprehensive report on Its research
activities up until 1948 is containad In Scott's (1951)
thesls. The Estcourt Research Complex with its head=

quarters at Estcourt, and of which Tabamhlope Research

Station Is a unit, was reasonably well cquipped with
facilities for such a research programme. Perhaps
more important than all these factors, was the favours=

able atmosphsre for intensive grassland research which
had been developed, over a number of years, by those in
charge of rescarch in the area. It was all these fac=
tors, together with the development of an agro-hydro=

logical research programme in the area, whlch dictated
the suitibility of Tabamhlope Research Station for the
development of an intensive radical veld improvement

research programne.

From the start it appsared probable to research
workers at the Tabamhlope Research Station that the
indigenous grassland in its undisturbed state could
not make use of the full potential of the area.
Preliminary trials, carried out on the fertililization
of grassland and on the introduction of improved plant

species, indicated that this area had a potential for
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grass production which was considerably greater than
that of well managed veld. Farmars in the Highland
sourveld had also achleved some success with a number
of small areas of Improved pastures. Thus the stage
was set for more Intensive investigations into ways
and means of developing the full grassland potential
of the Highland sourveld. Initially, due to The
limited fertility of the highly leached soils, attents=
lon was focussed on the fertillzer requirements of
adapted pasture species. These trials, which were
based on the experimental data obtained from ftrials
with annual crops by Scott (1951) and Orchard (1960),
provided information on tho requirements of grassland
crops for the major plant nutrients. This was followed
by cultivar trials of adapted pasture spocies. The
experimental programme up until this stage had been
carried out on arable soils on reasonable slopes.

In 1962, however, the grassland research programme at
Tabamhlope Research Station was switched to a steepeor
non-arable site. This was the first definite attempt
to orlentate the resecarch programme to the development
of non-arable areas by radical veld improvement, al=
though years previously large areas of pastures had
been planted on stecper slopes on the Research Staticn.
From 1962 onwards the pasture research programme on
thls Research Statlion wazs aimed at the development and
gvaluation of practical techniques for the introduction
of improved plant specics, chiefly legumes, Into the
veld. Minimum Tillage ftechniques of seed-bed pre=
paration for moderate slopes werc investigated, as
were the use of herbicides, heavy dressings of nitro=
gen fertilizer and trampling with cattle as aids to

establishment of pastures on less favourable terrain.,
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Because competition from the natural veld proved to

be the main factor limiting the success of oversown
species, the effects of grass cover on the establishs=
ment of thesc species was investigated in some detail.
Due to pre-occupation with these phasss ¢f the develop=
ment of grassland, the investigaticns into the fortilis=
zetion of veld were confined to 2 single experiment.
Further investigations in this directicn, and alsc

into the grazing management and utilization of overs=

secded veld were planned for the future.

3.2 The vegetation and environment of the Highland

sourveld

The boundaries cf the Highland sourveld in
Natal were delimited by Pentz (1945). Thase bounda=
ries are similar to thosc of Highland socurveld and
Dchné sourveld (veld type 44) of Acocks (1953), The
Tabamhlope Research Station is situated ncar the
northern edge of the main central block cf Highland
sourveld in Natal at about 29°39%'c¢ast longtitude and
29902 south latitude.

The climate, physiography and vegetation of the

area are described briefly in the sections that follow,

3.2.1 Climate

Unfortunately, there Is a lack of meteoro=
logical date from the Highland sourveld in the vicinity
of the Tabamhlope Research Station. Data collucted
by Scott (1951) Indicate that the annual rainfal!l in
the Highland sourveld of the Drakensberg Soill Consers=

vation Areca is between 32 to 45 inches (8cc to 1125 mm).
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There are usually between 83 and 109 rainy days annual=
ly on 20 to 30 of which, over half-an=~inch (12.5 mm)

of rain fallis. Scott (1951) also found that the rains=
fall in the Highland sourveld was more reliable than
that of the adjoining Southern Tall Grass Veld (veld
type 65 of Acocks, 1953). The average annual rain=
fall on the Tabamhlope Research Station is in the region
of 1000 mm.

The research station falls within rainfall district
18A (Anon., 1960) in which 82.3% of the totel rainfall
falls from October to March, and which has a low varia=
bility (V=0.143) and a high reliability (R=0.862) of
rainfall. The percentage of droughts (l.e. the number
of "drought months" axpressed as a percentage of the

total number of months covered by the available data)

in this rainfall district is 2.5%, which is lower than
all but one of the other twenty-six districts, and sub-
districts, in the Republic. Drought months are re=

corded when the moving twelve-mconthly totals of preci=
pitation fall below 75% of the annual average. The
rainfall of the district can, therefore, be considered
To be very reliable. Occaslicnal snow falls have been
recorded on Tabamhlope Research Staticn, but the in=
terior and more southerly portions of the Hlighlanc

sourveld experience fairly frequent falls In winter.

Scott (1951) reports that the mean maximum tems=
peratures of all the months at Nottingham Road (about
30 miles south-cast of Tabamhlope in the Highland sour=
veld) were below 32°C (90°F)., The winters are cold
at Tabamhlope, temparatures of -15°C (5°F) have been

recorded in a Stevenson screen four foot above ground
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level. Frosts are frequent in the area and have been
experienced at Nottingham Road during elght months of
the year. December, January and February are the
hottest months, and June and July the coldest (Anon.,
1965a).

The research station falls within the zone ex=
periencing less than 1524 mm (60 inch) of evaporation
per annum (Class"A" pans), and is thus in one of the
lowest evaporation zones in the Republic (Anon., 1965a).
However, observation suggests that this evaporation
zone should be confined to the borders of the Natal
midlands mistbelt (The Ngongonl sourveld of Natal).

The Tabamhlope area, and indeed most of the Highland
sourveld, has less mist and consequently higher evaps=

oraticon rates than the mist belt.

3.2.2 Fhyslopraphy

3.2.2.1 Topography

The topography of the Highland sourveld
is described by Pentz (1945) as undulating. As
topography plays an important role in dJdetermining the
limits of cultivation, and the techniques used in
veld replacement and improvement, it was considered
desirable to obtain detailed data on this feature In
the Highland sourveld. A sample area of over
145,000 morgen in the vicinity of Tabamhlope Research
station was selected for this study. The area com=
prised the Highland sourveld portions of three exlsting
or proposed Soll Conservation Districts (viz. Lowlands,
Mool River Valley and Kamberg). Some 28,000 morgen

of this area, chiefly in the Kamberg Soil Conservation
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District, were eventually omitted from the survey be=
cause suitable scale maps were not available. Bantu
areas, Impinging on the Districts, were also omitted
because it was hoped, at a later date, to correlate the
results of the survey with those obtained from a quest=
ionaire to farmers. The area surveysd stretches from
the Tabamhlope Research Station in the north fto Notiing=
ham Recad In the scuth, and from the Giant's Castle Game
Reserve and the Forestry Rescive of the Drakensberg in
the west to approximately the Estcourt-Mool River-Not=
tingham Road main road in the east. The actual area
is shown in Figure 2. The altitude of the area surs
veyed varies from 4400 ft. at Willow Grange to 7000 ft
at Spioenkop. However, most of the area lies betweun

4500 and 5500 ft above sea level.

The area was sub-divided on the basis of the per=
centage s!ope because the extent to which complete
cultivation and purtial soil disturbance can bes prac=
Ticed without danger of soil ercsicn is determined
largely by slope. Further, the feasibility cf making
use of implements and tractors for fertilization and
sgeding is also determinec by this factor. Thus a
division of the area into categories on the basis of
slope would enable suitable establishment techniques
to be investigated and developed for each category.
The relative areas of cach of these categories would

alsc aid In determining research priorities.

Difficulty was exparicnced in deciding upon the
most suitable Loundaries. For example, the recom=
mended limiting slope to safe cultivation appears cften

to depond on the relative abundance, or scarcity, of



flat land in the country concerned. Ayres (1936)
and Kohnke and Bertrand (1959) consider a 12% slope to
be safe for cultivation, provided adeguate protectlive
constructicns (contours and terraces) are made.
Sampson (1852), however, points out that factors such
as the scoll and the crops to be plantec should exert

a considerable influence. Gerickae, Grovler & v.d.
Merwe (Undated) used the permeability cf the soil as

a basis for recommendations on the spacing of contours
and the percantage of by crops fTo Le grown. Rainfall

intensities should also be taken intoc consideration.

Based on these thoughts the following five categ=

ories were decided upon, admittecly scmewhat arbitrarily.

(1) Slope <6%h. These areas are suited to annual,
row-crop cultivation, with protective measures
as the slcpe increases.

(2) Slope 615 to 124%. These areas are suited
to restricted cultivation, with protective
measures, on the more porous soil types.
Extensive use should be made of cover crops
and on less porous soils vegetation removal
should nct be complete.,

{3) Slope 12¢4% To 25%. Very llght soll disturs
bance and only portial vegetaetion removal

is permissitle. This area is not easily

accessible to implements.

(4) Slope >25%. Inaccessible to implements but
often accesslible to Jivestock and from the
air,

(5) Vlieis. (Marshes). Inaccessible to Imple=

mants except for short perlods or after draln=

age. Drainage operations should not be un=



Table 4

Topographical survey of the Highland sourveld sample area. Area (morgen) in each of five categories

(1 morgen = 0.8565 ha)

Category.(% Slope)

Area and '
map reference 0-63% 63-123% 123-25% > 25% ¢ Viei -Total
(morgen) (morgen) (morgen) (morgen) (morgen) (morgen)

N' tabamhlope 5,521 5,165 5,818 7,533 1,008 25,045
2929 BA (Portion)

Estcourt 12,434 8,136 6,741 4,113 1,162 32,586
2929 BB (Portion)

Mooi River 25,554 9,988 10,700 5,606 1,314 53,162
2929 BD (Portion)

Howick 3,951 1,342 665 210 466 6,634
2930 AC (Portion)

Total 47,460 24,631 23,924 17,462 3,950 117,427

Percentage 40.42% 20.98% 20.39% 14.87% 3.36% 100.00%
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The technlque followed in demarkating The areas

is described below:

Large scale topo-codastral maps (1 in 50,000 for
maps 2929 BA and BB, and 1 in 18,000 for maps 2929 BD
and 2930 AC) were obtained and the boundaries of the
sample area demarcated. The first step was to colcur-
in all areas with a slope greater than 254 (i.e. where
the contours on the map were closer than a specific
distance appropriate tc the scale and the slope).

Next the arecas with a slope of 123% to 253 were demarcs=
ated by shading a dJifferent cclour all remalining un=
coloured areas with a slope greater than 123%. The
6% to 123% slope was demarcated similarly by shading
the uncoloured areas with a slope greater than 64%.

The vlels, as indicated on the maps were alsv coloured.

The slopes of less than 64% were then represented Ly

the remaining uncoloured areas. The total area of
each categery was then measured by means of a plani=
meter, and the results expressed in morgen. In

Table 4 the area of cach of the five categories, on
each map sheet, as well as tho percentage of the total

area occupied by each category is given.

The forty percent of the area which has less than
64% slope is, due to minor depressions, stones and

shallow soil, an overestimaticn of the arable area.

Thus, well over 60% of the area can be considered as
unsuitable for a annual row crops. A small, but sig=
nificant, area (nearly 4000 morgen — 3426 ha) is

covered by vieis.



J.2-2.F Golls

The parent material of the majority of the
soils of the Highland sourveld is the Beauford beds
of the Karoo system, with small but significant in=
trusions of Delerite. In This area the climate has
had a very strong influence in the development of the
soils, and generally overrides the effect of the

porent material (Orchard, 1954),

In the soil survey of the Tugela Basin more than
one hundred distlinct soil serles are recognised
(Ludorf, 1966). The authors of ths "Soils of the
Tugela Basin" (v.d. Eyk, Macvicar & De Villiers, 1969)
have grouped the series intfo soll associations, of
closely related series, which in turn have been group=
ed into three major soil groups "... on the basis of
their occurrunce in three separate physiographic
climatic or ecological regions, (v.d. Eyk, 1965) of

the area as follows:

l. The Highlands, Midlands Mist Belt and humid
Coastal Hinterland, forming on landscapes
with highly leached soils.

b, The Interior Basin and sub-humid Coastal
Hinterland comprising landscapes with con=
siderably, moderately and slightly leached
solls,

1% The Interior River Valleys and lower Tugecla
Valley, forming the landscapes with slight=
ly leached or hardly lecached soils.

The principal distinguishing feature between these

major groups is the degree of leaching". (Ludorf, 1966).



Table 5

Summary of the soils of the Highlands, Midlands mistbelt and Humid costal hinterland (from Ludorf, 1966)

A. Red-Highly leached

B. Yellowish Brown-Highly leached

C. Acid Hydromorphic

A.. Balmoral-Farn-
ingham association
(> 35% clay & = 50% sand)

. Broadmoor-Hutton
association
(< 35% clay & > 50% sand)

B,. Helpmekaar-Griffin-
Clovelly association
(Clayey > 35% clay)

B,. Cleveland-Oatdale
association
(Sandy nature)

(1) 1. Balmoral series
2. Tabamhlope series
3. Farningham series

(Deep, well drained, stable)

(2) 4. Clifford series

(Not so well drained.)
shows hydromorphism

(3) 1. Broadmoor series
2. Hutton series

(Light, subject to)
wind erosion

(4) 1. Farmhill series
2. Helpmekaar series

Dolerite, High organic
matter, strong structure,
good infiltration, deep
stable.

(5) 3. Lidgetton series
4. Griffin series

Shales, High organic
matter, Strong structure
good infiltration, mod-
erately deep.

(6) 5. Normandien series

(Hydromorphism. poor)
drainage.

(7) 6. Clovelly series
7. Cranwell series
8. Mispah clayey series

Shallower, poor structure,
poor drainage, wind
erosion.

(8) 1. Cleveland series

Deep 4-5 ft, clay, weak
structure, low organic

matter, sandstone, sus-
ceptable to erosion.

(9) 2. Oatsdale series
3. Mispah sandy series
4. Noxmanci series

Shallower, Low clay %,
erosion hazzard.

(10) 1. Ivanhoe series
2. Champaigne series

(Peat, very erodible.)

(11) 3. Katspruit series
4. Emmas series

Organic matter % high,
High flow of floods

(12) 5. Dell series

(Sandy, very erodible).

A
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Table 6.

Percentage of various soil associations in the Highland
Sourveld sample area. (From Soils of the Tugela Basin:
(2929 B (Sheet 12))

Mapping unit ¢ of
sample

Soils of the Highlands and Midlarnd mistbelt

A1 Red apecdal soils, low In bases - Clayey: 15.25
Balmoral = Farningham

A2, Red apcdal soils, low In bases - Loamy: 18.26
Hutton

B, Yellow apedal soils, low in bases -
Griffin-Covaclly Clayey: 7

B2 Yellow apcdal soils, low in bases-
Oatsdale-Cleveland Loamy: w57

Ci1 Acid gley soils= Clayey and loamy: 7.82

Katspruit

Soils of *he Intorior Basins and sub-Costal Belft

D1 Red, zpedal & structurcd scils, non-
calcareocus - Clayey & Loomy: UadB
Doveton-Shortliands-Msinga
Ey Yellow, apedal, overlying a plinthic
horizen - Clayey & Loamy, with sofft
plinthic horfzon: Avalon-Bergville 2.70
Hi Margalltic & non-margalitic gley soils -
Clayey & Loamy: Rensburg-Willowbrook-
Killarney-Estecourt=Uitviugt 0.66

Miscellaneous soil & Land Types

Ly Claysy, Lcamy & sandy soils of alluvial
land: Maputa-Harris A R

M Stony land, stesp land or land with very
shallow soils D TE

N Mountainous land, mostiy steep, but in=
cluding inaccessible land of high plateaux 4,70

Total 100.00
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Ludorf (1966) has divided the highly leached soils in=
to three main categories and twelve major land use
units. This subdivision, together with some of the

characteristics of the soils, is presented in Table 5.

By courtesy of the Natal Town and Regional Plan=
ning Commission, the writer has had the privilege of
a preview of the map sheet covering the Tabamhlope-
Nottingham Road area from the Tugela Basin Soll Survey
before it was published. The area covered by the
topographic survey (section 3.2.2.1) was outlined on
the soil map, and the percentage of the total area
covered by each of the mapping units in it was deter=
mined. Ludorf (1966) explains that it was Iimpossible
to map individual soll series on the 1:100,000 scale
used, and thus only soll associations were mapped.
Steep land, stony land, land with shallow solls, and
mountainous land supplied a further two mapping units.
The mosaic of colour presented by this map (inspite of
these groupings) supports the previous, contention that
soil differences, like topography, can be used only on
the scale of a single farm plan or surveys such as
this. The larger grouping such as the three physio=
graphic-climatic regions |s more appropriate to the
scale used In demarcating the grassland potential
reglions. The percentage of the sample area covered

by the varicus mapping units is given in Table 6.

It will be seen that only a very small proportion
(<3.6%) of the solls in the sample area fall outsicde
Highlands and Midlands mistbelt physiographic-climatic
regicn. These exceptions generally occur near the
boundaries cof the sample area with the Tall Grass Veld
and probably belong to this veld type, and net the
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Highland sourvaeld. Apart from the steep, stony and
mountainous arcas (38.49) most of the zrea (>46%) is
covered by three scil associaticns (15% by clayey
and 18% by loamy rcd apedal soils low in basss, and
12.5% by clayey yellow apedal soils, low In bases).
The soils of the bottomlands (7.87) and of the allu=
vial land along the major rivers (2.6%) are also of

significance.

It is perhaps unfortunate, from a grassland point
of view, that mcre attention was not devoted to
characterising the soils of the stony and mountainous
areas. These areas may yat play an important role
in increased grassiand production. The bottomlands
(Cy;) and alluvial soils (L;) are, due to their proximity

To water and relatively high base¢ saturation, of con=

sideravle econumic importance. Their agricultural
value is great, but in order to achicve full production
water taeble control is usually necessary. Due to the

significance ¢f The Highland socurvcld as a source of
watsr for the Tugela Basin, and Lecause of the uncers=
tainty of the role of vieis in mainteining this supply,
the disirabilifty of drainingthese vieis 1Is doubtful at
present. A long torm study of the hydrological sig=
nificance cf the vleis is being undertaken at Tabamhlope
by the Agro-hydrological section of the Extcourt Re=
search Complex.

Ludorf (1966) suggests that the Ap, Az and B,

soll asscciations are generally suited to cultivation,
subject to rescrvations on slope. The Ay scils are
".... generally deep well drained solls rich in crganic

matter, have a high macro-porosity and a structure
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which promoctes a high infiltration rate and good pers=
megability +.... are strongly leached, aclid, of low
base status and naturally infertile." (Ludorf, 1966).
They arc represented by the Balmoral, Tabamhlcpe,
Farningham and Clifford series. The A, association
(Broadmoor and Hutton series) are loamy to sandy well
drained soils. "The organic matter content of the
topsoil is high (2-4%), structurc is weakly developed
and permeability and infiltraiion are exceptionally
high ..... (and) the soil is intensely leached and
infertlile. Their sandy nature makes them somewhat
more susecptible to ercsion by wind and water than
the soils of the A association.™ (Ludorf, 1966),.

The solls of the By asscociation (Helpmekaar-Griffin-

Clovel |l assuciation) consist of eight series having
g g9

more than 35% clay in the B horizon. The Clovelly
land use unit comprises shallower suils than the
others in the B unit. "Structural development is

weak and because of lower permeabllity and limited
internal drainage, runoff is high." The organic
matter content is high, thc scils are highly teached
and have a high exchangable al miniun content (Ludorf,
1966) .

Observation, supported by a compariscn of the soils
and topographical maps indicates that the A; and A,
assoclations tend fto occur on flatter land than the B,

series, which offen extends up the hill-slopes.

3.2.3 Vegetation

The vegetation of the Highland sourveld
has been described In detall by Pentz (1945), West

(1949), Scctt (1951), Acocks (1953) and Edwards (1967)
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while Downing (1968) has discussed the ecology of the
vieis. Acocks (1953) suggests that the whole area

was originally temperate forest and scrub forest, the
relics of which are few, small and badly mutilated.
Scott (1951) supports this view, but states that tcday
the area is probably a sub-climax grassland due to
fire. He showed that in areas protected from fine and
grazing — a condition not found naturally In the area —

the grassland was replaced by Buddleie salvifolia in

some aregas and by Leucosidea screcia and Cliffortia

nitidula in others which, he concluded, indicated that
the climax was not grassland. Although there can be
little doubt that the extent of the fuiests has de=
creased, it scems probable that firec and grazing have,
for many years, played a role in maintaining the grass=
land. tn ancient times fires caused by lightning and
later by native hunters were probably a falrly common
cccurrence on the dry, frosted winter grasslands.,

The presence of a uniform and distinctive grassland
sward over such an extensive area tends to indicate
that the present situation has c¢xisted for many years.
It is tempting to conslider the arca as a grassland cli=
max (except In the more favourable valley environments)
in which fire is considered as o natural factor of the

envircnment.

In view of the wealth of literature on the vege=
tation of the Highland sourveld, further discussion on

the subject is superfluous.



..53_

3.3 Materials and methods in pasturc experimentation

Standardized techniques of experimentation
were followed during the conduct of the majorlity of
the experiments. These techniques were the result
of imitation, adaptation and development by the pastfure
research team at the Estcourt Research Complex. I'n
order to simplify the description of the specific
procedures employed in the experiments discussed in
other sections of this thesis, it was deemed desirable
to devote a separate section to this toplc. Only
those techniques common to all or most of the experi=

ments are discussed here,

3.3.1 The sites

Two sites on the Tabamhlope Research Sta=
tion were used for the field experimentation. The
first site on the "OIld experimental block™ at Tabamhlo=
pe, is situated on the Farningham soil type (later
classified as the n'Tabamhlope sub-type); while the

sgcond site was especially selectecd for Radical Veld

Improvement research work on the Clovelly soll type.
The characteristics of these soil types have been
described in some detail in a previous section and
will not be repeated.

The Farningham site is almost flat and rather
low lying on a plain above thzs vigi. It has a slight
slope towards the north-west. Prior to the start of
the cexperiments the arca had been under cultivation for
more than twenty yoars. It had bsen used to produce
crops such as potatoes, Japanese millet, malze and

soyabeans., The basic fertilizer for these crops was



superphosphate, and duec to. the high iron and aluminium
content of these soils it Is doubtful whether any resis=
duss were available to the plants in the experiments.
Occasional dressings of compost had been applied to

the arem prior fo 1956, This site might be considered
to be typical of, though perhaps somewhat wetter than,
other ploughed areas of this soil type in the Highland

Sourveld.

The Clovelly site was first developed in 1962/3.
I+ consisted of a 15 to 20 morgen (13 to 17 ha) block
of virgin Highland Sourveld in reasonably good cons=
dition, on a slope of about 10 per cent on a south-
western aspect. I+ was within half a mile of, and
about 100 foot (30.5 m) higher than the Farningham
block on the opposite side of the vilei. This block
was selected becausc it was considecred that in the fu=
ture such areas would be extensively used for pasture
production in the Highland sourveld. The steeper
slopes are unsuited to the growing of annual row crops
because of the soil erosion hazard, while these crops
usually produce greater returns than pastures on the
flatter areas. On the other hand pastures can be
planted on the stecper slopes with little danger of soil
erosion, The Clovelly soil type occurs frequently on
such slopes in the Highland Sourveld, and in most in=
stances the developement of this area would involive the
cultivation of virgin veld. The siope of ten percent
Is somewhat less than that under which Veld reinforce=
ment would be carried out, but yield measursments,
cultivation and othe¢r ftrials could be conducted more
conveniently on this site. Further it was considered

that the relatively gontle slope would not invalidate
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the results ottained from techniques designed for

steeper areas.

The Clovelly experimental area was designed to
cater for grazing cxperiments. Thus holding=-camps
(= 3 morgen — 2.6 ha — each) were fenced and planted
to the main pasture species with which work was to be
done on the adjoining experimental area. Inltially

two paddocks, one of Paspalum dilatatum alone and the

second of P.dilatatum and Trifolium repens were es=

tablished. The object of such paddocks, apart from
supplling grazing close at hand to the experliments, was
to minimise the transfer of soil fertility by animals
grazing the experiments for short periods, and to ac=
custom the animals to the herbage on offer in the ex=
periments. The holding-pastures were adequately
fertilized (as were most of the experimental plots).
Thus the excreta on the experimental pasture, could be
expected to be of similar chemical content and total
volume to the material excreted by the animals, after
the ingestion of herbage, on the experimental pasture.
A further six holding-camps were later established on
fertilized veld to cater for the treatments In a veld

fertilizer experiment (NP 17/6).

Eventually water was laid on to the experimental
area and centrally situated Iivestock watering points
were established. The area was contoured and a small
implement shed and office/store was erectad. The
site was ring fenced and accsss roads were provided.
Trees were planted on two boundaries to provide some
shelter on this exposed slope. A cattle dip, crush,

handling kraals and welgh-bridge were within a short



distance of the area.

The development of this site has been described
in some detail, as some of the principles applied are
of prime importance in pasture experimentztion. First=
ly, it is essential that the site selected be repres=
sentative of the soll, slope, vegetation and micro-
climate In which It is intended that the research re=
sults be applied. It Is not sufficient that it should
fall within the general area under consideration.
Secondly, space for expansion under suitable environ=
mental conditions should be available In close proxis=
mity. Thirdly, the facilities normally associated
with grazing animals (e.g. weigh-bridge, dip, crush,
kraals and watering facilities) should be available
within easy reach. Fourthly, safe access for |ives
stock should bs provided, i.e. there should be no
possibiility of cscaped experimental animals damaging
nearby crop experiments as can easily occur, when only
one experimental area is avallable for soil, crop,
pasture and animal experimentation. Obviously separate
and distant research blocks are not always practicable,

but fencing should bc adequate.

3.3.2 Field methods

Previous experimentation had provided know=
ledge on the main plant nutricnt deficiencies in these
soils by the time thc bulk of this research programmc
was started. Thus,; being primarily interested In
production, as distinct from soil fertility studies,
the writer accepted as a general principle the need
to evaluate his treatments under a regime of high fers
tilized in ths Iight of the data available at that time.



The fertilizer was weighed into well labeled plastic
bags in thc herbagc laboratory, and was always applicd
on a per plot basis. Each type of fertillzer was
spread separately by hand. Hand spreading, even with

experienced labour, Is uneven but in view of the

reasonably large amounts of fertillzer used the results
were satisfactory. Trace elements, when applied, were
mixed with some other more bulky type of fertillizer

with which they did not react, to facilitate spreading.
Applications of nitrogenous and potassic fertilizer
were split into three or more dressings over the scason,

but all the phosphatic fertilizer was applicd in spring.

Initlally self-propelled motor scythes with
reciprocating cutter-bars werc¢ used for cutting hers=
bage. Due to mechanical failure, these were replaced
by a tractor with a rear-mounted, six foot, recipro=
cating cutter-bar mower, The cut herbage was raked
and collected by hand. The green herbage was welghed
in the field on a dial type spring scale graduated in

one pound (0.45 kg) divisions.,

In some of thwe earlier trials on "island" method
cf harvesting the plots was use!. A one yard (0.91 m)
border was cut round the plot and then ths remaining
island of herbage was cut and weighed. Inaccuracies
on the part of the operator when cutting the border can,
however, lead to large errors with this method. Thus
in later experiments this technique was replaced by a
strip sampling techniqus. A three foot (0.91 m)
border was cut on each end of the plots and, after re=
moving the herbage, two yleld strips (cach of six foot

=1.83 m - wide) were cut down the length of the plots.
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from the edge of the plots and at least one foot (0.3 m)
apart. This system when applied to a 7 yd x 12 yd

(6.4 m x 11 m) plot with a tractor mower (6 f+ — 1.83 m
— cut) worked well and yielded a 40 sq. yd (33.44 sq.

m) harvesT area. This layout is perhaps rather In=
efficient in utilizing the area available i.¢. 48% of
the area is harvested, 43% is border and 9% is not util=
ized. It Is, however, considerad that unless area Is
severely limiting, the advantages of speed of harvesting
and probable increase in accuracy obtained from this

system make It worthwhile.

The absence of clectricity and counsequently un=
satisfactory drying facilities on the Tabamhlope Re=
sgarch Station presented a problem, The necarest
facllitices were at Estcourt 23 miles (37 km) distant.
There appecred to be two possible sclutions to this
problem of mcasuring the dry matter ylelds of succu=
lent pasture herbage. The first possibility was to
transport the whols yield of the plots (up to 100 Ib
— 45.4 kg) to Estcourt as rapidly as possible for
waeighing, sampling and drying. This appeared to be
Impracticable and consequently it was decided to in=
vestigate the second possibility. This invelved the
weighing of plot yields in situ and immediately ob=
tfaining a sample, which had to be stored and transs
ported, without loss of molsture or dry material to
Estcourt. Plastic bags scaled by means of rubber
bands were tcsted for use as containers for trans=
proting the samples. Trials were conducted to deters
mine the loss of welght of herbagc samples stored In
this way. The results of these trials have been re=

ported elsewhere (Edwards, 1965). Insigniflcant
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losses of green weight (0.3%), and no significant loss
of dry welght wore rocorded after 23 hours storage In
plastic bags. The trials wure conducted on both &

pure grass pasture (Pennisefum clandestinum) and on a

mixed grass/clover pasture (Paspalum dilatatum —

Trifolium repens). Because of these results, and be=

cause of the apparent accuracy of the experiments
(coefficients of variation of less than 6%) it was
decided that this method offered a practical solution
to the problem. I+ provided a technique which could
be applied except wherc detailed chemical analysis of
certain volatile constituents of the herbage was re=

qulired.

Herbage for the dry material samples was obtained
by grab sampling from the heap of cut materlial immediats=
ely after weighing. Approximately 500 grams of green
material was obtained from each plot in this way.
Initially, the samples for separation into bctanical
componants (on mixed swards) wers also obtained in
this way. However, the statistical analysis of these
data usuzally yielded o high coefficient of variation.
This figure was reduced considerably by altering tThe
sampling method. The strip between the ftwo six fooft
sample swathes was reduced to about one foot wide.

After weighing the vield of the harvest arca, this strip
was cut, raked togother anug quartered. Grab samples
were then taken from each quarter, This could also
have been done with the larger bulk of the whole plot
yield, but would have involved a laborious process.

Thus the "scparation sample" was derived entirely from
the ccntre strip of the plot, and for this reason may

have certaoin theoretical disadvantages. Separation



was carried out, by hand, as socn after harvesting as
was possible. Some samples were stored for a short

period (two to three days) in a refrigerator.

The livestock used in the grazing trials were
provided by the "pasture experimental herd". This
herd was made up of about 100 Afrikander X gxotic beef
breed crosses. ldeally the herd consisted of 50
young animals (12-18 months oid) and 50 older animals
(24-30 months old). Each year thc older group was
sold and a new group of young animals was introduced.
The object of this arrangement was to utilize the
pastures with young grewing animals of a high ~producs=
tion potential. This ideal balance of age and type

of animal was not always possible to maintain.

3.3.3 Laboratory Methods

A herbage handling centre was designed and
built to provide facilities for handling the harvested
herbage material. The drying of the herbage samplcs
was carried out In a large, thermostatically controlled,
forced-draught drylng oven at 85 to 95°C until constant
weight was attained ( usually a2 period of 12 to 16 hcurs).
The oven had a capacity of 128 trays (17f" long, 5&"
wide and 3" deep — 44 cm x 15 cm x 8 cm) Intc each of
which 300 to 500 grams of green herbage could be fitted.
The welghing of samples before and after drying was
carried out on & semi~direct reading, oil-dampened,
scale c¢n whic¢h the dial was graduated in one grem di=
visions, Samples required for chemical znalysis wore
milled after oven drying and stored In heat sealed
polyethylene fubing, until despatch to the reglonal
laboratory for analysis.
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All results were recorded on a single form es=
peclally designed for this purpose. Sets of three
forms with ftwo carbun papers between them were stapled
together and attached to a clip-board. In the fleld
the plot numbers, gross plot yields and Tare weight
were recorded In the appropriate columns and Immeclatos
ly on return to the office one duplicate copy was placed
on file. The other two forms were rcetained, and the
green anJ dry weights of the samples were then rucorded
opposite their treatment numbers, One of these forms
was then used for the computation of the dry matter
yields of the plots and further stetistical analysis,
while the other was filed. All data In¢luding ob=
servational notes were recorded on these sheets.

No fiecld bcoks werc employed. This system worked vary
well and reduced the need for transcription of data to

a minimum, The vest majority of thes statistical com=
putations were carried out at Estcourt. The results

of the separation inftfo herbage components werc recorded
on & similar type of form. One standard procedure was
used in numbering herbage samples: & label with the
date, number of the cxperiment, plot number (on both
sides) and cut number of that szason was inserted into
the plastic bag with the green herbage at sampling.

This label was retained with the herbage sample through=
out weighing (counterbalanced by another label) and

oven drying and was inserted Into the plastic tube after
milling of the hcerbage. The labels of samples intended
for separation into botanical components were preflixed.
with an & fo distinguish them from samples for dry mats=
ter determinations. This system eliminated all need
for re-recording the numbers of samples at their varis=

ous stages of handlling.
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3.4 Nitrogen fertilization as a means of Radical

Veld Improvement

The title of this chapter may alarm the veld
purist, to whom optimum veld condition in high rainfall
forest climax areas is reflected by a dis-cllimax or
sub-climax stage in the succession. However, in the
context of this thesis optimum veld condition can be
defined as "that condition of the veld, which in the
long~term, produces optimum economic returns irrespec=
tive of the botanical composition of the sward",
Reference to retaining sufficient cover fto prevent soil
erosion is purposely omitted from this definition for
should such erosion occur, then long-+erm production

would not be possible.

It has been mentioned previously that the low
level of soil fertility is in many instances a factor
Iimiting the production of the natural grasslands of
the Republic. It is also one of +the few natural
limiting factors which, once ldentified, can be recti=
fied relatively easily. Further, It is common know=
ledge that grasses in general respond very well to
the application of nitrogenous fertilizer. It Is,
therefore, perhaps rather surprising that, inspite of
considerable success on arable lands, this practice

has not been extended to non-arabie veld areas.

3.4.1 An overall assessmunt of the concept

Weinmann (1943(a); 1943(b), 1948) considers
that the nitrogen and phosphate content of the majority
of solls of the Transvaal highveld is low, and that the

veld reacts well to fertilization. From over slix
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hundred morgen of veld under fertilizer experiments
"scattered all over South Africa from the Cape to the
Zambesi" Hall (1948), concluded that veld always gave

a good response to nitrogen fertillization. However,
for the best results phosphatic fertilizer was also
necessary. He also concluded that 1t seldom paid to
fertllize veld which received less than 20 inches of
rainfall per annum and, generally better results were
obtained when the annual rainfall was above 25 inches.
Numerous other workers have also reportsd increased
herbage yields from the application of nitrogenous fers=
tilizer to veld (Staples & Taylor, 1929; Hall, 1931;
Staples, 1931; Taylor, 1932; Meredith, 1948, Booysen,
1654; Hall, Meredith & Altona, 1955; Ranwell, 1964;
Visser, 1966). Increases in the protein content of
the herbage (Meredith, 1948, Booysen, 1954; Hall et al.,
1955; Ranwell, 1964, Visser, 1966), the live-welght
galns of cattle (Rowland, 1938; Hall, Meredith & Altona,
1950; 1955; Botha, 1953; Visser, 1966), and the milk
production ot cattle (Rose, 1953; Hall et al., 1953)
have been recorded on veld fertillzed with nifrogen.

The application of nltrogenous fertilizer to the
veld generally results In a change in Its speclies com=
position (Meredlith, 1948, Hall et al., 1950; 1955;
Roux, 1954; Booysen, 1954; Visser, 1966), This change
is rapid at high rates of nitrogen fertilizer and
slower at low rates of application (Hall et al, 1950;
Roux, 1954; Barnes, 1956; Patterson & Youngman, 1960).
The change in species composition resulting from nitro=
gen fertillzation usually takes the form of an Increase
In the ploneer species, and a decline in the denslty

of plants higher in the succession (Booysen, 1954;
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Roux, 1954; Hall et al, 1955; Barnes, 1956, Rogler &
Lorenz, 1957; Ranwell, 1964). Roux (1954) and
Jong and Roux (1855) showed that ths tolerance of
plants to high concentrations of nitrogen declinead as
succession advanced. Ranwell (1964) found that three
types of nitrogen carrier produced similar changes in

species composition in the Cymbopogon = Themeda veld.

He used ammonium sulphate, calcium ammonium nitrate
and a mixture of equal parts by weight of the two as
carriers. He also noted that the new plant communis=
ties that established themselves as a result of nitro=
gen fertilization, contained more species high In
mineral and low in fibre content than those of the
natural climax community. This would appear to indis=
cate that, in this veld type, more nutritious and
palatable herbage was obtained with nitrogen fertillza=
tion. This might be expected under conditions such
as these where species of the Digitaria and Panicum
genera made a significant contribution to the fertis=
lized sward. However, Visser (1966) advanced the
hypothesls that where the annual rainfall exceeded

625 mm species belonging to Eragrosteae tribe tended

to dominate fertilized veld and below this figure
species of the tribe Paniceae would dominate. As

the Eragrosteae species are often rather high in fibre

content, this observation, made by Rqnwell (1964),
may not have general application in the high rainfall

areas.

Ranwell (1964) found that the Increased applica=
tion of nitrogenous fertitizer and super-phosphate
had a depressing effect on the elongation of the aerial

parts of Themeda ftrlandra, a climax grass species In




the veld where he worked. He also corcluded that
where growth conditions were influenced by fertilizer

containing calcium, Panicum coloratum was in a better

position to maintair an effective cation: anion balan=

ce than T.triandra and Eragrostis curvula. Lowering

the pH value, which occurred with nitrogen fertiliza=

t+ion, apparently favoured the growth of E. curvula.

He states: "It may be accepted, Therefore, 7That an
improvement of the fertility status of the soil will
result in the fu!l deployment of the growth potentlali=

ties of P. coloratum and E. curvula. The development

of these two grasses will benefit to a much greater
extent than that of T. friandra, where +the fertility
of the soil is improved." Althoc''gh these observations

appear to be .borne out to some extent by oiher work

which has been mentioned previousiy, care should be

taken not to generalize tToo widely when dealing witTh

a spacific plant species. Two of the three speciecs
mentioned (7. “riandra and E. curvnla) occur over a
very wide range of soil and climatic conditlions in

the Renpublic. Farther, It s wall Kknown (Vose; [1963)

That +ypes, vaorleties or cultivars of the same species
may respond differently to ihe mineral conitent and pH

of the soil.

‘'n an experiment carried out in The Highland sour=
veld (reported on in section 3.5,3.4) similar iIncreasses
in the pioneer species and decreases in +the climax
grass species were observaed. These changes took placo
very rapidly i.e. within twelve months of the applicas
tion of heavy dressings of nitrogenous fertilizer
(300-600 lb/morgen — 160-320 kg/ha).
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The application of nitrogenous fertilizer has
produced diverse effects on the basal cover of the
veld. Some workers (Meredith, 1948; Hall et al,
1950; 1955; Botha, 1953; Barnes, 1956) have recorded an
increase in basal cover dus to the application of ni=
trogenous fertilizer, while others (Fisher, 1954; Booys=
sen, 1954; 1961) have recordcd a decline in basal cover.
The reason for these conflicting results may be due fo
one or more of a number of causes. The original com=
position of the sward, the avalilability of seed of
pioneer species, the method by which the fertilized
sward is utilized, the duration of the experiment, and
the climatic conditions pertaining during the experimen=
tal period are all variable factors which may be respon=
sible for different effects in different experiments.
Basal cover could be expected to increase more¢ rapidly
after fertilization in a sward containing pioneer and/
or stoloniferous grasses and/or a good supply of their
seed, than in a sward contfaining few pioneer species,
which is ftufted and with little suitable seed available.
In the latter ftype of sward the cover provided by plants
higher in the succession would decrease and the coloni=
sation of the bare areas would occur later, This might
result in a temporary decline in cover. Booysen (1954)
and McKenzie (1961) noted that the lack of seed supplies

l'imited the occurrence of Paspalum dilatatum fo one of

four replicates on a fertilizer experiment at Ukulinga
research station in Natal. In many experiments, basal
cover measurements were too infrequent in the initial
stages to have recorded a tecmporary decline in cover,
Botha (1953) and Fisher (1954) in South Africa, and
other workers overseas (Bharacha & Cave, 1952; Rogler

& Lorenz, 1957; Lodgs, 1959) have found that varying
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the method of utilizing fertilized, natural grazings
resulted in considerablc differences in basal cover.
At Athole, in the Eastern Transvaal, Botha (1953)
reported differences in basal cover of fertilized veld
resulting from different systems of grazing and from
different classes of livestock. At Frankenwald, in

the Transvaal Highveld, Fisher (1954) found that with

frequent clipping the basal cover of heavily fertilized
"Eragrostis veld" Increased. However, when clipping
was less frequent the basal cover declined. A decline

in the basal cover of veld due to the excessive accumu=
lation of aerial growth has been reported in Natal by
Scott (1951) and Edwards (1961, 1968).

A very strong casc can thus be made for the ni=
trogen fertilization of veld from the point of view
of increassd productiocn. It can also be accepted
that the higher the rainfall the grcater the likeli=

hood of benefit from fertilizers (Hall, 1948). In=
spite of these benefits, the nitrogenous fertilization
of veld is carried out only on a very small scale.

Two factors appear to have contributed to this consers
vatism viz. changes in botanical composition and the

economics of the practice.

1. Changes in botanical composition

It has becn suggested that the changs
towards pionecer species, which is inevitably associa=
ted with nitrogen fertilization, reflacts an increase
in the frequency and duration of scil moisture drought
caused by increased evapo-transpiration resulting from

the additional herbage producticon. i+ is feared that
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the picneer porennial gr
selves give way to xerophytic annuzal grasses and even
non-gramineaccous annuals, which have 2 |ow grazing
value and provide a pocr soil cover. Further, there

is a natural conservatism leading f¢ a reluctance to
lose what is generally considered to be the best grass
species in the sward i.e. T. triancra. 1+ 1s possiblas
that more water is transpired by the vigorcus nitrogen
fertilized sward, although the additicnal growth may
simply be a reflection of more efficient water usage

by the plant. The loss due to evaporation is probably
reduced on such a sward, and it is doubtful if the total
evapo-transpiration loss is greater than on an unfertis=
lized sward. Holmes (1968) states that it is a
feature of many experiments and observations that grasss=
land adequately supplied with nitrogen is apparently
more drought resistant than when nitrogen is deficiegnt.
Both Penman (1948) and Wind (1954) have shown theot
grassland recciving nitrogenocus fertilizer gave in=
creased ylelds (threefold and twofold the yield of
unfertilized grassland respsctively) without affecting
the evapo-transpiration rate, Thus fertilizaed veld
would appear to make morc efficient use of the scil
moisture - a very important consideration in a semi~

arrid country such as ours.

Annual plant species do undcubtedly occur in in=
creased numbers on nitrogen fertilized veld, but after
long periocds of such treatment there does not appear
to be any danger of their supplanting the perennial
pioneer grass ccmpenent., This contention is supported
by ftwenty-eight years of fertilization of Cymbopogon -

Themeda veld at Potchefstroem (perscnal observation)




and fourteen years of fertilization on the Dohne sours=

veld at Dohne (Muzzell, 1969), Furthermore, the pe=

rennial pioneer sward frequently provides a better co=
b

ver than the original sward due to the high incidence

of Cynoden dactylon particularly on sandy soils.

2. Economic factors

I+ would appear that the main deterrent
t¢ the large scale use of nitreogen fertilizer on veld
is an cconomic ong, by this it is not meant that veld
fertilization is always uneconomic in terms of cash
input and net profit. On the centrary, in mocst high
rainfall areas it should be highly profiteble. The
problem is a lack of capital within the farming entor=
prise tc finance such a development, For cxample, the

average farm in the Cymbopogon-Themeda vel. of the High=

b

veld Regicn has in the regicon of 280 morgen (240 ha)
(56% of its arca) of veld. lf this veld is fertilized
with 200 Ib of superphosphate and 400 Ib of sulphate

of ammonia per morgen (106 & 212 kg/ha) the annual
carrying capacity should be incrcosed from four morgen
to two morgen per MLU. The additional capital input
required on such a farm with a price of R24 per ton
(907 kg) for superphosphate and R33 per ton for sul=
phate of ammonia, would be R2,520 for fertilizer alone.
tn order to utilize this additional high quality hers=
bage some 70 MLU of good quality animals would be re=
quired. At a cost of say R120 per MLU a sum of

R3,400 would be required. Thus in order to start

such an enterpriss on all the veld each farmer would
face a capital input of seme R11,000. 'n a previous
sectioun (2.4) it has bgen sstimated that the fertilis=

zation of the 28.5 million moraaen (24.4 millinn ha) m~F
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high rainfall grasslanc In the Republic would require

a capital input ¢f over R4,000 million. The availabis=
ity of such capital rescurces and the ability of in=
ternal markets to consume the extra production pose
problems.

The answer would appear to be a gradual intensi=

s i s ]

fication of the grassland enterpriso. Small areas in

o

t+he most favourable situatiuns should be fertilized first

and the profits from this used To finance further des

velopment. The greater proporticn of the veld in the
Highveld is probably over stocked (Edwards, 1968) and
veld fertilization would largely overcome this problem
(due tTo increased hurbage production). Here at least
extra capital would nct be required for the purchase

of additional livestock,

3.4,2 A fertitizer trial in the Highland scurveld
(NP 17/6)

3.4.2.1 Objective

The object of this cxperiment was to
determine the effect of large amcunts of nitrogenous
fertilizer, with and without mineral fertilizer, on
the production, betanical composition and palatability
of the Highland sourveld when graozed. I+ was not
pessiblc o lay out an experiment in which animal pre=
duction was measured, so reliance had to be placed on
other measuraements in the prescnce of the grazing anis=
mal. The inclusion of the grazing animal was consi=
dered necessary in vicw of the effects of trampling
and of the return of nutricents in the form of dung and

urine.
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.4.2.2 Procedure

The experiment was started in December
1966 «n the Clovelly experimental block at Tabamhlope
Rescarch Station (sce section 3.3.1) and results are
available until April 1968,
The experiment consisted of o 3 x 2 factorial
design in randomised bleccks with four replications.
The treatments were constituted by combinations of The

listed lavels of cach of the following two factors:

Witrogenous fortilizer:

Ne = Contrul (nc nitrogenous fertilizer)

Ni = 300 Ib N (as urea, 46% N) per morgen
(160 kg/ha)

N = 600 Ib N (2s urea, 46% i) per morgen

(320 kg/ha)

Other fertilizer:
Yo
Y1

Control (no other fertilizer)

106 Ib P (as double superphesphate,
19,6% P, 14¥ Ca), 200 |b K (as KC1,
50% K) and 265 Ib Ca (as agricultural
l'ime, 365 Ca) per morgen (53 kg P,
106 kg K and 140 kg Ca/ha).

The plots which were fen yards wide and forty
yards long were separately fencel. There was no water
avail:ble In the plots but o stock wetering point was

situated close to the experiment.

The nitrogencus fertilizer was applied to the treat=
ments in three equal dressings, one in October, one in
December anc the third during February of cach year.

The phosphate, potash an! lime wers applicd annually 1In

the spring. Jrea was used 3s a source of nitrogen bes=
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cause the other avzilable scurces were nct suitable.

q

Sulphate of ammonia, with its severe acidifying effoct,
was undesirable on thesce acid scils, and the calcium
content (20% Ca) in calcium ammonium nitrate was pos=
sibly sufficient to confound the calcium effect in the
"aother fertilizers." These were the only three types
of nitrogenous fertilizer availabla commercially af
the time.

' +
When over sufficient herbage was avallable (- 7"
-~ 18 cm — tall) the plots were grazed, with a minimum
of two steers per plot for 48 hours. An attempt was

made to ensure that the grazing pressure (Ib hcrbage
available/animal/day) was constant on all plots. I'n
order tuv achieve This the grazing periud was kept
constant but the number of animals per plot was varied
in relation to the herbage available, Thig led to
approximations in avciding fractions of animals. I'n
a previous experiment (N-Ec 12/1) an attecmpt was made
to avoid these approximations by allucating extra
hours of grazing on the third day. I+ was found that
this invclved a considerable amount of cxtra work,

and doubt existed as to the value of such extra periods,
The effectiveness depcecnded on the extent to which the
animals used this period for grazing - a factcer which
varicd considerably. In the light of this expsaricnce

it was decided to use the "approximat: method",

The actual number of animals which
plot was determined from the dry matter
hecrbage harvested from cach plot on the day before

grazing.



The herbage yields of thie plots was estimated by
mowing a 2 x 10 yg (1.3 x 9.1 m) strip of veld from
cach plot the day before grazing. The cut herbage
was weighed and a sample extracted for dry matter de=
termination. The remaining herbage was spread on the
area from which it had been cut. This sample arca was
not protected from grazing Juring tho following twe
days — a factor which might have led to an overutilis=
zation of the area and restricted regrowth, In order
to aveid resampling the same arca the positions for
sampling were predetermined at the start of each yeoar,
Adequate borders were allowed along the fences (cone
yard — 0.91 m) and at the gateway (six yards — 5.5 m).
One animal grazing—-day was 2llocated for each fifteen
pounds (6.8 kg) of oven dry herbage available on the
plot, The number of animals was obtained rapidly
from tables, which expressed the oven dry yislds of
the sample area In terms of the number of animals.,

In a previous cexperiment (N-Ec 12/1) it was found that

Increasing the amount of heorbage a2l located, on Paspalum
dilatatum and P,dilatetum = Trifcolium repens pastures,

from 15 Ib (6.8 kg) tc 25 b (11.3 kg) dry material
per animal per day only resulted in a small incroase
(from 12.3 Ib - 5.6 kg — to 15.2 Ib — 6.9 kg —) in the
amount of herbags consumed per animal per day. Thus
in order fo obtain a high percentage of utilization of
the veld, It was decided to aliccate cnly the c¢quivas=
lent of 15 Ib dry matter per animal per day. The
animals used in this and in the nrevious trial were
from the "pasture research herd" (sec sectlon 3.3.2)

and were thus not full mature livestock units.



In order to reduce the transfer of fervility to
and from the experiment, fo a minimum the cattle were
held on veld, which had been fertilized with the same
amounts of fertilizer as the treatments, for at lcast
two days before grazing the experiment (ses section
3.3.1). Focr this purpuse six holding canmps, each
cf half-a-morgen in extent were fenced and fertilized,
one as for each of the six treatments. The cattlc
were watered once daily while on the holding camps and

in the expceriment.

As soon as was possible after grazing (within two
days), the whole area of cacnh plot was mown. The
cut herbage was weighed, sampled for dry material de=
termination, and the surplus herbage removed from the
plot, The removal of the surplus herbage resulted
in a loss of nutrients fo the plots, but experience
had shown that even small amounts of cut herbage when
left lying on Tthe veld have an adverse effect on the
cover, The amount of hcerbage removed and the conses
gquent loss of nutrients was small (see Table 7). The
amount of hcerbage consumed was calculated from the
difference between the bafore grazing ("in") and the

after grazing ("out") cuts.

Growth of the veld during the grozing period
(2 days), was ignored as it was considersd that the
expense and labour involved in using cages was not
worranted fto determine this yield over such a short

period.

In order to maintain the vigour of the veld on

the experiment, all the plots were to be rested (i.e



no grazing or mowing) from the end of January until

May every third yzar for the duration of the experiment.
In these years the last grazing cof the season wculd be
carried out in Muy. Spring and seeding rests were
considered tc be of mincr importance in Highland sours

veld which is in good condition.

The basal cover and the species composition of
the veld was measured at the start ¢f the experiment
in December 1966 with a point bridge. do subsaquent
data are available. The bridge uswd contalned fthree
points spaccd ten inches apart. This spacing was con=
sidered necessary in order to aveid striking the samec
tuft twice. Comparced with single points, more clessly
spaced points give a less accurate estimate, as there
tends to be an excess of high and low values and a
defliciency of values about the mean (Greig-Smith, 1957}.
Each plot was stratified intc fen belts, for purposes
of this analysis, and fwenty positions «f the bridge
were allocatcd at random along each of these belts.
Thus six hundrecd polints were recorded cn each plot
which previded 2,400 points per ftreatment. Rodel
(1950), working in the Tzll Grass Veld, concluded that
1,440 points per treatment produced a sufficiently
small co-e¢fficient of variation provided grass specics

were grouped for purposes uf statistical znalysis.

3.4.2.3 Results and Discussion

Basal couver of the axperiment

The average basal cover, at the start
of the experiment in December 1966, was 20.72%. The

<

species cumposition Is given in Table 7.
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Table 7.

Average basal cover anc species composition of the

veld on the veld fertilizer experiment (December 1966)
Sward ccmponent Percent basal covoer
Desirable species (D) 14.49
Undesirable species (U) B,
Total &05° 12
Arundinel leae 9.03
Tristachya hispida (D) 9.03
Andropcgoneae 8.56
Themeda triandra (D) 4,02
Elyonurus argenteus (U) 1.93
Andropogon filifolius (U) 1.61
Monocymbium ceresiiforme (D) 0.57
Trachypogon spicatus (D) 0.26
Hetercpogon contortus (D) 0.17
Paniceas 1.74
Al loteropsis semialata (U) 1.30
Panicum sp. (D) 0.24
Digitaria sp. (D) 0.18
Bracharia serrata (D) 0.02
Chlorideas 0.36
Harpechloa capensis (U) 0.35
Microchlca caffra (U) 0.01
Eragrosteae
Eragrastis sp. (U) 0.79
Compositae 0.12

Other G.12



Table 8.
Herbage yields from veld fertilizer experiment (Ton dry material/morgen).
(1 ton/morgen = 1059 kg/ha; 1 1b = 0.454 kg)

Herbage yield.(Ton/morgen)

Treatment “In" cut = Herbage available "Out" cut = herbage uneaten "In"-"0ut" cut = herbage eaten

Period (1)

(2) (3) (8) (1) (2) (3) (4) Total
Date 13.3.67 18.12.67 19.2.68 22.4.68 '°®! 153,67 21.i2.67 23.2.68 26.4.68 @ (1) () (3) (4) Toua

Nitrogen (N)

i

N1 1.24 0.89 0.66 0.55 3.3  0.018  0.367 0.306 0.066 0.757 1.22 0.52 0.36 0.48 2.58
300 1b N/m 1.99 0.99 1.05 0.83 4.87  0.034  0.413 0.461 0.132 1.040 1.95 0.5 0.59 0.68 3.83
600 1b N/m 2.51 1.33 1.52 0.89 6.25 0.047  0.389 0.552 0.174 1.161 2.46 0.9 0.97 0.72 5.09
Mean 1.91 1.07 1.08 0.76 4.82  0.033  0.390 0.440 0.124 0,986 1.88 0.68 0.64 0.64 3.83
L.S.D. P =0.05 0.39 0.28 0.15 0.10 0.53 0.015 - 0.112 0.054 0.231 0.32 0.35 0.21 0.10 0.64
P =0.01 0.54 0.38 0.21 0.13 0.73  0.021 - 0.155 0.074 0.320 0.44 - 0.29 0.13 0.88
Other fertilizer (Y)
Nil 1.74 1.00 0.89 0.68 4.32 0.025  0.343 0.348 0.089 0.804 1.72 0.65 0.54 0.59 3.51
100 1b P, 200 1b K & 265 1b Ca/m 2.08 1.14 1.27 0.83 5.32  0.041 0.436 0.532 0.159 1.168 2.04 0.70 0.74 0.66 4.16
L.S.D. P =0.05 0.32 - 0.13 0.08 0.43 0.012  0.089 0.092 0.044 0.189 0.26 - 0.17 - 0.52
P =10.01 - - 0.17 0.11  0.59 - - 0.127 0.060 0.261 0.36 - - - =
Coefficient of Variation 19.02  24.43 13.48  11.81 10.23 42.70  26.11 23.97 40.49 21.98 15.88 48.00 30.95 56.48 15.55

Significant interaction (NxY) - - NxY NxY NxY - & - ¥ - - - NxY - -
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The tribes Arundinelicae and Andropcgcneae occupy

the largest portion of the basal cover (85%), and The
two most common species are T. hispida and T. trianda.
The dominance of these two species is in agreement
with the findings of Acocks (1953) for the veld type,
and of Scott (1951) on a nearby site. However, Ed=
wards (1968), on ungrazed but mown ploets on Tabamhlope
soil series on Thc.rusoarch station, recorded Jess

T. triandra and considerably more A, filifolius. The

low proportion of undesirable species when compared with
tdwards! (19638) dJdata, indicate that the veld was in gcod

conditlon.

Herbage yiclds

Herbage yiclds, in terms of oven dry material per
mergen, are available for "in" and "out" cuts at cach
of the first four grazings of the expsriment. This
covers growth of the veld from the first fertilizer
application in Decsmber 1566 until the end of April
1968, The yields obtained ftogether with an estimetc

of The amount of herbage consumed are given in Table 3.

The "in" cut. The applicetion of nitrogenous

fertilizer Increcased the herbage yields significantly
(P< 0.01) during each of the four pericuds. in The
secund pericd the first increment of W fertilizer di1d
not increase the yield, and in the fourth period the
second increment (600 It HN/morgen) shoewed nc bencfit
above that obtained from the first increment (300 Ib
N/mcrgen)., The total yield for the whele pericd

(16 months) was increased by 46% by the lower level

anui by a further 417 by the higer level of nitrogencus



fertilizer.

The application of "other fertilizer" (P, K and
Ca) resulted in a significant Increase in yield in all
but the second period (spring 1967 tco 18.12.67).
Over the whole pericd the total yield increased by

23% due to the application of these fertilizers.

During thc third and fourth periods and in the
tetal yleld there was @ significant (P< 0.01) nitrogen
X "other fertilizer" interaction (See appondix table
1. In the absence of nitrogenous fertilizer there
was no response to "other fertilizer", but in the
presence of nitrogenous fertilizer there was a sigs
nificant (P< 0.05 at 300 Ib N/m, and P< 0.01 at 600
Ib N/m) response to the applicaticon of "other fers
tilizer", The responss tu nitrogenous fertilizer al=
sc appeared to be grecter in the presence of "other

fertilizer" then in its absence.

It is obvious from the results that the applis=
caticon of 600 |Ib N/morgen resulted in a considerable
incrzase in herbage yields (87% on the average).

The increase was even nmore markcee (121%) with the
addition of "other fertilizer®, These results cover
cnly a short pericd (16 months) of fertilization at th
the start of the experinment,



The "Out" cut. The amcunt of herbage harvested

in the "cut" cut reflects the amcunt of herbage res=

maining above mowing height after grazing. This
figure as such is of little value as it might be ex=

pected to be (and was found fto be) related to The
herbage yield. However, it can be used to assist

in deriving the amcunt of herbage consumed, and can
usefully be expressed as the amount c¢f herbage uncaten

per animal.

The amount of herbagc consumad

These figures were oubtained by subtracting the
amount of herbage left affter grazing, and harvested
in the "out" cut, from that available at the start of

Inﬂ

grazing, as reflected Ly the cut. These figures
are biaseu T¢ the extent that no alluwance is made for
growth durinag the ftwo day grazing period. However,

in circumstances such as those pertaining tTo this
experiment, whiere the grazing presssure is retlatively
high and constant on all tftreatments, this figure should
reflect fairly accurately the value of the pasturse.

It is only the acceptable portion of tetal yield which

is of valuz to the grazing animals.

The application of niftrogencus fertilizer resulted
in significantly (P< 6.01) more herbage being consumad
by The grazing animals in all fcur periods. In the
second pericd the first increment of N fertilizer had
no significant sffect comparca with the control, and

in the fourth period the second increment of N fertili=



Table 9.

Mumber of grazing animals and grazing days on veld fertilizer experiment.

(1 1b = 0.454 kg; 1 sq yd = 0.836 sq m; 1 morgen = 0.8565 ha)
No. animals/treatment (1600 sq yd) Animal grazing days/morgen
Treatments Period (1) (2) (3) (4) Total (1) (2) 3 4 Total
Date 13/14.3.67 18/19.12.67 19/20.2.68 22/23.4.68 13/14.3.67 18/19.12.67 19/20.2.68 22/23.4.68
Nitrogen (N)
Nil 13.0 8.5 8.0 8.0 37.5 166.4 108.8 102.4 102.4 480.0
300 1b N/morgen 21.0 9.5 11.0 8.5 50.0 268.8 121.6 140.8 108.8 640.0
600 1b N/morgen 25.5 13.5 16.0 9.0 64.0 326.4 172.8 204.8 115.2 819.2
Mean 19.8 10.5 11.7 8.5 50.5 253.4 134.3 149.8 108.8 646 .4
Other fertilizer (Y)
Nil 18.3 5 9.7 8.0 46.0 234.2 124.1 124.2 102.4 584.9
100 1b P, 200 1b K & 265 1b Ca/morgen 21.3 11.3 13.7 9.0 55,3 272.6 144 .6 175.4 115.2 707.8

18



- 82_

zer produced no increase above the first increment.

b "

This result was similar to that obtainec¢ from the "in
cut. The lower level nitrogenvus fertilizer resultfed
in a 48% increase in consumption, while the higher le=
vel resulted in a further 49% increase as measured by

the total of the four pericds,

During two of the four periods the application
of "other fertilizer" resulted in an increase in haers
bage consumption. On the average the herbage consumps=
tion wos increased by 18% Jue to the application of

"other fertilizer."

The animal factor

in order t¢ obLtain more data on animal preferences,
the above data was recalculated on a per animal, per
day basis. The number of animals which grazed cach
treatment and the grazing days per morgen are given
in table 9.

Trne animal numbers useld on egach fTreatment are in
proportion fto thg horbage yields. As all the treats=
ments were mown at the start of the experiment (19/12/66),
the grazing days represcent the carrying capacity aover
asproximately one and & half years. The figurc of 546
grazing days per morgen por annum, ¢n the high level
¢f nitrogen fertilization, is good. It represents
cver two M.L.U. per morgen for the ncermal grazing seas=

son in this veld type.

The amount of herbage allocated, the amount eaten,
and the amount remaining uneaten per animal, per day

are aiven in Tabla 10.



Table {

Herbage per animal per day on veld fertilizer experiment.

”~

(1 1b = 0.454 kg)

Herbage per arimal per day (1b)

Amount allocated

Amount uneaten

Amount consumed

Treatment
Period (1) (2) (3) (4) (1) (2) (3) (4)
Date 13.3.67 18.12.67 19.2.68 22.4.68 2" 16.3.67 21.12.67 23.2.68 26.4.68 "ean (1) €} B {4 ‘e
Nitrogen (N)
Nil 15.05  16.29 12.97 10.78 13.77  0.22 6.81 6.00 1.35 3.60 14.80 9.48 6.96 9.43 10.18
300 1b N/morgen 14.81  16.41 15.22  15.46 15.47  0.27 7.57 6.88 2.69 4.35 14.55 8.84 8.32 12.77 11.09
600 1b N/morgen 15.38  15.51 15.00 15.51 15.35 0.28 4.70 5.63 3.03  3.41 15.09 10.81 9.37 12.48 11.%
Mean 15.08  16.06 14.40 13.92 14.86 0.26 6.36 6.18 2.36 3.79 14.81 9.71 8.22 11.52 11.07
L.S.D. P =0.05 = - 1.88 2.18  1.14 - 2.50 - 1.02  0.79 - - - 1.88 1.18
P =0.01 = - - 3.02 1.58 - - - 1.41 - - - - 2.60 1.63
Other Fertilizer (Y)
N1l 14.89  16.25 14,53  13.40 14.77  0.22 5.93 5.90 1.78  3.46 14.67 10.32 8.63 11.61 11.31
100 1b P, 200 1b K & 265 1b
Cafmorgen 15.25  15.88 14.29 14.44 14.96 0.29 6.79 6.46 2.93 4.12 14.96 9.10 7.81 11.51 10.82
L.s.D. P =0.05 - - - = = = = = 0.83 0.65 = = = = =
P =0.01 - = - = = = & - 1-18 = = = = 2 =
Coefficient of Variation 8.03 12.85 12.27 14.72 7.21 54.72  37.09 29.10  40.60 19.61 8.09 30.01 28.02 15.34 10.02

Significant interaction (NxY)

—
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Amount of herbage allocated per animel

On the average 14.86 pounds (6.75 kg) of herbage
were allocated per animal, per day. This is very close
tc the 15 pounds per animal per day stipulated in the
procedure., However, it will bte noted that, on the
average and during the last two periods, the animals
on the plots which received no nitrogen fertilizer
were allocated significantly (P<0,01) less herbage than
the animals on the plots receiving nitrogen fertilizer.

This was the roesult of the rcelatively low rate of

growth on thesc plots and the requirement cf 2 minimum
of two animals poer plot, This could have been avoided
by not grazing all the plots at the same time i.e. this
treatment could have been witheld at the third grazing,
and grazed with morc animals at the fourth grazing.
However, the Jocision as to whether or not sufficient
herbage is available must be taken befcre cutting, for
once the herbage samples are cut The process of grazing
must also be carried cut. This 1s not an easy decisicon
due to the varied nature of the growth on the different
Treatments.

Herbage uneaten per animal per day

On the average, more herbage (P<£0.05) remained
uneaten per animal, per day on the treatments receiving

300 Ib N/mcrgen than on the treatments receiving no ni

]

trogen fortilizer, and on the treatments with an appli
cation of 600 Ib N per morgen. A similar result was
obtained at the second grazing, but at the fourth gras=
zing the amount of herbage remaining uneaten (per anis=
mal, per day) increased with increasing applications

of nitrogencus fertilizer. During the flrst and third
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grazings there was no significant Jifference Letween

the treatments.

On the average, and a2t the fourth grazing the
amount of herbage remaining uneaten per animal per
day, was greater on the plots recciving "other fertili=
zer" than con those not receiving it. ft+ is intcrests=
ing to note that in the twe autumn grazings (first and

fourth grazings) luss |

-

crbage was left per animal,

per day than during the mid-summer grazings.

Hertbage consumed per animal per day

The amouunt of herbage consumed per animal per day
was greater, at the fourth grazing and on the average,
on the plots recioving nitrugenous fertilizer than on
the control plots. This result is probably a reflec=
ticn of the smallor amounts of herbage allccated fo
the animals c¢n the cuntrol plots during the last two
cuts. No other significant Jifferences, in the

amounts consumed per animal per dJday, were cpparcent.

The amount of herbage consumed per animal, per
day in the two autumn grazings was considerably greater
than in December and in February, This might Le dus
to the greater live-weight of tThe experimental animals
at the end of the season, compared with carlicr in the
yaear. Howaover, this result is contrary to the belief
that, the consumption of This suurveld by livestock
declines in the autumn. IT is suggested that o de=
crease in nutritive value of The veld in autumn, rather

than a reduced intake, may be mainly responsible for the

C

1
(]

cline in tivestock condition noted during this period.



It is also surprising that nitrogencus fertilizas=

tion had such a small effect on the consumption rates.

Counclusicns

This experiment has Leen in progress for fco
short a pericd to determine the effects of the treats=
ments on botanical composition. Howover, even over
this short period It is apparent that the application
of nitrogenous fertilizer resulted in a marked in=
crease in herbage yields. The respon
was increased particularly at the high level by the
additicen of other fertilizer (P, K and Cz), however,

f

these other fertilizers were of ne bencefit in the

absence of nitrogen. It might be anticipated that
the response to nitrogen will be larger in scascns of
higher rainfall (the rainfall fer the poriod under
consiceraticn was bLelow average) and when the btotani=

cal changes associated with nitrogen fertilization
are further auvanced. These changes are usually
toward species which arc mcre responsive to nitrogen

fertilization.

The results ¢f the amount of hourbaoe consumed

cenfirm those ctbttalned from the herbage yield. N

trogen fertilization resulted in a marked increase in
consumption. The other fertilizers alsc resulted in
an increased consumption on the average even in the

absence of nitragenous fertilizer.

From the data available It is not possible to
assess The profiticility of the centerprise. Tho
costs involved in veld fertilization can be estimated

but the dry material ylelds available from this aex=



Table 11.
Costs of and income derived from veld fertilization on NP 17/6 1967-68 season

M fertiltzation® Yield o gkl caneTrad ' oy REe oy aY)  rogirelm

Treatman:t morgen ton/morgen Gross : Net cos:qof fert'il'iz;trl‘on Gross . Ne{: cgeer cost
NoYo R 0.00 2.04 R40.74 R40.74 - R 40.74 R 40.74 =
NoYI R25.97 2.16 R43.30 R17.33 1.30 ton/morgen R259.80 R233.83 0.22 ton/morgen
N1Yo R23.36 2.72 R54.38 R31.02 1.17 ton/morgen R326.28 R302.92 0.19 ton/morgen
N1Y1 R49.33 3.04 R60.80 R11.47 2.47 ton/morgen R364 .80 R307 .07 0.41 ton/morgen
NZYo R45.23 2.97 R59.40 R14.17 2.26 ton/morgen R356.40 R311.17 0.37 ton/morgen
oYy R71.20 4,52 R90.34 R19.14 3.56 ton/morgen R542.04 R470.84 0.59 ton/morgen

(1) Treatments: (2) Costs: (3) Income on quality

N, = No nitrogen fertilizer Fertilizer: Urea R63.75 per ton Coetsee (1969) shows that fertilized veld

N = 300 1b N/morgen Superphosphate R23.60 per ton as hay has 6X the value of unfertilized.

N, = 600 1b N/morgen KC1 R34.70 per ton

Yo = No other fertilizer Lime R1.80 per ton

Y1 =100 1b P, 200 1b K

and 265 1b K/morgen. Transport: 20c per ton mile over

15 miles = R3.00
Spreading: 50c per morgen per application.

(1 morgen = 0.8565 ha; 1 1b = 0.454 kg; 1 ton/morgen = 1059 kg/ha)

L8
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periment do not adequately reflect long fterm average
vields. Cuetsee (1969) has shown that livewsight
increascs of animals fed on fertilized veld hay bear
no relation to the incrcases in hay yields cbtained
by fertiltzation, Over a ten year period a 2.9 fold
increasc in hay yield, duc to the fertilization of veld,
resulted in a 19.3 fcld increase in the liveweight
galn on feeding the hays to bgeef cattle. This means
that the hay frcm fortilized veld had approximately
six tTimes the value of that from unfertilized veld.
The costs anc estimated incceme resulting from the
fertilization of this experiment which are presented

in Table 11 are therefore very tentetive.

On the basis of the hay yields for the 1967-68 sea=
son the fertilization of veld did not pay when the dry
material harvested was valued at R20 per tcn (907 kg).
On the basis of the valuation suggested by Coctsee!
(1969) results (i.e. R120 per ton) fertilization pays
hansomely. No doubt, the true value of hay from fers=
tilized veld is greater than that from unfertilized
veld. A realistic value is probably less than R20

per ton for dry material frcem unfortitized veld and

eater than R20 for material from fertilized veld.
[t is reasonably certain that the fertilizaticon of
this veld type is a payable proposition because yields

of between five and six tons per meorgen (4500-5400 kg)

of dry material are not impracticable (sece 3.5.3.4),.

The technique used in this experiment worked well,
and appears to be suitable for the determinetion of
herbage yields in the presencs of grazing animals, and
of herbage consumption. The errors (as measursd by the

-e¢fficient of veriation) were within reason:

(J

ble limits
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3.5 Overseeding as a methcd of veld improvement

Charles (1962) in his review uf pasture es=
tablishment by surface-sowing methods states:
"The plough has a well-established place in the pre=
paration of a seed bed for resowing grassland, Large
arecas of land exist, however, which are too steep,
too stony or too wet for the use of conventional techs
niques and it is in these difficult circumstances that
surface-sowing methods offer possibilities for pasture

improvement."

Charles (1962) quotes various authors fo illuss=
trate the extent tu which coversowing has been applied
in rccent years., In New Zealand (Robinscn & Cross,
1960), New South Wales (Sardone, 1961) and in Scotland
(Gardner, 1961 & Ccpeman, 1961) large areas of pastures
have been surface sown. Since 1961, it is apparent
that this practice has becen extended in both Australia

and New Zealand (Edwards, 1963).

There are great possibilities for further develops=
ment. Charles (1962) regpoerts that in the U.S.A. 50

million acres, in New Zealand 13 million acres and
In Ireland 1.5 million acrgs await development by cvers=
seeding. In the Highland sourveld of South Africa i+t

appears that some 405 of the total area (slopes >12%1%
and vleis - section 3.2.2.1) are suited to development
by uverseeding and/or fertilization. | f this figure
is extended to apply to the two radical veld impruves
ment zones of regiuvuns 1, 2 and 3.2 and if a figure of
20% were applied t¢ these zones of region 3.1 (it is
flatter than the other regicn) ¢f the Grassland Potens=

Tial map of the Republic (secticn 2.2); some 13 milliun



morgan (28 million acres) aro apparently suited fo

overseeding in the Republic, (The 155 of potentially
arable land does not fall within thesce slopes and viels,

and can therefore be ignorad).

Charlcs (1962) considers the following to be os=
sentials for successful oversowing: "(a) the correction
of mineral deficiencies in the scil, (b) *the eliminas
tion of the old sward, (c) getting the seec into con=
tact with the scil, (d) suitable grazing managemont
during and after establishment.” A fifth factcer, (e)
the availability cf suitable plant species for overs=

seeding, cculd be added to this list.

The aim of oversceding is to convert low produs
cing, low quality grazing intc high producing, good
quality grazing by reinforcing, and replacing It with
imprcved plant species. This is nearly always assc=
ciated with fertilizaticn, ang the success attained,
overseas, has depended largely on legumes tou provids

the initial nitrogen supply.

When considaring the pessibilities of overseeding
in new area, it is first necessary tc investigate cach
of the five essentials, mentioned previously, Each
of the factors must be weighed up against the local
conditivns, and considered in the light of available
information. In the rescarch prcgramme at Tabamhlope
Rescarcn Station much of the required information on
soil fertility and specics adaptation was cbtained from
frials ¢n cultivatel arcas. From 1962 fto 1967 much
attention was concentrated on metheds of reducing tha

existing cover and getting the seed inte contact with
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the scil. I+ was considered that this order of
privrity was the une most suited To the area. It was

intended that subsequent fTrials should concentrate on
the management of the improved grassland. Thus the
research pregramme discussed in This section deals

with four of the five ussentials of oversesding.

3,.5.1 The search for suitable specics

"The cheice of species and variety is <ns
vf the most important considerations in good grassland
management. Few factors are sc completely under the
control of the grassland farmer, and he should make the
mcst ¢f his opportunity" (Harlan, 1956). This state=
ment imulies that the grassland farmer knows the valuec
of the species and cultivars available to him, It is
the duty of the grassland research worker to acquire
this knouwledge, and disseminate it to the farmer Dy
way ¢f the extension and publicity divisions of his
department. The rescarch worker must acquirce this
knowladge by & centinuous process of testing and cvas
luation,

tn Cenada a co-ordinated programme of forage crop
testing is facilitated by fthe network of stations of
the Federal Department of Agriculture. Breeding Is
confined to a few stations but testing is on a more
extensive basis (Knowles, 1960). In England a similar
position exists with the breeding being concentrated at
Aberystwyth. In New Zcaland, the zlant breeding is
concentrated at Palmerton HNorth, and evaluaticn is
carried cut at a number of centres under the guidance
of the plant breeder (Edwards, 1968). The Rzpublic
of Scuth Africa has had a network of testing stations

in operaxtiun for a number of years (Ancn, 1933, 1940,



1951). However, in many instances there has been
little uniformity in the factors evaluated, thce system
used in evaluaticon or In the nethods used in establish=

ment and management at such stations.

I+ is apparent that, In a comparison of specias,
or cultivars results obtained under cne set of field
conditions might vary considerably under another set
of conditions (Hunter & Leake, 1933). Such variation
might be caused either by envircnmental conditions or
by management practices. Variations in environmental
conditions, which are generally of a climatic or
edaphic nature, can only be evaluated by replicating
tThe trials at various centres. It is conceivable
that the vest number of management practices which are
pussible can be limited and standardised. This can

be done if due counsideration is given to the use to

which the plants will be put when tested and t¢ the
nature of the trials conductad. In the same way thz

observations made and records kopt should be selected

in relation tou the ultimate cbject cf the trials.

Factors affecting the performance of plant varietics

(a) Environmenta! factors

The importance of climatic factcers such as
precipitation, temperature extremes, retative humidity
and day~-length in determining the performance of plant
species and cultivars s common knowledge. The eco=
logical behaviour of tribal groups can be of some value
in determining which species are most likely to be
successful in a given area. There is no suitable sub=

stitute for research, however, and it is necessary to



demonstrate the adaptation of spe cies and cultivars
to given situations (Harlan, 1956). The value of
trials for the screening of cultivars is consliderably
enchanced by repetition in different environments
(Green, 1959).

In several countries, England (Green, 1963), Kenya
(Brogdan, 1960), Canada (Knowles, 1960) and South Afris=
ca (Anon, 1938, 1940, 1951), it has been found neces=
sary to test species and varieties under the specific
conditions of a number of climatic regions. A problem
which requires careful consideration in such testing
is the degree of local adaptation required (Knowles,
1960). This problem is of prime importance to the
plant breeder but, should never-the-less, also be con=
sidered in the testing of spe cles. The extent of
the climatic regions and the relative importance of
fodder crops in ecach unit should bg considered carc=
fully before selecting sites for trials. There are
many advantages of having varieties adapted to large
areas. Perhaps the most important of these advantages

is to be found in seed production (Knowles, 1960).

Edaphic conditions can influence the performance

of plant species and varieties fo a ccnsiderable extent.

Extremes in soil moisture within a single area affect
the performance of spucies. lrrigation will also af=
fect the choice of species. Numerous instances of dif=

ferential response of plant varieties to unfavourable

contents of soil minerals and soil pH have been reportad
(Vose, 1963).



retat

tions

Numerous cultivar differences have been proved in
ion to resistance to toxicities of saline condis=

(Voswe, 1963). Cultivars are also often selocted

for their adaptation fo acid soil (Voss, 1963).

(b)

Management factors

The fertilization grazing or cutting and wecd

control mcasures applied to plant trials have a large

influcnce on the relative porformance of plant specles

and culftivars.

Fertilization

In 3outh Africa the fertilizer regime which has

been applied in the testing of plant material has

varied considerably. Under irrigation, at Est=
court, Scott, West & Werd Cox (1940) did not
apply any fertilizer to the nursery plots. Hows=

ever, Scott ot al. (1940) Preller (1940, 1951)
and van Wyk (1962) fertilized trials conducted
under dry land conditions. Preller (1940, 1951)

handled his plots in "

as near normal farming con=
ditions as possibla". He did not attempt abnor=
mally high fertilization with compost or artifis=
cials. On the other hand, Scott vt al (1940)
applled "the best possible treatment of the soil

from the fertilizer point of view."

Differential response of plant species and
cultivars to phosphate fertilization, nitrogen
fertilization, calcium fertilization and zinc

requirements, have been reported (Vose, 1963).



Breedors have paid little attention in plant
bresding and selection to nutritional factors per
se. However, they must take into consideration
so many factors that they arec loth to add an ad=
ditional one (Vose, 1963). Soil fertility may

obscure differsnces between cultivars, and diffe=

rences might be shown by testing at lower fertill
Ty levels. However, it is doubtful if these

differences would be significant agronomically.

There seems to bs a need to develop cultivars sul
taed to high fertility conditions (Cowling, 1960).

Competition

In perennial pastures intra- and inter-
specific competition, from both planted and in=
vading species, plays an important role in the
ecological changes which take place. These chan=
ges may influence the production, nutritive value,
palatability and economic value of a pasture.

It is therefore |itTlc wonder that the effects of
competition;, in the tcsting of plant material for
perennial pastures, has been the subject of much
axperimentation. Plant material may be planted
in three ways: (a) in plots or rows of spacecd
plants, which arc usually clean cultivated,

(b) in broadcast swards of single species or

(c) in mixed swards usually consisting of the
cultivar under tast and one other, previously tes=
ted species. The companion spe cies is usually
a legume if the specics being tested is a grass

and vice versa. Forcign plants are seldom res=

moved from the swards and are zllowed to excrt
Their effects.



Lambert (1963 found that a square pattern of
spaced plant matcrial was cxcellent for testing
cocksfoot cultivars. In the examination of newly
introduced plants and new decvelopments of commonly
used species, Davies (1955) also used spaced plants.
Codd (1940) and Foster (1940) used rows of plants
which were clean cultivated between the rows.
Several worksrs have, however, shown that strains
of grass which were inferior when grown in spaced
plots gave wqual or greater yields when planted
in broadcast plots (Alghren, Smith, Nielsen, 1945
& Kramer, 1952), Correlations betwesn charactes=
ristics of spacasd plants, and their hay ylelds
when grown in swards are usually low, and can not
b used for predicting hay yields (Nissen, 1960).
Nissen (1960) states that spaced plant experiments
can never replace swards but may be used for spes
cial recasons 2.g. (a) to test for special desirable
characters, which may be more sasily observed in
spaced plants than in swards, (b) for identificas=
tion purposes and (c) to screen "source material"

in breeding work.

Lazenby & Rogers (1960) state that results
from comparisons of rclative yields of spaced
plants and swards have besn conflicting. Some=
times there has been similar relative cultivar
performance, although diffecrences detected in
spaced plants were often reduced in swards: on
ofher occasions little reclationship was found
between varietial behaviour in the two "environs=

ments." They found, in experiments with planting

densities of Lolium perenne, that (a) ylclds of
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cultivars were not always in the same order for
the different densities used, and (b) the po=
tential tillering capacity and tiller weighft
were atfected by the densities used. GreatestT
yields per unit area of land were obtained from

swards.

Harlan (1956) states that compatability of
species should be considered in the choice of
species for a pasture. The species must respond
similarly to the same management and they should
be nearly of the same palatability under the ma=
nagement used. Various workers have preferred to
use mixtures for testing species, which are normal~=
ly grown in association with others (Weiss, Kukers=
ji, 1950; Thoughton, 1955; Hausmann, 1960). [ 1
was found in Sweden, that if cultivars of timothy
and cocksfoot were tested in pure stands and in a
mixture with red clover the relationship bectween
cultivars could be distinctly different in the
tfwo types of stand. I+ was concluded that cul=
tivar tests with herbage plants must, therefore,
be made in mixed as well as pure stands (Akerberg,
1950). Attwood & Gaber (1942) demonstraied dif=
ferentia! clonal performance and persistence under
competition with white clover clones ftransplanted
info an area sown to Kentucky bluegrass se¢id, as
compared with when they were grown in pure clover
swards. Other workers have found that strain
differences, apparent In single species swards,
wore masked to some extent in mixed sowings
(Churchill, 1947; Pavlychenko, 1942). Pergande

(1954), growing five cultivars of Lolium perennec
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in pure culture and in five mixtures, found that
they exhibited the same characteristic properties
under each system, and he concluded that ryegrass
cultivars could be satisfactorily tested when sown

alonc.

Wright (1960b) found that there was no con=
sistent reIaTionship between cultivars of Lolium
perenne when grown as spaced plants, pure-swarc
or grass/clover swards. The corrolations between
any two techniques were variable. He suggests
that grass/clover swards, managed so as to stimus=
late normal farming practice, provide the plant
breeder with the soundest method of assessing the
true agronomic potential of strains. On the
other hand, Wilsie (1949) found close agreement
between row and pure stand yields and from those
from mixtures with legumes. Fransden (1956)
concluded that a reliable progeny test of the
yleld of forage species could be made only from
pure or mixed swards. Wright (1960) concluded
that there was a place for spaced plants in se=
lecting for many cnaracteristics, but for vield,
growing in a mixture is essential. He also found
that spaced plants showed a higher degrze of in=
fection to "blind seed disease in ryegrass" than
did swards. Clover appeared to act as a mecchanis=

cal barrier to the spread of the disease,

Harvesting and utilization

The method emplyed in harvesting the produc=
tion from and tha utillzation of plant cultivar
trials may have 2 markod influence on the producs

tion obtained and on the relative performance of



cultivars.

The stage of development at which pasture plants
are cut or grazed and also the frequency of such
cutting or grazing may Influsnce the relative pers=
formance of spe cies or cultivars (Johnstone-Wal=
lace, 1945; Ahlgren, 1947, Green & Etyles, 1960;
Voison, 1960; Green, Anslow, Corrall & David, 1963).
The height to which pasture plants are cut or gra=
zed may also influence the relative performance
of species and cultivars (Hughes, 1937; Ahlgren,
1947, Lynch, 1947, Jones, 1959; Voison, 1960).

Yields from cultivar trials are usually mea=
sured by cutting and weighing the herbage produced.
Some workers have found that the correlation between
results obtained from plots which are mown and those
which arce grazed are poor (Jones, 1934; 1935; Gars=
rigus & Rusk, 1939). On the other hand a number
of workers have obtained close correlations between
the results from mown plots and from grazed plots
(Ahlgren, Bashtedt, Aamodt, 1938; Brandt & Ewalft,
1939; Hodgson, Knott, Miller, Halbefg, 1942; Line=
han & lLowe, 1946; Linehan, Lowe, Stewart, 1952).
Genorally higher yisids have been reported from
plots which were cut than from those which were
grazed (Brown, 1937;: Jones, Ewalt & Haag, 1937,
Ahigren et al., 1938; Brandt & Ewalt, 1939; Hodgson
af al., 1942), Significant changes may occur in
the botanical composition of pastures which are
mown continuously and these changes usually differ
from those occuring on grazed pastures (Stapledon

& Jones, 1947, Hein & Henscn, 1942}, The diffe=
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rences in growth, composition and reaction of
species to mowing and grazing are probably due fo
one of three factors : (1) Differences between
the ftwo methods, associated with the method of
removal of the herbage e.g. in mowing an even
height of defoliation, an arbitrary height of des=
foliation, the frequency of defoliation, sudden

and severe defoliation and the method by which the

grass is sheared. (2) The grazing animal framples
the plants and compacts the soil, (3) The loss
of soil fertility in herbage which is cut and re=

moved from fthe sward as compared with grazing
(Brown, 1954).

The nature of the obscrvations in the recording perfor=

mance of plant cultivars

Lazenby (1960) has suggested that the problems in
evaluating established cultivars should be separated
from the problems involved in breeding. In the pres=
liminary scrsening of plant material the questions to
be asked are: (1) will it survive? (2) will it grow?.
The classification and selection of cultivars poses
more searching questions and may involve the use of
management pructices and the recording of details which
are unncecessary in the preliminary trials. Harlan
(1956) stresses the importance of selecting plant spe=
cies in relatlion to the purpose of the pasture. The
main purpose of the pasture might be soil improvement,
nutrition of livestock, to provide fodder at special
times of the ysar, the control of soil aerosion, the
prevention of run-off of rain water or the production
of seed for other arezs (Harlan, 1256; Knowlaes, 1960).

The testing of plant species or cultivars is simplified,
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if the purpose for which they arc to be used can be
defined. The characteristics which are fo be observed
and the most appropriate method of testing should be
selected in rzlation to the ultimate use of the pasture.
A clear definition of the object of the pasture also
enables the control species to be sslected with greater

precision (Lazenby, 1960; Green, 1963).

Yigld of dry matter is usually the main measure of
the value of spe cies and cultivars (Mostert & van
Piustzen, 1951; Prgeller, 1951, Brogdan, 1960, Knowles,
1960; van Wyk, 1962),. Knowles (1960) considers that
dry matter yield, boetter than any other factor, indi=
cates the usefulness and general adaptation of grasses

and legumes.

Various workagrs have indicated that conslderable
differences exist in the nutritional value and content
of chemical constituents of plant cultivars (Robinson,
1942, Seay & Henson, 1958; Akerberg, 1960; Vose & Koontz,
1960). I+ hes been reported that protein content of
herbage gives a good estimate of the content of most
other chemical constituents (Akerberg, 1960). Deter=
mination of the dry matter yield 2lone can result in
wrong conclusions concerning the practical value of fthe
plants and a mixture of chemical analyses are also re=
quired (Akerberg, 1960). The determination of the
nutrient content of herbage by means of chemical ana=
lysis, however, does not always present a true reflecs
tion of the feed valuec (Crampton & Finlayson, 1935;
Crampton & Forshaw, 1940; Hardison, Ried, Martin &
Woolfolk, 1954, Davies, 1959). Two plant varieties

having the same content of a chemical constituent may



differ in their feed vliue or digestibility of this
constituent (Crampton, 1934; Morris, Wright & Fowler,
1936, Maynard, 1937 & Morrison, 1949). The measure=
ment of digestibility and biological value of plant
cultivars is, however, seldom made at this early stage

of evaluation.

Palatability (Harlan, 1956, Jones, 1959; Akerberg,
1960), the presence of toxic substances and those cha=
racteristics which influence the value of the product
during conservation (Akerberg, 1960) should also be
considered in the estimate of the quality of plant cul=

tivars.

In Europe considerable emphasis is placed on the
recording of seasonal production and the tolerance of
lecaf growth to frosting in cultivar frials. The an=
nual production of two cultivars of grass may be iden=
tical but the distribution of growth over the year may
vary considerably (Jonas, 1959). tn selection em=
phasis is laid on early spring growth (Jones, 1959),
autumn growth (Davies, 1955) and "winter greenness"”
or winter hardiness (Davies, 1955; Serviss & Ahlgren,
1955; Harlan, 1956; Brogdan, 1960; Knowles, 1960).
Jones (1959) emphasises the difference betwsen early
spring growth and peak spring growth. The former is

the awakening period and the latter the zenith period.

Mostert & van Pletzen (1951) classified species
and verieties on Their growth habit and Davies (1955)
sclegcted cultivars for their leafiness. In South
Africa drought resistance is a quality for which plant

cultivars might be selected. Harlan (1956) considers
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that the type of livestock which will utilize the
pasture should be ftaken into consideration in the evas=

luation of plant cultivars.

When the purpose of the pasture is soil improvement,
the legumes selected must have the capacity for zbun=
dant nitrogen fixation and the pasture must give a high
yield of forage for the soil to receive a high return
of animal manures (Harlan, 1956). Jones (1959) sug=

gests that the grass cultivar itself has an influence

on the soil quite apart from the clevsr content of
the pasture. The percentage of water stable aggre=
gates in the soil, which is a measure of solil strucs

ture, formed by various plant species and cultivars
may vary (Stevenson & White, 1941; Pavlychenko, 1942;
Willlams, 19535).

The effectivensss of various plant cultivars In
controlling soil] erosion and slowing up the flow of
water varies considerably (Ayres, 1936; Bennett, 1947;
Harlan, 1956).

Several workers have taken agressiveness and
persistency into considuration when selocting plant
species and cultivars (Mostert & van Pletzen, 1951;
Serviss & Ahlgren, 1955; Jones, 1959), O+thers con=

sider discasec resistancs to be an important factor in

w

election (Knowles, 1960; Wright, 1960b). The number
of seeds germinating ond the rarcen*age of seadlings
which become estabttshed mey be of tmportance (Preller,
1940), while in seed producing areas the seed producs=
tion of a species or cultivar for export to other areszs

may be the prime consideratiocn in szclection (Knowies,
1960).
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A somewhat idealized scheme of the processes in=
volved in selecting and evaluating plant species for

overseeding is illustrated in Figure 3.

This scheme consists of four steps: (a) The
acquisition of material, (b) testlng The adaptation of
this material, (¢) the evaluation of its production
potential, and (d) the application of the results in
the field

Plant material may be acquired by importation
from other areas, by the collection of selected local

material or by sophisticatcd selection and breeding

programmes. This mass of available material should
be screened for the "probability" of it being adapted
Yo The arsa. By screening on the "adaptation probabi=

lity" of a species, is meant the selection of these
species adapted to the climatic conditions of the area,
and o the use to which it is to pe put. In this
process Mediterranean species, adapted to winter rain=
fall, would be excluded from a summer rainfall area;
tropical species would be excluded from an area with
saevere winter frost, and prostrate species might be
selected for grazing in preference to upright types.
This process depends on the availability of data on
gach species and on The ability to reason logically.
In The absence of sufficient or suitable adapted ma=
terial, it may be necessary to seek plants from less
promising scurces. The "adaptation probability"
process can eliminate some valuable material. Some
plants have a very wide range of adaptability (e.g.

Mecdicago sativa), however, as knowledge of such a

characteristic is generally available, the loss of

material should be minimal.
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This material, which is apparently adapted, must

now be tested to determine its actual adaptation.

6]
wn

The tests may be stringent, and of a nature such

to determine the adaptability of a plant for a spes=
cific purpose (e.g. for overseeding and grazing in a
specific area), or they may be of a more general nas=
ture (i,e. adaptability to climatic conditions only).
Whatever the nature of the tests, the evaluation
should be carried out under a favourable fertilizer,
and in the cass of legumes a favourable Rhizobium
regime, unless adaptation to low fertility conditions
is the object of the exercise. Single plants or rows
(replicated) are usually adequate for this stage of
the investigation, as seced supplies one frequently

[imited.

Promising species are then compared on the basis
of thelr production. Optimum management practices
should also be evolved if possible. ldeally, the
yardstick in this phase is usable animal products
(Davies, 1961), but frequently herbage yields are a

more practical measure.

The final step is the dissemination and applicas
tion of the results. (The press, radio, television,
lectures, ficld demonstraticns and contact with indivi=
dual farmers are some means of transmitting the results).
The success of the whole programme is, in the final
reckoning, mecasured by the extent to which the producs=
tion of the area has been incrcased by the application
of the measursz. It is, therefore, alsc obvious that
adequate, reasonably priced seed of any new introducs

Tion must be available before the final phase can be
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implemented. (Rescarch may be required into sead pros=

duction and harvesting techniquas).

NS
w

During the period 1936 to 1954 a2 considerable

_..l..

, in nurseries and

L

Q
amount of plant material was teste
in other trials, 2t Tabamhlope Research Station (Scott,
1938; 1940, 1951, 1955), while Gesncll (1957) carried
out a cultivar trial with selections of E. curvula.
Much useful dJata had been ¢btained from these ftrials
and many successful pastures had besn established in
the area. The most cummon components of these pas=
tures were: P. dilatatum, D. glomerata, P. clandesti=

num, T. repens and T. prafense. E. curvula was es=

tablished later on a large scale, and L. multiflorum,
A. sativa and S. cereale were coemmonly grown as annual

cool season pasturas.

Between 1955 and 1966 ong¢ grass species, and
four grass and clover culfivar frials were established
to obtein a more detailed evaluaticn of promising spe=
cies at Tabamhlope. These trials, and these prior
to 1954, were all conducted on arable land, and as
such were pearhaps not ideal for selecting material for
overseeding. However, this maiterial did provide the

basis for later trials ¢n cversseding.

3.5.1.1 Grass species Tricl (NP 19 T)

As has previously been mentioned, a
large number of grass species had been testaed at
Tabamhlope Rescarcn Station prior to 1956, Howevar,
as most of these trials were conducted on unfertilized
plots, and in view of the unfertile scils in the area,

it was decided to attempt a2 more detalled evaluation of
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some of these species on fertilized plots. In Februs
ary 1958 o grass species frial, which included both
temperate and sub-tropical species, was established at
the Tabamhlope Research Staticn. This trial was con=
ducted in an attempt to narrow down the number of grass
spaecies which might prove to be useful in developing

the grassiand potenticl of thoe Highland Sourveld.

A summary of thc results obtained from this ex=
periment has been published in the form of a pcpular
article (Edwards, 1964). Detal led results are pre=

sented hercunder.

Objective

The object of the zxperiment was to determine the
hay production, potenticl of seventeen perennial grass
species, which were supposcdly adapted to the area,
under conditions of adequate fertilization. The gf=
fect of two different row spacings was alsc investiga=

ted.

Precedure

The experiment was conducted on the "Farningham"
experimental site (sec section 3.3.1) on the Tabamhlope
Rescarch Station. It was planted on a finely pres=
pared seed-bed, into which the fertilizer had beaen
Jisced. The seed was scwn by hand in rcows, and veges=
tative material (wherc seed was not available) was also
planted Tn rows. Planting was carried ¢ut on a moist
soil.
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The seventeen grass species were planted in six
replications in o randomised block design, with a split
plot ftreatment for six inch and one fcot spacing between

rows.

The specics planted and the sseding rates used
were as follows:

Secding rate (lb/morgen

Species -0.53 kg/ha)
Eragrostis curvula (Ermclu) 6
Paspalum dilatatum 120
"Ronpha" (Probably a Phalaris

hybrid) vegetative material
Phalaris tuberos 10
Agrestis tenulis 100
Hemarthria altissima Vegetative material
Paspalum urvillei 60
Andropogon appendiculatus Vegetative material
Lolium perennc S,101 50
Pennisetum clandestinum Vegetative meterial
Dactylis glomerata 5.26 60
Festuca clatior var, arundinacesa

e Te 3 40
Bromus catharticus 50
Panicum colcoratum var.

makarikariensis 30
Paspzalum scrobiculatum var,

commersoni i 40
Cyncden plectustachyus Vegetative material
Digataria tricholaencides Vegotative material

All the secd was obtained from commercial sources
and the vegetative matericl was <btained locally.

The gross size of gach sub-plot was 7 x 6% yards (6.4 x
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5.9 m) and whole plots were 7 x 13 yards (6.4 x 10.8 m),

The ylields obtained from this experiment wers
subjected tc the cenventional randomised block, statis=
tical analysls although such an analysis is not stricts=
ly valid. Statistical comparisons of yields obtainead
from different species and genera of plants Is compli=
catea by tho possibility of sach species having a dif=
ferent variance, Further as cartain spoacies failed
to establish, there were in fact some tTreatments mis=
sing from +he original design. However, even without
statistical analysis, The msan yields over the period
of the expaeriment, from six replications in a randomiscc
block design; probably provide a reliable estimate of

the performance of the species.,

At establishment The soil was fertilized with 8
Ib N in the form of urea (46% N), 35 Io P in the for

of superphcsphate (8.3% water scluable P) and 100 Ib

K in the form of muriate of potash (50% K) par morgen i 13
(42, 19 and 53 kg/ha). Four tons of lims and 400 Ib K -
of magnesium sulphate per morgen (4236 and 212 kg/ha) g
Were also disced into the scil before planting. A ‘
mixture of trace c¢lements was applied tc the soil be=
fure planting. This mixture consisted of:

30 Ib CuS0,.5H,0,

30 Ib ZnSO4.7H20,

30 Ib Borax, and b
8 0z. (NH4)g Mg7024.4H20 per morgen (15.9, 15.9. 15?
and 0.26 kg/ha).
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Topdressing

The amount of fertilizer applied per fton of dry
material harvested was increased from 30 to 60 Ib
(27.2 kg) in the case of N, and decreased from 50 to
33 ib (15 kg) in the case of K.

During the first season (1958~59) production was
generally poor. This season was, therefore, considered
as an establishment period and yislds were not reccrded,
but the plots were mown regularly to control weed growth.
Yields were first recorded during the 1959-60 season.

The herbage was harvested whenever it reached an average
height of from 6 to 8 Inches (15-19 cm) on each treats=
ment. Harvesting was carried out on the "island" method
and samples were taken for dry matter content determis=
nations (see section 3.3.3). Twenty-five (5 x 5 yd

-4.,6 x 4.6 m) square yards were cut and weighted on

each sub=-plot.

Results and Discussion

Establishment and survival. Of the seventeen grass

spccies which were planted, only twelve became ade=
quately established. The failure of five species
during this period emphasised the need for adequate
preliminary screcning of material (in single plant or
row trilals) before embarking on more elaborate trilals.
A considerable amount of land and effort were wasted
and the statistical design was jeopardised. C. plec=

tostachyus and P. scrobiculatum var. commerscnii, als=

though well established in autumn 1958, failed to sur=
vive the first winter. This was due to a lack of
adaptation to the cold, dry winters of the area. I+
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was ncot found possible to cobtain a full stand of D.

tricholaenoides inspite of repeated replanting — oc=

casional tufts did become established and grew well.

P. coloratum var. makarikarisnsis and B. catharticus

survived the establishment periocd, but thelr growth
was so poor that over 20% of the material harvested
from their plots was weed. The yields obtained were
noct representative of that of the spe cles, and were

discarded.

The yields obtained from P. urvlilel and A. appens=
diculatus were nct recorded during the 1959-60 season.
Extraneous material accounted for tho greater portion
of the herbage harvested from these plots durling this
scason, All the other species established well, and
so |ittle extrancous material was present that botanis=
cal separaticn of the cut herbage was considered un=

necessary.

The split-plot treatment of row spacing had no

obvious effect on e¢stablishment.

Dry material ylields, The ylelds of oven dry material

cbtalned from the experiment during three years are
given In Table 12.

Outstanding yields were obtained from E. curvula
during each season, culminating In a yileld of 23,42
tons oven dry material per morgen (24.8 M kg/ha) during
the 1961-62 season. P. dilatatum and "Ronpha" yielded
an average of 12.61 and 10.64 tons per morgen (13.4 and

11.3 M kg/ha) of dry materizl respectively, and P. urvils=

lei and A. appendiculatus, once established, also ylelded
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Table 12
Es+lma+ed(1) seasonal ylelds of dry material frem twelve grass species,

(Three year average).

Yield Ib. per morgen per day

Specles Spring Summer Autumn
(1/9=1/12) (2/12-1/3) (2/3-26/4) (1/2-26/4)
92 days 90 days 56 days 85 days

Eragrostls curvula - Ermelo 137 270 176 183
Paspalum dllatatum 62 210 108 116
"Ronpha" 110 167 98 112
Phalaris fubsrosa 98 163 110 128
Agrostis fenuls 27 76 79 80
Hemarthria alflssima 37 107 78 33
Paspalum urvilliel 68 157 115 125
Andropogon appendiculatus 67 143 98 105
Lol Tum perenne S.101 47 92 68 76
Pennisetum clandesTinum 36 3¢ 69 59
Bactylis glomerate 5.20 39 65 64 64
Festuca elatior var. arundinacea 38 74 29 64
e ts S

(1 Ib/morgen = 0,53 kg/ha)
(1) Estimated ylelds, as dates of harvesting dld not always co-Incldc
with the start of the seasons.

well. There was a considerable upsurge In production
during the third seascn, which was probably the result

of more favourablie climatic conditicns and Improved
fertilization. This Improved production was particu=
larly noticable in the case of "Ronpha" and P. tuberosa,
The average annual vields of L. perenne, P. clandestlinum,
D. glomerata and F. elatior var. arundinacea were poor.,




Table 13,

Yield of dry material from twelve grass speacles.,

Specles

Yield (Tons per morgen)

Season

1959-60 1960-61 1961-62 Av=rage

Eragrostls curvula = Ermelo

Paspalum dllatatum

"Ronpha

Phalaris tubcrosa

Agrostls tenuls

Hemarthrla altissima

Paspalum urvillgl

Andropogon appendiculatus

Lol lum perennc S.101

Pennlisetum clandestinum

Dactylis glowrara S.26

Festuca elaf[g;ﬂjqr. arundinacea

Mean
Whole Plots

P = 0,05
L5:De o o 0,01

Cocfficlent of varlation (%)

Sub, Plots
6" spacing
12" spacino
F =

Interaction :
F =

Spacing x specles,

15,89 18,38 Z23.42 19.18
10,17 12.35 15,31 12,61
3,98 7,61 15.33 10,64
3.84 3.77 14,90 751
2.53 230 6.86 7.23
.09 a.17 9.59 6.9%

= Wil 13A1 6.86

& 5.50 12,24 292
6.39 2.71 8.20 5.77
6.50 4,38 4,95 5,28
5.81 2.66 6.49 4.99
5.27 2429 6.75 4,77

6.29 6.68 11,45 8.14

1.27 157 1.93 1.10
1.70 Z. 11 2,58 1.47

14.43 20,15 14,42 11,59

7.54 6.62 11,44 8,12

Fa22 6.74 11,47 8417

N.S N.S N.S

0.01M+5+0,50M 5S¢, 01N+, 0gMe S+

0.49N.S.1.97N.S. N.S N.S

(1 ton/morgen = 1059 kg/ha)
N.S. = Not slgnificant.
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The row=-spacing treatment did not affect the yields,
nor was there any interaction betwsen the spacing and

the species.

The estimeted daily producticn of each species
during each of four growth periods is glven in Table
13,

This data was derived by dividing the total pro=
duction from one cut by the number of days since the
last cut. This data for the three years was then
averaged cver each aof the four seascns, The estimate,
obviously, is less accurate the less "requently the
species was cut - usually the lowest yielding species

were cut least frequently.

buring spring (1 September to 1 December), E. cur=

vula gave the greatest production, while "Ronpha™ and
P. tuberosa a'!so produced well. The heavliest ylelds
during the summer (2 Dccember to 1 HMarch) were obtained
from E. curvula and P. dilatatum. "Ronpha", P. tubero=
sa, P. urvillei and A. appendiculatus also produce!
guod ylelds during this period. Autumn (2 March to

26 April) production was led by E. curvula, with P, ur=
villei, P. tuberosa, P. dilatatum, "Ronpha" and A. ap-=

pendiculatus alsc proving satisfactory. Practically

no growth took place, on any species, during the winter
period (27 April to 31 August). Even the temperate,

winter green species such as L. perenne and F. elatior

were dormant. This problem may be solved, partially,
by the use of foggage — this is the grazing, during
winter, of grass spared durling the latter part of the

summer and in autumn., The estimated ylields of the
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species during the period (1 February to 26 April) are
given in Table 13, The greatest yield during this
pericd was obtained from E. curvula, while P. tubercsa,
P. urvillei, P. dilatatum and "Ronpha also produced

recasonable yields,

General Observations. E. curvula and A. appendicuias
tus herbage had a consistently {ow moisture confent

compared with that of thc other species.

Due to their decumbent growth habit, the grazable

yiclds cf A, tenuis and P. clandestinum were, probably,

considerably undercstimated by the h.-vestlng technigue
which was employed. This may also have applied, to

a lesser extent, to other grasses such as P. dllataiui,
F. slatlor, D. glomerata, H. altissima and L. perennc.

Jones (1959) notes that the ylelds of two D. glomerata
varietics varled considerably, in relation to one

another, decpcerding on the neight of cutting.

The acceptability of "Ronpha" to the grazing ani=
mal has frequently been questioned by the farming com=
munity. The plots in this trial were not grazed, but
when heaps of cut hcrbage from a number of species in
the trial were offered to lactating Ayrshire cows,
they showed preference for "Ronpha" and P. tuberosa
above P. diletatum, D. glomerata, F. elatior and E.
curvula. This is, of course, in no way conclusive
gvidence as many other factors (stage of maturity,
time elapsed after cutting, and fertilization) could
have been responsible for the variation in acceptabi=

lity of the herbage.
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The leaf growth of L. purenne, F. elatic: and
P. tuberosa was not frosted. Signs of frost damage

were apparent on the leaves of "Ronpha", D. glomerate

and A. tenuis during July, and most cf the leaves of
the two Paspalum species wore frosted. All the other

<]
species were severely frosted in wintoer.

L. perenns, which was attacked by rust on occas=
sions, was the only species which showed signs of

disscassc.

I+ is apparent that the split-plot treatment of
row spacing was superfluous and prov' .cd an unneces=
sary complication during planting, harvesting and com=

putation of the results.

Conclusions

The most suitable specigs, of those tested, for
hay or ens’lage appear to be those with the highest
vlelds, Possiole exceptions are E. curvula and

A. appendiculatus, which due fo thelr low moisture con=

tents, may bLe better suited to hay than to enslilage.

The growth habits of L. perenne, A. tenuis, F. g!a=

tior, D. glomerata, P. clandestinum, P. dilatatum and
H. altissima indicate their suitability for grazing.

The fact that these species, generally, produced low
yields may indicate that the methods used werec not

approplirate for evaluating grazing types of grasses.

Due to the dormancy of all the species in winter,
It may be desirable to make use of foggage during this

period. Grasses such as P. tuberosa, P. urvillei,
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P. dilatatum and A. tenuis appear to be best suited to
this purpose. E. curvula and "Ronpha" if acceptable

+o the animal at this stage, would also be of value.

The four highest yielding species also, generally,
produced the greatest amount of herbage during all
seascons of the year. The exceptions were the low
yield of P. dilatatum in spring, and the high yields

cf P. urvillei and A. appendiculatus In late summer

and autumn.

Experience Indicates that P. clandestinum and

possibly some of the other species (&.gs L. perenne)
require a high level of soil fertility for optimum
production. I+ is probable that the levels used In

this experiment were too low for thls specles.

There appeared to be little advantage in continu=
ing investigations into perennial temperate species

such as L. perenne, F. elatior and D. glomerata In

this area. From this same group Phalaris species
warrant further investigation. It is also apparent
from the performance of E. curvula, A. appendiculatus

and H. altissima that the testing of selected indige=
nous species should not be neglected In this area.

The last mentioned two speclies were taken from the veld
into the trial without any prior selection of suitfable
types. Further, they were grown somewhat out of thelr
ncrmal viel margin environment. More thorough selec=
tion and evaluation of our Indigenous grasses may be
very rewarding, and Is a field which has largely been
neglected In the high rainfall areas.
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.5.1.2 Paspalum dilatatum cultivar trial (N Ec 10/zZ

(82}

The previous trial (NP 19 T-section
3.5.1.1) indicated that P. dlilatatum was very produc=
tive In the Highland Sourveld and could, therefore, be
of conslderable value in developing the grassland po=
tential of the area. In 1962, when plant material
from a large number of selections of P, dilatatum,
made by DOr. Reusch at Cedara Coll!ege of Agriliculture,
became available, a detailed wvaluation of them in the
Highland Sourveld was considered to be desirable.
Vegetative material of flfteen of hls most promlsing
selections was obtained and planted under Irrigation,
in the plant multiplication centre at De Hoek Research
Station in the Estcourt Re¢scarch Complex. The experls=
ment was planted by the writer in 1964 and a final re=

port was submitted by Theron in 1967.

Objective

The object of this experiment was to determine
the herbage yield and the palatabllity of sixteen se=
lections of P. dJilatatum, when grown in a mixture with
Tl

repens.

This grass is usually grown with white clcver as
a mixed pasture in Natal, where it is utllized for gras=
zing. For this reason It was decided to evaluate the
selections in a mixed pasture, and in the presence of

grazing animals.

Procedure

The experiment was started in the spring of 1964

on the "Clovelly" experimental block (see sectlon 3.3.1)
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at the Tabamhlope Research Station. Clonal materia!
(from De Hoek Research Station) of each cultivar was
planted In rows, six inches apart with the plants within
each row being spaced at six inch (15 cm) centres, on
each of three plots for each specles. The plots were
7 % 12 yd (5.5 x 10.92 m) In axtent. Planting was
started when the soil was wet, but as the operation
tcok about three weeks to complete a water cart was
used to assist establishment, The T. repens (Ladino)
was sown on each plot at the rate of 5 Ib per morgen
(2.6 kg/ha), after the grass had been planted. Tho
seaed was lInoculated with the appropriate strain of
Rhizobium bacteria, and was rolled irio the scil with
a Cambridge roller. Yields were not measured during
the first season (1963-64) and the pasture was al lowed
to establish with the aid of cccasional mowings. The
experiment was terminated in April 1967, and thus re="

sults are availabllo for only two seasons.

A triple lattice design involving sixteen treat=
ments was used. (The trecatments were fifteen selections
from Cedara and one locally adapted type of commercial
origin from a nearby pasture). The code numbers of

the selections are given in Table 14.

The experimental area was fertilized uniformly at
establishment with applications of:
600 Ib superphosphate (8.3% P)
400 Ib muriate of potash (50% K)
200 Ib urea (46% N)
2 tons of agricultural lime per morgen (318, 212, 106
and 2118 kg/ha).

In addition to repeating the above fertillzer programme
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(except for the lime) each year In spring, a further
200 Ib of urea per morgen was applied each year dgrt g

January.

Whenever the herbage on the most vigercus cultivar
reached an average height of about six lInches, one
strip of 2 x 10 yards (1.8 x 8.1 m) was cut from eacn
plot of the experiment. The herbage was weighed and
samples were taken from this cut herbage for dry matter
and botanical composition determinations (see section
- [ 4 After this all surplus herbage including that
cut from the border rows was spread back on the por=
tion of the plot from which it had bezn cut. Flfty
head of cattle from the "Pasture Resscarch herd" were
then introduced intoe the experiment, and allowed to
graze for two toc three days. This was done In order
to obtain an estimate of the relative palatability
of the cu'tivars, and also to obtain the effect of
trampling, grazing and the return of dung and urine 1o
the pastura. The animals were held on a similar type
of pasture for a few days prior to entering the expe=
riment. After grazing 2 second strip of pasture
(2 x 10 yds) was cut, welghed and sampled in order fo
determine the amount of herbage remaining after grazing.
The position of the strips which were cut before and
after grazlng were alternated at each harvest. Scves=
ral objections can be raised to the technique used to
assess palatability, but inspite of this it was hopod
that large differences in palatablility (which would be

of practlical importance) would be apparent,

The germination of sced, collected from each sa=

lection at the De Hoek Ressarch Station, was tested by



Table 14a.

Dry matter yields of slxteen selectlions of P.dilatatum during the

first season of assessment.

Yields 1965-66 (ton/morgen)

Cultivar Before grazing After grazing
C 56/34 4,27 1.62 0.88 0.31
C S56/155 3593 1.16 0.70 0.21
C 56/19 3.74 1.69 0.91 0429
C 56/70 3.61 1.51 0.66 0.20
C 56/56 3.43 1,42 0.73 0.20
C 567162 2,86 2.16 .76 0.35
C 56/129 2,76 1.67 1.27 0.23
C 56/186 2,66 1.80 0.66 0.71
C 56/128 2,65 2,49 0.72 0.31
Commercial strain Z:51 2.76 0.60 0.51
C 56/i06 2.46 231 0.89 0.32
G 56163 2,34 3.03 0.59 0.14
C 96/172 2.30 2.77 0.61 0.18
C 56/187 223 1.6€ 0.57 0.25
C 56/71 2,01 2,33 0.35 0.18
C 56/89 1.79 2.56 0.34 0.49
Mean 2,85 2,06 0.70 0.30
LaS a3 PUEI305 1.03 .01 0.43 0.30
P = 0.01 1.41 37 0.58 0.41
i . LB 21,39 28,78 35.74 58,18

(1 ton/morgen =

1059 kg/ha)



Table 14b.
Mry matter ylelds of slxteen sclections of P.dllatatum during the

second seascn of assassment.
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Ylelds 1966-67 (ton/morgen)

Before grazing

After grazing

Cultlivar
Biedna Assoclated Braus Assoclated

Clover Clover
C 56/129 4,07 1.68 0.95 0.254
C 56/56 3.68 1.74 0.61 0,129
€ 56/70 3.46 Ll 0.0 0.103
G 56/155 Xt 2351 0.62 0.187
C 56/19 2.94 2,59 0.48 0.167
C 56/168 2.90 2,97 Q.38 0.185
C 56/34 2.89 2,32 Q.72 0.125
C 56/186 -y 2.94 0,33 0.103
C 56/63 2,62 2.96 0.43 0.141
C 56/125 2.50 3¢ 10 0.44 0.154
C 56/162 2,48 2.34 0.43 Q. 109
C 56/172 238 262 0.38 0.147
C 56/89 2.77 291 0.34 0.086
C B&/187 2,21 2517 0.38 0.114
C'36/71 1.85 2.49 0.22 0.088
Commerclial strain 1,43 2,82 0.38 0.0%5
Mean 2272 2.54 0.48 0.137
La2,0,0 P = Q.08 .39 1.00 0.37 0.146
P = 0,01 O3 1.37 0,50 0.200

(1 ton/morgen

1059 kg/ha)
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Results and Discussion

The herbage ylelds of the selectlons, and that
of the assoclated clovers, are given in Tables 14(a) and
14(b).

During the first scason (19€5/66) the five top
yielding selections did not differ in yield from one
another, and they all yielded significantly (P< 0.05)
more than all the other cultivars. The five top
yielding cultivars were C 56/34, C 5&/155, C 56/19,

C 56770 snd £ 56/856. During 1966/67 :hese flive se=
lections were among the top seven in yield. € B&/12
which was seventh during the first year, was the Top
yielding selection during the second year. The local
Commercial strain was tenth in 1965/66 and last in
1966/67. The poorcest selections yielded 42% (1965/66)
and 45% (1906/67) of the yield of the highest yielding

selectlion. In 1965/66 the Commercial straln yielded
59%, and in 1966/67 only 35% of the yield of the top
selection. The dJoubling in yield cbtained by selec=

tion, in an apomictic species such as P. dilatatum
(Boshaw & Holt, 1958; Reusch, 1961), indicates the vact
scope for selecticn amongst tropical grass species.

This variation which was obtained in the performance

of the top fifteen selections cut of about 200 sslec=
tions, made by Reusch indicates considerable variabllity

in what is considered tTo be a voery uniform specles.

The yield of the assoclated clover appeared to
be inversely related to the grass yields. This 1Is

as might be expected as a result of competition,



Table 15.

P. dilatatum germination

(21 days)

of
~

Germination

Selection Detrans= Transformed
foremed (Stevens anuilar

trons)
C 56/56 V#+8 27,969
C 56/168 v 27.463
C 56/125 14.0 24.545
C 56/34 13.3 23.920
C 56/155 3.1 23,788
C 56/129 2.9 23.554
C 56/89 12.3 23.494
C 56/63 12.4 23.041
C 56/71 (1 . 22.407
C 56/162 I N 22,343
C 56/187 11.1 21,853
C 56/19 6.5 21.249
U 58132 9.8 20.431
C 56/186 9.1 19.689
C'S6/70 7.0 17.245
Mean 142 3.3 22.866
Lefels = 0,05 - 3.006
P = 0,01 = 3.999

Cocefficient of Variation

10.40%
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The amount of herbage that was harvested after
grazing does not appear to provide a satisfactory mcas
sure of relative palatability of the selections.

This figure appears to be proportional to the fota!
herbage yield. (This may in fact be a true reflection
cf the relative palatability at the stage of harvesiing,
but Is probably unrelated to the relative palatability
at similar growth stages). However, the relatively
large amount of uneaten grass on C 56/129 durlng both
scasons suggests poor palatability — a factor which
should be investigated In a more sophisticated palata=
biliry frial. The amcunt of herbace which was eaten
was also closely related to the yiei. of grass, and
because of the absence of any contrci cver grazing
pressure, thesc flgures are considered to Le unsatis=

factory as a mcasure of relative palatability.

The percentage germination of the ssed, collected
from each of the sclections when growing at De Hoek,

are given in Table 15,

The results indicate that there was a marked, and
statistically significant difference between the ger=
minaticn percentages of the seed of scme of the selec=
tions. Selection C 56/56 gave the highest germinat on
percentage (17.9%) and C 56/70 thc lowsst (7.0%).

These results could have Leen influenced to some extent
by the maturity of the seed at the time of harvesting,
but as the seed was hand plucked when ripe it Is un=

likely that this factor played an Important role.
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The amount of labour involved in estatblishing
this trial was considerable, and in view of Iis shor”
duration, a more effective means of estaulishment should
ue sought, As a result of the apomictic nature cv the
species, and because it produces lects of seed, it is
suggested that future frials bte bLased on ssedad plcis
and not plantings of clonal material. L
lay can be compensated for furth:r by inf
tained on the relative sced production, and seed viabi=
ity of the salections. Although the assessment of
palatabllity was nct possible, the advantages of gra=
zlng such trials (even without waighing the "out" cut)
should not be overlooked, This dees not Involve much
lacour or exponsé. The grazing cof ithe trial and the
use of the coumpanion clcver provide such an experiment
with "a practical look", and are considered to be

worth-while,

3.5.1.3 Eragrostis curvula cultivar trial (N-Ec10/4)

Je—

In the spe cles trial (NP19T) on the Tas=

bamhlope Research Station, Eragrostis curvula proved

tc be the highest ylelding species and thus cne which
should be ccnsidered for grassland improvement. It
is also a popular hay grass in the Highland Sourveld
probably due to its ability to survive and produce

on pcor scoils and yet respond magnificently to ferti=
lizer applications. Disappuintment is, however, often
expressed at the apparent lack of palatatility of hay
made from this grass. This is probably the result

of poor fertilizatlion practices. Gosnell (1957) grew
focur selections of E. curvula on the "Farninghan" ex=
perimental bLlock at Tatamhlope Research Station. rfe

found that the dry matter yields varied from 4.5 ton/
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norgen/annum (4.77 M kg/hea) for the Springfontein se=

| 2ction to 11 ton/morgen/annum (11,65 M kg/ha) for *!
Ermelo selection. By 1964, however, seed of only ore
of the four selecticns, grown Ly Gosnell, was availao!e,
However, seed of three other sclections and the Ermelo
type, was available commercially at this stage. |+

was therefore decided to compare thase four selections.,

Ot jective

The objectives of thls experiment were to determine
the herbage yield, and the palatability of the cut her=
bage of four selections of E. cuivu'a,

Procedurs

The experiment was established at the end of Sep=
tember 1965 on the "Clovelly" block (see section 3.3.1)
at the Tavamhlope Research Station. The seed was

seeded at ¢ rate of 12 lu/morgen (6.4 kg/ha) on a well

preparegd and fsrtilized seed-bed on a moist scil, and
it was rolle¢d into the soil Ly means of a Cambridge
roller.

Four selections: Ermelo, Witbank, Kromdraal and
American lwafy were planted in a 4 x 4 |latin square de~-
slgn on plots of 7 x 12 yards (6.4 x 10.9 m). The
plots were fertilized with 400 Ib urea (46% N), 600 Ib
supcrphosphate (8.3% P), 400 L K Cl (50% K) and 2 tons
agricultural lime per morgen (212, 318, 212 and 2118
kg/ha) at establishment. Tepdressings of 200 Ib
superphosphate (in spring) and 1300 Ib K ¢l and 1800 Ib
urea (in six equal monthly, dressings from October to
March) per morgcn (106, 689 and 954 kg/ha) were appliad

“nntal l v
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The herbage on all the plots was cut whenever the
herbage on the most advanced plcts reached 8-9 inches
(20-23 cm) or when seed heads appeared. The harbage
was harvested Ly the strip method and was sampled for

dry matter determinations (see section 3.3.,3).

In order to cbtain some estimate of the relative
palatability of the selectiuns, the cut herbage from
each plot was transported to a fceding area where it
was laid out in heaps. The heaps (cne from each plot)
were placed in the same latin square design as in the
experiment. Twenty head of cattle from the "pasture
herd" (see sectlion 3.3.2) were then !riven intc the
feeding arca and allowed to feed fresly on all the
heaps for two hours. (This pericd was extended to three
hours during tThe seccnd season). Atter This perilecd
the unsaten herbage from each heap wes collected to=
gether, weighed and sampled for dry matter determinaticons.
The palatavlility of this herbage would probably differ
from that of hay, the use of which was precluded by

the practical problems involved in curing so many samples.

Results and Discussion

The dry material ylields and the percentage of the
cut material eaten are given, for twoc years, in table
i6.

The production during the estalLlishment year
(1965-66) was considerably lower than that from the
flve cuts taken Juring the second vear (1966-67).
During the establishment year the Ermelo selection

yielded significantly less (P< 0.01) herbage than did
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Table 16.

ODry matter yislds and percentagc of cut material eaten

of four cultlvars of E. curvula

Yleld: Dry ma= Percentage cof cut
2 terial (ton/m) material eaten
Cultis=
var i D
vveh- Lok 1965-66 1966-67
66 67 Trans=® o rmal LTANES% o rmal
formed e formed
American

leafy 2,81 17.46 40.25 41.97 45.33 42.65
Kromdraai 9.74 ¥8.10 33.49 30.78 49,13 48,62
Witbank 9.74 17 .81 28312 22..54 46.83 45,00
Ermelo 8.96 t7 .46 38.43 23«37 48,1% 47.14

Mean 9,56 17.71 35 .07 33.4€6 47,37 45,85
LiteDas

P =0.05 0.453 N.S 8.46 2.81

P =0.01 0.68 12,82 H.S
Coeficient

of Varia=

tion 2oy 112 13,9 Ba a7

(1 ton/morgen = 1059 kg/ha)

* Transformation = Angular transformatlon

0 = 50 -~ J1000 arc sin (1-2p)

the other three cultlvars. During the second year
there was no significant difference in the yield of the
four speciles. The yields in the second year were of
the same order as those obtained from the "Farningham"
block in trial NF 195 (T). The ylelds during the second
season represent a return of 42 IL (19 kg) oven dry hers=

bage per pound of nitrogen fertilizer applied during
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that year. Supposing a 35 N content of the herbage,
this represents 0.84 Ib (381 g) herbage N per pound of
applied N. Soll nitregen and possibly unused nitro=

gen from the establishment year also contribute 1o

this figure.

During the first seascn a significantly (P< 0.05)
lower percentage of cut herbage was eaten from the Wit=
bank selecticon than from either the American Leafy cr
Ermelo strains., In 1966/67, hcowever, significantly
less herbage was eaten from the Ermelo selection than

from the Kromdraal sulection. (There were no other

]

significant differences during this scason). Addi
tional data is required before any conclusicns can be

drawn on the relative pealatalility ¢f the selections.

Observations indicated that the Ermelo and Ameri=
can Leafy sclections were similar and of a narrow,
light or yellow-green leaf Tyge. The Kromdraai and
Witbank selections were of a oroader, Llue-green leaf
Type. The latter two sslections alsc appeared to be
more prostrate and produced seed heads very quickly
after cutting, whlle the former were inclined to pro=

duce more leaf Lefore seeding and were more upright.

3.5.1,4 Trifolium repens and T. pratense cultivar
friale (N=Eg TQ/1 & N-Ec 10/3)

Legumes have played a very important role
in grassland Impruvement in many overseas countries,
in particular in New Zealand. In the Highland Sour=
veld, white (T. repens) and red (T. pratense) clover
are twe legume sgecies which have proved to Le well

adaoted. and the larae numbor ~f caloecti~ne auvuatltlat-la



commercially made their further evaluation desirable.
In 1962 five cultivars of white and six cultivars of
red clover were avallable locally from commerclal sour=
ces, anu it was decided to evaluate these under High=
land Sourveld conditions. Some of the results of
these trials have been published in a popular article

by Edwards & Moppledoram (1965),.

ObJectlive

The object of these trials was tu determine the
herbage yields Jf five cultivars of T. repens and six
cultivars of T. pratense, in two separate experiments

in the Highland sourveld of Natal.

Procedure

tn January 1962 five cultivars of T. repens
were established in a randomised block design with
four replicates, on the"Farningham" experimental Glock
(see sectiun 3.3.1) at Tabamhlcpe Research Station,
The cultivars were: Aberystwyth 5.184 and $.100, Ladino,

Tongala and New Zealand Wild White.

The six cultivars of T. pratense were planted in
February 1962 in a similar design on an adjacent site
to fthat of the T. repens cultivars. . The six cultivars
were: Kenland, Chilean, Giant Perennial Cowgrass,
Montgomery Late Flowering, Aberystwyth $.123 and S.151.
Of these cultivars Kenland, Chilean, Giant Perennlal
Cowgrass and Aberystwyth $.151 are early flowering or
"Croad leaf" types, while Montgomery Late Flowering
and Absrystwyth $.123 are late flowering or slngle cut
cultivars.
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The seed of both species was sown on fine seed
beds and was rulled with a Cambridge roller after see=
ding. The plots were 7 x 12 yards in extent. The
seed was inoculated with the appropriate strain of

Rhizobium before planting.

At establishment the plots in both experiments

were fertilized as follows:

2 tocns (2118 kg/ha) agricultural lime

100 Ib (53 kg/ha) urea (46% N)
500 Ib (265 kg/ha) superphusphate (8.3% P)
200 Ib (106 kg/ha) K Cl (50% K)
400 Ib (212 kg/ha) M g SOy4. 7H20

30 Ib (16 kg/ha) C u S04.5H20

30 Ib Zn SO4. 5H,0

30 Ib Borax, and

8 oz (265 g/hz) (NH)y 6 Mo, 0,4.4H20 per morgen.

The +race elements applied in the "shotgun" mix=
ture as abuve were suggested by Prof. E.R. Orchard (of
the Natal Agricultural Research Institute) as these may
be deficient in this area. I+ was censidered that
sufficient sulphur was supplied by the sulphate radis=

cal of the superphosphate and the cther trace elements.

Annually in spring (1962, 1963 & 1964) 2000 1b
superghosphate and 200 Ib K Cl per morgen (1059 and
106 kg/ha) were bLroadcast over the plots. A further
500 It K Cl per morgen (529 kg/ha) was bLroadcast an=
nually, in three dressings during mid-November, early

January an< mid-February,



Table 17
The dry matter yields and clover percentage of five cultivars of T.repens

Yield: Clovert Other herbage (ton/m) Yield: Clover only (ton/m) % Clover in dry material
Cultivar
1962-3 1963-4 1964-5 Mean 1962-3 1963-4 1964-5 Mean 1962-3 1963~4 1964-5 Mean
Ladino 8.58 7.26 6.65 7.49 5.41 6.92 6.29 6.21 63.05 95.32 94.59 84.32
Tongala 6.46 5,77 5.63 5.96 3.60 5.01 4.85 4.49 55.73 86.83 86.14 76 .23
Aberystwyth S.100 5.75 5.71 5.74 5.73 0.92 3239 4.26 3.06 25.00 69.88 74.22 56 .37
Aberystwyth 5.184 6.12 5.56 5.76 5.81 1.53 3.53 3.64 2.90 20.85 63.49 63.19 49.18
New Zealand Wild ¥hite 5.85 5.57 5477 5.72 1.22 3.44 3.45 2.70 16.00 61.76 59.79 45.85
lean 6.55 5.97 5.91 6.12 2.54 4.58 4.50 3.87 36.13 75.46 75.59 62.39
L.5.0. : P =0.01 0.83 0.69 0.73 0.47 1.01 0.94 1.24 0.88
P =0.05 1.17 0.97 1.02 0.66 1.41 1.32 1.74 1.24
Coefficient of Variation 8.27 7.49 8.02 5.00 25.78 13.35 19.41 14.83

(1 ton/morgen = 1059 kg/ha)

‘GET
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Whenever the herbage on the most advanced plots
reached 6-7 inches (15-18 cm) (T. repens) or 8-9 inches
(20-23 cm) (T. pratense) in height the plots were cuf
by the strip method and samples were taken for dry mat=
ter determinations and botanical separation (see sectiocn
E e, S Later, it was found that the emergence of a
seacond set of leaves at the base of the plant, was a
better Indicator of the optimum stage for cutting red

clover.

It was originally intended that thc experiments

]

should continue for five years, but they were termina

ted after three productive years, The T. pratense

experiment was discontinued because of the poor survi

val of clover plants, and fthe T. repens trial was dis
continued because of the invasion of certain cultivars
into adjoining plots, This invasion was particularly
noticablc on the plots adjoining the Ladino cultivar,
where the spread of stolons and seedlings resulted in
a rapid contaminatlion. The three year perlod of the
trials was also apparently adequate for cevaluation of

tThe cultivars.

Results and Discussion
I. repens: The dry matter yields, and the clover
content of the herbage harvested from the five culti=

vars is given In Table 17,

Significantly (P< 0.01) more herbage (clover and
other herbage) was produced, in all three years, from
the plots of the Ladino cultivar than on those of any
of the other four cultivars., There was no significant

difference In the total herbage yields obtained from
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the other four cultivars, Much of the "other herbage"
harvested was annual "landsgrass" species which have

a reasonable feeding value.

The Ladino cultivar also produced consistently
greater yields of clover than did the other four cu =
tivars. I+ gave, on the averags, a 38% Increase in
clover yleld over that of the next best cultivar (Ton=
gala), and a 130% Increase in yleld over the lowest
ylelding cultivar (New Zealand Wild White). On the
average and during two of the three years, the Ton=
gala cultivar produced significantly greater ylelds
of clover than did the two Aberystwyth cultlvars and
New Zealand Wild White. During the third season
Tongala was no better than the Aberystwyth strains but
was still superior to New Zealand Wild White. [+ s
possible that the harvesting method was not ideally
adapted to measure the yield of the more prostrate
New Zealand Wild White cultivar,

There was, consistently, a greater percentage of
clover in the harvested material on the Ladino plots
than on the plots of any of the other cultivars.

The average percentage clover was low (36%) during

the first season, but increased to 75% during the sc= -
cond and third seasons. The percentage of clover in
the herbage was greatest during November and December
in all cultivars, This percentage dropped In all culs=
tivars during January and February, but in Ladino and
Tongala the percentage of clover increased agaln during
March and April. In the other three cultivars the

February level was maintained throughout the autumn.



Table 18

The dry matter yields and clover percentage of six cultivars of T.pratense

Yield: Clover & Other herbage (ton/m)

Yield: Clover only (ton/m)

% Clover in dry material

Cultivar
1962-3 1963-4 1964~5 Mean 1962-3 1963-4 1964-5 Mean 1962-3 1963-4 1964-5 Mean
Kenland 7.97 7.21 6.87 7.35 6.16 4.39 4.83 B 12 77.29 60.89 70.31 69.50
Chilean 7.65 7.83 4.85 6.78 6.34 2.58 1.85 3.58 82.88 32.95 38.14 51.32
Aberystwyth S.151 7.09 6.56 6.50 6.71 3.64 3.03 3.13 3.27 51.34 46,19 48.15 48.56
Giant Perennial Cowgrass 7.55 6.88 5.45 6.63 5.56 3.36 2.64 3.9 73.64 48.84 48.44 56.97
Aberystwyth S.123 7.02 6.19 §.52 6.25 2.33 2.23 2.88 2.38 33.19 36.03 52.17 40.46
Montgomery Late Flowering 6.90 5.88 5.28 6.02 2.37 2.47 23 2.32 34.35 42.01 39.96 38.74
Mean 7.36 6.76 5.74 6.62 4,40 3.01 2.91 3.44 58.78 44 .48 49,53 50.93
L.S.D. P = 0.05 0.85 1.05 1.66 0.85 1.62 1.41 1.01 0.61
P =0.01 1.17 1.45 729 1.17 2.24 1.94 1.40 0.84
Coefficient of variation 7.63 10.30 19.14 8.45 24 .45 30.99 23.10 11.76

(1 ton/morgen = 1059 kg/ha)

8¢l



Although the¢ percentage of clover in the herbage
was lowest during mid-summer, the actual yleld of clo=
ver reached a peak In January, for Ladino, and in De=
cember for the other four species. These results
show that the so-called spring and autumn clover flushes
do not Indicate peaks of clover production In this area,
but indicate an increase in the ratio of clover to grass
in the herbage. The relatively late (January to Fe=
bruary) production peak of Ladino 1s of conslderable
advantage. The protein content of the natural gra=
zlng in the Highland Sourveld declines raplidly after
December, and because of the high prctein content of
clover, this cultivar can be used tc offset the decline

in quality of the natural grazing.

T. pratense
The yields of total dry matter and of clover,
and the percentage of clover in the cut herbage from

six cultivars of T. pratense are given in Table 18.

The total yleld (clover & other herbage) of the
Kenland cultivar was significantly (P< 0.05) greater
than that of the two late flowering cultlivars (Aberyss=
twyth 5.123 and Mentgomery) on the averages and during
1962~63., It also outyielded Aberystwyth S.151 in
1962-63, Montgomery in 1963-64 and Chilean in 1964-65,

On the average and in the third season the Ken=
land cultivar produced significantly (P< 0.05) more
clover than did any of the other cultivars. During
the first season it also produced more clover than
Aberystwyth S$.,123 and S.151 and Montgomery, while In

The second saason 14 nroduced more +ham ARAarmagedir gtk
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S.123, Montgomery and Chilean. On the average and
in the first season Giant Perennlal Cowgrass produced
more clover than did the two Aberystwyth strains and

Montgomery. The Chilean cultivar produced more clover
in the first season than did the two Aberystwyth strains
and Montgomery, and on the average it produced more
than Aberystwyth S.123 and Montgomery. However, In

the third season Aberystwyth S.123 produced more clover

than did Chilean. Aberystwylh S,151 produced more

clever on the average than did Aberystwyth §.123 and
Montgomery, and in the third season it produced more

than did Chilean and Montgomery.

The Kenland cultivar maintained a consistently high
percentage (69.50% average) of clover, in the total
herbage harvested, throughout the duration of the expes=
riment. The herbage from the Glant Perennial Cowgrass
and Chilean red clover plots also had a high percen=
tage of clover during the first year, but this declined
consliderably in the second year. Aberystwyth S.151
and Montgomery malntained a relatively low clover con=
tent in the herbage (48.56% and 38.74% respectively)
throughout the three year period. However, the clover
content of Aberystwyth S.123 increased during the se=
cond and third years. The whole picture of the clover
content of the herbages over this three year period is
complicated by the change (from annual to perennial)
of the species making up the non-clover component of
the herlage.

During August 1963 (i.e. the end ¢of the winter af=
ter the first productive season) a large number of dead

clover plants were visible on the plots. These plants
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were counted in five, one mefre square areas on each
5| OF These counts were repeated at the end of the
following winter (October 1964), while at the end of
the second productive season (May 1964) the number of
lfving clover plants was counted. This data Is pre=

sented in ftable 19,

Table 19,

Number of dead and of living clover plants on plots

of six cultivars of T. pratense

Number of Clover plants per sq. metre

Cultivar
Dead plants Dead plants Living plants
22/8/63 8/10/64 28/5/64
Kenland 0.4 0.7 21,2
Giant Perennial
Cowgrass S+5 2w
Chilean 8.3 b
Aberystwyth
5. 151 0.5 1.0 Tt
Aberystwyth
Sl eS o Vol 8.2
Montgomery Late
Flowering 0.6 2,0 6.7
Mean B ok 1.6 9.0
L.S@s P=p,05 B N.S 3.3
P=0.01 Fal 4.5

At the end of the first winter there were signis=
ficantly (P< 0.01) more dead plants visible on the Chis=

tean plots than on the plots of any of the other culti=
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vars except Giant Perennial Cowgrass. At the end of

the second winter there was no marked difference in

the number of visible dead plants. There were con=
siderably more (21.2 per sq. metre) living plants on

the plots of the Kenland cultivar at the end of the
second year, than on those of any other of the cultivars.
The Aberystwyth S$.123 cultivar alsc had more living
plants than did the Chilean cultivar.

This data indicates that the Chilean and Glant
Perennial Cowgrass cultivars have a large component of
high yielding annual material. The other four cultl=
vars are of a more perennial nature, and of them Ken=
land is bty far the hlghest yielding. These observas
ticns apply to the conditions under which the experiment
was conducted, but probably also apply throughout the

Highland Sourveld.

During the first productive season the percentagse
of clover in the cut herbage was lowest In the first
cut (Decemver) and highest in the last cut (April).
This trend was rcversed in all species during the se=
cond season (possibly due to the death ¢f plants),
and in the Kenland cultivar in the third secason. In
the third seazson Aberystwyth S.123 reached its peak
clover percentage in the last cut, and the cther spe=

cics reached a peak in January,

The yield of clover generally reached a peak be=
tween January and February for all cultivars during
all three scasons. This characteristic could be of
value in supplementing the poor quality of veld at

this time of the year. It could alsc Le used to advans

. - 1 I [T T 1 ”"” r
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3,5.1.5 Discussion

This series of four cultivar tftrials has
once again emphasised the immense variation in yield
and other characteristics which Is present within a
single plant species. Such differences may be empha=

sised or minimised by the cultural practices (fertilis=

zation and utilization) employed during their evalua=
tion. However, It is suggested that a real attempt

should be made to simulate the cultural practices which
would be followed on a farm scale when evaluating such

material.

The marked differences in yisld obtained from
superficially similar P. dilatatum selections, empha=
sises the dilemma of the fleld werker. He is faced
with a vast number of species of unknown potential,
and even the results of species trials (such as NP 19
(T)) may help but little in screening this mass of
material. |+ may occur, that the salection ¢f a spe=
cies which was uszd in such a trial was unsuitfted to
his area — other selections may have been superior.

A possiile solution to this problem Is to base the
introduction of species on their "adaptation probabi=
lity" (see Section 1 of this chapter). A reasonable
sample from the "spectrum" of material available from
such specles with a good "adaptation probability"
should be introduced. (By the "spectrum" of material
available for a speclies, is meant the range of selec=
tions of a specias. Of a large range cf selections,
varying from prostrate to upright or from frost resis=
tant tc frost killed, a few are selected covering the

twoc extremes and the mean of each characteristic).



Wide collections of many species are becoming lincreas

singly avallable. (e.g. Stylosanthes guiensis, S. humu=

l1s and Glycine javanica amongst others in Australia).

The success obtained with local species such as

H. altissima and a. appendiculatus, in trial NP 19 (T),

is indlcative of the vast wealth of untested, and po=

tentially valuable, plant material available in our

vald, The collection and selection of this material
should prove rewarding. Similar considerations apply
to Indigenous perennial legumes, particularly in the

drier (sub=700 mm annual rainfall) areas, where impors=

tued percennial legumes have met with scant success.,

It is obvious that tc take the evaluation of pass=
ture species tu its logical conclusion (l.e. large
scale plantings on farms), adequate gyood quality seed
must be avallatble. The local pasture plant seed in=
agustry will have fo develop cunsiderably, and research

into seed production and harvesting techniques will

have to be intensified If this aim is to Le achieved.

3.5.2 Soil fertility as a factor limiting production

Scott (1951) showed that crops grown
without fertilizer on certain soils (Farningham soii
series) in the Highland Sourveld failed completely
after a few years. Similar indications of the low
fertility status of these soils have been obtained by
Orchard (1960) and Edwards (1359). These results
have been confirmed on a number of scoil types in this
area in more recent studies {(Ludorf, 1966). Scott

(1951) was, however, able to produce good crop yields
as a resultT of the incorporation of larne anantitieac
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(20 tons per morgen - 21,2 Mkg/ha - per annum) of com=
post Inte the soil, The use of equivalent amounts of
N, P and K in the form of artificial fertilizers gave
poor results. However, superphosphate and lime alone
gave falr results. Scott used sulphate of ammonia

as his source of nitfrogen, and this caused a considers=
able increase in the acidlity of the soil. This drop
in pH was probably the cause of the disappointing re=
sults obtained with artificia: fertilizers (lron and
aluminium toxicity was suspected). Orchard (1960),
using the result of a factorial experiment on maize,
with three levels of N, P, K and Ca and a split-plot
freatment for trace elements, was able to show that
good yields were possible on these soils provided the
artificial fertilizer was balanced (in most essential
plant nufrients). The earlier ftrials were prejudiced
by the unsuitability, for these soils, of the extracs
tfion technique usaed In the laboratory analyslis of the
soil potash, These analyses indicated adequate avall=
able potasnh, while later field experiments produced

good responses to the application of potash fertillzer.

It was thus apparent that the correction of the
mineral, plant nutrient deficiencies In the soll would
play an important role In the improvement of grassland
in the Highland Sourveld. Except for some preliminary
work by Scott (1951) no results were available on the
soll fertility requirements of pasture species in this
area. Consequently it was decided to lay out a series
of three fertilizer-production ftrials on pasture plant
species which were adapted to the arca. These trials
were desligned primarily to achieve optimum production

and were not intended as studies in soil fertility.
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The species seiucted consisted of a mixture of annual
grasses, a perennial grass, and a bi-ennlal/pziannial
lequme all of which were known to be adapted to the
area. This adaption had been tested largely under sub-
optimum soll fertility, although compost often provlided
for an adequate and balanced nutrition of the plants.
The plant species seleacted for the trials were thus
widely varied, and should provide an indicatlon of the
type of variation in response to fertilizatlion which
might be cxpected from grassland speclies [In this area.
Some of the results of these trials have recently bgen
published (Edwards, 1969).

3.5.2.1 "Lands grass" fertilizer experiment (N-Th 10)

In the Highland sourveld old fallow lands
are rapid'y colonized by annual grass species. These

species are Panicum laevifolium, Setaria pallide-fusca,

Digitaria sunguinaiis and D. horizontalis which are

collectively known as "Lands gracss." They can be
maintainsd for many ysars by discing or ploughing the
lands annually in spring. I f the lands are not culs=
tivated the annual grasscs are replaced by perennial
Eragrostis species. "Lands grass" is used extensively
for making hay and ensilage In the Highland Sourveld.

Both Scott (1951) and Fisher (1963) obtained outstanding

yields from these volunteer grasses when faertilizer or
compost had been applied.

As the soils of the Highland sourveld are gencrally
severvly leached and infertile it was declided to deter=
mine the effect of certain fertiiizers on the yield of

"Lands grass." In the spring of 1959 a factorial fers=

Wl ¥ Farmll smorbreoe Xtk ot o i R el - o -
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perimental farm.

Objective

The object of this experiment was to determine the
cffect of three levels of each of nitrogenous, phos=
phatic and potassic fertilizer and of two levels of
lime, on the hay production of "Lands grass" in the

Highland Sourveld.

Procedurs

The cexperimental plots were sited on deep, sandy,
fairly well drained soil on a slight slope with a wes=
tern aspect on the "Farningham" experimental block
(see section 3.3.1) at Tabamhlope experimental farm.
The soils are of the Tabamhlope soll series (v.d. Eyk,
de Villiers, McVicar & Ludorf, 1965) and are derived

from colluvial material of mixed dolerite-shale orlgin

The clay miucrals comprisc predominantly kaolin with
accessory amounts of vermiculite and glibbsite. The
pH of the soil is in the region of 4.5 and the total
exchange capacity in the neighbourhood of 14 mllligram
equivalent percent. The bases K, Ca and Mg account
for only 2-3 m.e.% the balance being made up mainly by

NHy and H fons so that the soil may be described as

being In a highly unsaturated state. The mean carbon
content of the topsoil Is about 2-3% which Is associated
with about 0.25% nitrogen. The soll can therefore be

regarded as rich in organic matter and nitrogen (Orchard,
1947).

The treatments were applied Ina 3 x 3 x 3 x 2 facs=

torial design, with confounding, in three blocks of 18

Nt in  owakanhe i b Qa UG o o e )R omoamde Boan TN E PR S HLY -y
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plot size was 12 x 7 yards (6.4 x 10.9 m) inclusive of
a one yard (0.91 m) border resulting In a net plot

size of 10 x 5 yards (9.1 x 4.6 m) or equivalent to

0.00488 morgen (0.004Z ha).

The treatments are presented in Table 20.

Table 20.

Fertilizer treatments applied (N-Th 10)

Content . ! - 3
Eiement Source of ele= LEY?ijgﬁ ig?;;ﬁi:;on
- ment ge )
Nitrogen Urea 465N 0(N) 60C(N) 1200(N)
Phosphate Double
supers=
phos=
phate 19%P 0(P) 133CP) 266(P)
Potash Muriate
of
rotash 505K 0(K) 375(K) 750(K)
Calcium Agriculs=
Tural
lime 80-90% O(Agric. 4000(Agric.
CaCO3j {ime) | ime)

(1 Ib/morgen = 0.53 kg/ha)

Micro-elements and magnesium were applied to the
whole experimental area, in the first year only, at

the following rates:

400 |Ib Mzgnesium sulphate/morgen (212 kg/ha)
30 Ib Copper sulphate/morgen (16 kg/ha)
30 Ib Zinc sulphate/morgen
30 |b Borax/morgen
8 oz Ammonium molybdate/morgen (265 g/ha).
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The magnesium, micro-elemunis and |lime were broads=
cist on the soil and disced Into It in the spring of
1959, Ail the phosphatic fertilizer and half of the
nitrogenous and potassic fertillzers were broadcast and
disced into the soll annually In spring. The other
half of the nitrogenous and potassic fertlilizers wers

broadcast as topdressing in mid-January every year.

Urea was selected as a source of nitrogen because
of its favourable price per unit of N when compared
with limestone ammonium nitrate, and because of its
high content of N results in a saving of transport in
areas dlistant from railheads and sources of supply.
The high calcium content (20%) of limecstone ammonium
nitrate would also have Introduced a further complica=
ting factor In such an experiment where |ime was a
treatment. Sulphate of ammonia was discarded as a
source of nitrogen because of its strong acidifying
effect on +he already acid solls. The advantages of
urea are negated Tc some extent by the greater losses
of organlic nitrogenous compounds on the soll surfacs
and as a result of the urease actlivity in the soll,

and by Its slightly acldifying effect (Colllngs, 1955),

During the first two years (1959 and 1960) "Lands
grass" seed, which had been collected locally by hand,
was broadcast over the whole experimental area at the
rate of 10 Ib per morgen and disced and rolled Into
the soil. In subsequent years this seeding was found
to be unnecessary and the experimental plots were disced
and rolled with a "Cambridge™ roller without seeding
Them,
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The herbage on the plots was cut by means of a
sclf-propelled mower fittcd with a low cutter bar attach=
ment. The herbage was cut whenever it reached a height
of from 8~12 Inches (20-30 cm), However, some of the
treatments were generally cut when the herbage was much
shorter as their rate of growth was very siow, Sam=
ples of cut herbage wers taken for oven dry matter deter=
minations (Edwards, 1965) and yields were expressed in

terms of dry matter in tons per morgen.

Results and Discussion

(1.) Dry matter yields
(1.1) WNitrogen (In the form of urea 46% N) (See table
21).
The application of nitrogencus fertillzer
significantly Increased the dry matter yields
cf "lands grass." This response was lcrge and
const!stent during all five years. There was,
howaver, a falling off in response at the highest
level of fertilizer application, i.e. the 1,200
Ib N/morgen application did not produce a sig=
nificant increase in yield over the 600 Ib N/
morgen application.
Neoo - Np 5 5,16 - 0.147 ton/morgen/annum
(5.46 - 0.16 Mkg/ha)
0.147 ton/morgen/annum
(-0.22 = 0.16 Mkg/ha)
The response to nitrogencus fertilizer was smals=
lest during the first yecar (1959-60) and there=

after was larger and reasonably consistent.

L]
1+

Ny200~ Ngoo -0.21
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Table 21.

T.2 main effects of nitrogen fertiiization on the

yield of "lands grass" (ton oven dry material/morgen)
(1 ton/morgen = 1059 kg/ha)

N applied(ib/morgen/annum

Year Standard
Nil 500 1200 Mean P=0.05 P=0.01 error
(=) (=e)
1959-60 3,52 <== 5,89 NS 6.10 5.17 0.42 0. 0.15
1960-61 2.60 <*e 8,47 NS 8.08 6.38 0.74 1.00 0.25
1961-62 0.68 <=*==+ 7,54 NS 7.89 5.37 0.62 0.85 0.21
1962-63 1.99 <== 7,54 >»= 6,24 5,23 0.52 0.70 0.18
1963-64 1.80 <=« 6,59 NS 6.96 5.12 oI 0.96 0.24
Mean 2.12 <== 7,16 NS 7.05 5.45 0.43 0.58 (=g 15

(15 %t

vlaladd

Nitrogen x Phosphate interaction (See appendix
tabie 2)

The response tc nitrogenous fertillzer
was greater In the presence of phosphatic fers=
tilizer than In its absence. This interac=
tlon was statistically significant during each
year. The maximum yield of 8.86 ton/morgen/
annum (9.37 M kg/ha) was cbtained at Njago

Page-

Nitrogen x Potash interaction (See appendlx
table 3)

The response to nitrogenous fertilizer
increased with increasing applications of pot=
assic fertilizer, but the rate of increase was

not maintained at +he hiah notaceir fartili=aaer
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level (K7sqo). The nature of the response, l.e.
the relation of Ngoo=Ng and Wiz00-Nggo was not
consistent over the levels of potassic fertili=
zer Nj200 tending to depress yield over Ngoo,
this depressing effect was most marked at Kizs.
The maximum yeild of 8.93 ton/morgen/annum was

obtained at NsooKzs50.

Nitrogen x Lime interaction

This interaction was not statistically
significant during any of the five years.
This indicates that the application of lime
did not influence the response to nitrogencus

fertilization.

Phosphate (In the form of double superphosphate
19% P) (See table 22)

The application of phosphatic fertilizer
significanvly increascd the yields of "lands
grass" during each of the five years. The
application of 266 Ib P/m orgen gave a signi=
ficant increase in yicld cver the application
of 133 |b P/morgen. However, there was a
falling off in the response which was signifi=
cant on the average and during two of the
five years.

Fiss = Pa = T1.65

I+

0.147 top/morgen/annum
(1.72 = 0.16 Mkg/ha)

0.147 ton/morgen/annum
(0.64 > 0.16 Mkg/ha)

I+

P2es = P13z= 0.61



Table 22.

= DS

The main effects of phosphete fertilizer on the yiold

of "lands grass" (ton oven dry materlial/morgen) (1 ton

/morgen

1059 kg/ha)

P applied (Ib/morgen/annum)

Standard
Ty (%) (#=®) afior
Wil 133 266 Mean P=0.05 P=0.01
1959-60 4.37 <% 5,28 <»= 5,86 5.17 Qs 42 Q457 0.15
1960-61 5.66 <» 6.44 NS 7.05 6.38 0.74 1.00 0525
1961-62 3.69 <== 5,98 NS 6.44 5,37 0.62 0.85 0.2
1962=63 3.96 <== 5,50 <= .6,22 5,253 g 0.75 0. 18
1963-64 2,73 <+= 6,02 NE 5.60 5.12 Ga 1 0.96 0.24
Mean 4,08 <»» 5,84 <=» 6,43 5,45 0.43 0.58 QelS
(1.2.1) Prucphate x Nitrogen interaction (See appendix
Table 2)
The respcnse to phosphatic fertilizer
Increased with increasing applications of
nitrcogenous fertilizer,
(1.2.2) Phosphate x Potash interaction (See append’x

tabte 4)

The response to the application of phoss
phatic fertllizer also varied over the levels
c¢f potassic fertilization. At Kg the re=
sponse was very small but at Kz;5 and Kysg
significant responses to phosphatic fertilis=
zation were evident. The maximum yield of

8.16 ton/morgen/annum (8.64 m kg/ha) was ob=
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(1.2.3) Phosphate x Lime Interaction

This Interacticn was not significant in
any of ths years. This . Indlcates that the
response to phosphatic fertilizer was unaf=
fected by the application of lime.

(1.3) Potash (In the form of KCI 50% K) (See table
23)

The application of potassic fertilizer re=
sulted in a significant increase In yield during
all five years. There was a signiflcant "fal=
ling off" In the rate of response at the hlgh
level of fertilizer appllication and the 750 Ib/
morgen application gave a signiflcant response
over the 375 Ib/morgen application during only
three of the five years.

Kszs-Ko = 3.00 - 0,147 ton/morgen/annum

(3.18 £ 0,16 Mkg/ha)

0.147 ton/morgen/annum
(0.41 + 0.16 Mkg/ha)

+

Krso=Kusg= 0.39

The response to potassic fertilization was
reasonably consistent throughout the flve year
period.

(1.3.1) Potash x Nitrogen interaction (See appendlix
table 3)

In the absence of applled nitrogenous
fertilizer the response to potassic fertilis=
zer was not signiflicant but when nitrogenous
fertilizer was also applled large responses
to potassic fertilizer were obtained. The

highest level of potassic fertilization



Table 23.

Ui
Ul
!

The main effects of potash fertilizer on the ylelds

of "land grass"

(ton oven dry material/morgen).

(1 ton/mergen = 1059 kg/ha)
- - ' a ) LSD
’ K applied (Ib/morgen/annum T
e error
NIl 375 750 Mean P=0.05 P=0,01
B (#=)
1959-60 3,49 <== 5,72 <=2= (6,31 5,17 0.42 0.57 0.15
1960-61 3,96 <= 7,47 NS 7,72 6.38 0.74 1.00 SN,
196162 2,50 <»» 6,31 <=» 7,29 5.37 0.62 0.85 2]
1962-63 3.89 <=#=» 5,19 >» 5,59 5,23 0452 0.70 0.18
1963~64 2,49 <=» 6,05 <+ 6,82 5,12 0.71 0.96 0.24
Mean 3,27 <»® 6,35 NS 6.75 5.45 0.43 0.56 0.15

(Kysp) gave a non-signiflcant

level l (K375) at

£ =3 2)

B B 5% b

Potash x Phosphate

all levels of

table 4)

with

rasponse over the second

application of nitrogen.

intferaction (See appendix

The response to potassic fertilizer increased

fertilizer.

Potash x Lime

increasing application of phosphatic

interaction

The response to potassic fertilizer was

apparently not affected by the application

of

lime.



(1.4) Lime (as ugricultural lime). (See Table 24)

There was a small but consistent response
to the application of lime which was significant

in all but the first year,

Table 24.
The main effects of agrucultural lime on the ylelds
of "lands grass" (fton oven dry material/morgen). (1 ton/

morgen = 1059 kg/ha)

Lime applied (lb/morgen

. in 1959) Lab Standard
error
Nl 4000  Mean F=0.05  P=0.01
(w) (ww)
1959-60 5.14 NS  5.21 5.17 0.35 0.47 0,12
1960-61 6.01 <= 6.76 6.38 0.60 0.82 0.21
1961-62 5,05 <= 5,70 5.37 0.51 0.69 0.17
1962-63 4.72 <+ 5,73 5.23 (.43 0.58  0.15
1963-64 4.79 <= 5.45 5.12 0.58 0.79  0.20
Mean 5.14 <#»%  5.77 5.45 0.35 0.47 0,12

(1.4.1) Lime interactions

The application of lime apparently did
not influence the yield response obtalned from

nitrcgen, phosphate and potash fertilizers.

(2) Phenologlical observations

(2,1) Eleusine africana

In Februarv 1961 i+ was noted +hat Flanceimea
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the experiment than on others. Observations
indlcated that the occurrence of this grass
appeared to be influenced by nitrogenous and
potassic fertilizer, It occurred in greatest
quantities on the plots which recelved nltroges=
nous fertilizer and were not fertilized with
potash. l+s cccurrence did not at this stage
appear to be Influenced by phosphatic ferti=
lizer or lime applications. During March

1963 further observations were made on the oc=
currcnce of this grass on the experiment, |t
was obvious that all the plots which were fers=
tillzed with nitrogen but which had received

no potassic fertilizer werc covered almost com=
pletely with short (less than three inches
tall), E. africana the leaves of which were
dark blue-green and were scorched to a brow=
nish colour at the tips and margins. (This
scorch is usually considered to indicate a
pctash deficiency — Wallace, 1961). E. afrl=

cana was alsoc present in lesser quantities on

the other plots. The plants were lush (12"
30 cm - high) and green where both potassic
fertilizer and nitrogenous fertilizer had been

appllied but were short (3" - 10 cm - high) and
yellow In the absence of nitrcgenous fertilizer
applications., At this time (March 1963) an
estimate was also made of the percentage con=
tribution of E. africana to the herbage yield

of esach plot. The application of nitrogenous
or phosphatic fertilizer Increased the contris=
bution made by thls grass to the herbege yields.

However, the application of potassic fertilizer
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appearcd to depress the contribution of E. afs
ricana tc the herbage yield. This latter
offect ( 1.e. the apparent dJdepression of E.
africana by potash fertilizer) is probably noft
due tc antipathy of the grass to potash. It
may be due to competition by the other "lands
grass" species. E. africana is a shortfer gro=

wing grass than either P, lacvifolium and S.

pallidefusca and Is overshadewed by them when

all nutrient elements which are necessary for

their growth are present.

(2.2) Phosphate fertilizatlon and S. pallide-fusca

During the first twc years of the experi=
ment the application of phosphatic fertilizer
significantly depresscd the yield of the second
cut, but in the first and third cuts It signi=
ficantly Increased vyield. At first this was
thought to be due to an antipathy of S. pallide-
fusca to phosphatlc fertillzer, as this grass
was the main component of the second cut and

P. lagvifolium and D. sangulinalis were the main

components for the first and third cuts respec=
Tively. However, it is now thought thet the

fuxuriant growth of P, lacvifolium on the plots

which received phosphatic fertilizer preventec

the development of S. pallide-fusca seedlings.,

These plots then remained bare for a considerable
proportion of the period between the first and
second cuts. This belief is strengthencd by

the observation that taking the first cut when

the grass was shorter, removed the depressing

e R W el i s el amve b de Boam ik D e s 1]
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second cut, during the third and subsequent

sS@asons.

Rumex acetosalla

Just prior to discing the experiment, in
October 1960, it was noted that a heavy infes=

tation of Rumex acetosalla occurred on certain

plots. I+ was found that this plant was con=

fined, almost entirely, to those plots which

had resceived phosphatic fertilizer but which
had not received nitrogenous fertilizer. Fer=
tilizatlon with potassic fertilizer and |lime

did not appear to Influence Its occurrence.

These results wers confirmed by further

observations made in October 1962.

Cyperus rotundus

During the last three years large numbers
of C. rotundus plants made their appearance on
the plots of the expseriment. The plant was
most prominent in spring and early summer,
During November 1961 an estimate was made cf
the occurrence of this plant on each plot of
the experiment. Greater numbers of this plant
occurred on the plots which had been fertilized
with nitrcgen or phosphate or potash or lime

than on these which had not been fertilized.

On cursory inspection these results appear
to contradict the findings of Preller & Van
Wyk (1958), whou found that the higher the applis=

cation of nitrogencus fertilizer to Eragrostis

i e i el B W 2k B ik biiialhcden ik s

.. __ | . r =~
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tundus and C. esculentus in the lay. In the
experiment under discussion It will be noted
that C. rctundus was prominent in spring and
garly summer (i.e. only before the flirst cut),
and at a stege when the "Lands grass" seed=
lings coulud offer only limited competition.
Preller and van Wyk (1958) were, however,
dealing with established perennial E. curvula
plants which would be In a better position to
respond to nitrogen applications than lands
grass secedlings. Thelr rosults may be explalin=
ed by increased competition from E. curvula at
high levels cof nitrogenous fertilizer result=
ing in a decline in Cyperus sp., rather than
an antipathy of these species tu nitrogenous

fertilizer.

(2.5) Helizshrysum sp.

In October 1962, befors discing the experis

ment, large numbers of plants of Helichrysunm

Sp. were present. Greater numbers of these
plants occurred on the plots which had rscels=
ved nitrogenous or phosphatic or potassic fars
tilizers or lime than on the plots which had
not received these fertilizers. The highest
level of applicaticen of nitrogencus fertillizer
did, hcwever, appear to depress the numbers

of this plant.

(2.6) Mole activity

tn Octcber 1962 the greatest activity of

moles as judged by mole-~heaps, occurred on the



Table 25.

Residual effects of fertilizer treatments on "Lands

grass" herbage ylelds (Ton dry matter/morgen)

(1 ton/morgen = 1059 kg/ha)

Season
Treatment 1964-65 1965-66
Nitrogen
NT I 3.42 1.20
600 Ib N/morgen 4,82 e =
1200 Ib N/morgen . 55 4,07
Phosphate
Nil .73 3.28
133 tb P/morgen 529 2,26
266 Ib P/morgen - ST 216
Potash
Nil 3.96 1585
375 Ib K/morgen - O 2.56
750 Ib K/morgen Sl 3.59
Lime
NTl 4.47 2.60
2 ton lime/morgen 5.25 2,53
Mean 4,86 2.56
L.Sabad Ny By, K-PSE.D5 0.77 1.64
P =0.01 1.05 1.77
Lime P =0.05 0.62 1.34
P =0.01

0.85 1.61
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genous fertilizer or lime.

Residual effects of fertilizer

The exporimental area was not utilized affer
the termination of the experimental freatments,
and from 1964 to 1966 the residual effects cf the
previous ftreatments was recorded. In the spring
of 1964 the whole experiment was planted to Ja=
panese Millet. The millet established poorly In
competition with the selfsown "lands grass". No
fertilizer was applied, and the herbags on the
plots (mlllet and "lands grass") was harvested
in March 1965, The plots had last been ferti=
lized in December 1963. The residual effects
were still visible In the folowing season, and
the ylelds of volunteer "lands grass" on the plots
worse harvested in January 1966. The ylields of

thesc twe harvests are given in Table 25.

The applicaticen of nitrogen Juring the pre=
vious years resulted in a significant incroase In
yields during both 1964-65 and 1965-66. During

both years the response was linear i.e. there was
no “falling off" in respcnse at the highest level
of nitrogen fertilization. In 1964-65 the re=

sponse to niftrogencus fertilizer was not consiss
tent over the levels of phosphate fertilization.
There was a larger response to nitrogen in the
presence of phuosphatic fertilizer than in its ab=
sencea. During the 1965-66 seascon the Interaction
was not statistically significant (P<0.05), and

the response to nitrogen fertilizer was unaffected
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During the 1964-65 season the application of
phosphatic fertilizer, during the experimental
perlod, resulted in an increase of ylelds on the
average. There was a tendency for the rate of
increase to decline at the highest level of fer=
tilizer application (i.e. Both the linear and
quadratic effects were significant). However,
in the 1965-66 season there was no response to the
residual phosphatic fertilizer, in fact there was
a small (non-significant) decline in yicld due tfo
its application, During tte 1964-65 season, the

response to the previous applications of phosphas=

tic fertilizer was not consistent over the levels
of nitrogenous fertilizer. The response to phos=
phatic fertilizer was greater in the presence of

nitrogenous fertilizer than in its absence.

The application of potassic fertilizer, due
ring the experimental period, increased the yields
on the average during both seasons. There was no
statistically signiflcant evidence of a "falling
off" of the responses at the highest level of aps=
plicafion.

During the 1964-65 seascn there was a signis
ficant (P2 0.05) Increase in ylelds dus to the
|l ime applied in 1959. In 1965-66, however, this

response was not apparent,

Residual effects of such long duration (up
to two years) due to the application of nltroge=
nous fertilizer (urea) are of intecrest and could

provide a field for a more detailed study of the

0L i ke e e St L o o F SRR o e e e



is just possible that the effects noted were due
to improved soil conditions on the high yielding
plots, rather than the result of residues of ni=

trogen.

Conclusions

The results of this experiment indicate that, un=
der the pedological and climatic conditions prevailing,
large responses in yield can be obtained by the fertili=
zation of "Lands grass." The application of each of
nitrogenous, phosphatic and potassic fertllizer resul=
ted in marked increascs in dry matter yields. In the
absence of these fertilizers, yields were poor. Sig=
nificant Interactions betwcen nitrogenous phosphatic
and potassic fertilizers indicate the additional bene=
fit which accrues from a fertilizer which is well ba=

lanced in these three nutrients.

The application of agricultural lime resulted in
only a small increase in yield. On such acid solls
a greator response to lime might have been expected.

Some of the calcium requirements of the plants might
have been satisfied by the double superphosphate which
was applied. The absence of significant interactions
between agricultural lime and the other fertilizers
applied may also have bgen due to some extent, to this

14% of calcium present in double superphosphate.

Generally the hlighest levels of fertillzation pro=
duced little benufit when compared with the second
highest levels. Owing to the wide range between the

three fertilizer levels this result should not be inter=

i ko ad in sl B sae N e e = L] W . W S e g 8
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level of fertilization. This experiment was designed
as a preliminary investigation infto the sort of yield
responses, which might be expected from "Lands grass"
at high levels of fertilization. The most economlc
level of application of fertilizer will have to be as=

sessad from further studies.

The remarkable and varied responses of various
annual grass species to the application of fertilizer

elements might, if studied further, prove fo be of va=

lue In farming on these infertile soils. A grass with
a low fertilizer requirement for a certain clement may
be used to economise on this element when ferfilizing.

It is apparent that "Lands grass" in the Highland
sourveld of Natal, can if fertilized, make a valuable
confribution to the winter fodder supply if cut and
conserved. tt is equally obvious that this mixture
of annual volunteer grass species can be malntained for
at least fiVu years, on old lands which are disced and

roelled annually in spring.

3.5.2.2 Eragrostis curvula fertilizer experiment (N-th 8)

in The Highland sourveld fertilized

Eragrostis curvula, produced high yields of herbage,

which due to its leafy nature and relatively low moiss=
ture content can be harvested and cured for hay with
relative easc (Edwards, 1964), In view of the poverty
of fthese soils and due to the potential of this grass
for radical veld improvement it was decided to inves=

tigate the effects of fertilizers on Eragrostis curvula

at the n'Tabamhlope Research Station. Varilous authors

have shown +*That E. curvil s roocsands B sldrassnmns B
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tillzer (Pouliney, 1952, Botha & Hamburger, 1953, Anon,
1963a & JOnes, 1964 & 1965), phosphatic fertillizer
(Botha & Hamburger, 1953, Jones, 1964 & 1965) and pot=
asslc fertillzer (Anon., 1963a). The response to
phosphatic and potassic fertlllzer was generally appa=
rent only when they were applied In assoclatlon with
nltrogenous fertlllzer.
Objective

The object of thls experiment was to determline the
effect of nitrogenous, phosphatic and potassic fertili=
zatlon and |Ime application on the hay ylelds of E. curvula.
Procedure

The experlimental plots were sited on the "Farnlng=
ham" experlimental block (see sectlon 3.3.1) on the

hlope Research Statlon. The solls have been de=
scribed In detall In sectlon 3.3.1 and In experliment
N-Th 10.

The treatments were applled ina 3 x3 x 3 x 2
factorlal design, with confounding, In three blocks of
18 plots and with no replication (LI, 1944). The plot
slze was 12 x 7 yards (6.4 x 10.9 m) of whlch two strips
of 10 x 3 yards (9.1 x 1.8 m) sach (= 40 sq yd) formed
the net yield plot. (See section 3.3.2).

The treatments applled are given below In tabular

form:
Element Source Content of Levels of appllcation
element (Ib element/morgen/annum)

Nltrogen Urea 46% N 8O(N) (830(N) 1580(N)
Phosphate Double supers=

phosphate 19.6%P 44(P) 1FSLP) 306(P)
Potash Murlate of

potash 504 K 100(K) 411(K) 722(K)
Calclum  Agricultural 36% Ca 0(Ca) 288(Ca)

rme

(11b/morgen = 0.53 kg/ha)
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Micro-clements and magnesium were applied to the
whole experimental area, in the first year only, at the

following rates per morgen:

400 Ib Magnesium sulphate (212 kg/ha)
30 Ib Copper sulphate (16 kg/ha)
30 Ib Zinc sulphate
30 Ib Borax
8 oz Ammonium molybdate (265 g/ha)

The magnesium, micro-elements and lime were broad=
cast on the soil and disced into it in the autumn of
1961, At estabtlishment an application of 80 Ib N
(urea), 44 |b P (double superphosphate) and 100 Ib K
(KC1) per morgen (42, 23 and 53 kg/ha) was broadcast
over and disced into the whole experimental area.
Annually in spring these same amounts of N, P and K
were braodcast over the whole experimental area. The
additional treatment fertilizer was applied annually
(except for agricultural lims which was all applied at
establishment). All the phosphatic fertilizer was
applied in spring, but the nitrogenous and potassic
fertilizer were applied in six equal dressings, one In
spring, one in November and thereafter at approximately

monthly intfervals with the last on¢ in March.

The plots were seeded to E. curvula (Ermelo culti=
var) at 15 |Ib per morgen (7.9 kg/ha). Seeding was

carried out in March 1961 on a well prepared sced bed.

The herbagc on all plots was cut whenever the sced
heads started to emerge on the most advanced plots.
This was usually at a leaf helght of from 9 to 12 inches

(23-30 cm), Some plots were therefore always cut when



- 68 =

much shorter than this as thelir growth rate was slower.
Samples of cut herbage were taken for oven dry matter
determinations (Edwards, 1965) and yislds were expressed

in tferms of oven dry matter in tons per morgen.

During the first four years of the experiment five
cuts were teken annually but, due to a dry autumn,

only four cuts were harvested during the 1965-66 season.

Results and Discussicn

Tho yields obtained from the individual cuts
during each year did not differ merkedly from the an=

nual fotal yields.
Nitrogen (In the form of ureca 46% N) (See table 26)

There was a statistically significant response In
yeild to the application of nitrogenous fertilizer,
at rates ir excess of 80 Ib N per morgen, on the aves=
rage and during each of the five years of the experis=
moent., There was, howcver, a falling off In response
at the highest level of fertilizer application 1.e.
1580 Ib. N/morgen epplication did not produce a sig=
nificant increase in yield over the 830 Ib N/morgen

application.

N

Ngso = Ngo 8.71 ton/morgen/annum (9.22 Mkg/ha)

-0.02 ton/morgen/annum (-c.02 Mkg/ha)

Nisgo = Ngso

The response to nitrogenous fertillzer was smallest

during the first year (1961-62) and thereafter was larger
and reasvnably consistent.
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Table 26.
The maln effects of nitrogenous fertilizor on the yleld of E, curvula
(Ton oven dry material/morgen)

(1 ton/morgen = 1059 kg/ha)

LSl Standard
P=0,05 P=0,01 Error

N applied (Ib/m/annum)

Year 80 830 1580

1961=62 15,02 «18,71 N,8. 18.04 17.25> 0.78 1.06 0.26
1962-63 8.08 <18.69 N,S. 18.14 14,97 0,65 0.88 0.22
1963-64 6.59 <16.68 N.S. 17.16 13.47 0.64 0.86 0.22
1964-65 6.01 <14,60 N.S. 14.35 11,65 0,92 125 0.31
1965-66 3,19 <13.73 MNi5: 14.63 10,52 0,92 1.24 0,31

Mean 7.78 <16,49 N,5, 16,47 13,58 0.47 0.63 0.16

Phesphate (In the form of double superphosphate 19.6% P)
(Sce table 27)

On ths average and during all seasons there was
an overall significant response in total yield to the
appllcation of phosphate fertilizer at rates greater
than 44 Ib P/morgen. The application of 175 |Ib P/mor=
gen gave a significant increase In yleld over the aps=
plication of 44 |Ib P per morgen. However, response
was not generally apparent at the highest level of

fertlillizer application.

Pi7s= Puy 1.56 ton/morgen/annum (1,65 kg/ha)

Psos= P175 0.29 ton/morgen/annum (0.31 kg/ha)



- 170 -

Table 27.

The main effects of phosphatic fertilizer on tho yield of E., curvula
(Ton oven dry materlal/morgen)

(1 ton/morgen = 1059 kg/ha)

Yo P applied (1b/m/annum) 0 Standard
B 44 175 306 Mean P=0.05 P=0.01 Error

1961=62 16.32 < 17.47 WS 17:97 11,85 U,78 1.06 0.26
1962=63 13.73 < 153,61 N.S. 15,57 14,97 0,65 0.88 0.22
1963-64 12,38 < 13.64 < 14.40 13.47 0.64 0.86 022
1964-65 10.41 < 12.41 N.S. 12.13 11.65 0,92 1«25 0.31
1965--66 221 < 1103 K%, 1133 19.52 0,92 1.23 0.31

A

Mean 12.44 < 14,00 N,S, 14.29 13.58 0.47 0.63 0.16

Potash (In the form of KCI 50% K) (See table 28)

The zoplication of potassic fertillzer, at rates
cf over 100 |b K:imorgen, resulted in a significant
increase in yield on the average and during all but
the first year (1961-62) of the experiment. This re=
sponse was not generally maintained at the hlighest
level of fertillzer application, I.e. the 722 Ib K/mor=
gen application produced a significant response over
the 411 Ib K/morgen application during the second year
only.

Ke11= Kioo 2.10 ton/morgen/annum (2.22 kg/ha)

K722- Ky11 -0.13 ton/mcrgen/annum (0.14 kg/ha)
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Table 28,

The maln effects of potassic fertillzer on the yleld of E. curvula
(Ton oven dry material/morgen)

(1 ton/morgen = 1059 kg/ha)

K applled (1b/m/annum) L Suile Standard
ey 100 411 722 Y81 pop,05 P=0.01 Error
1961-62 165.91 NuS, 17.865 KR8, 17,19 1722 - - 0.26

1962-63 13,73 < 15.24 < 15,94 14,97 0.65 0.88 0.22
1963-64 11.74 < 14,20 N,S. 14,48 13,47 0.64 0.86 0.22
1964-65 10,05 < 12,54 N,S, 12,36 11,65 0.92 1.25 0.31
1965-56 8.75 < 11.78 HaS. 1004 Hx52 0.92 2 1.24 0.31

Mean 12.22 < F4,32'N.5: 14519 13,58 0.47 0,63 0.16

Lime (As agricultural lime) (See table 29)

There was no response to the application of agri=
cultural lime on the everage nor during any of the five

years.

Significant interacticns

On the average three interacticons showed statis=
tical significance. These were the nltrogen x phosphate
interaction, the nitrogen x potash interaction and the
phosphate x potash interaction. The response to phos=
phatic fertillzer was greater at the higher levels of
nitrogenous fertilizer than at the lowest level.

(See appendix table 5). There was no response to

pctassic fertilizer at the lowest level cof nltrogencus



Table 29,
The main effects of agricultural IIme on the yleld of E. curvula

(Ton oven dry material/morgen)

Agricultural Iime applied

Year i ( lb/mor-ger%oO Ne Standard error
1961-62 17.10 N.S. 17.41 17:25 0.21
1962-63 14,75 N.S. 15,19 14,97 0.18
1963-64  13.49 N+S. 13.45 13.47 0.18
1964-65 11478 N.S. 11.55 1165 (.25
1965-66 10,35 N.S. 10.69 10.52 0,26
Mean 13.48 N.S. 13.68 13.58 0.13

fertilization, in fact the highest level of potassic
fertilizer cignificantly depressed ylelds. There was
a significant response tu potassic fertilizer at the
two higher levels of nitrogenous fertilizer but only

up to the Ki level. (See appendix table 6).

The response to potassic fertilizer was least at the
lowest level of phosphatic fertilizatlon, and the re=
sponse to phosphatic fertlilizer was least at the lowest

level of pcetassic fertlllizer, (See appendix table 7).

Seascnal effects on yield

It will be noted (tebles 26 to 29) that there was
an annual decline in the yield of ths experiment.
This decline might be attributed t¢ one or mcre of the
following four reasons:

(1) a general decline in the productivity of the
experimental area,
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(2) a decline in productivity of sections of the
experimental area,

(3) a decline in growth conditions (chiefly rainfall)
or

(4) a decline in productivity asscciated wlith ageing

and deterioration of the planted sward.

In table 30 certain data has been gathered which
ald In clarifying the cause of fthe decline in yleld.
These data concern the ylelds of the plots with and
without the lowest lovel of any one nutrient elecment
which produced a significant response, and of the sum=

mer and winter rainfall.

I+ will be noted that the average yield of the
experiment and that of the 38 treatments with low le=
vels of fertilizer decline annually from 1961-2 to
1965-6. On the other hand, the yield of the sixteen
plots recefving the second and third levels of N, P and
K is rcasonably consistent at between 19 and 20 tons
per morgen (20 to 21 M kg/ha) for the first three
years but drops to 17 tons during the fourth and fifth
years. There Is an annual decline in the summer rain=
fall (Qetaober to March) from 1961=2 +o 1965-6.

However, therec is also a marked drop in summer ralns

fall during the last twoc years.,

From these data it appears that the decline in
yield on the 38 plots, receiving the lowest level of
one or more element, may be assuciated with a decline
in soil productivity and/or a deterioration of the
sward and/or a cecline in summer rainfall. On the

other hand it is more probable that the decline in
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Tablo 30.
Annual rainfall and yields of . curvula.
(1 ton/m * 1059 kg/ha)

gainfall and Yield Year Mast:
1961-2 1962-3 1963-L 1964-5 1965-6 5

Rainfall (m.m.):
Total 1059.2 927.5 856.8 88L.8 800,40 907.5
Octooer - darch 879.2 827.1 T777.6 631.L 60u,8 Th3s2
April - 3eptember 180.0 100.L 88.2 253.L 199.2 164.3
Yield (ton/m):
Experiment avera: e
(5L plots)

Average of 15 plots :
with second of third 19,46 20,41 19,11 16.96 16,90  18.57
level of Ny P and K

Averaze of 38 plots
with lowest level of
at lsast ons of N,
Por K

17.25 T 2347 23,65 10.52 13457

15,32 12.68 11.10 9.3 7.83 11.47

yield of the 16 well fertilized plots, during the last two years,

was solely due to a decline in summer rainfall.

Conclusions
The results indicate that, under the pccdological and climatic
conditions prevailing, large responses in yield can be obtained from

the fertilization of 4. curvula. The application of nitrogenous,Fﬁmcsphakic
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and potassic fertilizer resulted in significant respon=
ses In yield of dry matter. The most marked response
was that to the application of nitrogenous fertilizer.

At the lowest level of fertillzation yields declined
rapidly after the first ysar. Signlficant interacs
tions, between phosphatic fertilizer and nitrogenous
fertillizer, and betwsen potassic fertilizer and nitrc=
genous fertilizer, indicate the importance of these
fertilizers at high levels cf nitrogenocus fertilizas
tion, The significant interaction between phosphatic
and potassic fertilizers Indicate the additlonal benes=
fit which accrues from a fertilizer, which Is well
balanced in so far as these three nutrient e¢lements are

concerned.

The appllication of agricultural lime did not re=
sult In any increase in yield. On such acid soils a
response to the application of lime might have been ex=
pected. The calclum requirements of the plants may
have been satisfied by the 14% cf calcium in the dcuble

superphosphate which was applied,

Generally the highest levels of fertilizetion pros=
duced Ilittle benefit when comparcd with the second highs=
est levels. Owing to the wide range betweon the three
fertilizer levels this result should not be interpreted
to mean that the secound level is the optimum level of
fertilization. This experiment was doslgned as a pro=
liminary investigation into the sort of yleld responses
which might be expected frem E. curvula at high levels
of fertilization. The most economic level of applica=

tion of fertilizer will have to be assesscd from further
trials.



- 176 -

3.5.2.3 Trifolium pratense fertillzer experiment
(N~-Th 9)

in the Highland Sourveld of Natal there
is a shortage of high quality (protein) roughage for
animal feed during winter (Scott, 1948; Flsher, 1955).
T. pratense when grown as a short term pasture and
when ensiled or put up for foggage provides a valuable
source of high protein feed in this area (Fisher, 1955;
Edwards & Mappledoram, 1965). This species, becauss
of its rapid growth immediately after planting which
enables It to compete with the indigenous vegetation
and possibly create more favourable conditions for
other more slowly developing perennial specles, also
appeared to have a high potential for grassland im=
provement. Observations indicated that this crop re=
sponded fto fertilizer applications in the Highland
Sourveld (Fisher, 1963). In view of the pverty of
these soils (Orchard, 1947) it was decided, in 1960,

to start a fertilizer experiment on the Tabamhlope Re=
search Station with this crop.

Objectlive

The object of this experiment was to determine the
effect of four levels of each of phosphatic and potassic
fertilizer and two levels each of nitrogenous fertllizer

and lime, on the hay production of T. pratense in the
Highland Sourvelid.

Procedure

The experimental plofs were sited on the "Farning=
ham" experimental block on the Tabamhlope Research Sta=

tion (see section 3.3.1). The solls have been describead
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The experiment was lald out ina 4 x 4 x 2 X 2

factorial design, with confounding, in blocks of 16
plots and there were no replicates (Cochran & Cox,
1857) . The plot size was 12 x 7 yards (10.9 x 6.4 m)

gross.

The treatments consisted of four levels of fotal
phosphate (44, 96, 149 and 201 pounds per morgen
— 23, 51, 79 and 107 kg/ha ~ per annum), four levels
of potassium (100, 274, 449, and 623 pounds per morgen
— 53, 145, 238 and 330 kg/ha — per annum), two levels
of nitrogen (0 and 105 pounds per morgen — 0 and 56
kg/ha — per annum) and two levels of agricultural lime
(2 and 4 tons calcium carbonate per morgen — 2.1 and
1.1 M kg/ha) applied only at the start of the experi=
ment., The nitrogen was applied in the form of urea
(46% N), phosphate in the form of double superphosphate
(19.6% P) and potash In the form of muriate of potash
(50% K).

Micro—-clements and magnesium were applied to the
whole experimental area, in the flrst year only, at
the following rates:

400 |Ib magnesium sulphate/morgen (212 kg/ha)

30 Ib copper sulphate/morgen (16kg/ha)
30 Ib zlnc sulphate/morgen
30 Ib borax/morgen

8 oz ammonium molybdate/morgen (265 g/ha).

The magneslum, micro-elements and lime were broad=
cast and disced iIntfo the soil In February 1960. At
establishment an application of 44 pounds of P (super=
phosphate), 100 pounds K(KCIl) and 20 pounds N (Urea)

per morgen was spread over and disced Into the whole
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experimental area. The treatment fertilizer appli=
cations were applied annually (except for the lime
which was all applied at establishment). All the
phosphate was applied in spring but the nitrogen and
potash were applied in four equal dressings, one In
spring, one in mid-November, one in early January

and the final one In mid-February.

The plots were seeded to 6 pounds Australian cow=
grass cultivar, 6 Ib Kenland red cultivar and 6 Ib
Montgomery late flowering red cultivar of Trifolium
pratense per morgen (2.7, 2.7 and 2.7 kg/ha). The
secu was innoculated with a suitable strain of Rhizo=
bium bacteria. Seeding was carried out in February

1960 on a well prepared seed-bed.

The yield of oven dry herbage was measursad each
time the mest advanced plots were fit for cutting.
The stage of cutting of the plots was determined by
the growth of new leaves from the base of the plants.
Cutting was so timed that a large number of these new

leaves would be left on the plant after mowing.

During the first harvest year and the first two
cuts of thu sscond year the amount of foreign material
in the cut herbagsc was visually estimated. In all
plots during this period the percentage of foreign ma=
terlal was estimated to be less than 10%. However,
after the second cut in the sscond year the amount of
foreign material in the cut herbage Increased consider=
ably. At this stage It was decided that the system
of estimation was unsatisfactory, and the cut herbage

was then sampled and separated by hand into clover and
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non-clover components. Thus, although total ylield
fligures are avallable for the whole five year period,
clover welghts and percenfageé are avallable for only
the last three years. However, the average clover
percentage for the first year and at least half the

socond year was probably over 90%.

Résulfs

Nitrogen

There was a statistically significant response
in fotal yield (clover+ forelgn material) to the appll=
cation of nitrogenous fertilizer on the average and
In all but the first year of the experiment (1960-61).
(See table 31).

Table 31,

The main effects of nitrogenous fertilizer on the yield
of clover + weed (ton oven dry material/morgen).
(1 ton/morgsen = 1059 kg/ha)

N applled (lb/m/annum) LSD
Year

0 105 Mean P=0,05 P=0.01
1960/61 10.14 NS 10.34 10.24 0.38 0.52
1961/62 8.61 < g.71 B g 0.58 0.78
1962/63 Tedd * G.21 Fa 18 0.33 0.44
1963/64 4.99 < 6.22 5.60 0.44 0.58
1964/65 4,72 < 5.88 530 0.45 0.60
Mean 7.14 < 8.10 b2 0.26 0.354

In the second year there was no response to nitro=
genous fertillizer when the non-clover material was ex=

cluded In the third or fourth cuts.
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The application of nitrogenous fertilizer did not
affect the yield of clover during the third and fifth
years and on the average; but In the fourth year
(1963-64) it significantly depressed the dry matter
yield of clover. (See table 32),.

Table 32.

The main effects of nitrogencus fertllizer on the
yleld of "clover only" (ton oven dry material/morgen.
(1 ton/morgen = 1059 kg/ha).

N applied (Ib/m/annum) LSD
Year

0 105 Mean P=0.05 P=0.01
1962-63 2.25 NS 2.28 2.26 0.38 0.51
1963-64 1.18 > 0.92 1.05 0.22 0.30
1964~65 1.43 NS 1,07 1.25 0.42 0.56
Mean 1.62 NS 1.42 1.52 0.33 0.45

The application of nitrogenous fertilizer resuls=
ted in a significant reductlion in the clover content

in the harvested herbage (See table 33).
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Table 33.

The maln effects of nitrogenous fertilizer on the clo=
ver content in the material harvested (clover as a pers=s
centage of oven dry weight and then transformed by an=
gular transformation, underllined - re-transformed data

not underlined).

N applied (Ib/m/annum) LSD
Year
0 105 Mean P=0.05 P=0.01
1962-63 33.42 > o9 e T o 0.92 1.24
30.34 . B .
1963~-64 28.00 5 218 24,59 2.00 2,69
22.04 1390 52
1964-65 32.66 5 2288 (ZFals 4,96 6.68
19.10 R 75 0 (e 3
Mean 31.42 S 2758 2950 2,89 3,89
27,17 Z1.30  Z&.25

Phosphate

There was a statistically slignificant overall
response in total yleld to the application of phospha=
tlc fertilizer, at rates of over 44 Ib P per morgen,
on the =verage and during the first, third and fifth
seasons, The nature of this response was llnear in
all cases except in the third season when It was qua=
dratic. (See table 34).
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The main effects of phosphatic fertillzer on the yield

of clover + weed (ton oven dry material/morgen).
1059 kg/ha)

(1 ton/morgen =

P applied (Ib/m/annum) LSD
Year Mean

44 96 149 201 Fady, Q% P=0.01
1960-61 9.95 < 10,30 NS 10.54Ns 10.48 10.24 0.54 0.73
1961-62 8.69 NS 9,16 NS 9.50 NS 9.42 9.19 (.82 1.10
1962-63 7.52 NS 7.77 NS 8.16 > 7,66 7.78 0.46 0.62
1963/64 5.31 NS 5.64 NS 5.74 NS 5.74 5.61 0.62 0.84
1964/65 5.01 NS 5,07 NS 5.29 NS 5.84 5.30 0.78 1.05
Mean 7.24 NS 7.59 NS 7.85 NS 7.83 7.63 0.36 0.49

There was no response to the application of

phosphatic fertilizer,

morgen,

at rates of over 44

in the yield of clover.

Table 3

The main effects of phosphatic fertillzer on the yleld-

Ib P per

(Sec table 35).

of "clover only" (ton oven dry materlal/morgen).

(1 ton/morgen =

1059 kg/ha)

P applled (Ib/m/annum)

Year Mean
44 96 149 201

1962-63 2.28 NS 2.18 NS 2.44 NS 2.20 2 512

1963-64 1.05 NS 1.07 NS 1.09 NS 0.99 1.05

1964-65 T.11 NS 1.48 NS 0.98 NS 1.43 1 2

Mean 1.48 NS 1.58 NS 1.50 NS 1.54 1.54
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The application of phosphatic fertilizer (over 44 Ib
P per morgen) did not appear to affect the clover con=
tent of the harvested herbage. (See table 36).

Table 36.

The main effects of phosphatic fertilizer on the clover
content in the material harvested (clover as a percen=

tage of oven dry weight).

P applied (lb/m/annum)

Year Mean
44 96 149 201
1962-63 29.11 27.94 28.65 21«57 28.27
1963-04 18.36 18.68 15,86 15,16 17.19
1964-65 21.21 25.38 16.35 24.12 21.66
Mean 24.16 25,53 23,96 23,30 24.24
Potash

On the average and in all years except the fifth
year (1964-65) there was an overall significant re=
sponse In total yield to the application of potassic
fertilizer at rates greater than 100 Ib K per morgen.
The nature of the response was linear, but on the avers=
age and in two years the yields for some levels differ=

ed in a quadratic way. (See table 37).
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Table 37.

The main effects of potassic fertilizer on the yleld
of clover and weed (ton oven dry material/morgen).
(1 ton/morgen = 1059 kg/ha).

1963~-64 4.91 < 5:58 HS 5.84 N5 6,00

K applicd (Ib/m/annum) LSD
Year
100 274 449 623 Mean P=0.05 P=0.01
1960=81 9.28 < 1011 NS 10.58 N& 10.99 10.24 0.54 0.73
1961-62 7.66 < 9.68 NS 9,54 NS 9.88 9.19 0.82 1.10
1962-63 6.96 < 7.81 NS 8.18 NS 8,17 7.78 0.46 0.62

.61 0.62 0.84

i

1984~65 5,20 N& 5,42 NS 348 #85  3.10 5.30 Q.H 1,05

Mean 6.30 < Tol2 NS  T.93 NS 8.8F 7.63 B3 D59

On the average and during the third and fourthn
years there was a significant response in the yield of
clover to the application of potassic fertilizer at
rates of over 100 Ib K per morgen. This response was
linear, i.e. there was no statistical evidence of a
decline in the rate of response at the higher levels
of K. (See table 38).
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Table 38.

The main effects of potassic fertilizer on the yicld
of "clover only" (ton oven dry matsrial/morgen).
(1 ton/morgen = 1059 kg/ha).

K applied (lb/m/annum) LSD
Year

100 274 449 623 Mean P=0.05 P=0.01

1962-63 1,50 < 2.16 < 2,73 WS 2.71 2.27 B.54 6.73
1963-64 0.70 NS 0.81 « T.31 NS V.57 1.05 B+ D.42
1964-65 0.92 NS 1.30 NS 1.43 NS 1.36 1.25 0.59 Qs80

Mean 1.04 NS 1,42 NS 1,82 NS 1.8 1.52 0.47 0.64

There was o significant linear response to the
application of potassic fertilizer, at rates of over
100 |b per morgen in the clover content in the her=
bage harvested. (Sea tabla 392),

Agricultural lime

The application of four ftons of |ime per morgen
did not result in any signficant difference in total
yield, yield of clover or clover content of the har=
vested herbage when compered with the application of

two tons of |ime per morgen.
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The main effects of potassic fertilizer on the clover
content in the material harvested (clover as a percen=
tage of oven dry weight and transformed by angular
transformation, underlined - re-transformed data not

underlined).

K applied (ib/m/annum) LSD
Year
100 274 449 623 Mean P=0.05 P=0.01
1962-63 27.85 ¢ 31.41 o« 34.B4 Ns 34.80 32,12 1.31 1.76
21.26 20w g 32.64 53,97 2827
1963-64 21,19 NS 21.93 . 27,42 HS 27.B1 24.59 2.82 3.08
13.07 13.95 £l v 2VSTT 17752
1964-65 22.99 < 28.01 NS 29.31 NS 30.62 27.73 7.01 9.44
15.25 22.06 23,97 25.94 21.66
Mean  26.30 NS 28.29 NS 31.57 NS 31.83 29.50 4.09 5.51
19.62 22.46 27.41 27.81 24.25

Significant interactions

Significant interactions in the analysls of only
total yields (l.e. five years in the case of clover +
weed and 3 years in the case of clover only) are dis=

cussed hereunder.

The phosphate x potash interaction was statisti=
cally significant in the case of total yleld (clover +
weed) on the average. Increasing applications of the
one element generally resulted in the increased responses
to the other element. (See appendix table 8). The

nhasnhate ¥ notach lntaract+iocon wnane alen ct+aticttaanl i
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significant for the clover content of the herbage har=

vested. (See appendix table 9).

On the average the phosphate x nitrogen interac=
tion on total yleld (clover + weed) was statistically
significant, Increasing applications of one fertilis=
zer generally resulted in increased responses to the

other element. (See appendix table 10).

Concluslions

The results indlcate that, under the pedological
and climatic conditions prevailing on the experimental
area, 1. pratense responded chiefly to potash fertili=
ZaF,

The application of nitrogen fertilizer falled to
produce a response in yleld when the clover content was
high on the plots (i.e. during the first year and the
first twe cuts of the second year). It did not affect
the yield of "clover only" except in the fourth year
when the yiecld was depressed. The application of
nitrogen fertillzer also resulted In a reduced clover
content in the harvested herbage. On the other hand,
the application of nitrogen fertilizer resulted in an
increase in total yleld during the last three years of
ths experiment. From these rasults It may be assumed
that nitrogen fertilization produced increased yields
in the non-clover components of the sward, whlch were
chiefly grasses. It can also be assumed that the

Rhizobium used was effective.

The application of phosphatic fertilizer at rates
of over 44 Ib P per morgen resulted In a general increase

in total vyield. This rasponse was not reflected in
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the yield of "clover only" during the last three years
of the experiment, nor was it reflected in the percens=
tage contribution of clover to the total yield during
the same period, |+ seems possible that additional
phosphatic fertilizer may beneflit the clover in the
establishment period but that this response may not

continue after the first season.

Powrie (1963) suggests a parallel to this on the
sillceous sands in the Upper South-East of South Austra=
lia. Under these conditions he has found clover based
pastures to have a high initlial superphosphate requires=
nent, but a "declining super need" in following years

due to accumulaticon of available phosphorus in the soil,

There was a general response to the application
of potassic fertilizer at rates of over 100 Ib K per
morgen. This response was apparent In total yield,
yield of clover only and in the amount of clover In
the herbage in all years but the fifth. I+ is doubts=

ful if 623 Ib K per morgen gave any practical beneflt
over 449 |b K per morgen,

The application of four tons of lime per morgen
once In five years to these acid soils did not give any

benefit over the application of two tons per morgen.

The reason for the depression of the amount and per=
centage of clover present In the sward during the 1963-4
season Is not evident.

In this experiment all plots were harvested (cut)

on the same day. The time of cutting was decided upon
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from the development of the most advanced plots. Thale
tended to discriminate against the slower growing plants
on certain treatments. This could be overcome by now=
ing the plots separately when plants on each plot reach=
ed the correct stage of development. This, however,
was impracticable due to the distance to be travelled
(50 miles) for each harvest, and due to limitations of

facilities.

32,5.2.4 Discussion

|+ is apparsnt, that the solil on which
these experiments were carried out is lacking in suf=
flcient supplies, of the three major plant nutrient
elements N, P and K, for optimum grassland production
unless it is fertilized. Although fThese experiments
give an indication of the approximate amounts of fer=
tilizer required, the exact requirements can be expec=
ted to vary from site to site on this soll type.
Ofher soil types in the area may have slightly diffe=
rent requirements, although climatic factors do appear
to have an over-riding influence (over parent material)
in the formation of the socils of the Highland Sourveld.
Recent studies by Graven (as quoted by Frean, 1969) indi=
cate that the Clovelly soil scries, while having ade=
quate sulphur in the tcp-soil, Is dificlent In this
element in the sub=-soil. This result explains an
observation that, on fthe "Clovelly" block, Medicago
sativa roots did not penetrate beyond the "A" horizon

(2~3 Inches = 5 to 8 cm - deep) and were unthrifty,

The question s often posed as to which should be

investigated first - sultable plant species or soil

i el Oty ST B R e e B s RO et 1 B i il | e I mail
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vestigated concurrently In the same experiment.
Practically this 'is Iimpossible, due to the large num=
ber of potential treatments, Depending on the fers
til1ty status of the soil (ascertained by the obser=
vation of plant growth) soll fertilizer trials may
follow or can be run concurrently, in separate experis=
ments, with species trials. With the usc of compost

or kraal manure, or with available knowledge of plant

fertilizer requirements a satisfactory soil fertilizer
programme, which will allow plant species evaluation
to contlinue, should be available. Unlass extrene soil

fertility deficiencles exist, the fertilizer trials
should be delayed until suitable plant species have

been selected.

The trials which have been discussed in this sec=
tion made it possible to proceed with grassland research

work on a reasonably sound soil fertility basis.

3.5.3 The establishment of overseceded species

The stceper slopes and stony areas of the
Highland Sourveld, where grassland Improvement is most
likely to find its niche, are unsuitable for conven=
tional scedbed preparation and seeding techniques.
Consequently the improvement of these areas by the In=
troduction of improved plant species will depend largo=
ly on the success obtainced in the establlishment of

overseeded species on these rough secedbeds.

The establishmcent of cverseeded species in influ=
enced to a marked extent by the ability of the seed,
and the seedling, to absorb sufficient moisture from

its micro-environment. The nature of thls micro-



=] e

environment is largely dependent on Its micro-topo=
graphy, which can bc manipulated by man. yn . FECH,
the various techniques employed to aid the establlsh=
ment of oversown scods all depend on the manipulation
of two factors (micro-relief and/or vegetative cover)
for thier success. Consequently 11t was decided to
investigate the effect of these two factors, In some

detail, In the Highland Sourveld of Natal.

3.5.3.1 The cffect of competition

Warren Wilson and Leigh (1964) have
noted the differences In vegetation resulting from
shallow (2 cm) depressions, while Harper, Williams and
Sagar (1965) have illustrated the marked effect of
minor variations in soll micro-topocgraphy on the gers=

mination of Plantago seeds.

Harpzr ¢t al (1965) state that the density of the
seeded plant population is a function of the scll
surface, and that the population may be said tc be re=
gulated by the frequency of "safe sites.” "Safe sites"
are sites suitable for the germination and establishment
of the sceded species (Harper, Clatworthy, McNaughton
and Sagar, 1261). Harper &f _al (1963) suggest That
there is considerable subtlety in the requirements
of different speclies for "safe sites.” "The densities
of species in a mixture may be independently determined
for each species becauss of specialized requirements for
germination which are satisfied at different places on
a rough soll,. The observation that the different op=
timal topgraphies fur establishment of twe species cors=

responded with different optimal topgraphies for water

fimadalrem By i dle ElrEmeAard = Hkea cFFen g alilen dles e B A i e il s i i e K s
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exerts its influence through mcdifying seed-water re=
lationships. It seems likely that subtle variations
in structure of the soil surface may influence both
abundance of a particular species and the balance be=

tween species." (Harper et al. 1965).

If such minor variaticons in scil surface micro-
topography can cause major variations in the germina=
tion of seeds, then it is apparent that the relatively
large variation in micro-topgraphy caused by grass tufts
might also influence the germination of seeds. At
the size scale of a weed seed, the soil surface is a

very complicated pattern of exposed and sheltered micro=

sites (Harper, 1959), Little literature can be traced
on tThis subject. However, certain hypotheses may be
advanced., These are:

(1) The mere physical presence of grass tufts and
leaves will influence the distribution pattern
on the soil surface of broadcast seeds. This
pattern may vary, depending on the density, type,
follar area and arrangement of plant species.

(2) A certain proportion of seed will be intercepted
by the grass tufts themselves and never reach the
soil. Some of this seed may germinate in the
grass tuft, some may be dislodged by rain and
wind and eventually reach the ground and the rest
remains in the grass tuft under conditions un=
favourable for germination. This latter portion
of seed is destroyed by insects, eaten by birds

or finally loses vitality and dies.

(3) Of the seed reaching the soil surface some will

be closer to the grass tufts than others. The
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in relation to the tuft may dctermine the amount
of water, heat and Ilght available to the seed.
This is because the living plant (and probably
even dead tufts) moderates the moisture content,
alr temperature (Luff, 1965) and the Illight Inten=

sity at the soil surface in its Immediate vicinity.

Unfortunately the measurement of these micro-en=
vironmental factors on the scale of the mlicro-topography
which is of importance to small seceds Is impracticable.
Harper et al (1965) do howcver, suggest that Increases
in the weight of small sseds placed In the various
microsites indicate the moisture available on the soil
surface. This water uptake might also be partlally
dependent on temperature and light conditions and the

seads used.

The number of "safe sites" for thoe germination of
oversown seads in a grassland sward may be expected to
be a function of the density of the sward. However,
plants seldom grow In a systematic or even a completely
random arrangement. The commonest situation 1s that
plants tend fo be more or less gregarious or clumped
in patches of varying slze and density within an area
(Greig=Smith, 1957). vhere this happens The mean
density of plants per unit area gives a misleadingly
low impression of the mean dlstance apart of indivi=
duals, and so of their effective density (Harper, 1959).
It should be remebered that the converse Is also true.
Unvegetated patches of larger area than Indicated by the
average density will also be present. The arrangement
and size of these bare patches may be of importance in

secdlinag establishment.
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3,5.3.1.1 The effect of grass ftufts on The scatter

of oversouwn seeds (N-Ec 17/7)

During the process of overseeding
grassland, as a means of radical veld improvement, the
indigenous vegetation remaining due to the Incomplete
seedbed preparation would have considerable sffect on
the establishment of overseeded spe ciss., One of the
factors which would determine the extent of the Influs=
ence of the vegetation might be expected to be the
amount of seed Intercepted, and thus prevented from
reaching the ground, by the canopy of the plant cover.

This aspect of competition was investigated first.

Objective

The object of this experiment was to determlne
the amount cf oversown seed of three pasture species,
which was intcercepted by grass tufts of three different
veld grass species. A further object was to gain in=
formation on the distribution of these seeds, on the

soll surface, in relations to the position of the tufts.

Procedure

Seeds of each of three pasture plant species,
P. dilatatum, T. repens (Ladino) and T. pratense (Ken=
land), were dropped from a height of two feet on to
artiflcial swards of dead tufts of U, hisplida, E. cur=

vula and A. filifolius. The tufts weres mounted on

soft-board in a laboratory. Each species was mounted
at ftwo densities (16% and 4% basalcover, using plants
of 4 sq in. basal area) In a systematic square pats=
tern. The experiment consisted of a 3 (subject spu=

cies tufts) x 2 (densities) factorial design with three
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"split plot" (+ypes of oversown seed) treatments, and

was replicated three times.,

The grass tufts were collected in the Highland
Sourveld at the end of summer at which fime they sup=
ported a full seasons unutilized foliage. The tufts
were cut off just below the crown, and affer drying
the base was ftrimmed to fit snugly into a cylinder with
an interna! diameter of 2.256 inches (4 sq inch - 25.8
sq cm - area). These tufts ware then mounted on a
square of softboard at the required density and pattern
so as to provide a net plot of 20 inches x 20 inches
(50.8 x 50.8 cm), with a one plant border around it

(see appendix plan 1).

The seeds of each of the three pasture species
were dropped, in turn, on each of the three veld grass
species at ezch density. Nine hundred sceds (on the
16% basal cover) and one thousand two hundred and twen=
ty-five sceds (on the 4% basal cover) were dropped on
each gross plot. The arca of tho gross plot was di=
vided into imaginary one inch squares, and one seed
was dropped from a helght of two feet, at the centre
of each of these squares. A plate, with 1/8 inch
(0.3 cm) diameter holes a2t the desired positlions, was
mounted above thc plots fto facilitate the correct po=

sitioning of the seeds befors they were dropped.

After the seeds had been dropped the tufts were
|ifted carefully and shaken to removc the seed which
had lodged in them, The number of seeds thus collec=
ted from each tuft was counted. The numbar of seeds

remalning in each square inch of the board was also re=
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corded.

The average dimensions of the veld grass fufts

which waere used are given in table 40.

Table 40.

The average dimensions of fhe subject tufts
{1 sq In. = 6.45 sq emy 1 Inch = 2.54 cm; 1 cu in =
16.39 ac)

Specios of subject plant
Dimension

T.hispida E.curvula A.fllifolius Mcan

——

Base area (sq In) 2.0 2,0 2.0 2.0
Helght (In) 7.8% 7S 10.84 1318
Width (in) 3.86 3,08 2,64 3.1
Welght (g) 17:1% 12.25 9.13 12205
Volume (3 width x height

= cu in) 52 .01 154.59 59,29 102.06
Density (Welght g # Vcli=

ume cu [n) 0.185 D.079 0.154 0,139

The E. curvula tufts were twice the helght of
those of the other two spccies, but the foliage on the
T. hispida tufts was hesavier, The E. curvula tufts
occupied a greater volume, and were less dense than
those of the other speclies.

Results and Discussion

The number of seeds retained per tuft was influ=
enced by the subject specles concerned and by the basal

cover of the subjsct species. On the average the type
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of oversown speclies had no effect on the retention of
seed by the subject plants. These results are pre=
sented in table 41.

Table 41.

Percentage of oversown seed intercepted by grass tuffts.

Percentage seed intercepted

Treatments Norma | 4 x 4% cover

Subject plants

T.hispida 24.29 35.96
E.curvula 19.82 32,11

A. filifolius 12471 21,50
Mean 18,94 29,86
L.S.0. P=0.05 3.29 3,78
P=0.01 4.61 5.30

Basal cover

4% 7.28 29,12

16% 30.60 30,60
L.S.0, P=p.05 2.69 NS
P=0.,01 3,77 NS

Type of seed

P.dilatatum 20,08 29:71

I.regens 19.47 31.81

T.pratense 17.26 28,06
L.S.D. P=0.05 NS NS

P=0.01 NS NS
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On the average, over the different densities and
types of seed, 24.29% sced was retalned by T. hispida
compared with 19.82% by A. fllifolius, and 12.7% by

E. curvula. These results appear to bear some rela=
tionship to the density (weight in grams & volume in

cu in) of the follage, and possibly bear an inverse
relationship to the height of the foliage. The dgnser,
shorter herbage appeared to intercept more seed than

the more open Tall herbage.

The 4% cover retained 7.28% of the seed compared
with 30.60% which was retained by the 16% cover, on
the average. This was proportional to the percentage
cover; as when the amount of seed retcined by the 40
cover wos multiplied by four, the result did not dif=

fer significantly from that obtained with 16% cover.

The interaction between the subject plants and ihe
sceded species was statistically signlificant (Appendix
table 11). T. hispida infercepted more P. dilatatum
and T. repens than It did T. pratense seed, but there
was no dlifference in the amounts of these seeds inter=

cepted by either E. curvula or A, filifollus. More

pida than by the other two species, however, A. fili=

folius intercepted more T. pratense than did E. curs=
vula. This high rate of infterception of P, dilatatum
seed by T. hispida may have been due to the hairiness

of the latters lecaves and the furry low density, ssed

of the former. The reason for the high ratec of In=
terception of T. repens secd by T. hispida and T. pra=
tenss sced by A. filifolius Is not obvious. Multiplis=

catlion of the amount of seed intercepted by the 4% cover,
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by four, also produced a significant subject species
X seeded species Interaction (Appendix table 12).
This interaction was similar to that obtained prior to

multiplication, except that A. filifollius Intercepted

less P. dilatatum seed than it did T. pratensc seced.

The interaction between subject plants and basal
cover was also statistically significant (Appendix
tabla 13} Thess results indicate that there was no
difference in the amount of seed intercepted by the
different subject species at 4% cover, but at 16% cover
T. hispida Intercepted more (P<0.01) seed then did A.

filifolius which In fturn intercepted more seed (P<0.,01°

than did E. curvula. This Interaction was also statice
tically significant when the amount of seed interccpted
by the 4% cover was multiplied by four (Appendix tauble
14)., These results indicate that, although the cor-
rection eliminated the difference between the two covi rs

on the average and when E. curvula and A, filifolius

were subject plants, the correction did noet account

for the difference when T. hisplida was the subject
plant. The results Indicate that T. hispida inters=
cepted more seed at a 16% cover than would be anticlpa=
ted on the basis of the sved it intercepted at 4% cover.
This did not occur in the case of the other two subject
plants. The increased interception of sesd at 16%
cover by T. hisplda may have been the result of seed,
bouncing from one plant, being intercepted by a neigh=
bouring plant. The large area covered by the leaves
of this species (3.86 inch — 9.8 cm — width/plant) and
the halriness of the leaves, when reiative to the

other subject spocies, resulted in little open space

being present at a 16% cover.
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The scatter of the seeds on the base board after
the removal of the tufts was examined by mecans of
scatter diagrams. The distance between tThe centras
of the one inch squares and the centre of the ftufts
varied from four Inches to 11.2 inches (28.4 cm) at 4%
cover, and from four inches to 5.6 Inches (14.2 cm)
at a 16% cover, However, all squares appeared to Se
occupied by similar numbers of seeds on all freatments.
This result is contrary to the expectation that the
Interceptlon of seed by the tufts would reduce the
amount of seed in the squares closest to the base of
the tuft. This ¢ffect may have been counteracted by
sesds which bounced and whcse movements were arrested

by the bases of the tufts.

3.5.3.1.2 The effect of dead grass tufts on the eari,

f

establishment of oversown species (N-Ec 17,31}

In the preceeding experiment the phy=
sical effect of grass tufts on the amcunt of oversown
soed reaching the ground was Iinvestigated. However,
the grass tufts have a further physical function In the
establishment of oversown seuds. This is the creation
of their own micro-climatic complex due to shading, re=
duction of wind veloclties and the asscciated changes
in temperatures, evaporaticn losses and soil moisture
centent In the vicinity of the overseeded seeds. The
offect of these two purely physical actions of grass
tufts (micro-climate and seed interceptlion) on the
establishment of oversceded speclies was studied by
making use of dead grass tufts. Apart from provis=
ding some basic information on the mode of action of

the competition process, these results from dead tufts



= RO

approximate the prectical situation obtained when
areas are sprayed with herbicides, which is an accep=

ted methcd of seedbed preparation for overseeding.

Objective

The object of thls experiment was to determinc
the effect of the micro~topography created by dead
grass tufts on the sarly establishment of oversowun

secds of three pasture species.

Procedure

The experiment was carried cut on the "Clovelly"
experimental block at Tabamhlope Research Station,

(section 3.3.1) during the 1966-67 ssason.

Seeds of three pasture species (P. cllatatum,
T. repens and T. pratense), were sown on artificia!
swards of dead tufts of three Highland sourveld gruo-s

species (1. hispida, E. curvula and A. filifolius)

spaced at two densities (4% and 16%). The treatments
were laid out in a 3 x 2 factorial design randomised
in the blocks of four replicaticns, The results were

analysed separately for each ¢f the sceded species,

The grass tufts, collected and shaped as in the
previous ecperliment, were placed In the soll at their
original depth. They were alsc arranged in the plots
in the same systematic square pattern as was used In
the previocus experiment (Appendix plan I1). The soil
between the tufts was cultivated and raked level before

seeding,.
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The number of seeds usad was calculated on the
normal seeding rates used when such a mixture is
planted for radical veld improvement, (This 1s about
double the rate used on a fine seed bed). The sug=
gested seeding rates for radical veld improvement Iin

the Highland Sourveld are as follows:

P. dilatatum - 160 Ib per morgen (84.7 ko .a)
T. repens - 12 It per morgen (6.4 kg/ha)
T. pratense - 32 |b per morgen (16.9 kg/ha)

As It was intended to spread the seeds on the plot
in a systematic square pattern, it was necessary to
calculate the number of seeds required per unlt area
from the number of seeds per pound of seed. The num~

|

ber of seeds per pound (0.454 kg) are glven various.v

as follows:

P. dilatatum 220,000 (Anon, 1948, Wheeler & H' .1,

1957) "315,000 (Local data)

T. repens

(Ladino) - "800,000 (Anon, 1948, Wheeler & HIII,
1957)

(Wild white) - 814,000 (Robinson, 1953)

(Dutch) - 740,000 (Robinson, 1953)

T. pratense - :ggg;ooo (Anon, 1948, Wheeler & Hill,

250,000 (Robinson, 1953),

» 5 §
Rates used in calculations.

The figures glven above are¢ reasonably consistent
except for thcse of P. dlilatatum, where the local data
Is probably more relliable when applied to local comners

cial seed.
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This seed has a poor "full caryopsis" content (= 30%)
and as seed separated by flctation in benzene was
used, allowance was made when calculating the numbers
of P. dilatatum seed to be used. The actual seed
analysis and germlnation of the seed used (as suppliad
by the S.A. Seed Testing Service) is given In Appendix
table 15. The sceds were spread over each plot at

the following rates and distances apart:

Species Seeds/gross Distance apart Seeds/nat
plot (30"x30"~- of seeds plot (20"x2Q"
76.2x76.2 em) -50,8x50.8 gm)

P. dilatatum 900 o 400

T. repens 676 .15 300

T. pratense 576 9 4 2 256

The area of the plot was divided intc imaginary squares
(900 of 1" x 1" (2.54 x 2.54 cm) for P. dilatatum, 675
of 1.154" x 1.154" (2.9 x 2.9 cm) for T. repens anc

576 of 1.25" (3.175 x 3.175 cm) for T. pratense). One
secd of each species was dropped, from a height of two
feet, at the centre of cach of these squares, In order
to ensure correct spacement of the seeds at the "drop=
ping position" a plate with 1é" (0.3 cm) dliameter hcles
drilled through it was used, each hole was at the centre
of one of the sqguares., Seecing was completed within

a perivd of three days.,

The number of seedlings of each speclos which surs=
vived was counted at three weeks and at slix weeks,
after planting. Onc year later the herbage yield of

the surviving plants was measured on each plot.



Table 42

Percentage establishment of Trifolium pratense

Establishment at 3 weeks Establishment at 6 weeks

Percent
Basal Speci = = S i
s . Species of subject plant i 1 = Species of subject plqnt .
T.hispida E.curvula A.filifolius Mean T.hispida E.curvula A.filifolius Mean
4% 29.98 29.49 24.61 28.03 28.61 28.51 23.63 26.92
16% 8.40 47.36 45.70 33.83 B.73 39.26 47.85 29.95
Mean 19.19 38.42 35.15 30.92 15.67 33.88 35.74 28.43
L.S./B."s P =0.05 P =0.01 P =0.05 P = 0.01
Basal cover means N.S. N.S. N.5, N.S.
Species means 9.60 13.28 6.39 9.04
Interaction (Body of table) 13.58 18.78 8.84 12.50
Coefficient of variation 29.14% 21.01%

¥02
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Results and Discussion

(a) Early establishment

So little P, dilatatum seed became established
(an average of 0.84% and 0.79% at threo and six weeks

respectively) that this data was discarded as unreliable.

T. pratenss
On the plots of T. hispida significantly less
(P<0.01) T. pratensc became established (at both three

and six weeks) than on the plots of E. curvula and
A. filifollus (See table 42).

On thc average the plant density (basal cover) ha:
no effect on establishment. However, the Iinteraction
between the subject plants and the plant denslty was
statistically significant (P£0.01) at both three and
six weeks after seecding. These results Indicate tuc
the ostablishment was, In fact, iInfluenced by the don=
sity of the subject plants. Wwith E. curvula and A.
filifollus as subject plants a better establlishment was

obtained at 16% basal cover than at 4% basal cover.

For T. hisplida, however, the reverse applied. At the
4% cover there was no significant difference in the
percentags of plants which became established under the
threec subject plants. However, at 16% basal cover
establishment was poorer (P<0.01) under T. hispida than

under E. curvula and A. filifolius. There was little

difference between the number of plants counted at
three weaoks and at six wueks after scedling. The avers=
age establishment of about 30% was considerably less

than the 81% germination obtained In the laboratory.



Table 43

Percentage establishment of T.pratense (Corrected for seed intercepted by tufts)

Establishment at 3 weeks

Establishment at 6 weeks

Percent
cBg\?ZJ» Species of subject plant Species of subject plant
T.hispida E.curvula A.filifolius Mean T.hispida E.curvula A.filifolius Mean
43 32.28 31.07 27 .36 30.24 30.70 30.04 26,15 28.96
16% 11.73 57.30 71.79 46.94 38.15 47 .42 75.19 53.59
Mean 22.00 44 .18 49,57 38.59 34.42 38.73 50.67 41.27
L.S.D.'s: P =0.05 P = 0.01 P = 0.05 P =0.01
Basal cover means 9.62 13.31 6.78 9.38
Species means 11.29 15.02 8.31 11.49
Interaction (Body of table) 16.67 23.05 11.75 16.24
Coefficient of Variation 28.68% 18.89%

90¢
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When the amount of T. pratcnse sced intercepted
by the tufts (as recorded in N-Ec 17/7) was subtracted
before determining the percentage establishment, a

somewhat different picture emerged. (Sece table 43).

At three weeks after seeding these results were
the same as those of the uncorrected data, in-so-far
as the effect of the subject species was concerned,
However, six weeks after seeding, the percentage of
T. pratense plants on the T. hispida plots had increased
and those on the E. curvula plots had decreased to the
extent that there was now no difference between the two
treatments. Both had a lower percentage establishment

than on the A. fillfolius plots. The above result

might Indicate that seed fell from the T. hispida
plants and became established during the three to six

week period.

The corrected data indicate that a higher percen=
tage of the T. pratense seed which reached the ground
became establlished under the 16% cocver than did under
the 4% cover. The Interaction between the subject
plants and density was also statistically significant
at both three weeks and six weeks. This latter res=

sults is similar to that obtained from the uncorrected
date.

The results obtained are probably due to the in=
terplay of three factors in the various treatments
applied. These factors arec:

(a) The interception and subsequent release of

varying amounts of seed by the canopy of ihe

subject species.



Table 44

Percentage establ ishment of T.repens

Establishment at 3 weeks

Establishment at 6 weeks

Percent
Basal Species of subject plant Species of subject pTant
Cover 1 hispida E.curvula A.filifolius Mean T.hispida E.curvula A.filifolius Mean
4% 13.33 19,00 12.42 14,92 13.42 16.92 13.33 14,56
162 0.33 16.50 14 .25 10.36 0.58 12.50 11.83 8.30
Mean 6.83 17.75 13.32 12.62 7.00 14.71 12.58 11.43
L.S.D.'s P = 0.05 P =0.01 P = 0.05 P =0.01
Basal cover means 3.76 5.20 2.07 2.86
Species means 3.07 4.24 1.69 2.34
Interaction (body of table) 5.31 7.35 2.93 4.05
Coefficient of variation 27.90% 17.19%

‘802
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(b) Extremes of the canopy cover reduce the light
at the soll surface to a level below the op=
timum for early establishment of the red
clover seedlings. (The average area of the
canopy of the T. hispida tufts was 238 sg In
— 1535 sq c¢m — of E. curvula 152 sq in — 980
sq cm — and of A, filifolius 112 sq In — 722

sq cm —), After a few weeks in the fleld the
canopy of T. hispida tended to cocllapse, and
at 16% cover provided on almost total ground
cover.

(c) The denser canopies reduce the evaporation of
moisture from the soil, and produce more fa=

vourable molsture conditions.

When the establishment percentages at six weeks are
plotted against the relative density of the cancpy (Fig.
4), it is apparent that the establishment of T. pratense
increased up to a certain density and then dropped
sharply.

T. repens

Significantly less T. repens became establlished
(three weeks and six weeks counts) on the plouts where
T. hispida was the subject species, than on the plots
of the cother two species. More T. repens became oes=
tablished on the E. curvula plots than on those of A
filifolius (See tablie 44),

Fewer plants became established at the 16% density
than did at the 4% density. The interactlion, subjaeut
specles x density, was statistically significant at
both counts (3 and 6 week). At both counte lace



Table 45

Percentage establishment of overseeded T.repens
(Corrected for seed intercepted by tufts)

% Establishment at 3 weeks

% Establishment at 6 weeks

Percent
C&ZT Species of subject plants Species of subject plants
T.hispida E.curvula A.filifolius- Mean T.hispida E.curvula A.filifolius Mean
4% 14.53 20.47 13.68 16.23 14 .62 18.22 14.69 15.84
16% 0.58 20.86 16.14 12.53 1.02 15.80 14.10 10.31
Mean 7.55 20.66 14,91 14 .38 7.82 17.01 14.39 13,07
L.S.D.'s P = 0.05 P =0.01 P = 0.05 P =0.01
Basal Cover Means 4.37 6.04 2.51 3.46
Species Means 3.57 4.94 1.45 2.00
Interaction (Body of table) 6.18 8.55 3.54 4.90
Coefficient of Variation 28.54% 17.99%

012
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FIGURE 4.
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Table 46
Percentage establiishment of seeded species
(T.repens + T.pratense + P.dilatatum)

% Establishment at 3 weeks

% Establishment at 6 weeks

Percent
Hnse] i j i bject plant
Species of subject plant Species of subject plant )
sy T.hispida E.curvula A.filifolius Mean T.hispida E.curvula A.filifolius Mean
43 13.00 14.28 10.80 12.69 12.55 13.34 10.83 12.24
16% 2.35 18.10 16.92 12.46 1.02 14.67 16.55 10.75
Mean 7.67 16.19 13.86 12.57 6.78 14.00 13.69 11.49
L.S.D."s P =0.05 P =0.01 P = 0.05 P =0.01
Basal Cover Means =5 N.S. N.S. N.S.
Species Means 2.85 3.94 1.74 2.40
Interaction (Body of table) 4.07 5.63 2.46 3.40
Coefficient of Variation 21.26% 14.18%

14 ¥4
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T. repens became esfablished under T. hispida at 16%
cover than at 4% cover. T three weeks there was no
difference in the establishment at the different den=
sities on the plots of the other two specles. At six

weeks the establishment was better at 4% cover than

S

at 16% cover under E. curvula, but there was no dif-
ference under A. filifeolius. At 4% cover E. curviia

proved to be the best subject species for establish=
ment, while there was no difference between T. hispida

and A. filifollus. However, at 165 cover the es=

tablishment under both E. curvulzs and A. filifolius

was better than under T. hlspida.

Correcting for the amcunt of sesd intercepted
made very little difference to the results. (See Table
45).

The average establishment of abcut 12§ of T. res=
pens was very low compared with the 82% germination of

the sced uinder laboratory conditicons.,

Examlination ¢f the graph of e¢stablishment of T.
repens plotted against relative density of canopy (Fig.
4) indlcates that the establishment of this species de=

creasvd wlth any increase In density of canopy.

The percentage establishment of the sceded pasture

as a whole (T. pratense plus T. repens plus P. df atatum)
is given in fteoble 46,

AT both counts (3 and 6 weeks) there was a poorer
total establlshment under T. hispida than under the
other two species. Thers was no-significant differ.. ze

in the establishment at the two basal covers, The
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significant Interac*tion Indicates that while the per=
centage establishment ftended to increase¢ with an in=

crease in basal cover of E. curvula an< A. filifolius,

it decreased with an lIncreasc in the basal cover of
T. hispida. At 4% cover there was |ittle difference
in the establishment unler the different species, b T
at 16% cover the establishment was poorer under T.

hispida than under the other Two species.

It is signiflcant that, within the limits of the
treatments, the cestablishment of T. repens declines
with any addition of canopy ccver. On the other hand,
the establishment of T. pretense imprcves up to a cers=
taln point with an increase in canopy, and then declines.
These respenses could result in the development of
pastures of different compositions from the same seeded
nmixture, It would cppear that T. pratense is more
suited than T. repens for overseeding when some of the
vegetative carcpy is retained on the seed bed., Further,
It Is apperent that excessive canopy cover, even when
dead, is unugsirable for the gstablishment of both spe=
cies, Thus the use of herbicides on a very densc and

leafy cover proevides a poor seed bed.

»b) Herbages yields

The herbage yields, of the seeded species, on

the plcts one year after seeding are given In table 47.

The yields of the plots, under the same treatment,
varied considerably. However, the yield under T.
hispida was less (P<0,10) than under the other two spes

cles. This result Is not unexpected considering the
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Table 47.

Dry matter yield ¢f surviving oversown species

(gram/plot of 400 sq In — 2580 sq cm).

Treatment Dry matter yield (g)
Specles
T. hisplda 10.5
E. curvula 21.2
A. filifolius 23.5
Mean 18.4
L.S.D. P=0.05 9.8
P=0.10 N.S.
Density
4% 18.7
16% 18.5
L.S5.D. P=0.05 N.S
P=0.01 N.S.
Coefficient of Variation 66.79%

pocr establishment that was obtained under this spe=

cies.

3.5.3.1.3 The effact of 1lving grass tufts on the

early establishment of oversown specles
(N-Ec 17/9)

In the two previous experiments the hy=

sical effects of grass tufts on the success of oversaeds
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ing was investigated. However, It might be expected
that living grass tufts, as a result of franspiration,
might have a somewhat different effect on tThe establish=
ment of overseeded specles. This subject was the cbs=

ject of the third experiment In this series.

Objective

The object of this experiment was to determine
the effect of tiving grass tufts of different plant
species, at two densities, on the early establishment

of over-seeded pasture plant species.

Procedure

This experiment was also conducted on the "Clovels=
ly" experimental block on the Tabamhlope Research Sta=
Tlon in 1967 and 19&3. The treatments, seeding fechs=
nique and design of the experiment were identlcal tfo
that of the previous experiment (N-Ec 17/8). However,
[Tving crass tuf+s which had been established previous=
ly provided the subject plants, and not dead tufts as
In N-E¢ 17/8. Tufts of a uniform size were planted but,
the growth and death of tillers up until sceding resui=
ted in a variety of tuft sizes. The basal area at the
time of seeding was less than the prescribed density.
The yields obtained from these subject plants and thelir
basal area, two months prior fto overseeding, is given
in table 48.
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Table 48.

Yield and basal cover of plots prior to overseeding

Treatment Yiecld (g) gross plot Percentage
TR N2 BT basal covzr
Species
T. hispida 220 8.12
E. curvula 1096 8.73
A. filifolius 109 3,44
Mean 425 5:37

Basal Cover

nagn 492 4,13
"1e%" 458 7.01

The seed on this experiment germinated well, but
most of the seedlings were burnt off by exceptionally
hot weather jJjust after germination resulting in a poor
early establishment. Once again very l|ittle P. dila=~
tatum became established and these figures are not in=
cluded In the resuits. Seedlings were counted only
51x weeks after seeding, and due to uncertainty in the

identification of the seedlings only totals for both
clovers (T. repens plus T. pratense) are presented.

Results and Discussion

The early establishment of clover, slx weeks after
seeding, is gliven in table 49,



= 218 =

Table 49.

Percentage establlishment of clover plants on plots of

living grass tufts six weeks after seeding.

Percentage Transformed data

Treatment Establishment (stevens-angular)

Species (s)
T. hisplida 0.967 6.124
E. curvula 2.002 9.136
A, fillfellus 0.652 4.055
Mean 1.207 -
L.S.D. P=0.05 - 1.374
P=0.01 - 1.900

Basal Cover (D)

mggn 0.825 4,886
"1eg" 1.590 7.991
L.S.D. P=0.05 > 0.647
P=0.01 E 0.896

Signlficant inters=
actlon = DxS

Coefficlent of varis=
ation - 20.209%

More clover plants became established under E. curs

——

vuia than under T. hispida which In fturn provided for
a better establishment than did A. flilifollus. The

establishment at "16%" basal cover (actually 7%) w:.

greater than at % basal cover. The Interactlior
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sub ject species x plant density, was statistically sig=
nlflcant (P€0.05). Better e¢stablishment was obtalined
at "16%" cover than at 4% cover under T. hisplda and

A. fllifolius, but there was no.dlfference under E. curs=

vula, At 4% cover the establlishment was greater under

T. hisplda than under A. filifollus, but at "16%" cover

there was no difference in the establishment under these
two speclies. The best establishment was obtalnsd under

E. curvula at both denslities of cover.

Examination of Figure 5, In which the percentage
establishment is plotted against ths percent basal
cover, reveals that the percentage establishment In=
creased with an increase In basal cover up to 11%, and
then declined sharply. This result, when compared
with those of the previous experiment, suggests that
the vast majority of the seedlings which became es=
tabllshed were T. pratense. These results also empha=
sise¢ the danger of attempting to overseed on too dense

a cover.

3.5.3.1.4 The effect of the pattern of grass tufts on

the early establishment of oversown species

The arrangement or pattern of grass
plants Is usually gregarious but may also be random or
systematic. These patterns clearly provide a varlety
of shapes and sizes of open spaces between grass tufts
at the same basal cover. I f the proximity to a tTuft
Influences the establishment of oversown seed, it seems
probable that variation in the arrangement of the grass
tufts will also influence establishment, because th:

area of soll at any one distance from the tuft will vary.
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Management or fertilizer practices appllied to grass=
land swards may alter the pattern of grass tufts wlth,
or without, altering the basal cover, Thus such
changes In pattern may be of Importance in determining
the success obtained with the establishment of overs=

sown pastures.

Objective

The object of this experiment was to determine the
effect of systematic, random and contagious distribu=
tion patterns of grass tufts, at thec same basal cover,
on the early establishment of three oversown pasture

species,

Procedure

Gleason (1920) and Svedberg (1922), Independently,
demonstrated that the distribution of several specles
of plants were markedly non-random. Greig=-Smith (1957)
states that plants seldom grow In a systematic or even
a completely random arrangement. The commonest slitu=
ation is that plants tend to be more or less gregarious
or clumped In patches of varying size and denslty within

the area,.

Svedberg (1922) used the terms "overdispersion"
or "underdispersion" In referring to the distribution
curve of the data In non-random patterns of vegetation.
This does not refer to the pattern of the individuais

on the ground, As this has led to some confuslon
Grelg~Smith (1957) proposed that the terms "contag!.us"
and "regular" should replace "overdispersion" and “un=

derdispersion.”
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Following the demonstration that the observed dis=
tribution of individuals In a plant community did not
fit 2 Poissons serles (a random distribution), a con=
siderable effort was made to find some mathematical
series to which field data of this nature could be sa=
Tisfactorily fitted. Grelg-Smith (1957) and Kershaw
(1964) discuss, in detall, the varlous mathematical
models which have been advanced to fit field data.

The main proposals examined are those of Neyman (1939),
Thomas (1949) and Robinson (1954), Neyman (1939) as=
sumed a random distribution of clusters and the number
per cluster also being random within arbitrary limits
to the cluster sizeo. Thomas'! Double Poisson distri=
bution is based on similar assumptions to those of Ney=
man. Clusters were assumed to be randomly distributed
and the number of units, additional to the first, also
being at random. Robinson suggested the use of the
Negative Binomial distribution. This meant that the
groups were randomly distributed but that the number

of individuals per group followed a logarithmic dis=
tribution.

Ssveral authors (Archibald 1948, 1950, Barnes &
Stanbury, 1951 and Thomson, 1952) have found that thesc
models fit the field data satisfactorily, but in other
cases fleld data do not fit the models. Grelg=-Smith
(1957) states:

"In comparing the various suggested distributions,
it must be remembered that there are so many possihic
theoretical distributions of this type that the satis=
factory fit of data to one of them can scarecely be
regarded as evidence for its validity, in the absence

of strong and independent biological evidence for +he



truth of its underlying assumptions."

Most of the distributions suggested are based on
the assumption that contagion in vegetation is largely
due to the morphology of the individual plant or the
efficiency of seed dispersal mechanisms and operates
on a small scalec only (kershaw 1964). Unfortunately

two considerations minimise the value of these models:

(a) More recent work has shown that contagion In ves
getation is due to a multitude of factors and Is
present on numerous scales in any onc site (Greig-

Smith, 1957 & Kershaw 1664).

(b) The mathematical parameters employed to define
the distribution and generate the series have no
meaning ecologically, or at least it Is Iimpossible
to relate known ccological factors to these para=

meters (Kershaw, 1964),

Both Greig—-Smith (1957) and Kershaw (1964) say
That, dus fto the large number of variables to be con=
sidered, the ecologist should fall back on the "rather

simpler empirical approaches."

A further probliem in the detsction of non-randonm=
ness is the effect of quadrat size upon it. Both
Greig=Smlth (1957) and Kershaw (1964) show how, depens=
ding on the quadrat slze used, the same population may

appear to have either a random or a contagious distris=
bution.
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Most of thoe literature on this subject of mathe=
matical models has been based on the need to transform
data into a form in which it may be satisfactorily
analysed by statistical methods. However, the problem
in this project iIs that of creating artificial popula=
tions of plants In a preconceived pattern. I+ is
apparent, from the foregoing discussion, that thar= is
no single model available to dascribe the Adistribution
of vegetation in contaglous patterns. Departure Trom
randomness may be caused by a number of blological and
environmental faoctors, few of which may boc expected to
remain constant for different plants and different
environments. I+ therefore appears that, for purposes
of this project, the only reasonable basis which can be
used in creating patterns are those based on the morpho=
logical development of the plant and restricted seed
dispersion. Kershaw (1964) uscd this basis In dove=
loping a medel ¢f plants in 2 contagious distribution.
He develcpod a population consisting cf random parents
with hyjothetical offspring grouped at random round
the "parents." This approximates Neyman's (1939) and
Thomas! (1949) distributions.

For purposes of this project it was not only neces=
sary to create patterns but It was also necessary to
test the patterns, once creatsd, to ensure that tThey
conformed to the requlired standards. For this purpcse
a number of tests are avallable and they are discussed
by Greig-Smith (1947). The two tests most usually
employed arg:

1. the significance test of the difference between

the observed and expected variance: mean ratio;
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2. the X? test to compare the terms of the Polisson's

series with obscrved data.

Evans (1952) has pointed out that these two ftests may
give a widely different estimate of non-randomness,

and It may be necessary to use more than one such fest.
Kershaw (1964) states that, in general, the X% tast of
gocdness of fit is a more reliable indicatlon of non-

randcmness than the variance: mean ratio.

Preparation of models

All models had a 16% basal cover.

(a) Systematic pattern: A systematic pattern was
developed on a square system and was the same In

all replications.

(b) Random pattern: The random patterns have been
derived by dividing the plot area into 225 squares
and selecting thirty-six of these at random.

These represent plant positions. A new set of

random positions was used in each repllcation.

(c) Contaglous pattern: The contagious patterns are
based on random individual "parent" plants, with

hypothetical random numbers of offspring.

Nine "parent" plants were laid cut at random and

a further 27 plants were associated with these
"parents". The number of "parents" to receive

0, 1, 2, 3 etc. additional plants was calculated
from a Poisson series with a mean of 3. The ac=
tual position of the additional plants was aft
random, at a distance of 4.5 inches (11.4 cm) from

the centre of the parent plant. (A procedure simi=
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lar to this was used by Greig~Smith (1952) in

constructing artificlal patterns).

The calculated number of tufts to receive 0, 1, 2,
3 are given in the folluwing table. Because of the
restricted number of extra plants available (27), due
to limitations to a 16% cover, this data had to bc mo=

dified slightly as Is shown in the fable:

Number of extra Number of tufts Number of extra
plants per tuft=x receiving x extra plants allocated
- plants,

Calculataed Actual

0 0.45
1 1.34
2.02
2.02
1.51 1
0.90 1
0.45 1
0.19

> 7 0.12

§ —_— — —
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Separate patterns were derived for each of the eleven

replicates.

I+ was possible that, despite thesc attempts to
obtain random and contagious patterns, the patterns
derived may nct have conformed to the desired type.

For thls reason 1t was thought necessary to test each
pattern for randomness by means of the X? test of gocd-

ness of fit and by the Variance: mean ratio. The res



sults of these tests for each of the plots 1s glven
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below. The data for the tests was derived by dlvidling

each plot into 25 square quadrats of equal slze and

countlng the number of plants within each quadrat.

%

Variance:

pattern X P + P hon t P D.F.
Systematlc 16.119<0.01 3 0.352 2.245<0.05 24
Random (1) 3.34020.30 3 0.641 1.,244>0.20 24
Random (2) 4.,107>0.10 2 0.844 0.541>0.50 24
Random (3) 1.357>0.70 3 0.757 0.842>0.40 24
Random (4) 1.091>0.50 2 0.743 0.891>0.40 24
Random (5) 1.887-20.50 5 0.757 0.842-0.40 24
Random (6) 1.357>0.70 2 0.757 0.842>20.40 24
Random (7) 3.126>0.50 4 1.333 1.161>20.20 24
Random (8) 1.,40720.30 2 0.641 1.244-,0.20 24
Random (9) 1.357>0.70 3 0.757 0.84270.40 24
Random(10) 1.091>0.50 2 0.743 0.891-0.30 24
Random(11) 0.767>0.80 3 0.901 0.34320.70 24
Contaglous(1) 11.688<0.05 5 1.856 6.431<0.01 24
Contzglious(2) 21.866<0.001 5 2.493 5,173<0,01 24
Contaglous(3) 59.232<0,001 5 $.508 8.683<0,01 24
Contaglous(4) 21.391<0.001 5 L2262 4,373%0.0] 24
Contaglous(5) 20.704<0.001 5 2.203 4.,16820.01 24
Contagious(6) 32.153<0.001 5 2.319 4.570<0.01 24
Contaglous(7) 33.683<0.001 5 2,203 4.168£0.01 24
Contaglous(8) 21.866<0.001 5 2.493 5.173<0.01 24
Contaglous(9) 24.837<0.001 5 2.146 3.971<0.01 24
Contaglous(10)24,379<0,001 5 2.088 3.770«0.01 24
Contagleous(11)109.819«0.001 5 4.056 10.589<0.01 24

From these data

used were In fact systematlic,

random and contaglous.,

it would appear that the modsls
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The experiment was conducted on the "Clovel ly"
block at the Tabamhlope Research Station. The freat=
ments were laid out In a completely randomised design
of three treatments with eleven replications. Because
of the small area occupied by the experiment (12 f+
6 Inchas - 3.8 m - by 27 foot 6 inches — 8.4 m), it
was thought that soil and other variations within the
site would be Insignificant, a factor which called for
a completely randomised design rather fthan a block de=
sign. The plots were lald out in three rows of eleven

plots across the slope.,

Thirty six living grass tufts of E. curvula (each
of 4 sq in — 25.8 sq cm — basal area) were planted on
each plot. When the tufts were well established, the
pasture speclies were overseeded at the rates, and by
the technique, described in a previous experiment
(N=-Ec 17/8).

Counts of the total number of clover plants on
each plot were carried out six weeks after sceding
(See N-Ec 17/9). The grass tufts on the plots were
cut a menth before seeding. At this stage the pattern
did not appear to have much effect on thelr dry materia:
yields (715 g, 730 g and 736 g dry material per plot
was harvested respectively for the systematic, random
and contagious distributions. These differences were

not statistically significant).

Results and Discussion

Due to unseasonably hot weather after seeding many
scedlings died before they were counted at six weeks

after seeding. As In previous experiments the P. dila=



tatum established very poorly. It was apparent that
the establishment in the third row of eleven plots was
considerably better than in the other ftwo rows.

(An average of 95 plants become established on each
plot in the third row compared with ten plants per

plot in the first row and eleven in the second row).
Consequently it was dicided to analyse the results from
the third row separatsly. An analysis of the data on
the basis of the geographic corrections proposed by
Weliman, Thurston and Whaley (1948) was also conducted.

The results of these analyses are presented In table
50.

Table 50,

The effect of pattern of grass tufts on the establish=

ment of oversown clovers (Percentage e¢stablishment of
de-transformed data).

Method of Analysis Pattern Coeffis= E
Systematic Random Contagious séi?;+?in valusg

Blocks 1 & 2 Noy=

mal (Transformed) 1,8% t.3% 1.7% ¥5.562 =1
Block 3 Normal

(Transformed) 18.7% 18.5% 13.3% £%.03 <1
Hhole experiment:

Geographically

corrected as per 6.8% 7.0% 3.9% 30.72 2.82
"'ellman et al N.S.

{1948)(Tranfcrmed)

N.S. = Not significant at P=0.05

The results of thesc analyses indicate that the
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density of 16% basal cover all resulted In a2 similar
percentage establishment of oversown species, Other
densities of cover, other subject species and other

climatic conditions might produce different results.

3.5.3.1.5 The effect of canopy on establishment

The effect of grass canopy on the as=
tablishment of oversown seeds was also invesiigated in
two other experiments. These experiments which in=
volved soil disturbance (N-Ec 17/3) and sprayling with
paraquat and nitrogen fertilization (N-Ec 17/1) are
described more fully in sections 3.5.3.2.2, 3.5.3.3.3
and 3.5,3,4, In both experiments half the plots were
mown a few weeks before overseeding while the other

half of the plots were left with a dense canopy cover,

In the soil disturbance experiment the amount of
canopy present at seeding did not affect the yleld of
the overseeded species., However. there was a statis=
tically significant effect due to thls factor in the
other experiment. There was less clover present
(P£0.01), In *the second and third cuts of the first
season, on the plots which were not mown prior to
caeding on this experiment. This difference was less
marked during the second seascn. I+ is probable that
the cultivation destroyed the effect of the canopy in

the first experiment.

3.5.3.1.,6 Discussian

I+ is apparent from this serles of ex=
periments that the physical pressence of a grass cover

affects the establishment of oversown seeds. The fols=
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lowing points have becomo apparent:-

(a) a significant amount of oversown seed (up to
40%) is intercepted and retalned by the leaves
and crown of grass plants. Some of this
seed reaches the ground at a later stage and

may then germinate;

(b) the amount of sced intercepted depends on
the species comprising the grassland sward,
on the density of its canopy and on the type

of seed sown;

(c) the density of the canopy cover of dead grass
tufts influences the establishment of overs
seeded clovers., This effect Is caused by
competition for growth factors other than
plant nutrients, and is probably due to a
balance between improved soil moisture cons=

ditlons and decllining light inftensity;

(d) +hg two clover specles used in these trials
d!d not react in the same way when subjected

to different densities of canopy cover.

Within the limits of the experiment, the percentage
astablishment of T. repens decliined with an increase In
the denslity of cover,. On the othsr hand, the percentage
establishment of T. pratense increased with an increase
in density of the canopy, up to a certain point then

dropped very sharply;

(¢) +the results obtalned from living grass tufts

were similar To those cbtained from dead tufts;

(f) at this early stage of ¢stablishment the balan=

ce between the advantages of canopy for pros=
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tection from the elements, and 1ts disadvan=
tage of reduced light intensity appear to be
delicately balanced;

(g) the patfern or arrangement of L. curvula tufts
at 16% basal cover did not affect the density
of the canopy, nor did it affect the early
establlishment of oversown clover seed.

Bearing in mind that one experiment (N-Ec 17/8)
indlcated that this type of cover (16% baszl
cover of E. curvula) appears to be clecse to

the optimum for establlishment, it Is probable
that the pattern may affect establishment

under other conditions (e.g. basal ccver,

species, climate);

(h) In the dense cover of undistrubed Highland
Sourveld the removal of some of the canopy
by mowing benefits the early establishment

cf oversown legumes.

The practical Implications of these results are
far reaching. Firstly, it appcars that the use of

herbicides alcne on a dense grassland cover, even when

the grasses are¢ all killed, may not always provide a
satisfactory "ssed-baed" for oversowing. Delaying
sesgding until the cancpy collapses does not appear to

be the answer, by The time¢ this material has reached
the ground wecds will have taken over and will provide
severe competition. Secondly, it is also apparent
that the complete removal of all vegetative cover does
not necessarily provide the optimum conditicn for the
establlishment of overseeded species, On the other
hand, some manipulation of the existing cover is neces=

sary. The ideal balance between competition and bros=s
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tection probably differs depending on: the grassland
cover, the climatic conditions after seeding and the
specles seeded. |+ would appear that a few simple
experiments, directed at determining the cptimum ba=
fance betwesen these two factors (competition and pro=
tection), in each area where overseeding Is centemplated
would form a sound basis for more applied research.

This series of projects should be followed by more de=
talled investigations of the specific attributes of

competitlion and prcetection,

3.5.3.2 Minimum tillage as @ methed of seedbed prepa=

ration

Having investigated scme of the more bas=
sic aspects of the effects of competition, on the es=
tablishment of oversown species for grassland improve=
ment, the following step in the resscarch programme was
to test out the efficiency ¢f a variety of techniques
in reducing this competition and in Improving the es=
tablishment of seedlings. One of these techniques Is
that of partlally eliminating ths existing sward with
tillage implements.

The conventional method of eliminating the old
sward and getting the seuid inte contact with the soil

is t¢ plecugh the soil and prepare a seed-bed, How=
ever, large areas of land exist which are toc steep,

toco stony or too wet for the use of these conventional
methods (Charles, 1962). Agababjan (1960) states that
the Improvement cf grassland by ploughing Is usually
best done in the plains, but oven on slopes In hilly

reglons It is found that ploughing once provides a good
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chance of establishing a good meadow, Areas where the

danger of erosion is greatest arc avoided in Armenla.

Tillage Implements which are . less drastic than the
plough have also been used. Spragus, Robinson & Clyde
(1947) state that extensive and timely discing is ef=
fective, but difficult, dangerous and costly. Surface
tillage provides a mulch which reduces soil ercsion and,
when sufficiently intense, kills the vegetativaly re=
productive parts of plants by desiccation. Tillage
alone has often been Ineffective because discings have
been insufficient to kill the old sward; regrowth has
inhibited seedling development and re-seeded pastures
have reverted to their former botanical composition
within only 1 or 2 years (Ahlgren, Wall, Muckerhirn &
Burcalow, 1944).

Recenfly developed machines introduce the seed and
fertllizer direct into the turf. These sod-seeders
have been used extsnsively in Australia (Breakwell, 1957;
Mead, 1960; Shroder, 1961), New Zealand (Cross & Glendag,
1957; Robinson & Cross, 1960) England (Gardner, 1961)
and N. America (Hulbert, 1959). Gardner (1961), how=
ever, pointed out that it is necessary to remove a wlder
furrow on a dense grass sward than ona more open sward.
Mead (1960) found difficulty introducing legumes into
actively growing grass swards, when the normal narrow-
cut sod-seeder was used, He obtained the best results
with a 5 inch (12.7 cm) cut and a 9 inch (22.9 cm) pas=
Ture width. Krog, Theron and Andrews (1969) deslgned,
manufactured and used with success a sceder incorporas=

ting 6", 12" or 18" (15, 30 or 45 cm) sweeps which also



allowed for the placement of both seed and fertilizer.
O'Brien (1968), on short grass pastures in Australla,
found a "Roto-seeder", which rotavates a strlp and
mixes the seed, soll and fertilizer, very effective.
Jones and Davies (1962) found only a slight Improves=
ment when oversowing was followed by cultivation,

Only drastic treatments such as rotary cultivation

seemed to give satisfactory establishment.

In the Highland sourveld at Tabamhlope, Fisher
(1963) successfully established pastures with tillage
of the veld. The tillage was Jight consisting of discs=

ing and ripping to a depth of 2-3" followed by seeding

and rolling. The pastures established were of a more
or less permanent nature provided fertilization and

managem=nt were of a high order. These pastures out=
yielded the natural grassiand 4 to 5 Times. Shal low

working was necessary to avoid mixing the infertile and
inert subsoil with the thin layer of fertile top soil,
which Is rich in or ganic matier. This method has

more recently been used to establish improved pastures
on slopes of up to 15%. The conly visible soll erosion
was caused by the discharge from a road drain which
passed through the established areca. Within two months
of establishment the sceded pasture probably provides

as good protection against soil crosion as does the

natural grassland.

Although the technigue which is described above
removes all the natural grassland there is good reason
to believe that, in the Highland sourveld, such exten=
sive cultivation is not necessary. A trial in which

an attempt was made to iniroduce legumass into the veld
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was stari=u o+ Tabamhlope in 1956 (Edwards, 1957),
Without cultivation plant strike was poor and most of
these plants failed to become established. With disc=
ing of the veld Iightly, with the discs in the open
position, an excellent establishment of legumes was
obtained. These legumes persisted and ylelded well

for as long as they were managed, The nature of the
discing was such that rows of undamaged veld remained
after discing. The extent of protecction against soil
erosion was considerably greater than on nore intensive=

ly worked areas.

5.5.3.2.1 The sffact of so0ll micro=topography on aarly

establishment

The use of tillage implements in thne
preparation of a seed bed for the establishment of

oversown sceds has the dual effect of reducing the

grass competition and of disturbing the soll surface.
The distuibance of the soll surfFace results in micro-
topographical changes in the soil surface which might

prove to be of significance in the establishment of
overseeded speclies. A knowledge of the nature of

this change in the soil surface and of its significance,
might be of value in the selection or design of Imple=
ments for this purpose. Thus a larger experiment in
which herbage yields were measured (se¢c soction 3.5.3.2.2)
wes accompanied by a small one, In which the effects

of various tillage implements on micro-topography and

seedling e¢stablisihment were measured.



Objective

The object of this experiment was to investigate
the effect of scll disturbance caused by tlillage im=
plements on the germination of over-seeded pasture

species.

Procedure,

The experiment was carried out on the "Clovelly"
experimental block at the Tabamhlope Research Station.
The experiment consisted of six treatments in a ran=
domised block design with four replicates. The treat=
ments which are given in ftable 45 are similar to those
used in a second, larger scale experiment (3.5.3.2.2)
In this series. The treatments were applied in Janu=
ary 1968, after which over-seeding was carrlied out as
described In secttion 3.5.3.1.2 of this chapter. The
two treatments on which the grass was burnt were in=
cluded in an attempt to remove the influence of the
grass c=nooy on the micro-topography. Burning was
carried cut, before the soil disturbance, by means

of a paraffin fueled flame thrower.

The micro-tcpography was measured by me ns of the
equipment designed by Harper ot al (1965) for this purs=
pcse. The equipment consisted of a "frame holding
a line of ten pins arranged so that they were free to
move vertically. The tips of the plns were fitted
with pointers which rested against a graph paper scale.
The frame was lowered horizontally on the soil surface un=

til the polnts of all the pins rested on soil, Readings were
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+hen taken of the heights of the pointers. Three
such sets of ten rceadings were taken from each pot of
soil." (Harper et al, 1965). I+ is essential to hold
t+he frame horizontal when readings are taken and for
this purpose the frame was fitted with a level bubble.
The frame constructed for use in this experiment was
the length of the net plot (f.e. 20" — 50.8 cm—~ and
twenty holes were spaced at equal distances apart

(1" — 2,54 cm =) over its length, I+ was found that
the points of the rods used tended to sink into the
soil. This was overcome by rivetting a csmall plate
( x 4" — 0.6 x 0.6 cm—) to the tip of each rod. The
plet was divided into twenty Imaginary rectangles of
1" x 20" (2.5 x 5D.8 ¢mi. Ten of these rectangles
were selected at random on each plot, as sites for pla=
cing the frame. At each placing of the frame ten of
the twenty holes were selected, at random, to provide
positions for the insertion of pins to measure soil
micro-topography. This provided one hundred measurgs=
ments pcer plot.

The division of the plot intfo 1" x 20" rectangles was
done at right-angles to the direction of werking of
the implements used for soil disturbance. This was
done in order to avoid any possibility of this strati=
fication being in phase or in rhythm with the spacing

of the tines, discs or rollers of the implements.

The reason for the randomised arrangement of points,
as opposed to Harper et 2l (1965) systematic arrangement,
is twofold:

(23) It was intended to test the results obtained from

this project for significant differences.
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(b) Due tc the nature of the implements used to con=
struct the soll micro-topography the pessibility
of rhythms in Topbgraphy existed. Thls was overs=

come by randomisation.

Neither of these factors applied in the experi=
ment conducted by Harper et al (1963).
The micro-topographical data was collected from each
plot. The data was treated as suggested by Harper
ot al (1965): "The absclute values obtained from such
readings have no very useful meaning but “he variance
of the valuss gives a measure of soil micro-topography.
This parameter may be called 'soll micro-topographical
vairltenge' €(S.M. — Ta¥als The values for the S.M. -
T.V. represant the error variance in an analysis of
variance of pointer readings, after partitlioning and
removing the varlance due to differences between res=
piicate plots and Jue to difforencaes between the "three'
(ten) positions of the alignoed pins In each plot,
Determination of the S.M., - T.V. in this way makes it
irreglevant whether or not the apparatus Is held at the
samc helght for every sotf c¢f ten readings, and makes
this measurcment possible in a fleld operation.” Thus
a singlec micro-topographical variancc filgurs was ob=
tained for each plot., These data were then analysed

to cevaluate treatment effects on S.M.-T.V.

The number of clcver secdlings on the plets was
counted six weeks after secding. No P, dilatatum
plants were visible at this stage, and no attempt was

made to distinguish between the two clover species.,
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The soil micrc-tepogrephical variance data (pre=
sonted in table 51) indicate that rotavation results
in a smogother secdbed than dJdo any of the other treats=
ments. The two treatments which were rotavated had a
significantly lower (P<0.01) scoil micro~topographical
variance than did any of the other four treatments.
There were no other significant differences between

freotments.

Observations, made during the ce¢stablishment counts,
indicated that better establishment was cttained where

herbaoe material remained on the scil surface.

The results of this experiment have shown that the
implements used, and consequently the soil surface con=
dition, in preparlng a seed-bed for ovarsown clover
seed has a marked influence on the establishment of
Tre clover, The average establishment on flve treat=
moents was 32.82% (23.16% to 38.17%) compared with 79.09%
on the treatment that was tilled. These results can
not satisfactortily be explained in terms of scoil micro-
topographical variance only. Discing after tilling
and/or burning before tilling had little effect on the
m icro-topography but, produced a marked decllinc in
the establishment (See treatments (3) to (6)). It
would appear that the amcunt of herbage on the soll
surface, living or dead, also played a role - the more

herbage the bstter the establishment.



35.5.,3.2.2 The of + of soil distrubance on the es=

tablishment of overseeded specles (N-Ec 17/3)

The acid test for any method of grass=
land improvement is the extent of production increases
resulting from the application of the fechnique.

Thus it was necessary to evaluate the minimum tlllage

techniques in terms of thls parameter.

Objective

The object of this experiment was to determine the
effect of different degrees of soil disturbance on the
cstablishment of oversceded pasture species., The ef=
fect of two seeding rates and ftwo amounts of canopy

cover was also Investigated.

Procedure

The experiment was started in 1966 on the "Clovel=
ly" block at the Tabamhlope Rescarch Station. The
experiment consisted of five whole-plot treatments in a
randomised block design, with four sub-plots per wholeg-
plot In & 2 ¥ 2 fracterial lay out. The design was
not confounded and comprised four replications. The

treatments were as follows:

Five soil disturbance treatments (whole plot trcat=

ments):

(1) disced once with the discs in an cpen position;

(2) disced as above and then tilled with a "soil=
master" (A tined Implement with heavy tines
set ten inches apart)"

(3) six=inch (15 cm) strips rotavated with twelve
inch (30 cm) undisturbed strips between these;

(4) +thirty-inch (76 cm) strips rotavated with
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twelve inch (30 cm) undisturbed strips be=
tween these;
(5) +the whole area of the plot rotavated and

rollad after seeding.

The two amounts of canopy covar and the two seed=

ing rates provided the sub-plot treatments (2 x 2):

(1) unmown veld seeded at the low scedaing rats,
(2) unmown veld sceded at the high seeding rate;
(3) veld mown before seeding at tho low rate;

(4) veld mown before seeding at the high rate.

The low seceding rate was 100 Ib (45.4 kg) P. dila=
tatum + 6 Ib (2.7 kg) T. repens (Ladino) + 12 Ib (5.4
kg) T. pratense (Konland) per morgen. The high seed=
ing rate was doublec these amounts. The high seeding
rate was applied to compensate for the anticipated
loss of seedlings due to unfavourable seed-bed condi=

tions.

The veld on which thz treatments were applled was
good quality Highland Sourveld which had been mown in
August 1965, and was not utilized from then until the
treatments were applied in January 1966. The treat=
ments were carried out in the following sequence:
mowing, soil disturbance and then sceding. Due to
a poor establlshment of P, dilatatum the plots were
resccded with this species in the spring of 1967 withs=

out any further soll distrubance.

Each time the herbage on the most advanced plots

reached a height of about six inches, the plots were



Table 52
Soil disturbance experiment :

Dry Material Yields Ton/m
(1 ton/morgen = 1059 kg/ha; 1 inch (") = 2.54 cm)

Treatment

Cut 1

1966/67

Cuts 2 + 3

Total (3 cuts)

Total %3 cuts!
Clover Paspalum Residue

1967/8

Clover Paspalum Residue Total Clover Paspalum Residue Total Clover Paspalum Residue Total Total
Sofl Disturbance
Disc. 0.108 0.012 3.597 3.719 0.289 0.048 1.406 1.743 0.399 0.060 5.003 5.460 0.418 0.262 2.643 3.323
Disc. & Til? 0.241 0.017 2.737 2.996 0.457 0.099 0.822.1.378 0.698 0.115 3.559 4.372 0.337 0.527 1.374 2,238
Rotavate - 6" width 0.023 0.000 4.459 4.482 0.198 0,040 1.484 1.722 0.222 0.040 5.943 6.203 0.510 0.085 2.550 3.145
Rotavate - 30" width 0.198 0.016 3.437 3.651 0.351 0.085 1.038 1.475 0.550 0.101 4,474 5,123 0.416 0.421 1,905 2.742
Fine seed bed. 0.437 0.046 1.600 2.083 0.744 0.206 0.442 1.392 1.181 0.252 2.042 3.473 0.370 1.135 1.158 2.663
Mean 0.201 0.018 0.317 3.394 0.408 0.09% 1.038 1.542 0,610 0.114 4.204 4,926 0.410 0.486 1.926 2.822
L.s.D. P = 0.05 0.281 - 0.943 0.885 0.354 0.121 0.217 N.S 0.452 NS 0.894 0.722 N.S 0.374 0.652 N.S
P =0.01 0.394 & 1.322 1.241 0.496 0.172 0.304 0.633 1.253 1.013 0.524 0.914
Seeding Rate
Low 0.161 0.023 3.286 3.46%9 0.335 0.077 1.094 1,505 0.496 0.100 4.379 4,973 0.418 0.485 2.024 2.926
High 0.242 0.014 3.046 3.302 0.481 0.114 0.983 1.578 0.724 0.128 4.029 4.880 0.403 0.488 1.828 2.718
L.S.D. P = 0.05 - 0.083 0.033 0.107 0.151 0.270 0.185 0.200
P =0.01 N.S. s Nae W3 5508 ooas oam™S pany B5- g S WS RS g 006
Condition of veld at seeding
Unmown 0.162 0.014 40.51 4.226 0.287 0.091 1.107 1.486 0.449 0.106 5.159 5.711 0.386 0.462 2.025 2.873
Mown 0.241 0.022 22.80 2.544 0.529 0.100 0.969 1.598 0.771 0.122 3.249 4,137 0.439 0.510 1.827 2.772
L.S.D. P = 0.05 N.S. = 0.252 0.236 0.083 N.S. 0.107 N.S. 0.151 N.S. 0.270 0.253 N.S. N.S. 0.185 N.S.
P =0.01 - 0.336 0.316 0.109 0.143 0.201 0.361 0.338 0.247
C of Variation % 96.741 = 17.66 15.48 44.61 77.42 22.86 17.20 54.87 79.47 14.28 11.39 40.21 42.51 .38 15.71
Significant interactions Nil < B.¢. D,CL. Nfl cDs Nil Ni1l Nil C.D. C.S. 658, Nil Nil Nil Nil
CDS Cibs.' (EiBk

bve
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mown by the strip method (scction 3.3.2) and the dry
matter yields recorded. Samples werc also taken for
botanical separation into P, dilatatum, clover and
"residue" fractions. Yields are available for the
first two productive seasons of the experiment, (1956-
67 and 1967-68) during which the rainfall was well bes=
low the average. The yields of the first cut taken in
1966-67 reflect the influence of the mowlng treatment

in the "residus" yields, and have thus been separated.

Results and Piscussion

The ylalds obtained from this experiment during

the first two seasons are gliven In table 52.

The influence of The soil disturbance treatments
was only apparent in the total yield (P. dilatatum +
clover + residue), during the first cut of the first
season., AT this stage the complete seed-bed prepara=
tion produced significantly less hcrbage than did all
cther treatments, while the treatment which was disced
and tillcd produced lgss than did the two trecatments
in which strips were rotavated. In fact, ylelds at
this stage were in a negative relationship to the
sevority of the scil Jdisturbance treatments. These
cffects were also reflected in the total yield for the
first season where the six-inch rotavatad strips pro=
duced the highoest yiclds.

The yield of clover varisd significantly, as a
result of the soll distrubance treatments, at all the
cuts in the first season, but in the second season there

were no differences duc t¢ these ftreatments. In the
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first cut, and in the total of all cuts during the
first season, more clover herbage was harvested from
the fine seedbed than from any of the other soill dis=
tfurbance treatments. In the combined second and third
cuts, this treatment also ylelded significantly more
(P<0.05) clover herbage than did any of the other treat=
ments except that which was disced and Tl led. The
total yield of clover during the first season, was
greater on the plots which were disced and tilied than
on those in which a narrow (six inch) strip was rotava=
tad. The clover yields appear to bear 2 positive re=
lationship to the severity of the soil disturbance

treatments during the first season.

Significantly more P. dllatatum herbage was harves=
ted, during the second and third cuts ¢f the first sea=
son, from the plots of the complete seed bed than frem
all the other soil disturbance ftreatments except the
cne which was disced and tilled. The complete sced
bed alsc ylelded more P. dilatatum herbage than did
the other soil disturbance treatments during the second
season. During the second season the treatment which
was disced and tillud yielded more P, dilatatum herbage
than did the treatment in which six inch strips were
rotavated. The more severe soil disturbance treats=
ments appeared to be most suitable for the establishment
of P. dilatatunm.

The "residue" herbage comprised chiefly veld gras=
ses, except on the complete seed-bed where annual "lands
grasses" and dicotyledonous weeds made up the bulk of
this separate. Throughcout the first season there was

less herbage in this category on the complete seed-bed
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t+han on any of the other soil disturbance treatments.
This effect continued during the second season except
t+hat then therc was no Jifference between this treat=
ment and the disced and tilled plots. On the plots
with Incomplete soil disturbance, the "residue" was
generally greatest con the six inch rotavator strips

and least on the disced and tilled plots.,

I+ Is apparent from these results that, where pracs
tical, the complete preparation of a sced~bed produces
the best results. (This treatment ylelded, on the
average, 75% more herbage of the seeded species than
¢id the next best treatment.) Discing and tilling
resulted in a yield, of sown species, of 96% greater
than did the lowest ylelding soil disturtance treatment
(6" rotavated strips). The 30" rotavator strips and
the disced plots yielded, 74% and 33% respectively,

more herbage of seceded spoecies than did the poorest

treatment. Discing and tilling can be recommended
in situations where complets soil disturbance is not
advisable. However, relatively wide rotavator strips

(30") with undisturbed strips between which can be ro=

tavated once the first strips are establishcd may pro=
vide good results.

The seeding rates had no effect on the ylelds ob=
tained at the first cut. Subsequently, however, the
amount of "residus" herbage was suppressed significantly
by the high secding rate when compared with the lower
rate. In the second and third cuts of the first sca=
son, there was more P. dilatatum and clover herbage at
the high seeding rate. This difference was not appa=

rent during the second season. It 1s apparent that



much of the benefit obtained from the high seeding rate
was confined to the flirst season, and doubt must exist

as to the value of this treatment.

The effect of the mown treatment, as might be ex=
pected, was apparent in the "residue" and totzl herbage
yielc of the first cut. However, it was also evident
in later harvests. In the second and third cuts, of
the first scason, the yield of clover was greater on
the plots which had been mown than on the unmown ones.
This effect was also apparent during the sccond year
although the differences did not reach statistical
significance, Throughout the two year period the mows=
ing treatment depressed the yield of "resldue" material.
The mowing of the veld prior to overseeding was of genes=
ral benefit to the establishment of the pasture, and
due to the value of the veld hay at this stage can be
recommended with confidence.

In several instances various interacticns wers

significant, These effects are dlscussed briefly below:

(1) In the first cut and in the total yield for
1966-67, mowing of the veld prior to seeding,
reduced the yield of all the scil disturbance
treatments except on the completc seed-bed.
This reflects the destruction of the cover
during the preparation of the complete seed-
bed.

(2) The "residue" yield, in the first year, was
higher at the low seeding rate than at the
high seeding rate on unmown veld, but on mown

veld There was nc difference betwaen the two

cecdlnag ratac
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(3) During the first year, the yleld of P. diles
tatum was nct affocted by mowing on the disced
and tilled anc two rotavator treatments.
However, mowing depressed the yield of this
grass on the complete seed-bed and increased
its yield on the dlsced freatmoent. This
may be due to the reduction of competition
on the lightly disturbed disced plots and
due to a less satisfactory seed-ved tilth
(due to the reduced organic material) on

the complete seed-bed.

When the treatments were not mown the
complete scad-bed produced greater yields of
P. diletatum than did all other treatments,
but when mown it outyielded only the disced

treatment and the six inch rotavator strips.

(4) In the first season, the P. dilatatum on the
complete seed-ted outyielded that on the
disced and tilled and the 30 inch rotavator
strips when the plots were mcwn prior to
seeding. However, when the plots were not
mown there was no difference between the thres
treatmoents, On the complete seed-bed the
yield of P, dilatatum was greater at the high
seeding rate than at the low seeding rate
where the plots were not mown at seeding.
However, when the plots were mown there was

no difference due to the seeding rate on this

soil disturbance treatment, The yleld of P.
dilatatum on the disced and tilled treatmont

was greater at The high seeding rate, than at

tThe low when the plots were mown prior to sced=

N o | B N i U, % Fi o b d e B i -l =
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no difference between the seeding rates on

this ftreatment.

3.5.3.2.3 The application of the method

There are obvious limitations to the
use of minimum=tillage methods for the establishment
of overseeded pastures, which are frequently Ignored.
In the first place it appears tc¢ be a half-hearted way
of attacking the problem on relatively flat land, where
complete replacement and seeding by converntional methods
are called for. On such sites, due to the competition
of low potential, indigencus species, the yields ob=
tained can bLe expected to be lowor from these methods
than where complete sced beds and conventional seeding
is applied. At the other end of the slope (topography)
scale therc are physical limitations to the use of con=
ventional traction implements. (| have seen vory steep
slopes workec by hecavy crawler tractcrs in Australia,
but It is doubtful wether this practice is profitable.)
Stones and vieis are also obstacles in the use of thaese

implements.

The potential use of such minimum tillage techni=

ques fur pasture establishment is clearly definable.

The suggested limits are between 5 and 15% slopes, al=
though these figures should be modified bringing into
consideration such factors as the e&ﬁLﬁliTy of the soll
and the hydrolic pattern of the surrcunds. The land

which falls intc this category frequently has a high
grassland potentlial and Is of considerable econumic
importance. It is estimated that about 304 of the

area c¢f the Highland sourveld falls into this category;



a factocr which justifies more research Into this aspect.

Sod—-seeding, a method of minimum tillage, was not
investigated in these cxperiments. This expensive in=
plement (a sod-seeder) was not used because none were
aveilable. However, it is suggestcd that this implc=
ment, which was designed to intrcduce an extra compc=
nent (often clover) into good quality swards, would
have proved rather ineffective in the veld. The com=
petition from the veld grasses would prcbably have
supressed the sown seedlings - this is supported by
the relatively poor results obtained from the six inch

strips which were rotavated.

3.5.3.3 Herbicides as a means of seed bLed preparation

Herticides offer a means of vreparing
sead-beds, favouratle to the establishment of overseed=
ed pastures, cn areas which are inaccesslible to imple=
ments. In such areas hand spraying on small areas,

or air spraying on a larger scale may be practicable.

Charles (1962) states that the use of herbicides

is one of the major recent lines of advance to offer
possibilities for extensive use of surface sowing.
Paraquat (1.1 Jdimethyl - 1, 4, 4, - bipyridilium cation)

is one of the herbicides which has been used extensively

in such conditions.

Uses ¢f Paraquat

Paraquat is used to control a wide range of grass
species and broad-leaved plants (Anon, 1961; Robson &

Prcctor, 1963; Blackmore, 1964; Mathews, 1964). More
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specifically it has besn used for the following pur=

poses:

(a)

(b)

(c)

(d)

(o)

view

The

tc suppress grass Iin grass-clover pastures
(Jones, 1962; Blackmore, 1964),

for the control cof aquatic weeds including sed=
ges (Mathews, 1963; Robscn & Proctar, 1963),

pre-crcp emergence weed killer (Robson & Proctor,
1963),

desiccation of crops befcre harvest fo ripen
seed (Mathews, 1964), and

in suppression cor killlng of existing pastures
to prcovide opportunities for reseeded species fo

become e¢stablished.

l+ is on this latter use of paraquat that thils res=

will concentrates.

properties of Paraquat

Paraquat has several properties which set it ahead

of other herblcides for use In the preparation of swards

for

(a)

(b)

(c)

surface seeding. These propertlies are:

Paraquat Is non-explosive (Anon, 1961),

Paraquat 1s non-inflammable (Anon, 1961);
Mathews, 1964),

Paraquat has a low mammalian toxicity at normal
rates of applicaticn (Robscon & Proctor, 1963;
Mathews, 1964), but it is not recommended for

direct application on edible crops (Mathews,
(1964).



(f)

(g)
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Paraquat is non-volatile (Anon, 1961; Mathews,
(1964).

Paraquat Is soluble in water and the soluticn is
stable under normal ccnditions. I+ Is however,
unstable under alkaline conditions, (Anon, 1961;
Robson & Proctor, 1963; Mathews, 1964).

Only non-ionic or cationic wetting agents should
be used wlth paraquat (Anon, 1961; Blackmore,
1964; Mathews, 1964).

Paraquat Is inactivated on contact with the soll

When it comes in contact with the soll it is ad=
corbed on the clay particles and thus made inac=
tive and unavailable to plants (Anon, 1961).

I+ therefore has almost no residual activity in
the soil (Anon, 1961; A; Jones & Davies, 1962;
Robson & Proctor, 1963; Mathews, 1964, Blackmore,
1954), although on extremely sandy soils with a
low absorptlion capacity 1t may remaln avalilable
for two to three days following application (Anon,
A, Results obtained by Warboys and Ledson
(1965) indicate that, in the presence of a grass
mulch, the rate of emergence and growth of grass
seeds might be restricted for as long as fourteen
Jdays after the application of paraquat sprays.
This general lack of residual activity means that
no toxic build-up is possible with rcpeated appli=
cation (Robson & Proctor, 1963) and is mest im=
portant In that It allows sceding and fertilization
on the same day as spraying is done (Robson & Procs
tor, 1963; Mathews, 1964; Blackmore, 1964). The
seedu can be sown as soon as the spray has dried

off but lime, If applied at the time of sprayling
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complately nullifies the effect of paraquat

(Blackmore, 1964).

(h) Paraquat is less affected by raln affer appllca=
tion than many other sprays (Anon, 1961; A; Rob=
son & Proctor, 1963; Blackmore, 1964), and Mathews
(1964) found the kill unaffected by rain 1-2 hours

affer spraying.

(1) Paraquat is rapidly adsorbed by plants (Ancn, 1961;
Blackmore, 1964) and may be franslocated fto some
extent (Anon, 1961; Robson & Proctor, 1963; Mathews
1964). |+ has rapld actlon on aerlal parts of

nlants especially grass (Anon, 1961).

(j) Paraquat Is safe to use when woody stemmed plants
are arocund (Mathews, 1964), if their bark Is brown
(Robson & Proctor, 1963).

Harblcldal activity of Paraquat

Paraquat is absorbed rapidly and is translocated
tc scme oxtcent (Anon, 1961; Robson & Prouctor, 1963;
Mathews, 1964). It interferes with the photosynthetic
process so that the green aerial parts are deslccated
and killed (Robson & Proctor, 1963). There is a rapid
kill of the aerial parts (Anon, A). Too sudden death
of the aerial parts may inhlbit chemical movement with=
In the plant and regrowth follows soon after treatment
(Anon, 1961; Mathews, 1964). Mathews (1964) and Rob=
son & Proctor (1963) thercfore suggest the use of the
minimum lethal Jdose as paraquat is translocated In the
plant fo at least ground level., The phytocidal ac=
Tion does not nurmally extend below scll level (Anon,
19611}.



Regrowth may woccur in perennial plants with large
underground storage organs or in perennial plants which
can regrow from underground rooting systems (Anon, A,
Germinating seedlings, buried seed and bulbs are not
affected before emergence, as there is no lateral
mcvement In the scil of paraquat because it Is inactl=
vated on contact with the scil (Robson & Prcctor, 1963;
Mathews, 1964).

Rates of appllication of Paraquat

Paraquat has been used with success at ratos of
between £ |Ib and 4 Ibs (0.1 to 1.8 kg) active lIngre=
dlent per acre (0.4 ha) (Anon, 1961, A; Jones, 1961;
Jones & Davies, 1962; Thompson, 1962; Robson & Proctor,
1963, Mathews, 1963; 1964; Blackmore, 1964), It is
generaliy used at the low rates as a selective weedicide
In resgeding of existing pastures In which it Is not
deslired to kill all the component species (Blackmore,
1964), The higher rates, over % Ib/ac (% kg/ha) are
gensrally used In preparing areas for the replacement

of pastures by over-seeding.

There are incicaticns of varylng susceptibillty
among grass speclies to paraquat sprays. However, as
ncarly all the speclies mentloned in the literature do

not occur in natural Highland sourveld, there is no
point in dJdiscussing this aspect. Rhizomatous grasses

and Paspalum dilatatum (Thompson, 1962) are generally

falrly resistant to paraquat.

The amount of water used to dilute the spray
varies from 12 gallouns (55 litre) (Blackmcre, 1964) to
100 gallons (455 litre) (Anon, A; 1961; 1962) per acre.
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Non=ionic spreaders are added In many instances
(Anon, 1961, 1962; Blackmore, 1964; Mathews, 1964).

Method of appllcation ¢of Paraquat

Robson & Proctor (1963) state that paraquat can
be applied fthrough all conventional types of spray
machlinery. Mistblowers are not recommended, however,
because of the dangers of inhalation and eye irritation
unless a mask [s worn. A knapsack sprayer may be used
to avoid these effects (Anon, 1963b).

The spray boom should be set about 21 Inches (53
cm) above the grass (Anon, A). [+ Is Important to
ensure that all jets are working (Ancn, A) In order
that the area should be sprayed evenly - uneven spray=
ing gives patchy results. The minimum effective
rates of chemicals cannot be explcited unless the spray
pattern is even (Blackmore, 1964). Spray drift should

be avolded (Blackmore, 1964).°

Effect of the time of the year of spraylng and condl=

tions of the sward on the "kill" when using paraquat

The time of the year when herbage is sprayed with
paraquat Is, in practice, generally determined by the
time of the year which Is must suitable for the esta=
blishment of the oversown species. Provided they are
stiill green, many grasses tend to be most susceptible
in late autumn (Anon, A), Mathews (1963) and Robson
& Proctor (1963) suggest spraying in late autumn when
Immediate overseeding Is not necessary as the onset of

winter hinders the recovery of Paspalum, and perennial
rhizomatous and bulbcus speciss. The timing of the
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spraying operation, hcwever, generally depends on the
latest date for sowing seeds (Anon, A) l.e., as early

as is possible inm autumn while the soil 15 still warm
cnough for a quick strike of sown seed (Blackmore, 1264)
and when therc Is little risk of drought for the new

seedlings (Anon, 1962; A).

The toxicity of paraquat may vary according To:
(1) +the type of grass, (2) the stage of growth and
(3) +the rate of growth. The latter two factors can
be controlled by management (Fryer & Chancellor, 1958).
Paraquat acts more effectively when plants are green,
i.e. when photosynthesis Is taking place. (Foreman,
1956, Anon, 1962; A). Paraquat is less effective in
a rank overgrown sward (Anon, A; Blackmore, 1964). It
does not translocate readily and its efficiency is
greatest when the pasture is short (Blackmore, 1964).
In fact Foreman (1956) states that it is unabls to be

translocated a+ all In dead or mature herbage.

The swarc Is apparently ideal for the applicaticon
of paraquat at a height of about three Inches (Anon,
12823 Al The pasture should be mown cr grazed some
time bofore spraying to enccurage the development of
maximum leaf numbers and area, to ensure gcod spray ins=
terception (Anon, 1962; Blackmore, 1964). The ideal
quantity of leaf growth might be achleved by burning,

cutting or grazing (Anon, A).

| f the sward Is too long the amount of trash might
Interfere with broadcast seed, reaching the soll (Anon,
Kl A further disadvantage of the <ead herbage is the

consequent damage that cun be caused to young seedlings
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by pests, particularly slugs, once the maln scurce of
their fecd has been destrcyed (Blackmore, 1957; Mathews.
1959). On the other hand the dead herbage maintains

a favourable microclimate, moisture 1s retalned and
shelter is provided from cold winds for the seedlings.
Soil eroslion is greatly reduced, the surface layer Is
more fertile and the number of weed seeds which germi=

nate is practically nil (Blackmore, 1957; Simpson, 1959),.

Effect of climatic conditions at time of spraying on

efficlency of paraquat

Under bright sunlight paraquat Is quick acting
and translocation possibilities are lowsr (Robson &
Proctor, 1963; Mathews, 1964). For the herbicidal
effect it Is best used in cull weather, towards evening
when most downward translocation occurs within the
plant (Anon, 1962; Robson & Proctor, 1963; Mathews,
1964). Rain falling shortly after application (1 fo 2
hours) dces not relduce the effectiveness of paraquat

(Robson & Proctour, 1963; Mathews, 1964),

These characteristics of paraquat, In particular
the weak residual effect, make it ideally sulted for
the establishment of cversceded pastures. The absence

of a residual effecct allows for seeding very scon after

the applicaticn of the herbicide, This is a very Im=
portant advantage as it 2llows maximum utilization of
favourable soll moisture conditicns, It also allows
the full utilization of the competition free period

(l.e. after scorching the existing herbage but befoure
regrowth and weed establishment) for the establlshment

of the seedlings.
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Hardly any work on the use of fthis herbicide had,
at this stage, been undertaken in the Republic. Con=
sequently it was decided tc investigate its e¢ffect on
+he grasses of the Highland sourveld, a region wlth a
large area of high rainfall but very stesp slopes.

In the first trial the effect of paraquat on the early
establishment of pasture species was investigated. In

a secound trial the effect of paraquat on a number of
commen Hightand sourveld grass species was measured,
while the third trial was conducted to destermine the
effect of spraying veld with paraquat, on the establish=
ment of oversown pasture species. Subsequently twe
further trials, in a glass house at Potchefstroom, were
carried out in an attempt to provide further information

on the herbicidal acticn of paraquat.

More recent information (Edwards, 1968) tcecgether
with tho results of the previous experiments suggests

that the effocts of paraquat are barely severe encugh

for satisfactory seed bed preparation. This Infor=
mation also suggests that Dalopon (2, 2 - dichloropro=
plonic acid) producses a better kill of grasses, and

that the residual effect of thls herbiclde Is considers=
ably less than was originally supposed (4-8 weeks in=

stead of three to six months). As a result two prelis=
minary trials were initlated, in a glass hcuse, to ob=

tain some informatlicn on this herbiclde,

3.5.3.3.1 The residual effect ¢f paraquat on germina=
ting seeds (N-Ec 17/4)

Paraquat Is ITnactivated on contact with
the soil and Is then unavailable to plants (Anon, 1961),
It therefore has almost nc residual actlivity In the soil
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(Anon, 1961, Jones & Davies, 1962; Robson & Proctor,
1963; Matthews, 1964; Blackmore, 1964), although on
sxtremely sandy soils with a low absorption capacifty

it may remain available for two or three days followling
application (Anon, A). This lack of residual acti=
vity means that no toxlic buildup Is possible with res=
peated application (Robson & Proctor, 1963) and Is most
important in that it allows seeding and fertilization

on the same day as spraying is done (Robson & Proctor,
1963; Matthews, 1964).

"The successful establishment of sown species in
a chemically killed tuft depends on the time interval
between sprayling and sowing. The herbicldal actlivity
on a pasture has been phased as follows: the periud
of direct action by the chemical; the pericd when the
chemical is present only as a toxic residue; and the
perlod when the herblcide no longer directly Influences
the sward (Elliot, 1960). Seeds should be socwn so
as to germinate at the end of the second phase. Scw=
ing earlier carries tThe risk of damage from herbicide
residues in the soil; sowing later however, subjects
the seedlings to strong competition from germinating
and recovering plants. The duration of the second

phase varies (Davies & Jones, 1963). For paraquat,
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the last phase follows the first as the chemical has no
rosidual activity being adsorbed on contact with the

soil.

However, Hzmmerton & Johnscn (1962) have reported
residual activity of paraquat on the soil In a sod-
seeding expgriment. Warbcys & Ledson (15665) undertook
a trial In which they demonstrated that herbage cut
from grass sprayed 7 days previously with paraquat res=
stricted the germination and growth of barley, rape and

perennial ryegrass when It was used as a seedling mulch

They suggest that the "Disappointing results" of res=
scwing in the post, where soil disturbance was minimal,
could be attributed partly to thls residual activity.
In the experiment conducted by Warboys and Ledson
(1965) 1z inches (3.8 cm) of "mulch" was spread over
the secds. This thich mat of herbage may be ccnsiders=
ably In excess of that encountered by seedlings when

oversown on paraquat treated swards., The normally res

commended pretreatment of swards, which are to be spray
ed with paraquat, is the removal of overgrown rank hers
bage by mowing or by fire and the spraying of young

vigorously growing leaf (Anon, A).

Warboys and Ledson (1965) suggest, from the evi=
dence available to them, that this short term residual
g¢ffect of paraquat is unaffected by rainfall, This
assumption Is, however, nct based on direct experimental

comparlisons,

The exlstence of such a residual effect and Its
duration are important considerations in the overs

sowing of pasture species on sprayed swards. As the
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nature and Juratlon of this effect may be related to
the sprayed species and to the soll type, It was con=

sidered necessary to investigate this matter.

Objective

The object of thls experiment was to determine
effect and duration of the residual action ( If any)
of paraquat, and the effect of simulated rainfall on
this effect, on the germination and early growth of

oversown pasture species.

Procedure

The experiment was conducted at the Estcourt
Research Station during 1967. Thirty wooden boxes
with internal Jimensions of 30 inches by 30 inches
(76 x 76 cm) and elght Inches deep werc used. The
boxes were filled wlith topscll of the Clovelly soll
series obtained from Tabamhlcpe Research Station, and
after watering 36 tufts of E. curvula weres planted
in each Lox. The tufts (circular in shape and wlth
a diameter of 2.256 inches — 5.7 cm) were obtalned from
this same soil typs at Tabamhlupe Resesarch station and
were spraced at five Inch centres. Planting was car=
ried out in spring and the plants were watered when=

ever necessary.

By February 1967 the niants had become well es=
tablished and the treatments were cocmmenced. The
treatments were applied in a 5 x 2 factcrial design with
three replications. The plants were sprayed wlth
paraquat at five different times, before and after seed=
ing, and each of these treztments was compared with and
without sinmulated rainfail.
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The times of spraying were:
(1) E. curvula sprayed two days after seeding;
(2) E. curvula sprayed two days before seading;
(3) E. curvula sprayed scven days before sesding;
E.
i

(4) curvula sprayed fourteen days before seec=

ng;
(5) E. curvula not sprayed at all.
The paraquat was sprayed at a rate c¢f two pounds (0.9
kg) active ingredient in 100 gallons (455 litre) of
water ner morgen (0.86 ha). A wetting agent had been

included in the liquid by the manufacturers.

Six of the bLuxes were mcved Into the herbage labo=
ratory and seeded on 31/1/1967, these comprised the
flrst trecatment. On the 2/2/1967 the remaining 24
Loxes were moved into the labcoratory and all boxes
except those of the control treatment, were sprayed
with paraquat, The fullowing day the boxos were moved
into the sun for about e¢ight hcurs and were then moved
back inte the laboratory. This mcve was made to sti=
mulate the effect of the paraquat. (A period In dull
| ight and darkness followec by bLright sunllight stimu=
lates the action of paraquat (Boon, Undated)). Seed=
ing rates and the method ¢f seeding were similar +to
those used in N-Ec 8. Seeding was carried out at
different dates for each treatment (31/1/67 - treat=
ment 1, 4/2/67 ~ treatment 2, 9/2/67 - treatment 3,
14/2/67 - treatment 4, and 16/2/67 - treatment 5).
Seeding of all the tftreatments on the same day spraying
on different dates might have been more satisfactory,

but was not possible In practice.
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Rainfall was simulated by spraying two Inches of
water, from the vertical position two feet above the
boxes, two days aftcr the plants had been sprayed with
paraquat. Apart from this trecatment no water was
applied to the boxes from the time of spraying until
seedling. Just prior to seeding each box was soaked,
care being taken not to wet the grass leaves during
this process. Irrlgation, subsequent to seeding,
was applied to keep the seed bed moist but not saturated,
and once agaln care was excercised to ensure that the

E. curvula leaves were not washed.

After a few weeks in the herbage laboratory it
was found that, insplte of good indirect and artificial
lighting, the plants were lcng and spindly. In order
to remedy this the boxes were moved onto a east facing
veranda. The move was made after each treatment had

been 'n-ide for three weeks after seeding.

Seedling counts were carried ocut three and six
weeks after seedlng. Sixty days after spraying, the
herbage yield of the E. curvula tufts was weighed after
they had been cut, The moisture content of the herbage
was also calculated. The temperature and relative hus
midity in the herbage laboratory was recorded Through=
out the experimental period by means of a thermohydro=

graph.

Results and Discussion

The percentage of seeds which become establlished
on each treatment, and the yield and dry matter content

of the E. curvula hertage are given in Table 53,



Table 53

The residual effects of paraquat on the establishment of oversown seeds, and its effect on E. curvula herbage

% Establishment

Eragrostis 60 days after spraying

Treatment Species Yield % Dry Matter
P.dilatatum T.repens T.pratense gm/400 T
I S— 3 wk 6 wk 3 wk 6 wk sq in Trans fa-trans
Time of spraying
Not sprayed 4.29 8.25 110.94 78.17 43.94 23.89 68.0 47.173 45.5
Sprayed 2 days after seeding 7.37 5.83 32.94 16.22 23,24 5.73 38.3 77.880 88.6
Sprayed 2 days before seeding 17.70 12.46 77.27 66 .50 54.68 16.79 31.0 87.247 96.2
Sprayed 7 days before seeding 10.71 10.58 53.45 44 .84 B3 .25 19.46 32.0 83.198 93.4
Sprayed 14 days before seeding 7.16 11.83 45,30 43,17 34.63 15.69 33,7 79,956 90.6
Mean 9.45 9.79 64.00 49.78 41.95 16.31 40.6 75.091 85.6
L.S.D. P = 0.05 3.67 3.09 53.19 47 .85 10.99 9.69 22.6 7.420 =
P = 0.01 5.03 4.23 62.84 51.71 15.06 13.28 30.9 10,163 -
Similated rainfall
With 8.85 9.50 63.64 45.48 38,57 16.41 39.5 75.930 86.6
Without 10.05 10.08 64.36 62.29 43,93 16.22 41,7 74.252 84.7
s L N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. -
P =0.01 -
Significant interactions Nil Nil Nil Nil Ni1 Nil Ni1 N11 =
Coefficient of Variation % 31.96% 26.01 68.63 75.27 21.60 48.99 45.89 8.15 &

(1 sq in = 6.45 sq cm)

'692
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Simulated rainfall, two inches, two days after
spraying with parequat, had no significant effect cn
the percentage establishment of any of the overseeded
species. Nor did this treatment interact significant=

ly with any of the other treatments.

The percentage establishment ¢f P. dilatatum
appeared to be stimulated by the application of para=
quat before seeding. This siimulus was mcst marked
when the paraquat was applied two days befoure seeding
and was least noticeable when paraquat was applied
fourteen days Lefore seeding. The establlshment on
plots sprayed two days after seeding was no dlifferent

from that obtained cn the unsprayed plots.

The percentage establishment of T. repens was
suppressed by the spraying of the E. curvula with
paraquat. This effect was most severe on the plots
which were sprayed after seeding. Due to the high
co-efficient of variation obtained on statistical
analysis this set of results should be viewed with
caution. The 111% establishment cbtained on the
control treatment, three weeks after seeding, could be
due to one or moure of the following sources of error:

(a) An exceptionally large propcertion of the

seed froum the btorder area may have bounced
or been diverted intoc the net plet. The
wooden edges of the box, which were above soil

. . \
level may have contributed to this.

(b) Poor seeding - more than one of the very
small white clover seeds may havc been drops=

ped through some holes in the sceding plate.



(c) Inaccurate counts of the seedllings.

The early establishment of T. pratense was sup=
nressed Ly the spraying of paraquat after seeding, but
was not affected by spraying from two to fourteen days

before seceaing.

Spraying with paraquat after seeding had a depres=
sing effect on the establishment of bcth clover species
but had no effect on P. dilatatum. However, spraying
vefore seeding appeared to stimulate the establishment
of P. dilataum, have no effect on that of T. pratense
but suppressed the establishment of T. repens. The
reaction exhibited by P. dilatatum is contrary to ex=
pectations and the experiment should be repeated to
confirm thesc results. However, due to the transfer
of the writer such repetition has not yet been possible.
Several attempts have, however, been made To obtain a
loglcal explanatlon for this result, Firstly the
temperature data for tho relevant perlod In the labors=
tory was examined, as swveding of the treatments took
place at dlfferent dates. I+ was, therefore, pcssible
that temperature variations may have affected the re=
sults., (See table 54),

The mean maximum and minimum temperatures during
the whole six week period were slightly higher for the
treatments secded two days befcre and two days after
spraylng, than for the other treatments. The lower
temperatures, particularly during the first fthree weeks,
might have had a Jepressing effect on the germination
of P. dilatatum, This species has relatively high

temperature requircments for germinaticon, (The Departs=



Table 54

laxImum and minlmum femperatures during the early establishment period
(from a thermograph In the laboratory ~C)

o [ W
Mean minimum temperature “C Mean maxImum temperature

Bar-fed Treatment Treatment ..
1), T2 B . i E1) (23 (%) (4) (5)
Flrst week 19.8 20.9 20.0 18,0 19.3 25,7 26.3 26.0 24.3 26.0
First two weeks 19.9 204 19,0 18,2 17.1 26,0 26.7 24.5 24.6 23.9
First three weeks 19.4 19,0 17.5 15.2 16,0 24.6 23.9 24.9 21.0 22.9
First six weeks 16.9 16.4 15,3 14,8 14,7 24.3 24.2 23,5 22:6 23.0

ment of Agriculture Seed Testing Service recommends
alternatirg temperatures cof 35°C for eight hours in

ltght and 20° for 16 hours in darkness for germlination
tests.)

In Septemoper a series of germination trials, to
determine the effect of various concentrations of paras=
quat on P. Jllatatum, were carried ocut under controlled
temperature condltions. In these trials a logrithmic
serles, and also a number of other, amounts of para=
quat were applied To seeds in petri dishes before gers=
mination. (The amounts tested, covered a range from
three times to 1/1000 of the amount of paraquat which
would have been applied to the area of the petri dish
(9.62 69 Inh - 62 sq em), at a rats of fvo pounds of
paraquat In 100 gallons of water per morgen). It was
found that 1/1O or more of this amount of paraquat
suppressed germination. When the amount reached the
equivalent of two pounds paraquat per morgen, germina=
tion was almost completely Inhibited. In no instance

AN A Pl maa ] P AaacEl e AT B s R R e Pl
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germinatlion. T. repens and T. pratense showad simi=
lar effects but were not quite as sensitive as P. dila=
tatum at the two pound per morgen of paraquat equivas
lent. Thus the possibility of paraquat acting as a

stimulant to germination appears to be remote.

The fact that the herbage of the grass canopy
collapses after spraying with paraquat (see section
3.5.3.3.5), and that this collapse becomes more marked
with lapse of time after spraying; probably accounts
for the decline In establishment of P. dilatatum when
there was a long Interval between spraying and seeding.
Previous experiments (section 3.5.3.1) have shown that
too dense a canopy, apart from intercepting large
amounts of seed, has a detrimental effect on the es=

tablishment of oversown sceds.

The data In table 53 indicates that the paraquat
had a marked effect on the dry matter content, and the
yleld of the E. curvula tufts, when they were harvess
ted sixty days after spraying. The plants which were
not sprayed ylelded twice as much, and had half the
dry matter content of the sprayed plants.

3.5.3.3.2 The effect of paraquat on Individual Highs=

land sourveld grass species (N-Ec 17/2)

There is considerable evidence of the
selective actlon of paraquat on various plant species
(Jones, 1961; 1962; Anon, 1962, Jones and Davies, 1962;
Ross, 1962, Thompson, 1962 and Robson & Proctor, 1963;
Mathews, 1963; 1964; Davies and Williams, 1964; Douglas,
Levis & Mclivenny, 1965). Unfortunately little of the
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information provided on relative selectivity concerns

plant species occurring in the Highland Sourveld.

It should be understood that for purposes of re=
seeding grassland, a complete klll of the exlisting
species Is not necessarlly a prerequisite,. 1+ 18 tra=
quently the case that sub-lethal dosages of herbicide
may be sufficient to retard the existing grassland
sufficiently for sseded species to become established
and suppress the original grassland (Elliot, 1960).
Thus susceptibllity to the herbicide cannot be measured
In ferms of kill only, it may be equally important to
record a reduction in the rate of regrowth. Reports
of the susceptibility of species to paraquat are gene=
rally made on the resulft of the measurement of kill in

mixed swards.

Regrowth, after spraying with paraquat, may occur
in perennial plants with large underground storage or=
gans or in perennial plants which can regrow from under=
ground rooting systems (Thompson, 1962, Jones, 1962;
Mathews, 1964).

Thompson (1962) reports that Paspalum dllatatum

recovered from rates of 3.6 Ib paraquat/acre. Trilfo=

lium repens Is unaffected by applications of paraquat

at 1.8 Ib a.i./acre apart from initial leaf scorch
(Jones & Davies 1962). Mathews (1964) agrees with
this and says that In mixed pastures the application

of paraquat leads to clover dominance. Robson & Proc=
tor (1963) state that paraquat at %7acre Is satisfac=

tory only as a "knockdown" chemical for Cynodon dactylen,

at rates up to 2 Ib per acre it is of doubtful value in
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t+he control of Pennisetum clandestinum and at 1-2 Ib/

acre provides only "knock-down" actlion on P. dilatatum.
Trifolium spp. are suppressed at low rates of applica=
tion of paraquat but rapid regeneratlion occurs at rates

higher than 1 Ib per acre (Anon, 1962).

Objective

The object of this experiment was to determine
the effect of spraying with paraquat, at different
rates, planted stands of a number of Highland sourveld

grass speclas.,

Procedure

In 1966 small tufts of each of ften veld grass
species wecre transplanted from the veld into plots.,
One hundred and fifty four plants were planted on each
plot In rows of twenty-two plants spaced six Inches
apart in rows and between the rows. Excluding a bor=
der one plant wide, there remained a net plot of 100
plants.

Due to unfavourable climatic conditions and In

spite of watering, many plants failed to strike and

had to be replaced as many as ten times, By September
1967 a reasonable stand of all specles except Alloteraopn=

sis semialata had been obtained and, It was decided to

proceed with the experiment. There were two replica=

tlons of each treatment. The treatments were as fols=
lows:



Plant specles

it
.

Tristachya hispida

Themeda triandra

Paspalum dilatatum

Eragrostis plana

Eragrostis curvula

Andropogon filifolius

Digitaria trichalaenoides

Monocymbium ceresslforme

Harpechloa falx

O VW O N 00U~ W
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Alloteropsis semialata (Discarded because of

poor establishment),

Veld condition

Each species was sprayed in two conditions:

1. Mown 104 days before sprayling (November).

2. Mown 31 days before spraying (January).

Rate of paraquat (Sprayed 12.2.1568)

Each species in each condition was sprayed at
tThree rates of paraquat:

1. No paraquat
2. 1 Ib/morgen (0.53 kg/ha) paraquat
3. 4 Ib/morgen (2.12 kg/ha) paraquat

Four species, P, dilatatum, E. plana, E. curvula
D. trichalasnoides were also sprayed with 2 Ib/morgen

(1.06 kg/ha) paraquat when short (i.e. mown in January).

The paraquat was applied with a knapsack spray

using 100 gallons of water per morgen. The paraquat



Table 55

Percentage kill and yields from grass species sprayed with paraquat
(1 1b/m = 0.53 kg/ha)

Dry matter yield Dry matter yield
% Kill of tufts gram/25 sq ft (2.33 sq m) gram/plant
Ieerive Trémmt % Strike T 0-4 weeks 4-8 weeks 0-4 weeks 4-8 weeks
rans- Detrans-
formed data formed data after after af ter after
spraying spraying spraying spraying
Tristachya hispida Long grass : No paraquat 83.5 0.327 0.0 517 101.0 6.14 1.285
. 1 1b/m paraquat 82.0 11.897 3.3 289 59.0 3.42 0.698
4 1b/m paraquat 81.5 21.866 11.2 335 41.5 4.15 0.550
Short grass : No paraquat 85.5 0.327 0.0 265 73.0 3.22 0.813
1 1b/m paragquat 68.5 18.242 7.8 103 88.5 1.53 1.130
2 1b/m paraquat - - - - - ¥ i
4 1b/m paraquat 81.0 34.109 25.9 87 24.0 1.11 0,305
Mean 80.3 - 8.0 = = 3 =
Themeda triandra Long grass : No paraquat 47.0 0.327 0.0 488 85.5 10.68 1.942
1 1b paraquat/m 54.0 0.327 0.0 674 92.5. 12.96 1.974
4 1b paraquat/m 30.0 5.643 0.7 314 53.0 11.12 1.826
Short grass : No paraquat 39.0 0.327 0.0 237 70.0 6.24 1.883
1 1b paraquat/m 43.0 6.363 1.9 222 42.0 5.06 1.122
2 1b paraquat/m - - - - - - c
4 1b.paraquat/m 56.5 0.327 0.0 185 44.0 3.31 0.308
Mean 44.9 - 0.4 - - - =
Paspalum dilatatum Long grass : No paraquat 97.5 0.327 0.0 866 108:0 8.89 1.102
1 1b paraquat/m 92.0 0.327 0.0 714 139.0 8.00 1.324
4 1b paraquat/m 94.0 0.327 0.0 818 100.5 8.78 1.083
Short grass : No paraguat 96.0 0.327 0.0 304 96.0 3.20 1.024
1 1b paraquat/m 92.0 0,327 0.0 435 71.0 4.63 0.795
2 1b paraquat/m 96.0 9.159 1.9 365 45.0 3.82 0.425
4 1b paraquat/m 95.0 4.814 0.5 255 103.5 2.73 1.080
Mean 94.4 - 0.3 - - - -
Eragrostis plana Long grass : No paraquat 91.5 0.327 0.0 1273 111.0 14.15 1.182
. 1 1b paraquat/m 91.5 18.059 7.6 1013 84.0 11.08 0.915
4 1b paraquat/m 84.5 12,725 3.8 1025 56.5 12.18 0.659
Short grass : No paraquat 93.5 0.327 0.0 331 54.5 3.57 0.584
1 1b paraquat/m 87.0 5.035 0.6 216 55.5 2.48 0.643
2 1b paraquat/m 89.0 6.191 0.9 183 55.0 2.05 0.618
4 1b paraquat/m 93.5 33.768 25.4 520 73.0 5.40 0.755
Mean 90.3 - b.5 & - . L
Eragrostis curvula Long grass : No paraquat 95.0 0.327 0.0 1363 165.0 14 .32 1.737
1 1b paraquat/m 94.0 3.650 0.3 901 103.5 8.62 1.105
4 Tb paraquat/m 93.5 11.610 3.1 972 118.5 10.35 1.284
Short grass : No paraquat 100.0 0.327 0.0 475 137.5 4.75 1.375
1 1b paraquat/m 95.0 6.103 0.8 792 201.5 8.53 2.084
2 1b paraguat/m 96.5 7.743 1.4 426 126.5 4.36 1.289
4 1b paraquat/m 91.5 28.016 18.0 221 56.0 2.42 0.612
Mean 93.6 - 3.4 - = - =

"€L2
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Dry matter yteld Dry matter yield
% Kill of tufts gram/25 sq ft (2.33 sq m) gram/plant
it Tl & P T 0-4 weeks 4-8 weeks 0-4 weeks 4-8 weeks
rans- Detrans- £ fte
formed data formed data By ELY after Ay Lh ap bl
spraying spraying spraying spraying
Andropogon filifolius Long grass : No paraquat 62.0 0.327 0.0 311 61.0 5.22 0.974
1 1b paraquat/m 57.5 10.455 2.5 261 29.9 4,97 0.506
4 1b paraquat/m 46.5 45,861 43.5 65 11.0 2.62 0.266
Short grass : No paraquat 49.5 0.327 0.0 144 42.5 2.32 0.842
1 1b paraquat/m 44.5 20.408 B.7 72 18.5 1.45 0.398
2 1b paraquat/m - - - - - = -
4 1b paraquat/m  80.0 30.415 21.0 67 22.0 0.84 0.273
Mean 56.7 - 12.8 - 2 e =
Digitaria Long grass : No paraquat 78.0 0.327 0.0 395 66.5 5.53 0.905
trichalaenoides 1 1b paraquat/m 65.5 0.327 0.0 124 76.5 2.05 1.189
4 1b paraquat/m 70.5 9.039 1.9 229 67.0 2.98 0.831
Short grass : No paraquat 54.0 0.327 0.0 191 42.0 3.47 0.746
1 1b paraquat/m 68.5 0.327 0.0 112 37.5 1.69 0.565
2 1b paraquat/m 61.0 18.794 8.3 97 37.5 1.51 0.666
4 1b paraquat/m 56.0 8.479 1.6 94 12.0 1,74 0.224
Mean 64.8 o 1.7 - - . £
Monocymbium Long grass : No paraquat 34.0 0.327 0.0 212 25.0 6.23 0.735
ceressiforme 1 1b paraquat/m 69.5 0.327 0.0 431 55.5 6.29 0.822
4 1b paraquat/m 41.5 0.327 0.0 451 69.5 12.76 1.516
Short grass : No paraquat 73.5 0.327 0.0 253 36.0 3.50 0.482
1 1b paraquat/m 81.5 0.327 0.0 160 37.5 1.9 0.460
2 1b paraquat/m - - - - - - -
4 1b paraquat/m 48.0 0.327 0.0 77 15.5 1.59 0.323
Mean 58.0 » 0.0 - = - -
Harpechloa falx Long grass : No paraquat 67.0 0.327 0.0 766 134.0 11.03 2,051
1 1b paraquat/m 67.5 0.327 0.0 235 99.5 3.13 1.008
4 1b paraquat/m 70.0 0.327 0.0 682 74.0 9.74 1.058
Short grass : No paraquat 86.0 0.327 0.0 450 130.0 5.35 1.549
1 1b paraquat/m 85.0 0.327 0.0 249 73.5 2.93 0.865
2 1b paraquat/m - - - - - - =
4 1b paraquat/m 79.5 17.960 7.6 276 74.0 3.68 1.015
Mear: 75.8 - 1.3 - - - o
General mean 73.2 - = o J - - = =
L.S.D. P = 0.05 - 12.196 - 296.0 86.8 4,32 1.148

P = 0.01 - 16.231 - 394.0 115.6 5.75 1.528
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used contained a "built in" wetting agent.
A light drizzle started three hours after spraying and
developed into a steady rain overnight. At 8 a.m.

the following morning 21.8 mm were recorded,

The number of lliving tufts on each plot was coun=
ted the day before spraying with paraquat, Twenty-
eight days after spraying the number of plants which
had been kllled was counted on cach plot. The dry
material ylelds of herbage, from the plots, was mea=
sured four wecks after spraying and again four weeks

later,

The exporiment was originally desligned as a 8 x 8
simple lattice with two replications, but due to the
fallure of A. semialata It was analysed as a randomiscd

block design, ignoring the plots of thls species.

Results

The percentage of dead tufts (4 weeks after spray=
ing) and the yield per plot and per plant for the first
and second four weeks after sprayling are glven in
table 55. The number of living plants, at the time

of spraying, Is also given in this table.

Unfortunately the measured yields are Influenced
by the hereditary growth characteristics of the plant
species and by the interaction of the season of the
year on these characteristics. Thus direct comparison
of yields between species is not valid, However, com=
parisons within species and of the "percentage killI"

are justified.
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The differenccs In yleld between the two "condis=
tions of veld" at four weeks after spraying are partly
due to growth prior fo spraying. Thus comparisons
between the two condltions, at this stage, do not re=

flect the efficiency of the herbicide.

1. Strike of plants

Alloteropsis semialata established poorly,

giving on the average 29% strike with half the plots
having less than 20% strlke. Consequently it was de=
cided to dlscard thls species. Of the remalning nine

species Themeda triandra (45%) gave the poorest strike.

The best strike, over $0%, was obtained with P. gllates

tum and the two Eragrostis species. These three spe=

cies are plonecer types.

2. The effect of paraquat on the species

2.1 Tristachya hisplda

Four pounds/morgen of paraquat, on long grass,
resulted In a signiflicant (11.2%) kill of thls species,
while on short grass one pound/morgen was sufficient
to produce a significant kill (7.8%). On short grass
four pound/morgen was also more effective than one
pound/morgen (25.9% klil1). The herblicide did not re=
sult in a sIinflcanT (P=0.05) reduction In the her=
bage yield either in the first or second four weeks
after spraying. The results do, however, indicate
a "non-significant", reduction In yield due to spraying
In both these periods.
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2.2 Themeda triandra

The use of paraquat did not result in a sig=
niflcant kill of this specles. There 1s some Indi=
cation that 4 Ib/morgen of paraquat reduced ylelds
slightly.

2.3 Paspalum dilatatum

Paraquat did not result in a significant
kill nor, did it produce a marked reducrion In the yleld

of this specios.

2.4 Eragrostis plana

Paraquat produced a significant ki1ll of this
species. When sprayed on long grass both 1 and 4 1b/
morgen were effectlve but, on short grass only 4 Ib/
morgen produced a significant kill. There was no in=
dlcatlion that paraquat significantly reduced yields -
in fact 4 Ib/morgen sprayed on short grass apparently

increased yields.

2.5 Eragrostis curvula

Four pounds of paraquat per morgen resulted
in a signlficant kill of short E. curvula. The yield,
during the first four weeks affter spraying long grass,
was signlficantly reduced by the use of both 1 and 4
'b/morgen of paraquat. One pound per morgen, sprayed
on short grass, slgnificantly increased the yield.
These effecfs were also apparent during the second

four week period,.
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2.6 Andropeogon filifollus

The use of 4 Ib/morgen paraquat on long grass
resulted in a signiflcant kill (43.5%), while on short?
grass both one Ib/m and 4 Ib/morgen were gffective.
There was also a non=-slgnificant, reduction In yield

dus to the use of the herbicids.

2.7 Digitaria trichalaenoides

On short grass 2 Ib/morgen of paraquat resuls=
ted in a significant kill., Four Ib/morgen of paraquat

appeared to reduce the yield of this specles.

2.3 Monocymbium ceressiforme

This specles was apparently unaffected by

paraquat.

2.9 Harpechloa falx

On short grass 4 Ib/morgen paraquat resulted
in a significant kill of this species. On long grass,
during the first four week perliod 1 Ib/morgen paraquat
depressed yields compared with 4 Ib/morgen and no para=
quat. General ly paraquat appeared to depress herbage
yield.

Discussion

Overseas, paraquat has proved to be a useful tool
in alding the overseedlng of natural grazlngs. No
Informaticon is, however, available on its effect on lo=
cal indigenous grass species. In spite of considerable
varfatlon in the results of the experiment under con=
sideratlion, some useful preliminary information on this

aspacT mav be aqleanad,
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On the rosults obtained, the species under consi=
deration, can be ranked, in order of decreasing sus=
ceptibility to kill by paraquat, as follows:

A. filifollus>T. hispida>E. plana>E. curvula>

. trichalaenoldes = H., falx>T. triandra = P. diiatatum

w o |

M. ceressiforme. The latter species Is apparently

unaffected by the herbicideo.

The data on the regrowth for eight weeks after
spraying is very variable but, generally, with the ex=

ceptlion of M. ceressiforme at | Ib/morgen of paraquat,

herbage yields were reduced as a result of spraying
with the herbiclide. This concluslon Is conflrmed by

the results obtalned from the spraying of veld.

Generally the percentage of plants killed was
higher when short grass was sprayed than when lcng
grass was sprayed. Four pounds per morgen of para=
quat was generally more effective in killing plants

and reducing regrowth than one pound per morgen,

In the Highland Sourveld of Natal paraquat ap=
pears to be less useful, In reducing competitlion from
the existing sward, than might have becen expected.
However, it should not be assumed that 100% kill of
the veld Is a prerequisite to successful overseeding
nor, that 100¢% kill will necessarily provlide optimum
seed bed conditions,
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3.5.3.3.3 The effect of paraquat on herbage regrowth

In darkness

Due to the Impurtance which paraquat
has assumed overseas as an aild to the establlishment of
overseeded species It was considered to be desirable
to attempt to cbtaln additional informatlion on fthe mode
of action of this herbicide, This information, If ob=
tained from several of the more Important Highland Sours=
veld grass species might lead tc a more effectlive em=
ployment of the herbicide. Consequently a pot trlal

was carried out to Investligate this aspect.

Objectlve
This project had two main objects:

(a) The flrst object was to determine the effect
of paraquat on the regrowth In darkness of T. hispica

and A, filifolius, and to compare this with the regrowth

of these same specles when subjected to varylng periods
without light., In this way it was hoped to cbtaln
‘Information on the mode of action of the herbiclde,
and on any assoclaticn between this actlen and a reducs=

tion in carbohydrate ressarves,

(b) The conventional method of regrowth measurcs
ment in darkness raquirés that the plants be defcllated.
However, 1t is possible that this defollation might
affect the action of herbicides used in such trials.
Thus a secund experiment was carried out to determlne

the effect of defoliation In such instances.

Procedure

In March 1969 a number of tufts of T. hisplda and

n LT ! L ~ T % lim vanldiee e in o R T B ol | a9 PR
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diameter) of Clovelly soil, and were kept in a glass
house. Three months later twenty-one tufts of each
speclies were selécfed, for uniformity, and were used
In the experiment, Seven tufts cf each specles wereo
placed in each of three replicates, and one of each
of the following treatments were appllied to a tuft of

each specles In each replicatao:

(a) The plants were kept in darkness for 72
hours befure cutting and placling In a light-
free cabinet.

(b) The plants were kept in darkness for 48 hours
before cutting and placing In a light-free
cabinet.

(c) The plants were kept in darkness for 24 hours
before cutting and placing in a light-free
cablnet.

(d) No treatment before cutting and placing in a

~ light-free cabinet.

(e¢) The plants were sprayed with paraquat 72
hcurs before cutting and placling in a light=
free cablinet.

(f) As for treatment (e) except that the plants
were not cut before placling in the cablnet,.

(g) As for treatment (d) except that the plants

were not cut before placing in the cabinet.

The regrowth of the plants In darkness was com=
pared in two separate analyses. The first experiment
consisted of a comparison of ftreatments (a) to (e),
and was analysed as a 2 (species) x 5 (treatments)
factortal in three randomised blocks. The second ex=
periment was made up of treatments (d) to (g) and was

analysed as a 2 (species) x 2 (levels of paraquat) x 2



(levels of cutting) factorial, alsc in tThree rardomised
blocks. Thus troatments (d) and (e) were common to
both experiments. This procedure was adapted so as

to be able to accommodate both experiments in the ca=

binet at the same time. This procedure saved time
and labour, All fourteen pots in cach replicate were
randomised In three blocks In the cabinet. Some

theoretical objectlions could be raised to thls arranges=
ment as the pots In each experiment cou!d not be ran=
domised separately, however, the practical advantages

outweligh this slight error.

The light=-free treatments werc applied and re=
grewth in darkness was measured In a drying oven.
After cne week of regrowth the plants in the oven were
inspectel and it was found that growth was very slow.
This was attributed to the low temperatures Inslide the
inactivatced oven. This was then remedled by heating
the oven to 35°C three times a day by means of a forced
drought of hot air. This treatment induced more rapid
growth, The regrowth In darkness, and the total her=
bage yiegld In the case of uncut tufts, was first
measured fourtcen days after placing the plants in
the cablinct. Further cuts were taken three and four
woeks later, Each time the plants were cut, the num=
ber of lecaves were counted before oven drying and welgh=
Ing. The average ciameter of the tufts was also moas
sured at the time of the flirst cut. The plants were
cut to a height of one and a half Inches above soil

level.



Table 56a
Regrowth of grass tufts during 42 days in darkness

Regrowth in darkness

£82

Frasipants Number of leaves T Yield/tuft Yield/sq in tuft Yield/leaf
after 14 days (g) area (g) (g)
Species
T.hispida 39.6 0.157 0.0398 0.0049
A.filifolius 116.9 0.465 0.0921 0.0076
Mean 78.2 0.311 0.0659 0.0062
L.S.D. P = 0.05 30.7 0.151 0.0345
P =0.01 12.1 0.207 0.0472 e
Treatment
72 hours in darkness 38.8 0.236 0.0420 0.0070
48 hours in darkness 35.2 0.343 0.0666 0.0062
24 hours in darkness 69.0 0.337 0.0672 0.0099
Control 122.0 0.384 0.0830 0.0038
Sprayed with paraquat 126.0 0.255 0.0709 0.0044
L.S.D. P = 0.05 48.6
P = 0.01 66.6 N.S. N.S. N.S.
Coefficient of Yariation 51.23% 63.22% 54.48% 120.66%
Significant Interaction 5.x.T Ni1 Nil N1
Table 56b

Significant interaction between species and treatments for number of leaves which regrew in darkness

Species Treatment
o 72 hrs dark 48 .hrs .dark 24 hrs .dark Control Paraquat Mean
T.hispida 26.0 26,3 61.0 41.3 43.0 39.6
A.filifolius 517 44,0 77.0 202.7 209.0 .116.9
Mean 38.8 35.2 69.0 122.0 126.,0 78.2

L.S.D. Body of table P = 0.05 = 68.7 P =0.01 = 94,1



ax 284 -

The paraquat was applied at the equivalent of two
pounds (908 g) active ingrecient in 150 gallons (682
litre) of water per morgen (0.8565 ha). The applica=
tlon was carried out with the ald of an aerosol spray=
pack, and the tufts were surrounded by a screen fo re=

duce spray drift.

Results an Discussion

The first experiment

The regrowth in darkness from the five treatments
when applied to A. filifolius and T. hispida are given
in table 56.

After fourteen days in darkness, significantly
more leaves had regrown on A, fillfeollus than on T. his=
pida. The three tirecatments which had been subjected
to dark treatment prior tc¢ the commencement of the re=
grcwth measurements, had significantly fewer leaves
than d!J those which had not received such treatment.
The signiflcant interaction of spe cles and treatments
does, however, indicate that the dark treatment was
less effective in reducing the number of leaves of

T. hispida, than of A, fillfollus. Spraying the plants

with paraquat did not affect the number of leaves which

regrew.

On the average the regrowth yield of T. hlispida was
less, per tuft and per unit area of tuft, than that of

A. filifolius. None of the treatments in this experl=

ment affected the yleld of regrowth In darkness. I+
would, therefore, appear that the treatments were not

sufficiently severe to prouduce a measurable reductlon
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in carbohydrate reserves and consequently regrowtn.

In the case of the three dark treatments this was pcs=
slbly due tc the low temperatures (<10°C at 8 pm) In the
cablnet where the treatments werc applicd. These low
temperatures probably reduced respliration, and consequents=
ly the use¢ of carbohydrate reserves, to a very slow rate.
Unfortunately this fsaturc was observed only during the

regrowth period.

The second experiment

The total herbage yleld (i.e. the yield of hcrbage
on the tufts at the time of treatment pius the regrowth

after fourteen days in darkngss) Is given in Table 57,

A. filifollus yielded more "tctal herbage", per
tuft and per unit area of tuft, than Jid T. hisplida,
Spraylng the herbage wlth paraquat did not affect the
herbage yields during this period, but the yield por
unlt aren of fuft was increased by cutting the herbage
at the tlime of placing the tufts in the cablinet. This
effect is probably due to the greater resplration by
the uncut herbage, 1f cutting had eliminatsd the long-
term (>72 hour) effects of paraquat such a reaction
would have bcen reflected by a significant cutting x

paraquat Interaction — which was not present.

The regrowth In darkness of the grass tufts during
the 28 days following the first regrowth cut (taken

after 14 days in the cabinet) arc gliven in Table 58,



Tebie 57.

« e -

Total herbage yield — Pretreatment yield + yield after

14 days Iin darkness

Herbage yleld

Treatment - ; Per sq in (6.45 sq cn)
Par Tuft (%2 tuft area (g) 3
Specles
T. hispida 7.85 1.55
A. filifolius 15.58 2.81
Mean 11.71 2.18
L.S.D. P=0.05 2.74 0.42
P=0.01 3,97 0.58
Paraquat
NTI 11.35 2.14
2 lb/m 12.08 2.22
L.S.D. P=0.05 NoS N.S
P=0.01
Cutting
Not cut before dark
pariod 10.50 1.74
Cut before dark
perlod 12.92 2,62
L.5.0. P=0.05 N.S. 0.42
P=0.01 0.58
Coefficient of Varls
ation 26.72% 22.08%
Significant Inters=
actions Nil NTI




Table 58a

Regrowth of grass tufts during
14 days In the dark (1 sq In

N

co

~J
|

28 days In darkness, following

6.45 sg cm)

Treatment

Regrowth In darkness

Number of leaves Yleld/tuft Yield/sq In tuft Yiold/leaf

after 35 days (g) area (qg) (g)
Spocles (S) .
T.hisplda 33.9 0.140 0.0288 0.0038
A.fT11[follus 197.5 0.340 0.0602 C,0017
Mean 115.,7 0.24C 0.0445 0.0027
L.S.D., P = (,05 34.¢ 0.095 0.0220 0.0015
P = 0,01 48,6 0.133 - -
Paraquat (P) :
NTT 1332 ’ C.0594 0.0029
2lb/morgen 97.7 0,162 0.029¢ 0.0025
L.S.D. P = 0,05 34,6 0.095 0.0220 NL S
P = 0.0 - J. 133 - i
Cutting (€)
Tl oY NG 105.5 0.264 0.0432 0,0030
dark perlod
CHE Petare dack 125.9 0.216 0.0458 n.0025
neried e
L.S.D. P = (C,05
P = 0.01 leo Noso N.So N.So
Coefflicient of F P 0 207 A ad
Ve TaFtan 33.65% 44 ,87% €0.30% = i _
SIgRIsiCRn] S x C NT | NT | NT|

interactions

Table 58b

Signiflcant Interaction between species and cutting for number of
leaves which regrew In darkness

Cutting (No. leaves)

Specles Not cut Cut Mean
T.hispida 41,7 26.2 33.9
A.fillfollus 169.3 e 197.,5
Moan 105.5 125.9 115.7

L.5.D. Body of Taple P = 0,05 = 49,0; P = 0,01 = €8.7
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The number of leaves which had regrown at the
time of cutting, 35 days after placing the pots in the

cabinet, was significantly greater on A. filifollus

than on T. hispida. The significant Interaction be=
tween specles and cutting indicates, that whlle the
number of leaves of T. hispida tended to decrease 3as

a result of cutting (at *he time of placing the pots in
the cablinet), the number of leaves Increasud on A, fill=
follus as a result of this treatment,. Sprayling the
herbage with paraquat resulted in a significant reducs

fion of the number of lesaves at this stage.

During the perlod under discussici, the regrowth
yleld, per tuft and per unit arca of tuft, cf T. his=

pida was i{ess than that of A, filifolius, but the in=

dividual leaves of the former were hcavier than thcsc

of the latter, The yield of regrowth, per tuft and

per unlt area of tuft, was reduced as a result of sprays=
Ing the tufts with paraquat. It appears that this re=
duction in yield wos chlefly due vo a reduction in the
number of leaves as the yield per leaf did not show any

significant reaction to the paraquat treatment.

These two experiments appear to provide contradic=
tory results of the effect of paraquat on the regrowth
in darknass. In the flrst experiment paraquat had
no significant effect, but in the second It suppressed
the regrowth In darkness, Closer examinaticn of the
results of the first oxperiment dces, however, Indicate
a non=-significant deprossion of regrowth yleld by paras=
avat. It would, therefore, appear that the second
experiment was either moro accurate (lcss varlability’

or that uncut herbags allowed greater efficiency of the
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herbicidal action. Inspite of the absence of a sig=
nificant cutting x paraquat Interaction In the second
experiment, the latter suggestlion appears to be more
probable, although both factors may have been respon=
sible for the signiflcant effect due to paraqaur In

the second experiment.

These experiments indlicats that paraquat Is nore
effective when the herbage is left on t-e plant fer
two weeks after spraying, than when cut off after three
days. I+ would also appear that regrowth after sprays=
ing with paraquat ts reduced chicfly as a result of a

reduction in the number of active growing points.

3.5.3.3.4 The use of parzguat in seed-bed preparatlon
(N-Ec 17/1)

A second means of seed-bed preparation for
the overseeding of grassland, namely the use of a her=
blclde -paraquat, was also investigated in a herbage
yleld trial. As a means of experimental expedience -lie
use of paraquat and of nltrogenous fertilizer for seed-
bed preparation were evaluated in the same experiment.
The object, procedure, results obtained and a discusslon
of the results of the whole experlment (N-Ec 17/1) havs
been included under sectlon 3.5.3.4 and wlll not be

repeated here.

3.5.3.3.5 A comparison of the effects of paraquat and

dalapon

In view of fthe somewhat disappolinting
results obtained from the use of paraquat as a means of

seed-bed preparation for the overseeding of grassland,
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and because of the rcported success of dalapon for tThis
purpose; 1t was decided fto compare the relative cffec=
tiveness of the two herbicides on several Highland Sour-

veld grass specles when grown in a glasshousec.

Objectlive

The object of this experiment was to compare the
effects of spraying tufts of three Highland sourveld

grass species with dalapon and paraquat.

Frocedure

Single grass tufts of T. hispida, A. fllifolius

and E. curvula, which had been established in wooden
boxes containing Clovelly soil at Estcourt, were transs=
planted inte porcelain pois containing the same soil
at Potchefstroom. Each tuft was planted Into a 7 inci

(18 cm) diameter pot, and the pots were ftransferred

Immcdiately '~to a glass house which could be heatacd
by warm gir. The plants were tiransplanted in March
1969, they suffered little set back and were well es=
tablished in May 1969 when the treatments were app!ied.

The treatments consisted of cach of the three grass
specias sprayed with each of dalapon (70 Ib active in=
gredient per morgen — 37.1 kg/ha) and paraquat (2 Ib

active Ingredient per morgen —1.06 kg/ha), in a 3 x 2

factorial deslgn. The pots were arranged on the floor
of the glass~house with all of the treatments randomised
within each of the four replicates. The herblcides

were mixed with the equivalent of 150 gallons (682 li=
tres) of water per morgen and in the case of dalapon,

a wetting agent "Agrcl 9C° was a!so added at the equi=
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valent of 24 fluld ounces (682 cc) per morgen — the
paraguat used had Its own "bullt-in" wetting agent.

The spray was applisd, with the ald of an aerosol spray
pack, from above the grass tufts which werec enclosed

in a tubular scrgen to reduce spray drift. The amount
of spray applied to each ftuft was based on the internal
surface area of the pots (12.25 sq in — 79 sq cm).

The pots remalined in the glass-house untll the experis
ment was completed In July 1969, and w=rc well watered

throughout this period.

The sprecad of each tuft at each inch of its helght
was measured before spraying and one, eight and fifteen
days after spraying. These measurements were made in
order to obtain an lIdea of the rate of collapse of the
canopy after spraying, a factor which affects fthe in=
terceptlion of seed and the light available to cvers=
sown species. Six weeks after spraying, the leaves
on each tuft were clipped (approximately 1% Inches
—~ 3.8 cm — above soil level in the pots), separated
into dead, partly scorched; and green leaves and then
driced and weighed., The regrowth on the tufts was cut,
dried and weighed and the number of leuves were coun=
ted at two and at four weeks after the first harvest.
These measur-ments would, it was hoped, provide in=
formation on the relative efficiency of the two hers=
bicides in restricting the growth of these thres High=

land sourveld grass species.

Results and Discussion

The spread of the canopy of the grass tufts at
each of the four times of measurement is illustrated

diagramatically in Figurss 6 to 38, and the average
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FIGURE 6.

SPREAD OF ERAGROSTIS CURVULA BEFORE AND AFTER SPRAYING.
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FIGURE 8.

SPREAD OF TRISTACHA HISPIDA BEFORE AND AFTER SPRAYING.
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Table 59

The average dlamcter of the canopy, at soil level, of grass tuftfs
sprayed with herbicides (Average of four tufts)

Average dlameter of canopy at soll
(inch =2.54 cm!}

Treatment Days after spraying
0 1 e 15
T.hispide = Dalapon 6.5 2 14, 15,8
- Paraquat 39 i P 16.2 17.4
Mean T,hispida 82 LN 15.5 16.6
A fl11folius - Dalapon 4.3 10,7 Ts1 1.4
- Paraquet J] 11,0 1548 13.4
Mezn A.filifollius S5k 10,8 9.5 12.4
E.curvulc - Dalapon 4,2 20,6 23.3 31.3
- Paraquat 5.0 12,4 233 28,
Mean E.curvula 4,6 16.5 23.3 29,9
Mcan Dalapon 5.0 13.8 15.1 19.5
Mean Paraquat 4,0 Yis® 13+ 19.8
Genciral mean 4.5 12,7 14.4 19.6
(1 Inch = 2,54 ¢m)
diameters of the canoples at soll level are glven in

Table 59,

It Is apparent, from these results, that the sprcad
of the canopy at soil level increased considerably over
the fifteen day period after spraying. This increase
was apparent in all three grass spoecies and with both
herbicides. The diamster of the basal canopy of T.
hispida increasod by 3.2 +imes, that of A F11ifallus
5.4 times and that of |

<

curvitia 6.5 times over the

E.
fifteecn day period. The chanae took place ranidlv Aand



Table 60a

Condition of herbage six weeks after spraying with herbicides

Percentage of leaves

Numb
Treatment Dead Partly scorched Wholly green le:r\l/'e:;
» » ™ plant
ekl Transformed Normal Transformed Normal Transformed
Species
T.hispida 53.6 52,254 34.4 39,985 57 15.526 362.2
A.filifolius 49.9 49,934 35.9 40,938 12.4 23.078 818.7
E.curvula 39.3 43,175 57.2 54,569 1.2 7.157 271.2
Mean = 48.454 - 45,164 - 15.254 484.0
L.S.D. P = 0,05 - N.S. - 7.605 - 7.235 165.4
P =0.01 - N.S. - 10.518 - 10.005 228.6
Herbicide
Dalapon 38.1 42.396 54.9 55.109 b 15 7.378 391.7
Paraquat 57.1 54,511 27.5 35,218 12.5 23.130 576.4
L.S.D, P = 0.05 - 6.427 - 6.208 - 5.908 152.0
P = 0.01 = 8.888 - 8.586 - 8.171 N.S.
Coefficient of Variation - 15.25% - 15.80% - 44.51% 32.06%
Significant Interaction - Nil - N1l - S xH Nil
N.S. = Not significant
* = Transformed by /I0OD arc sin (1 - 2p)-Stevens
Table 60b
Interaction between species and herbicides for wholly green leaves (Percentage - Transformed data)
Species
Herbicide Mean
T.hispida A filifolius E.curvula
Dalapon 0.327 21.480 0.327 7.378
Paraquat 30.725 24.677 13.993 23.132
Mean 15.526 23.078 7.160 15,255

L.S.D. Body of Table: P = 0.05 = 10.218, P = 0.01 = 14,131,

‘962
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even one day after spraying the dlameter had deubled

on T. hispida, trebled on A. filifolius and nearly

quadrupled on E. curvulea. There was apparently little
difference in the effect of the two herbicidses on thess
measurements. The diagrams (Fig. &, 7 & 8) illustrate
a clear change, from a decreasing diameter in the upper
strata of the canopy to an incrcasing diameter in ths
lower portion of the canopy, with a lapse In time afs=
ter spraying. On the T. hispida tufts, which were the
shortest (14.5 " — 35.8 cm — high) of the three species,
this change took place at between five and six inches
above soil level, while on the E., curvula tufts, which
vore the tallest (21" — 53,3 ecm — high) the change was
apparent at ten to eleven inches above soll level,

el I

he change on the A. filifolius tufts (18,5" ~39,4 cm —

high) was between nin¢ and eleven inches obove soll

level . These resulfs could also have been influenced
by the natural growth of the leaves and by scil moisture
deficiencies. However, these faortors probably dic

not play a signiflcant role in this experiment as the

collapse occurred very rapidly and the soil was main=

C

Ttained Tn a moist condition, The significant of Thes
results has been discussed In a previous sccticn (3.5.3,
Jul }a

The percentage of tho leaves, In each of the thres
classes of damage, at six weeks after spraying are given
in Table 60,

There was no difference in the percentage of dead
leaves on the three species, but the tufts which had
been sprayed with paraquat had a significantly higher

percentfage of dead leaves than did those sprayed with
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were already dead at the time of spraying. A higher
percentage of leaves of E. curvula were partly scorched
than of the other two species, and dalapon caused the
partlal scorching of & higher percentage of leaves

than did paraquat. A. filifolius had a greater pers=

centage of wholly greeen lcaves (these were chlefly
young leaves which had emerged after spraying) than
did the other two speclies, and T. hispida also had a
greater percentage of these leaves than did E. curvula.
Thero was a significantly lower percentage of wholly
gresn leaves on the plants sprayed with dalapon than
on thosu sprayed with paraguat. The significant ins=
teraction between the species and The herbicides indi=
cates that, while dalapon suppressed the percentage

of wholly green leaves on T. hispida and E. curvula
when compared with paraquat there was no differenca in

the effeoct of the two herbicides on #e flbitellus.

This also resulted in A, filifolius having a higher per=

centage of wholly green leaves then did the other spes=
cies when all were sprayed with dalapon. Spraying
with dalapon resulted in less leaves per plant on the
average than did spraying with paraquet, this Is pro=
bably due to the Inhlbition of the produciion of new

leaves by dalapon.

The results given In Table 61 show that there werc
no significant differences in the herbage ylelds, and
dry matter content of the herbage six weeks after

spraying.
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Table 61.

Oven dry yield and dry matter content, of herbage six

weeks after spraying

rbe i % natter |
e —— Herbage yield Dry m e n

gram/tuft herbage
Species
T. hispida 10.0 61.90
A. fllifollius 1h.4 54.10
E. curvula 12.1] B, 15
Mean iY.2 57.05
LaSuls P=0,05 N.S N .3
P=0.01 Mes B M. 5
Herbicide Dalapon Pud 55,02
Paraguat 12.4 59.08
beS5D P=0.05 NeS N.S
P=0.01 N.S \
Coefficient o varis=
ation 33.27% 15.81%
Significant inters=
action NTI N
The number of leaves which regrew following the

cut six weeks after spraying are given In Table 62,
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Table 62a,

The number of leaves which regrew, following cutting, six weeks
after Spraying with herbicides

Number of leaves Number of leaves as

2 of number at cutting

Treatment Regrown Regrown after Regrown Regrown after
Af+ . K a further Ifhar D weohd a further
il 2 woeeks 2 wacks
Specles
T.hispida 46,1 49,0 11.81% 12.54%
A.filifol lus 186.2 117.0 22.95% 14,84%
E.curvula 58,2 38.4 17,39% 10.42%
Mean 96,8 68,1 17.38% 12.60%
L.S.D, P = 0,05 60.5 40,9 4,64% N.S.
P =0,01 83,5 56,5 5.,42% N.S.

Herbicuii

Dalopon 48,0 28,7 8.30% 4,95%

Paraquat 145.,7 107.6 26.47% 20.25%
LeSeDy P = 0,05 49,2 34,6 3.79% 6.05%

P = 0,01 63.2 46,2 5.24% 86.36%

Coefficlent of - f A

Yariatlon 58.51% 56.29% 25.,04% 55.158%
Stgnlficant |

Interactian NTI Nil SxH SxH
Table 62b

Interaction between species and herbicldes on percentage of growing
points 2 weeks after cutting

Specles
Herblclde T.hispida A.filifollus E.curvula Mean )
Dalopon 152 /o W 9 0.00 3.30
Paraquat 22,09 22,53 34.79 26,47
Mean 11,80 22,90 1739 17.38

L.S.D. Body of Table: P = 0,05 = 6,56, P = 0,01 = 9,08

Table 62¢

Interaction between specles and herbicides on percentage of growling
points 4 weeks after cutting

Specles
Herbiclde T.hisplda Agfllifolius E.curvula  Mean
Da Topon 0.44 4.4 0.00 4,95
Paraquat 24,83 ‘5,26 20.84 20,24
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A. filifollus produced more leaves than did the

other two species a2t both regrowth harvests. When

this data was corrected for the original number of
leaves on the tufts (i.e. the total number of leaves

six weeks after spraying) this speclies also had a higher
percentage regrowth than both other species at the first
cutting of regrowth, However, at the second cutting

of the regrowth there was no significant difference be=
tween tho species. At the first regrowth cut E. cur=

vula had a higher percentage of leaves than did T. =

hispida.

Both the number of leaves and the percentage of
leaves which regrew at both cuttings was significantly
greater on the tufts which had been sprayed wlith para=
quat than on those which were sprayed with dalapon.
However, the significant interactions of species on
herbicides, for the percentage of leaves at both cuts,
indicates that this sffect was not consistent over all

the species. The different herbicides did not affect

the percentage of leaves of A, filifolius which regrew,
but there was a significantly lower percentage of re=
growth leaves on T. hispida and E. curvula when sprayed

with dalapon than when paraquat was applied.

The yields of regrowth following the cut six weeks

after spraying are given in table 63,

The yields were calculated per tuft, per leaf
at six weeks and per leaf at spraying. The number of
leaves at spraying, was estimated from the number couns=
ted six weeks after spraying minus the number of wholly

green leaves at thils time - these green leaves were cons=
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Table 63a.,

Dry matter welght of herbage regrowth, following cutting six weeks
after spraying.

Regrowth/Tcaf  Regrowth/leaf

Traatiend gijg;ﬁz:: at 61weeks at s?raylng
Y00’ o009
Specles
T.hisplda 0.544 1.404 1,785
A.filifol lus 0.589 0.782 1,271
E.curvula 1,508 3.826 4,063
Mean 0,880 2,006 2.366
Lobelly P = 0,00 N.S. N.S. NSy
P = 0,01 N.S. N. S, N.S,
"erplicide
“DaTapon 0.190 0.339 0.571
Paraquat 1:57) 3.669 4,162
Lo Sulh ¥ =00 1.348 el 2.197
P = 0,01 N. S, 3,170 3,038
Significant Interactions NT | sxH sxH
Table 63b.,

Interaction between spocies and herblcldes on regrowth per growing
point at six weeks,

Specles
Treatments T.hispida A.filifc:lus E.curvula Mean
Dalapon - 0.049 ~ 0,967 0.000C 0.339
Paraquat 2,759 0,596 7.681 3.669
Mean 1,404 0,782 e I 2,006

L.S.D. Body of Table P = 0.05 = 3,972,

Table 63c.

Interaction between specles and herblicides on regrowth per original
growing polint

Specles
Treatments L.hispida A fllifollus E,curvula Mean
Da | apon 0,049 1,663 0.000 0,571
Paraquat 3.481 0,879 Bs 15 4.162
Mean VG tagl | 4,062 2,366

L.S5.D. Body of table P = 0.05 = 3,806,
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sidered to be regrowth after sprayling. There was no
signiflcant difference in the amount of herbage which
regrew on the different speclaes. However, in each of
these three categories there was less regrowth on the
tufts sprayed with dalapon than on those sprayed with
paraquat. The significant Interaction between the

spacies and herbicides indicated that the response of

A. filifolius was, once again, the same for both hers=

“bicides while the other two speclies were suppressed

by dalapon to a greater extent than by paraquat.

All the data gathered from this experiment indi=
cates that dalapon is considerably more effective than
paraquat in suppressing the regrowth of T. hispida and
E. curvula. There is, however, little difference in

the effect of the ftwo herbicides on A. filifolius.

In the absence of a control treatment (no herbicide)
It Is not possible to state categorically whether both
sprays were Ineffcctive or whether they were both
equally effective, In suppressing the regrowth of +his
species. Howcver, data from experiment N-Ec 17/2
(section 3.5.3.3.2) indicate that paraquat does sup=
press the regrowth of A. filifolius, and It might,
therefore, be concluded that both herblicldes did

suppress its regrowth tc some extent. The differens=
tial response of Highland sourveld grasses to the herbi=
cides does, however, Iindicate that any form of genes=

ralization zbout their effects Is dangerous,



- 3 O 4 -

3.5.3.3.6 The residual effects of dalapon on ihe

germination of overseeded species

Dalapon is a potentially useful herbi=
cide for use in seed-bed preparation in tThe oversceding
of grassland. It has a more severe killing effect
than does paraguat in some instances, but this advans
tage is countered, to scme extent at least, by tThe
longer duration of its residual effect. This resi=
dual effect is likely to cause damage to the seedlings
of overseeded specles unless sufficlient time lapscs
between spraying and seeding. Thus It is apparent
that a knowledge of the precise duration and extent of
this effect is essential prior to the use of this her=
biclids for seed-bed preparation. A pct experiment

was conducted with this object in view.

Objective

The object of this experiment was to determing
the duration of any residual effccts of dalapon on

secdlings whaen it was sprayed cnto the soil.

Procedure

Twenty-four porcelain pots, each with an internal
diameter of soeven inches (18 cm) were filled with
Clovelly topsol!l, waterd and placed in a glass-house,
which could be heated, at Potchefstroom. The pots
were Jivided Into four blocks (replicates) of six pots
each to which the six ftresatments were applied, Sets
of four pots (one from each replicate) were sprayed
eight, four, two and one wecek before sz2eding on the
2nd July 1969, when the fifth set was sprayed and thso

sixth set was left unsprayed, The noTs were spravod
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Table 64

The residual effect cf dalapon upon the germlration and carly
establ Ishment of pasture seedlinas

Percentage establ ishment

Healthy seedlings

Treatments Deformed —
soed- Clover Srand
| Ings Pedila- Total toial

et T.repens T.pratonse Total "™

Not sprayed LA 5.0 34.5 22,2 28.4 20.1 g P

Sprayed 8 wecks y - "

before seedlng 53 247 20,7 14.5 7.8 12,7 Thaz

Sprayed 4 weoks s - A%

béfere soodlig 11.8 4.7 13.C 13.0 13.8 1Q.2 72,1

Sprayed 2 weeks

befare soed Ing 13:2 242 4.7 . 4,0 3.3 T2

Sprayed 1 week m d

before seedina .8 e B 0.2 0.2 Sl ek

Sprayed on day L

of seeding 1.2 o2 0.0 0.0 0.0 0.5 7.7

Mean Tyl 20 12,2 8.9 10.% 8.0 14,9

LadiDi P o= 0,056 4.4 N.S« 13.5 10,5 1 e 7e8 8.7

P =001 6.2 18.G 14.5 15:,8. 10,8 12:1

Coefflciont of ,. . H ot . > b

arTaEidn 42.4% 80.6% 73.4% 7¢,3%  72.5% 64.8% 38,2%
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with dalapon at the equivalent of 70 Ib (31.8 kg) acs=
tive ingredient, mixed with 24 fluid ounces (682 cc
"Agrol 90" wetting agent in 150 gallons (682 litres)
of water, per morgen (0.8565 ha). The spray was ap=
plied with the ald of an aerosol spray—-pack, and
screens were placed round each pot to reduce spray
drltt.

One hundred seeds of each of T. repens, T. pra=
tense and P. dilatatum (floated sced) were sown on the
surface ¢f each pot. The seeds woere taken from the
same batches as were used in the previous trials.

Forty days after seeding the seedlings were pulled out
and divided into defcrmed and healthy plants. The
number of hsalthy secedlings of each specles was counted,
but The other category was not subdivided as It was not
possible to distinguish between the two clover specles
when they were deformed. The pots werse all kept molst
from the time of the first application of dalapon un=
t11 the seedling counts. During most of this period
warm air was circulated through the glass-house at
night,

Results znd Discussion

The percentage of sown scods which were counted
in each categery, forty days after seeding, are given
in table 64.

Spraying with dalapon resulted in a reduction of
the total number of plants and in the number of heals=
thy plants which became established, The shorter the

pericd between spraying and seeding, the more severe
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were the effects of the herbicide. There were signi=
ficantly fewer plants on the pots which had been spray=
e¢d one week before seeding than on all other ftreatments,
except the one which was sprayed at seeding. This
latter treatment also had fewer plants than did the
controcl ftreatment and the treatments which were sprayed
four and elght weeks before sseding. There were also
significantly fewer healthy plants in the pots sprayed
one week before and at seeding than on all the other
Treatments except that sprayed two wecks before seeding.
This latter treatment had fewer healthy plants than did
the control treatment and the treatment which was spray=
ed eight wesks before seeding. The treatment sprayed
four weeks before seeding also had fewer healthy plants

than did the unsprayed plots.

Spraying with dalapon resulted in an increase In
the number of deformed plants. There were signlifi=
cantly fewer deformed plants on the unsprayed plots

Ty

than on all other treatments. & number of deformed
plants was at a meximum on the plots which were sprayed
with dalapon at four and at two weeks before sceding,
which had significantly more deformed plants than di¢

any of the other treatments.

There were no significant differences in the per

n

centage of healthy P. dilatatum seedlings on the vari
ous freatments. The germination of this species was
poor (3%). However, the number of healthy red and
white clover plants decreased as the period between
spraying and seeding shortened. The pocts sprayed one
week before, and on the day of seeding had practically

no healthy red or white clover plants. The unsprayed
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pots had significantly mere healthy red clover piants
than did¢ all the sprayed pots, and also had more white
clover than all the pots sprayed two weeks or less be=
fecre sesding. The pots which were sprayed eight weeks
before seeding had more healthy clover plants of both
specles than diJ those sprayed two weeks or less bes

fore sseding.

It is apparent: that under the cend!tions of this
experiment, Clovelly soil when sprayed with dalopon
shouldhot be overseeded until at isast four weeks have
elapsed after spraying. A small reduction in the per=
centage establishment is probable even elght weeks after

spraying.

3.5.3.3.7 The app'!ication of the method

Horbicides have been used with success,
overseas, to reduce the competition from the existing
sward in the sstablishment of overseeded pastures,
however, thoy are generally used In comblnation with
someé form of soil disturbance. In inaccessible arcas
they have the advantage that they can conveniently be
applies from the air,. Paraquat, in particular, ap=
pecars to have the further advantage of the absence of

residual effocts harmful to gerninating seedlings.

The series of trials which were carried out tond
to confirm these impressions cbtalned from overseas
experiments. They also indicate that dalopon has a re=
latively short periocd of residual activity, and because
of its greater inhibitary effect on the growth of some

grasses It might prove more effective than paraquat.
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I+ is apparent that thore Is a considerable diffarence
in the reaction of Highland Sourveld grasses to these
herbicides. Consequently varied success could be
expected from the usz of these herbicides, depending on
the species composition of the grassland sward. A
fair amount of improvement was achieved In the one
field ftrial in which paraquat was used, however, greater
success was achieved using other preseeding techniques,
In such cases, howsver, herbaye yields may be Iinade=
quate measures of the value of the improvements; even
small increments of high quality improved species may
be sufficient to adjust the nutrient deflclencies in
the animals diet, anu may result in considerable in=
creasas in animal precduction. This ftechnique should
be coupled with mowing cr burning to ensure that old

herbage dces not smother the scedlings.

The herbicides have obvious advantages for use
on steep slopes, viels and stony =reas where imples=
ments can not penetrats. However, at present prices
they are unlikely to prove profitable when used In
conjunction with other techniques such as scil diss=
turbance. Because of the costs of the herblcides and
because of uncertainty as to their effectiveness on
all types of grassland swards; it does not appear to
be reasonable toc recommend their general use at thls
stage. Further field trials should be effective in
clarifying this point. It would be of considerable
advantage 1f these triais could be conducted In such
a way as to ylield results in terms of livestock pro=

duction.
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3.5.3.4 Wnitrogen fortilization as 2 means of secsd-bed

preparation (N-Ec 17/1)

Conflicting results have been obtained
on the effects of nitrogen fertilizer on the basal

cover of veld. Some workers (Meredith, 1948; Hall

et al, 1950; 1955; Botha, 1953; Barnes, 1956) have re=

corded an increase in basal cover due to the applica=
tion of nitrogen tc¢ the veld, while others (Fisher,
1954; Booysen, 1954; 1961) have recorded a decline

in basal cover, The reason for these conflicting

results might be due to one or more of several causes.

These are: variation In the original composition of
the swaord, availability of seed of pioneer species,

the method by whicnh the sward was utlilized, and tThe

duration of the experiment. Basal couver will probably

Increase more rapidly after fertilization on a pionser

sward containing stolonifcerous grasses with a gocd

supply of seed, than on a sward with few pioneer spe=

cies and llittle of their seed available. In tThe
latter sward the plants, which are higher in the sucs=s
cession, would die out fairly rapidly but the colonis=
saticen of the bare arvas by pioneers micht be a le
process which would perhaps result in a ftemporary des=
cline in basal cover. Bocysen (1954) and McKenzie
(1261) have ncoted that the lack of seed supplies has
IImited the rate of Invasion of pioneer grass species
on a fertiiizer experiment at Ukulinga. In many of
the fertilizer experiments on veld the bLasal cover
has not been noted during the first few years, thus
the initial stages of killing and colonlisation have
not been recorded.
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HYPOTHETTICAL CHANGES IN BASAL COVER AFIFR NITROGEN FERTILIZATION OF VELD.
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Botha (1953) and Fisher (1954) in South Africa and
other workers overseas (Bhanucha & Dave, 1952; Rogler
& Lorenz, 1957; Lodge, 1259) have found considerable
differences in the basal cover c¢f fertilized natural
grazing, caused by different methods of util!lzatlon,
A+ Athole, Botha (1953) reported differences in the
basal cover of fertilized veld caused by the systen
of grazing and class of livestock used. At Franken=
wald, Fisher (1954) found, that with frequent clipping,

the basal cover of hesavily fertilized "Eragrostis veld"

increased., However, when clipping was less frequent

t+he baszl| cover declined.

I+ was concluded that the fertilization of veld
with large amounts of nitrogen could, in scme circums=
stances, bring about a drop in basal cover,. This drop
In cover might be of a temporary nature resulting from
a decline in cover of the climax grass specles. Ine
creases in the pioneer species cover, at a later date,
might compensate for the decline. (See Fig. 9). | '+
was also concluded that the drop in basal cover might
be accentuated by lax utilizaticen of the herbage in
the early stages of fertilization. I+ was reasonsd
that this low polint in basal cover might prove to be
a favourable time for the establishment of overscoded
species, which once established might substltute for
and replace the increasc cf pioneer species. Con=
sequently an experiment along these lines was started
in the Highland sourveld. For the sake of convenience
these treatments were combined in one experiment with
two paraquat spray treatments, which have been discus=

sed in section 3.5:8.3.4,
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Objective

The objects of the experiment were to Investigate
the influence, of preseeding treatment of the veld with
nitrogenous fertillzer and with paraquat, on the subs=

sequent establlishment of overseeded pasture species.

Procedure

The experiment was started In November 1965, on
the "Clovelly" block, when the nitrogenous fertilizer
was applied for the first time to veld which had been
mown In September., The paraquat was appllied and
seeding was carried out in December 1966, The experis=
ment consisted of a 5 x 2 x 2 factorial deslign in ran=
domised blocks with three replicates. The treatments

are described in tha following paragraphs.

Five preseeding tfreatments were applied. The
first treatment was not treated prior to seeding (con=
fraold., The second ftreatment was fertillized with 300
Ib (136 kg) N (as |imestone ammonium nitrate - 21% N),
50 Ib (23 kg) P (as superphosphate - 8.3% P), 200 Ib
(92 kg) K (as KCi- 50% K) and 600 Ib (272 kg) agrlcultus=
ral lime per morgen (0.8565 ha) applied to the veld In
the year prior t¢ overseading. The third treatment
was the same as the second except that the amount of
nitrogenous fertilizer applied was doubled. The
fourth and fifth treatments consisted of one and two
pounds per morgen (0.53 and 1.06 kg/ha) respectively of

paraquat sprayed on the veld +he day before seedlng.

The veld canopy was in two conditions at seedling.

It was elther mown just prior to seeding or was left
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uncut (l.e. two to three months spring growth on the

plots).

The seed was applled at two rates. |t was ap=
plied at 100 Ib (45.4 kg) P. dilatatum, 6 Ib (2.7 kg)
T. repens (Ladino) and 16 Ib (7.3 kg) I. pratense per

morgen (0.8565 ha) and at double these rates.

The nitrogenous fertilizer was applied in two
equal dressings, ons at the end of Ncvember 1965 and
one during January 1966. The phesphate, potash and
lime were also applied during November 1965. Para=
gquat was sprayed onto the veld by means of a knapsack
spray in December 1966. The paraquat was mixed with
water, at the rate of 100 gallons (455 litre) per mor=
gen, and "Agrol 90" ( a2 non-lonlc wetting agent) at
the rate of 16 fluid ounces (454 cc) per morgen.

The seed of the pasture species was broadcast over
each plot separately, on moist so!l one day after spray=
ing with paraquat in Decsember 1966. The legume seeds
were inoculated with apprepriate strains of Rhizobium
bacteria. At establishment all the plots were fers=
tillzed with 600 Ib (272 kg) superphosphate, 400 Ib
(182 kg) KC1, 2 ton (908 kg) agricultural |Ime and

250 1o (114 kg) lIimestone ammonium nitrate per morgen.
In the spring of the 1967/68 scason the plots were all
fertilized with a further 600 Ib superphosphate and
400 |Ib KCIl per morgen.

The herbage yleld of the plots was determined from
two strips (each of 2 X 10 yd — 1.8 x 9.1 m) which
were cut from each 7 x 12 yd (6.4 x 10.9 m) grecss plot.
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After seeding, sample strips of herbage were separated
into the sown components and the veld component.

Prior to seeding, during the 1965/66 season, all the
plots were cut twice, the mown treatment was appllied

to half the plots In November 1966, and the first post=
seeding cut was applied in January 1967, (For purposes
of statistical analyses the yields of these last two
cuts were combined). The contribution of the sown
species, to yleld, is apparent only in the last cut &f
the 1966/67 season and in all three cuts of the 1967/68

scason.

The basal cover and speclies compositlon of the veld
were recorded, by means of a polint bridge containing
three points spaced ten inches apart, during December
1965 and again In November 1966. One hundred and eighty
points were recorded on each plot at each analysis -
this amounted to 2160 points on each of the five pre-
seeding treatments, as the mowing and secding rate
treatments had not yet been applied. The two para=
quat treatments, which had not been applied, were con=

sidered as additlonal control treatments.

The pattern or arrangement of a grassland sward
may affect the success obtained with the establishment
of oversown specles, Individual plants in the field
are rarely sysiematic or random in distribution and,

In fact, the ccmmonest situation Is that plants tend to
be more or less gregarious and are clumped in patches
of varying size and density within an area (Greig-Smith,
1957). When this happens the mean density of plants
per unit area glives a mlslcading impression of the mean

distance apart of individuals, and so of their effective
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density (Harper, 1959). The mean censity, thercefore,
also gives a misleading impression of the size of the
open spaces betweon fufts. The size, pattern and
frequency of tufts and cf bare spaces in veld determines
the number of "safe microsites" for establishment,
which according to Harper, Williams and Sogar (1965)
determines the =zarly establishment of oversown species.
Beocause the nitrogen fertilizer treatments may have
resulted in a change in the horizontal spacial arrange=
ment our pattern of the grass tufts, it was decided to
avtempt to record any such changes. The presence or
absence of basal cover at points along twe ftransects,
parallel tc one ancther and 40 cm apart, was recorded
in March and again in November 1966, The March ana=
lysis, although carried cut three months after the ap=
plication of fertiilzer, should give a falrly good re=
flecticon of the pre~treatment condition of the veld
as obvious changes in basal cover had not yet taken
slace., The presence or absence of cover was recorded
at every centimetre along the 64C cm length of cach
transect. This data was then examined and the size
of the bLare spmces and tufts was recorded, (The
possibility of a bare space or tuft, smailer than one
centimeter, between two adjacent recordings was igs=
nored. This practice probably resulted In an overs=
estimation of cover, as bare spacass of laess than one
centimetre in diameter could be expected more frequents=
ly than small tufts of this size on this type of sward).
Only total cover, and not species composition, was res=

corded,



Table 65
The effect of nitrogen fertilizer and paraquat pre-seeding treatments on herbage yields
(Yields of Dry material in ton/morgen) (1 ton/morgen = 1059 kg/ha)

L1E

1965/66 1966/67 Total of 3 cuts 1967/68
Treatment
17/11/67 9/3/67 .
20/12/65 9/3/66 Total & 17/1/67 9/3/67 Total Clover Clover P.dilatatum Veld Total
Pre-seeding treatment
No treatment 0.77 0.77 1.54 1.69 0.59 2.28 0.003 0.118 0.031 3.976 4,125
300 Tb N/morgen 1.01 4,26 5.28 4.86 1.16 6.01 0.014 0.540 0.075 4.540 5.155
600 1b N/morgen 1.10 5.39 6.49 6.02 1.87 7.90 0.020 1.331 0.170 5.349 6.850
1 1b paraquat/morgen 0.89 0.78 1.67 1.00 0.54 1.52 0.008 0.462 0.176 3.304 3.942
2 1b paraquat/morgen 0.89 0.87 1.78 1.02 0.53 1.55 0.008 0.481 0.200 3.454 4.135
Mean 0.93 2.41 3.35 2.91 0.94 3.85 0.011 0.586 0.130 4,125 4.841
L.S.D. P = 0.05 NS 0.77 0.95 0.73 0.29 0.69 N.S. 0.356 0.103 0.777 0.706
P =0.01 D 1.19 1.39 0.99 0.39 0.93 e 0.480 0.138 1.047 0.951
Condition of veld
Mown - - - 2.87 0.98 3.86 0.011 0.615 0.112 4,170 4,897
Unmown - - - 2.08 0.90 3.85 0.010 0.559 0.150 4.082 4.791
L.S.D. P = 0.05
P =0.01 = - - N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
Seeding rate
Low - - - 2.31 0.93 3.74 0.011 0.404 0.122 4.436 4,962
High - - - 3.01 0.95 3.96 0.010 0.770 0.139 3.816 4.725
L.S.D. P = 0.0% - - - 0.225 0.492
P =001 X y E N.S. N.S. N.S. N.S. 0.304 N.S. 0.662 N.S.

Coefficient of variation 19.35 16.95 15.10 30.14 38.47 21.48 172.62 72.88 94.40 22.60 17.50
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Results and Biscussiocn
(a) Herbage ylslds

The yields of herbage harvested from the
plots during the pre-estatlishment, the estaulishment
and during one post-establishment season are given

In table 65.

The yield of the veld was increascd considerably
by the application of niftrogenous fertillzer., During
the pre-establishment pericd the yield of the first
cut, taken within one month of the first fertilizer
application, was not affected by the treatments. How=
ever, in the second cut of that season, which was har=
vasted three months later during March, there was a very
marked response to the application of nitrogencus far=
tilizer. The application of 300 Ib N per morgen res
sulted in a five foid increase of yield compared with
the contrel plots, while 600 Ib N ner mcrgen produced
a further significant Increase ir yleld. During the
establishment seascn (1966/67) the yield of herbage
frum the fertilized plots was a'sc much greater than
that of the unfertilized plots. (This aiso reflectad
the response of the veld as the souwn specles made only
a very small contribution to the yieid during this
sgason). In all, from the tine of the first fertili=
zer application (November, 1965) until the end of the
establishment season in March 1967 (a period of sixteen
months), the unfertillzed plots yialded 3.82 tons
(4045 kg/ha) the 300 Ib N per morgen freatment 11.29
tons (11,956 kg/ha) and the 600 IL N per morgen treats
ment 14.39 tons (15,239 kg/ha) dry meterial per morgen.
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| f the costs of the fertilizer applied (based on lime=
stone ammonium nitrate (26% N) at R40.95 per ton (908
kg), superphosphate R23.60 per ton, muriate of potash
R34.70 per ton and lime R2.00 per ton) on the treat=
ments is compared with the increased value of the hay
produced (valued at R15 per ton or R16.50 per ton of
dry material) then the treatments appear to yleld a
handsome profit. At the 300 Ib N per morgen level the
profit Is R85 per morgen and at 600 I N per morgen

i+ is R112.50 per morgen. Slightly higher hay making
ccsts per morgen should be offset against these flgures
out other costs such as depreciation and interest on
Implements, and on land capital would be unaffected Ly
the increassd yields. Thus all factors consldered,
the costs of seed-bed preperation Involved in this
technique should Lo amply repaid by the pre-establish=

ment ylelds of veld.

The application of both levels of paraquat sigs=
nificantly reduced the yield of the veld during the
establishment season (1966/67). Mowing the veld
pricr tu seed’ng and the two seeding rates did not
influence the herbage yields during this seascn.
Howevar, the interaction btetween the preseeding treats=
ments, the condition of the veld at seeding and the
seeding rates was statistlically significant In the
fotal ylald, The 600 IL N per morgen pre-seeding
treatment con unmown vied at the high seeding rate
gave a higher yield than it did at the low seeding
rate, while the yield of all the other pre~-sseding
treatments, irrespective of the condition of the veld,
was unaffected by the ssedlng rate. At this level

of nitrcgen fertilization the mown olate (a+ candlead
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outyielded the unmown plots at the low seeding rate but
t+he reverse was apparent at the high seeding rate.
As these tendencles were not apparent in the yields of
the third cut or in the yield of clover material, the

cause for them is obscure.

The yield of clover, in the first season after
establishment (1967/68), Incrcased as a result of
the pre-seeding ftreatments. Both the 300 IL N and the
600 It N per morgen pre-treatments resulted in a sig=
nificant increase In the yield of clover when compared
with the control ftreatment, while the plots of the
600 Ib N per mourgen treatment ylelded significantly
more clover than did all other ftreatments. The
yleld of clover on the plots sprayed with 2 Ib paraquat
per morgen was sigriificantly greater than on the con=
trol plots, while the increase in clover at 1 |Ib paras=
gquat per morgen just failed Tu reach significance
(P=0.05), The mowing of the veld prior to seeding
did not affect the yield of clover, but the seeding
rate did. The yield of clover was signiflicantly
greater at the high seeding rate than at the low rate.
The Interacticn of the sewding rate and the pre=-seeding
treatments was significant for the yleld of clover du=
ring this season, The high sescding rate produced an
increcased yleld of clover at 600 Ib N per morgen but
was no bLetter than the low seeding rate on the other
pre~seeding treatments, The yield of clover at the
low seeding rate was the same on all pre-seeding treats=
ments (except that the control was less than the 600
It N) but at the high seeding rate the 600 Ib N per mor=
gen pre=treatment produced more clover than did all the
other treatments.
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The yield of P. dilatafum was Increased signifis=
cantly by the application of 600 Ib N per morgen and
by the appllication of both rates of paraquat. The
high level of paraquat (2 Ib/morgen) also resulted In
a greater yleld of P. dilatatum than did the applica=
tion of 300 Ib N per morgen, The conditlon of the
veld at seeding and the seeding rates did not affect
the yleld of P. dilatatum.

The yield of veld was greater, in the year after

seedling, on the 600 Ib N per morgen pre-treatment than

O

n all ofher freatments, while at 300 Ib N per morgen
{pre-treatment) the veld outyielded that on the plots
which had Leen sprayed with paraquat. The mewing of
the veld Just prior to overseeding did not affect the
yield of the veld, Lut its yield was depressed by tThe
high seeding rate. The interaction of the seuding
rate and the pre-sseding treatmgnts for the yleld of
veld was significant during this zsason. The high
sgeding rate resulted in a significant Increase¢ in the
yield of the veld on both N treatments and at two Ib
paraquat per norgen, at one pound of paraguat per mors=
gen seeding rate had no effect on veld yields, but on
the centrol ftreatment the hlgh seeding rate depressed
the yield of the veld. The veld at 600 Ib N per
morgen, at the low seeding rate, outyleldead all other
pre-seeding treatments, but at the high seeding rate
both nitrogen pre-soeding treatments outyielded both
paraquat treatmants.

In the first year after seading the total yield
of herbage was greatest on the 600 Ib N per morgen pre-

seeding ftreatment. The 300 Ib N per morgen pre-seedi



Table 66

Percentage basal cover of plant famalies before and after nitrogen fertilization

PRESENT BASAL COVER

Category 1965 1966
" . L.s.D. * . L.s.D.

Control 300 N 600 N ¢ynro1 controt  Me2M  pug.05 pog.o1 Comtrol 300N 600 N ¢ ey control MM pag.05  P0.01
Desirable specfes  6.62  6.66 6.53 9.60  8.15 7.5 1.61 2.17 11.25 7.18 5.32 10.14  11.02 8.98 1.24 1.74
Undesirable specles 6.16  5.23 4.77 5.93  6.90 5.80 1.40 1.88  2.73 5.79 5.65 4.86 4.25 4.66 1.64 2.21
Total Cover 12786 1189 11,30 15.51 1505 1333 1.86 £.63 13,98 12.46 10,97 1500 1528 1364 185 .51
ArundinelTeae 3.29 3.5 #8 +U0 8.5 .89 - . 593 4.9 3.66 5.3 sS4 541 1,08 i
Andropogoneae 3.61  3.80 3.47 4.35 4.9 al - - 472 1.94 1.20 4.31 5.0 3.45 1.3 1.74
Paniceae 2.04  1.67 2.36 2.59 2.0 i - 5 1.85 1.62 0.79 2.22 1.99 1.69 0.9 1.27
Chiorideae 1.16  0.97 0.8 1.39 1.71 1.20 - . 0.83 1.76 2.18 1.25 0.83 1.37 0.76 1.02
Eragrosteae 2.13  1.39 1.06 2.04 1.9 1.7 - - 0.37 1.3% 1.9 1.16 L3 22 095 1%
Compositeae 0.3  0.14 009 0.28 0.5 0.28 - 2 0.19 0.88 0.88 0.32 0.23 0.5 0.62 -
Other 0.28  0.37 0.55 0.83  0.28 g = - 0.09 0.46 0.37  0.37 0.14 0.29 . .

"Later treated with paraquat.

22t
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treatment also cutyielded the other three trecatments.
The condition of the veld at over-ssceding and the

seeding rates did not affect the total herbage yields

These results indicate that the pre-seeding treat=
ments which werc applied aided in the establishment of
the oversown species. The nitrogen ftreatments had a
further advantage of increasing by a considerable
amcunt, the totz!l yield of herbage during the whole

pearlod of the trial,

(b) The botanical composition of the herbage

The percentage basal cover of the varlous
plant families in December 1965 (il.e., just after the
£ =+

flrst

application of N fertilizer), and in November

1966 are glven in table 66.

The categories and families were represented by

the following genera and species.

Undesirable species

Alloteropsis semialata, Andropogon filifolius, Aricstida
Junciformis, Elyonurus argenteus, Eragrostis species

(chiefiy E. curvula and E. plana), Festuca specles,

Harpechlos capensis, Helictrotrichon turgidulum, Koe=

leria cristata, Michrochloa caffra and all other non-

gramineaceous specles.

Desirable specie

Bracharia serrata, Dicitaris tricholaenoides, D. seti=

folia, Eulalia villosa, Heteropogon contortus, Hyparrhenia

nirta, Monocymbium ceresiiforme, Panicum ecklonii, Themeda

——

triandra,

spicatus and Tristachva hispida.
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Andropogoncae

Andropogon filifollius, Elyonurus argenteus, Eufalia

villosa, Heteropogon contortus, Hyparrhenia hirta,

Monocvimbium c=resiiforme, Themeda triandra and Trachy=

pogon spicatus.

Arundinel lcae

Tristachya hispida

Chlorideae

Harpech!oa capensis and Microchicz caffra

Gomgosifae

Eragrosteac

Eragrostis plana ard E. curvula

Paniceae

Alloteropsis semialata, Bracharia serrata, Digitaria

tricholaenocides, D, setifolia and Panicum ecklon!’

Other

Aristida Junciformls, Cyperacooe, Festuca speclas

Helictrotrichon turgldulum and Koslaria cristata.

The 1965 analysis

The plots of the two treatments which were to be
treatod with paraquat, had a greater total basal cover
“han did thes other treatments at the start of the ex=

periment. This Is unfortunate and is obviously due to
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variation withlin the experimental arca. Both thess
treatments had more cover of deslirable species than did
the other three treatments. There were also some
differences in the cover of undesirable specles between
these two treatments and the other treatments. Due

to these initial differences in cover these two treafs=
ments (which were at this stage virtually "dummiecs"),
were excluded from further comparisons between tThe

freatments.
Thre were no significant diffcrences in any of
the various categories of cover betwcen the first fthree

treatments at this stage.

The 1966 analysis

The appllication of 600 Ib N per morgen resulted
in a significant reduction in the total basal cover
when compared with the control freatment. The applis=
cation of niftfrogenous fertilizer (at both levels) re=
sulted in an increase in the basal cover of undesirable
species and a reductlon In that of desirable species.
There was also |ess basal cover of desirable specics
at the high level (600 Ib N per morgen) of nitrogen
application than at the low level (300 Ib N/morgen).
The effects of the fertillzer +reatments on the various

grass famllies is summarised as follows:

Arundlinel leae

Nitrogenous fertilizer resulted In a reduction
in the basal cover of this "climax grass" family.
112 reduction was most marked at the high level of

application of nitrogen.
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Andropogonzag

The application of nitrogenous fertilizer also
resulted in a reduction of the basal cover of this

"climax grass" famlly.

Paniceas

The basal cover of this family was also reduced as
a result of the application of the high level of nitro=
genous fertilizer, The low level of fertilizer ap=

parently had no effect on the basal cover.

Chlorideae, Eragrosteac and compositae

The basal cover of these threce families increased
as a result of the application of nitrogenous fertili=
zerl. The latter two families comprise the main pios=

neer plant species In this veld typc.

The rapidity with which the changes in basal cover
took place was perhaps the most significant feature.
Observations indicated that the change took place over
winter, between the first frosts in April 1966 and The
spring of 1966, The changes, predicted in the hypothe=
sis on which the trecatments were based, occurrsd so
rapidly that the experimenter was unpreparasd, and cons
sequently the overseeding and the second botanical ana=
lysls were carried out later than they should have
bcen. At the time of seeding (and botanlcal analysis),
the invading indigenous picneer
species had already begun fo colonise the space formerly
occupied by the "climax grass" spscies which had died.
Thes earlier sgeding, In soiing, may have produced

better resulfs as the oveirseeded specles were observed
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FIGURE 10.

CHANGE IN SPESIES COMPOSITION RESULTING FROM NITROGEN FERTILIZATION ( 1 1b/morgen =10569 kg/ha )
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to suffer from the competition of the indigenous
piongers., The charges in cover, in relatlon fo seced=

ing are illustrated in figure 10.

Louw (1967) reporting on the effect of fertili=
zation of the veld with sulphate of ammonia, on the
red loams of the Transvaal Springbok flats, also cb=

served a decline in the basal cover of Andropogoncag due

to fertilization. Three of the species (T. friandra,

H. contortus and E. argenteus) in this family are com=

mocn to the veld of his experiment and fto the Highland
sourveld. He also noted that the basal cover of the
Eragrosteac remained more or less unaltered as a re=
sult of nltrogen fertilization. He ascribed this to
the varied reaction of the Eragrostis species. E.
curvula which responded to nitrogen fertillzation in
the Highland sourvald was apparently not present in
the Springbok flats, but on the basls of Ranwell's
(1964) work at Potchefstroom such a response might
indeed Le expected. Louw (1967) notes that the
basal cover of B. sarrata Increased as a result of
nitrogen fertilization, but at Tabamhlope the basu.
cover of this speclies tended t¢ decrcase (thls obsers
vation is very tentative due to the sparcity of this

spacivs at Tabamhloped.

Although it Is gencrally accepted that the Andro=
pogoneae decrease and the Eragrosteae increase as a

result of nitrogen fertilization, there appesars to be

scope for further investigation of the behaviour of
individual species and ftheir ecotypes. t+ is con=
Cicvable that there may bo ecotypes of nermally suss=

ceptible speciss which ars adapted to a high level of
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nitrogen. {(e.g. T. *riandra on the black furf soils

of the Themeda veld - Acocks veld ftype 52 - on which
annual crops show a poor response to nifrogen ferti=
lizatlon)., The practical value of such Investigations
may also lie In determining the genetic yield limita=
tions of the scotypes. Tolerance to nitrogen ferti=
lization in such an ccotype may be coupled with a l|ow

genetic potential for yleld. Such a condition cculd

sericusly limit the response of the vo i to fertiliza
tion because pionzer speclies, with a higher yicld po=
tential, may be unable to obtain a foothold.

4

{c) The sizc of tufts and bare spaces

The mean diemeter of the grass tufts and of
the bare spacaes between tufts on the trecatments in

March @and in November 1966 is given in Table 67.

The mean diameter of the gruss tufts did not vary
between treatments at elther of tie pericods of measure=
ment. However, the mean diameter of all tufts appesared
to be greater in March than in November. During March
there was no difference In the mean dlameter of T.o bare
spaces butwessn tufts on The variocus treatments.

However, eignt months later (November), and cone year
aftcr the first application of fartilizer, therc wers
significant differences between the diameter of the
bare spaces on the various treatments. The diameter
of the bare spaces on the two treatments which had
becn fertilized was greater than that on the control
trzatmaent. The diamcter of the bare spaces was also
greater at the high level (600 Ib N/morgen) of ferti=

t1zaticn than at the low level (300 Ib N/morgen).
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FIGURE 12. THE EFFECT OF NITROGEN FERTILIZATION ON THE NUMBER OF BARE

SPACES IN SPACE SIZE CATEGORIES
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Table 67.

Mean dlameters of tufts and of bare spaces as affected by nitrogen
fertillzation.
(1 |b = 0,454 kg; 1 morgen = 0,8565 ha)

Mean size of tufts (cm) Mean size of barc spaces (cm)

Lia ol il March 1966 Nov. 1966 Change March 196G Nov. 1966 Change
Control 16,97 12.26 =471 17,95 17.77  =0.18
300 Ib N/morgen 14.98  13.12  =1.86 15,35 20,82 45,47
6C0 |b N/morgen  18.36 12.63 -5.73 17,31 33.40 +16,09
TiControl 15.47 12,30 =3,17 7.84 17, 100 = 074
HCar trol " 18,55 12.06  =~6.47 . 1219 16,85 = 2.2
Mean 16.86 12,47  =3,39  17.53 21,20 -+ 3,67
L.2.0. P = 0,05 NS, N.S. - N.S. 3.93 -
P = 0,01 - 5,29 -
PoMtision® ol ya ey 1588 - 20,79 22.21 %
Variatlon
Megn.of Sangs bl @90 | SEE . 1083 17,25 = 107

trols

¥Later sprayed with paraquat.

The number of tufts, and bare spaces, also varied
depending on the treatment applied. Between March

N

and November the number of tufts on the control plots
increased from an average of %25.6 to 41.4 per 1280 cm,
however, at 300 Ib N per morgen they decreased from

42.1 to 37.0 and at 600 |Ib N per morgen frem 34.6 to
2615 As might be expected similar chengus were also
apparent in the number of bare spaces. The number of
bare spaces increased cn the control plouts and decreased
on the fertillzed plots.
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In order to facilitate comparisons between the
size of the tufts, and the barec spaces, on the various
treatments, the plants and bare spaces were grouped
into categories based on their diameter, The number

of plants, and of bare spaces, cccurring in sach cates=

gory on each treatment are represented In figures 11

and 12.

The number of small (<12 cm diameter) plants in=
crsassed on the unfertilized plots between March and
flovember, However, at 300 Ib N per morgen the number
of very small (<8 cm diameter) piants increased while
the number ¢f slightly larger (9-16 cm diameter)
plants decrcased over the sams pericd. At 600 Ib N
per morgen the number of plants in most categorlies de=
creased betwecen March and November. These chenges may
be indicetive of a change in the botanical composition
of the veld, as different grass species might have
different peaks on the tuft size uad number
Unfortunately, the staff available for these recordings
was not trained in species identification and this ad=

ditional data was, therefore, not recorded.

Changes in the number ¢f bare spaces in the varis=
ous categories were alsu apparent between March and
November, The number of bare spaces with a diameter

of between 9 and 24 centimetres increased on ths con=

trol plots between March and Novembur, However, where
nitrogenous fertilizer had been applied the number of
small (<20 cm diameter) bare spaces decreascd while the

number of large (>40 cm diameter) bare spaces increased
¢ver the same period. These effects wero more marked

at 600 Ib N than at 300 It N per morgen. This data
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indicates that the application of heavy dressings of
nitrogenous fertillzer ftc the Highland sourveld re=
sults in a rapid change in the size and frequency of
bare spaces and thus probably in fthe pattern of the
vegetaiion. It results in less bare spaces whichs
however, tend to be larger than on unfertlllized veld.
Such large bare spaces might be expected to provide
favourable micro=-sites for the establishment of cvers=

seeded pasture species.

The application of the method

The use of heavy dressings of nitrogenous fertili=
zer as a pre-treatment to aid in the establlishment
of overseeded pasture species was successful, Not
only did It result in a ten-fold Increase In the hers=
bage yield of the sown species in the year following
segeding, but there was also a 3.8 fold Increase In the
herbage ylield of the veld during the two and a half
seasons following the fertlilizer application. The

returns from such treatment appear to be very profitable.

The method appears to be most suited for use on
rough terrain where tractors and implemants can not be
used. Spreading the fertilizer from the air has ob=
vious attractions, and urea because of its H concen=
tration appears to be well sulted to this method of
application. However, due to the rapid returns rclas=
tive to other methods of pasture establlishment; this
technique might alsn find favour on more accessible

terrain.,
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The success of the method was probably due to the
drop in basal cover, and to the development of many
large bare spaces which followed the application of
large amounts of nitrogenous fertilizer, These ad=
vantages apparently overshadowed the effects of increas=
ed competition of the veld grasses (as evidanced by
their increased yields) resulting from fertilization.
Further study of the most suitable stage for over-
seeding in relation to the basal cover changes, of the
mest suitable sources of nitrogenous fertilizer and
of the possible use of herbicides fo control broad-

leaf weeds just prior to seeding are some aspects which

warrant attention. The post-establishment management
of such pastures will also require considzrable atten=
tion.

35.5.3.5 Trampling with livestock as a means of es=

tab!ishmant (N-Ec 17/5)

The fourth method wiiich was tested for
use in the establishment of oversceded species in
grassland, was the concentration of livestock on ra=
lativaly small arsas to trample the seed into the
soil. (The other three methods were minimum t'1llage,

herbicides and nitrogen fertilization).

Crampton (1960) and Davies and Jones (1963) sug=
gest that "Hoof cul+ivation" after over-seeding should
give sufficient soil consolidation and sced covering
for establishment, ca arecas where mechanlcal cultiva=
Yion jg dUfflicuft. However, the Japanesc appear to
be the only ones who have utilized the effects of con=

centrated trampling by livestock, to prepare a seed
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bed as well as to cover the seed in the oversowing of
grassiand (Yamane, lizumi, Kurosaki, Saifo and Suga=
wana, 1962). A further example of the use of this
method in the Highland Sourveld of Natal has been re=
ported by Edwards (1966). in the latter instance
200 sheep were concentrated on 1/3 acre for 14 days

after seeding to Paspalum dilatatum. The shecp were

used to manure the scil, cultivate and destroy exlisting
vegetation and to trample the P. dilatctum seed into
the soil, The results of this treatment was the als=

most complete replacoment of Eragrostis plana with

P. dilatatum on old lands.

Beucauss of these results it was considered that
this technique might prove suitable for the establish=
ment of oversceded pasture species in the Highland

sourveld of Natal.

Objective

The object of this experiment was to determine
the effect of concentrated trampling of the veld with
cattle on tho establishmant of over-seeded pasturc

species.

Procedure

The experiment was started in November 1966 on
the Clovelly block at the Tabamhlope Rescarch Station.
It consisted of a randomiscd block design with four
whole-plot freatments and two split-plot trecatments in
five replications. The whole plot treatments of hoof

cultivation were as follows:
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(1) No hoof cultivation

(2) The equlvalent of 150 head of cattle per morgen
(0.86 ha) for six days.

(3) The equlvalent of 300 hsad of cattle per morgen
for six days.

(4) The equivalent of 450 head of cattle per morgen

for six days.

Split-plot treatments comprising the following

two seeding rates were applied:

(1) One hundred Ib (45.4 kg) P, dilatatum + 6 Ib (2.7kg)
T. repens (Ladino) + 16 Ib (48 kg) T. pratense
(Kenland) per morgen;

(2) doubls the above seeding rates.

The whole plots were ten yards (9.1 m) wide and
twenty-seven yards (24.6 m) long, and they wero split
down their length (i.e. 5 x 27 yd ~ 4.5 x 24.6 m -
sub-plots). The whole plots wers fenced and the
trampling treatments were applied over both sub-plots,
The experimentas! area was burnt in July, prior fto the
gpplication of the treatments, in an attempt to ruduce
the vigour of the veld. Seeding, was carrled out, on
a moist soil, in November 1966, and a2fter seeding all
the plots were fertilized with the equivalent of 600
Ib (272 kg) suporphecsphate (8.3% P), 400 ib (182 kg)
KCl (50% K), 400 Ib limestone ammonium nitrate (26% N)
and 2 ton (1816 kg) agricultural lime per morgen.

The day after seeding and fertilizaticn the cattle

were Introduced [Into the piots. Steers of the pas=

ture research herd were used to trample the sesd into
the soll and to graze and muck the veld. Twelve, eight,

four and no steers per plot were used respectively on



Table 68
The effect of trampling on the dry matter yields of herbage (ton/morgen) 1966/67
(1 ton/morgen = 1059 kg/ha)

28.2.67
2 +3 e
tuts f25.4.67) Cut 1 Total 14243
Treatment (8.1.67) A11 herbage
Clover Paspalum Veld A1l Herbage AH.hérbage
Hoof cultivation
Nil 0.048 0.022 1.305 1.375 2.301 3.676
150 steer/morgen 0.679 0.095 1.582 2.357 1.486 3.843
300 steer/morgen 1.007 0.166 2.295 3.469 1.253 4.722
450 steer/morgen 1.374 0.783 2.069 4.226 0.848 5.076
Mean 0.777 0.266 1.813 2.857 1.472 4,329 “
(3]
L.S.D. P = 0.05 0.424 0.420 0.496 0.526 0.488 0.778 o
P =0,01 0.594 0.589 0.695 0.737 0.685 1.090
Seeding rate
Low 0.627 0.257 1.885 . 2.769 1.467 4.236
High 0.928 0.276 1.741 2.945 1.477 4.422
L.S.D. P = 0.05 0.227 e &
P = 0.01 0.410 N.S. N.S. N.S. S oS

Coefficient of variation 43.56% 46.75% .27.54% 25.79% 18.81% 17.98%
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the 450, 3C0, 150 and nil steer per morgen treatments,
and they.-were confined to their plots, except when

they were watered, for a period of six days. As there
was Insufficient feed available on the plots, E. cur=
vula hzy was provided at the rate of 20 Ib (9.1 kg)

per animal per day. The hay was spread along the line
dividing the sub-plots and in crdor to minimise Its
gffect the remnants were raked up after the grazing

period.

Subsequent to the application of the treatmants the
sward was mown threc times during the 1966/67 season,
and it was also mcwn three times in the 1967/68 scason.
The dry matter yiclds of the veld, and of the planted
specles, was recorded at each of these cuts on a strip

of 2 x 20 yds (1.8 x 18 m) on cach sub-plot.

In the spring of 1967 the plots were fertllized

with & further 600 Ib superphosphate and 400 [b KCI

per morgen,

Results and Discussion

The yields obtalned during the establishment scason
(1966/67) are given in tablc 68,

In the first cut of this secason, practically no
herbage of the sown species was harvested, and tine
ylelds of the veld reflected the intensity of stocking
after seeding. The most herbage was harvestod from
the control plots and the least from the plots which
had been grazed wlth an equivalent of 450 MLU per morgen.



Thus 1t Is =zpparent that the trampling freatments

were successful in reducing the regrowth, and thus the
canopy competition for the overseeded species. As
might be expected the seeding rate did not affect the
herbage yields at this stage.

In the second and third cuts of the establishment
season the total yield of herbage increased with in=
creasing intensity of hoof cultivation. The most
herbage was harvested on the plots stocked at 450 MLU
per morgen and the least on the countrol plots. The
total yield was not affected by the sceding rates
during this pecriod. The yield of clovar also increas=
od with increasing stocking rates;, and the proporticn
of clover in the herbage was 3.5% on the control plots,
28.8% ot 150 MLU per morgen, 29.1% at 300 MLU per mors=
gen and 32.5% at 450 MLU per morgen. There was thus
little differance in the percentcge of clover In the
herbage at the three stocking ratos, inspite of in=
creased clover yields. The yield of clover was sig=
nificantly greater at the high seedling rate than at the
low. The ylsld of P. dilatatum was signiflcantly groa=
ter at 450 MLU per morgen than on any of the othar treat=
ments, while the yield of veld alone was greater at
450 and 300 MLU per morgen than on the other two treat=
ments, The lIncrease in the yield of ths grassss, in
particular the veld, at the nigh stocking rates may
have been duc to the additional nitrogen from the
gxtra dung and urine deposited on these treatments.

The seeding rates dic¢ not affect the yield of P, dlla=
tatum or of the veld. The total yield cf herbage
during the establishment season was greatest on the

450 and 300 MLU per morgsn stocklng rates.
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Table €9.

The effect of trampling on the dry matter ylelds of herbage
(ton/morgen) 1967/658 (1 ton/morgen = 1059 kg/ha)

Treatment Clover Paspalum Veld Total

Hoof cultlivation

NI 0.958 0,049 3.099 4,106
150 steers/morgen 1,966 0.214 2522 4,702
300 steers/morgen 2.382 0.515 1.801 4,698
450 steers/morgen 2,428 _0.851 1.664 4,942

Mean 1.933 0,407 2,271 4,612
Lo5.0s P& G035 0.621 G125 0.681 Q.827

P = Q.0 0.870 0,175 0,954 0

Seeding Ra7e

Low 1.771 N.388 2,519 4,678
High 2,096 0,426 2.024 4,546
LeS:ls B = 0,05 i , 0.415 SR
P = 0.01 N.S. N.S. 0.572 NeSs
Coefflclent of variation 27.99% 177.65% 27.24% 10,75

During the flirst season after cstablishment
(1967/68) the tutal yield of herbage was greater on
the plots which had bgen trapled than on the treat=

ment which was not tramplsd (See table 69),

During this scason the yield of clover was also

greater on the plots which had been trampled than on

the controtl ploets., Thore were no significant diffe=
rences due to the intensity of ftrampling. However,

the yield of P, dilatatum increased with each Increase

in stocking rate. The vield of the veld, during this
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season, Was legs at the two highsst stocking rates
t+han at the low stocking rate and on the control plots,
The yleld of the veld was lower at the high seeding
rate than at the low seeding rate, but this treatment
did not affect the ylelds of cither the clover cr P.

dilatatum. The sown specles contributed 25% on the

control treatmsnt, 46% at 150 MLU per morgen, 62%
at 300 MLU per morgen and 66% at 450 MLU psr morgen

to the total yield during this season.,

The application of the methcd

Trampling with livestock proved to be successful
as a method ¢f alding the establishment of oversown
pasture seeds in the Highland sourveld of Natal. Of
all the techniques applied it is the cnly one which
makes provision for the covering of the seed, and be=
causc of this may prove more successful over a wider
climetic range than the other methods, However, tramp=
ling may cause puddling of the scil If it is too wet
and if the scll Is heavy (high clay content). The
covering of the sced when added to the organic ferti=
lization and reduction of competition provided by +ihe
technique all ensure its success. A further practi=

cal advantage of the technique is its low initial cost.

The methed, as It was applied in the experiment,
might be criticised because Impracticably large nums=
bers of animals were required. This problem could
be overcome by lengthening the period of trampling,
which should prove successful on dry soil. (In the
present experiment It was originally intended to main=

taln the stocking rates for ten days - not six-, but
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gurmination of The clover seeds on the fifth day ne=
cessitated the curtailment of the period.) In the

Highland sourveld, where most farmers "kraal" and feed

all thelr livestock in winter, the concentration of
large numbers of animals on small arcas presents few
problems. With a little forethought, hay stacks and

even portable bunker silos could be placed stratigl=
cally over the veld when the fodder Is nharvested in

the summer, Thesz supplies could then be used in
winter and early spring to concentrate the animals

on seeded areas. The effeccts of seeding during

winter and of prolonged trampling after seeding require

investigation,

This technique appears to be well suited to areas
where tractors and implements can not be used (l.e.

steep slopes, stony areas and vleis when they are not

too wet). The method Is choap and apparently effecs=
tive, and should be well within the resources of every

farmer in the area.

3.6 Discusslion

The vegetation and envircnment of the High=

land Sourveld indicate thet it shculd be well suited
to radicel veld Iimprovement. The summers are tem=
perate and the rainfall is high and reliable. Thess

are conuitions which, despite cold and relatively dry

winters and a short growing season, appear to provide

favourable conditions for the growth of many temperate
legumes and grasses as well as for a number of impors=

tant tropical grasses, The veguetation when protected
from fire and grazing, tends towards foresi margin

Nl amrrtre e ASAaraslly a Anad 1Tnandlecadmn,r Af a hRhiAak Armasmes b ow A
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potential. Due to the limitations of topography liarge
portions of this veld typs are unsuited to annual crop=
ping, and 1t is probable that their full potentlial for
food production can be realized only under grassland.

The soils are poor but this problem can be remedied by

the appllication of fertilizers,

The experimental ftrials conducted at the Tabam=
hlope Research station have confirmed thet the Highland
Sourveld has a high potential for grassland production.
Nitrogen fertilization of the veld, when comblined with
the application of other major plant nutrient elements
which are deficient in these solls, results in a marked
increase in herbage ylelds In the short term. (Results
of lcng term experiments and yields of anlmal products
are unfortunately not availcble, but it iIs thought
that They probably would agree with the short term re=
sults,) Grassland species, when fertillzed, thrive
in The area provided the correct slections of adapted
species are plantad. The yields of some of these spe=

cies, when grown under dry land conditions, approach

the best in the world. (Dry material yiclds of naerly
20 tons per morgen — 21,180 kg/ha — from E. curvuia and
between five and six fons poer morgen — 5295 and 6354 kg/
ha — from T. repens were obteined annually.) The nu=
triént deficienclies of the soil which limit plant

growth can, in this area, be corrected simply by the
application of fertilizers containing the major plant
nutrient elements N, P and K (and Ca for legumes) In
the correct proportions. Marginal ftracc element defis=
ciencles may limit production at high levels of fer=
tilizer application - particularly in the absence of

tha grazing animal e.g. with hay aond ensilage making.



However, such deficiencies, once identified, are usuals=

ly easy to remedy.

Using sclected plant species and a suitably ba=
lanced fertillizer regime the successful establishment
of impruved grassland can be achieved over almost the
whole of the Highland Sourveld. On thes bottom lands
or viels (3.4% of this veld type) observation on farms
has indlcated that improved piant spec’cs can be intro=
duced by seeding mole hills (which are frequent) or dung/
pads, by light soil disturbance and In extreme cases by
contrclled drainage and cultivation. The fiat lands
(40.4) of the veld type) presents no problems for the

estabiishmont of pastures, provided a fine sesc-bed

Is prepareu. These flat lands are, however, probably /
more prcfitably used for annual food crops than for _f
pastures. On the moderate slopes (21% of the vsld /

type), where compliete removal of the vegetation by ﬂ\\

cultivetion Is hazardous because of soil erosion,
various techniquss of minimum tiilage have proved suc=
cessful for sced-bed preparation. The steep slopes
(35.3% of the veld type) and stcny areas, wherc Imolo= |
ments cannct operats, can be sceded successfully with l
pre-treatments such as heavy dressings ¢f nltrogenous
fertilizer, hsavy concentrations of grazing animals,
anc¢ possibly the use of herbicides. This latter
technique (herbicides) requires further investigation
befecre I+ can be advecated in practice in Scuth Africa.
On these steep and stony areas aervplanes may yet prove

to be prufitable aids to overseedlng and fertillizatiocn.

/
There is a lack of Information on the managementf//

and utitization of improved grasslands in this area.

\ \

A
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This deficioncy Is greatest In the sphere where

only partial replacement (reinforcement) of the veld

is achleved. The best grazing management practices

to encourage the spread of oversown species are not
known. The most profitable way of utilizing such
improved grassland has not been determined locally,

nor is it known what the optimum (economic) proporticns
of improved to unimproved veld are, Work In Scotland,
as reported by Fisher (1963) has shown that small areas
of improved pasture within a large unimproved paddock,
provided benefits, to livestock, out of all proportion
to their area and herbage yield. At this stage it is
not poussible to predict the effect of large scale ra=
dical veld improvement In this area on water supplies.
Thus, although some information has been gained there
Is still an urgent neced for further Investigations

Into the intensificetion of grassland In the Highland
Sourveld of Natatl.
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4, GENERAL DISCUSSIGN

The rapld rate of increase in the pcpulation
of the Republic of Suuth Africa, and consequently in=
creased demand for food, will necessitate that all the
arable land in tThe country be used to produce fcod as
efficlently as is possible. This means the production
of food directly from plant sources which Is considerably
more efficient than the conversion of plant crops tfo
animal products for human consumption. However, as
the amount of arable land is limited (estimated to be
less than 15% of the area), and has been developed to

near its potential, increased production from this

source does not seom likely to fulfil the demand for
additional food. It is also apparent that the 20§ of
the Republic, which enjoys a favourable rainfall and

which s not suited to arable cropping, is the most
promising sector from which to produce food to elimi=

nate this shortfall.

Sufficient data are available to Indicate that
this high rainfall area has a high potential for grass-=
land production, and that radical veld improvement can
be applied tfo achieve this potential. However, such
improvement presents many prob lems which have yet to
be solved. The data which arcv available are scanty,
and an intensive effort on the part of research and
eXtension workers, and possibly even radical social
changes, are necessary before the full poctential of

the area can be exploited.

Grassland research, tha results of whlch depend

largely on the yleld of animal products obtained from
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the utilization of the herbage of perernial grassland
specles, Is usually a long process., Experience in=
dicate that the process of acceptance and application
of such results by the farming community is an even
longer process. I f the demand for food at the turn
of the century (only thirty years hence) is to be sa=
tisfied, 1+ is Impsrative that a well planned and ex=
tensive research programme be instituted immediately
to ensure the repid Jdevelopment of radical veld improves=
ment in the high rainfall areas. The urgency of this
matter requires a crash programme of research as cut=

lined In the sectlion which follows,

The rcsearch programme should be implemented by
the establishment of temporary rescarch units in the
high rainfall arecas.,. The siting of these research
units, and thoe number required, could be determined
from a priority list formulated on the basis of the
subdivision ¢f the country Intoc grzssland units, which
Is contalned in the first part ¢f this thesis, Using
the potential for dsvelopment and the arca of the grasss
land units 25 a means of determining pricritics a list
(

of the sites might read as follows:

he list does not
take intc consideration existing rescarch staticns which
)

might bs used as bases for the rescarch.

(1) Summer rainfall region, frusty zone, veld re=
placement unit. (Ses 3.1.3).

(2) Summer reinfall region, frost free zone, veld
replacement unit. (See 3.2.3) (Due to the
large proportion of this area, which Is at
present occupied by high profit crops such
as sugar cane, It might be drcpped lower in

the list of orioritias. )
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(3) Winter rainfall regicn, veld replacement unit
(See 1.3)

(4) All-year rainfall region, veld replacement
unit (See 2.3)

(5) Summer rainfall region, frosty zone, veld
reinforcemant wnit (See 3.1.2)

(6) Summer rainfall reglon, freost free zone,

veld rocinforcement unit (Seec 3.2.2)

(7) All=year rainfall region, veld reinforcement
unkt (See 2.2)
(8) Winter rainfall region, veld reinforcement

unit (See 1.2)

These pricrities shculd be amended in the light
of moere detailed surveys of the arable areas in each

unit.

The Initial cbjective of each research unit wcould
be Tu investigate practical ways and means of developing
rapidly, the full grassland potential of non-arable
land for food production within the specific grasslanc
unit. |In order fto achleve this objective It is neces=s
sary, however abhorrent it is to research workers, tc
stipulate a2 tlime schedule for each phase of the rescarch
programms. Lack ¢f such a schedule fraequently Induces
procrastination and deviation from the aim., doTh
the aim and the tlIme schadule should be strictly ads
hered t¢, and when the task is completed a new aim

should be adequately mctivated or the unit shculd b

D

disbanded.
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The terrain selected for ecach unit must be re=
presentative of the area which It is to serve with re=
spect t¢ climate, grassland and physiography. It
must be in close proximity (within ften miles) of a
town which can provide adequate accommodaticon for the
staff, and which has setisfactory schooling facilities.

Electricity ond water should bs available (or easily

obtainable) un the slite. This seclected terrain should
be leased, and all offices, laboratcrias and farm

buildings would be pre-fabricated structures which are
sasily removaltbe. It Is @ssential that all the facl-=
lities required for research (buildings, drying ovens,
tractors and implements), and also adequate funds, be
available wnen the resecarch staff tuke occupation.,
These¢ requirements for each unit would be thoe same

basically, and could be provided well in advancea.

Basic research and the development of experimental
techniques would nct be the function of the units. A
central institute, or some other urganisation, should
cated for this and would 2lso provide analytical sers=
vices for soil and herbage samples. In the analysis
of herbage emphasis should be placed on the determinas
tion of ¢nergy values and digestibtility rather than
on the chemical composition,

The research workers selected for the toek should
work as a unit aend should not be sncumbered with other
sectional oblligations and allegiances, All would be
stationed at the unift. The research staff might con=
sist of three pasture workers (including the unit leader),
cne animal nutritionist, cne plant nutritionist and one
rhizobium microbiclugist each of whom would be supperted

by as many as three technicians, Specialist advice
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in biometry, econcmics and other fields could be pro=
vided by visits to or by specialists consultants.
One qualified clerk, with the 2id of female assistants,
should be able to take care of the routine administras=
tion of the unift, A farm foreman and labour would al=
so be required,

As a result of pre-planning it should be poussible
to implement the first phase of the resecarch programme
within the first year of cccupation. The unit should
be fully staffed from the start and this complement
should be maintained until the prescribed aim Is achieved
or abandoned. New units would not be developed until
these requirements could be met. The research pros=
gramme would depend on the requirements of the grasss=
land unit under investigation, and upon the advances
already made within the area. It might include spe=
cies and cultivar trials, Investigations Into nutrient
deflciencies ¢f the soils for the growth of plants (and
Rhizobium) and cdeficlencies of the plants for animal
nutrition, Rhizobium adaption and pasture establishment
studies and the management and utilizatlion of pastures.

Co-uperative research on farms In the grassland
unit, If required as a result of inadequacies of the
sclectad site, should be streamiined to make use of
easily portable equlipment.

When reasonable progress has been made with the
resecarch programme, cne of the research staff should
be relieved of his research duties and given the task
of specialist extensioun In grassland improvement for
tThe unli+t, He would remain in the arsa after the rest

of the unit had dispersed, and would also establish
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demonstrations. Economic assassment of the results

obtained would also be part of his task.

Such an Intensive research and extenslon pro=
gramme should greatly facilltate the development of
our high rainfall grasslands within an acceptable

period of time.
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5. SUMMARY

Due to the rapldly expanding population of the
Republic of South Africa, and due to the increasing
standard of llving of its inhabitants, the demand for
human food may be expected to increase rapidly during
the next thirty yecars. I+ has been estimated that the
population will more than treble to a figurec of some
54 million by the year 2000, and that the demand for
food may quadruple durling this same period. This trend
will continue until the relatively low death rate Is
balanced, and not exceeded as at present, by the birth

rate.

At present South Africa exports relatively small
amounts of foodstuffs but alsc imports those of which
local production is indadequate — there are no large
consistent surpluses except perhaps of frult. Land
suited to annual cropping is limited, by physiography
and climate, to a maximum of 15% of the area of the
country, and the greatest and most productive portion
of this has alreacy been developed. It is thus un=
lTkely that Improved tcchnology and increased arecas of
annual crops will be able to meet the Increasing de=
mand for food. Therefore, it is important that the
full potential of the remaining 85% of the country be
thoroughly investigated and doveloped. This area Is
at present under grassland and indigenous vegetation
and must be retained under a dense perennial cover |f

soil srosion is to be centrolled.
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As a prcliminary step towards fthe investiga®ion

of the grassland potential of the Republic, an atfempt

has been made to subdivide and map i1 according to this
potential. The Republic has beun divided infto three

regions on a basis of the time of the year at which the
rain falls viz. the winter rainfall region (11.12% of
the arca), the all-year rainfall rcglon (9.71% of the
area), and the summer ralnfall region (79.16% of the
area). The latter region is divided info a frosty
zone (70.72% of the Republic) and a frost free zone
(8.44 ¢ of the Republic). Each of these regions and

zones has been further subdivided, on the basis of

rainfall and evaporation, Into threes grassland povien=
tial units. The first unit comprises areas in which
the potential is limited fo veld management and its

utilization (65.00% of tne Republic), while the second
unit is suifted to veld reinforcement (22.93% of the
Republic) and the third unit can be used for veld re=
placement (12.06% of the Republic). Because the produc=
tion of the veld management units (655 of the area) is
not likely to increase greatly, any nctable increase

in grassland production must come from the high rain=
fall radical veld improvement units, These units re=
present 35% of the area of the country, and as nearly
154 of this I1s arable land, the rcamining 20% which is
grassland must be developed fto supply via the arimal,
at least some of, the increasing demand for humen food.
This grassiand appears fo have a high potential for
food production and its development will provide many

benefits, but also presents a number of problems.

The Highland sourveld of Natal, which has a high

natoeontial far mArraceland ITmrarAavAaman 4+ wine oolordF g B =i



example of such areas, and the resulfs of a serizss of
experiments designed fo evaluate this potential are
described. The warm and wet summers of this veld

type, which has large arsas unsuited to annual cropping,
provice a favourable siftfuation for grassland improves=
ment, despite the co!d and dry winters. The climate,
vegetation and physiography of the area are described

In relation to the potential for grassland improvement.

The greater portion of the research programme In
the Highland Sourveld was carried out on a site typical
of the physiography (solls and topography) which would
be avcilable for grassland Improvement. The lavout
of the experimental area, and the techniques used In
exporimentation were adapted to the necds of grassland

improvement and greatly facilitated the research work,

Nitrogen fertilization appcars to be a very prac=
ticalbe and profitable means of reinforcing the veld.
Unfortunately long term results and animal production

figures are not avzllable for the are=z.

A series of species and cultivar trlals Indicated
that a number of grasses (E. curvula and P. dilatatum
being among the most successful) and selected cultivars
of two legumes (T. repens and T. praftense) were well
adapted to and high yielding in this area. These
trials alsc emphasiscd the importance of selecting the
best cultivar within single specles of grassland plants. .
I was apparent that the selcction of suitable culti=
vars Is a prerequisitc to successful pasture productior,
and that fthere is considerable scope for the breeding

and cealact+dlian AfF roaw adasde~d o [ o dea
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Three fertillzer experiments, eacl. with a diffe=
rent pasture plant, indicated that nitrogen was the
main plant nutrient deficlency for grasses on the
highly leached Farningham soil series. However, once
this doficiency was remedied adequate amounts of phos=
phatic and potassic fertilizer were necessary for op=
timum utilization of the cpplied nitrogen and conse=
quently maximum production. Even on these acid soils
little bensfit was apparent in the production of gras=
ses due to the additlion of calclium in the form of agris=
cultural lime, Red clover (T. pratense) showed a
good rcsponse to phosphatic and potassic fertilizer
applications, and probably benefited from the use of
lime, I+ is apparent, from the results of these trials,
that balanced fertilization ( in raspect of each soil
type and cach plant species requirements) is necessary

on these soils if optimum production is to be achiecved.

A number of trials werc carried out in an attempt
to determine the most sultable moethods of establishing
over-seeded pasture species for veld reinforcement.
Trials on minature (one square yard) plots produced
the following results:

(2) A considerable proportion (as much as 30%)
of oversown seed is intercepted by the canopy
of an unmown grassland sward. Much of thlis
seed probably does not germinate. The per=
centage of seed Intercepted by the canopy do=
pends on The fype of seed sown, tho species

composition of the sward and its denslity.
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(b) A cover of dsad grass tufts, such as might
be produced by the application of herbicides,
can be both detrimental and beneficial to
+the establishment of overseeded pasturc spe=
clos. The nature of thz effect depends on
the density of the cover, which when present
in rezsonable amounts provides some shade an
bancfits the scedlings. However, when fhe
amount of cover is excessive it appears to
prevent sufficient light for optimum growth
from reaching the seediings.

(c) Living grass tufts appear to have similar
effects, on the establishment of oversown
sceds, to thoss of dead tufts. Under cons=
ditions where soll moisture limits establish=
ment the effects of living tufts might be
expected to be less favourable than those
of dead tufts.

(d) The pattern on arrangement of the grass tufts
had no obviocus affects on the establishment

of oversown secegds.

I+ may be ccncluded from these ftrials that, in

the Highland Sourveld, a thinning of the basal cover

and a reduction of the canopy covar will benefit the
g¢stablishment of oversceded species. This obsarvation
may not, however, apply to all veld types. In some

areas with a poorer basal cover the elimination of the
covaer, as distinct from soil distrubance, may not be

of benefit.

In & comparison of the use¢ of variocus tillage im=

plements for the preparation of a sced-bed for pasture
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species it was found that a fine well-pirepared sced-
bed had no peer. However, when complete soil dis=
turbance was not practicable, due tc¢ the hazard of sol.
erosion or for other rcasons, the rcugh seed-bed created
by @ heavy tined impliment (scilmaster) produced ex=
cellent results when oversocded with pasture specles.
In @ small=plot trial it was found that thc early es=
tablishment of coversown clcvers was positively related
to the roughness of the seed-bad. It is suggecsted
that a rugged micro-topogrephy provided more favourable
micro-climatic conditions for the establishment of the

seedlings.

Paraquat, wheén used as a means of sced-bed pres=
paration In an oversecding trial, did beneflt the es=
tablishment of oversceded pasture specles. However,
It is doubtful if thaese benefits are sufficlent to
allow this methcd of seed-bed prsparaticn to compcte
with other more successful techniques at this stage.
More information on the effects ¢f this herbicide
in combination with other techniques Is necessary.

It is suggestcd that dalapon, which has a more severe

herbicidal e¢ffect, might be more effective in this

veld type than was paragquat. Dalapon has apparently
2 short (= 8 weeks) residual effect;, whlle paraquat
has practically no residual effoct. The commener

grass species of the Highland Sourveld have a varied

susceptibility to paraquat. Some, like A. filifoliis

are very susceptible (although by no means ccmpletely
killed) while M. ceresiliforme is apparently unaffected
by the herbicide. The sensitivity of the species to

dalapon alsv varies with A. filifolius being rather
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insensitive to this herbicide, and T. hispida and E.

curvula being susceptible.

Heavy applications of nifrogenous fertilizer (up
tc 600 b — 272 kg — N per morgen — 0,86 ha — applied
in two dressings), apart from resulting In increased
herbage yields, also provided a sezd-bed which favoured
the establlshment of oversecded pasture species., This
technique is profitable and Is ideally suited for use
in steep and stony areas. A second fTechnigque which
showed promise on rough terrain, was thet of frampling
oversown sceds Into the soil with large concentrations

k

of llvestock.

The Highland Scurveld is well suited to Intensive
grassland production, and pasture planis and techniques
for their establishment arc available for almost all
phvsiographic condifions in this veld type. However,
much Is still to be learned about fhe grazing management
of the improcved veld, particularly when the replacement

of the original vegetation is incomplets,

The establishment of temporary, intoensive grass=
land research units within sach of the elght radical
veld improvement grassland units is suggested. These
resgarch units, which would be subjected to a clearly
defined research programme and a strict time scheduls,
would grect!y fecilitate the development of the 20%
of the area of the Republic which has a high rainfall

but -which is not arab'le.
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Appendix Table 1.
Total ylelds of herbage from "in cuts" of fertilizer experiment

(NP 17/6): Interaction of niltrogenous and "other fertilizer".

Herbage ylelds ton/morgen (1059 kg/ha)

Treatment 300 Ib N/ 600 ib N/
No N morgen morgen Moan
No M"other fertilizer™ 3.268 4,411 SeZ78 4,319
100 Ib P, 200 1Ib K
& 265 |b Ca/morger 3.415 5,326 7.230 5.323
Mean 3.342 4,868 6,254 4,821
L.S.D. body of table: P = 0,05 = 0,743 ton/morgen
P =0.01 = 1,028 ton/iorgen

1 Ib = 0,454 kg & 1 morgen = 0.8565 ha)

Appendix Table 2,
The Interaction bsetuwcen nitrogen and phosphate In the fertilization
of "lands grass." Five year average (ton oven dry material/morgen/

annum). (1 ton/morgen = 1059 ka/ha),

N applied (Ib/morgen/annun)

P applied (Ib/moroon/annum)

NTI 600 1200 Maan

NTil 2.11 <*% 546 >% 4,68 4.08

NS A EX A %R A ¥%

133 1.92 <¥% 7,98 NS 7.62 5.84

NS NS A *% A X%

266 232 x¥E B 17 ¥ 8.86 6.43

Mean 2:12 «*F 719 NS  7.45 5445

Body c¢f table : SE 0.25 ton/m

LSD P = 0,05 «-0,74 tonim (%)
P =C.01 = 1,060 fon/m (*#*)

Moean : SE : 0.15 ton/m
LSD P=20,05 = 0,43 ton/m (¥)
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Appendlix Table 3.
The Interaction between nltrogen and potash In the fertilization of

"lands arass". Flve year average (fon oven < -+ materlal/morgen/

1059 kg/ha).

annum), (1 “on/morgen

N applied (It ‘morgen/annum)
K applled (lb/moraen/annum)

NI 600 1200 Moan
Nil 1,80 <%#* 3,97 N5 4g04 |« 327
NS *% I"‘- * % A %
375 213, =k .63 NS 8.24 6.35
NS NS NS NS
750 Pad EE 8.93 NS 8,88 6.75
Mean ' 2,02 <%% 700 N5 7,00 5,40
Body of table: SE = 0,25 ton/m
LSD P=0,05= 0,74 ton/m (%)
P=0,01 = 1,00 ton/m (%¥)
Mean : SE = 0.15 ton/m
LSD P =0.05 = 0.43 ton/m (%)
P =0.01 = 0,58 fon/m (¥%¥)

.pperdix Table 4,

The interacticn between phosphate and potash In the fortilization

of "lands grass." Flve ycars average (tcn oven dry matorlal/mergen/
1059 kg/ha)

annum) (1 ton/morgen

P applied (lb/ worgen/annum)
K applicd (Ib/morgen/annum)

Nil 133 265 Mean
NTI 2,15 =x<* 3.51 NS s S T
N A ¥ A EE A s
375 4.69 «<%% 6.75 <¥* 7T.69 6,35
NS NS NS NS
750 4,81 <* 7,27 <* 8,16 6,75
Moan 3,08 <** 581 <* 643 5.45
Body of table : SE = 0.25 ton/m
LSD P = Q.05 = 0,74 tonm (¥)
P=C.01 = 1.00 ton/m (%**)
Mean : SE = 0,15 ton/m
LSD P = 0,05 = C.43 ton/m (¥)
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Appendix Tablc 5,
The interaction betwe=n nitrogen and phasphate In the fertillzation

— — -

annum). (1 ton/morgen = 1059 kg/ha)

N applled (1b/m/annum)

P applied (1b/m/annum) - - -

) 30 830 1580 Mean
i 7.40 <  i3.06 N.S. 14.8¢ "Z.44

N.S, A A
175 8,20 < 16.83 N.S. 3,91 14,00

N.S. N. ¢ N.S. N.S.
306 7.73 < 17.51 N.S. 17,64 14.29
Mean o Tt < 18349 N.§, 10,47 10,58

Bod, of table : SE 0.28 ton/r

LSD P=0,05=0,8" ton/m

P=0.,01=1..J) fon/m

Moan SE = 0,15 ten/m
LSD P=0,05 = 0,47 ton/m

P =0.01 = 0,63 ton/m

Appendix Table 6.

The Interacticn botween nitrogen and potash In the fertlllzaiion
of £. curvula, Flve year average (fon oven dry material/morgen/
annum). (1 ion/morgen = 1059 kg/ha)

N applicd (lb/m/annum)

K epplled (1b/m/annum)

80 530 1580 Moan
100 8.30 < 14,57 N.S. 13.79 12.22
N.S. A A n
11 7.69 < 17.42 N.5. 17.86 14,32
N.S. N.S, NS N,Sa
- 7,34 < 17.47 N.S. 17,76 14,19
W 7,78 < 16,49 N.5, 16.47 13.58
Body of tabie : SE = 0,28 ton/m
LSD P=0,05 = 0,81 ton/m
P =0,01 =1,10 ton/m
Mean : SE = 0,16 ton/m
LSD P = 0,05 = 0,47 ton/m
P =2C.01 = 0,863 ton/m



Appendix Table 7.

The interactlon between phosphate and petash In the fertillzation
of E. curvula. Five year average (fon oven dry material/morgen/
annum). (1 ton/morgen = 1059 kg/ha)

K applled (1b/m/annui)
P applled (1b/m/annum) -

100 411 722 Mean
11.64 < 13.08 N.S. 12.60 12.44
A N A A
175 12,58 < 14,62 N.S., 14,860 14.00
N.S. N.S. N.S. N.S.
306 12.44 < 15,27 .S, 15.18 14.29
S Mean 12,22 < 14,32 N.5. 14,49 13,58
Body of tabls : SE = 0,28 ton/m
LSD P = 0.05 = 0,81 fton/m
P=20,01=1,10 ton/m
Moon : SE = 0,16 fon/m
Ls P = 0,05 = 0,47 ton/m
P=10,01 = (0,63 ton/m

Appendlix Taole 8.

The Interzction between phosphatic and potassic fertlilzer on the
1< of ciover + wecd (ton oven dry material/morgen).
t.- ‘morcen = 1059 kq/ha)

K bl e P applied (Ib/m/annum)

Mean
oy
Cib/mianraml "~ 4 96 149 201
100 6.66 NS 6.81 NS 6,99 NS J.74 6,80
NS A A A A
274 7.25 NS 7,86 NS 8,08 NS 7.70 7.72
N& NS NS A NS
449 7.67 NS 7.76 NS 7.75 8,60 7.95
NS NS A NS NS
_B7s . 7.36__ NS 7.91 NS 8,57 NS 8,27 £.03
Mean foza NS~ 1,55 W& "7edd NS5 7,83 7,63
Cody of table : oy P = 0.05 = 0,72 fon/m
; P=0.01 = 0,97 fon/m
P = 0.05 = 0,36 ton/m
M : D - -
ok S0 b 0.01 = 0.48 ton/m



Appendix Tatle 9.

The interaction between phosphatlc and potassic fertilizer on the
clover content In the material harvested {(clover as a percentage
of oven dry weight and then transformecd by angular transformatlion,
under!ined - re-transformed data not underlined).

P applled (Ib/m/annum)

K appl led 1
(1b/m/annum) i
44 96 149 201 .
100 23,70 N5 30,08 NS 27.32 NS 24,09 26,30
16,16 o5 % (] 21,07 16.66 19,67
NS NS NS NS NS
274 79.14 N3 3153 Ns Z3.58 NS Z8.B8 28,29
23462 27.34 7200 23.30 22,46
NS NS NS NS NS
449 71 NS FO7s Ne . EEs Ws 314 3057
33.37 26,14 24,00 21t 2l
NS NS N2 NS NS
623 30.19 NS 29,04 NS 36,98 NS 31,10 37,83
25,29 23,749 36.16 7E.08 27,91
S 29,00 NS 30,35 W5 20,307 NS 26,89 29,50
24,16 2,00 24,95 23.34 28,25
Body oi table: LSD P = 0.05 = 8.17
P =0.01 = 11,01
Mean Y Lsp P=0,05= 4,09
P =0,01 = 5,51

Appendix Taz. ¢ 10,

The interaction between phosphatic and nltrogenous fertillizer on the
yleld of clover + weed (fon oven dry mzterlal/morgen).
(1 fon/mcrgen = 1059 kc/ha).

K applied P applied (Ib/morgen/annum)
(Ib/m/annum) _ —~ Mean
b 44 9 149 201
0 7.05 NS 6,97 NS  7.41 NS Foal 15y 7.14
NS ' ‘
105 7.41 < 8,21 NS 8.29 NS 8,50 8,10
_Mean 1,28 NS 7559 NS 7,85 HE 7,83 7462
ody of table, & P = 0,05 = 0.51 Ton/m
Y7 P = 0,01 = 0.69 ton/m
Mean Lép P = 0.05 = 0.36 ton/m
P=0.01 = 0,48 ton/m



Apperidix Tabie 11,

Percentage seed Intercoptod by tufts:
Interaction between subjcct species and secded spocles

Sub joct specles

Sced sown T.hisplda E,curvula A.filifollus Mean

P.dllatatum 29.75% 12,58% 17..63% 20.08%

T.rapens 25.54% 1 044 18,83% 19.47%

T.nratense 17.58% 11.zzf 23.00% 17.26%

Mean 24.,29% 12.71% 19,824 16,947
L.S.D. Body of table P = 0.05 = 7,30%
P =0.01 = 9,899

Appendix Table 1Z.

The percontacc seed intercepted by fufts:
4 1 # -t -
Interaction betwecn subject specles and secded specles (4% cover x4)

Subjert speclas

Seed sown chispida E.curvula A.flllfollus Moan

P.dilatatum 45,68% 20,88% 26.,13% 29.71%
T.repens 37.92¢ 24.,79% 32,71% 31.81%
T.pratense 27.83% 16.83% 37.50% 28,064

Mean 35.9G6% 21,50% 32.11% 29.86%
L.S.D. Body of table P = 0,05 = 7.30%

P =0,01 = 9,839
Appendix Table 13,

The percsntage seed Intercepted by tufts:
Intferaction between subject specics and density of cover,

o Subject species
Doaslty. o : J P
4 T.hispida E.curvula A.fillfollus Meen
4% 7.78% 5.56% 8.19% 7,208
_ 16% 40,81%  19,55% 31.45%  30.60%
i lizan 24.29% 12.71% 19.82%  10.94%
b Riita Bedy of table P = 0,05 = 4,65%
P =0,01 = 6,52%



= 398

Appendix Table 14,

Percentage seed Intercepted by tufts:
Interaction between subject specles and density of cover (4% cover X4)

Density T.hispida E,curvula A.fllifollus Mean
4% x 4 31.11% 23,44% 32.78% 29.12%
16% 40.81% 19.55% 31,45% 30,60%
Mean 35.96% 21.50% 32.11% 29,869
L.S.D. Body of takle P = 0,05 = 5,40%
P=0,01 = 7,56%

Appendlix Tatle 15,

Results of sead tests.

Specles of seed

Ca“ego

~vY Fodllatatum(S)* P.dllatatum(0}* T.repens T.pratense
Pure seed 63.9% 31.3% 99,.5% 99,4%
'nert matter 35.9% 65.1% 0.1% C.4%
Forelgn seed 0.2% 0.6% 0.4% 0.2%
Mean 100. Cp 100.0% 100.0% 100.0%
Live seed content 36 \% 21,0% 81.6% 80.5%

= Seed separatad by flotatlon In benzcne.
Ordinary sesd.

o w
1
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APPENDIX PLAN 1. SPACING OF TUFTS
( N-Ec 7,8 & 9 ) (1"=2.54 cm )
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