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WABBEY AGRICULTURAL COLLEGE
MARARY FALMERSTON NURTH, N.Z.

(1)

PROLOGUE.
It is interesting to speculate upon what would have

been the relstive states of advancement of hill and low ground
agricultural research and farming technigues had Jethro Tﬁll
been born of hill farming stock. Probably conditions would
not have been much different; for hill farming has had its
"improvers", too, in men such as Sir John Sinclair.

The cause of the undeniable neglect of hill land
research is more likely to be found in economiec reasons than
in any lack of desire to improve this class of land. From
the time when products of British hill farming came into
competition with overseas produce, through international trade,
this industry has been subject to all the viecissitudes of
eccnomic.marginality. Research has, quite naturally, been
devoted to that class of land which is further removed from the
uncertainty inheréﬁt in this economic phenomenon ~ the more
fertile low ground - because the hill farmer had less certainty
that any capital he might invest in improvement would ever be
repaid,

Again, remoteness and inaccessibility have added to
the cost of any improvements, and have contributed to
marginality by increesing the cost of the produce in the urban
market, added to which the psychological effect of this
remoteness made the hill land seem less important.

In Britain the effect of rising populations, both at
home and oversecas, rising standards of 11§ing»and concomitant
increased demand for food in countries which were formerly
large exporters of primary produce, and strategic necessity
have all emphasised the need to improve the productivity of
this class of land, Under the Hill Farming Act of 1946 the
British Government has made available something over £20,000,00C
to reimburse hill and marginal farmers to the extent of 50%
of the cost of any comprehensive improvements they may make,
in order %o get the industry functioning healthily again. It
is further hoped that the operation of marketing schemes for

such commodities as wool, and gusranteed prices for both meat
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and wool will give to the industry a measure of economic*
stability which it has not previously known. But a stable
economic skeleton can only become a healthy agricultural corpus
if the flesh of sound practice, based on fundamental principles,
is superimposed. It is this very technical knowledge which a
neglect of hill land research has denied the industry at this ?
crucial period of its development. '

In New Zealand, for economic and other reasons, the
fertility of hill land has likewlse been ﬁmined", and the
effects of this are becoming increasingly apparent. As yet
there has been no official attempt to subsidise a reversal of
this detrimental process. On the other hand, since primary
production is the basis of New Zealand's economy, and since
hill country 1n‘New Zealand is relatively more important, both
economically and from the point of view of area, than in
Britain, the technical knowledge of improvement principles and
methods is probably more advanced. -

It seems important that there should be an exchange
of administrative and technical ideas between two nations
having the same problem in common. A programme of hill land
improvement sufficiently comprehensive to rebuild a depletéd
national heritage is unlikely to be carried out without
financial assistance and guidance from official sources.

So far as the exchange of technical knowiedge is concerned it
is true that conditions are not directly comparable in the

two environments, but biological prineiples are not inflexible,
and agricultural techniques are limited in their adaptability
only by the ingenuity and imagination of the husbandman.

At all events there is much scope, and an increasingly
urgent need for agricultural research the world over to divert
or extend its energies from the attempt to squeeze the last
calorie frbm the fertile, and already highly productive
low country, where even now practice lags behind technical
‘knowledge, to the vast areas of undeveloped and underdeveloped
land, including most hill land, where much larger increases in

production may -be obtained for an equivalent output of research
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energy, and where technical knowledge freguently lags
behind the desire and the economic capacity to improve
agricultural practice. Such a change in the "operational
area" of agricultural research would seem essential if the

rapidly increasing world population is to be adequately fed.

- -
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A. INTRODUCTION.,
This dissertastion deals with principles rather than

with practices. When trying to enfold a vast subject within
limited bounds no detailed analysis of practices can be made,
for these vary from farm to farm, almost from paddock to
paadock, as the aspect, climate, soil type and térrain change,
However, practices are based on principles which have much
wider application and a cognizance of which is fundamental to
the institution of any practice. The essential principles
are.those of raising fertility where necessary, of introducing
species of grass and legume which can either utilise or .
enhance the increased fertility and themselves provide
nutritious and palatable stock feed, and, finally, so to
manage stock on these improved pastures that the improveﬁent
is consolidated and not dissipated. |

Practice, however, is not ignored, but is used
rather to demonstrate some of the means by which the ideals
underlying the principles may be achieved. :

Just as no attempt has been made to catalogue all
possible practices so certain principles not strictly within
the realm of plant hushandry h&vé been omitted. The most
important of these is the necessity for any farming operation
to be carried out within a suitable economic context. Where
the economic context is unfavourable, practices detrimental
to the proper, conservative utilisation of land inevitably
come into being, and the deterioration of hill swards thus
brought about frequently culminates in erosion. When the
economic state of the hill farming industry is favoursble,
however, deterioration and erosion are frequently the outcome
of a failure to appreciate or put into practice the principles
which are set out hereinafter, |

Detrimental economic effects are, commonly, only
temporary in nature, because the declining production of a
dépressed indus try enhances the value of the products of that
industry, and the economic pendulum swings back again from

slump to prosperity. It is, however, also necessary for any
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industry to be carried out within an adequate social context.
Thus hill land deterioration may be, in part, due to a shortage
of labour wherewith to carry oui necessary maintenance work,
or to apply in practice the principles of improvement.
Unfortunately this problem, unlike the economic one, does not
contain the germ of its own redress because the attractions of
urban 1ife cannot always be computed in terms of cash, and
their renunciation so compensated for by higher wages.
Moreover, this problem is only in ﬁart soluble by reducing
labour requirements through the increased use of machinery,
and these substitutes are of less value in hill land farming
than in other forms of agriculture,

These, then, are two of the principles which are
not subjected to comprechensive analysis, although eertain economnic
aspects of more direect practical application are included for

the sake of completeness,

Any adequate definition of the term "hill land' as
used in the title and context of this dissertation is well-
nigh impossible, as is any delimitation of its boundaries.

It may perhéps best be defined and delimited by reference to
its chief charscteristies, These are slope and/or relatively
high elevation, which in turn impart specific climatic and soil
conditions, producing a more rigorous environment for plants
and animals than is found on low ground, Further, this land
may be recognised by the nature of the industry which it
supoorts. This industry is predominantly pastoral, but it
differs from low ground pastoral farming in being relatively
more extensive and less flexible, and in the limited
opportunities for using the plough preparatory to pasture
improvement. : ;

The problem of hill sward improvement is largely one
of applied ecology. It is one aspect of the problem of

animal - pasture interaction under differing climatic and
edaphic regimes, with man imposing his influence over all.

It is mainly from this ecological standpoint that the anbject
is discussed and developed.



B.

o

THE IMPORTANCE OF HILL LAND IN THE FARMING ECONOMY OF
NEW ZEALAND.

At this stage some justification (more specific than
that voiced in the prologue) for studying hill land improvement
may be necessary. The question inevitably arises, - why be
conecerned about the improvement and management of the nation's
hill land? .

Given that the wealth of New Zealand depends on the
production of primary goods, the more intensive is the use of

the land the greater will be the national wealth.

In this connection the relative areas of hill
country and flat or rolling country are important. Aitken
(1950) puts the proportion of land under the 600 foot contour
at less than one quarter of the land surface.

Of the .43.1 million acres of land under occupation in
19L6-47, the apportionment of areas between hill and flat or
undulating land was as follows (Farming in New Zealand, 1950):

Surface sown pasture (mainly on hilly
or mountainous country) : saw 11,000,000 acres
Tussock and other native grasses (mainly

in South Island hill country) b 13,900,000 acres

Total 24,900,000 acres

On this basis about 58% of the occupied land is
pastoral hill country, and this takes no account of k,700,000
aeres of fern, scrub and secondary growth which covers much
potentially productive hill land.

Belshaw (1936) observed that a large part of the
24 million acres of occupied but uncultivated land consisted
of light hill country, well suited to extensive grazing.

From these estimates, something between 55% and 58%
of the occupied land in New Zealand would seem to be pastoral
hill country, a?d a further 10.9% - much of it hill country -
is under fern, scrub and secondary growth. ?

From the point of view of area alone, the hill land
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of New zZealand is seen to be important, but its importance
in the economy of the nation is to be found in other reasons,

the chief among which are the following.

I. As a Source of Store Stock and Fat Lambs.

The organisation of the low ground fattening farms
of the nation depends upon a regular, annual supply qQf store
lambs and cast-for-age ewes from the hills. Without this
supply much of the fattening pasture on the lower country
would require to be used for the maintenance of purely
breeding flocks, with a concomitant decline in the number
of sheep and lambs fattened.

The average number of fat lambs sent to the freezing
works annually is between 11 and 12! million, representing
about 175,000 tons of meat. In 1946 - 47 the export value
of New Zealand mutton and lamb was £17,397,000, or over 17%
of the entire national income. (Primary Production in New
Zealsand, 1948)., The basis of this trade is the store lamb
and the cast~for-age ewe from the hill country.

Smallfield (1947) estimates the number of replacement
ewes which must be brought from the hill country into the fat
lamb producing districts of the North Island as follows:-

mom i e auos.
South Auckland 35,000
Waikato 300,000
Central Plateau 35,000
Taranaki 60,000
Manawatu 125,000
Total 555,000

This table does not show the replacements availabie
locally from nearby hill country, nor are'the nunber of
replacements required in the South Island lamb fattening
districts indicated., Now, according to Hamilton (f9h7)
~approximately 6,000,000 lambs pass through freezing works

in the North Island each year, It would seem, therefore,
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either that a large number of replacement ewes must be moved
over short distances (from hill to fattening districts)
within the regions set out above, that considerable numbers
of store wether and cull ewe lambs are transferred from the
hill country annually (for which no statisties are available),
or that many easier hill country properties are able to fatten
a considerable proportion of their own surplus lambs. This
latter proposition is probably more true of North Island
hill farms than of those in the South Island.

It seems impossible from the figures available to
sort out the relative importance of each of these factors,
but this in no way detracts from the role played by the
hill country in supplying the major portion of the breeding
and store stock from which more than 11,000,000 fat lambs are

produced annually.

It has been suggested to the writer by Coop (1951) that
this present dependence of the fat lamb and mutton industry
upon store and breeding stoeck drawn from the hills may in the
future be mch less. The argument is that by pasture
improvement, and by increasing lambing percentages through the
application of betier knowledge of the physioclogy of the
reproductive processes, it will be possible so to increase the
productivity of the low ground that much of the hill land may
be allowed to go out of agricultural use, while at the same
time allowing the national output of mutton and lamb to be
maintained at the existing level. :

The desire to improve low ground productivity is
wholly admirable and may in some measure be achieved, but there
seems no reason why such improvement should not lead to an .
increase in national earnings rather than to an abandonment of
hill land - provided the hill land remains economically
productive. The present high prices for the products of the
sheep farming industry should provide an incentive for
carrying out hill land improvement so that this class of land
may be moved further from the position of economic marginality

which has been one reason for its deterioratien in the past.
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II. As a Source of Wool.

In 1946 New Zealand experted 365 million lbs. of

wool, having a value of £26,6 millions (N.Z.) and forming

over 26 of the national income from all exports.

In 1950,

with wool prices considerably inflated, of a total Dominion
income of £19l,588,000, no less than £84,589,000, or 437,

came from the sale of wool (Méat and Wool, 1951).

Again,

apportionment of this sum between hills and low country is

not practicable, but the proportion deriveg from the hill

country is undoubtedly the major omne.

Not only is the hill country important as a source

of wool, it is important as the source of that high guality

Merinoc and Half-bred wool which commands the highest prices.

This may partially be demonstrated by quoting the price index

of greasy wools so0ld in wvarious districts in New Zealand.

(Monthly Abstract of Statistics, 1950)

Base (100) = Average price in all districts combined for

ToL5=116.

District doU5-16 | 1946-L7 | A947-L8 | 1948~L 1949-50 |
Auckland 96 113 148 415& 2Ll
Hawke's Bay 96 116 151 158 239
Wellington 97 114 154 153 228
Canterbury 110 151 230 240 325
Otggﬁtgignd 102 130 190 186 277
New Zealand 100 124 : 174 177 260

This reflects the sustained heavier demand, and

consequently greater price, for the finer guality wools of

Canterbury and Otago.

III. As a Source of Employment.

The manpower used directly in the hills as shepherds,

musterers, drovers, in shearing and scrubcutting gangs is

important in itsell, but the indireet employment caused by

the farming of the hill lands is probably even more so.

The labour involved in the transport, preparation, freezing

and shipment of fat lamb and mutton, in the transport,
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scouring, grading, auction and shipment of raw wool, or its
conversion into the manufactured product within New Zealand,
in the supply of goods and services to those working on and
farming in the hills owes its livelihood to a thriving

hill farming industry.

Iv. As a Source of Water and Silt.

If a rainfall and a topographical map are super-
imposed it will be seen, as would be expected, that the
rainfall is heaviest in the hill country - usually from
60 to over 100 inches per annum. Heavy rainfall in '
these areas, if not adequately controlled, may devastate
many acres of fertile, low-lying country by flooding and
silting. This is most likely to occur where the hills
are inadequately covered by vegetation, when run-off is

rapid, and erosion severe.
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Mep T. Climatic Areas in New.
Zealand. (Kidson,1936).



il

Ce A CLINVATOLOGICAL CLASSIFICATION OF HILL LAND IN
NEW ZEALAND.

In order to study in some detail a problem of such
wide scope and of such great diversity as hill land
improvement, it is necessary to subdivide or classify the
land into sections such that the country within each section
has some basis of uniformity. It is possible to classify
the hill land of HNew Zecaland in one or other of several ways -
by breed of sheep carried, by purely geological, geographical
or administrative boundaries, or by its eléwation. However,
since this study is primarily concerned with the interaction
of animal and vegetation, and since the vegetation of an
area is so largely dependent upon the climate of that area,
it is perhaps most satisfacteory to classify New Zealand hill
land according to the climate to which it is exposed. It
we first study the effect of climate on the vegetation of
each region it will be possible later to study the role which
anthropogenic and biotic influences may play in modifying
that vegetation. .

In common with ofher countries in middle 1ﬁtitudes,
New Zealand lies in the zone of prevailing westerly winds
which deposit meost of their moisture on the west side of the
ranges and produce prouounced f6hn effects on the eastern, .
lee side, reducing the effectiveness of the already limited
rainfall on that side. Annual variation of rainfall in
New Zealand is controlled by three main factors (Kidson, 1936).
(1) Proximity to the high pressure, low rainfall belt of the
sub tropice, which produces on its southern border dry ﬁummer
and wet winter seasons. The effect of this factor is mosi
noticeable in the northern regions of the country and
diminishes southwards,

(2) The effect of the prevailing westerly winds of middle
latitudes. These account for the heavy rainfall on the
western side of the main ranges. Since the amount of this

rainfall is proportional to the flow of the westerly winds,
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the rainfall maxinmum in October, the minimum in late winter,
and the subsidiary maxime and minims in autumn and late
summer respectively, are explicable on the basis of the
amount of westerly wind. .

(3) Convection caused by insolatioﬁ giving rise to summer
 rainfall of high intensity and short duration in those areas
sheltered from warm westerlies, exposed to cold southerlies,
and having clear skies.

On this basis alone Kidson divided New Zealand into
four me jor climetic distriets as shown in Map I (page 8a).
Area A has a summer mininmum and a winter maximum of rainfall,
as has the northern portion of area B, In area B the total
precipitation wanes from north to south and the distinction
between summer and winter rainfall diminishes. Area'C in
the North Island has a fairly evenly distributed rainfall
except for diminution in the late summer. The regime of
maximum rainfall in October and minimum in late winter,
previously explained, operates to its fullest extent in
area C in the South Island. Due to factor (3) above, area D
receives most of its small amount of rainfall in the summer
months. :

At a later date Garnier (1950)(i) essayed a new
division of New Zealand into climatic zones using Thorn-
thwaite's (1931) method of classification, which takes into
account temperature and precipitation efficiency. As Maps
II and III, reproduced on ﬁaée 9a 1indicate, this method
gives a certain refinement to Kidson's classification. .
Kidson's areas A and B are replaced by climatic types BB'r,
Bc;r, CB'r and CC'r within the humid and subhumid meso- apd
micro-thermal, moisture adequate categories. Area C
corresponds broadly to climatic types AB'r, AC'r and small
portions of BB'r and BC'r in the superhumid and humid, meso-
and micro-thermal, moisture adequate range, while Kidson's
arca D encompasses the types CC'r, CB'd, CC'd and DC'd in
the subhumid and semiarid range.

Garnier (1950) (ii) further attempts to emphasise the
seasonal variation in climatic type, but for the present any

" detailed consideration of this work only serves to confuse
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the picture. The general conclusions which may be drawn
from it are, however; of interest. Certain features are
common to all seasons. Most significant is the overriding
importance of moisture rather than temperature in
differentiating the climate of one region from that of
another, and the contrast between the wet west coast and
the drier east coast in both islands. The exception to
this rule is a relatively wet climate in the eastern areas

of the Horth Island in sutumn.

In any region in which soils are relatively mature
they will tend to have less influence upon their vegetative
covering than will those soils which are relatively immature.
This is due to the controlling influence of climate upon seil
formation, ioth directly and through the agenecy of plants, so
that with increasing maturity differences in the parent
materisl under any one climatic regime tend to be eliminated
and a soil type typical eof that climate is formed (Glinka,
1927). '

Hew Zealand hill soils, however, are for the most
part 1mmaturé, and as such will tend to have a considerable
influence upon the‘vegetation covering them, Nevertheless,
it is striking to note the broad correlation existing
between the climatic zones of Kidson and the vegetation zones
as shown in the maps of Hilgendorf (1935), Madden (19.40) and
Cumberland (1941) (Maps IV and V, page 102 )« The refine-
ments in climatic district boundaries introeduced by Garnier
serve only to emphasise the supreme importance of climate in
determining the vegetation covering at least thé North Island
soils. In the South Island overall climate is again
important in determining the vegetative cover, but in this
ingtance certain miero-climatiec influences, discussed more
fully in a subsequent section, which are not amenable to
Thornthwaite's aystem of overall climatic evaluation play a
more significant role.

By comparison of Maps I, II and III on pages 8a and 9z



with Maps IV and V on page 102 it will be seen that the
superhumid area of =venly spread rainfall in the North
Island (Kidson's area C) éncompasses most of the bush, scrub
and eroded country, while area B in the North Island, the
drier, summer minimum rainfall area, delineates the extent of
the ma jor browntop (Agrostis tenuis), Danthonia (Danthonia
spp. ), hair grass (Aire spop.), sweet vernal (Anthoxanthum
odoratum), dogetail (Cynosurus cristatus) and suckling clover
(Trifolium dubium) associations.

In the South Island, area B (here having a
diminished and more evenly distributed rsinfall) encompasses
browntop and danthonia associastions around Nelson, and passes
into a tussock and indigenous grass association extending |
southwards through Marliborough and Canterbury, merging into
the depleted areas of Otago as the drier portions of

semi-arid area D are encountered.

-~

It is on this basis, having a common foundation in
elimate and vegetative assoclation, that & classification
of New Zealend hill country will be made for the pn?poses of
this dissertation. Kidson's area C in the North Island
will be termed the Vet Hill Country; area B in the North
Island, the Dry Hill Country, and areas B and D in the South
Island, the Tusseck Hill Country.

Buch a broad classification necessarily introduces
errors and borderline cases, but in the ensuing discussion
of the principles inveolved in the 1mprevemen€ of the hill land
-in these three areas, this classification seems the only
feasible one to adept. Each area has sufficient homogeneity
to justify its being discussed as a separate entity.



D. THE RECENT ECOLOGICAL HISTORY OF NEV ZEALAND HILL LAND.

It is an ecological truism to say that grassland is
a biotic community; it is dynamic; it is perpetually
changing in conformity with and becoming adapted to those
external influences which make up its environment. By
understanding these external influences, and by tracing their
history, we may the better understand why the hill pastures

of New Zealand are as they are today.

I. Wet Hill Country.

If it be granted that the subtropicasl rain forest
which covered the majority of this region prior to the advent
of the European was the climax vegetation, then the
conversion of that forest to grassland mist, ecologically,
be regarded as a retrogressive succession. Given the
opportunity this grassland will revert to serub or "secondary
growth", comprising bracken fern (Pteridium aquilinum),
water fern (Histiopteris incisa), manuka (Leptospermum
scoparium), kanuka (L.ericoides), tauhinu (@assinia leptophylle
and like species, These in turn are the precursors of the
typioal rain forest trees which, in their early stages, will
flourish in the shade of the scrub.

The superhumid climate which this area possesses
normally supperts rain forest vegetstion (Thornthwaite, 1941),
whereas grassland is normally dominant under subhumid
conditions. Under these subhumid conditions rain forest
will not become the dominant vegetation, but grassland, on
- the other hand, is capable of producing abundantly under
superhumid climatic conditions. The drawback is that under
superhumid conditions grassland must endure constant
competition from other forms of vegetation constituting
later stages in the sere which has rain forest as its
climatic climax. Until man, with the aid of the agricultural
technique; now in his possession, by management of his
grassland and his stock on that grassland, weighs the
ecological scales in favour of grassland, the threat of

reversion to scrub and forest will remain. The chief
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weapons which man possesses in the battle for grassland
stabilisation in a superhumid climate are fire and the
grazing animal. In the absence of one or other of these
“influences, reversion to rain forest over most of this area
is inevitable. By judicious use of one or both, grassland
should become the climax of the medified envirenment,
provided always that edaphic factors are favourable for the

growth of grassland. p

The hill country of the distriet under consideration
has been won from this climax rain forest by felling, buming
and the sowing of grass seeds - a familiar story. After
the original burn, one of thfee ecolegioai sequences may

have followed (Levy, 1926).

In this area of high rainfall a good, clean 'burn'
was not always easily obtained. The ground, littered with
half burnt logs, may have been sown with grass seed, but the
physical obstacles in the way of sheep or cattle grazing were
often so great that no control of the pasture could be under-

taken, and reversion to scrub and fern began immediately.

If a good '"burn' was obtained and the land sown to

good 'English' grasses, as was the practice, several years
of profitable grazing might well have been obta%ned. The
sown perennial ryegrass (Lolium perenne), cocksfoot (Dactylis
glomerata), smooth-stalked meadow grass (Poa pratensis), |
timothy (Phleum pratense), red clover (Trifolium pratense) and
white clover (T. repens), all flourished in the ash of the
bush burn. The value of this ash as a seedbed and as a
fertiliser varied with the heaviness of the bush and with the
dominant species present, each species having s different
percentage composition of mineral elements (Aston, 1915).

| This author found that the various rdrest tree woods .
yvielded from 3% teo 0.3% of ash, while their composition of the
ma jor plant nutrient elements fell within the following wide

ranges:
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Potash as xzo 2%% = 0.12%
Pheosphate as P2O5 8.7% - 0.55%
Lime as Ca0 370 —m - 10, m

while the average compositions were 6.6%, 3.1% and 23.8% of
KQG, 2205 amd Ca0 respectively.

Hudson (1937) has computed the following table on
the basis of these figurest '

Mineral Content of One Ton of Comg;gtelx Burnt Ash.

K2 i 205 Cal
148 1b 69.5 1be 533 1b.
equivalent to equivalent to equivalent to
about 500 1b. about 350 1b, about 533 lb.
30% Potash Salts | Superphosphate | Burnt Lime.

The number of tona.of ash per acre cannot bhe
assessed although Hudson believes "there must have been
geveral tons of ash per acre on average bush country". At
#X3 Svents the dressing of minerals must have been heavy.

The peotash in the ash existed as the carbonate,
and as such was liable te rapid leaching, at least from the
surface aéh layers, although considerable fixation would take
place in the underlying mineral soil. Less of Phosphates
by leaching was probably negligible, though it is pessible
that considerable guantities of lime were so lost. The
fate of the organic nitrogen depended upon the degree of
E-deatruction of organic matter in the eoﬁfligration. Aston
(1915) states that, "By burning, any nitregen is lost
completely”, and so far as the wood ash is concerned this is
true., Hudson (1937) observes.that, "the heat of the burn ...
also had a partial sterilising effect (on the soil), which
would result ultimately in rapid decomposition of some of
the remaining organic matter by bacterial activity, with the
reéult that a good supply of readily available nitrogen would
be present for a time",

The basis of this statement now seems doubtful in
the light of pres?nt rnowledge, though the final outcome - the

enhancement of the nitreogen supply -~ remains unguestioned.
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It is true that Russell and Hutchinsen (1909 and 1913) found
that partial sterilisation of soil led, after a short delay,
to a rapid increase in the numbers of soil bacteria, and
presumably the putrefactive and nitrifying organisms obey the
general rule, but the evidence for any appreciable sterilising
effeect of a forest fire upon the underlying soil is hard to
find., Heyward (1936) found rather differently - "Rapidly
.burning (1ong leaf pine forest) fires which created terrific
heat above the soil rarely heated the soil below & inch to a
temperature much higher than that caused by a hot summer sun".

The truth of the matter, then, may well be that the
vigorous grass growth obtained 6n such a seed bed is
explicable partly on the basis of the enhanged mineral status
of the soil due to the ash, and partly on the basis of the
increasedmtrification of the soil organic matter providing
ample nitrogen and being due to increased baeterial growth
concomitant with the improved lime and phosphate content of
the soil rather than to any sterilisation after effect.

The work of Heyward repudiates, too, the tacit
assumption that solil humus is to any extent destroyed by a bush
burn, The main lesson from these observations is that
immediately following & bush burn the soil fertility is ne
lower, and is probably higher, than previously. However, a
forest association ferms a virtually closed fertility cycle
in which little in the way of nutrients is gained or lost.
With the advent of a grazed sward, however, from which animal
products are sold, a depletion of nutrients begins.

Such was the case on those vigorous pastures which
followed a good bush burn. Fertility declined, the sward
weakened and opened up. Overafocking probably ~ though there
can be no certainty about this - played a part in weakening
the original sward. Excessively large numbers of stock seem
to have been*oagbied in the days before the advent of
refrigeration. ﬁhsn wool was the chief ‘saleable product shee;
stocks were allowed to mmltiply as rapidly as natural increase

would allow. Animals were retained in theflock until théy
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died a natural death. Sheep stocks consequently rose at an
alarming rate (Butler, 1863), and it seems axiomatic that many
runs were stocked beyond their capacity. Admittedly the :
eaéliest swards could support large numbers of stock, but as
fertility declined and stock numbers increased, overstocking
almost certainly resulted.

The finalvreeult in case two was, as in case one,
a reversion to scrub and fern - partly due te the weakened
competitive ability of the deteriorated sward, and partly
because this sward was inecapable of carrying sufficiently
large numbers of stock to enable the control of secondary

growth to be carried out,

A third course of development has followed the'
primary burn in some areas. Here the original sown sward
has been modified without the intrusion of serub or secondary
growth. Modification has taken the form of invasion to a
greater or lesser degree by poorer grasses and flat weeds.
8¢ called 'wet country browntop', an ecotype of Agrostis
ténuis, is a freguent invader, but in some more favoured
areas, such as in the eavirons of Taihape and Mangaweka, and
in parts of Rangitikei County, the reduction iﬁ good grasses
nas been slight, and swards of cocksfoot, dogstail, Yorkshire
fog (Holcus lanatus), and white clover are being profitably
farmed.

There are, of course, all gradations between the
ecological processes set out above, from the good hill
pastures to be seen around Taihape, to the complete reversion

around Whangamomona.

In the first course of development cited, the need is
geen for the careful control of the sward by stock. Where
this cennet be accomplished there can be no permanent check
on the progress of the natural succession to the climatic i
celimax ~ in this case forest. Again, in the second instance,
enything condueive to the weakening of the sward such as
overgrazing and/or a dsciine in fertility will, by necessita-

ting a reduction in the number of stock carried, and by
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allowing light to reach the soil surface, permit the
germination of scrub and secondary growth species.
Alternatively, erosion may set in at some stage when the
soil is insufficiently covered by vegetation and a fresh
problem will arise.

: The aim must, therefore, be to maintain a close
sward over the hills. Thies can only be achieved by
maintaining and, where necessary, improving soll fertility,
as well as by Jjudicious grazing management, both of which
problems form the subject of separate subsequent sections,

as does the control of secondary growth.

) § Dry Hill Country.

This area, defined in the earlier climatelogical‘
classification, extends the entire length of the east coast
of the North Island in a narrow strip about 40 miles wide in
the Wellington provinece, narrowing to 10 miles in the
direction of REast Cape. It differs from the Wet Hill
Country in having less rain in spring and summer. A higher
temperature in these seasons still further reduces the
‘effectiveness of the precipitation, The nerthern portion of.
this area may be regarded as transitional between the Wet
Hill Country and the true Dry Hill Country.

A declination in total and an increase in seasonality
of the effective precipitation is explained by Thornthwaite et
al., (1941), to bring about a change in the climax vegetation
from rain forest to lighter, tropical forest, or where the
rainfall assumes a markedly seasonal aspect, to savanna.

In New Zealand the tendency has been for an association of
manuka, tutu (Corisria ruscifelia) and bracken fern to replace
the rain forest as these climatic effects become more
pronounced, '

Rainfall being lower in this area, it was normally
easier to obtain a good burn,with the result that the second
and third courses expounded for the Wet Hill Country
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succession have been most frequently followed. Except for
the northern portion of the area, reversion te fern and
secondary growth has been slower than in the Wet Hill
Country, and depletion of the original sward has more
frequently led to invasion by Danthonia and browntep,

the former in the drier coastal regions, and the latter in
the moister, landward areas.

With the removal of the original mamuke - bracken
fern association we may assume that the seasonality of the
effective precipitation has, through alteration of the
miero-climate, become more pronounced. With a lowering in
the density of the ground cover, evaporation may well have
been enhanced, especially during those seasons when :
preqipitation was already low, and so long as sheep grathg,
cattle grazing and burning of the coarse herbage continues,
the savannantype micro-climate will be perpetuated. s

In the southern part of the area reversion tends to
be, a much less serious problem, but it becomes more serious
in the more northerly, wetter districts inland from the dry
Gisborne flats. On the other hand, these latter areas are
less likely to suffer from sward depletion than are the
former.

The problem is again one of maintaining and
inereasing fertility in an attempt to keep a greater
proportion of the higher producing grass and legume species
in the sward, to lessen any risk of reversion, and so teo
manage stock on the swards that the tendency for Danthonia
and browntop to dominate is reduced and the competitive
position of more favoured species, both of grasses and

legumes, enhanced.

b ¢ 5 W Tussock Hill Country.
The tussock grasslands of this area occupy parts of

the eastern lowlands of the South Island, much of the

foothill country of the main dividing range, and in places
ascend the divide to an altitude of more than 14,000 feet.

| There seems little doubt that in a somewhat different
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form, this association was in existence, and was of a
comparable extent when the first European settlers colonised
Canterbury. Why such an assoclation should exist, at least
in certain parts of the area so occupied, has been something
of a problem for ecologists. Cockayne doubted whether the
tussock grasslands were equivalent to the true steppe
grasslands of Russia. Zotov (1938) observes that an
effective precipitation (the writer presumes this to be the
interpretation of Zotov's undefined term "Po") of 2 ecm. per
month, particularly during the summer months, is the eritical
precipitation which separates the steppe climax (having less
than this critical amount) from the forest climax., On this
basis Zotov logieally claims that steppe was nowhere in

New Zealand the climax formation much above 600 metres

(e« 2,000 feet). Vhere it is found asbove that altitude
today it is,lin his opinion, an induced association, having
scattered throughout it remmants of forest - the true climax
vegetation, Map VI, showing the extent of true steppe and
induced steppe on the basis of the previously mentioned
¢climatic boundary, is reproduced on page 19a.

The cause of the destruction of the forests is lost
to history, nor is their failure to regenerate understood.
Nevertheless, Zotov's theory would seem to bé feasible in
view of the succession which has followed the destruction of
certain areas of beech forest during European occupation.

In these cases the succession has been one in which the variou
tussock grassland species have spread upwards to occupy the
denuded aresa, except where erosive forces have stripped off
the top soil before it could be revegetated.

- Zotov's theory, however, feasible though it may be,
is a gross over-simplification of a complex ecological
problem, and ohscures many important facts. We mast assume
from his discussion of thelorigin of the word 'steppe'
énd from his example of the McKenzie plains as a typical

form of the association, that Zotov was using the term in its



- 20 -

strict ecological sense of short grassland, growing within

the range of Thornthwaite's (1931) precipitation: evaporation
(P - B) index of 16 to 31. This being so he c:n have no
justification for claiming “that precipitation of Po = 2 cm.
per monthe.... is the critical precipitation separating climex
formations of forest and steppe'. No possible explanation

of the undefined term "Po" would appear capable of

Justifying the statement, for there can be no single dividing
line between two climatic climaxes which are not naturally
adjacent. The +all grass climax normally imﬁerﬁ@m&s between
the steppe and forest climaxes, It would, then, be expected
that steppe and forest would not be separated by any single,
arbitrary precipitation limit, but by a belt of some depth
corvesponding to the typical tall grassland climate. This
belt, however, does not seem to have been recognised in the
tussock grasslands. Tall tussock grassland does indeed exist,
but this above the normal tree-line (Gibbs et al., 1945). |

This lack of any well defined tall grassland belt
dividing induced steppe Lrom forest, emphasises the importance
of the nmicro-climate in this situation.

Clements and Weaver (1924) have emphasised the
Yeyelic" (progressive might have been a better word) nature of
ecological changess YEffects in turn produce reactions, which
congsequently become causal to the extent that they modify the
original causes". And again, "Ecology mst not overlook the
fact that cause and effect mist be inseparably associated,
and that efrfect cometimes affords the readier approach to the
problem."

The effect in the instance under consideration is
~that forest lies adjacent to induced steppe which in turn
subjoins true steppe and induced desert, there being
apparently little indication of a tall grass association
intervening between the forest and the induced steppe -~ an
assoclatlon which, logically, would be expected.

It is interesting to speculate upon the species which
might have formed the more gradual transition from steppe,

dominated by Festuca novae - Zealandise to fofa@t, Cockayne



(1928) (1) gives some indicatlon of the possible stages in
this sere.

If true steppe be taken to conform with Coek&yne*a
"low tussock-grass of semi-arid habitat" dominated hy
Festuea novae - zealandiae, the transition stages may be that
of his "lowland tall tussock grassland, confineéd to the South
Otago and Stewart districis. It originally occuplied nearly
all that part of the Southland Plain where forest was absent,
but, further north, it evidently clothed much of the lower
hill country", That 1t did in fact f@rm‘th@ missing link
in the chain may be surmised from the life forms existent
in those limited areas in which Cockayne found it. #hhe
life forms may be classified as follows:- shrubs 12, herbs
25, semi-woody plants 5, grass form 9, rush form 4, ferns 2."
The dominant speclies were Danthonis Raoulii var., rubra and
D. Raoulil wvar. flavescens. These same species are the
dominants of the tall ftusseck grassland now claimeéd by Gibbs
(1945) to be confined largely to altitudes between 3,000
feet and 5,000 feet, but found by Zotov in the wetter parts
of the induced steppes. Silver tussock (Poa csespitosa) may
form a transition species between short and tall grassland
(Allan, 1936).

Having observed the effect, and if the evidence
supplied by Cockayne 1s accept@d that this effect is not
in accord with the climatic conditions, we may ohserve the
cause to be in the disturbance of the cyclic, or progressive,
nature of ecological change. The contiguity of induced
stepoe and forest may be taken as direct evidence of the
supﬁem@ influence which vegetatioﬁ has in debtermining the
micro-ckimate of this region and (the effect being itself a
further cause in the ecological progression) in d@termining
what vegetation will grow subsequently.

Cumberland (194);) points to the lack of appreciation,
in "the wealth of available literature"™, of the value of
plants in wmodifying the micro-climate of this region. The

writer would re-emphasise this viewpoint.
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In any study of elimste in this region, broad
generalisations such as those of Zolov are unhelpful.
To say, as he does, that "temperatures are extremely uniform
throughout the whole length of the tussock grasslands,
especially in summer" is to obscure the fact that short
periods of extreme desiccation may occur. Such periods, as
when the £8hn winds blow from th@knorﬁh west, by killing off
seedlings may completely prevent regeneration, though a
generalised clagsification of climate, may indicate that
regeneration should take place. Again, the evolution of
complicated precipiltation: evaporation indices ignores the
precipitation lost to plants by run-off from the surfsce
of inadeguately covered ground; ignores the possibility that
at any given temperaiure more moisture may be lést from a
soll off low humms content than from one of high humus content,
and the part played by surface mulches of vegetation in
redueing eveporation (Kittredge, 1948) . Th&hasa of air
temperabure in the evaluation of these Py E indices ignores
the facet that temperatures under growing vége@aﬁian are
considerably lower than those of the alr above, and liable to
less fluctuation. Denudation evens oul these differences.

Under climatic conditions such as operate, for
example, in the Wet Hill Country of the Horth Island, where
temperatures arve more equable and rainfall abundant at all
seasons, these details are of less importance, but where the
halance between regeneration and denudation is more {ine
these lesser elements of the micre-~climate may becone of major
importance, The primary agents influencing the micro-~climate
of the tussock grasslands are, of course, anthropogenlce and
biectic -~ the use of fire by man, the graging of his livestock,
and the depredations of other herbivores introduced by him.

Huch investlgation would seem necessarly to demonstrat
the influence which vegetation may have upon the micro-
elimate in which it grows, and to show clearly the progressive
improvement it may bring about in the climatic conditions of
its own habitat, so allowing other more hygrophilous Tforms of
vegetation to supersede the original. But if there ever was

in the present tussock grassland region the natural gradation



from steppe, through tall grassland to farést, which,
as has been suggested, should have existed, and demonstrated

possibly did exist, then certain theories may be pestulated,

(1) That growth of vegetation, if uninterrupted by
anthropogenic or biotic facters, and despite the influence of
short-~lived climatic extremes, will so modify the micro-
climate of its habitat as to permit the establishment, as a
climax vegetation, of something akin to that which a
consideration of the overall climate of the region would lead
one to expect.

(ii) That anthropogenic and biotic factors may so modify the
vegetation, and through it the micro~-climate of its habitat,
that a climax vegetation may be formed which is not in accord
with that which a consideration of the overall climatic regime
would lead one to expect.

(iii) A conmbination of anthropogenic and bietic factors,
together with climatic extremes (even though these latter be
of short duration) may so elter the micro-climate that after
forest destruction a steppe, or even semi-desert climax may
exist alongside a forest climsx, béth being subject to the

same overall eclimatic regime.

These are held to be broadly true in the South
Island tussock grasslands where the climatic extremes
referred to are the desiccating fOhn winds and wide daily and
and seasonal temperature ranges, and where the overall climatic
regime is that indicated by total precipitetion, air
temperature and P: ¥ indices.

If these postulates are valid, several means of
preventing further depletion and of instituting improvement
become evident. These would be:

(i) 'The removal or limitation of the anthropogenic and
biotic factors,

(ii) The introduction of strains and species of plants
capable of withstanding and producing economically under the
existing conditions of the habitat - anthropogenic, biotic,
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climatie and edaphic.

(iii) The lessening of the effect of the climatic extremes
by devices such as tree planting.

(iv) A combination of two or more of the above.

The problems of burning and overgrazing implicit
in (1) above, are discussed in subsequent sections of

similar title, as is the possibility of implementing (ii)
and (iii).
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E. THE PRIMARY CAUSES OF HILL PASTURFE DETERIORATION.

If the natilonal importance of the hill land of New
Zealand which was previously claimed be granted, and if it
also be granted that in order to enhance New Zealand's
national income derived from primsry produce export, the
hill ceountry should continue to play an important and
increasing part in that export trade, then one cannet afferd
to negleet a study of ways and means of maintaining at the
present level, and in the long run iwmproving the productive
capaclty of this class of land.

First of all the reasons for a declining productive
capacity must be understood if this undesirable state of
affairs is to be combated and reversed,

In the ensuing discussion use will be made of the
term "ecological survival range". This caoncept in the mind
of the writer may best be defined by demonstration, Each
pasture species or association of species has a range of
edaphic, climatic and biotic conditions within whieh it can
survive, This is called the ecological survival range.

As any one, or interaction of several factors of the
environment exerts an influence which a plant or association
can only just telerate, and yet still survive, the plant or
association may be said to reach the limit of its ecological
survival range. In New Zealand's deteriorating hill land

it happens that the better species are being driven beyond the
limit of this range and are dying out. Breoadly, the reasons
for this are twofold. The first is declining soil fertility,
leading to a declining production from the existing pasture
species, and later to a change in the botanical composition of
the sward towards species demanding lower soll fertility for
survival and being themselves relatively low preducers of
gnimal food requirements, The second is associated with the

use which man makes of the hill vegetation.

To examine the first of these reasons more fully;
soil fertility (in its narrow sense of soil nutrient content)'

will decline through the agency of two factors -~ the disposal
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of animal products and carcases, and leaching.
Levy (1947) quotes the following figures for
equivalent mamarial losses due to the sale of animal produce

and carcases:

One Cattle Beast Sﬁ hate of Super- ;& Potagh Lime as
(1,000 1o, 1ive wgt.) Ammonia. phosphate. Saits. CaCos.

Reared and fattened 116 1b. 77 1be 5z 1b. 40 1b.
Fattenecd only Losses negligible '
%%%ﬁg%%%ﬂlive weight)

Reared and fattened 17% 1b. 8 1b. & 1b. 2F 1b.
Pattened only Losses negligible
Seven pounds of Wool L.3 1b. - Le2 1b. -

Fraser (1947) (iii) suggests that on extensively farme
hill lend, i.e. where carrying capacities are relatively low,
the loss of nutrient elements in stock and stock products sold
off the farm may not, however, be serious in comparison to
leaching losses, especially of lime and phosphates.

Losses of lime even from soils having a high lime
requirement are hHelieved to be relatively great. Davies (1938
found that & soil having a lime requirement of 4O cwt. per
acre CaC0y, still lost (in the bicarbonate form) one cwt.
CaGOSper acre per annum through the agency of leaching.

In untopdressed hill soils losses of phosphate by
leaching mey be ignored, and even if topdressing is carried
out it is doubtful if much of the added phosphate is leached
out (Doak, 1942)., A more likely fate is that it will be
rendered unavallable by conversion into iron and aluminium
phosphates on acid soils, er apatite (CGX2~3033(P0u)gy where
X = OH or F) on neutral or alkaline soils (Russell, 1950)(i).

Potassium is unlikely te be in short supply provided
it is present in the clay minerals. De Turk, Wood and Bray
(19L43) believe that an equilibrium is set up in the seoil
between the available and unavailable potassium. This
equilibrium may be represented thusi
K in Clay Minerals ____ K cations adsorbed ___ K in seoil

| on colleoids selution

Unavailable : Available , Available
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Removal of potassium from the adsorbed state (by contact
exchange absorption) or from the seil solution by growing
plants tends to cause a slow liberation of potassium from the
clay minerals to maintain the equilibrium. However, clay
mineral type and seil acidity influence the availability of
potassium. Campbell (1949) believes that such factors as

a high clay colloid content, especially of the 2 3 1 lattice,
Montmorillonite type, and a high soil calcium content, will
tend to keep available potassium at a low level. Potassium,
like phosphate, has been shown to be relatively immobile in
the soil (MacIntyre, 1943).

Russell (1950)(ii) reports the loss of 1,150 1bs. of
nitrogen per nine inch acre in 45 years from Rothamsted
lysimeters carrying no vegetation. This amounts to 25.5 lbs.
of nitrogen (= 1 cwt. Sulphate of Ammonia) per nine inch acre“
per annum, On other Rothamsted plots on which vegetation
was allowed to run wild for over 20 years, the annual gain of
nitrogen varied from 60 lbs. per acre per annum when the lime
status was 0.16% to 92 1lbs. per acre per annum when the lime
status was 3.32%. The former plot bore in its herbage O.L%
of legumes, the latter 25%. Apart from rainfall, usually
attributed with supplying between 2 and 20 1lbs. of nitrogen
per acre per annum (Russell, 1950) (iii) and free-living
nitreogen fixing organisms of the Clostridium, Azotobacter and

© Nostococcaceae groups, little is known about the natural
supply of nitrogen to solils when leguminous plants are absent.
Without further information one cammot posit a net loss or gair
or a position of equilibrium being attained.

It is as yet too early to evaluate the importance of
direct absorption from the air of nitreogen, lime and phosphate
aerosols by plant cellulose poestulated bj Ingham (1950) as a

natural source of plant nutrients.

Fertility, then, may be lost through the disposal of
animals and their produce from the hills; by leaching,
especially in the case of lime and nitrogen, and by fixation

in unavailable forms in the case of phosphate in particular.
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As soil fertility declines, so does the preduction of
existing pasture species. As higher fertility demanding
species reach the limit of their ecological survival range
they are replaced by lower fertility demanding species of
lower productive capacity, and so the output of animal
products continues to decline.

It is with the rectifying of this downward spiral
that the mext sections on Topdressing and Oversowing are

concerned.

Ags indicated earlier, there is a second major
cause of declining producfivity on ‘the hills associated with
the purely mechanical removal of herbage by grazing animals
and by man-made fire. Excellent account of man's depredation:
on natural vegétat;on are given by Fenton (1937), who recalls
that woods and grassland have been converted into sand dunes
or bracken infested slopes by man's mismanagement of his
grazing animals, and by Cumberland, who says "No matter how
heroic the history of colonial frontier days, it is already
reasonably established that the damage done to the preductive
capacity of New Zealand's area and soils is in parts beyond
repair, and elsewhere is rapidly approaching the critiecal
stage!' And again, "The carrying cspacity of the tussock
steppe in general is certainly declining --- overstocking,
burning, and the resultant depredations of swarms of rabbits
have so completely ousted the tussock --- that the ground is
bare except for scabweed cushions".

It is to a part of this second cause of deterioration

that the section on Stocking is devoted.
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Having discussed the causes of declining fertility,
it is fitting, at this stage, to discuss ways and means of
replacing that which has been lost.

Topdressing is a term embracing the application of
phosphate, lime, potash, nitrogen and certain trace elements
to the established pasture. It is not correctly used to
explain the incorporation of fertiliser or trace elements in
the soil prior to sowing down‘a pasture, and such basal
drescsings for pasture establishment purposes are not

considered here.

Grange (1944:) in his basic scheme for land
classification, recegnises six classes of land of different
"fertility or potential preduction" in the North Island.

Of these, Class 5 is of most importance in this context.

It is "hilly or steep land of moderate to low rertility..
Light topdressing is required to maintain a cover of grass,
and careful management is necessary to prevent soil erosion."
It encompasses 2,757,000 acres, or 10%, of the North Island
land surface. Since, in such a classification as that
empléyed by Grange, there can be no sharp dividing line
between one class and another, some Class 4 iand - that is
"hilly or steep land whieh will maintain grass pasture with
little or no topdressing", amounting to 2,071,000 acres, or
7%, of the North Island land surface, will also be topdressed;
more especially so since it may be desired to improve the
pasture and not simply to maintain it at the expense of the
natural soil fertility. Consideration mist also be given to
Class 6 land; "Hilly or steep land which has severe
lipitations to utilisation, such as low fertility, or
eredibility“, comprising 14,740,000 acres, or 53%, of the
North Island land surface. At the margin of profitability,
and on the margin of grassland and forestry uses in times of
normal prices for livestock products, much of this land is

today potentially profitable as a source of livestoek products,
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and may, by having its fertility raised during these
profitable times, be removed, if not completely at least
partly, from the no-man's land of economic marginality.
Even in cases where erodibility is the cause of marginality,
an improved fertility, by sustaining an 1m§roved sward,
should in many cases allow profitable farming to be carried
on without undue soil wastage.

In the 4 inch to 1 mile 80il survey maps of the
North Island the skeletal soils which make up the majority
of the hill country range in map number from 113 to 1304,
suggesting that there are considersble variations in these
soils in the factors mapped, including soil fertility. Until
the bulletin explaining these maps is published no detailed
impression can be gained of those soils likely to be highly
responsive to fertiliser dressings, those less responsive,
or those unresponsive soils of already high fertility
or having some other limiting factor. Nor can an indication
be gained of those nutrients likely to be in short supply
in the various soils, although the majority of topdressing
programmes have bheen directed towards augmenting phosphates.
The extensive use of phosphates has been bound up with the
desire to enhance soil fertility and feeding value of the
sward through the clover root nodule, a cycle too well known
to require reiteration here.

While attention has been directed mainly towards
topdressing with some form of phosphatic fertiliser, the
possibility of lime and potash becoming factors seriously
limiting hill pasture production must never be forgotten,
the former especially in distriets of high rainfall. The
need for lime topdressing of hill land has been remarked upon
by Livingston (1938) with reference to the Dannevirke district.
The results of topdressing trials quoted by Hamblyn (1937),
though probably carried out on easier country than is here
considered, indicated responses to lime in certain areas of
North Taranaki and Wangamui, while in most other areas in
which the work was carried out the main response was to

phosphate, with lime in some cases enhancing the effect.
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Marked response to potash was obtained only in the Taranakl
and Walhl &W@&%.‘

The importance of trace elements in s?o@k health
mist not be forgotbten either. The case may be clbted of the
Rotorus and Matawal districts of the North Island, and areas
of Southland, Canterbury and Marlborough in the South Island,
where stock h@&lﬁb has been markedly improved by cobalt
topdressing.

However, 1f 1t is i@gitimat@ to argue from the
widespread general praat%me, phosphatic topdressing would
appear to be most generslly required, and for this reason the
subsequent discussion will be concerned largely with this

nubtrient.

I, Bitect of Phogvhatic Topdressing.

The primary object of the phosphatic topdressing of
hill land is the stimlation of clover growth which, through
the action of its nitrogen fixing symbiotic organisme, and
provided other soll conditions such as reaction and aeration
are adeguate, enhances the soil nitrogen content to the
ultimte beneflt of the grass species in the sward. In
this way the total production of herbage is enhanced in a
manner somewhat similar to that following a hesvy application
of nitrogenous fertiliser, although clover nitrogen, beling
supplied wore regularly, gives a more even and sustained
growth than is normally the case with nitrogenous ﬁopd?@ﬁ@ing.

That the action of superphosphate upon pasture yield
is due to c¢lover stimulation is indicated, though not
decisively, by the figures of Sears (1950) (ii):

Lb., dry matter per acre
in 1% months.

Grasses alone + lime + super. 1,800
Grasses and clovers, no fertilisers g,L25
Grasses and clover, lime % super. 11,592

While the mere introduction of clovers hsad the
greatest effect, the addition of lime and superphosphate to

the grass and clover sward increased yield by 22% over that
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receiving no fertilisers, and by 6L% over the pure grass,
fertilised sward. Unfortunately the influence of lime
cannot be separated from that of superphosphate.

Seme guidance on this latter difficulty may be
obtained from trials held at Marten by Elliet and Lynch (1942)
indicating that over a period of eight years the application
of lime and superphosphate to a grass-legume sward gave 8%
greater dry matter yield than did topdréssing with super-
phosphate alone, While deprecating the lack of a control
(no fertiliser) plet in these trials, by which the separate
effects of lime and superphosphate, as opposed to ne
‘fertiliser, could have been measured, the figures of Hudson
et al. (1933) indicate that in the Marton Experimentsl Area the
addition of L cwt. of superpheosphate annually will inecrease
pasture yield by about 50% cempared with the yield where no
fertiliser is added. By comparison the inereased yield due

to lime applications is relatively small within the Marton

Experimental Area.

The effect of superphosphate in altering the
botanical composition by stimulating clover growth is
demonstrated by the previously cited work of Elliot and Lynch,
who showed that the percentage of ground covered by white
clover rose from 15.% prior to topdressing with phosphate te
' 25% eighteen months after topdressing.

As emphasised earlier, until adequate soil surveys
are completed, all these areas in which response to phosphate
may be expected cannot be recognised, nor can theose areas in
which response to phosphate depends upon first neutralising
excesslive soil acidity be traced. Despite the lack of
accurate data, however, the results obtained by individual
farmers indicate that very many hill swards increase their
production in the manner indicated above by the application
of phosphatic fertilisers alone.

Apart from the increased total dry matter, another
important feature of phosphatic topdressing is frequently
overlooked, This is the improvement wrought in the mineral

status of the herbage. Hudson's (1933) work demonstrated
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that application of superphosphate to a pasture consistently
inereased the percentage of P20§ in the herbage, and also the
percentages of lime {(as Ca0) and nitrogen. While the |
seasonal fluetuation in the percentage of these elements was
not lessened by topdressing with superphosphate, it occurred
at a higher level,

Despite the fact that phosphatlic topdressing
preferentially bhenefits clover growth, which Deak (1931) and
Askew {1933) have demonstrated to contain about twice the Cal
present in grass ap&ei@@,yﬂud&@n*ﬁ work %@ul@ indicate
that the Cal g F205 ratig; does not %@mimusly‘@@vi&%e from

the optimam value of unity due to such tepiressing.

All the foregoing response {figures were obtaiﬁ@ﬁ on
low ground pasture growing on lowland solls,. It would be
unwise to assume that the response of hill pastures would be
of an equivelent order. In some cases 1t mlght be more,
in others less., The demarcation of areas showing a response
has not, however, awalted the outcome of soll surveys or
other exact scilentific investigation, In this regard the
farmer has moved shead of the scientist, snd has in many
cases, by his own trials, demonstrated the value of
vhosphatic topdressing for his own particular circumstances of
herbage, soil and climate,.

A detelled soll survey, such as has been completed
for the North Island, will tore-accurately demarcate the
soll types likely teo gilve a response to phosphates, and field
trials wmay indicate opbimum rates of application within these
areas. At no ﬁiﬁw, however, should sight be 1@stkaf the
fact that the degree of the response, and probably also the
opbimim rate of fertiliser application,will depend to some

extent upon the grass and legume species present in the swarde.

II. Types of Phoaph&tic Peprtiliser Avallable.

At the time of writing the whole p@&iﬁiQm”Of
pvhosphatic fertiliser supply is under review. This is due to

the superphosphate shortage engen&&r@& by world-wide sulphur
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shortage. Department of Agriculture, Government and Trade
officials have sought to overcoume the difficulty by placing
on the market three "diluted" forms of superphosphate,
believing that farmers will continue to apply the same
weight of phosphatic fertiliser as formerly, regardless of
‘ita go0luble P205 content, The following types of
superphosphate mixtures will be offered:

{a) Standard Nix Fertiliser, consisting of:

15 owt. superphosphate
2 owt. ground serpentine rock
3 ewt. ground Nauru phosphate.

(n) Serpentine Superphosphate, consisting of:

15 cwi. superphosphate
5 cwts. ground serpentine rock

{c) Reverted (Basic) Superphosphate, consisting of:

15 ewt, superphosphate

5 cwte ground limesltone
It is anticipated that Horth African rock phosphate and high
grade Belgien basic slag will also be availlable in limited
amounts {Holyoake, 1951).

Little is as yet known about the eflectiveness of

these new mixtures th@mghy so far as the unnixed
fertilisers are concerned, Smallfield (1935) concluded that
rock phosphates were generally inferior to superphosphate or
basic slag - this no doubt because of the low selubility of
the phosphatic rock. Bruce ({934) has cowmpared the citric
solubilities of a high soluble hasia slag with two types of

North African rock phosphate:

Total ngﬁ Sol. in g% Citric
‘ Citric acild. Solubility

Bessemer bhasic slag 17 5% 1569 92
Tunisian rock phosphate 260 %% 10.7 Lo
Moroccan rock phosphate 356 2% 11e2 32

. fuether, on the score of solubility, the North African rock
phos phates are to be preferred to those from the Pacific

Islands,

Serpentine superphosphate is a mixiture of threse parts

- and one pard
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by weight of ground serpentine rock (Mggyff Weight for
welght, serpentine superphosphate has been shown to be as
effective as ‘'straight' superphosphate on cerbain soils

(Pields Division, 10LL).
slthough only containing ¥ of the Pzﬁﬁf This enhanced
effect way have been due elither teo a soil deficiency of
magneglum which the serpentine superphosphate corrscted, or
to the Tormation of di-magnesium phosphate which, while beling
moderately avallable to plants, prevented the formation of
unavallable iron and sluminium phosphates. In the same way
the reversion of superphosphate with ground limestone may
prevent a certain amount of fixation of phosphate in
umavallable forms, especially on acid soils,. However, the
extent of these benefits is, a@s yet, rather s natter for
conjecture.

Apart from any such benefits arising from increased
avalilability, there would seem to be 1litile difference in the
effectiveness of various phosphatic fertilisers other than
mineral phosphates, Williams and Reith (1948), working with
a large nurber of phosphatic fertilisers including super~
phosphate, silicophosphate, serpentine superphosphate, calcium
phosphates, triple superphosphate, steamed bone~flour, and
ground mineral phosphates from various sources, conclude
that there is an "absence of major differences in the over-all
effectiveness of phosphates other than mineral phosphates".
Furthery they found 1ittle interscbion between fertiliser and
soil type: "Phere is no indication of any apprecisble
variation in the relative @ff@@ﬁiﬁ&n@%ﬁ of the different
phosphates in solls of different geologleal origin. The
mineral phosphates are the only forms showing ma jor variations,
and thelr relative offectiveness in acld solils appsars to
depend more on the crop than the type of soil, Pedologlcal
differences seem more likely to be reflected in the 1eve1‘of
yield and in the general response Lo, uptake of, and need
for phosphate'.

If these findings are shown fto hold good Tor New
Zealand conditions, the question of which phosphatic fertiliser

to use becones one of avallability, and price per unit of
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phosphoric acid,. The high costs of cartage (especially
important to the hill country farmer) and application
militate against any but the most effective and most
concentrated forms of fertiliser, For this reason the
sholee of the hill country farmer will probably be the
Standard Mix Fertiliser, (a) above), on asccount of its higher
P205 content, unless Reverted or Serpentine superphosphate

is proved to be as effective, welght for weight, as the
Standard Mix, or unless these two former hear some price

adventage.

IIl. Bate of Application.

The optimum rete of application might logicelly seem
to %@‘& reciprocal of the degree of deficiency. Within
narcvow limits this may be true, but it must be modified by
the rate, degree and mature of phosphatic fixation by the soil,
as well as by bhe efficiency of the plants present in the
sward in assimilating added phosphate, for what 1s not utilised
in the sesson of application will be largely unavallable in
subsecuent seasons. Cook (1935) has demonstrated the
varying ability of different plant species to ubtilise
phosphate, while Williams and Reith state that "it would
appear that bthe residual eflfects, even af“h@avier dressings,
are generally small or n@glig%%lg, irvespective of the form
{of phosphatic fertili&&r) uge@,ﬁénd the nature of the response
curve sugpests that, as a rﬁleg there is 1ittle further
increase in yield to be obtained ffom dressings higher than
about 80 to 100 1b. Ppls per acre. .... The use of dressings
conslderably in excess of aboubt 1 cwie 9205 per acre (say,

5 ewt. superphosvhate)} would appear to be generally
uneconomicals Frequent applications...seem preferable to a
single heavy application during the rotation”.

These applications were for arable crops producing
from 5,000 to 7,500 1lb. dry matter per acre. This is
probably a considerably greater dry matter production than is
expected from New Zealand hill land, Figures by Sears

(1950) (i) indicate a yield of 2,909 1b. dry matter from



unimproved hill Iland, rising to 5,129 1b. on topdressing and
oversowing, and to 9,335 when stock were concentrated on the
topdressed and oversown area.

hen superphosphate is applied to Hew Zealand hill
land the average dressing almed at is usually 2 wwt.’p@r acre.
Taking into account the Lfigures of Williams and Reith, and the
smaller productlion demanded from nill lend, such a rate of
application 1is probably close to the opbtimuam for hill land
of average ferbllily. While on much hill land heavier
dressings would probably give enhancsed responses, the law of
diminishing returns and the walue of the products for sale
st always be borne 1n mind, Thus at 1950-51 prices for
wool, heavier dressings might be Jjustified if extra stock
gould be cayrled to ubilise the sextra growih induced thereby.

There would seem to be scope even yelt, however, for

conditions, to determine optimum rates of application of

o superphosphete and the new mixtures therveol with lime,

serpentine rock and rock phosphates upon various classes of

Chill country, especially in view of the deteriorating supply

mositlon.
IV. Methods of fertiliser Distributiol.
(1) Distribution by Hand.

Until recently the sole wethod of fertiliser
distribution has been by hand, and this m@thb& is still the
mest widely used where the country ls so steep as to preclude
the uvse of topdressing machines such as are comnonly employed
on level land,

Perhaps the main drawback to this method has been the
difficulty of obtalning labour to carry out what is an
unpleasant task, The labour avallable has not incereased in
conformity with the increased popularity of the practice of
topdressing hill land. The lncereasing cest of labour, too,
has enabled other forms of distribubtion to compete with hand
distribution freom a purely economic standpoint. Hand

distribution, too, demands that the fertiliser be packed out



Figure II. Pannier
straps being load-
ed with superphos-
phate bags from

parallel platforms.

Figure I. General
layout of fertil-
iser storage shed,
with parallel .
loading platforms.

Figure IIT. Pack-
horse team moves

away from the .
loading platforms.



on to the hill and the bags placed in convenient positions to
minimige the amount 'of walking the sower has to do. One
method is to place the bags of fertiliser (superphosphate is
in bage of 187 1b. weight) in pairs about 90 yards apart

every way, and from each such dump the sower sows the
fertiliser 45 yards every way, covering a square of 12/5 acres
in extent with each two bags. There being 12 bags to the ton
this giveé an application rate of 2 qwt. per acre.

Difficulties of packing on to the hill may be
minimised if tracks are available to central storage points,
allowing the use of mechanical transport. Rasys dry weather
access routes to ecentral points may serve the purpese without
the necessity for actuwal tracking. One such system is known
to the writer. During favourable weather the fertiliser is
transported by leorry, tractor and trailer,and tractor and
sledge, to corrugated iron sheds placed centrally in each
bleek of 500 to 600 acres. Each shed has a capacity of up to
80 tons of fertiliser. From these sheds the fertiliser is
packed on to the hill. Loading of pannier straps is
gimplified by the parallel platfeorm arrangement depicted
in the photographs (Pigs. I, II & III, page 38a). The straps
are laid out on the platferm, a bag of fertiliser rolled on,
ané. the straps buckled ups One wan can thus load a pack-horse
team quickly and with little heavy lifting, thus expediting
the work.

Allowing thet a 600 =ere bloeck is a square of
approximately 1,700 yards side, and the fertiliser dump is
centrally placed, the maximum distance packed should be less
than 900 yards, or half a mile. Thorpe (195%) bélieves this
distence to be the maximum for economical packing, allewing one
packman with four horses to keep three sowers occupied by
making between 9 and 11 trips to and from the central dump
daily. The sowing of 20 ucrggjpem:ndny which this would entail
is probably a generous estimate.

Where packing must be undertaken over longer distances,
or in very difficult country, the vtask becomes excessively
slow and laborious, and it is under such conditions that other
forms of distribution can compete favourably with that by hand.
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Distribution by hand has the advantage that it
permits mich greater selecetivity of placement than mechanical
methods, Sowers can preferentially tap&reas those places
which, in their estimation, are most likely to respend, and
can avoid wasting fertiliser in patches of scerub and fern -
though the custom of some farmers is preferentially to topdress
such patches in the belief that such grass as exists therein
will be "sweetened" and will attract cattle to graze it, to the
ultimate detriment of the scrub and fern.

However; the evenness of hend distribution has been
- egalled in gquestion by the advecates of other forms af
distribution, and from the writer's experience of topdressing
perfeetly level hayfields by hand, there may be considerable
justification for these doubts,

(i1) Distribution by Blower.

The early hopes held out for this method of
toepdressing (Hamblyn, 1949) have more recently been belied
(Lyneh, 1951)s The principle of the blowing machine is that
fertiliser materisl is fed through a fan rotating at high

speed,  and passes into the updraught of the fan, This impells
the fertiliser upwards and outwards from the machine for a
certain distance, while wind and air currents carry the
material still further, | .

This method has the advantege, according to Lynch
(1950) , that "costs of application are considerably lower than
those of hand topiressing, and the labour requirement is less".
According to Hamblyn (eit. supra) it is a rapid means of
fertiliser application, rates varying from 1 to 14 tons per
hour, _

Recent trials on level ground, reported by Lynch
(eit. supra) have proved the distribution (under the conditions
of the trial) to be very poors This finding Lynch succintly
sams up this: "The paradox of blower distribution of fertiliser
is that, though the area of deposition of relatively coarse
materials can be contrelled fairly effectively, the spread of
such materials is gressly uneven. Conversely, the spread of

finely ground materials is reasonably good, but there is very
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" Fig. 2—Spread of Materiak with Machine C
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Distribution charts prepared in the same manner as for Fig. I.

Figure IV. Typical distribution contours for
various fertilisers spread by blower
topdresser. (Iynch,1951).
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little control over the area on which such materials are
deposited”,

The fertilisers used, placed in erder of decreasing
fineness, are tabulated below. The first column shows the
maximum density of fertiliser found in the vicinity of the
machine, and the figure is teken from the distribution charts
(Pig.IV page LoOa).

Fertilisers - from | Wax. |% fert. | % of fert. |% fert.
finest te coarsest.| dressing|accounted recovered agglied

ewt/acrel for. which landed in
in the area: |1 -~ 5 cwtl

recel~ | receli-|per acre

ving ving area.

5 ewle '3{ e 5

per ac.| cwt

or more| per ac.
Heskitt Slag 1 17 nil 100 17
Super. Fines 68 97 89& 8 10.2 9. 89
Reverted Super. 101 82 86 11.4 9. 34
Superphos phate 160 100 9« 5 10.5 10.5

Ify for the sake of argument, a distribution of
hetween & cwt, and 5 ewt. per acre is assumed to be
gsatisfactory, it will be seen that in every case less than 20%
{a maximam of 18, was reached with Basic slag) of the
fertiliser applied landed within this distribution range.

The coarser fertilisers tended to fall to the ground in the
region of the blower's blowpive, giving gress application

(160 ewt. per acre in the case of superphosphate) for an area
extending about one chain from the blewer. The greatest

part (69 of the Basie slag and 83% of the Heskitt slag) eof
the finer materials became airberne, and was carried completely
gutside the 'target area',

Such a distribution is patently unsatisfactery,
especially when it is remembered that with this type of machine
annual feftiliser dressings will tend to be applied from the
game position - from a ridge, blowing down, or from a gully,
blowing up - year after year. The blower must be operated
from a trailer or sledge drawn along reasonably acecessible

rout es. These routes will almost certainly be limited, and
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will so l1limit any variation in operating position, thus
condemning certain areas near the operating site to an ever
inereasing overdose of fertiliser, while the land 3 to 5
chains away is condemned te consistent neglect.

It may be that, in time, an optimum size and specifiec
gravity of fertiliser particle, or more probably an optinmm
mixture of sigzes and speeific gravities of partiele, will be
decided upon, and that this, combined with an improved machine
and a hetter knowledge of optimum wind velocities, will lead
to an improved distribution of fertiliser from these blowers.
Too great a dependence on uncontrollable factors suech as
yind veloecity should be aveided. The mixing together, in
definite proportions, of fertiliser particles of different
but definite size and speecific gravity, such that a proportion
of the material will settle out near the blower, a proportion
further away, and so on, yet nome be so light as to become
airborne in moderate wind conditions, may be envisaged as the
most practical method of tackling the problem of distribution

from blower topdressers.

(1ii)  Distribution by Aircraft.

The use of aireraft as farm implemesnts was begun
in America shortly after the first world war, Pest control
by dusting was an early use; in 1929 rice was first sown
from the air, and by 1948, in the State of California alone,
aireraft bandled over one million acres - spraying with weed
killer, du_sting and spraying to control pests, and sowing crops
of barley, wheat, lucerne and ladino clover (Smith, 1950).

In 1917, after an extremely wet winter in Britain,
aireraft were used to a limited extent for sowing grain crops
on ground so wet that seed drills could not operate.

In New Zealand this aid to farming has been developed
in the post-second-world-war period, \beginn:lng wvith the sowing
of lupin seed on 90 mile beach late in 1944, followed by the
sowing of cepper sulphate on deficient peat land on the
Hauraki Plains (Anderson and Cunningham, 1946).

Prelimimry trials with the sowing of fertilisers were
carried out at Ohakea aerodrome in 1948, Raglan, 1948, and on
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Fig. |—A chart showing the distribution density obtained in the trial at Ohakea in September, 1949.
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Tigure V. Distribution density contours for granulated
* superphosphate. (Iynch,1950). (Avenger a/c).
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Fig. 2—Distribution density measured at right angles to the line of flight in Fig. 1.

Figure VII.
Distribution density
curve obtained when 51
fertiliser was drop-

ped at 5/7ths of the 4
original rate (2%cwt
ingtead of 3%cwt),
from flight lanes

1 3/7th chains apart.
The distribution is
markedly improved.
(Lynch,1950).
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Figure VI.
Distribution density
measured at right
angles to the line of
flight in Figure V.
Peak A represents the
merging of two swaths
of fertiliser. Flight
lanes 2 chains apart.
(Iynch,1950).

Pigure VIII.

Almost perfect distri-
bution resulted when
application rate was
reduced to 4/7ths of
the original (2cwt),
and flight lanes
reduced to 1.1/7th
chains apart.
(Lynech,15950).
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Wairarapa hill country in 1949. These preliminary trials,
reported by Lynmeh (1950), have demonstrated the great
potentialities of this method.

Using light airecraft, flying at heights of frem 50
to 100 feet, ordinary commercial superphosphate can be
distributed with satisfactory evenness. Where the use of
heavier aircraft necessitates flying at greater heights,
granular material was found to be essential to ensure an even
distribution. The evenness of distribution depends partly,
as might be expected, upon the distance apart of the flight
lanes, Rate of application decreases outwards from the
centre of the flight lane, so that by allowing an overlap of
the successive gwaths of fertiliser laid down, a relatively
even distribution may be ebtained. Typical distribution
charts are presented (Figures V, VI, VII and VIII page L2a).
As demonstrated by‘Figu-rc VIII cleose spacing of flight lanes
gives almost perfeect distribution of the granular 'hillside'
gsuperphosphate used. The closer together the flight lanes,
the lower must be the rate of fertiliser distributed per unit |
of flight distance in order to give the same per acre dressing
of fertiliser as where widely spaced flight lanes are used.
This means increased flying diatancé per acre topdressed, and,
therefoz;e, increased cost per acre. 'fhe value of perfect
distri}bution rﬁust be equated with this increased cost and the
loss in productivity entailed by less perfect distribution,
bearing in mind always that if topdressing is carried out
regularly, ground which is thinly topdressed or missed
altogether in one year willl, by the laws of chance, probably
be adequately topdressed in a subsequent year.

The aircraft most extensively used by mrivate
operators of comhercial enterpriaes.in New Zealand has been,
and is, the Tiger loth, which, on account of its low landing
speed and concomitant short runway requirements, low stalling
speed and high manoeuvrability, combined with its relatively
low cost and availability in the post-war period, has :mnde it
the obvious cheice of operators demanding & safe and p;'actical

machine at a low prices These aircraft, however, have a very
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Figure IX. Fertiliser being loaded into
Beaver aircraft prior to take-
off on.aerial topdressing
flight. The auxiliary pilot
operates the loading truck.
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limited load, 5 cwt. of fertiliser, carried in a gravity
filled hopper replacing the front cockpit, being the maximum.

This fact alone imposes several disadvantages.
Alrstrip and area to be topdressed must be relatively close
together, 3 miles has been suggested as the maximum economiec
distance between the landing strip and the area to be
topdressed (Lynch, 1950). This, in turn, demands a rapid
Y$urn round' of the aireraft, since loads will be dropped
every 3 to 5 mimmtes during favourable weather, An efficient
loading organisation on the airstrip is essential, and,
further, the pileot must make a large number of landings per
day. If each round trip takes five minutes (and in many
cases the figure is lower), in eight flying hours the pilot
will recuire to make 96 landings and takeof‘fé. These demand
considerable concentration on the part of the pilot, and may
lead to fatigue with its concomitant danger of accidents, as
well as placing an abnormal mechanical strain on the aireraft
itself,

Larger aircraft, with the advantage of having a
larger payload, can operate economically further from the
airstrip, thus reducing the difficulty of finding suitable
airstrips in hilly country, and réducing the number of
~eircuits per day, and hence the accident risk, Such aircraft,
however, being commonly less manoeuvrable, have to operate at
greater altitudes, and require longer runways than do lighter
aircrafts As observed earlier, even distribution of
fertiliser from aircraft flying at heights of 300 to LOO feet
and over demands the use of granular fertiliser. This forms
another dravback to the use of such aircraft, since supplies
of granular material are very limited in New Zealand at present.

In an aitempt to overcome some of these difficulties
one private firm in New Zealand is now operating a de
Havilland Beaver aircraft (Fig.IX page L43a). This machine,
apecially designed for cargo earrying work in remote regions
of Canada, has similar flying performance to a Tiger Moth,
yet with a much higher payload. Information supplied by the
Department of Agriculture gives the load as 1,520 1bs.(13% cwt.,
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loaded take-off distance 260 yards; stalling speed 47 m.p.h.
A gravity filled metal hopper, which can release its load in
125 seconds, is built inte the aircraft behind the pilet's
cockpit. Pilot fatigue is reduced by having a reserve pilot
who, while not flying, operates the hopper loading truck.

The operators claim that the aireraft normally applies 80
tons per day - covering 800 acres at 2 cwt. per acre.

The preliminary trials mentioned earlier were
undertaken by a Grumman Avenger torpede bomber having a
detachable hopper of one ton capacity fitted in the bomb bhay.
The difficulty of loading the hopper rapidly, and the
consequent waste of time on the ground, militates against the
use of this type of modified war plane in commercial practice.
The Avenger, carrying one ton of fertiliser; topdressed a
swath about half a mile long and LL yards wide, or about 10
acres in extent; flying at 600 feet altitude a maximum
density of 2,1 cwt. per acre at the centre of the swath
- diminished to 0.5 cwt. per acre at the sides of the effective
swath width. The distribution is indicated in Figures X and
XI, page Lha).

The success of the work with this heavier type of
aircraft has led to trials with still heavier machines capable
of earrying mich greater loads. Such aireraft, it is argued,
by ecarrying the fertiliser direct from airstrips adjacent to
superphosphate works or other large central sterage dumps,
might further .re&uce the per acre cost of the operation by
cutting out rail ani road transport to the farm, removing any
necessity to bag the fertiliser, and by aveiding much manual
handling. .

Trials with the Bristol 170 "Freighter" have recently
been carried out in Britain. This aircraft is fitted with =
three hoppers, each capable of holding two tons of fertiliser;
a2 capacity of six tons in all, or sufficient to topdress 60
acres at 2 cwt, per acre. The distribution graph obtained at
these trials is reproduced (Fig XII, page L) from Smith (1950)
(ii), end is not dissimilar to that obtained from the Avenger
trials in New Zealand, From considerably higher altitudes
than those of the New Zealand trials (between 800 and 1,200
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Figure XII. Distribution of granular super-
phosphate on each of three
traverses measured at right
angles across the swath. Trav-.
erse 1 at 200 yd., 2 at 400 yd.
and 3 at 650 yd from the start
of the dropping zone. Released
from Bristol Freighter at 1,200
feet in gusty wind averaging
30 knots. (Smith,1950)(ii).
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feet), the swath receiving more than 0.5 ewt, per acre was 280
yards wide, with a maximum density at the centre of 3.2 ewt.
per acre. ‘Traverse 1 was at 200 yards from the start of the
dropping zone, traverse 2 at LOO yards, and traverse 3 at 650
yards. This latter indicates a falling off in fertiliser
dengity towards the end of the 800 yard swath.

Parnes (1950) estimates that the Freighter,
transporting fertiliser 30 to 4O miles from a base depot,
should take 45 minutes for the round trip from take-off to
take-off, inclusive of 15 minutes leading. 12 serties
per day would allew 72 tons to be dropped on 720 acres, and
would involve six hours actual flying time.

The decision as to which method of topdressing is to
be practised depends upon local conditions determining the
cost and practicability of the various methods. However,
it seems likely that so long as costs of aerial work mmain
competitive, this method will become increasingly popular,
due to its greater convenience and the lesser labour demand

which it entails.

g Economic Aspects.

It is net intended in this section to give estimates
of the costs of the various methods of topdressing, The
writer concurs with the opinion of Sanders (1949) that
"theoretical estimates of coests (of preduction) are not worth
the paper on which they are written". Certainly costs vary
so much, in space with circumstances such és the situation,of
the farm and its topography, and in time, with changes in the
costs éf fertiliser, labour and all other prices, that they
form little basis for comparison between énz situation and
another, between one period of time and another, or between
one method of topdressing and another,

The first intention is to disclaim any suggestion
that topdressing can be profitably carried out on every
class of country. The iriter feels that it would be more
valuable if topdressing costs were expressed as being so much per

sheep carried rather than per acre. Where topdressing is carried
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out it is usually envisaged as a recurring cost - perhaps net
annually recurring, but certainly periodically, and as such
is chargeable against profits. Profits, however, are not a
function of acres, but of sheep carried, I? evaluated in
this manner it would readily be apparent which class of
country was at the margin of profitability for topdressing at
any given level of prices, Thus, while topdressing costing
say £1 per acre may be profitable on land carrying one sheep
per acre if, thereby, production is increased by one pound of
wool and carrying capacity by 1/3rd of a sheep per acre, it
may be patently unprofitable, even if the same increase (per
sheep carried) is obta}nod on land carrying one sheep to five
acres, since expense in the second instance would be £5 per
sheep cearried, compared with £1 in the first instance,
Somewhere between these extremes there will be a marginal case,

At this margin there will be cases where topdressing
might more ressonably be considered a capital rather than a
ranning expense. In these instances the first topdressing
my be necessary to raise the carrying capacity toa level at
which subsequent topdressings may be profitable. On the
other side of the margin no amount of topdressing can be
expected to raise the carrying capacity sufficiently to make
it worth while. In these cases, such as in the South Island
tussock country, phosphate is not the most important limiting
factor,

To be offset against this disability which low
carrying capacity country must suffer 1is the fact that under
such conditions the per aere losses of plant nutrients, brought
about by the sale of stock and stock products, are much less
than in the case of higher carrying capacity land. In these
cases, too, where rainfall is frequently the factor limiting
pasture growth and carrying capacity, leaching of scluble
nutrients will be much less than under high rainfall canditions):
while under these conditions of more extreme climste
(especially having wide daily and seasenal temperature
fluectuations) the debit side of the soil nutrient account is
more likely to be offset by the credit balence of the natural



soll forming processes, For these reasons the econemic
disability of this class of country to show a proflt from
topdressing mey not be so serious (though the matter is open

to more exact preoof) as it would at first seem to be
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G OVERSOUING,

The term oversowlng is that &p@li@a t o the broadcast
distribution of grass, legume or other agriculturally useful
geeds upon the surface of the existing sward, without making
any attempt to incorporate the seeds into the underlying soill,
by the use of discs, harrows, or other implements,

Farlier it was stated that the primary object of the
phesphatic topdressing of hill land was the stimmlation of
legure growth which, through the action of the nitrogen
fixing legume sywbionts, enhances the seoil nitrogen content
to the ultirate benefit of the grass species in the sward.
Conversely it is wvery largely futile to topdress with
vhosphates a pasture which does not contain species capable
of responding marvkedly to that topdressing. Sears' (1950)
(ii) figures are worth quoting to demonstrate the effect which
the inclusion of clovers in a sward can have upon production:

Yield of Grasses and Clovers Under Mowling al
Paimerston North for Period 14/1/48 - 14/2/09.

Dry Matter per acre,

in 1hs.
Grasses alone, no fertiliser 1777
Grasses along + lime 4+ phosphate 1,800
Grasses + c¢lovers, ne fertiliser
Gragses 1,017
Clovers 5,008
9,l25
Grasses + clovers + lime 4+ phosphate
Grasses I, B6L
Clovers 7,028
11,592

These figures demenstrate the lack of response when
a purely grass sward is topdressed, though it may be assumed
that the fertility of the soll at the experimentel station
vhere these figures were obtained is such that the grasses
were ademately supplied with phosphates. finder conditlons
of phosphatic deficlency the pure grass swavd would probebly
have shown @ YesSponsa. Nevertheless, 1t is the inclusien of

clovers in the sward which has the major effect in boos ting
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pasture production, not only by adding their bulk te that of
the grasses, but by mere than doubling the preduction of these
gragses, presumably by enhancing seoll nitregen. While an
ingreased production of the same order as tet quoted cannet
be expected on hill land, the principle of incerperating
legumes 1in the sward wherever pessible remains sound. Sears
{(1949) quotes one series of trials on hill ceuntry in which
topdressing the origlnal sward had virtually no effect, while
topdressing an adjscent paddock and oversewing it with clovers
im@@@%a@@,p&m@u@ﬁiam by 100F.

No less sound is the policy of sbtbtempting to
introduce improved grass stralns and specles into hill swards,
wheraver soil and c¢limatic conditions will permit them to
thrive, in order to ubtilise to the best advantage the

ingreased fertility engendered by the growth of legumes,

¢4 AR

I. The Value of Legumes in OV&PS@Wim&;@

f}\f,m e \

There is an unfortunate tendency among m&m§ Q&vgéataﬁ
of legume oversowlng te invest, without disceriminstion, all
leguminous species with powers of nitr@ganafixatian,whiah mst
freguently be beyond thelir capabilities, Many legumes, it is
true, "fix" atmospheric nitregen with the ald of theilr
gspecific noduls bacteria, They may fix nitrogen 1in excess of
their own reoulrements, and, through the sloughing of'f of
nodules, through the excretion of nitrogenous substances from
their roots, bthrough the decay of their roots, sud through the
return of their aserial parts to the soil as dung and urine,
they may supply adjecent non~legumes with nitrogen. Levy
(19L.9) estimates that wild white clover will fix 40O 1b. of
nitrogen per acre per annum in good New Zealand pagtures. 0On
the other hand, the virtue of less active nitrogen fixers may
largely lle in the fact that by providing their own nitrogen
from the air they leave the entire supply of soil nitrogen at
the disposal of the grasses,

It is also true that some legumes have a higher
percentage of protein in their dry matter than do most grasses,
thus enhancing the muiritive value of a pgsture which contains

a high properitlon of legumes, and enhancing the nitrogen status
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of the excrement of animals feeding on such a pasture.
Comparative dry matter nitrogen percentages for white clover
and perennial ryegrass are given by Woodman (1948) as L. L%
and 2.9 respectivel ye

It mey be wrong, however, to generalise too far from
these particular virtues which white clover and certain other
legumes such as lucerne and probably red and subterrsnean
clovers do possess, and to assume that all legumes are
necessarily beneficial in the soll fertility building process,

Saxby (1948), discussing haresfoot trefoil

(Trifolium arvense) says, "It must be of some value, even
though slight, as a slow bullder of fertility'. The same
impli@atign iz mede concerning Trifolium dubium, T.striatumn,
T.glomeratun, Reresupinatum, and several Medicks, without
apparent Justification except for the fact that they are
legumes,

Saxby's assunpbion my be justified, but there are so
many factors which may limit and even inhibit nitrogen
fixation by legumes that the value of all but vigorous
nitrogen fixers as bullders of soill fertility must st&n@ in
some doubt, while even with vigorous nitrogen fixing legumes
inhibvitory factors wmay operate to prevent any enhancement of
fertilitye. In this respect, Virtanen (1928) has demonstrated
that while certain clovers may grow in acid soils (down to pHl)
the nodule bacteria cannot Tix nitrogen until the pH v@aahés
at least 5, Albrecht (1933) has emphasised the need for
calcium, and Jensen and Betty (1943) the need £or molybdenun
in the wiﬁr&g&n fixation process by Rhizobia, Albrecht's
(%%@&}'w@f& slso suggests that there may be an opbimum ratio
of K ¢+ Ca for fixation. Russell (4950) @m@h&@i@@% the need
for adequate phosphate and calelum, potassium and molybdenum
~for good fixation in legume nodules.

Agaln, there are many ineflfective strains of nodule
bacteria in the soil {(Thoraton, 1947) capsble of Forming
nodnles on legume moobs, but incapable of fixing nitrogen, so
that the existence of root nodules on legumes does not
necessarlily indicate that hitr@gan fixation is taking place,

and lnoculation with effective strains of bacteria may be
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necessary before any enhancement of soil fertility can be
expected.

Wyss and Wilson (1941) suggested that nitrogen
excretion by legume roolts would only occur under certain
climatic conditions of which long days with low maximam
temperatures and cool nights was probably one, and it was
only under these condlitions that Roberths (1%&1) waa able te
demonstrate that grasses did benefit from asseociation with
legunes,

Lyon (1936) at Cornell has demonstrated that
leguminous c¢rops such as soy beans and fileld beans may
materially deplete the s0il nitrogen, while Russell (1950) (v)
concludes that "a leguminous crop can, though it need not,

enrich the soil in nitrogen®,

It may be said, then, that the extent to which a
pagture legume will enhance soll fertility depends upon many
flactors, some inherent in the legume specles, but many
off external origin and, doubtless, others of which blological
science iz as vet unaware.

There is much scope for detemmining the real wvalue
of many legume species for the purpose for which they are
sown, namely that of enhancing soil fertilitye. In practice
white c¢lover, subterrsnean clover and Lotus mrjor are the only
lepumes conmonly used for eversowing, and these are believed,
the first from experimental evidence and the other two from
experience in the field, to be high in their efficiency of
nitregen fixation when external conditions are satisfactory.
On the other hand, Tarmers who are informed of the futllity of
topdressing cloverless swards, snd the necessity for
establishing clovers in such swards if topdressing is to be
effective, may be led errvonesuslyto assume that if any legume
specles 1s present in their swards t@@dr@asing will have the
desired effect. This may or may not be the case, but as yet
the value of topdressing swards conteining only annual clovers
(other than subterrancan) must be doubted, nor is the position
with regard to some perennials such as alslike and red clover

at all clear.



II. The Species of Legume Used.

‘Bearing in mind the feregoing c¢riticisms, the
following is based largely on New Zealand practice.

Levy (1948) has, with some justification, called
white clover, subterranean clover and Lotus major "the great
triumvirate of the hills". White clover is especially
valuable, being a perennial which, under favourable
conditions, can fix much atmospheric nitrogen and is telerant
of a fairly wide range of edaphic and climatic conditions,.

In the moister hill country in the west of the North Island,
and in the less dry regions of the east, it is probably

supreme as a fertility builder, especially where phesphatic
fertiliser can be applied. Where soil fertility is toe lew
for white clover, or conditions too damp, it may be effectively
replaced by Letus ma jor. At the other end of the moisture
scale, where conditions are too dry or where there is a
likelihood of summer droughts, white clover may give way to
subterrancan clover. )

White clover is normally broadcast at about 2 lbs.
per acre. Lotus major is best "spot sewn" on .patchas of
loose soil. Subterranean clover is usually broadcast at 4L
to 6 1bs. per acre (Extension Division, 1918).

Oversowing with legumes should normally follow
closely, accompany, or closely precede topdressing with
phosphatic ’fertiliaers. Sowing is usually carried out in
late summer or autumn and the oversewn paddocks spelled te
allow establishment of the young plants. Subterranean clever
oversowings must alse be spelled towards midsummer in the year
following sewing to allew this plant (an annual) to set and
deposit its seed in the ground.

It has been said that thé prime necessity of the
South Island tussock hill country is the intreduction of a
legume capable of thriving and increasing soil fertility under
the existing climatic and edaphic conditions. Certainly
nitrogen deficiency my well be one limiting factor in the
productivity of these tusseek grasslands. The writer ealls
to mind a menurial trial laid down on a hillside covered with
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typical tussock grassland vegetation on the southern side of
the main road west from Christchurch, about two miles beyond
Lake Lyndon. Here Tour one chain souare plots had been
topdressed with one or another of bthe four main plant nutrient:
phosphate, potash, lime and nitrogen. Only this last plot,
topdressed wiﬁh nitrogen, showed any visible difference in
appavent vigour of the plants and increaéwd ground COvVers

In trisls set down by the Departwent of Agriculture
on Selwyn Station, near Burke's Pass, Kentish wild white
clover was observed by the writer to be showing outstanding
growth and apmarently good establishment. Sweet clover
(Melilotus alba) was also growing well. Zig-zag clover
(frifoliuvm medium) is also recognised as a possibly valuable
legume , though it suffers from the disabllity of poor seed
setting, and must be propagated vegetatively (Allan, 1947).

In the search for new species of legumes for this
semiarid reglion sight should not be lost of Cockayne's (1921)
(1) observation of the establishment and ability to withstand
heavy graging of lucerne (Medicago sativa) in the Earnscleugh
district of Central Obtage, and the same author's (1922) (i)
gsuccessful estabhlishment of lucerne on his experimental plote
on the Dunstan Range, Central Otago. Lucerne was recorded
by Tennent (1935) to be still extant and in several instsnces
thriving on twelve of the original fifteen plols.

In lucerne there is a plant species which, according
to Xlinkowskl (1933} originated in the arid, saline "“huhger
steppes' of Turkestan, which have a "pronounced continental
climate", From the three recognised speciles, lMedlicago satlva,
W, falcata, and M, media, there have evolved by selection under
a wide varlety of ecologlcal conditions wany strains.
Hoseveare (19&@) amplifies Klinkowski's thesls when she
observes that "in Argentina an excellent example iz afforded
of the great ecological range of variation possessed by
lucerne”", and continues to point out that more than fifty
dif ferent types of lucerne are belng studied in the Jusn
Lapacette Experimﬁmt Station in the province of Cordoba.

The very extent of the variation to be found in
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Medicago species would seem to offer much scope to the New
Zealand plant breeder in his search for material from which to
select and breed a strain of lucerne even more well adapted to
South Island hill conditions than the strain sown with
congliderable success by Cockayne 30 years ago. The trials

by the Botany Divislon of D.S.I.R., esteblished in the Nursery
Area at Molesworth to test the value of lucerne (Grimm, Ranger,
Cossack, Yeaker, Baltic snd Ladak strains) (Allan, 1947) must

be regarded as an lmportant pliece of work.

ITx. The Value of CGragses in Oversowlnge.

If legumss are considered as fertility builders,
grasses mst be considered as fertility utilisers. Most
grasses growing at a low or a moderate plane of fertility are
probably capable of responding with increased productilon and
improved chemical composition to an increase in the level of
fertility.  But, as was demonstrated earlier, the
application of phosphatic fertiliser will stimulate clover
growth wore than 1t will grass growth; likewlise any inerease
in nitrogen status in the seoll will stimulate the growth and
production of some grasses more than others in a wixed sward.
"This may be due either to the inherent ability of the hetter!
grasses to respond to fertiliser application, or to the
zreater competitive ability of the "better" grasses which
enables them to dominmate the "poorer" ones,

Martin Jones (ﬁ93§) demonstrated the principle by
comparing & section of & sward recelving a double return of
gteock netrients with a section of the same sward recelving no

stock nutrients:

Percentage Betanical Composition
FPerennial Cocksfoot Pos Crested
Ryegrass trivialis | dogstaill
No Return 216 136 L.5 2e3
Double Return 1164 9 21.8 55 Ba O
Percentage
increase 117 60 20 30

And the same tendency for the "better™ grasses to increase in

proportion to the poorer ones ls seen in the more recent work
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of Davies (1950) on the mnuring of permsnent pastures from

which the following table is extracteds

Percentage Tiller Gmm@wgitian. ﬂ”
- W
Peremnnial Bent V
Ryepgrass. (Agrostis sppe).|
GControl 9e 1 370
19L6
Manured 1101 LA
Control Qo 11, 28. 4
1947
Manured 17e3 ' 14

It would seem, then, that where the more responsive
gresses are not repregsented in a sward they should be
introduced in order tsﬂutilis& fully any fertility built up
by the legumes, provided these responsive grasseg are also
desirable from a stoeck oubtrition and palatability point of
views Agalin, where such responsive grasses are present only
to a limited extent in a sward, and their increase by
manuring and stock management alone might be slow, their
introduction in greater numbers by oversowing the éwaré with
their seeds may well be congldered.

T The peimary object of oversowing with grasses is to
intreduce into an existing sward grass speciles capable of
producling at a higher level than the existing species under
the new fertlility cenditions %roﬂ@ht about by the earlier
application of fertilisers and oversowing with legumes, or to
replace those mere nighly productive ap@oiaaswhieh have, by
overgrazing or other managerial defecbs, been eliminated from
the sward. This is, however, only partly true where motives
other than the provision of increased stock f@@ﬁ are involved,
such as the establishment of some cover or im§PQV@n@gt @f‘
exigting cover for soll erosion contrel purposes, or, as in
the depleted areas of the Seuth Island, where the establishment
of any vegetative cover, herb, grass or legume, ls seen as a
method of improving soil humus content, water helding capacity,
and wicro climatia conditions through which better species may

eventually be established.
B 4
Iv. The Specleg of Grass Used.

The grass specles used for eoversowling will depend

upon seversl varlables of which soil fertility and climate arve
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probably the most ilmportant, although such a consideration as
the role the grass is o perform ranks of squal importance,
The role of the grass may be that of providing stock feed, of
preventing or diminishing erosion, for land reclamation
TUrpoOsSes, or some m@mhination of these.

Within the limits of our present knowledge a
perennial ryegrass - white clover sward is believed to be the
most efflcient and reliable general purpose, permanent pasture
for stock feeding purposes. #or this reason, perennial
ryegrass is wusually a major component of all oversowing
mixtures for use on the more fertile hills of the wet hill
country, and on the less dry hill country of the North Island,
that is, on those areas where white clover Is the main legume
employed. - This species may give way to cocksfoot or Poa
pratensis in the drier regions of the North Island, while
crested dogstall my alse be included in mixtures for these
drier arcas.

The wisdom of sowing grasses further down the scale
of value fTor stock feed purposes -~ €.g. browntop, sweet vernal
and danthondia, 1s doubted by the writer although it is
sometines recommended. These doubts arise partly from
gconomic conslderations, and partly from a helief that in most
instances in which these species are oversown one or obher of
them is already present in the sward and could, if desired, bhe
encouraged by sultable stock menagement. The same, ind&edy
is of ten true of p@%enmiai ryegrass, and, economically, it may
he more adventageous to apply the stock management methods of
Lamont (?939) to increzsse the representation of thils species
in the sward. As was seen earlier, where desirable species
are already present in a sward an enhsncement of soil fertility
will agsist thelr increased representation in the pasture,

The necessity of oversowing with grasses much Worth
Island hill country my, then, be obviated by ralsing fertility
and by Judicicus stock management, the benefiting and giving

a pgreater competitive advantage to the desirable species,

In the tussock grasslands of the South Island, the

writer is of the opinlen that the preblem is largely one of
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improving ground cever in an at%&w@m to bulld up soil humus
content, to réduce run~off and erosion, to reduce the
detrimental effects of high wirds and wide tempersiure
fluctuatlions at the soill surface by providing a vegetative
cover, and by these means to proevide a seed bed and a more
favourable micro climete for specles agriculturally more
desirable. In many parts of the less badly depleted areas,
as in parts of the MeKenzle snd Canterbury High Country, and
reglons of Otage abutting on the western ranges, a more
immsdia bely utilitarian viewpoint may be tenable. In these
areas specles mway be chosen predominantly on acceount of their
palatabllity and nutritive value for sheep, bub in no case
should thils long term utility be allowed to obscure the short
term value of a specles in acting as & pleoneer for future
devel opment.

This 1s not to be regarded as a plea for neglecting
to control n&m@wmﬁ weeds such as Nassella tuaaackg thereby
encouraging their spresd, but rather a suggestion that short
and long term mtility of a apecies should be considered when
making a selection feor the oversowing of this class of
country.,

The principle of contrelling the spread and
domivaence of speclies by suitable wenagement was first
@@mmm&ﬁw&t@ﬁ experimentally by émﬁ@& {1933) in his classical
work at Jeallot's Hill, and similar methods of swinging the
ecological belance in favour of a given spescies and to the
detriment of ancobher have been specifically recommended by
Stapledon (19:4) for the changing of unpslatable Molina
dominanted swards into swards dominated by Agn@gtia. In New
Zealand the abllity of man, with the aid of firestick and
sheep, to control, indeed eliminate, the relatively
unpa latable tussock specles, has caused CoNcern emong
runholders, ecologists and land conservators alike, The
inference is that certain (but certainly not all) pl&nﬁs
relatlvely unpalateble to sheep and useless for sheep grazing
may be sown Lf they bave a definite ploneering virtue,

without the need to fear that man will be unable to



eliminate them and replace them by sowething of greater value
as stock feed when their task as pioneers has been completed.

The ploneer capeity of scabweed (Raoulias spp.) has
been emphasised by L. Cockayne (1922) (ii), while A.H.
Cockayne {1917) and L.Cockayne (1919) (i) recognise the
potential value of Californian thistle (Cnicus arvensis) "in
adding humis to the soil, in affording shelter from wind, or
in being a Durse plant for species which without such aid
could not gain a foobting®.

The principle is recognised to be contenitious to say
the least, but the spread of some agriculturally useless grass
species my be a lesser evil than allowing the present
‘depletion to proceed to its logical conclusion, for then
foture genervations wight at least inherit a topsoll instead
of a shingle scree upon which to attempt pasture
establishment, In the last resort, the decision upon the
intreduction of any new species must rest with the ecologist
and his estimation of its short and long term value, and its
vigour and tenacity of 1life, should the time come vhen its

elimination s desired.

Hewever, such cxireme measures may never be
necessary. There are indications that provided grazing,
both by sheep and rabbits, i@um@@ifiﬁﬁ, agriculturally useful
plants may be suvccessfully introduced and native grasses
allowed to regenerate, Cockayne (1922) (iii), summing up
the resulis of his regrassing trisls en the Dunsban range,
claimg that "the folliowling specles were successfully
@&tﬁb&i@&@&,iﬁ flfteen months by bolth the raked and the
broadeast methods: Chewing'®s fescue, chicory, cocksfoot,
lucerne, tall fescue, yarrew", this in ties complete absence
of gpraging. Thirteen years later, Tennent (19355) confirmed
thet these were sitlll the most successful of the sown species.

ore recently the Deparitment of Agriculture and the
Botany Division of the D,8.I.R., haeve been carrying outb
independent lmvestigations into the petentislitlies of various
speclies, hoth intreduced and Indigemous, for revegetating the

tussoeck gragslands, Trisls by the Deparitment of Agriculture
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on the Pisa Flats (between Cromwell and Wanaka) have
indicated the pessible walue of crested wheat-grass (Agropyron
cristatum), bluestem (A@&r&yogom Spp. ), cocksfoot kﬁ&ctylis
glomerata), Poa pratensis, tall ocat-grass (Avena elatior),
sheep's burnet (Poteriun sanguisorba), Danthonia pilosa,
blue wheat-grass (Agropyron spicatum?), yarrow (Achillea
millefolium) and Chewing's fescue. In the Molesworth muirsery
area bluestem, thickspike wheat-grass (Agropyron dasystachyum),
New Zealand bluegrass (Agrepyron scabrum) and keeled brome
grass {Bromus unioloides?) have shown congiderable promise
{Allan, 1947).
While any or all of thé&@ species may be of wvalue,
interest at the moment seems to be centering chielly
around two species, Of the Tirst, Agropyron cristatum,
Zeller (1948) claims that "it is 1argely responsible for the
guccess of reseeding vwork on spring-fall ranges ef the inter
mountain region {(of U.S.A, ) where several million acres of
denuded lands heve besn restered. ...4t is well adapted to
sagebrush lands and marginal or submarginal dry-farm lands',
Of the second, Agropyron scabrum, Tennent (1935)
r@pmrt& that on spelling the higher plots enclosed by Cockayne,
especially on "derk! faces, rapid recovery was brought
about.  Cockayne (1921) (iii) points out that there are many
varieties of Agropyren scabrum, varying ian thelr mte of
vegrowth after grazling. These possibly offer epportunities

E
£

to the plant breeder., Again, the same aubthor (1920) (i)
came to the concluslon that this grass, although not highly
palatable, was “readily eaten by well Ted sheep when in
competition enly with such grasses as are usual in tussock
grassland, and thei an increase in the amount of bluegrass
in the wentane tussock grassland would greatly lumprove the
pasture’, Mere recently Connor (1950) reports that a
detasiled study of this grass is being made to determine its
value for s wiw@ in tussock assoclations.

Concerning the sources from which plant material may
be obtained for the revegetation of depleted tussock gr&&@iaud

areas, the writer would deprecate the attempt of Connor (op.
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cit. supra) to belittle the value of plant intreduction.
To say as Connor dees that, "The problem is therefore not to
create a new type of grassliand for the high country, but to
reproduce the type of grassland which HNature deemed fitted to
these areas", and to posit as reasons for this "that the
tussock grasslands have not been adequately tried out", and
that “their structure is elimex and as such is sulted in its
matural arveas", is to commlt a logical ’y@titi@ principiit,
and, further, 1t is to deny wman, his grazing snimals, his
m@taﬁﬁtiek&, indeed the entire anthrovogenic influence,
any place in the ecologieal set-up. This is an untensble
point of view unless complete abandonment of the land by man
and all his intreduced herblveres is envisaged,

The proportion of species which are endemic to New
Zealand ig high - Willis (1922) suggests 72%, Cockayne (1928)
(iil) suggests 78,64, including 67 of the monocotyledons =
which indicates the speclalised nature of the flora as well as
the unigue conditions surrounding its development. "The
Hemesds of a high degree of protected speclalisation ls the
loss of adapbabllity” sald Willis, and it is exsctly this
- fate which has overtsken the tussock grasslands of New
Zealand, Extensive search mﬁ&t be continusd For specles
hetter adapted to all the facters of the present ecoleoglcal
regime, e¢limatic, edaphic, bletie and anthropegenlic, than the
indigenous tussock grassland specles would appear Lo be. At
the same time, any promising indigenous speclies must be given

a falp trisl and an ilmpartial Jjudgement pronounceds

Va Methods of Oversewing,
(i) Oversowing by Hand.

The case for a careful, accurate and discriminating
method of oversowlng is based partly en the high cest of the
seads applled, and the wish to cut down seed wastage to a
minimime Tertiliser applied to any bt stony ground may have
some heneficial effect, especially if an efficient legume can
later be @ﬁﬁ&%liﬁ&@dwk As observed earlier, some farmers are
convinced of the value of btopdressing manuka patches. Grass

and legume seeds, however, are less likely to be of wvalue if
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FiG. 7.—Distribution of $eeds released from a plane flying at 100 ft.
height into 17 miles per hour wind.

Figure XIII. (Campbell,1948).

L cocksfoct — —- white clover
brownfoo — —— red
RS YOITOW Sl ==

seeds p'eraqyd

200

Vards 50 55
Fi1G. 8.—Distribution of seeds released from a plane flying at 200 ft.
height onffa calm day.

Figure XIV. (Campbell,l948),

The distribution of grass and clover seeds
varies markedly with the altitude of the .
aireraft, and the wind force and direction.
In the distribution represented by Figure
XITTI browntop and yarrow seeds were sown.
but were blown outside the 'target area’.

In practice such discrepancies are probably
unimportant since adjacent swathes will
tend to overlap and intermingle, while
stock movement across the sown area will
assist in the evening out of seed
distribution in subsequent years.



distributed as ubiquitously, for they may never germinate.
For this resson the discrimination allowed only by hand over-
sowing is walusble, although the method is probably more
expensive then aerial distribution.

(i) Oversowing by Aireraft.

This has the advantage of economy, costing at today's
prices approximately 1/8d per acre. At the same time it is
rapid, relatively effortless, and enables the whole job to be
done at the most auspicious moment., It suffers from the dis-
advantage of being indiscriminate, and in rough country wasting
mich valuable seed. Where mixtures of seeds are being sown
this method suffers from the further disadvantage that, due to
the different terminal veloclities and ballistic properties of
the seeds of different species, they tend to settle out on the
ground in distinct bands, the degree of banding varying with
the height of the aircraft, and with wind foree and direction,
as demonstrated in Figures XIII and XIV on page 61a. Of this
method of oversowing Stoddart and Smith (1943) observe that it
has not proved as advantageous as was once thought. "Wind
currents make seeding very difficult; and, on rough
mountainous land, air movement makes the method totally
unsuitable'.

The pelleting of seed with fertiliser would overcome,
to some extent, both of these disadvantages. In the first
place a measure of fertiliser placement would be achieved,
and germination and subsequent growth might be improved, though
these advantages have not yet been clearly demonstrated. The
indiscriminate nature of the sowing would be of less conséquence
Also, by controlling the ballistics of the pellet, more even
distribution eould be expected. These possibilities are
discussed by Saxby et. al. (1949).

30 far as white clover seeds are concerned, any
unevenness of distribution would seem to be only a temporary
disadvantage, Sueckling (1950) has demonstrated the
feasibility of dispersing hard, white clover seeds from an
area on which seed heads have‘matured to adjacent areas

deficient in clovers via the digestive tract of sheep. Any



unevenness of distribution within a paddock could,
consequently, be ironed out to a large extent by allowing
the clover seed heads to mature and then grazing the paddeck
with sheep. | In the same way the cost-free transference of

clover seed from one paddeck to another could be arranged.

VI. Bconomic Aspects.

Unlike topdressing, oversowing is not normally
regarded as a recurrent expense, except insofar as a small
amount of oversowing may be required annually to regrass
slips. It may, therefore, be regarded more as a capital
investment, rather than as a maintenance cost.

As with topdressing, there are certain classes of
land at the margin of economic eversowing, the margin
fluctuating with prices and costs, Much of the North Island
hill country can probably be economically eversowed with
legumes at today's prices. The tusseck hill country is,
however, a di fferent propesitien. In their case the
expenditure involved in oversewing a large area would be
prohibitive, compared with the income from the existing stock -
carried, The degree to which successful oversowlng would
enhance the stock carrying capacity of this type of country
can only be conjectured, but it might well be very considerable
since stock carrying capacity is a function of the amount of
palatable and matritious herbage availa‘ble._

Earlier a case was made out to demonstrate that there
" might be no great need for topdressing the tussock grasslands,
since, it was argued, phosphate was probably not the main
limiting factor in pasture growth. No such case can be made
out for oversowing. The species which can survive the
ecological conditions of the tussoeck grassland area, and at
the same time provide useful stock food are not present, or are
present only to a very limited extent, over much of the area.
These species, once recognised, must be introduced, not only
to enhance the carrying capacity of the tussock grasslands,
but also to check erosion, and to prevent rain water falling
in these areas from devastating much low lying country.
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Oversowing in itself is, of course,; no panacea, but must be
conbined with such essentials as rabbit extirpation,
conservative grazing wenagement, and improvement of the micro
climate Tor the pasture species. The establishment of
palatable and nutritive grasses and legumes in the tussock
grasslands is, however, an equally essential p&ft of the
process of revegetation, with effects which would extend far
beyond the bounds of the tussock grassland areas,

These considerations lead the writer to believe that
the problem is one worthy of national financial support and
national legislationy but the legislaters in their summing
up of the economic possibilities of the improvement of the
tussock range lands mist not be too concerned with the next
budget or those of the next ten years. In this matter they
will be passing verdict upon half of New Zealand's pastoral

hill country. They are trustees for its future,
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He STOCK MANAGUMENT ON HILI. PASTURES,

The title ol this dissertation emphasises the bilotic
influences upon the B@mwﬁ; - It is, therefore, inevitable
that we discuss in some detall the effect on the sward ef
vndergrazing, overgrazing, and controlled graging, grazing
by various ¢lasses of stock, as well as the sultability of
the present kinds, classes and breeds of stock used on

New Zealand hill lande

I, Overprasing.

Jacques (19@8) and many othey workers have
demonstrated and explained the effect of overgrazing on
individusal plants.

The primary effect of overgrazing is to reduce root
development and shoot growbhe. When a plant 1s @@f@li&t@ﬂ,
root reserves of carbohydrate are used up in the replacement
of the lost leaves. The photosynthetic activities of these
new leéeaves in turn peplace the root reserves partly used up
in thedr formation. If this orderly cycle is interrupted
by removal of these new leaves before they havé completely
replaced the root reserves, the root will remain p&rtially
ﬁ@@l@ﬁ@ﬁ, Overgrazing carries this depletion to an extreme
where vigour and production of the overgrazed plants ars
raduced,

That total preduction will be reduced by ovmrgrazing
may be sdduced fron the figures derived by Weaver &mﬁjﬁarlanﬁ
(1947) when they measured the effect of moderate (M) and

close (C) grazing on certain American range grasses:

Height Dry Vi, Depth Dry Wi.

(in.) {gm.) (in.) (grm. )

Sand dropseed M 7.0 L, 82 9.0 0. 25
¢ M@& .27 6.0 0.10

Side-oats grama M 11.5 6,66 19,0 1.58
G 7.0 3.02 13,0  0.61

Buffalo grass M 5. 5 3.L2 120 0. 286
C 3.0 137 5.0 0.19

Blue grama M 11.0 11. 21 4h,5 1.51
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The foliage figures demonstrate the greater growth
obtained from the moderately grazed plants when each is
allowed to grow from ground level for an equal period. The
writer would,‘however, quéstion whether the author's claim to
have demonstrated reduced vigour in all the above cases is
Justified. In the above table a plant (8and dropsced, close
grazed) which from 0.10 gm. root grows 3.27 gm. foliage may
well be considé;ed more vigoreus than its mederately graged
neighbour, which from 0.25 gm. root preduces L.82 gm. of
foliage. If vigour be Judged by the amount of foliage
produced relative to the amount of root present, then the
moderately grazed Sand dropseed should have produced 8.17
gm. of foliage to be equal in vigour to the closely grazed
plant. Similar}y, the moderately grazed Side-ocats grama
should have produced 7.65 gm. foliage. The Buffalo and Blue
grama grasses do demonstrate increased vigour with less c¢lose
grazing, since the moderately grazed plants need only have
produced 2,02 gm. and 9,23 gm. of foliage respectively to
equal the foliage-per-unit-of-root productien of their
closely grazed bretheren.

'Undoubtedly nlant speclies vary in their ability te
withstand grazing,and a degree. of defeliation which
constitutes overgrazing for one species nmay not be so for

another. It may perhaps be assumed that the close grazirng

of 8and dropseed and Side-oats grama did not censtitute such
serious overgrazing as did the same cleose grazing of the

Buffalo and Blue grama grasses.

f e efféct‘of overgrazing, however, is dependent on
more than the species present in the sward, and the rate of
stocking, The ability of plants to recover from defoliation
depends to some extent on the climatic conditions immediately
following defoliaticn, Thus grazing a sward in the autumn
will cause later spring growth. In a gimilar way rainfall
and soil fertility play a part in determining the reaction
of a pasture species or association of species to grazing.
Obviously a rate of stocking which constituted overgrazing

in Central Otage might well lead to an inefficient use of
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the avallable herbage in Taranaki.
Overgrazing, then, must be considered against the

background of specles, climate, seaseon and seil fertility.

Changes in plant succession may form the best
indication of overgrazing and may demonstrate 1ts intensity,
for an sgriculturally detrimentel plant successlon is one of
the main effects of overgraszing,

Clarke (1943) demonstrated that overgrazing caused
a decline in the abundance and productivity of native grasses,
while nnpalatsble herbs and shrubs incressed, In years of
drought the abundance of desirable forage decreased even on
lightly grazed or protected areas.

Hagkell (1945) demonstrated on Arigona range land
that while a conserved area with a plant density (percentage
area cover) of 5.6% had 1.8% of grasses and peremial herbs,
and 3.,8% of tree and shrub, an "overused" area had only Q.16%
density of perennial gragsea'an& herbs, and 8,52% density of
trees and shrubs,

According to Weaver and Clements (1938) the early
indlcatlions of range deterioration are a decrease in the
abundance of the more valuable species of grasses; an
increage in the less valuable ones and in weeds and brush.
They go on to state that 1f the specles which are increasing
onn an arca "represent stages earllier in the successional
fdevelopment than that of the pf@&@minmting vegetation when
the range ls at 148 hlghest efficiency, the area is belng
migused, and its carrying capaclty is decreasing. If, on
the contrary, the species that a re increasing are those of
the climax stage, or at least higher than the eriginal
veg@taﬁion aswa whole, the plan of graging is satisfactoryy.
This, &f course, is only the case where grassland Tomms the
climatic climax, but its truth may be seen in the tussock
gresslands of the South Island.

Tf stock are forced to sat off the weeds and
unyalﬁt@blé perennials, &@avﬁ deterioration becomes sward

depletlon.
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‘All the evils of everstocking stem frem the reduced
vigour, the levered competitive ability of the palatable
pasture species, with the result that the unpalatable, less
hesvily punished, undesirable species underge first a
relative and mibsequently an actual increase in numbers and

in area of ground covered.

The extent and degree of overgrazing due to over-
stocking and to rabbit infestatien in New Zealand is difficult
to assess. The Southern Pasteral Lands Commission (1920)
ineluded in its findings "the causes of deterioration and
ultimate depletion of grassland". One of these was
"overstocking with sheep", another "allowing rabbits to
become extremely numerous". '

In the evidence presented to the Royal Commission
on the Sheep Industry (41947-48) overstecking as a cause of
land deterioration was cited by McLeod (High Country
Commission), Powdrell (Wairea), Riddick(Matewsi), Parker (Tekarpe
Innes (Tekapo), Sim (Wanakﬁ), Rawlinsen (Stratford) and

Monre (Blenheim), . In the absence of any exaect data on the

: extent of everstecking in New Zealsnd the observations ef

the leaders of the industry must be accepted,

The effects of overgrazing due to everstecking vary
in New Zealand with the climate. 1In all cases a decline in
the valuaﬁleapecies of the sward results, However, in the
wetter districts of the Wet Hill Country and northern Dry Hill
Country the grazing out of the better grasses permits the
entry of scrub and secondary growth of fena, manuka and
tauhinu, Further south in the drier tussock grasslands,
overgrazing is more likely to result in an increase in f{lat
weeds or in the area of bare ground. In this latter case
the end peint of sward degetien is erosion, whereas in the
wetter districts the ingress of secondary growth may well
hold the land mere safely against eresive influences than
did the pasture sward.

In all cases overgrazing decreases the output of
the overgrazed land, and dissipates the energy expended in

the original conversion of the land to farming purposes.
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‘Maps VII & VIII.

Distribution of rabbits
in the North and South.
Islands of New.Zealand.
(Wodzieki,1950).

NEW ZEALAND
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® - .DISTRIBUTION OF RABBITS, 1946
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NEW ZEALAND
SOUTH ISLAND i
DISTRIBUTION OF RABBITS, 1946
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[C] rew naveirs
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The reasons adduced for overstecking in New Zealand
are various:
(1) The importance of rabbits as agents of overstocking
varies from distriet to district even within similar climatie
ZONEes. Thus in the South Island, while the watershed of the
Rakaia river is infested, that of the adjacent Waimakariri
is much less so. Although rabbit infestation in parts of
the North Island, notably in Hawke's Bay, is just as great as
in areas of the South Island (Wodzicki, 1950) (Maps VII and
VIIT pagebSa ) it is from the South Island that their effects
are most often reported. This is doubtless because a heavy
infestation in a district of slow plant recovery is more
serious than in one of more rapid recovery. Wodzicki
assumes that a total of 20,619,000 rabbits was taken in New
Zealand in 1945. At the rate of 15 rabbits being equivalent
to one sheep, rabbits consumed the feed of 1,375,000 sheep.
The estimate used here may be conservative; Munro and Wright
(1933) suggest that 6 or 7 rabbits equal one sheep, and
Condor (1947) gives the same figure.

Wodzicki further claims that "the rabbit is a
- selective feeder; 1t takes first the sweetest feed, and when
the pastures become dry, consumes seeds and roots". So that
rabbits, by virtue of their numbers and selectivity of
grazing, promote overgrazing, and by virtue of their dry
weather feeding habits, prevent regenerat ion. Their effect
on & high quality sward is indicated by the changed botanical
composition shown in Figure XV, page 708, where rabbits were
allowed access to a sward for 15 months.

So long as rabblits remain uncontrolled they make
farcical any attempt by the farmer to control the stocking

and grazing of his pastures.

(ii) Economic conditions fercing  farmers te carry
more stock in an attempt to maintain their incomes, or at

least to avert too disastrous a decline in incomes.
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This trend may be shown by queting the sheep steock figures
for typical areas in the Neorth ani South Islands (Smallfield
1947) (41).
(a) East Cape Counties.
Year: 1920 1930 1940 1945
Sheep Shorn: 2,266,946 2,348,191 2,205,475 2,190,650
(b) Central Otago.
Sheep Shorn: 783026 1,119,543 1,078,169 1,053,995
In both cases the peak of stocking is reached in

vears of economic depression, The Good Husbandry Clause
inserted in Crown Leases on the recommendation of the 1939
Commission demands “that the licensee shall exercise due care
in the stocking of the land ....and in particular shall net
overstock", However, the mere stipulation of the stock
which a ran shall carry dees not prevent a runholder from
overstocking his easier and more aescessible country, while
abandoning the more difficult pertions of his run.

While the farmer may be blamed for evasion of the Good
Husbandry Clause in times of presperity, he can hardly be
indicted for any action he may take in erder to remain solvent

in times of depression.

(iii) The system of auction of endowment leases, resulting
in high rents being paid; rents which demanded that the

country be "mined" in order to make it pay -~ in the short term.

(iv) Increased erosion which, by reducing thé area under
grass or the accessibility eof parts.ef the run, necessitated
the sheep stock being carried on a rudnced area.

In this case, where an effect is also a cause, the
vieious downward spiral of overstocking, erosion, and further

overstocking is soon set in train.

(v) Labour shortages necessitating the abandonment of
~outlying blocks and concentration eof the entire stock on the

more accessible, easily mustered blocks.

(vi) Unbalance between winter and summer country; a

deficiency of one or the other, forcing a farmer to steck some
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7. Chart showing how rabbits spoil the’ quality of grassland when they live
very thick on the ground. The left hand column shows the composition of the
herbage at the beginning of the experiment and the right hand column the com-
position |5 months later when numerous rabbits had lived intensively on the land.

Fi e XV, Botanical changes

a in a sward grazed
by rabbits. .
(J,O.Thomas).
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of his country all the year round.

This trouble is usually attributed to faulty
subdivision on the part of former administrative bodies. It
is also frequently due to the fact that in some areas the
geological conformation is a series of ridges running north
and south, so that there is no well defined winter or summer

country. Where such a divisioen is not clear cut there is

‘less tendeney to spell certain bleocks for winter use.

These, then, are some of the immediate effects of
overstocking (and its concomitant overgrazing) on the pasture
itself, and the more impertant reasons adduced for that over-
stocking, The remedies for these ailments are not due for
discussion at this stage. Suffice it to say that the rabbit
and erosion problems are being vigorously tackled, while under
the Land Act of 1948 endowment leases have been transfeéred to

the Crown, and the nermal Crown Lease system operates.

1I. Undergrazing.
While this is a less commonly recognised pr@blém.than

that of overgrazing, it is little less widespread. Set
stocking, especially of selective grazers such as sheep, gives
rise to the apparently anomaleus situation in which overgrazing
and undergrazing occur in the same paddock at the same timé.
The palatable species are overgrazed and depleted, while the
unpalatable ones are undergrazed. This fact has long been
known to hill shepherds, but it was given scientific
recognition only after the work of Boulet (1940?) who, on Cahn
Hill, demonstrated that 36% of the sheep grazing days were
spent on less than 5% of the area, an island of Agrestis

pasture in the surrounding sea of Nardus and Meolinia. Under

such conditions reversion, depletion, and to seome extent erosior

go hand in hand, and the carrying capacity of the land
inevitably falls.

Undergrazing imples less interruption of the natural
plant successlien than either overgrazing or normal grazing.
The tendency then is for reversion to the climatic climax to

take place. In the North Island this means a detrimental
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reversion te menuks=, tauhinu, and bracken fern and other
gerub and secondary growth speciles. In the South Island it
may mean a beneficial reversion to the natural tussock
vegetation, although in the higher rainfall regions bracken
fern, matagouri and g@fer _pmcérﬁers of forest may be

B ./engende red.

Undergrazing may be beneficial where it permits the
regeneration by seed or by vegetative means of Valuéble
grazing species which would otherwise be eliminated. It is
valuable, alse, if it allows reversion to take place on areas
prone to eresion,

The less obvious effects of undergrazing are ne less
impertant. These are a deterioration in chemical compesition
am_ palatability as the undergrazed plants tend towards
maturity.

Sulliven and Wilkins (1 9u8) cite a grazing experiment
at Beltsville in which herbage under heavy grazing of one
steer per ascre contained on a two year average 14.6% protein,
0.7%% caleium and 0.32% phosphorus, while the same herbage
under light grazing of one steer to two acres contained 13%
protein, 0.58% calecium and 0.30% phosphorus.

Undoubtedly some of the decline in protein in
lightly grazed heﬂ;age is due to the change in botanical
composition brought about by the grazing management, notably
a reduction in the percentage of clovers in the lightly
grazed sward. However, that undergrazing directly affects
the chemical composition of grasses may be seen from the
following figures derived from a pure stand of Napier grass
(Pennisetum purpureum), '

Cutting Freguency. Protein  Qa.  Rg, Fibre
Every 6 weeks 7 5 0.6k 0.72% 2%
Every 14 weeks 3. 8% 0.26%  0.L6% 3%

As long ago as 1886 Wilson stated the theory of
declining digestibility and percentage compesition with
advancing maturity. “As the grass sdvsnces to maturity the
percentage of water in the green grass diminishes greatly.

In the dry matter the percentage of albuminoids
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diminishes greatly, the ash and oll generally diminish, but
less regularly anéd to a less extent. - - The woedy fibre and
extractive matter free from nitrogen, on the other hand,
inerease. The greater the amount of albuminoids, the more
easily they seem to be digested, so that the digestibility of
albuminoids also decreases as the plant grows older™.

The following table derived from the work of Woodman
and Norman (1932) demonstrates the point at issue.

Crugée Protein Content and Nutritive.Va%ne of the Dr
Watter of Grassland Herbage under ereni"gystemg
of Cutt

ting.

Frequency of Cutting| Avge.% @,P. | Avge.% D.C.P. | Avge. 3![10@
Weekly 2k 7l 19.97 67.74
Peortnightly 23.48 18.75 69.87
3-weekly 21.14 16. 66 69.39

: Monthly 19.35 14.70 67.05
|_5-weekly 18.33 13459 6L.08 |

Watson (1939) demonstrates that the total per acre
production of nutrients need not suffer, indeed may benefit,
from more frequent utilisation. He compared the total protein
and starch produced in a hay crop with that derived from two
cuts of a similar area taken during the same time as the hay
erop took to mature, The hay crop produced 10% more Starch
'Eqnivalent than the two earlier cuts taken together, but only
7% of the protein, Watson further quotes Woodman who, at
Cambridge, found that weekly cuts preoduced only half the
yield of Dry Matter ebtained from a crop of hay and aftermath
froem a similar areay the Starch Equivalent per acre was
almost the same under the two metheds ef harvest (2,532 lbs,
8.E, for continuous cutting, as against 2,880 1lbs. S.E. fer
hay + aftermath); but the centinuous cutting gave 750 1lbs.
per acre of Digestible Crude Protein, as against 460 1lbs. when
harvested aé hay and aftermath. l

While undergrazing may be less serious in its ultimste
consequences than overgrazing, it is, nevertheless, wasteful
of the productive potentialities of the land, and as such
is to be deprecated.
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III. The Case for Controlled Grazing of Hill Pastures.

It is not intended to suggest from the foregoing
considerations that it is practical to manage extensive hill
pastures on rigid systems of rotational grazing such as are
practised on small lowland paddocks, but rather to demonstrate
clearly the disadvantages which arise from under- and
overgraging, and to urge the need for at least a measure of
contrelled grazing and stocking on hill pastures.

Levy (1937) makes the point that, "Ecelegically,
the stock factor in subsequent development (of newly burned
country) is of paramount impertance. The sown grasses in
themselves are powerless against the myriads of seedlings and
sporelings of shrubs and ferns that arise once the forest éhade
is removed. ...Success or failure of the grassland sward
depends on the number of stock that are maintained on the area,
to eat off and tread out fern and serub growth, and thus to
maintain the ecological balance in favour of grass rather than
forest. The class of stock and stock manipulation may
entireiy alter the ecological conditions both for the early
precursors of forest and for gress: ...Thus under a system of
close and continuous grazing by sheep, we may see either a
swing over to hardy, low-preducing, light-loving grasses, or
to unpalatable fern, scrub, or weedy growths, according to the
ecological conditions set up".

Speaking at the same Congress, Stapledon (1937) claims,
"The outstanding feature of grassland is its complexity. «..
S80il, elimate, the grazing animal; which of these three is
the most important factor? |Most emphatically the grazing
animal! Mamure right, sew right, and manage the grazing
animal wrong, and you are nowhere".

If it is necessary to emphasise further the
importance of the stock facteor in the management of any sward,
- reference need only be made to the classical work of Martin
Jones (1933) at Jeallot's Hill.

To summarise the necessity for controlled grazing of
hill pastures, it may be sald that desirable perennial species,

if overgrazed continually, or if heavily grazed each year

L)
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at the time when they should be replenishing roet reserves, will
be very much weakened and may even be killed out. The way is
then open for poorer species of grasses, for weeds and scrub
growth to dominate the pasture. If valuable annual species
are overgraged in such a way that seed setting is prevented,
they will be killed out and reversion te poorer species will
again take place. If, on the other hand, undergrazing is
practised, the sward will tend to revert to the climatic climax,
which may or may not be a beneficial effect, according to the
nature of that climax and to the imminence of erosion.

Whatever the ecological changes wrought, the net result is
almost always detrimental to the immediate and future stock

carrying capacity of the land.

If it is sgreed that there is need for some control of
grazing on New Zealand hill pastures, that control must be
considered from at least three aspects. .

(i) Systems of spelling and rotational grazing, especially
the practicability of rotationally gragzing large hill paddocks.
(ii) The place of different kinds, classes, and hreeds of
livesiock in the grazing of hill pastures. This is discussed
in the next section.

(1ii) The need for some means of controlling steck. A
discussion of this has heen relegated to the section cencernmed

with General Management,

Iv. Spelling and Rotational Grazing.

It camot be claimed that the case for rotational
grazing is accepted without question by agriculturalists,
either experimental or commercial. ~As long ago as 1817 8ir
John Sinclair dismissed the idea, though on somewhat slender
grounds: '

"It is indeed an important maxim in the management of
grazing land, not to adopt the plan of feeding alternately. '
Fields, in the end, will be ruined by it. To maintain a
proper guantity of stock, the land must be accustomed te keep
it; the more it has kept, the more it will keep.....for
pastures will grow as they have been accustomed to greﬁ, and

will net readily alter their habits".
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In later years, experimental work has cast some doubt
on the value of retational grazing under certain conditiens.
Carrier and Oakley (191L) found that, "The practice of
alternate grazing is of deubtful value". But this applied
only to Poa pratensis swards, and it is now recognised that
this gras; and some others such as Danthonia can withstand and
may even benefit from close and continuous grazing.

Hodgson et. al. (1934) again found little benefit in
rotational grazing as compared to set stocking when working
with dairy cowss Howevery, both of these experiments dealt
with highly productive swards, as shown by the grazing rates of
2 steers to 27 acres in the first ment ioned experiment, and
3 to 5 milch cows to 2 acres in the second.

Such pastures were never at any time in danger of
depletion or reversion, and the species comprising them were
probably newhere near the limit of their ecolegical survival
range.

Rotational grazing, and similar deviees which will
later be discussed, seek to impreve the biotic conditioens
insofar as these are responsible for pasture deterioration;
seek to bring the biotic conditions within the swvival range
of those plant species or associations which it is intended to
benefit.

Whereas, on low ground, this survival range may be
very wide and favourable edaphic or climatic conditions male
up to some extent for unfaveurable biotic conditions, on
hill country of lower fertility, with a less faveurable climate,
the range of biotic conditions within which valuable pasture
species can survive may be much narrower and may amply justify
a control of gragzing unnecessary on lower country. Yet it is
just on such hill country that control is least practiced and
least practicable.

In regard to grazing inanagement Stapledon (1937) has
this to say: .

"The whole preblem resolves itself into management; Rotation
in time and rotation in space. Swards will recover from the
most villainous malpractices if such malpractices are net teoo

long continued, and if they are not put into operation at
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precisely the same time of the year, year after year, ....and
yet, especially on the ranges and open hills, the management
is essentially the same month after month, year after year,
for generation after generation",

In New Zealand hill pasture management it is this
concept of rotation in time that is most often neglected. In
aama.instances there is rotation invspace, such as the rotation
between summer and winter blecks in the High Country of the
South Island. In some cases the summer country is considered
to be that on the south-facing slopes; in others the country
lying at the higher altitudes - the sheep are said te "go high
up" in summer, The winter country is that on which the snow
is less inclined to lie - either en the north-facing slopes
or at lower elevations, - With the change of season steck are
mustered from the one type of country and put on te the other,
so that the ssme country is stocked at the same time each year.

Again, the existence, throughout the entire industry,
of such terms as "the hogget bleck" and "the lanbing paddock"
imply & negleet of this principle of retation in time, These
terms imply stocking at the same time each year; the lambing
paddock at lambing time, the hogget block from summer (say,
January - February) to dry shearing time (in, say, October).

lMoreover, the existence of the term "set stocking" -
the most widespread of all forms of management -~ implies a
neglect of the principle both of rotation in time and of
rotation in space.

Levy (1940) re-enforces the argument by saying, "From
a feed utilisation peint of view, and from £he point of view
of renewed plant grewth, and of the mutritive value of that
renewed growth, there is neo gainséying the soundness of

rotational grazing".

The mestions of topdressing and eversowing have
already been discussed as means of hill pasture improvement.
The effeet of set stocking with sheep, leading to undergrazing
and overgrazing, and the wastefulness and detrimental effects
of these latter have been observed. The possibility that

under relatively adverse conditions of soil, climate and slope
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the biotic factor may be a potent one in weighting the
ecelogicai balance against the better grasses has been posited.
Once the expense of topdressing and oversowing has been
incurred, and 1f the observations of Stapledon and Levy are
accurate, there can be little argument that some form of
spelling, rotational grazing, or other control of stock on the
hill pastures is desirable, and consideration must now be

given to these methods of grazing = mansgement.
(a) Wet end Dry Hill Ceuntry.

On theoretical grounds, then, a streng claim can be
made out for some form of rotational grazing, even of large
hill paddocks, so far as improvement of the sward alene is
concerneds We must new question its practicability under
farm conditions, and consider the effect on the stock.

That retational grazing is practicable on hill sheep
farms under certain circumstances there can be no doubt. It
haa'been too often demonstrated, even within New Zealand,
though published accounts of such work are scanty.

Linklater (1947), farming in the Ruahine foothills at
Pohangina, has demtrated its effectiveness and
practicability. The system used is something as follows:

. Prom weaning to lambing (with the exception of the
2 mating months) the 1,600 ewes are kept in one mob and moved
round the farm, paddeck by paddeck, irrespective of the size
of the paddeck, While the rams are out in March and April
the flock is drafted into two mebs according to weel, and each
mob retates on half the farms The lambs - reduced to abeout
500 by the end of February - make the same rotation ahesd of
the ewes. The sheep are left long enough in one paddock to
graze the whele pasture down to an even, short sward. IL
growth is fast, the lambs are moved ahead further, so that they
are o short, fresh pasture. From early April some }pasture is
tauturm saved', while the stock retate on the other half of the |
farme This foggage is gradually eaten off by August.

At lambing time the unlambed ewes are shifted every
day, while those that have lambed are allowed teo stay behind.
After 10 -~ 15 days, when the ewes have made one complete
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circult, the {first dropped lambs are collected in a mob,
together with thelr dams, and put in a paddock furthest Lrom
the homesteads ~This paddock is fill@&'ﬁ@ its capacity, and
then the adjacent paddock filled with ewes and lambg which
dropped a 1ittle later than those in the first mobh. Hventually
the late lawbers arrive in a paddock near the homestead, while
the lambed ewes are in three or four large paddocks further
out. The lanbs in these paddocks are all roughly of an age,
which simplifies docking at 2 - 3 weeks,

After decking, the first mpb starts a new votation of
twoe paddocks, After a short rest the next docked mob is
conibined with the first, and they rotate on four paddecks,
and so on untll docking is complete. The full rotation starts
agaln when the lawbs are old enough not to be migmothered,
and themwtation contimes until weaning.

Dry ewes come into the votation behind the ewes and
lanbs.

Parts of the preoperiy have been manured and oversown,
while other areas have been leftV&nt@mah@@« Linklater claimgh
that all pastures, whelther topdressed and Qver&&wn or not, have
improved; %mﬁ how much of the improvement of non-topdressed and
non-oversewrn pastures is due to the transfer of fertility and
seed by stock meving im:@V@wy'fwwvﬂayﬁ from fertilised and
oversgwn paddecks, and how much is dirvectly due to the effect
of alternete eating down and spelling ef the sward cannot be
accurately determined,

Between 1941 and 1947 the total sheep steck carried
roge from 1,200 to 1,750, and the wool clip from 13,250 1b, in
19kl te 14,500 1b. in 1947. Here again the improvement due to
fertilising and oversewling cennot be separated from that due te
rotational grazing. Food responses are obtained from heavy
topdressing on this property, so that the results obtalined,
despite the low fertiliser applicatlions, are not necessarily
due to high inherent soll fertiliiy. Bome indication of the
- part played by topdressing in this instance may be gained from
the fact that during the six years in which the carvying
capaclity was raised by more than one ewe per acre, the total

superphosphate used as topdressing was no more than Bl tonse
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per acre
This on 5L0 acres averages ¥4 cwh./per annum Oversowing has

been with white clover or sublterranean clover only, yet the
swards show increasing proportions of perennial ryegrass,
cocksfoot, and crested dogstail r@@lacing the browntop and flat
weeds.,

The other positive advantages claimed for the system
are largely ovganisational, such as the saving of 1abdur by
having all the sheep in one mob,. Losses in hoggets and ewes
are less than previously. Increasing earliness of spring
growth, and later grewth in auvutumn and winter, sre also claimed
for the system, These claims secem reasonsable, and are in
line with what would bhe exyeated on low ground pastures under

rotational grazing nanagement,

Livingston (1938) gives en account of rotational
grazing on hill country near Dannevirke. Two mobs of sheep
(ce 175 per mob) were rvotated raundqthr@a 60 aoré paddocks,
each mob being shiffted once a fortnight and each paddock having
one week's spell between grazings. Under this system the
number of cattle reguired to keep the land clean is lessened
and the pastures are gradually becoming ryegrass, white clover
dowinant, while the original tendency for a reversion to

Danthonia has itsell been reversed.

Hill (41949) likewise attributes the high carrying
capacity of two ewes plus replacements and catile per acre on
ﬁmtmp@w&&&@@ﬁnanﬁhmnia pllosa swards in Hawke's Bay to a
rotational grazing system in which two mobs of sheep rotate for

most of the year on three paddocks esch.

Americen renge management includes the device of
deferred grezing (Stoddard and Swmith, 1943) (ii). "Deferred
grazing implies delaying grazing until after the most important
Lorage plamﬁ@ have set seed, although with some plants that
reproduce vegetatively, seed maturity has little gignificance",

By this means regeneration of the Torage specles is
less hindered than under continuous grazing. On the other hand
even store cattle may be loath to eat the forage left alter

seed head preoduction, with its high fibre and low pretein
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percentages. - However, on the Americen short-grass prairies
it has been found that certain grasses, notably the grama
grasses (Bouteloua spp.), buffalo grass (Buchlee dactiyloides),
crested wheat grass (Agropyron cristatum) snd needle and
thread (Stipa comata) cure 'in situ' towards the end of the .
summer and provide valuable winter roughage. These measures
e uﬂe& where the sward compenents arve largely the indigenous
gspecies which once formed the ¢limax association. Sueh -
conditions are not found in New Zealand except in the tussock
grasslands of the Soubh Island and perhaps on some of the dry
Daﬁtmonia pastures of the Norith Island. 80 far as the bulk
of the North Island hill country is concerned, the deferring
of grazing nﬁ@il'aft@r seed-setting, which is valuable only
in increasing the ground cover, would beneflt all specles
equally, except insofar as the most prolific seeders would
be at an advantage. On édepleted hill lands - especially those
in the South Island - this would be wholly advantageou s. In
both the Wet and Dry Hill Country of the Nerth Isliand, however,
deferred grazing of this sort might set in traln the natural
gsuccession by allowing s&c@nd&rybgr@wﬁh species a complete
season to develop, or might engender obther undesirsble botanical
changes in the swards by henefliting the prolific sceders -
usually thoge species or strains of low leafl production,
However, a Corm of deferred gspring grﬁging~&ight well
be of value on much North Island hill countzy. This should
be timed to allow ryegrass to benefit by its early spring habit
of growth at the expense of lower prbduaing specles such as
browntop and Danthonia, during vhese first growing peried
grazing would be started. Where it was desired to build up
the white clover already present in a hill sward, early grazing
with a spell in late spring would be employed. In the Dry
Hill Country of the east coast, where the annual, subterannean
¢lover is so valuable, the benefit of & mid-summer spell to
allow the fermation and deposition of seed, particularly in
the first year after establishing the legume, is well known,
Mensgement of this type has been advocated, on

theoretical pgrounds, for New Zesland hill country, by Lemont



(1939), and the same author has described an instance in the
Wailrarapa where 3,300 acres nesar Caéﬁl@p@imﬁ carried L,000
sheep and 250 cattle in 1910, and 8,000 sheep and 700 cattle in
10938, the increage bhelng sttributable solely to a system of
deferred and rotational grazing, since no fertllisers were

applied during that period in which the increase took place.

There are yet other advantages cleimed fer rotational
grazing and spelling of hill pastures.

Birst among these is the control of weeds, Bidi-bidi
(Acaena novae-zealandiae), a pest especially in the drier
areas, 1s normally a low growing plant which escapes severe
defoliation. If an infested pasture is spelled the weed
becomes more erect in habit, is grazed off, and may eventually
bhe eliminated. The same applies to other low growing,
rosette~Torming weeds which occupy an area of ground
disproportionate to the anount of feed they @T@Vi&@.

Heawvy cwﬁo@ntvatimns of stock on a small area for a
shert time btend to eat off the vegetation more cleanly and
evenly, there heing less opportunity for selective grazing,
than do small numbers of stock on a large area for a leng time.
In this way reotational grazing, even by mobs of Sn@@p alone,
tends to keep fern, manuka and other secondary growth in check.

Retational grazing, where pastures can be spelled for
twe or three weeks at a time, provides a partial and automatic
control of internal sheep parasites.

Ropational grazing prevents the formatlon of gtock
camps - é matter of ilmportance in sward improvement, soll

erosion control, and stock thrift.

To sum up the case {or spelling and rotational grazing
on both Dry and Wet H11l Country in the North Island, it may
be sald thet such methods prevent the anomaly of over- éﬁd
undergrazing occurring at the same time in the same paddocke
Stapledon's maxime of rotation in space and rotation in time
are adhered to, and thus a balance is miinteined in the sward,
gince gresses growing at differvent periods of the year are

encouraged by ellewing them to develop perdodically. A better
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spread of herbage growith over the seasons is thus obtained,
the better gragses are not depleted in vigeur by being
selectively grazed, and the herbage, @ﬁ the whole, 18 kept
in a yb&ng, palatable and autritious state.

It has been indicated, by reference to the all too
scanty literature, that some farmers ln the North Island are
applying these methods, and are finding that the advantages

outlined above are more than purely theoretical.

The foregoing discusslon, as has been indicated,
concerns Neovth Islisnd conditlens. Under these conditions the
writer would venture to claim that some form of spelling and/or
rotational grazing is both desirable and practicable in ‘

a majority of cases,

Spelling is already an accepted practice under whsat
may broadly be termed set stocking management, but this spelling
is usually undertaken simply to allow some roughage to grow
for wintey &@&p, or fer the negative reason that the stuvck on
e pasture hsve ceased to thrive, so that before that pasture
can be of any use it must bhe given an eppertwmity to recover
from overgrazing. Too seldom is spelling carried out with
the pesitive intention of improving the botanical composition
of the sward, of extending the growing season, or of controlling
weeds and parasites.

Rotatlonal greazing is a mich less popular practice,
the chiel argument against 1t being that lamb welghts may
guffer due bto mismothering, or to excessive travelling and
buffeting while being shepherded through gateways. These may
well be Jjustifiable arguments, though proof ls lacking.
However, in many cases the advantages which would be expected
in iucreased carrying eapacity, incressed numbers of lambs,
and increased wool weights, wémlﬂ adegquately offset any leoss
in cenditilon of the lambs. Were this net found te he so, the
rotation of steck round the farm might be suspended during the
period frem larbing te weaning, a period of, say, L to 5 months,

The next preblem is ene of subdivision end mustering.,
If the ecarlier argumeni cencerning excessive travelling by ewes

with lambs at foob is justified, there must be some maximm



- 83 -

sgilge of paddock over which the system becomes uneconomic,
Theve must be a maximm size of paddeck (varying mccording to
the difflculty of the terrain), ever which the losses in
condlitlion due to excessive travelling and curtailed graging
period, due to the time involved in mstering off one paddock
and spreading out on the fresh paddock, become so large as to
of fset any @ﬁvamﬁagﬂa obtained through the improvement of the
pastures. More stock may, in@@e&, be carried, but due to
excessive disturbance they may be in much poorer conditien,
fere there iz much scope for modification of the
system. On a relatively small and/or well subdivided holding
with paddecks of 100 acres or less, daily, tri-weekly, or
bi-weekly shifis may be practicable according to the season,
rate of growth, and wmob and paddock size. On larger stations,
where paddocks and flocks are larger, instead of rotating the
whole flock as one mob over the entire farm, thus m&am&aiﬁaﬁimg
freguent shifts, the flock may be divided into two, three or
four equal sections, and each section rotated on %, § or & of
the property, thus reducing the amount of shifting which each
mob has to endure to a half, a third, or a quarter of what 1t
would be were they all in ene mob, |
Thus may a modified form of the systern be brought
within the range of pr&eti@ability; It is probable; however,
that under this extended rotational system some of the sase of
mistering and shifting found when frecuent shifts are made
would be Torfelted. Where freguent shifting 1s practised
it has been found that no mustering has been rvequirved, the

sheep moving of thelr own accerd when the gate into the next

Such medifications of the system necesaitated by
lnadeguate subdividion should, however, not be regarded as
permaenent, Subdivision ls the me jJor necessity of all hill
land in Hew Zealand, Without it stock cannot be properly
controlled on the pastures, and without that control the

potentialities of the land can never be fully realised.
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(1) Tussock Hill Country.

The concept of rotational grazing has as yet 1little
place in the tussock country of the Seouth Island, For one
thing there ig virtually no subdivision over most of the area,
Bleoecks are very large; mustering a major operation,
laboriously earried out on fool; beundaries a ridge, & gully
or a riverbed, The means of steck contrel are lacking, and
until and unless the carpying capacity of the btussock grass-
lands is greatly ilmproved, the wmeans of e@ﬂtrol, primerily
adequate ﬁwmaimg, will he withheld for almost indisputable
EConomle reasons, If the economic diffilculties are sclved
there will still remain the physical difficulty of erecting

stable fence lines on much of this country.

Bren 1f greater ceontrol of sfteck on the tussock hill
country were f@@&i%&&ﬁ rotational grazing, as practised on
the hill country of the Horth Island, might not prove effective
in sward lmprovement.

Black and Clark (1942) demonstrated that rotational
grazing (on & 28 days on and 28 days off basis) in the
gputhern Great Pleins aree of the U.8.A. had no appreclable
effect on the thrift of the steck cerried or on "the appearance
of the vegetation™ on the range Hereford yearling st@@wé and

graved heifers were the stock used, The average annual

precipitation during the lL~year experimental period was
12.8% inches. Mean monthly temperatures were abeove 1o%, for
seven months of the year, reaching a meximm of 77°%, in July
a month averaging only 0.81 inches of rain,

Under such conditions of aridity and sleow growth it is
herdly te be wondered at that a 28 day rvotation had little
effect. A rotation, to ba effective, mist not be purely

mechanical, bot musedt conglder growth cenditions and the rate

»g}

of vecovery of the plant speecle

b

asokayne (1921) hasg
demonstrated that wder conditions of @1@%"%@&0V@wy'& rest
period of six or seven menths may be necessary before the
herbege has receovered sufficlently o be £it to graze.

More valuable thar the werk of Blsck and (Clark was

the earlier work of Sarvis (1923). Under a similsr climatic
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regime a system of "deferred rotation grazing was found to give
a greater utilisation of the vegetation...with less injury teo
it thane....any other system, and with the greatest total (live
weight) gain', Two-year-0ld grade steers were used,

The system of deferred votation grazing ls designed teo
allow each divi&i@n of a pasture to set sead for two successive
vears before 1t is harvested by cattle in the autum of each
vear. In ite thirxd year this previously auntum grazed
pasture is gragzed in the summer Lo permit the establishment
of seedlings from seed shed the previous autuwm. Two
systems of this type of graging are presented in diagremmatic
form (Fipure XVI, page 85a).

Under conditions of slow recovery this system, in
which pastures arve grazed only at one season of the year, and
‘in which the season of grazing rather than the livestock is
’vetat@@‘ around the various blocks of pasture, is more likely
to prove valuable then the more normal retational system

practised on pastures where recovery and growth are rapld.

The previously mentioned New Zealand practice of
gpelling winter and summer country in sunmeyr and winter
respectively ls, no doubt, a valuable one, though summer
country grased throughout each growing season, and spelled
throughout each dormant season when accummlation of root
reserves must be at a slow rate, ani regeneration through
seeding or vegetative growth @mﬁll,yiﬁ probably less bhenellited
by the system than might be thoughta. Winter country has the
summer in which to recuperate, but during this time has to
contend with the effects of & hot sun and nor'west winds
impinging directly upon a partially demided gr@mnd surface,
The system, of course, is essential to the survival of High
Country sheep flocks, although under existing systems of
management the size of these flocks t@ndgkto decline due to
deterioration and depletion of the ground cover.

The past extent of this deterioration and depletion
cannot be measured, although MeLeod (1947) reporting on behalf

of the South Island High Country Committee said, "During the
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90 years of settlement of the High Country there has taken
place a serious deterioration and depletion in the nature and
value of the matural plant covering", In the same report
HcLeod gquotes a survey by the Economics Department of Linceln
College demounstrating a fall from 12,000 to 9,600 between
1930 and 1946 in the average number of sheep carried on ten
properties surveyed. As demonstrated @ariier, the high
carrying capaclties of the 1930 era were partly a resction
against the effects of economic depression, so that the entire
amount of the above decline cannot be attributed to pasture
deterioration.

Cumberland (194)) demonstrates the decline in
carrying capacity which has occurred since the year 1879 on
one proeperty of Bl,000 acres in the valley of the upper

Waimelkarirl river:

Year 1879 | 1889 l 1899 1909 19191 1929} 1939 [19L4

Sheep
grazeddit, 2004117, 700

16,000 ? 11,900 112,000 110,500} 10,00C

The high figures in the closing years of the 19th
century reflect fo ﬂcmé extent the higher carrying capacities of
the virgin gragings, but alse the way in which, when wool was
the chief saleable product, and the frozgen meat industry not
fmlly developed, sheep stocks were allowed to increase to
abnormal levels, theve being no market for culls or store lambs.
It seems probable that in this era severe overstocking took
place, setting in train the seguence of deterieration and
depletion which now has to be contended with. Although sheep
stocks have been reduced, this has frequently followed a
decline in the carrying capacity of the range, and not
preceded 1it, so that despite the reduction overgrazing still
OCCUPS,

Diek (1951), in connection with Canterbury Catchment
B@arﬁteﬁ@ﬂi@m control work, is engaged in obtaining for the
first time a measure of the rate at which depletion takes
place on areas of tussock grassland not obviously overstocked.
Adjacent, fixed gquadrats, one fenced against stock and rabbits,

the other unfenced, are submitted annually to point gquadrat
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botanical analysis. A note is taken of the number of hits

on growing vegetation, on dead vegetation, and on bare ground.
Although the work has only been in progress for five years

and there ls little, if any, visible difference between ground
cover inside and that outside the rabbit-proof fence, and 1ittle
gign of abusive gr&gigg outside the fenece, the figures
demonstrate clearly the year by year progressive lncrease in
vegetative cover inside the fence, and an equally progressive

incerease in the area of bhare ground outside the fence.

The ouestion then arises, 1if deteribration and even
depletion of the range cever is in fact taking place, if
r@tati@nal graging as practised in the North Island is
inapplicable as a remedy, and if the existing practice of
winter and summner spelling is still not sufficient to arrest the
deterioration, is there any manipulation of stock which can
reverse the deterioration and assist vegetation of depleted
areas?

There is considerable evidence that complete exclusion
of stock from the range will, in a majority of cases, have
these desirable consequences, provided always that rabbits are
excluded as well as sheep and caﬁtl§. Rabblit extermination,

w U v ithaw

although a paramount necessity is out

\;wagh the scope of
this dissertation, but for the purpéées of this discussion
it mst be sssumed that the farmer has control over all
grazing animals on his property.

The work of Cockayne on the Dunstan Range, reviewed
Ty Tennent (497§) has demonstrated the ability of native and
exotlc species te becowe established &n& produce reasonably
well when stock are completely withheld frowm an area. This
is especially tmme of the shady faces at higher elevations,
where precipitation both actual and effective, is greatest.
In these positions "total recovery (to 100% ground cover)
appears to take place in about four years' time. ... In the
plots which were opened to stock from June, 1930, till
Decenber, 1932 ses. 1t was most noticeable that Wheré the
gole of grass was dense no appa@@nﬁ damage of any serious

moment had occurred, Cocksfoot, Chewing's fescue, lucerne
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and yarreow appeaved to be standing up particularly well to

the hard grazing experienced, but the native tussocks, with
the exception of fescue tussocks, were considerably checked

in growth. When, however, it is borne in mind that the
graging on these plots was exceptionally severe, in fact they
were excessively overstocked, it can be assumed that, given
rational treatment, once a sole of native and introduced
species 1is established, it should be gquite practicable to
retain their presence on mountain sleopes by Judicious gragzing®.

Again, Cockayne (1921) (i) remarked on the recovery,
after heavy grazing, of certain exotic specles growing in the
Barnscleugh regi@n of Central Otago. "The most striking
feature of the regrowth was the astonishing recovery of
lucerne (Medicago ﬂativm), which, to use a familiar phrase,
had had "the heart caten out of it's e...lio lucerne had heen
damaged 1n the slightest degree, Cocksfoot {Dactylis
glomerata), which had been graged gquite as heavily as the
lucerne, had also grown we 1. At the cloge of the gyazimg;
yarrow, chlcory and catsear had not merely been eaten to the
ground, but the underground stems or roots had been attacked,
HNevertheless, &11 three specles showed no signs of this
excesslive grazing, but they offered food in abundance, With
regard to the indigenous tussock grasses, blue grass (Agropyron
scabrum)e...had in many cases produced a pood deal of fresh
growth',

These cguotations would indicate that there is no one
answer to the guestion posed earlier, Admittedly these trials
were of short duration, but they do indicate an interaction
between plant, animal, and habitat. Every species in a
parbicular habitat will withstand a specific amount of grasming,
and the graging manggement will depend upon the speclies present
and the habltat.

It 1g important to appreciate the different objects
in view in the iwmprovement of North Island and South Igland
hill countrye In the NHerth Island the ideal is to maximise
(so far as is economically desirable) the output of stock

products from the pastures, and this ideal can be made an
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immediate objective, attainable by the application of the
principles selt out in this dissertation, including improved
grazing management, In the South Island the ideal may

be the same, but a solution of the impabtant problem of
pW@V@nﬁim& depletion of these gragings 1s more immediately
urgent. This may be solved elther by removing stock
completely and allowing the matmr&l succession to proceed,
by dotrotusimg: specles of plants which can withstand the
existing ecological conditiens, @ﬁb%@h@@gimgva middle course
between these two.

To remove stock c@mplateiy from these depleted laids
would be to deny a livelihood to many thousands of farmers and
farm workers, and W@ml@x@@raaimhly reduce the natlonal income.
Obviously such action cannot be tasken without first having
tried the alternatives, There is, however, some evidence
that complete removal of stock may not be as beneficial in
promoting revegetation of deteriorasted range land as some
system of conbtrolled grazing. Sampson (1913) demonstrated
that more seedlings were established under a system of deferred
gragzing than on unused ranges, this being due to the improved
gseed-bed of seeds passing through the gut of stock, and to
the trampling in of seed by stock.

* The day when plant breeding or plant intreductieon
can provide species capable of withstanding and thriving under
the ecological regime extant today may be just 'around the
corner'. Until these specles are provided, some form of
controlled grazing such as the deferred graging system
expounded by Sampson and Sarvis (eit. supra) would seem to be
degirable if the present depletion is to be arrested. Bven
after these species have been introduced, controlled grazing
should enhance the speed with which they will becaone
established, and hasten the time when the ideal of maximised
productlon can become the primary objective of improvement

methodge
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I. KIND, CLASS AND HREED OF STOCK AND THEIR
RELATION TO GRAZING MANAGEMENT AND PASTURE
INPROVEMENT .

By 'wind'! of stock is meant animal species, €.g.
denestic cattle or sheen; by ’éla&&' is meant sex or age
group within a species, e.g. cows or heifers, siteers or
stirks, ewes or welhers etc.3; by 'breed is meant a subgroup
of a specles, having distinctive characteristics, e.g.
Abverdeen Aungus, Hereford, Romney, Merino, etc.

| Pirst, in the consideration of the kind of stock
carried on New Zeasland hills it must be appreciated that
New Zealand is a nation the economy of whose extensive
matoral regions is based on sheep products. In 1946 the
sale, for export, of mutton, lamb and wool realised nearly
Shly million, All other meats, including beef and plg meats
amounted in value to sbout £4f million in that year. of
more receunt vears the inflated price of wool has emphasised
even more strongly the importance of sheep, snd the relative
unimportance of eattle in the economy of the extensively
fammed hill reglonsg.

There appears to have been no economic investigation
in Wew Zealand into the relative profitabilities of sheep
and heefl cattle, although the opinion ls widely held that
sheep are the more profitable kind of stock Lo carry. Prior
to 1882 the ovine Ffoundation of the economy is explicable on
the hasis of the necessity for exportable,livestock phoducts
which were not perishable, namely wool and tallow.

Adherence to an economy based on sheep in the years succeediny
1882 dndicates that,under the exlsting circumstances of
c¢limate, pasture types, topography, managerial abllity,
avallability and skill of labour, and market condltions,

this economy must have been more profitable than one based

on beef cattle.

In the absence of exact data, therefore, the verdict
of usage must bhe accepted, snd with it the belief that the
economy based on sheep has been demonstrated to the farmers’
satisgfaction to be the most profiteble when all circumstances

are conslidered. If, then, sheep are more profiteble then



- 91 =

cattle, New Zealand's 2 million bheef cattle must have some
specific merlit in the eyes of the farm@r, or they might

expect to be replaced by sheep.

Stoddarg and Smith (41943) (iii) claim that "the
most lmporitant Tactors that determine the best kind of stock
for each range are (a) topography; (b) amount and
distribution of water; (¢) character of vegetation; and
(d) econowmic factors".

Bach of these factors, too, should play a part in
determining which class and breed of each kind of stock is
best sulted to any glven situation,. Bach of the asbhove
four factors will be considered in relation to the kind,
class and breed of stock which is mun, or which might be
better run on New Zealand hill swards, from the point of view

of the improvement of these swards,

I. Tovogranhyv.

It is wsually assumed that the steeper the country
the less able are cattle to graze it, and the more does it
becomwe the sole dommin of sheep. The geological history of
New Zesland, especially of the North Island; demonstrates
the youbth of wany of the surface gediments. Geologilecal
youth, and easlily erodible sediments, give rise to steep
slopes and deep gullies, both of which may determine the
kind of stock carried, militating against the use of cattle,
at least those breeds of cattle which it is customary to
carry on easier hill country in New Zealand,

Weston (1936) recognises that the cuestion of a
breed of cabtle capable of graging efficiently the steeper
-and more im&@aéﬁ@ibl@ country is of great importance. He
observes that in the years immediately prior to 1935-36
Aberdeen Angus cattle incvaas&@ relative to other breeds, due
in part, to the efficlent way in which they graze steep and
aif flcult country. In respect to this type of efficiency,
the Dbreeds are generally considered to be in the fmllawing
orders Aberdeen Angus, Hereford, Shorthorn. Weston

further recognises that there are degrees of agility among
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cattle: "While the Hereford is a better climber than the
Shorthorn many farmers consider that 1t is not so good as
the Aberdeen Angushe It is safe to say that, in the
gountry of thelr origin, mone of these breeds would be
considered hill breeds, far less would their ability to
¢limb hills be congidered. They are essentially cattle

for stall feeding, or fattening on the high quality pastures
of mixed arable farms. Climbing, British farmers wonld
contend, was the prerogative of the Galloway and West
Highland breeds or their creosses with the Shorthorn. These
two hreeds have been subject to natural selection pressure
on steep land for very many generatilonsg. The same sort

off natural selection is probably belng exercised at the
morent upon Hereford, Shorthorn and Aberdeen Angus catile

in New Zealand, but Tthe Galloway and Vest Highland breeds
have several centuries' imaﬂ;

It would seem, then, that topography wmay militate
against the efficient use of ithe three most common hﬁeed@ of
beef cattle found i, New Zealand, particularly in mazch of
the deeply divided back country of Wanganui, Taranaki, and
the King Country, as well as the steep coastward reglons
of Southern Hawke's Bay. Topography such as this, and that
of much of the Soubh Island tussock grassland area, induces
cattle to graze on the valley bottoms or on any small
plateaux which they can conveniently reach. %EOW@Vﬁﬁ, there
are breeds, s8till largely untried in New Zealand, recognised
to be of value in country of difficult topographye. It mey
be that sowe of the olther factors to be considered in this
section offset any value these untried breeds my have in
this direction, but these will be considered under their

respective headings.

Fraser (19.7) recognises that "sheep will graze
where caltle dare not venture, and a lamb may be railsed and
a fleece grown on a steep slope where a cattle beast would
merely bresk 1its leg'. Just as there aﬁé differences
between beefl Dbreeds in climbing ability, so there are similar

differences between breeds of sheep, and not all breeds of



"B

sheep would rear a lamb well or grow a good {leece on the
steep country depicted by Fraser,

On this mb;}@m white (193%) has this to say: "It
is wbvi%mw that sheep grozing on rough mountain slopes mst
possess sufficient activity for the scrambling and climbing
necessary to secure food in due season fram.ali marts of
their grazing. In general, it may be sald that activity
depends largely on general hody proportions and muscular
developmant , but is also affected by relative size and
welghte As regards the form necessary for maximum activity,
we need only study wild sheep, which more raesemble some
species of deer than domestic sheep, and from the bubcher's
point of view have hardly any merit at all, The further
from the wild type we g@,kamﬁ the wmore we develop the ability
to fatten and to meet the butcher's remirements at an early
age, the less aetivity we find". It is a fact that on low
ground pastures the heavier, less active, and more rapidly
maturing breeds wlll e the most desirable economicallye
Quite the reverse mey be true on stecp country. The truth
of this is appreciated by Peren (1948) when he says, “A
sheep with a Dbit of height at the withers, and plenty of
driving power in the hindquarters, can climb hills with far
less @ffmﬁ% than the mtiton breeds. This is immedietely
brﬁught home to one when goling around the hills at Tua Paka ;
the Cheviots are 1i®@rally twice as active ss the Rommeys
with half the effort. The contrast is guite remarkable.
The importent point, however, is Lthat the Cheviot, with the
advantage of mww?@@t conformation, is able to climb with a
smxller expenditure of the energy which 1t derives from its
food, than is the Romney. This economy in the utilisation
of its food ig ene of the important advantages which hill
breeds have over lowland breeds on steep country®.

Within New Zealand there is the anomaly of a more
agile breed, the Merino, grazing slopes which are f’:mqum;tly
easier than those on which the heavy, less aglle Romney, is

I

From the standpolnt of more effective pasture
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utilisation there would seem to be a case for the use of
more aglle sheep and cattle breeds on the excessively steep
country. It should be borne in mind, however, that the
expression "effective passture ubtilisation™ my encompass one
or both of two concepts,. It may mean the more efficient
conversion into animal products of whatever forage is
ingested, or it may mean the harvesting of a greater amount
of’ forage by the more agile animml, ahle o feed more
easily on the slgpe and reach mere inaccessible places.

- The fermer, as a virtue of hill breeds, is entirely to be
desireds The latter virtue, however, may not be se
desirsble 1f it means alseo the denudation, or even the
W@&k@@iﬂg of the plant cover on steep slopes, therehy
rendering them meore lisble to erosion. With improved
adaptation of steock to physically difficult terrain
inproved nmeasures of gragzing control, and more extensive
topdressing and oversowing must go hand in hand, or the
benefits derived from improved adapbation may well be lost

in increasing erosion.

Topography has two aspects; slope and elevation.
So far only the first has been considered.

The effects of increasing elevation are frecquently
deterioration of climate, increasing rainfall, more frequent
winds of greater veloclty, heavier snowfall tending to lie
longer and, generally, lowered temperature, The growing
geasen for such @lant@ a5 do exist tends to bhe shertensd by
the lower temperatures,

Cockayne (1928) (iii) has described in detail the
genera and species found in various ecological h&bitats>in
New Zesland, and has clearly demonstrated the shrub and herb
mture of the associations in the high mountain regions,
especially im‘th@‘Somtﬂ Island, Cockayne's "herb-fiela"
also “occurs in the Worth Island on the Dividing Range from
the highest peaks of the East Cape mountains southwards, on
Mount Egmont and, to a limited extent on the central
volcanoes", and Yon all high mountains subject to frequent

rain’.
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Altitude, then, modifies the vegetation to one on
which sheep (or gomts) are most suited to grasze. Stoddart
and Smith (1943) (iv) claim that "sheep utilise forbs mere
fully than any other kind of livestock. Not only do they
consums larger quantities of these speclies, but they consume
a greater nurber of bthese species. Where forbhs mske up a
large part of the forage, most satisfactory results are
obtained with sheep%.

It does mat'sawm to be known whether or not there
are differences bebtween breeds in thelr ability to thrive on
the same type of vegetation. Would , for exsmple, a
Southdown thrive ag well on an alpine herb meadow diet as a
Merine, other things belng equal? This might form an
imﬁ@é@stimg, if mcademic study. But, in practice, other
things are not equal, In the first place whatever breed is
used to gragze these high lying herb and shrub grazings 1t
must be capeble of climbing to and renging widely upon its
grazing ground. In the second place it must be abhle to
survive the more severe climatlic conditions found at high
altitudes. This demands a dense, close fleece Lo prevent
the penstration of ralin end wind; it demsnds also that
ingtinet, found only in hill sheep, which enabhles them to
anticipate changes in weather, and to seek out situations
providing feood and she lter before the storm breaks.

In New Zesland the Merino would be considered the
breed suited, ‘par excellence', to these condit ions. Again,
comparative trials with other breeds are 1admiﬁg, ut the
writer hag found one aﬁm@&rissn between the Merino and
Cheviot breeds made by Patrick Sellar, a Sutherlandshire
farmer, in 1920, This is o such intervest and pertinance to
the present discussion as to merit full quotation:

"Owing to the dispesitien of the Merinos they are
not sultable te these wastes of peat-bog, not that they do
not thrive and yileld weol 1in abundance and of the first
quality, but that as three-fourth parts of the wastes consist
of Alplire plants which they reject, the same quantity of

Sutherland ground will keep three hundred Cheviots that will
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malntain one hundred Merines, and that with half the care
and one third part the risk in winter®. |

Here 15 an abgérvatimn upon, the suitability of two
breeds to hard conditlons: to an Alpine herb dlet, and to
severe wintérs in which heavy snowfalls are an anmal
CCOUrPrence, On Dboth counts Sellar found the Cheviet

superlior.

As, when discussing the relstiounship of breed to
slope, so when considering altitude, the advocate of
pogsible changes in the breeds suited to high country must
keep well in mind the possible disadvantages of running on
these hills breeds which can utililse more of ﬁh&ih@ﬁb@g@
available. The possibility of increasing erosion by
overgrazing with sheep better adapted to the physical,
climtic and nutritional aspects of the hill or mountain
environment must never he forgotiten. Wherever topdressing
and oversowlng are lmpracticable - as they sometimes may
be -~ the advantages of using dry stock, preferably mature
dry stock, must be borne in mind. The temptation to convert
wether country into ewe country simply by changing the breed
of sheep carvried from, say, Romey to Cheviobt must, unless
the fertility drain can be made good, be resisted.

Otherwise the higher and steeper hills of New Zealand may

end up hy carrying only the Scottish Blackface,

It. bfmount and Distribution of Waten,

Thisg facteor is Ireguently of such ilumpertance as
gelely teo determine the kind of steck which can he carried
on hill country.

Cattle require relatively large smounts of water.
Stanley (1938) found that the average wabter consumption of
range cows in Arizone was 6.3 gallons per day. This may be
a conscrvative estimate since most other investligaters gilve
higher figures. Talbob (1926) suggests 10 gallons:

Ssampson (1923) (i), 10 to 12 gallons. Ritzmen and Benedict
(19%8) have shown that water consumption varies with (inter
alia) the amount of milk yielded, so, pﬂ@sumﬁﬁly'&lﬁo with

the class of stock. be it dry or wetb.
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Sheep, on the other hand, ave more modest in their
water reguirvements. Talbol suggests 1 gallon per day;
Sampson & to 14 gallons per day, asnd Jardine (1915) in
Hontana, demonstrated that on non-succulent grass range in
high mounteins, sheep could "do well" if they obtained a
limited asmount of moisture in the form of dewy fog eor rain,
while on succulent weed ranges in the high mountains sheep
could be grazed without water, yet make gains comparable to
those of sheep graged on well watered ranges, Thompson and
Fraser made the observation that in the later stages of
pregnancy the water consumption of ewes almost doubled.

Yet again, Fraser (19:9) (i) gquetes the case, known alse to
the writer, of some of the smller islands off the west coast
of Scobland where, under conditions of high rainfall {60 to
100 inches), both sheep and cattle thrive although there is
no source of fresh wat@f at all.

The water reguirements of sheep, and to some extent
of cattle, are seen to be related to the class of stock and
Eoﬁmawmmmmmﬁaftmawwmmﬁ. One cannolt generslise
about the amount and avallability of water on hill land, tut
it seems reasonable o suppose that the difficulties of
providing sdequate water for cattle increase as rainfall
decreases from west to east and from n@ﬁ%m to south within
Wew Zesland. Water supplies arve, however, wvery dependent
on locel conditions, such as aspect, geological fermations
which may give yise to springs, the existence of higher
catchment areas or areas of melting snow, and the like,

The fact remains that the fammer must elther run those kinds
and classes of stock whose water requirements are %&ﬁi@fﬁ@a
by existing watering facilities, or he must extend these
facilitlies. The possibilities of extending watering
arrangements by use of artesian borings, wind pumps, danms
and dew ponds do not come within the scope of this
disgertation. Here consideration need only be given to the
effect of water aveilabllity to stock on the psstures which

they graze.

Perhaps the mest urgent yet unanswered questions
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are; flow fapr will stock travel to obtain the water they
recquire for maximum production, and how far is it desirable
for them to travel to aﬁt&iﬁ.w&tﬁm? The unwillingness of
stock, especlally cattle, to travel far from convenient
watering places can be a serious cause of leocal overgrazing
and of poor utilisatien of herbage growing at some distance
from a sgurce of water, Where cattle are reouired to graze
ef £ rank, stenmy pasture, they may fall to do so, unless
water is nesrby, prefeveing comparative starvation near the
water-hole to thirsty repletien further avway. The same
applies when cattle are run in & steep paddeck rising up
from a shream, The lower slopes are heavily grazed by the
cattle while the upper onee are neglected, Under these

clrecums tances sheep will probahly graze a paﬁﬁsmk‘maﬁ@ evenly

o
3

than cattle (b

s not ilnplying thet thelr selectivity is in
any way reduced) simply by their ability (or willingness) to
travel further from, and survive longer, without water, In
the same way, dry stock may use more of the forage available,
especially under dry conditions, then ewes nursing lambs.
Looked at from the point of view of the pasture.
the problem is egually interesting, and several unanswered
cuestions lmmediately come to wmind: Do cattle spread out
mere ever the avallable range in spriig hecause growth is
mere suceunlent and thelr dependence on free water
comsequently less, or does the lower alr temperature at this
tiwe account fer bthedlr ability Ho live eam@&rtﬁbly'wi®21le@ﬁ
water? Ceritainly 1t is in the hot swmmer menths that
cattle are most frequently seen in the vicinity of water
holes, 1t iz, of course, In the periods of flush spring
growth thet the widespread control given by free ranging
cattle ls mosth desired from the pasture mnagement polnt of
view, but the point at issuve is this: Can pasture nenagement
{and thereby the pasture and the steck which it supports) be
lmproved by a better distribution of waterding facillities for
stock? It seems almost certain that, where the water supply
is inadequate, the answer must be in the affirmative.

If cattle are considered essential for the efficient
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contrel of hill swards (end this is discussed in the
follewing sub-section) and if the subdivision is not
sgufficiently @l@ﬁ@ to ensure that cettle graze evenly sver
the swards, then the even distribution of water over the area
would seem to be a means of assisting mere even cattle
grazing., This is in line with the Awerican msthed of
effecting proper distribution, especially seasonal
distribution, and equality of range ubtilisatlion by a pl&nﬁ@d'
distribution of salt supplements over the range, Ologer
subdivision itself is unot a complete answey Lo this problem
of cattle and water distributlion. If there is water laild on
in each of several relatively smll paddocks there may be
less need for the sctual subdivisien lute @&&ﬁ@ék%g the
dlgtribution of water alone providing the necessary conbroel.
If, however, satile arve forced, in dry weather, when the
forage is dpy and Tibrous, te graze in an unwatered paddock,
they will lose condition rapldlye. Whether or not a farmer
is willing to allow this to happen depends upon his attitude
to his cattle - whether he regavds them as lmplements for
pasture contrel, or as profitable livestock, This latter
depends upon economic ceonsiderations which will be diéc&g&@d

briefly in the final sub-section of this chapter.

I17T. Character of the Vegetation.

Stoddart and Smith (1943%) (iii) consider this
factor of vegetation from the standpeolnt that browse ranges
are best adapbted to sheep grazing, while grass ranges are the
natural babltat of catile. These may be termed the natural
principles of land use, and where the aim is to make the
gsimplest use of the existing vegetation without alﬁ@rﬁng
its charvacter this point of view may be tensble. In New‘
Zealand, however, the economic principles of land use, as
dicetated by the export market, demand that sheep grage over a
mich wider vegetational range than Steddart and Smith would
deem natural. Ner is it always wished to waintain the
'status gque' in the character of the vegetation. There is
always the desire to improve productivity of the vegetation

on the hills by sppropriate grazing mnagement, by improving

=¥
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fertility and by introducing hetter strains and speclies of
grasses and legumes. Hgually, there 1z always the need to
guard against the reverse processes of sward deterioration
and depletion,.

It ig with thils dynamic concept of grassland in mind
rather than the more static American concephb, that an approach
mist be made to the guestion of which kind, class and breed
of stock shouwld be carried on New Z@aland*s hill pastures
when the object is to meintain or improve the quality of

thege pasbtures.

Considering kind of stock, let it be said at the
oubset that ﬁh@r@ are two opposing schools of thoughtb. One
maintains that cattle are essential to the proper management
of hill pastures; the other asserts that cattle are
uhnecessary, and that rotational graging with large mobs of
gheep 1s Juet as effective in improving and maintaining
pastures. Both schools would asgree that set stocking with
sheep alone ig detrzivental, since the highly selective
grazing undertaken by a small nuwber of sheep spread over a
relatively large area greatly weakens, and may eventually
eliminate from the sward, those specles most palatable to
sheep.

Cockayne (1919) (ii) and (1920) (ii) has made
investlgations into the palatability. of plsuts on hill
gragings in the Hanmer and Farnscleugh districts of the
South Island. These investigations &em@ﬁstrmt@d.that it
is nob sufficient, or necessarily accurate, to state that
a grass species is palatable when it ig eaten by sheep while
adjacent specles are neglected. It is only safe to say
that the species which is eaten is wore palatable than the
r@a@ilé accessible survounding species, The palatability
of a specles, then, is only F@lﬁtiV@,’* relative to the
palatebility of accessible, adjacent species. While
Yorkshire feog may remain uneaten in the presence of sbundant
cocksfoot, 1t will be avidly consumed if the only
alternative forage is fescue tussock.

Ageain, the palatabllity of a species appears to
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vary from one locality to another. ~ Thus the palatability
of a specles in the high reinfall district of Hanmer was
found not necessarily to be an index of its palatability in
the drier region of Cenbral Otagoe.

Thirdly, palatability varies with the season of the
year, or probably more correctly with the stage of growth of
the plant. At Hanmer white clover (Trifeolium repens) was
not eaten at all during January and February (midsuwmmer),
being then classed as unpslatable. During September,
however, sheep in the same paddock graged it freely. A
gimilar chservation applied to sweet vermal. Thoras (1949)
obgserves "Certain plants in certain stages of growth change
flavour, This is particularly the case with some
leguminous plants, especilally red snd white clovers. In
the pre-flowering stage of growth they become bitter to such

a marked degree that stock find them guite distasteful.

The firet conclusion which may be drawn from these
obseprvations is that, within a confined localility, sheep will
eat the same species at sbout the same time each year. They
may not eat the same 3@@&1@& all the year round, since the
palatability of any given species will wax and wane with
stage of growth. This is important, for it means that a
valuable species (as is white clover from the soil fertility
point of view) may he able to retain a foothold in a sward
under conditions of set stocking, or at least its elimination
from a sward under thesge conditions may nobt be so rapld as
certain experiments, based on continuous cutting of the sward,
might indicate, However, 1if grazing occurs at the saume
gtage of growth each year, and if increased palatability
coincides with the feormation of fresh, young, spring growth,
then the species wlll undoubtedly be greatly reduced in
vigour, and eventually will be eliminated from the sward.

The g@c@ﬁ& conelusion of importance is that so long
as a specles remalns rvelatively palatable and relatively
accessible it will continue to be preferentially grazed.

If this constitutes overgrazing (as under set stocking

conditions it almost certainly does) and that species is
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totally, or virtually eliminated from a sward, one of four
things must happen:

{(a) A species which, during the lifetime of the
palatable but now €éiliminated ap&ci@s@ wag relatively
unpalateable may be brought into the diet of the sheep and
will bhe the lesst palatable plant in that diet. leanwhile
the specles next in palatability to the eliminated one will
itself Dbe undergoing the process of elimination. So,

as relatively more pa&aﬁ&bl@ specles are eliminated at

the top end of the paslatablility scale, relatively less
p&latﬂbl@ gpecies magst begin to a@m@yinﬁa the dilet of the

animal., If this does not happen either,

(v) The carrylng capacity must be reduceds
(c) The stock will cease to thrive, or
(a) The more palatable speclies will be grossly over—

grazed 1If the stocking rate is maintained, thus hastening
their eventual ellmination and an inevitable return to
situation (b).

This is, of agmra@”xan oversimplification, for the
gsake of clarity, of the order in which these processes oCour.
In practice all four are inextricaebly intermingled. |

The forepoing would be the process of events where
aheep were th@ only atock used, snd where, by virtue of each
animl having, say, an acre or more on which to graze, it
was free to exercise its preferences for those plants which

were most palatable to it.

The sheep plus cattle grazing school claimg that
cattle are less selechive Teeders than sheey. Thig, so far
as the writer is awarve, awalts proof, The esssumpbion is
usuvally made, rightly or wrongly, that it is physically
impossible Tor cattle, having a Jaw of greater width than
sheep, to be as selective in their grazing as sheep.  But
Hancock (1950) suggests that even cattle may be capable of
heing highly selective in their grazing. This observation,
however, was made in a paddock in which m@tti@ were the
dominant, if not the only steck, and it seems reasonable to

assume that on a pasture the majority of which is eaten down
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to sheep feed height, cattle are less able to exercise
whatever selectivity of grazing they pessess. The fact that
cattle, in a sheep-grazed paddock, will eat down the rough
feed unpelatable to sheep is probably not so much due to the
fact that they are less selective in their gragzing, or that
their prefervences differ from those of sheep, though these
may be contributing factors, but rather that in order to
obtain e sufficient bulk of forage to satisfy appetite they
migt graze a considerable amount of the ranker herbage which
the sheep have neglected,

In support of this theory, Johnstone - Wéllaa@
(1950) demonstrated that when cattle grazed L inch high
herbage they consumed 150 ib. of green material containing
32 1be of dry matter each day. As the herbage became
shorter the amount consumed fell rapidly until, on the 7th
to 9th days after grazing commenced, when the sward was
graged bare, intake averaged L5 1b. of green material
containing 10 1b. of dry matter. Woodman (1948) (ii) gives
the appetite satisfying requiw@m@ﬁt@ of an 11 cwt. bullock
as 25 1b. of dyy maltbter per dayv.

If, as in a sheep-graged paddock where the
palatable herbage ls already grazed short, a cattle beast can
satisfy less than half of lts appetite requirements from the
closely grazged palatable species, it is reasonable to assume
that it will eat less palatable species until its appetite is
satisfled: 1t will equate palatablility and availability with
appeltite,

This seems a satisfactory explanation of the claim
by the protagonists of mixed grazing that "cattle clean up
the roughage neglected by sheep becesuse they are less

selective gragers®,

Given that cattle will, under the circumstances
Just congidered, graz@ eff species which sheep neglect, the
consequences are several,

The unpalatable species are prevented from becoming
dominant In the sward through the physical shading @ff@ct‘

which they would otherwise exert on the overgrazed species,
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Thelr spread may a=lso be hindered by & reduction in the
maimber of seed heads which they are permitted to send up and
mture,

| By being eabten down, the growth on the relatively
less palstable specles will be kept younger, wmore palatsble,
more digestible, and of a more nutritious chemical
composition. Sheep my then be tempted to widen the scope
of their gragzing te include some of the younger portions of
these less palatable specles, and so allow some recovery of
the overgrazed specles, .

The utilisation of the sward as a whole will be
improved; more of 1t willl be converted into animel products,
and more of the soil matrients will he returned to the soll
in the form of dung and urine instead of being 'locked up!
in the uneaten rough growth whose reconversion into avallable
plant nutrients in the soll would otherwise depend on the
slower naturasl processes of plant decsay.

In these varlous ways the gragzing of catile aleng
with sheep may be expected, on theoretical grounds alone,
to dlmprove hill pastures and increase thelr output of live-
stock products; nor is there any dearth of opinionative
avidence concerning the improvement wrought in sheep pastures
by introducing cattle.

Graham (1948) opines that pasture conbtrol on hill
country is not pessible without cattle to clean up the rough
pasture, But this view is too dogmatic to go unquestioned.

Harris (1950) credits cattlﬁ with an improvement and
stabilisation of the country and the firm establishment of
hetter grasses snd clovers,

The Balfour Committee (1944) observed that, "those
f@wkfaxm@rﬁ whe have in vecent times followed a policy of
grazing cattle with ah@@pkh&v& found that 1t leads to a
marked Improvement in the quallty of the berbage on their
farus aﬁﬁkin the health and productivity of the sheep.
Moreover, those opinions are supported by more concrete
evidence,

Heddle and Ogg (19%3) divided a uniform Nardus

pasture In half and grazged one half with sheep and the other
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half with sheep and cattle, They obuex:ved that where sheep
alone were grazed the Nardus set seed and the pasture was
rough and tussecky,; while on the other side of the fence few
seed heads were to be seen and the roughness was much gragzed
down,

Wilson (1936) converted a poor, 300 acre, Nardus
dominant, sheep grazed sward inte a more valuable Agrostis
dominant sward by grazing with 20 Galloway cattle in
addit ion to the normal sheep stock of 200 ewes, Not only
was there no need to reduce the ewe numbers (though the total
livestock carried had been increased by 50%) but the lambs
actually impreoved in size and quality. This trial
demons trates the complementary nature of sheep and cattle
grazing. Cattle do not necessarily gragze at the expense of
sheep,; but simply utilise more fully the forage grown.‘ This
gsimple fact was first demonstrated by the classical
experiments of Gilechrist at Cockle Park (Johnstone - Wallace,
1950) which demonstrated that the per acre production of
meat was greatest under a system of mixed stocking, and,
moreover, that sheep grazed in conjunction with cattle made

greater live weight gains than sheep grazed by themselves,

The advecates of 'mob stocking' and rotational
grazing claim that they ecan maintain in good condition, and
even improve their swards by this means without the aid of
cattle,

' The arguments used are that by crowding, say, 20
sheep on to graze one acre for a day they cannot afford to
be so selective in their grazing as can one sheep when it
has one acre over which it may graze for a long season.

The competition between animals fer the available foeod is
such that palatable and less palatable species are gragzed
ind iseriminately, for if an animsl spends its time picking
and choosing its species it may find that the' available
herbage has all been devoured by etper animals before its
appetite requirements are fully ;atisfiee., Moreover, it is
claimed that if unpalatability of plant species is partly a
function of inereasing age or maturity, there will not be
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such great differences in palatsbility between species

whieh, under the ideel rotational grazing system, are no
more than three to four weeks old at each grazing, as there
would be between the palatable, heavily grazed species and
the un palatable, undergrazed species of the set stocking

sys tem. Therefore, 'te carry the argument Tull cirele; sheep
under a mob stocking system not only cannet afford to be
selective in their grazing, but also will have less desire to
exercise selection between species.

Cattle may be used in this system to help contiwl
spring flush growth, but their inclusion is minimal on
account of their alleged unprofitability.

This system of mob stocking with sheep alone is, at
the moment, less well recognised as a method of hill pasture
contrel than is that empleying cattle, and the only
references to it under New Zealand conditions seem to be
those by Linklater (1947), Lamont (41939), Hill (1949) and
Livingston (1938) already cited in the section on stock
management, Historically it is interesting te note the
reference to a similar system of msnagement, invelving milch

cows, made by Bishop (1839).

It is perhaps necessary to peint out that there need
be no real conflict between the two systems of mixed grazing
and mob stecking ify in the course of time, each is proved
to be equally effective in maintaining and improving hill
pastures and the guality and amounts of animal preducts
derived therefrom.

The system empleying both sheep and cattle is
essentially applicable to conditions where subdivision is
poor and paddocks large, where, as explained in the previous
sectiony strict rotational grazing may not be feasible.

The system of rotational mob stecking, on the oether hand, is
only applicable on that easier and more productive hill
country which is more closely subdivided.

Summing up the effect of kind of steck on the
character of the vegetation, it would seem that the effect
of the stock cannot be separated from the effect of the



management of that stock. Management is probably more
important in the maintenance and improvement of a pasture
than is the kind of steck carried. A pasture may improve
or deteriorste under a system where sheep alone are carried,
depending upon how the sheep are grage nmanaged. However,
where strict contrel of sheep graging is impracticable, some
of the deleterious effects of set stocking with sheep alene
may be lessened, perhaps even eliminated; by mixed grazing
with sheep and cattle. In the final analysis, short term
economic considerations are probably more important than
any other in determining the kind or kinds of stock carried.

At the moment there seems t0 be no evidence that
different classes of stock have different preferences for
plant species, although different classes are eaﬁable of
having different effects upen the pasture as a whole, The
main difference is, of course, that of differing fertility
drain between dry and wet stock, and between young stock and
mature stock. This comparison has already been made (page
26) « It merita repetition insofar as the continuous
grazing of & pasture by milking steck or young growing steck
is more likely te lead to pasiture deterioration and an |
incressing predominance of lower fertility demanding species
in the sward than will gragzing by dry and/er mature stock.
The tendency tewards deterioration in the former Qaﬁe mst
be evercome by fertiliser application and ether methods of
enhancing fertility, previously discnssed;

80 far as breeds of stock are concerned, there is
only the slenderest of evidence, though it is gained in the
hard school of practical experience, that there is any
difference in the use which different breeds may make of the
pasture herbage. That evidence is contained in the fact
(Fraser, 1949) (ii)) that low ground farmers in Scetland whe
winter hill country ewe hoggets, charge a higher price for
wintering Scotch Blackface hoggets than they do for other
breeds.. They do this because they find that the Blackface
grazes the sward more clesely than deo other hill breeds. It
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can be readily lmagined that set stocking with this breed,
without the intervention of cattle, would have more serious
effects then would set stocking with other breeds.

It does not scem to be known whether or not there
are differences between other breeds in the closeness o6f
thelr grazing and fthe utilisation of thelr pasture. The
matter, however, assumes imporitence when there 18 talk, as
there is in Wew Zealand teday, of iﬂﬁrw@main% new breeds of
sheep snd castle. Is the fact that three Cheviebts can be
run where two Romneys were carried before due to the inherent
ability of the Cheviot te live, produce, and reproduce on &
lower plane of nutrition than the Romney, due to the ablility
of the Cheviot to climb and forage with less expenditure of
energy than the Romey, or dees the Cheviot punish the sward
more heavily, ingest a greater proportion of the herbage
‘grown than the Romey? The anawers to these cquestions may
have imporbant managerial repercussions.

Posing the reciprocal, it dees not seem to be known
if there are differences between breeds in their ability to
thrive on the same type of vegetation, It seems almnost
certain that this is so. To teke an extreme case, Hagedoorn
(19L7), speaking of the nmative 'Indian' sheep of Arizona,
points out that these sheep are very small and hardy, and
adapbted to desert conditions by their smell size: "One sheep
weighing a hundred pounds has only one head and one set of
legss two shecp welghing a hundred pounds together have
two heads and two setls of legs, so that they can be in two
different places to hunt the scanty herbs, and for this
reason in conditions where the sheep of fifty pounds can just
live, a hundred pound sheep must necessarily starve®.

Haldane (19L6) suggests the possibility of his Type

2 interactlon being applicsble in this case. The interaction

X v
A 1 Hy
B 2 %

may be interpreted in more concrete termss
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Good environment. Poer envirvonment.
Abgprdeen Angus 1 L
Galloway 2 3

the interpretation being that under conditions of good
environment the Aberdeen Angus will produce mmmé beef than
the Galloway, which cannet respond so favourably to a good
environment. Under conditions of poor environment, however,
the Galloway cutylelds the Aberdeen Angus, belhg more
resistant to adverse conditions. ‘

It is concelveble that interactions of this sort
exist between breeds of stock in relation to good and poor
pagtures, For the moment we can only guess at them, or
accent as evidence the inexpliceble finesse of farmers’

preferences,

IV, Eeonomic Asnects,

A discusslon of the economic facters which affect,
of which may in the ﬁmt@rﬁA&ff@cﬁ the kind, class snd breed
of livestock carried on New Zeéesland hill ian@ is really out-
gide the scope of a treatise such as this, and beyond the
ability of the wrlter to deal With in more than lay fashion,
However, it was clalmed earlier in this sectlon that the
foactar deciding the kind or kinds of stock carried (end the
same might be seid of class and breed of stock) was, in the
Tinal analysis, probably economiec, The pieture would be in
no way complete 1f an attempt was not made to look at it
through the eves of the economist, and to attempt not only to
gee, butg\mmw@ importent ;, to foresee the effect which
economic @mmﬁiﬁ@vﬁﬁioma\have upon New Z@alan@‘hilly§astur@a,
by dictating the kind, class aﬁ@ breed of stock which it is

most profitable for Lhem to carry,

Belshaw (1936) (ii) tracing the rise of pastoral
farming in New Zeasland, emphasises the sultability of the
country Tor pasteral pursulibs. Faweeltd (QQBQ) glves the
stock figures for 1853 as follows:

Cattle w 35,000
Sheep -~ 300,000,
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Later, between 1870 and 1880, Belshaw observes that beef,
mutton, butter and cheese were a hopeless glut on the almost
entirely local wmarket. By 1881 the stock figures were:
Catbtle - 700,000
Sheep - 13,000,000
This was an increase over 1853 of 20 times in the number of
cattle and of 43 tirmes in the number of sheep, emphm@iaing
that wool, hides and tallow were the most important
marketable commodities, and of these wool was the chi@fﬁ
This fact is demonstrated very clearly by Hamilton (1947) in
the following tables: |

Value of the Principal Exports of llew Zealand
18R”% - 1003 (in thousands of PpOUNAE SLErlilg, )

1853 1863 1873 1883 ﬁ893 1903
Wool 67 830 2702 | 3014 3775 Lol
Tallow 67 231 184 518
Frozen leat 118 1085 | 3197
Butter u2 255 1318
Cheese 7 100 195
Grain 19 136 | 1287 583 53l
Gold 2032 1987 892 916 2038

Bven 20 years after the introduction af refrigeration
wool was the chief export from a wmoney value point of view.
It is difficult to assess vhether biological or
economic factors were the most important in deciding that the
Merdino sheep should predominate in those early days of the
settlement. Certainly the dry conditions of the South
Island tussock country sulted the Merino;y iits gregarious
habit was valuable in an unfenced country, and especislly
where predators such as keas were numerous; its ability
to travel long distances was equsally valuable where runs
were of vast acreages, But in a country whoese chiefl export
was wool 1t was natural that the thoughts eof the early
' settlers should turn to the animml which gave the highest
priced fleece. In this the Merino admirably suilted the
prevalling economic conditions, while being to a largé degree

in harmony with the prevailing bioleogical conditions.
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Asthe bounds of pasteral settlement were pushed
beyond the Canterbury plains and Wellington province inbto the
wetter districts, the adaptation of the Merino to the changed
biological environment was found to be less. "It was soon
Ffound that the wetter climate of parts of the North Island
did not sult this breed (the:lerino) so well as meny districts
of the South Islend" (Duncan, 1945) (i).

The wreplacement of the Merino in the Neorth Island by
the Lincoln, and Fnglish and Border Lelcester breeds is
another interesting study of the interaction hetween the
economic environment of the times and the biological
environment of the perticular farming district. Fconomics
8t111 demanded wool, and what the Lincoln lost in guality it
made up for in bulk, being the heaviest woelled of any
British breed. Moreover, the breed used had to be suited te
the wetter condlitlons of the North Island, while its wool
had to be able to withstand the physical abrasion and
plucking effects of rough logs and the like, encountered
after a bush burn.

In the South Island the Lincoln - Merino cross was
gvolved to cabter for both the @@01 gnd mbtton mrkets, the
latter expanding rapidly after 1882 when refrigerated
transport became & practical proposition. James Little set
gbout breeding his Lincoln - Merino inbred half-bred -~ the
Pinal Corriedale - in 1878. It therefore coincided well
with the newly developed market in the 1880's as well as
possessing the advantage of having been bred and selected
under the envivonmental conditions in which 1t was to be kept
Little's eariier attempts at Corriedale breeding probably
catered for the economic demands for meat Suh&@gu@nﬁ on the
gold rushes in Victoria (18%1) snd in New Zealand (1861)
which markedly increased the human population,

At this time, too, the Romey Marsh breed, first
intreduced in 1853, spread widely throughout the North Island
Although there were only 51 Rommey flocks recorded when the
New Zealand Sheep Brecders' Association was Fformed in 1894,

and ounly 78 flocks in 1904 on the formation of the New
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Zealand Romney Marsh Sheep Breeders! Association, it is
probable thet RBoume vs were widely cressed with Lincolns and
the latter graded up to the former breed.

The expansion of the Rommey stocks, too, has met
the demnds of @ﬁ@ economic situvation to a larpeé extent.

In times of intermational crisis the coarser Crossbhred wools
are more nearly on a par with the Merino and Hali-bred

wools so far as price is concerned. The Romney has lower
nutritional requirements than the Lincoln, and the Romney
lamb is acceptable to the export trade, (especially if the
ewe is crossed with a Down breed ram) so that fat lawb
production has bhecome an enterprise within the scope of
farmers on the easier hill country. This ig an important
influence in stablliising the economy of the hill farmer,

and as such merits further consideration.

Andrew and Soler (19L7) quote average prices for
store and fat lambs for the years 1938 to 1946 shoving how
"the increased price of fat stock has nobt been paid to the
producer of store stock%. It would be reasonable to expect
that a proportion, at least, of this increased fatl stock
price would be passed back to the store producer in the
price which the store stock buyer would be willing to pay.
This hes not slways been the case, with the result that the
incomes of store stock farmers have {luctusted more widely
from year Lo year than have those of the fat lamb producer

New Zealand, Average Prices - Stock Firms' Sﬁe@@.
Feb. 1938 1939 1940 1941 d9k2 1943 19hi 1945 PLe
Store lambs 16/3 13/~ 16/6 16/6 417/9 16/3 17/6 20/6 1586

Extra g}'izm 25/9 22/6 28/1 27/3 25/9 27/- 29/6 32/- 3/9
Lamhbsa,

fjarch.
Store lawbhs 16/~ 10/9 19/3 15/6 18/6 15/6 18/6 21/~ 193

Extra prime 25/9 23/6 27/3 27/9 27/1 27/3 29/6 32/- /¢
1& m};‘m. I I

Any uncertainty in the market is sutomatically
rassed back to the store gtock producer on the hills. This
can be seen in larch 19386 and 193%9. Between one year and
the next the store price fell by 5/3, while the fat price

\ rose by 6d. Within any one year the same sort of thing
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happens.  In 19359, between Rebruary dnd March store prices
fell by 2/3 and fat prices rose by 1/-. In 1941 and 1943 a
gimilar state of aifalrs obbtained. The adage aboult swings
and rouvndsbouts could equally truthivlly be volced, for in

many years the opposite trend cen be seen, as in 1940

when store prices rose by 2/9 and fat prices fell by ﬁ@&.,

and agsin in 1900 and 1945 when the store farmer benefited

Prom the market,

The important fact remains, however, that the store
lamb market tends to be rather more unceritsin than the fat
lambh market, This uncertainty must inevitebly lessen a
Parver's willingness to undertake capital iwprovements ox
even necessary mainbensnce. His market is unstable, he
cannot depend upon his income. This argurent applics less
in times of high wool prices than in times of low prlces for
that product, The argument, however, remsins that prilce
ins tebility must rescet unfavourably on capltal invested in
the l&hﬂ, and the further the sitore stock farmer can
encroach upon the domain of the fat steck producer the more
stable will his price and, therefore, his lacowme become -
provided over production does not ensus,

A means of achieving this lncreased stebility by
entering the fat lamb trade may result from the work belng
undertaken with ﬁhm‘ahevimﬁ breed. A table showing the
disposal of wéﬁh&r Romney and Cheviot Half-bred lambs as
fats end stores ie shown in Appendix I. (from Peren, 1951).
This shows that over the six seasons of the trial the Half
breds averaged 95,9% fats, and the Rommeys 59 5%. The
Half-breds averaged ﬁ&«&% fat off their mothers, am the
Romneys 16. %%, It is not suggested that these resulits were
obtained uvnder really difficult North Island hill condit ions.
The hills at Tva Paks on which the trials W@ﬁ@mC&Wﬁiﬁﬁ out
would probably be termed moderately hard, Even so the
comparative percentages of lambs sold fat off thelir mothers
or later fattened are important.

If, by extending the fat stock mrkets' relative

gtability into the more difficult hill country the hill
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farmer's income could be mede more certain, then 1t would
e reasonable to expect a greater expendl ture-upon -
maintenance snd improvement work, some of which would

directly benefit the hill country pasiures.

The £inal ilmportant consideration insofar as breed
of sheep is concerned is the necessliity to attempt to
f@w&s@@ possible future changes in demand and the means by
which New Zealand farmers should prepare now to forestall
any reduction in their incomes which might result from
changed demands coming upon them unexpectedly. In this
respect the New Zealand sheep farmer must first b@ApP@pa?@d
to gilve thought to the ouestion: Which ovine product, meat
or wool, is going to provide the most stable and permanent
market in the future?

The answer to this QQ@sﬁion opens up the whole
subject of the competition between wool and @yﬁﬁh@tic fibres.
The extent to which the latter will replace the former is
gtill & matter for much speculation. It is unlikely that many
would endorse the sanguine viewpoint of White (1947) when he
says "There is nothing that will really take the place of
Wo0le I think a winimum price of wool can be kept™, 1f the
implication is thet no substitute will be found for wool and
ﬁh&ﬁ‘ﬁh@ "minimom price™ will also be an economic one &t
which fto produce wool. At the moment this may be largely
true , but it would Dbe very wrong for wool producers to
assume that this will remain the case fér long. Duncan
{(1o45) (ii) wisely poinbts out that, "Sheepfarmers can no
longer afford to ignore these new fibres, and merely rest
on thelr laurels with a Talse sense of security in the
tnowledge that fwwml is hest'. That s logan remains true,
bubt by an ever-diminishing margin".  The formation, in 1937,
of the Imﬁ@mn&ﬁimﬁal Wool Secretariat was due to the
recognition of the threat presented to nmatural wool by
synthetle products, one of which -~ artificial silk - had by
that time broken the textile market for lustre wools. By
19&@ synthetic fibres were equal in total production to clesn

Y

scoured wool, 2,500 million pounds of both being produced in
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Figure XVII. World production of synthetic
fibres compared with World and
New Zealand wool production.
(Dunecen, 1945)(ii).
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that year. The trend in subsequent years is indicated
in Figure XVII' , page 115a.

Syntbstic. fibres have already replaced wool in
many fields such as women's hesiery, underwear, lining
materials for suits and coatsy fumishing textiles and the
like. The much voiced claim that synthetic fibre clothing
is not as wasm as wool has recently received a set-back by
news of the manufacture of nylon fur flying suits for use by
the Royal Canadian Air Force in Alaska under sub-gzero
temperatures (Canadian Textile Jourmal, 1950).

High woel prices such as at present exist have a
dual detrimental effeet upon the future wool market. They
greatly enhance the competitive position of synthetics from
a price peint of view and intensify research for improved
synthetic fibres, while at the same time they make the
threat from synthetics less obvious than it is in times of
moderate or low wool prices. The present high wool prices
are undoubtedly the result of increased demand arising from
world s hortage of all fibres, and from international tension.
The possibilities of either situation ending are highly
speculativey, but no matter what the changes in world fibre
supply or world diplo;mcy may be, the possibility of
synthetic fibres detrimentally affecting the position of
those New Zealand hill farmers whose economy is based on
the sale of wool can readily be visualised.

As yet there is no competitive substitute for meat
except cheese, and the competition between cheese and meat as
a source of edible protein is more a hypothetical concept
of the econemist than it is real.

The Yew Zesland hill farmer should then realise,
despite the overwhelming importance today of wool in his
economy, that from a long term peint of view he would probaily
be wise to concentrate on the production of mutton and lamb,
or at least be prepared to turn to that form of production if
and when the profitability of wool declines.

In this connection the Massey 6011686 Cheviot and
Hal f~bred trials are important. The latest figures show
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that the Cheviot ~ Romney Half-breds, on account of their
high lambing percentasge, are only less profitable than the
Romney in times of high wool prices such as exist at present.
In times of more normal wool prices the average Romney ewe
eamed considerably less than the average Half-bred.
(Appendix II from Peren, 1951). It may be that the Cheviot
is not the most satisfactery breed that could be used,
especially under South Island conditions. Nevertheless,
the Cheviot work demonstrates very clearly one means of
combating and forestalling pessible future changes in the
economic balance between meat and wool in the sheep industry.
It is only by maintaining this sort of flexibility
within the industry, thus eﬁabling it to meet changing
economic ecircumstances without toeo much less in earning
power, that it will be finencially possible for individual
farmmers to carry out the maintenance and improvement work in
all departments of their farms, ineclyding the pastures which

are of mest concern in this eon_text..

Just as in the sheep industry the market for the
mature wether has declined under pressure from the ewe and
fat lamb, so in the cattle industry short term cash economies
make the selling of young steck more profitable than
retaining them to an older age.

Pigure XVIII on page116 a, compiled from the
Agricultural and Pastoral Statistices, gives some indication
of this trend. 'ifhe number of steer and bull calves under
one year old expressed as a percentage of beef cows and
heifers two years old and over has declined from a peak of
L) 86k in 1931 to & minimum of 28,.9% in 1947. This might
be an expression of declining fertility in beef cows, but
there scems no other evidence of this. It might also be
due to changed breeding management, as, for example, takiz;g a
calfl from females only évery second year, as is done on some
of the meore difficult hill country. It is more probably an
indication of the inereasing extent to which young stock are
slaughtered, This in itself indicates a source of potential



Figure XIX. Percentage of steers
and bulls two years old and over
sold for slaughter between 1927
and 1949.

PERCENTAGE

000 CWT.

60—

v O
O

‘S
2 I 44 45 46 47 48 49 50

YEAR- 19/

-elLTT-



w 447 =

fertility drain from the hills,; to which must be added the
fertility lost from the hills by the sale of young stogck te
the low ground fattener for which no figures are available.

Figure XIX mge 1172 showing the percentage of
steers and bulls for slaughter which were two years old and
over again indicates this tendency to sell steers at an
inereasingly early age. Steers two years old and over
decreased from 57.5% in 1928 to L3.3% in 1938. The effect
of excessive selling of dry stock during the slump is evident,
and but f.ar this the decline from 1928 to 1938 would probably
have been gradual. The situation improved during the war
years, but by 1949 the graph had again turned dewnwards.

The selling of stock at an earlier age means a more
rapid turnever for the far;ner,, and presumably a greater
profit freom the cattle. At the same time it is the mature
cattle beast which is moest capable of contrelling rank
herbage, fern and secondary growth, so that from the point
of view of hill pasture improvement the seliing of more
young stock, or the selling of stock at an increasingly early
age is to be deprecateds )

; It seems probable that the low percentage of older
steers slaughtered in 1938 was in some measure a reciprocal
effect of the expansion of the chiller beef trade, a graph
of whose expeorts is superimpesed on Pigure XIX in the
appropriate time position. The chiller beef trade demands
stock fattened at younger ages — up to 27 years - and
lighter weights = 500 6 600 Thae AE She melent tiene
requirements can only be met by farmers on low country or on
the easier, more fertile hills, The extent of chiller beef
praductién might be inereased by intreducing a breed such as
'the Gallowsay which, though slow maturing, is capable of
préducizg gquality beef under hard condit ions,

It is interesting to speculate,; for we can do no
more, upon the fate of New Zealand hill country if cattle
céaae to be regarded as an animated range of implements, and
become a really economic product. Present prices Tor beef
cattle make farmers more loath to abuse them as fem and

scrub ecrushers. Will this hasten reversion on a large area
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of New Zealand hill country? Again; if chilled beef
production were to develop and, through the use 6r other
breeds, to extend the range of conditions under which this
enterprise could be carried out, wouid 4+ he botanical
- compesition -of the hill pastures improve out of all
knowledge due to the increased cattling, or would there be an
- even greater drain on soil fertility (remembering the
complementary naiure of cattle and sheep gragzing) than there
is by the present selling off of lambs, wool and store steck,
so leading to deterioration and the necessity feé still
higher applications of fertilisers?

These, then, are among the factors which must be
considered when changing economic circumstances demsnd
changes in the kind, ciasa and breed of steck ecarried on
New Zealsnd hill country.
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A GENERAL IMPROVEMENT ASPECTS.

In earlier sections of this dissertation reference
has been made to climatic and anthropegenic influences upon
hill land vegetation. For the sake of contimuity, and since
some of these influences were considered subsidiary to the
main theme, it was_decided to post-pone full discussion of
them until a later section. Burning of rough growth
is a common method of pasture control, and there are many
claims for and against; stock control has been emphasised
as being essential if sward improvement is to be carried out;
serub and secondary growith control has been recognised as a
primary consideration in hill land improvement; tree planting
has been cited as a possible means of altering, to the benefit
of the tussock grasslands, the microclimate of their habitat.
For the sake of completeness it seems desirable to consider

these more general aspects of improvement in this final section

I. The Effect of Burning upon Pastures.

Pasture burning in New Zealand is a practice for the
most part confined to the tussock grasslands of the South
Island, although it has been used and is still used in parts
of the North Island to burn off rough herbage. However,
with improved steck management practices and the carrying of
more cattle it is becoming less frequent in the North Island.
The detrimental effects resulting from the burning of the
tussock grasslands have led to the practice being widely
deprecated, irrespective of the conditions under which it is
carried out. Phillips (1936) has called fire in vegetation
a good servant but a bad master, the implication being that
when controlled and used with discretion it can be of value,

The effects of fire are twofold. It has a direct
effect Wpon the plant, and an indirect effect through the
alteration which it brings about in the habitat.

(a) Direct Effect upon the Pasture.

The direct effeect of burning seems to be imperfectly
understood, and in many cases it is difficult to d ivorce the

direét from the indirect effect.
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The removal of dead vegetation is the most obvious
direct effedt. Annual grasses and herbs may be prevented
frpm setting seed or may have thelr seed crop destroyed before
it is shed. Provided this does not take place annually,
however, regeneration will probably take place from seed shed
in previous years.

Certain species seem particularly sensitive to fire,
while some are not injured at all. Garher”(192€) reports the
harmful effects of burning upon bluegrass (Poa pratensis),
whereas on Kansas pastures Hensel (1923) found that the grass
gpecies inecreased 21% after four years of burning. However,
it seems}that the effect upon the individual grasses may be
a compound interaction between species and minfall or effective
precipitation, as indicated by Sampson (1923) (iii), who found
that under drier conditions than thosevpertaining in Kansas
burning was almost as destructive to range grasses as to forest
trees. :

Burning, too, may stimalate the production of large
guantities of seed, as was found by Burton (19hL) working with
Bahia grass (Paspalum notatum), Bermuda grass (Cynodon
daectylon), ribbed paspalum (P. malacophyllum), and the same is
true of Aristida stricta and the dropseed (Sporobolus !
curtissii) (Daubénmire,; 194%,i)s This tyﬁé of response
could be of value in assisting the dissemination of existing
or introduced speciles. :

) In some 1nsténces the burning of grassland gives
earlier spring growth (Hensel, 1923), but this, again, may
or may not be due to the direct 1nr1uen¢e of the fire,

(v) Indirect Effects upon the Pasture.

These are probably more important than the direct
onéé, and certainly are more readily recognissble. The
effects stem from the differentiasl susceptibility of species
and from the effect of the fire upon the soil.

Woody shrubs tend to be more sﬁsceptible to fire than
gr#éses, and fire may be used to remove the cempetition which
‘they offer to grageable species. The burning of éagebruah

(Artemisia tridentata) ranges in the intermountain regions of
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Figure XX. The effect of continuous burn-

ing on tussock grassland
vegetation.

The sward in the foreground
adjoins the railway line near
Cass Station,Canterbury, and

is burned annually to lessen
the fire denger to the surround-
ing country. It is dominated by
browntop, but an occasional blue
tussock zPoa Colensoi) is also to
be found. Beyond the railway
fence the unburned grassland is
dominated by hard tussock, and
matagouri is much in evidence.
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Colorado is a case in point (Hanson, 1929), and the same type
of control is noted by Cumberland (1944) in the tussock grass-
lands of the South Island, Again, as indicated previously,
there are differences between species of grasses in their
susceptibility to fire. Those species which are less
susceptible will be favoured. Provided they are likewise
favoured as stock feed, periodical burning may lead to
improvement (Figure XX, page 121a).

While forest fires may lead at least to a temporary
enhancement of soll fertility by the addition of minerals in
the ash and the increased nitrification resulting from the
increased pH, it is doubtful - though no figures seem
available -« if the burning of grasslahd has any considerable
effect in this direction.

Firés of this nature will seldom reach the intense
heat necessary to destroy an appreciable amount of the
organic matter in, or even on the surface of the soil. The
fact remains, however, that continuous and periodic burning
will deplete the soil organic matter reserves by depriving
them of the replenishment which the burned off, dead leaves
and flower stems would normally provide.

Burning off the dead vegetation allows more light and
heat energy to reach the ground surface. The light factor
alone is important in aiding the germination and subsequent
growth of heliophytes. The increased total energy reaching
the ground surface ensbles the soil to heat up more rapidly
and to reach higher temperatures than under a close vegetative
cover, This may partly explain the earlier spring growth
after burning (Aldous, 1934). It will also result in more
rapid and complete desiccation of the upper soil layers
(Daubenmire, . 1947)(11), a factor which may well be in part
respensible for the induced steppe nature of the tussock
grasslands of the South Island.

At the other end of the temperature scale, temperatures
will tend to fall lower and more rapidly once the soil surface
has been partially denuded by fire. The effects of this may
not be so damaging as those of increased temperatures,

although such things as increased frost heave may be envisaged.
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- The baring of the soil surface has the further
detrimental effect of enhancing the chances of erosion during
heavy rainfall.  This 1s allied to the terminal velocity of
the reindrop which strikes the soil surface without first
having 1ts fall broken by vegetation, the compaction of the
soll surface so caused, and the concomitant increase in
run-0ff on sloping ground, The point is ably demonstrated by
Campbell, (1945) in the following tebles

Comparative Trials on the Influence of Burning on

Run—off and Soil LOSSe
(Rain, 3 inches per hour; Silope 16°)

Boil & Vegetation Unburned. Burned.

Run-o0rt] 801l |HUN=-01f | S01l

% Loss % Loss
Tons/ Tons/

Acre Acre

Matapiro types Lightly grazed

danthonia | 32.2 0.01 |52.5 0.83

Woiwhare type: Manuka and tutu - - 56,0 1. 15
Gisborne loam: Danthonia pasture!| 21.4 0.02 [33%.2 0. 48
Weber loami Danthonia pasture 3 trace |5l Lt 1. 01
Rondzina solls Rank pasture . 2. 5 - 22,1 0. 86
Matapiro loam: Manuka scrub - - Ll 8 1. 2L

Season of burning also has a profound influence on
the effects, deleterious or otherwise, upon the pasture. In
Kansas grasslands, Aldous (cit. supra) found late spring
burning m@@t detrimental, and early spring burning intermediate
in effect., Burning at a time such that the soll was left
exposed durdng periods of heavy rain or intense heat and

drying winds would have subsidiary detrimentsl eflfects.

It is perhaps because the burning of New Zealand
tussock grasslands has exposed them to the full and
deleterious effects of these last-mentioned factors that the
practice of burning has fallen into disrepute in this countwy,
for until recently there has been no work of a poglitive
nature to demonstrate the elffect of fire upon the tussock
species, The measurements taken by Sewell (1948) are the
Cirst attempt to apply scientific method to the prmblem, and
as such are to be applauvded. His nine conclusions are

worthy of full ouotations
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¥ Burning partly kills the tussocks.
2, It is more severe on fescue tussock (Pestuca novae-
pealandiae) in dry areas then in damp localities. |
B It iz lese severe on silver tussock (Poa caegpitosa)
which usually grows in damp locslities. |
i, It 1s least severe on blue tussock.
B Burning removes the probtection of the o»ld 1@avé$ and
permits stock to graze on the new leaves, |
B It vemoves from the base of tussocks the dead material

which forms humus and protection for the germination of

seeds.
7 s It reduces the @y@@ﬁﬁﬁ@@@&@ﬁﬂ@@;gu
8. It reduces the production of seed.
9, It ds suggested that 1t may be two or wmore years hefore

the microclimate re-develops sultable for the

germination of seed, "

- Despite any short-term advantages which burning may
bring about, for example increasing the palatabllity of the
tussocks (and thereby, incidentally, hastening their
destruction) there seems 1little doubt that the constant
burning of New E@al&n@‘& tussock grasslands denys that
principle of usufruct upon which 2ll pood farming should be
baseda

Wevertheless, as has been demonstrated, malnly by
workers in the United States, the effect of burning depends
upon the species comprising the sward, thﬁ time of year at
which the burn is mde, the elimate of the region, the effect
upon the microclimate of the pasture, and many other
inponderables, thus ruling out any possibility of generalisation
Yet, if nothing more may be sald it seems certain that
burning is wasteful of the produetion potential of the
pasture. The writer is quite unable to compete with Butler
(1863) (ii) in the literary expression of this sentiment.

"The day will come when you have no more occasion for
burning, when your vun will be fully stocked, and the sheep
will keep your feed so closely cropped that it will do without

ite It is certainly a mortification to see voluﬁm&'of smoke



rising into the alr, and to know that all that smoke might
have been wool, and might have bheen sold by you for Zs., a
pound in Bngland™. ' How much more mortifying when 1t might
have been soldfor 20s. a poundd

The altemative to burning is better utilisation.
This will dnvolve the carrying of cattle, and some form of
stock control (the subject of a subsequent sub-sedétion). Some
runholders on this class of country are already carrying
cativle, and find that this allows a reduction in the ewmount of
burning necessary (Curberland, 1945) -~ though the writer would
dispute Cumberiand’s suggestion that "the Aberdeen Angus is
the Merino of cattle", and would suggest that a search of the
world's cattle breeds would provide a better answers

Outside of the tussock gresslands there should be no
need to regard fire as a normal lmplement in the control of
pasture 'per se' provided @ﬁﬂﬁk, both sheep and catile where
need be, are controlled in their grazing. In the tussock
grasslands Clre mist become much less regarded as a navm&i
implement for pasture control, indeed the need for its abandon-
ment altogether is more urgent here than elsewhere 1f the
"eonsumption® and "profligate waste of the earth", so deplored

by George Marsh, almost a century ago, is to be halted.

I%. Trec Planting,

Space planting of trees is suggested as a means of
erosion conbrol in the hill country of the North Island, and as
such is outslide the scope of this thesis, but the tree planting
herein advocated is primarily for another purpose, though as an
erosion abater it would no doubt he of immense value. © A plea
was made earlier, in the sectlon concerned with the recent
ecological history of the tussock hill country, for the widewr
recogunltion that the depletion of the tussock grasslands stems,
to a large extent, from the modification which farming
practices have brought about in the microclimate of these
grasslands, Further, the writer has been lmpressed by the
similarity between the climatlic regime prevalling over large
parts of these grasslands (129 ~ U6° 8, lat.) and that

prevailing in the Lombardy Plains of northern Italy, the home
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of the original ©¢hn winds, where temperatures are high in
summer (July 76° avge.) and low in winter (Jan 36° avge.) and
the rainfall only moderate (Milan - L5°28' N, lat ~ avge 4O
im@héﬁ,ammmwﬁ months of July, August and September 2.3, 2.8
and 2.0 respectively)s Much of the ftussock grasslandes lie
within the 30-50 inch minfall belt, Jamary temperatures
average 60° - 62” ¥, and July temperatures L2° - L5° W, |
Admittedly the Lombardy Plains ave formed from rich alluvial
soils, but that fact alone would not permit them to become
the granary of Italy were they not protected from desilccating
winds and temperatures by a 'top storvey' of space-planted trees
The writer feels that therein lies a most important
lesson for the tussock gressland pastoralist. Thet trees such
as Pinus radista and speecies of guwm can he established in
these grasslands even under most unfavourable conditions was
demonstrated by Cockayne thirty years ago (Tennent, 1935). Nor
will the fact that they can so alter the microclimate as o
permit good grass growth require long years of trial to
demonstrate. The tree-sheltered in-bye paddocks ani lawns
of many a High Country homestead bear witness to the fact,
wm@ magnitude of the task way beggar the imagination, but iis
value may equally be beyond eom@»ﬁ&@%@iﬂn* It is certainly
one which should exercise the minds of runholders, and one
whose executlon they should begin to un&&mtaka with that same
annual regularity as they at present undertake dipping or
shearing. It should, in fact, Dbecome a @aﬁt of the work of
the station to space plant as large an acreage as possible

each year with trees,

ITX. Hethods of Btock Control.

Lo Im oseveral previous sections of this thesis
reference has been made to the necessity for adeguate control
of stock on the hills 1if pastures are to be lmproved, and
utilised to the hest advantege. If that tenet be accepted,
possibilities for achleving 1t must be studied.

Fencing isthe normal methed of stock control in New
Zealand. On the basis of 1949 costs ~ an example of which

is given in Appendix ITIT —« the Committee appointed to report
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on the sheep industry placed the cost of the normal peost and
wire fence at £500 per mile, or about £6e. 5. - per chain,

Any comprehensive subdivision by this means would place a
heavy capltal burden on an extensive pastorsl run. An
adaptation of this normel method has been evolved by Hunter
(Holden, 1950) in an attempt to reduce costs. The Hunter
fence reduces the mnber of posts from § per chain to 2 or 3
and replaces batitens by galvanised chains,. The cost of
materials and @r@cti@ﬁ is computed at £374 per mile (see
Appendix III) and the added advantage is claimed that
maintenance costs are lowered, and the fence is more durable
than the normal 8-wire, post~and-batten fence, The stock
holding ability of the fence is claiwed to be as great or
greater than the a@n%@mﬁiamﬁl type. Even at the pwiée
gquoted, this fence 1s still expensive, while both the Huntewr
and conventional post-and-batten fences gulfer from limitations
which a difficult terrsin necessarily imposes. The c¢hief of
these is the difficulty of finding a stable fence line. This
difficulty is freguently greatest on that country most
reguiring stock control, for where, in the past, control has
been inadeguate, ﬁ&@ onset of slipping, slumping and £ low
erosion may have made a stable fence line impossible to obtain.
While these more conventional types of fence should perhaps

be sn ultimste objectlive, and investigation into the problems
of using cheaper and/or more durable alternative materials,
(the nse of conerete posts and the like), simplification of
erection, simplification of transport of material to the site
(perhaps by helicopter) should be pursued, the difficulty of
finding asuitable fence line on much hill land, and the
capital cost involved mast inevitably restrict thelr use.

A Purther means of gtock control, even under extensive
pastoral conditions, is the electric fence. This has been
tried out on hill country farms in New Zealand (E1lliott, 1940)
and the success obtained wonld seem to merit much further
investigation. Several of thefarmers whom Elliott quotes
found the electric fence extremely wati%f&aﬁapy for controlling

both cattle and sheep on hill country. The chief feature
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leading to success seems to be the use ol three strands of
barbed wire, and to undertake a certaln amount of training
of & heep - preferably when ﬁh@y are pagsing through the yards
after shearing - in order to develop the necessary mental
reaction to the wire,

Zatimates of cost in 1940 showed electric fences to
be only 20 of the cost of a conventional 8-wire post-and-
batten fence, These fences are used to some extent on the
range lanﬁﬁ of the United States of America, the cost in that
country being less than 1/6th that of a conventibvpnal h-wire
barbed fence (Ares, 1939).

Drawbacks, such as the téndency to short, and
replacement cost of insulstors, may lucrease maintenance costs,
but even over a long period these should not destroy the
economic advantage which this type of fence has over the .
@omvéntimmal Ty pe. Mechanical defeclts seem largely to be a
matter of fTaulty construction or evection which expesrience

and technical advance will eliminate (Brooks, 1939).

The American method of controlling grezing by
herding wmwy be deemsd impossible on account of the expense
invelved and the difficulty of procuring labour, but another
Anmerican method of stock control wmerits mention and might have
some applicabllity in the tussock grasslands of the South
Island. This method depends upon ﬁhe degire of stock Ffor salt
"One of the most effective methods of managing range livestock
to ensure nroper range use and greatest gains is proper salting
Stoddard & Swmith, 1949) (v). The method consists of
establishing salt feed lots in those areas of the range which
it is desired to graze, at the season of the year it is
desired that those areas of the range should be grazed. The
flock or herd tend to keep in the vi&ini@y of the salt feed
untll it is congumed. By eguating averéga rate of salt
consumption with the amount of feed estimated to be avallsble
from the range, both the extremes of overgrazing and under-
graging can be avolded, Tor if the estimates are reasonably
accurate, by the time the salt le finished the range in its

vicinity should be moderately well grazed, and if the stock do
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not move on to the next salting site of their own accord
they can be readily mustered and driven there.

It is at best an inaccurate means of stock control
and distribution over the range, but it has the advantage of
checapness (part of the small cost may be offset by greater
stock thrift), and in the absence of any other method of
controlling grazing it might well be worthy of a trial in
New Zealand.

e The Control of Secondary Growth.

Secondary growth as applied to hill vegetation is
an ill-defined term. The writer understands it to be
non-pasture vegetation which forms a later stage in the
gsuccession towards the forest elimax than the pasture species.

With this definition in mind, and bearing in mind
the previously defined concept of the ecological survival
range of plant species, the >rinciples underlying the control
of secondary growth become more apparents If left undisturbed
by anthropogenic influences, the hill pastures over much of
the North Island, except perhaps in the drier parts of Hawke's
Bay and the Vairarapa, and in the South Island those tussock
grasslands, won from forest, abutting on the central dividing
range, would revert through a scrubby form of secondary growth
to the original type of forest which formed the climatie
climax in these regions. The same, however, is true of
almost every low ground pasture, at least in the North Island.
There, too, the climax vegetation is forest, Yet, while the
climatic influences which lead to the regeneration of forest
are similar on low country and hill country alike, the former
is much less subject to reversion than is the lattef. The
principles of control of secondary growth must be sought in
the non-climatic differences between these two classes of
country.

The low ground, being the first settled, has been in
grassland for longer than the later settled hill country, énd
it may be assumed that there are fewer vidble seeds of

secondary growth species in the soil underlying these swards.
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This assumption, however, merits Turther oroof since it is
rnown (Chippendale and Milton, 193L) that seeds may remain
viable for very long periods, especially in water=logged solls.
These workers found seeds of certain species to bhe viable &ft&:
belng huried for 68 years. Nevertheless, the Loregoing
thesis may be accepted zsince most hill land contains pockets
of secondary growih whic%xwmintaim the supply of second growth
seads snd spores Lo the adjacent country.

The Tirst principle, then, would be to eliminate as
many as possible of these sources of infection by mechanical
scrub clearing, by biological control as in the case of
manuka (Hoy, 19L9), or by the use of weed killer sprays
(Matthews, 1950). At the same time care must be taken to
ensure that the ground is reclothed by desirable species of
grass and legumes, otherwise erosion or reinvasion by scrub
gpecles will automatically occur. Where pasture species
cannot be usefully introduced, or where they cannot bhe gragzged
once Ilntroduced, there is a sitrong case for replacing the
secondary growth by the final tree stage of the succession.
Planted trees will themselves control the serub, but will not
form a wenace to grassland, for although they may shed seed,
these are unlikely to become established and grow except in the
shade of secondary growlth specles, .

There are obther fundamental dif ferences between hill
and low counbry such as slope, elevation, differing rigour of
climate, varying soll type, which may broadly be s&id to ad@
up to & differsnt fertility. These factors allow the low
ground to grow a densey and more productive sward than hill
country. Levy (1933) believes this fact of sward density
to be important in secondary growth control. His cbmt@ntimn
iz that a weal, open sward, by allowing light to reach the
s0il surface, encourages the growth of secondapy growth
gpecies. Shade inhibits this oprocess. Again, Levy (16L8)
believes the productivity of the sward to be important
insofar as it pwﬁ@it@ heavier stocking per acre, and claims

that until' hill land can be made to carry 3 to L sheep per
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acre there will be a constant struggle against secondary
2rowthe Whether Lievy regards this carrying capacity

to be luportant *per se', i.e., from the point of view of the
mechanical damage which will, with this intensity of stocking,
be done to young, establishing secondary growth species, or
simply belleves that a sward of this carevying capacity will
provide sufficlent ground shade to inhibit scrub growth 1s
not clear. The latter is probably more true, though sheep do
a congiderable amount of wechanical damge to certein scrub
growths, notably gorse,

The second principle would seem to be Lo enhance
hill soil Pfertility to such an extent that, desplite adverse
climate, slope, and elevation, which are unalterable, a dense
award of productive grass and legume species can be
maintained. On much hill country this may, however, be a
gistant 17 not impossible objective. The alternative is %o
grow a dense sward of less productive species, for where
fertility is too low, or other conditions adverse for, say,
perennial rvyegrass and white clover to form a dense sward, a
sufficient dengity of cover way be produced by lower fertility
demanding speciles, such as brownitop, sweet vernal, and
Danthonia - though these way not form a sward capable of
carprying 3 to l. sheep per acre.

A Purther difference between hill and low country is
in the tyne of stock carried, and the system of graze
management used, On low ground sheep farms the sheep which
utilise the sward directly are, nobm&lly, mature ewes, except
on stud stoeck Farms where all classes of sheep are run. In
the earlier section concerned Wwith kind, class, and breed of
stock carried it was ststed that there was no evidence of
differential grazing between classes of stocke It is
conceivable, however, that older, broken-mouth ewes will have
grazing habits more after the nature of cattle. While there
is no evidence that old ewes, cast-for-age from the hill, will
eat ranker herbage and s0 control a pasture better than younge:
stock, the converse fact is recognised, that broken~mouth ewes

3

regulre longer herbage in order to malntain conditlon than

e

full wouth sheep, and the former, 1f run on close grazed
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pastures, will starve. It is possible, then, that ewes
cast-for-age from the hill, may, like cattle, equate appetite
with availability and palatability of herbage, and so control
pastures better than younger sheep.

Grazing management on well subdivided low ground
is commonly better controlled than on hill country. Systems
of spelling and rotational grazing are simpler and more
common,

These aspects of pasture growth control doubtless play
a part in limiting reversion to secondary growth on low
ground, and their adaptation to hill condit ions would
partially assist in limiting secondary growth there. The
possibility of deing this has been discussed earlier.

The aim in secondary growth control must be to drive
the secondary growth species beyond the limits of their
ecological survival range, by increasing the intensity of the
anthropogenic interference in the sere which has farest as
its climatic climax, so bringing the ecological conditions
within the survival range of desirable grass and legume
species, and encouraging them to become the dominant species

of the plagioclimax.
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Ke CONCLUS TON.

It has been claimed that the improvement of under-
developed land is internationally lmportant, because this
seems to offer a more ceriain and rapid means of increasing
world food output, to assuage the appetite of the incressing
world populstien, than could any attempt to increasse the
production of the already intensively farmed agricultural
regions of the world.

In any such scheme the hill lands of New Zealand must,
logically, teke their place. New Zealand's hill land is
already productive, anl important in the national economy.
But with mounting local population, an increasing proportion
of which is finding 1its way into those servicing industries
which are unproductive of real wealth, and the demand for an
ever increasing standard of living, the hill land of New
Zealand, far from belng exploited d&d allowed to deteriorate,
muet be careiully husbanded and 1ts productive capacity
improved.

It may be relterated that the achievement of this
ideal is a problem of applied ecology in the widest sense of
that term, for a solubtion of the problems of agricultural
ecology must be wade within a favourable economic and social
framework.

The pro%lem most fully treated in this disserdation
is but a small part of the whole. The improvement of hill
pastures is but one aspect of the phenowmenon of animal -
pasture interaction. It considers the influence which
climate, man and animals have upon the pasture, and how these
elements of the habitat react to the detriment or beneflt of
the sward, This aspect of the interaction is considered
more fundamental than the influence of the pssture upon the
animal, since the graging animal is dependent upon a healthy
and productive sward for 1ts very existence. However, these
two facets of the one problem cannot be readily divorced one
from another, for they are indeed an interaction - the
influence of animal upon plant conditioning the influence the

plant will have upen the animal as the plant - animal community
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lives out its dynamic existence.

For these reasons the management of stock on the
pasture, and the effect which different kinds, classes and
hreeds of stock have on the pasture are important, These
influences rpeact on the pasture to produce an effect which,
in turn, is the cause of a further effect, all culwminating in
deterioration or improvement of the pasture, in the
declination or enhancement of its productive capacity, of the
national wealth, and, ultimately, of international wellbeling.

But enimals and plants are weve pawns in the conflict
between climete and man. "Climaete is the fund&m@ntal
dynamic force shaping the pattern of vegetation and the gattern
of soills", Men cannot radically alter the efiects of

climate, He may modify them to some extent by such devices
gl

as irrvigation and &ﬂ&im&gé;ﬁ He may mitigate the effects of
climate by partial control of the microclimate of the plant
habitat. This he may do by such devices as lenlent graging
and tree planting, which have been discussed herein.
Conversely he may é¢nhance the harmful effects of clinate by
overgrazing or burning of the pasture. Or he may attempt to
breed, or introduce from other reglons of the world, plant
strains and species capable of withstanding the rigours of the
existing c¢limate and the new microclimate which he, by his use
of the pasture, has brought into being. Fuarther, he may
attempt to alter soll fertility by the addition of fertilisers,
and so overcome , Lo some extent, one of the influences of
climate upon soil, These endeavours form the bhasis of much
that is discuseed in this dissertation.

To date agricultural research has been largely cohle-
cerned with the modification and bebtter adapbation of man's
farming technigues to a lowland envivonment. Their further
adaptation to hill conditions necessitates taking into
consideration those slements of slope, elevation, and extensive
utilisation, with all the influences and effects arising
therefrom, which differentiate hill land from low land. These
elements of the hill habitat and their effects on plants and

animals under different climatic and anthropogenic regimes
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have been insufficiently studied, as the deficiencies of this
dissertation will partly indicate. In New Zealand, where
hill fayrming forms such an important proportion of the total
agricultursl enterprise, and is such a valuable national
esset, it seems imperative that a more intensive study of

the agricultursl ecology of this class of lsnd be made in

the future.

MASBEY AGRICULTURAL COLLEGW¥
LIBRARY FALMERSTON NORTH, N.Z,
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APPENDIX I.
WETHER LANBS & THEIR DISPOSAL.

BREED SEASON|TOTAL DISPOSAL AS FATS AND STORES
WEANED
OFF MOTHERS , OFF GRASS ~ INPROVED PASTURES ON THE FLATS DEATHS
18T D ‘ | DD ‘iv I DRAFT STORES gz L §
No. Etotal AVer,No. b GOLAL] AVErgNO. |% LOLAlAVETr.No. |[h LOmE) AVEr.[ No. | % GOGal |No.| % total
Draft{lambs |Wgt. Praft-4lambs |Wgt. PDraft4lambs [Wgt. Praft4+lanmbs | Wgt. lambs lambs
ed. eaned {in ied. weaned | in ed. weanedl|in ed. weaned in weaned weaned
‘ 1bse 1lbs, 1bs, lbs.
R%n;’ 1949/50| 63 7 1444 30.1;2‘ 8 12 31.50 22 |34.9 |32.50 5 7-9 1 32,86 2071 338 1 46
1948/49] L3 3 7.0 33.311 nilk nil nil{ 16 [37+2 135.73 20 46.5 | 3440 K 9.3 nil nil
19l 7/h8| 65 3 4.6 |31.64 ni1 | ni1 | nil] 3| 4.6 135.66 ni1 | ni1 | ni1 | 581 89.3 1 1.5
19L6/47, 68 11 16.2 |34.483 5 T.h | 32:21 4% (162 (32 .58 7 10.2 | 32.43 33| 48.5 1 1.5
1945/46] 66 |23 34,9 }130.6] nil nil nil] 19 128.8 131.9] 2 3.0 '31.0 201 3043 2 3.0
194h/45] 118 22 8.6 (34,1117 1.l | 35.9] 28 [23.7 [34.5] 20 117.0 | 33.7| 29} 2L.6 ® 447
TOTALS A A
AND »
AVERAGES L23 69 16.3 |33.9] 30 Te1 344} 99 |23.4 |[33.6} 54 42,7 | 33.6] 164] 38.7 7 17
SEASONS




APPENDIX I. (contd).

WETHER LAMBS & THEIR DISPOSAL.

BREED| SEASOI TOTAL DISPOSAL, AS FATS AND STORES
WEANET
OFF MOTHERS OFF GRASS - IMPRGVED PASTURES ON THE FIATS DEATHS
1 A : A STORES
No. |% total] Aver.No. total A o. J total | No, % total
Draft4lambs Wgte Praft-{lanibs lambs lanbs
ed . weaned | in d. reened | in Bd.e weaned |in Bd « i ea ned { in weaned weansd
1bs. 1bs. 1b8s 1bs.
HALF | 194940 1588 29 5.0 30.6 | 20 227 30.90 26 29. 5 2511 2 2e¢3 300 V4 8.0 Ly L5
BRED]
19&&/&% 8h 29 3.5 37.08 19 22.6 3h,2ﬂ 22 3841 36.7& 2 2uly 2250 inil nil b4 2.8

19&2/&% 92 29 315 | 34.1Q 28 30.43 32.04 17 1845 {30.7Q nilj nil nil |18 19.6 nil nil

19&6/&* 68 30 Wit | 33.44 8 11.8 | 30.14 26 38.2 }(32.34 L4 549 30.25{nil nil nil nil

1945/44 187 29 155 1 30:9] 17 9.2 | 32,0 100 | 53.4 | 321 39 }20.8 30.4 | 2 1.1 nil nil

19l/hq 200 102 51:0 | 33.7]| 62 3.0 | 32,91 24 | 12.0 | 33.3 9 | b5 33,91 2 1.0 1 0.5

TOTALS
and
AVE?ﬁGES 719 248 3. by 23] 154 21.h4 32.41 225 3 32+ 9 56 78 31.0 { 29 4,0 7 1.0

~SEASONS , i



APPENDIX II.

AVERAGE GROSS MONETARY RETURNS PER EWE FOR WOOL AND LAWB.

(Note: The ewe lambs have been valued at the average price received for wether lambs.)

YEAR ROMNEY HALF--BRED DIFF, IN
FAVOUR OF
‘ HAL F~BRED
% lambs | Ave Return per Ewe]Total Return 1amb4 Ay, Return per Ewe | Total Return per
weaned Tecce Wool | Lamb per ewe for eaned | Fleece Voo Lamb ewe for wool
' Wool and Lani : -and lawmb.
1949 97 39/3 33/8 1 3.12.1% 115.1 31/1 37/6 3. 80 7 - L/ha
1948 5 P 17/3 27/160} 2. 5. 1 482 15/9 38/2 2.13. 11 + 8/10a
1947 793 23/l% 18/5 | 2. 1. % 118.8 17/6% 33/2 2.10. 8% + 8/11a
1946 795 17/10 19/9 | 1.17% .7 110.3 14/2 29/7 2¢ 3. 9 + 6/2a
1945 92.7 12/2 18/5 | 1.%0, 7 114.5 941 26/10 151511 + 5/ha
194h 82.6 12/6 18/3 | 1.10. 9 149.6 10/6 27/3 T 9 + 7/~




Posts: Splitting @ £5/100 and 500/mile &£15 (@ £L4o) £200

Battens: Splitting @ '!9./*/100 and |
1500/mi le 9 (@ £2.10.) 3710«

Strainers: Splitting @ 3/~ sach and
9%1‘ 1e7.~ (@ 22/6a) 3 76

Wire: 25 owbe H0.8 @ 520410.~/ton 23,146 (@ 73/~ B39
wta)
Staplest 1 cwbe Post 28/= | 1e8u= (@ 99/~) BAG-

Packing: 2 meny 8 horses (10 days (@ £5/week
@ £2.10.~/week & £1 xeep) 10,10, ~& £1 Keep) 18 .~

Ervecting: 1h/«é/chein 56 ® -22/-4/
: ehain)  108,-.

Wear & tew on Saddlery & Horseshoes

-/hovse/day 8 (@ /o) 46=u
Cost per mile | - 8132:646 £497. -
Cost per chain m w

- Totaras posts @ 2 per ghain 872
Chaing, dips and ¢lips 60
6 wires Ng,8 plain, and 2 barbed ol
8 anchors and étaya @ 81 8
L gates @ £5 20
Erecting @ 30/- per ehain 120
Cost per mile ' B3Ths o=

Cost per chain m

MASSEY AGRICULTURAL COLLEGE
LIBRARY PALMERSTON NORTH, N,Z.





