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The term " high country" is in genera l use and in New Zealand it 
ha acquired a special meaning, being applied to the mountainous country 
of the South I sland of ew Zealand on which stock- princi pally sheep
graze under range conditions. It carries about two and a ha lf million 
sheep of which over 50 per cent would be M erino and th e remainder 
H a lfbred and Corriedale. The main income, and in fact the onl y income 
on over 50 p er cent of the runs, is from wool. 

These h igh country runs have feature whi ch combine to make high 
country a ttractive to om e people and very unattractive to others: long 
distances, difficult roads, bad acce s, in ome cases communication is by 
radio telephone on ly and in many cases children are taught by correspon
dence. M ost runs are ubj ect to the norma l high country haza rds for 
stock whi ch can re ult in heavy Jo ses. 

This high country, as well a making its contributi ::>n to the national 
income through production of wool and stock, is a l o a considerable and 
grow ing tourist attraction. It is fa mili a r territory to many who are not 
high-country farmers-trampers, ki clubs, fishermen, wi ld life enthusi
asts, botanists and geologists, a nd consequently it i very much in the 
public eye and many are the pronouncement · upon high-country manage
ment-past, present and future- depending upon the viewpo int and 
interests of the p erson making the tatement. 

It is a very la rge area of ountry- sc1 me ten mi ll ion acres- and it 
mu t be ca red for, beca use in addition to it pastora l production-present 
and potentia l- its mounta in and valleys are catchment a reas and ma in
tena nce of cover a nd stabi lity of land here i of grea t importance to th e 
la nd lower down. Opin.ions on th e causes a nd effects of erosion and 
suitable land cover a nd whether erosion is proceeding at a normal or 
excessive ra te a re frequent ly given or refuted . Ma ny think tha t intell igent 
occupation by high-country farm ers who would care for the land and at 
th e same time make a contributi on to the nationa l income, is the best 
answer whi le o th ers think tha t la rge areas of the country should be 
closed up and not used for grazing, and others aga in favour a compromise 
between the two. 

W e tend to lump a ll high- country run into one category but in fact, 
as in other types of farming, they do vary considerably although in 
general terms we can describe th em as carrying out the sa me type of 
fa rming, i.e., extensive grazing under range condition and a high 
dependence upon wool as a source of income. The extent of this 
dependence upon wool ca n be seen from the fo ll owing table. 

Wool prices a re notorious for the way they flu ctuate from sea on to 
1 



High-Country Average Net Return per Sheep in Relation lo Fine Wool 
Prices 

Net return 
per Head 60/64s and 56/58s to 

Sheep Shorn up per lb 58/60s per lb 
(s. d .) (pence) ( pence) 

1949-50 . . 23/8 59.83 50.29 
1950-51 . . 45/2 99 0 105.27 
195 1-52 . . 15/1 49.89 48.38 
1952-53 - . 19/8 63.79 55.1 8 
1953-54 . 24/ JO 62.57 61.27 
1954-55 . . 18/ 1 52.53 55.29 
1955-56 - . 12/9 45.64 47.73 
1956-57 . . 23/6 60.57 60 .93 
1957-58 - 15/5 45.89 49.77 
1958-59 . - 8/8 41.27 40.03 
1959-60 - 12/8 47.55 45.37 

·1960-61 . 11/ 6 41.54 4 1.36 
1961-62 . - 12/2 43.62 42.:13 
1962-63 . . N.A. 48.3 1 45.42 

season and sale to sa le, and when the economy of a farm is based on 
wool the farming net return will a lso fluctua te sha rply. Note the very 
close resemblance between pattern of wool price per pound and total 
net return per head of sheep shorn, which is a very good indication of 
the dependence upon wool as a source of income. 

If wool then is such a n important facto r any management trend or 
policy that tends to affect wool production should be studied very can~
fully before it is put into o peration. Policy changes are long term 
matters in h igh-country flocks. 

The runs can vary from the most difficult in terrain down to those 
on compara tively easy country and those on difficult country will be 
ha ndled in a different way from those on the easier country, and on the 
latter there may be a considerable output of sale stock. The main 
difference between these properties is tha t caused by terra in and we find 
a higher proportion of wethers in the flocks on the most difficult country 
and on the easier runs we may find an a ll-ewe Aock. T he extremes 
would be from a flock where "wcthers only" are carried and replace
ments bought, to an all -ewe fl ock where there is a high output of sale 
stock. 

In general, high-country farming can be summarised as follows: 
( I ) High Country: Properties situated at high alt itudes with extensive 

grazing and subject to severe weather hazards such as risk of snow 
loss. 

( 2) The Stock: Fine-wool breeds used a nd over half the sheep would 
be M erino. 

( 3) Extensive Grazing: Average about five acres 10 the sheep and range 
is about three to 12 acres per sheep. 

( 4) Sources of Income: Predomina ntly wool (approxima tely 80 per 
cent o f income) . 

(5) Stock M anagement: In its simplest terms consists of movement of 
stock to and from winter a nd summer grazing at the appropriate 
time of the year but calls for a high degree of skill in flock ma nage
ment to get good results. 
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Management of High-country Runs 
The class of stock a nd the method of handling them wi ll be very 

largely di cta ted by the topography and climate, but good managemen t 
will be a very dominant factor in the handling of the property sine~ so 
mu ch depends upon stock "know-how" of the owner or manager. 

High country, li ke any other branch of farming, has the aim of 
being a profit-m aking venture and it is usually a case of determining the 
way in which the best use ca n be made of the country. Limitations will 
be imposed by the terra in and climate, and scope of breeding country, 
and th e factor that need to be taken into account in establishing a 
management policy are very co mpl ex. 

Farming in New Zea land va ri es according to location, climate, and 
terra in and there are fat la mb farms, mixed cropping fa rms, store heep 
fa rms and high-country farms. In each one of these groups th ere wi ll be 
sub groups such as fat la mb farms breeding replacements, and non
breeding plus cropping,. or no cropping. In high country, too, there wi ll 
be d ry sheep run , ba lanced ewe and wether fl ock runs, and runs carry
ing ewes on ly plus replacements. One type will merge into another 
according to the conditions in the area. 

Dry-sheep Runs (see Appendix I (a ) 
There a re not many dry-sheep runs, but they are charac terised by 

a lack of breeding and winter country and are therefore unable to carry 
ewes. The wethers a re bought in each autumn as 2-tooths (or in some 
cases hoggets ) and this is reasonably satisfactory if the run i. in an area 
where uppli es of sui ta bl e replacements are ava il able. The breed may 
be Merino but this depend upon source of suppl y of rep lacements. 

On average th ere is a loss on stock re turns, and wool is the only source 
of income. This lus i due to the fact that stock so ld each year will be 
less in number than those bought, due to the norma l mortality and al o 
to the fact that the stock sold will be culls only. 

Balanced Flock-Ewes and Wethers (see Appendix l (b ) 
These properties ca rry a fa irly large wether fl ock and are those 

usually on the more diffi cult country with limited breeding winter coun
try. Sufficient breeding ewes a re ca rri ed to mainta in a balanced flock 
of ewe and wethers (a pprox imately 30 per cent of breeding ewes in a 
flock required for thi purpo e ) . There i no grea t reliance upon sa les 
of stock and probabl y littl e culling oth er than on an age basi . The breed 
is usua lly M erino. There i a good income from wool as there is a large 
wether flock. Returns from stock are low becau e the output is not 
grea t and consi ts of cull M erino stock. 

Mainly Ewe Flock (see Appendix 1 (c ) 
The e propertie , ca rrying main ly ewes, are genera lly on the easier 

and front country a nd have more favourab le winters and better breeding 
country and probably fa cilities for growing some supplementary feed. 
There is usua ll y a high output of ale stock with regul ar draft of lambs 
and cast ewes. 

It i to be expected th at an increase in breeding ewe numbers will 
lead to a greater output of sheep and lamb , but it i p ertinent to point 
out th at a breeding ewe doe not produce as much wool as a wether and 
that to get a large output of sa le stock some produ tion of wool is acri
fi ced. Careful considera tion hou ld be given to this point when deciding 
whether the bias i to be towa rd stock or wool production. 
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Variation in Management Practice 
The aim of most farm er is to increase production wherever possibl e 

o long as it can be done effi cientl y, and high-country men are no excep
tion as we have seen from the greatly increased production coming from 
the runs in recent yea rs in terms of wool and stock. These increases have 
been due to a number of reasons, and th e improvement in wool and 
stock pri ces with better returns enabling development to proceed, wi th a 
reduction of the rabbit mena ce, have been prime factors. 

Current wool prices are encouraging but during a few easons in the 
past the economic ituation has not been so good with falling prices 
and a fairly rigid cost structure, and this has caused many runholders to 
apprai e criti cally their runs and management to see if any improvement 
can be effected. But a change in management on a high-country prop
erty i not always an easy matter. Such change may be the result of a 
favourab le seq uence of events foll owing on development where top
dressing and oversowing, subdivision and the growing of su pplementary 
feed have all played a part. Or they may have been forced on a run
holder through economi c necessity or changes in his lea ehold 
arrangements. 

The changes whi ch take place as a result of development are rela
tively ea y to make since th ey come gradually, and both stock and 
owner have tim e to become adju ted to changing conditions. If, however, 
a change has to be made fairly qui ckl y as a result of economic necessity 
or change in land tenure, then the matter has to be con idered very 
ca refully indeed. 

If, for example, there is a change in area of land held, then the 
balance within the flock may be affected and a run may find itself 
entirely dependent upon a rela tively sma ll ewe Rock. If this ewe fl ock 
i to be an conomi c unit th en it must be highl y productive. It will 
have to step up lambing percentages, stock output and wool weight, and 
to do this a fairly intensive deve lopment programme wou ld be neces ary .. 
This ca nnot be done overnigh t and therefore if a change of tenure i 
looming up it is imperative that development shou ld be under way as 
soon a po sible. 

If a change is rendered necessa ry through economic condition a 
ca reful study is req uired to ascerta in the best course of action. 

It may be that the maintenance of an all-ewe fl ock is too d iffi cult 
or leading to high morta lity, poor stock output and low wool weight , 
and that a higher proportion of dry sheep could be the an wer. It may 
be a ques ti on of heavy mortality in hoggets necessitating specia l at tention 
to th e hogget country. Five per cent of hoggets saved could pay for quite 
a lot of topdressing and over ·owing and thriving young stock are a good 
investment for a high-country fl ock. 

One of the most effi cient ways of imp roving production on a high
country Rock is to build up the wool weights. It o ts no more to shea r, 
muter or maintain a heep with IOlb of woo l than one with Bib. 

It is not possible to cover a ll the factor. to be considered in run man
agement since each . place wi ll have its own prob lem or problem ; but 
it should always be remembered that wool is a very important sour e of 
revenue to a high-country farm er and an improvement in wool production 
and quali ty should be a constant a im to be achi eved very la rgely through 
the better trea tment of young stock. 
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Dry Sheep on the High Country 
The poli cy of ca rrying more dry sheep on the high country is worthy 

o f ca reful tudy. With maximum ewe numbers there wi ll be less wool 
a nd more a le stock. But broadly spea king a wool bias is preferable, for 
where, owing to difficult conditions, lambing percentage a re low and 
losses high, there i littl e point in keeping a lot of ewes wh ich produce 
lambs and woo l ineffi ciently. It is far better to use more dry beep 
and benefit from a n increased wool clip and lower costs. (A ten per cent 
increase in th e proportion of ewes in a fl ock could cause an overall drop 
in woo l clip from th e whole fl ock of up to lib per head. See F . L. Ward, 
N.Z. Meat a nd Wool Boa rds' Economic Service Bulletin No. 8, 1960.) 

Cattle 
Cattle numbers have been trebled on the high country in recent yea r 

but there is st ill considerable room for increa e. The runs in the higher 
rainfa ll a reas a nd those with extensive swampy va ll ey fl oors could carry 
a lot more cattl e with benefit to th e country. They could also be another 
factor in mainta ining lower op erating co ts since when a property is 
gea red to the ca rrying of a considerable number of sheep, an increase in 
ca ttl e numbers does not grea tly affect the management and labour 
ituation. 

Production Increases 
M arked production increases have occurred in the high country, 

woo l weights have increased considerably and lambing percentages have 
gone up. Lamb a les have doubled and catt le numbers trebled. 

Limitation of Stock Numbers 
A lot of this has been acco mplished in a different way from the 

usua l production increase pa ttern on downl and farm in that sheep 
numbers have not increased grea tl y, but unit or per head production has 
gone up considerably. 

This practice o f stock limitation is in part the resu lt of stock limita
tion clauses written into lease , but a lso due to awareness on the part of 
runholder of the ill effect of overgrazing. 

D ependence U pon Wool 
The d ependence upon wool as a source of income is regarded by 

some as a weak poi nt in the economy of the high country, but it can 
also be a strong point if the proper relationships are mai ntained. Basic
a lly the management of high country is on a low cost economy. In tim es 
of high pri ces this tends to be forgotten and management commitments 
made whi ch are diffi cu lt to m a intain. 

Wool is a n international commodity and as such i subj ect to over
seas' market flu ctuations a nd therefore a n economy based on wool must 
leave itself room to manoeuvre. For exa mpl e, on a fat lamb farm with 
a meat production of lOOlb a nd wool of 30lb pe1- acre the appli cation of 
a hundredweight or more o f fertiliser, overa ll , is rega rded as sound 
farmi ng practi e. On the foothi ll country, too, the overall appli cation of 
ferti liser is worthwhi le but on the high-country run with mea t produc
tion a t 2.3 lb and woo l 1.9lb per acre it i a very different situation-in 
the la tter case the topdressing done wi ll be of a stra tegic nature designed 
to achieve some pa rti cular object. For example, lo es in hoggets may be 
high and hogget country in need of improvement; lambing percentage 
too low and ewe country or some part thereof in need of attention. 
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Management Changes 
On most runs th ere is usua ll y a weak link or Jinks in th e production 

chain and it is of great importance to be able to recogni e tha t weakne 
so that appropriate coun ter measures may be taken. 

This may merit a big change in management and a large- cale 
development plan involving the taking of calcul ated risks. But very often 
it can be handled by ome va ri ation in management at little or no co t. 
Perhaps a judicious use of topdressing and oversowing and some sub
division may meet the case with ca reful consideration of the importance 
of the main product of high country which is wool. 

In th e ca e of certa in favoured anti uitabl e run there will be scope 
for large, costl y and no doubt ucces ful scheme . But overall future 
development policy may li e more in the fi eld of limited development out 
of revenue with appropriate management practices. 

APPE DIX I 
High-Country Sheep Farms, South Island 

Percentage Pattern of Revenue 1961-62 Season 

I Dry-Sheep Balance Flock 
Run Ewes & Wether 

Wool Account - - 103% 86% 
Sheep and Lambs Account -3% 
Cattl e Account - - --
Other Accoun t - - --

100 

(a ) Dry-Sheep Runs 
Wool weight per head of sheep horn -
Stock outpu t 
Stock loss 
Gross profit per head fro m wool 

10% 
4% 
--

100 

Gros profit per head from shee p and lambs 
Gro profit per head from other 

(b) 

T ota l gro profi t per head 
T ota l expenditure 

Balanced Flock- Ewes and Wethers 
Wool weight per head of sheep shorn 
Percentage of breeding ewes in fl ock 
Sheep and lambs output percentage 
Lambing percentage 

M ainly 
Ewe 

57% 
30% 
13% 
--

100 

10. llb 
- 10.5% 

10.5% 
31/3 

- l l d 

30/4 
14/9 

10.21b 
26% 
19% 
87% 
22% Lamb input percentage to fl ock 

Sheep and lamb lo s 
The pattern of Return and Expenditure 
Gross profit from wool per head 
Gro s profit from heep and lambs 
Gross profi t from ca ttl e 

3% 
per head of sheep shorn : 

35/4 
4/3 
1/6 

Total gross profit per head 
Total expenditure 

6 

4 1/ 1 
18/3 



(c) Mainly Ewe Flock 
Wool weight per head of sheep shorn 
Percentage breeding ewes in fl ock 
Lambing percentage 
Sheep and lamb output p ercentage 
Lamb input percentage 
Sheep and lamb loss 
The pattern of R eturn and Expenditure 
Gross profit from wool per head -
Gross profit from sheep and lambs 
G ross profit from ca ttl e 
Gross profi t from oth er 

T otal gross profit per head 
T otal expendi ture 

6.5lb 
69% 
81% 
49% 
55% 

6% 
per head of sheep shorn : 

22/8 
12/-
5/6 

40/2 
26/8 

APPENDIX II 
High-country Sheep Farms, South Island 
Pattern of Farm Income 1961-62 Season 

Gross Farm Income: 
l. Wool Accoun t 
2. Sheep and Lambs 
3. Cattle Account 
4. O ther 

Working Expense5: 
1. Wages and R a tions 
2. Farm R equisites 
3. Shearing expenses 
4. Fertiliser, Lime and Seeds 
5. V ehicles, Fuel and Power 
6. Feed and G razing 
7. Contract work 
8. Repairs and M aintenance 
9. Railage and Cartage 

10. Genera l expenses 

11. Sub-total- Working expenses 

Standing Cha rges: 
12. Insurance 
13. Rates and Land T ax 
14. M anageri al Salaries 
15. Interest 
16. Rent 

i 7. Sub-tota l- Standing Charges 
18. T otal Cash Expenditure 

Per Sheep 

29/-
6/ 1 
2/2 
5d 

£ 1/ 17 /8 

6/7 
1/ 4 

2/ 10 
1/ 1 
2/1 
8d 
9d 

2/2 
lOd 
9d 

19/ 1 

4d 
1/ 8 
4d 

1/ 2 
1/ -

4/6 
£ 1/3/7 

1/ 11 

Percentage 
77.2 
16.1 
5.7 
1.0 

100.0 

28.8 
5.9 

12.3 
4.8 
9.0 
2.7 
3.0 
9.5 
3.6 
3.4 

83.0 

1.6 
7.2 

Not incl. 
Not incl. 
Not incl. 

8.8 

8.2 

£ 1/5/6 100.0 

19. Deprecia tion 
20. T otal Cash- Expenditure and Depre-------------

ciation 

No. runs in sample 
Average No. sheep shorn 
Average No. cattle wintered 
Average area of runs 

7 

35 
6,286 

103 
29,663 acres 



ASPECTS OF HIGH-COUNTRY CROWN LANDS 
ADMINISTRATION 

N.S. Coad, Commissioner of Crown Lands, Christchurch. 

(This article by Mr Coad i ba ed on a talk given to Federated Farmers' 
High-Country Conference at Timaru, 22 June, 1964.-Ed .) 

When I meet a group of high-country people I feel very much 
aware that the special problems of the high-country runholder are still 
relatively new to me. That is of course something whi ch only tim e will 
correct, but in th e mea ntime it may even be of ome advantage for me to 
be able to view these very comp lex a ffa irs from a more detached stand
point, and to look at our mutual problem almost, as it were, from the 
outside. 

Our mutual problems-I use these word deliberatel y. The Depart
ment of Lands an d Survey trie always to act in a reasonable, helpful 
and commonsen e way towa rds all its lessees, whether they be high or 
down country, urban or rural. We rega rd many problems as joint one , 
to be solved together, and this poli cy applies nowhere more actively than 
in our administration of the high country of the South Island. We 
believe that the Department and th e runholders a re together joint trustees 
of the high country and that it is our shared duty to ensure tha t the 
mountain lands remain a permanent investm ent asse t for all time, 
returning a continuing dividend both to th e runholder and to the nation. 
We know that we must work together to preserve th e high country, for if 
we do not work together and if w ignore the le son lea rned o pain
fully in the past, noth ing wi ll prevent the mountain lands from becoming 
a useless liability to the runhold er and a downright threat to va t a reas 
of lower country. 

There are people who are so concerned at the difficulties of thi s 
task that they see littl e future for high-country runs, but I am not one 
of th em. Although no one could fail to be impressed with what ha 
already been done in the way of improvement, perhap the mo t com
pelling impression I have gained o far is of the rea l, positive, and expand
ing role our high cou ntry has yet to pla y. We have in the run country 
one of the few extensive, largely undeveloped a reas remaining in New 
Zealand . We have the basic techniqu e of devel opment a lready estab
li hed, and furth er progress is constantly being made. We know beyond 
doubt that results can be achieved. 

Whil e all this i true, it is a lso true that development of run country 
is not as impl as it may appear at first glance. It is known that devel
opment sometimes brings new problems in its tra in. It .is a lso a fa ct tha t 
ome runholder are not yet convinced th at the economi cs of development 

are proven. Above all , only those connected with the high country ca n 
understand what a criti cal decision it is to depart so radi ca lly from a 
trusted farming pattern evolved laboriously and painfu lly over 100 yea rs, 
and now developed on most runs into a regul ar sy tern which works 
well , year in and year out. 

All these are difficulti es in the path of the improvement and develop
ment of run country, and they will undoubted ly affect the rate of pro
gress, but they will be overcome. They wi ll be overcome because the 
most formidabl e ob tacle-the only one which could completely ha lt 
progres - has already been urmounted. That major obstacle wa the 
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generally accepted opinion that run country could not successfully be 
developed. 

The big breakthrough occurred when the idea that development of 
run country is both possibl e and desirable beca me widely accepted . 
Other probl ems exist and the Department readily recognjses this, but 
no o ther problem will now be insuperable. We want to find the answer, 
and history has shown that wh en man genuinely wants to conquer a 
problem, he always manages to find a solution. 

The biggest victory has therefore been won, but many more battles 
have sti ll to be fought in the farming revolution into whi ch the high 
country is steadily moving, and the D epartment wi ll pl ay its part in 
ass isting runholders to find solutions to the problems they meet in the 
improvement of their runs. Pastoral Lands Offi cers cover large areas of 
country and visi t many runs. They are a lways ready to help with advice 
from their own experience, or from their knowledge of other people's 
experience with the sam e problems. If they cannot provide the answer 
they may know where advi ce may be obtained . They will do a ll in 
their power to assist. 

If fin ance is limiting development and cannot be obtained elsewhere, 
the D epa rtment may be able to help in obtaining a M arginal Lands 
Board loan. Perhaps it is not as widely known as it could be amongst 
runholders that the M arginal Lands Board can help them, but whatever 
th e reason very few app lications for loans to develop run country have 
been received . The Board does in fac t lend for run country improve
ment, and, moreover, is a fl exible and understanding lender. If a propo
si ti on i sound and has good prospects of success the Board wi ll lend
even on security which no other major lending institution wou ld consider. 

Loans are normall y made on current account during the develop
ment period , so tha t interest only is payable during this period, and no 
repayment of principa l is required until it i.s apparent that the property 
is on a sound footing and ca n stand the charges. When this stage is 
reached the loa n is pl aced on a table mortgage, repayable over a long 
term . 

D ay to day adm ini st ration of Marginal Lands loa ns is ca rried out 
by th e D epa rtment of Lands and Survey which itse lf ha5 a vita l interest 
in the high country, and has therefore acquired a very full understanding 
of, and consideration for, the special problems of runholders. A develop
ment propositi on held up fo r lack of finance could well be worth 
discussion with the Depa rtment. 

A discussion of fin ance should not be ended without mentioning 
tha t many o.f us in the D epartment are concerned about the extent of 
mortgage commitments being undertaken by recent purchasers of some 
runs. To understand our concern , consider the situa tion which led up 
to the pass ing of the La nd Act 1948, the charter under whi ch runholders 
and D epartment both work . The Act provided a new deal for run
holders, a nd indeed its passing marked a turning point in the history of 
run country. It brought to an end the era of high rents and uncertain 
tenure, whi ch it replaced with a system of reasonabl e rentals based on 
the sa fe ca rrying capacity of the country, and it gave permanent tenure 
and perpetual rights of renewa l. 

A former runholder has said that only because of the confidence 
created by the security of tenure given under the 1948 Act were run-
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holders prepared to tackl e the rabbi t problem so wholehea rtedly and 
effectively, and it is only since the rabbit has been controll ed that the 
development of run count ry has been a p racti ca l proposition . It is due 
at least in part, therefore,. to the enlightened provisions of this Act that 
extensive development of run country i under way today. 

One of the essentia l principles of th e Land Act is tha t rentals of 
run are to be reasonabl e, and a re to be ca lcu la ted on the estima ted 
carrying ca pacity of the run. This is necessa rily a ccompanied by a stock 
limita tion defining the type and maximum number of tock which can 
be carried on th e run . This figure is th e basis for the renta l cal cula tion, 
but the stock limita tion may la ter be increased wi thout rental increase 
if development of the run makes it p os ibl e. 

The whole purpose of th e stork limita tion is to ensure tha t over
stocking doe not threaten the stability of the land, whi ch not onl y pro
vide the runholder with his living, but is al so of such vita l importance 
to people down country. R entals based on these stock limita tions have 
been fixed at very reasonable or even low figures, so tha t the runholder 
would not need to pu h the country very ha rd in ord er to pay his way. 

However, a lessee who buys a run a nd involves him elf in high 
mortgage commitments will become involved in a high level of annual 
outgoings to service h is mortgages, a nd our concern in the D epartm ent 
is that the whole purpose and value of the reasonable renta l may well be 
submerged, and the run may once aga in be subj ected to an undesirable 
level of grazing pressure. Certainly, the sto k limita tion ystem will 
prevent gro s overstocking and a reversion to th e worst practi ces of the 
past, but it is equa lly true tha t it is more diffi cult for a runholder to 
adjust his run management to the best so il con erva tion prac ti ces when 
fa ced with a la rge annua l mortgage interest bill. The level of mortgage 
commitments is something which a ll interested in the well-being of the 
high couhtry will wa tch with great interes t and we in the Depa rtment, 
with some concern. 

The va lue of stock limita ti ons in preventing over tocking to th e 
detriment of th e vegeta tive cover i0 fa irl y well accepted and understood 
by runholders, but th ere is apparently a certa in a mount of confusion 
about th e precise meaning and effect of uch a limita tion. M ost pastoral 
runs are now held under pastoral leases subj ect to the Land Act 1948, 
and conta in a clause stating th a t the lessee must not ca rry more tha n a 
specified number of sheep and ca ttle, including a pecifi ed number of 
breeding ewes or breeding cows. The fi gures quoted in the lease refer to 
winter stocking, for obviou ly during the summer the numbers will flu ctu
ate with the birth and dea th ra tes, bu t on no account may the property 
carry into winter ' more than the stock numbers specified in the limita ti on. 

However the high country, like any other fa rming proposition,. ra rely 
remains static. With pasture improvement, fencing, and oth er develop
ment, many runs become capable of carrying, without detrim ent to the 
land, more stock than specified in th e limita ti on. The Act provides for 
the limita tion to be increased in such cases, but the first considera tion 
will always be the maintenance of an a dequate vegetati ve cover, and the 
stability of the country. 

Stock limita tions cover all tock, both sheep and ca ttl e. Thi is not 
always realised by runholders, parti cula rl y so far as ca ttl e are concerned. 
There is an increasing use of cattl e on pas toral runs and generall y this 
is a desirable trend whi ch will a lmost certainly increase, but cattl e m ay 
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not be ca rri ed, nor their numbers increased, unless the stock limitation is 
tirst adjusted to provide for them. 

Another provision in the pastoral lease which sometimes puzzles 
lessees is the prohibition of cultivation without the consent of the Com
missioner of Crown Lands. This requirement is in fact a so il con erva
tion one a nd serves a very definite purpose on run country which is so 
ubj ect to windblow and other forms of erosion. It is treated very 

seriously by th e D epa rtment. Each appli cation is investiga ted carefully, 
a nd a lthough a pprova l is not withheld unreasonably, neither is it granted 
as a matter of form. The requirement for consent to cultivation is yet 
a nother exa mpl e of the way in which the administration of pastora l 
leases is designed to protect the high country for a ll time, and not to 
a llow short term considera tions to obscure the long term future of the 
criti ca ll y importa nt South I sland high country. 

There is another threat to the future of the high country of which 
we must a lso be aware, and that is the problem of noxious weeds, especi
a lly Nassella tussock. The infestat ions of this plant in North Canterbury 
and Marlborough demon trate clearly the seriousness of the problems 
fa ced and the costs which have to be met by those whose land the weed 
has invaded . Many of the exist ing areas of infesta tion are on high
producing country wh ich ca n ca rry the cost of fighting th e weed,. but 
the position would be grave if it were to become estab li hed extensively 
in ou r lower-produ cing run country. It is absolutely essentia l therefore 
tha t a ny new infes tat ion hould be discovered and brought under contro l 
before it has spread seed over a wide area. I strongly urge everyone 
who lives in or visits the high country to find out what this weed looks 
like, and be able to identify it . County Noxious Weeds inspectors, 
D epartmen t o f Agri culture offi cers or Pastora l Lands offi cers will be 
able to ass ist in identifi cation, and are anxious to hear of any new 
colonies of the plant. We cannot a llow thi weed to entrench itself in 
our high country for once estab lished it knows no boundaries. 

Nassella tussock ca n be controlled only with th e coopera tion of a ll 
runholders in eeking it out, but I have no reason to doubt that this 
cooperation wi ll be offered for it is ra rely that the Depa rtm ent has not 
been given full and enlightened support by runholders as a whole in our 
adm inistra tion of pastora l runs. We apprecia te that support, and for our 
part will continue to admini ster the Act rea onably, humanely, and with 
a genuine rega rd both for the future of the high count ry and for tho e 
who live in it. 

OUR COVER 

Whether a tusso k fire is accidental or part of a management plan, 
the stocking system a fter the fire is generall y recogni sed to be of vita l 
importance. 

In this case, an accidenta l fire in O ctober, driven by a strong, hot, 
norwester burned severa l hundred acres including snow tu sock . The 
photograph was taken three weeks afterward and indicates the ability 
of snowgrass to recover if the crown ha not been burned into the ground. 
These new leaves are extremely palatable; grazing a t th is stage may 
resu lt in the ea rly dea th of the tussock. 
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CLIMATE AND STOCK ON HIGH COUNTRY AND 
EFFECT OF CLIMATE ON HIGH-COUNTRY 

PRODUCTION 
P. C. Ensor 

(The Economic Service o f the .Z . M ea t and Wool Boards will 
shortly publish another of its bull etins dea ling with the high country. It 
is a ten-yea r summary of production from twenty-s ix runs under survey 
and indicates tha t there has been a remarkable increase in production 
over the period . The Service sent the text to Mr Ensor of D ouble Hill , 
chai rman of the High-country Committee of Fed era ted Farmers, for his 
comments. These, with Mr Ensor's permission, have been mad e ava ilable 
by the Service for publication in the R eview. We wish to thank Mr 
E nsor for permitting us to p rint them.-Editor.) 

The next bulletin to be is ued by the E conomi c Se1v ice discloses a 
very satisfactory and in te res ting story of increases in production from 
high-country nm . That these increases are coming through the medium 
of increase per anim al unit ra ther than through a n increase in stock 
numbers mu t be a point of satisfaction to all those in te rested in the 
better care and management o f our South I sland high country. 

The uppl y of more and better qua lity feed is a fund amental and 
proved requirement fo r th e ra ising of anima l-unit production and thi s 
i obviously being achieved. I t is not within the scope of thi bri ef 
comment to elabora te on how thi s is being achieved ; suffi cient to say tha t 
it is being done. H owever, there is one question that will probably com e 
to the m ind of most who know the high country and th a t is: T o what 
extent have these figures and results been influenced by th e weather 
during the sea ons under review, a nd could or would a seri es of bad 
seasons upset or throw doubt on these fi gures? 

T his is a pertinent questi on when we come to discuss high-country 
a ffa irs and one tha t has pl ayed a major role in the fo rtunes or other
wise of those who have chosen to make their life there, and a ny answer 
to thi s qu estion must a lways be open to doubt. There are, however, 
a number of fac tors which would suggest tha t the wea ther is unlikely 
to upset seriously th e trend or va lidity of the figu res produ ced . 

I t i0 a fac t that people will o ften say th e winters a re getting warmer 
and tha t we do not get the snows tha t we used to see; but there is very 
littl e fac tua l in fo rmat ion to support this contenti on when one i consider
ing a specific term of years such as the period under review. The onl y 
scientific in fo rmation availabl e i th a t over a period of 100 years or 
more there has been an overa ll temperature rise of one or two degrees 
and that the major glacier a re receding. This is a long- term trend and 
as such will exert litt le influence on the compa ri son of short-term period . 

The survey by th e Economi c Servi ce covers country from M a rlbor
ough to Southla nd and as uch it would requ ire adverse conditions over 
the whole i land to materi a ll y affect the findin gs of the survey. 

Snow can be notoriously local in it effect so tha t impressions gained 
or expressed by one individual have a loca l character, and a lso the con
ditions under whi ch the seasons a re remembered exert a strong influence 
on opinions. For the las t ten to fifteen years, living and working condi
tions in the high country have improved immeasurably-houses are better 
built and heated, we travel in comfortable cars supplied with hea ters, 
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and trucks and land rovers equipped with heater have largely supplanted 
the sta tion hack as a mea ns of conveyance about a station, being warmer 
and reducing the time one is exposed to adverse conditions. 

In order to attempt to assess the facts as to whether or not the 
weather during the period under review has been sufficiently favourable 
to affect the result, diari es over a peri od of twenty-five years kept on one 
p roperty have been examined . With the excep tion of the yea r 1945 it 
is diff icult to detect any grea t differences in th e weather pa ttern, good 
winters being interspersed with bad ones, and there appears littl e differ
ence in th e depth of snow falling or the number of days on which it fa ll s. 
Further, these records would suggest that the period under review reflects 
a fair and average ten-year period; indeed, there have been seasons, or 
parts of seasons, with very severe conditions during the period of this 
survey. Both 1951 and 1952 record heavy autumn snows, eighteen 
in ches of snow being recorded on 26 M ay 1952 with snows continuing 
into late O ctober a nd ovember. In 1959 one of the worst reco rded 
ea rly snows sta rted on 7 M ay affecting a very la rge area of high country; 
in th e sa me year the co ldest day since 1902 wa;; recorded. Turning to 
more recent tim es, but outside the period of this survey, on 20 April 
1963 a snow of exceptional severity caught many runs with out their 
autumn muster completed or even started . In spite of this there have 
been few or no reports of heavy stock losses whereas in earli er years 
there is no doubt th at thi s snow would have been a di saster to many runs. 

On balance it appea rs rea onable to assu me that the resu lts of a 
future survey taken over a period of years would not be seri ously affected 
of seasonal conditions, with perhaps the exception of a snow or storm 
(which history suggests may occur once or twice in fifty years ) affecting 
the South I sla nd from Blenh ei m to lnvercargill. 

If there has been no very marked alteration in seasonal weather 
condi tions, it is pertinent to ask the reasons why heavy stock losses are 
not so frequentl y reported from the high country, marked by the decl in
ing death-ra te figures as shown in the survey. Basica lly they are the 
sa m e as those leading to higher anima l-unit production. More and 
better feed resu lting in stronger animals, more capable of with tanding 
adverse conditions; much more provision made for winter feeding of 
stock; better management of hoggets reducing the death rate. Over the 
las t twenty year high-country runs have tended to become more manage
able in ize, very la rge ones being reduced and some small and unecon
omi c ones amalgamated or increased in ize. Much old fencing has 
been rebuilt and new fences erected, both making for more effi cient and 
economi c working. Fina ll y mechanisation by way of bu lldozers, tractors, 
trucks, landrovers and aircra ft a ll play their part in reducing waste time 
a nd speeding up operations. 

Security of tenure has undoubtedly encouraged the leaseholder to 
invest ca pita l and to increase working expenses on his run, thus enabling 
him to take advantage of the a ids to increased production now at his 
disposal. 

There is no doubt that considerable progress has been made in the 
care and occupation of the high country. Many of the problems of the 
occupation of the high country are being overcome. Grazing pressure on 
the higher or more vulnerable areas of country is being reduced, both 
by domestic as well as noxious animals, whi le at the same time production 
is increasing and we are farming more efficient animals. 
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MAN AND THE MOUNTAIN LANDS 
J. T. Holloway 

(Officer in Charge of the Forest and Range Experiment Station, 
New Zealand Forest Service, Rangiora ) 

(In February, 1964, Mr H olloway delivered th e Banks Lecture a t the 
Annual Conference of the Roya l New Zea land Institute of H orti culture 
held in Dunedin. The lecture was printed in Plants and Gardens, the 
journal of the Institute, Vol. V, No. VI , 1964, and we wish to express 
our thanks fo r permission to reprin t in this R eview.-Editor. ) 

Introduction 
In response to th e rush and bustl e of modern life, a deplorable 

custom has grown up. Great mas terpieces of litera ture a re presented, 
fo r our hurried consumption, in condensed and emasculated fo rms, as if 
the style and subtl eties of the origina l works could survive this trea tment. 
It is a custom I abhor. Nevertheless, tonight, I m yself p ropose attempt
ing such a precis, not of a single litera ry work but of a century of scientific 
effort. In doing so, in attempting to summa rise for your our present 
knowledge of the New Zealand mounta in country, I take many conscious 
risks; but I do fee l that the occasion, fo r two distinct reasons, is an 
opportune one. 

In the first pl ace, the thread of the story I have to tell , however 
imperfectl y I tell it, are drawn from many contributory natural sciences. 
I believe, therefore, that it is a story tha t would have been of absorbing 
interest to the great natura lists of the la te 18th century, foremost amongst 
whom stood Sir J oseph Banks, whose name is commemorated in these 
lectures given at your Annual Conference . The a ttempt may 
appropria tely be made in his memory. 

In the second place, I believe that we now stand at the thre hhold 
of an era of awakening nationa l intere t in our mounta in la nds. Interest 
to date has been sporadic, or sectiona l, with long peri ods of neglect or 
disinterest. On the whole, we have foll owed a comfortable lowland way 
of life inherited from, and patterned on, that a ppropria te to the subdued 
mature landscapes of the old country. On the whole, we have been 
forgetful of the fac t that our small fragments of lowland a re, almost 
everywhere, backed by larger a reas of high and difficult mounta in 
country. We have chosen not to consider th e essenti al inter-dependence 
of lowland and highl and . 

These attitudes of mind cannot long continue. Step by tep as 
lowland resources are developed a nd our population grows, pressures 
on the mountain lands must a lso grow. There must inevitably be 
demands for increased pastora l production, fo r the further rea li a tion of 
hydro-electric potentials, fo r more wa ter for citi es and farm s, fo r better 
flood control, and for additional mountain-land sport and recreation. 
And because these various demands, each legitimate in itse lf, will not 
everywhere be mutua lly compa tible, th ere must inevitably be recurrent 
controversies. I venture the forecast that, from this date on there will 
rarely be a time when an acrimonious battle is not being fought, some-
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where in New Zealand, on some mountain-land issue. We have had more 
than one taste of this in recent years. 

It seems to me, therefore, that there is a need for the development 
of a substa ntia l body of well-informed publ ic opi nion on mountain-land 
matters. Otherwise, confli cts, as they occur, a re most li kely to be resolved 
piecemea l, in favour of vociferous minoriti es irrespective of the real 
strength of their cl a im s. If I can make a sma ll contribution, tonight, 
towa rd the d eve lopmen t of this desired body of public opinion, I will 
be satisfi ed. I would ask you to remember, however, that, in the time 
I have avail abl e, I ca n onl y present a condensed and emascula ted 
account. The justifi cati on offered fo r condensed books is that they serve 
to stimula te a n appetite for the originals. I hope tha t this brief account 
of the mounta in-la nds will a lso prove to be an appetiser. 

The Geological Background 
T o begin with, it is necessary to know someth ing about the origins 

and structure of the mountains. I will not dwell long on this. Superb 
summary of this pa rt of the story has recently been published by Dr 
C harles Fleming<!). I d raw his account to you r a t te ntion and apologise 
to him, in advance, fo r any errors I may make in the abstraction and 
interpretat ion of those details th a t appea r to me to be of present 
significance. 

The oldest rocks of which our mountai ns are composed were la id 
down in Ordovician, Cambrian and pre-Cambrian times, 400-1 000 
million years ago; but these ancient rocks are not of wide distribution. 
The real story of the mou ntains begins approxima tely 300 million years 
ago wh en a d eep oceani c trough or geosyncline developed over that por
tion of the earth's crust now occupi ed by the land we ca ll New Zealand . 
This trough, over the course of 150 million years, slowly fill ed with 
sediments derived from lands lying, a t various times, to the east and to 
the west. 

The oldest sediments were deeply buried and were subseq uentl y 
converted into gneiss and other hard metamorphic rocks by heat and 
pressure. Locally, they were massively invaded by igneous rocks whi ch 
solidified to form granites and diorites or, where they poured out upon 
the surface, basalts and andesites. Sediments of younger age, not sub
jected to such great heat and pressure, were converted into schists of 
varying degrees of meta morphism. The youngest geosynclinal sed iments, 
mainly deep-water sandstones and inter-bedded mudstones, underwent 
little altera tion and survive as greywackes and argillites. 

Later, during the Cretaceous Period (80-1 30 mill ion yea rs ago), th e 
fl oor of the trough rose and its conta ined sediments were thrust up to 
form mountains which, however, by the end of the Cre taceous, had 
already been worn down again to fo rm a land of low reli ef subject to 
flooding by the sea. There followed a long period during whi ch shallow 
waters sediments, mudstones, limestones and th e like, accumulated. 

(1) Flem ing, C. A .- N ew Zea la nd Biogeography: A P a laeontologist's Approach . 
Tuatar a, V o l. 10. P a r t 2. June, 1962. 
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Throughout this period, the T ertiary Age, New Zea land was p robably 
an archipelago of islands, sometimes volcani c, that were uplifted or 
resubmerged as the local buckling of the earth 's crust continued. Not 
all of the land was under the sea a t any one time but, over the grea ter 
part of it, marine sediments were la id down a t one time or another. 

The pace of events now accelera ted . Beginning slowl y, a t first in 
the far south perhaps 10 million yea rs ago, but not reaching a cl imax 
until one to two million years ago, massive mountai n building movements 
took place. The land rose rapidl y but unequally, sometim es as great 
tilted blocks, sometim es in complex, faulted fold s; and, as the land rose, 
th e soft T ertia ry sedim ents were stripped from th e higher ground, once 
more exposing the metamorphic and sedimenta ry rocks, the gneisses, 
schists, greywackes, etc., of geosynclina l origin. The maximum height o f 
uplift has been calcula ted to have been as mu ch as 40-50,000ft , though 
the mounta ins, of course, never reached this height. They were worn 
down almost as fas t as they were uplifted. Uplift continues though 
apparently a t a substantia lly redu ced ra te. 

Simultaneously, over the la tter part of this peri od, in response to 
world-wide climati c changes, the South I sland mounta ins were subj ected 
to intense ice action. The ice advanced and retrea ted many times, the 
last major advance of the ice not termina ting until a pproximately 15,000 
years ago. Since then we have passed through a period of warmth and 
the climate has aga in cooled . A minor advance of the alpine glaciers 
culminated as recently as the mid-1 9th centu ry. 

During each advance, the va ll eys were cut deeper and immense 
quantities of glacial detritus were spewed out on to the plains, and fol
lowing each retreat, the va ll ey wa lls, grea tl y oversteepened, were left , 
podocarp forests spread widely across the pre ent grassland regions of 
rock, ta lus, and other glacial debris. Where the mountains escaped direct 
ice action, as in parts of eastern South I sland and in the south of the 
North Island, they were subj ected to and mould ed by the freeze and 
thaw of periglacial cl imates. Northern ranges of the North I sland, whi ch 
escaped both glacia tion and the effects of periglacial climate, were, very 
)ate in the period, repeatedly and lavishly coated with loose pumice sands 
and volcanic ash derived from centres of volcani c activity extending from 
Mt. Egmont to the Bay of Plenty. 

In brief, this is the story of the mountains themselves, or, more 
accurately, tha t part of it essenti a l to an understanding of the vegetat ion 
and to an understanding of moun ta in-land management problems. The 
key points are the extreme youth of the mountains and their complex 
recent history. I would pause only to note the very wide extent of the 
greywacke and schist mountains, particul arly the former, in comparison 
with those built from harder and more erosion resistant materi a ls. These 
la tter, the oldest and most strongly a ltered geosynclinal meta morphics, 
their associa ted intrusives, and the more ancient pre-Cambrian to Ordo
vician rocks, are largely confined to the geological provinces of Fiordland 
and north-west Nelson. It is the greywacke country that is the hard-core 
problem country. 
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The Story of the Vegetation 
Dr Fleming, in the paper already mentioned, has also summarised 

exist ing information concerning the origins of the New Zealand flora . 
Briefly, it is unlikely that any substantia l mountain-land element that 
may have been conta ined within the tiara during early Cretaceous times 
when the land stood high , survived the later periods of reduction and 
general subm ergence of the land surface. In other words, our present 
mountain-land fl ora is probably derived from that of Tertiary oceanic 
islands, by speciation, since mountain building began. Some new species 
or genera may have arrived, subsequently, from overseas but these would 
most likely be casual accidental introductions. In the absence of land 
connections, no strong reinforcement of the mountain-land flora from 
overseas was a t a ll probable. The story of the vegetat ion proper, as we 
know it, may be taken up a t this poi nt . 

As the mountains ro e, a host of new plant habitats were created, 
to be fill ed by the most readily adaptable of the species that had sur
vived the long period o f mild oceanic island cl imate, by new species 
a rising through mutation or hybridi sation, or by casual immigrant species. 
And out of this a lmost random collection of old island species, evolving 
species, and casua l immigrants, a new mountain-l and vegetation made up 
of new combinat ions of species to form new plant associa tions had to 

be forged. 
There is room here for endl ess fascinating speculation. The detailed 

stages through which the vegetation passed in the course of its rapid 
evolution will, however, never be known. Following the onset of the first 
ice age, probably before any new state of vegetation stability had been 
achieved, a lmost a ll traces of the mountain-land vegetat ion were 
destroyed , the ice reaching the sea on the west coast of the South I sland, 
south of the Grey River, extending out on to the inland margins of the 
Canterbury Pl ains and into the intermontane basins of Otago and 
Southland. M ost mountain-land species and possibly many mountain
land plant associations survived, however, in lowland refugia and on 
northern mountains that escap ed glaciation. 

Following the retreat of the ice, therefore, though the mountains 
had everywhere to be recolonised by plants, there was now a strong 
mountain-land element in the fl ora, an element probably strengthened by 
continued specia tion during the glacial period. The recolonisation of 
the mou nta in country is therefore likely to have been rapid , the mild 
climates of the subsequent long interglacial almost certainly permitting 
the development of a closed cover of vegetation a t a ltitudes much greater 

than a t present. 
But again we will never know the full details. The mountain 

forests, scrublands and grasslands of the first interglacial were, in their 
turn, destroyed when the ice advanced again . The whole process was 
repeated. It was to be repeated at least four times at irregular but 
shortening intervals, the posit ion of the ice front, on each occasion, 
falling short of that reached on the previous occasion. All advances, 
probably, were multiple in character, the last certainly being marked, in 
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its diminuendo phase, by many secondary advances and retreats. And 
with each swing of the ice pendulum there was, of course, a corresponding 
movement of plant species and as ociations from the mounta ins to the 
plains and back again, leading to a confusion of vegetation patterns, to 
the probable development of new plant associations, a nd to continu ed 
speciation because of the abundant new habita ts provided a nd the 
abundant opportunities offered for hybridisa tion. 

All of these processes have continued in to very recent times and 
still , in fa ct, continue. Thus it has a lready been noted that the last, 
irregular, retreat of the ice did not commence until , approxima tely, 
15,000 yea rs ago. The climate then wa rmed rapidl y, reaching a pea k 
of wa rmth, the so-ca lled clima tic optimum, 3-5000 yea rs ago when con
ditions were much warmer tha n they a re a t presen t. Even the ra te of 
cooling ince the climate optimum ha been irregula r with many minor 
reversals in trend . The most recent of these, indeed, fall s well within 
our own experience as shown by th e present rapid retreat of a lpine 
glaciers throughout the Southern Alp , glaciers whi ch, them elves, may 
not be more than a few hundred yea r old. There a re so me grounds fo r 
the belief that they did not sta rt to fo rm before the cold yea rs of the 
16th-1 7th centuries. At the tim e of the climati c optimum, a nd for ome 
time therea fter, there may have been littl e ice left in the New Zea land 
high country. 

The peri od of the cl imati c optimum was, in fa ct, a period when 
podocarp fo rest spread widely acros the present grass land regions of 
eastern South I sland and far into th e now semi -arid inte rmonts of Otago 
and South Canterbu ry, replacing the grassland of the la te glacia l period 
and the grasslands and beech forests of the immediate post-gla ia l. 
Much information concerning these forests is accumulating though the 
interpreta tion of this in fo rmation is diffi cult for reasons that will become 
apparent la ter. Little is yet known, however, concerni ng the distribution 
and compositi on of other types of vegetati on as they were during the 
period of the climati c optimum, though it is becoming increa ingly 
obvious that many broad pre ent-day vegetation pa tterns were set a t this 
time or even earlier. They thus refl ect more the events of the pas t 
than the conditions of the present. 

I have time fo r only one exampl e. As is well known, there are no 
beech forests in Westl and between the T a ramakau and Paringa rivers 
though the forests to the n01ih and south of these rivers are predomin
antly beech fores ts. The expl ana tion a ppea rs to be that, between th ese 
rivers, all forests were compl etely destroyed during the last adva nce of 
the ice. On the retreat of the glaciers, the a rea was colonised by the 
podoca rps and their as ociated broad-l eaved species, not by th e beech 
species as would normally have been expected , simply beca use of the 
pronounced differences that exist in dispersa l ra tes between these two 
groups of species. The podocarps and their associa ted pecies could 
enter rapidly by wind a nd bird di sp ersal of seed, the beech species 
migrating slowly by gravity fall or wa ter ca rri age of seed . The replace
ment of podoca rp forest by beech forest, since then, has been slow 
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because of intense compet1t10n in the lowland zone through which the 
beech species has to pass, and because, during the period of the climati c 
optimum, regional climates more strongly favoured the podoca rp fo rests. 
At this tim e, the advancing beech fo rests may even have been fo rced into 
a temporary retreat. The re ult of all th ese things is tha t, today, in the 
upl and vall ey o f central W estland, the fo rests a re kamahi -rata forests 
(with a diminishing podoca rp element ) even th ough present day con
ditions wou ld appea r to be most suitabl e for beech forests. 

M any other exampl es could be given, particula rly from th e forests 
that lie a long th e ea tern fl a nk of the Southern Alps. The main point to 
note is tha t vegeta tion patterns, as we know th em, or ra ther as they were 
befo re the a rriva l of man, were not a lways attuned to present environmen
tal conditions, because these conditi ons had themselves undergone such 
frequ ent and rapid a lterati on. V egeta ti on adjustments and re-adjust
ments had inevitably lagged behind, the type of vegetation occurring in 
any one place depending as mu ch upon such fac tors as th e accidenta l 
survival of eed sources, the time availabl e for the migration of species 
a nd plant associat ions, and methods of m igra tion, as upon the int ri nsic 
na ture o f the site. 

In other words, th e very common assumpti on that the native vegeta
ti on, as it was before man interfered with it, was a stable vegeta tion 
existing in a sta te of harm onious ba lance with the phys ica l factors and 
forces of the environm ent, is pa lpably erroneous. Even in some of its 
broad est features, as indi ca ted , the vege ta tion was climati ca lly out of 
phase to a greater or !es er extent. In deta il , many changes were in 
progress in response not onl y to the major climati c events of the past 
but a lso in response to the m inor cl imatic flu ctuations of more recent 
times. Present trends in forest composition consequent on the minor 
climati c va riat ions of the past thousand years have been described else
wh ereC2) and I will make no a ttempt to recapitul a te deta ils. I would 
add, only, tha t in add ition to climatic changes, major and minor, abnor
mal ca tastroph ies have also played a signifi ca nt p art in the evolution 
of present-day vegeta tion pa tterns, the most notable, of course, being 
the volcani c catas trophies experienced over much of the orth Island, 
though abnorm al storms and ea rth movements have locall y been 
significant fac tors elsewhere. 

The Influence of Man on the V egetation 

It is aga inst this background of natura l environmenta l and vegeta
tional instabi li ty th at th e impact of man on th e vegeta tion must be 
assessed. There can no longer be any doubt bu t that Polynesian man, 
from the time of his first a rriva l in the country, was responsible for the 
destru ction of very la rge a reas of fores ts by fire. In eastern South I sland, 
however, we can ra rely be sure to what extent the replacement of forest 
by grassland, in M aori times, was entirely due to fire. Over much of 
the area affected, parti cul arl y in the case of the old inland and upland 

(2) H olloway. J . T .- Forests a nd Climate in the South I sla nd of New Zea la nd. 
T ra ns . Roy. Soc. N.Z. V ol. 82, p. 329. 1954. 

19 



L 

matai and totara fo rests of Ca nterbury and Otago, the clearance of the 
forest was so complete, there is so little evidence of any trend towa rds 
forest regeneration, and there are such strong indi ca tions tha t present 
climates lie beyond the tolerable range of the destroyed forests, tha t we 
must suspect th e operation of predisposing cl ima ti c fa ctors. In other 
word , a trend toward repl acement of th ese fo rests by grassland , or per
haps by forest of a more xerophyti c type (beech forest ) a lready existed. 
It is only in a few p laces of above average ra infall , where loca l tempera
ture regimes are a lso favo urabl e, tha t there is any indi cati on tha t fo rest 
of the old type could redevelop. 

Where beech fo rests were d estroyed in pre-Europea n times, regenera
tion was usuall y rapid and compl ete wh erever seed sources survived th e 
~res. This is clearly shown in the case of the extensive pole beech 
lorests, with subsoil charcoals, of ma ny North Canterbu ry mountain 
valleys. Seed ources, however, did not a lways sUJv ive and, over wide 
areas, the beech forests were a lso repl aced by grass land . With respect 
to the grasslands, we do not know how widely or frequently these were 
burnt. We can only assume that, wherever forest was d estroyed by fire, 
very great a reas of th e more readily infla mmable tussock grassland were 
also burnt. 

The exact amount of South I land mounta in country affected by 
fire in pre-European times is likewise not known but the limits of the 
area affected were more or less those of the occupi ed high country of 
today. This means only tha t a ll fires, accidental or intentiona l, usuall y 
stopped short a t about the sa me point no matter by whom they were set, 
by Polynesian man or by Europeans. T he single majo r exception to 
this genera l rul e, covering th e case of th e pole beech fore ts a lready 
mentioned, is only an apparent exception beca use most of these fo rests 
lie within the limits of the occupied high country or border it. In 
parenthesis, it may be said here th a t, contrary to popula r opinion, the 
extent of mountain-land fo rest d estroyed in European tim es, in compa ri 
son with that destroyed a t an earli er da te, was not very great. Much 
of it was, moreover, pole beech forest or crub fo rest, itself of fire origin . 

Beyond the limi ts of the South I sland occupied high count ry, traces 
pf ancient fires can rarely be pi cked up, a nd in a lmost every known 
lnstance it is clear that the a rea affected was very sma ll. There may 
have been larger conflagrations but, if so, the e were so long ago tha t all 
consequent fire patterns in the vegeta tion have been eliminated . In 
the orth I sland mountain fores ts, on the oth er hand, sign of fire is 
much more frequent and extensive though it is genera lly diffi cult, if not 
impossibl e, to distinguish between fires of ea rly human origin and those 
of natural (volcani c ) origin . Fire pattern definite ly ascribable to human 
agency are, however, locall y traceable in many p laces, e.g. in the U rewera 
county, about the Inland Patea, a nd in the forests of the northern 
T ararua range. The very extensive manuka and kanuka crublands of 
the mounta in country to the east of the Inla nd Patea, as elsewhere in 
central North I sland, a re probabl y of mixed origin, both M aori fires a nd 
volcanic ca tastrophies being involved. 
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There were probably other ways by which man modified or disturbed 
the mountain-land vegeta tion in pre-European times. Thus both the 
introduction of th e na tive ra t and the extermination of many species of 
birds undoubtedly had some effect, but these must remain matters for 
pure specula tion. We will never know the fa cts. All that we can do is 
to keep such possibilities in mind . Fire must, however, always have been 
the principa l fa ctor on th e modifi ca ti on of vegetation patterns and, 
concerning fire, the most important points have already been noted, 
namely, tha t the old patterns des troyed or modified by fire were them
selves unlikely to have been stable patterns, and that the effects of fire 
were felt most drastica ll y over tha t extent of country now known as the 
occupi ed high country. 

The story of European t ime is too well known to need reca pitula
tion. Summarising, we may note the rapidity of occupation of the east
ern South I sla nd mounta in country from about th e year 1855 onwards. 
This was necessaril y accompanied by a prodigal use of fire in the clear
ance of rank growth, a great pa1< of the country, judging from early 
descriptions of the height and d ensity of the plant cover, not having been 
touched by fire for centuries, parts of it possibly having esca ped pre
Eu ropea n fire a ltogether. The use of fire then became tradi tional and 
this traditiona l frequent use o f fire in pas toral land management con
tinued for more than fifty yea rs, this a lso being the period over whi ch 
sheep numbers cli mbed to a maximum because of a lack of suitable 
outlets for surplus stock. D epletion of the grassla nds was consequently 
severe and this led, in turn, to the invasion of most of the high country 
by rabbits and therefore to continuing depletion despite a steady reduc
tion in both tock number and in the use of fire. And, fin ally, this was 
a lso th e period of the introduction and spread of many species of game 
animals, deer, chamois, th ar and the like, other introduced animals such 
as goats, opossums, hares and pigs a lso contri buting, widely or locally, 
towards th e general rapid modifi cation of the vegetation . 

It was, in fa ct, a period of such profound and rapid change, conse
quent upon the operation of so many new fa ctors at such varied levels of 
intensity and in so ma ny permutations and combinations, that a ll details, 
both of the vegeta ti on as it was and of the stages of modifica tion through 
whi ch it has passed, mu t forever remain obscure. And now, today, 
consequent upon the stri ct control of fire, control of rabbits, the partia l 
replacement of sheep by ca tt le, and oversowing and topdre ing, a fresh 
series of changes leading to the development of still new patterns of 
mounta in-l and vegeta tion, has begun, the furth er modification of the 
vegetation beyond th e limits of the occupi ed high country, by introduced 
wild anima ls, continuing apace. 

Conclusion 

In effect, the situa tion can be summed up in one word . It is a word 
tha t has, perhaps, been used too frequently already but it is the only 
a pp ropria te word . The situa tion is complex. It is complex in broad 
outline and it is just as compl ex in deta il , for when we come to the study 
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Block-faulted, tilted, schist uplands in central Otago. Rainfall less than 20in 
in valleys, rising to 50in plus at higher altitudes. Once forested at least in part 
but these forests were destroyed long before the arrival of Europeans. Th e 
grasslands severely depleted by fire, and past overgrazing by sheep and rabbits 
but now responding favourably to rabbit and fire contro l and improved stock 

managem ent. Primary object of managem ent-pastoral production. 

Solid rock highlands in western N els on. Rainfall I 50-200in. M oder ate to slight 
erosion risk. R ed, silver and mountain beech fores ts and extensive alpine grass
lands largely of unpalatable species. M oderate past grazing by sheep and, in 
the valley, by cattle but no current pastoral occupation. Primary object of 

management-control of water yield for hydro-electric generation. 

Four of the many classes of mountain-land are shown m these illustrat ions. I t would 
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Recently uplifted alpine schist highlands in central W estland, the schists 
m erging into greywacke towards the main divide. Rainfall !OOin plus along the 
foothills , rising to above 300in per annum in the river headwaters. Kamahi-rata 
forest , wit h some podocarps at low altitudes, in early stages of modification by 
red deer and opossum. R ecently-killed rata are conspicuous on the mid-slopes. 
D epletion of the sub-alpine scrub/and and alpine grasslands by deer, chamois, 

and increasingly, thar. Primary object of managem ent-river control. 

Greywacke country in 
Canterbury. Rainfall 50-
BOin with heavy winter 
snow, severe frost action 
and severe wind expo
sure. The greywacke is 
intensely fault ed and 
shattered and is overlain 
wit h deep unconsolidat
ed deposits of erosional 
detritus. Soils wind
deposited and unstable 
without a protective 
mantle of vegetation. 
Forests, mountain beec h, 
burnt in Maori times 
and again in European 
times. Grazed by sheep 
and rabbits for 60 years 
and today by deer 
chamois and hares. 
Primary object of man
agement - wat ershed 

repair. (P hotos: J . J ohns, N.Z. Forest Service. ) 

e been just as easy to have chosen 400, each illustration a distin ct complex of watershed 
problems. 23 



of individual land management units, be they river, catchments or high
country sheep sta tions, we soon discover an infinite number of va ria tions 
on the themes I have already outlined. 

There are, in fa ct, no two mounta in-land m anagement units tha t 
present precisely the sam e set of ma nagement problems. As soon, there
fore, as we begin to discuss management, or future management possi
bilities, whi ch we are co mpell ed to do beca use of increas ing pressure on 
th e mountain lands, we must avoid all generalisa tions. If we a re to 

make any progress at all, each case must be considered entirely on its own 
merits, with a full apprecia tion of a ll fa ctor involved- the geologica l 
character of the country to the extent tha t this dictates ac tual and 
potenti al rates of erosion; climati c and soil fa ctors to the extent tha t these 
affect both rates and haza rds of erosion and th e capacity of the vegeta
tion to respond to va rious management practices : the vegeta tion a nd the 
histo1y of the vegetation with parti cul a r reference to points of weakness 
and to trends in condition and composition : the a nimals present, their 
requirements and probable future trends in popula tion levels: and, finally, 
man and his requirement , long-term and short-term , compatible and 
incompatible. 

The compl exity of mounta in-la nd is ues, the teady growth of con
fli cting pressures on th e mountain lands, and the need to avoid all 
genera lisations, these are the thoughts I would leave to you. If these 
points are not widely apprecia ted, d eci ions can go, as a lready remarked 
to the most vociferous irrespective of the rights or wrongs of their case. 
The immedia te requirement in mounta in-land management, in New 
Zealand, is extreme caution. We ca n no longer afford to proceed by tri a l 
and error. Mistakes in mounta in-l and management can ra rely be 
rectified. 

RESULTS OF RESEARCH PROJECTS 
It is the poli cy of th e Committee of M a nagem ent of the Institu te to 

ponsor a nd to as ist fina ncia lly projects connected with the under tand
ing and improvement of tussock grasslands and mountain lands which 
might not otherwise be ca rri ed out. Up to the present twenty-three grants 
have been made to thirteen individuals or institutions and a to tal of 
£ 6,450 ha been a ll ocated in the pa t four yea rs. Six of the project 
have been completed and full reports made to the Institute. In each 
issue of th e R eview we prc pose to include accounts of some of these 
completed reports. 

MANUKA (L eptospermum scoparium ) AND KANUKA (L. ericoides) 
IN OTAGO 

( For a descripti on of the two species see R evi ew No. 5, eptember, 
1963.) 

Miss Juliet Burrell , who travell ed 5,000 miles in making her studi es, 
se t out to map the present distribution of both pecies, the fa ctors most 
likel y to be controlling their occurrence and the rela tionship between 
the manuka and kanuka communi ties a nd the o ther vegeta tion types of 
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the Otago area. The results of the su rvey and conclusions arrived at by 
Miss Burrell a re given in summ ary form. 

The youngest ages of fl owering recorded were four years for manu ka 
and seven years for kanuka. Both species are pollinated by a vari ety of 
insects and are self-fertile. This means tha t, potentia lly, a new area ca n 
be colonised by one plant. K anuka sheds its seeds annually in April
M ay. Although some manuka seed from the current season's fl oweri ng 
is ripe as earl y as March, it does not norma ll y shed its seed annually. 
The seed remains in the cap ul es on the tree for a number of year and 
can survive the passage of fire through a sta nd . The ca psules open 
a fte r environm enta l hocks such as severe frost, fire and an at tack of 
" blight." 

Seed of both species is dispersed by wind and water, and it is a lso 
readi ly transported by man and animals. In both pl an ts, seed germinates 
within two or three weeks o f being shed and rare ly gives more than 
20 per cent germination . 

In genera l, where the ra infall is over 30 inches a year, undisturbed 
manuka and kanuka a re d isp laced by forest if seed of forest species is 
availabl e, but where the rainfall is under 25 inches they will persist as 
a s table climax assoc ia tion. Wh ere the rai nfa ll is less than 20 inches, 
both species may be found but onl y where there is a reasonable ground 
water supply. 

Either species may occur in a particular loca lity. Where both are 
present, kanuka succeeds manuka by overtopping it and suppressing it. 

At the time of sett lement in Otago the pattern of di st ributi on of 
both species a ppea rs to have been incomplete. This is attributed to low 
migration by seed di persed by wind and water following the pre
European destruction of forest and shrubl and, and th eir failure, in the 
absence of grazing and browsing anim als, to compete with tussock gra ses 
a fter fire. Though both species have spread considerably since sett le
ment, the pattern of distribution sti ll seems incomplete. Wh ereas burning 
in the early period of settlement favoured the tussock gras es, today it 
favours manuka and kanuka, especially th e former. This is because 
grazing after burning keeps the tussock ca nopy open for suffi cient time to 
al low the shade-intolerant manuka seedlings to es tablish . Repeated 
burning and heavy grazing pressure resulted in con iderable spread . 

The fa ctors which restri ct di stribution today are: 
a. Frost. Manuka may be killed by severe frost . 
b. Altitude. Both species have a common altitudinal limit of about 

3,250 feet but in most a reas it i severa l hundred feet less than this. 
When approaching the limit, plants a re confined to northerly faces. 

c. R ainfall. With less than 20 inches per annum , pl ants occur onl y in 
sites where water is readily ava ilable such as crevices where rocks 
concentrate the water. 

d. Excessive soil water. K anuka will not tolerate this but manuka does. 
e. Burning. In most parts of Otago, burning on tussock country is 

permitted only in July, August and September. This means that 
manuka seed is immediately ava ilable in the burnt a rea from the 
scorch-resista nt capsul es while kanuka does not become ava il able 
unti l th e fo llowing autumn and then has to blow into the burnt 
area. R epeated burning thus reduces kanuka in favour of manuka. 

f. Blight. This sca le insect is present in nea rly a ll loca liti es and except 
near the a ttitudina l limit is reducing manuka. K anuka i resista nt 
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and thi s fact tends to has ten th e replacement o f manuka by kanuka. 
(At pre ent the fungus attacking the cale insect does not seem to be 
present in Otago.) 

g. Competition with tussock. Except where burning is practised , 
neither species appears to be a ble to compete successfully with tus
sock grasses and in parti cular with red tussock. Competition with 
fescue tussock may be p a rtly responsible for the finding o f both 

species only on unny fa ce wh en near the a ltitudinal limit. 

INSECTS OF TUSSOCK GRASSLANDS 
Mr Graham White spent over 18 months making a survey and 

investigation of the insect faun a as ociated with some tussock grasslands. 
Included in the study were a reas a t Dunback, the Mackenzie Country 
and Porter's Pa s, but most of th e work was done in the Cass distri ct 
which was considered representative of tussock grass lands generally and 
also potentially. It is in a medium rainfall zone; it afford continuous 
grass land cover over a range from 1,900 feet to 4,500 feet; both tall
tussock and low-tussock a sociations are present and incl ude four of the 
five commonest species of tussock; the low-tu . ock association exists as 
both improved a nd unimproved grass land a nd parts of the la tter are in 
various stages of deterioration. 

T o make the survey comprehensive, diverse trapping procedures 
were used designed to account for aeri al populati ons as well as insects 
inhabiting foli age, litter and th e soil. The traps used were grease cylin
der , a grea e-table, wind nets, a hand net, pitfall s and damp ack . Addi
tional coll ecting procedures were sieving of oil samples, hand sea rching 
of pl ants and so il , coll ecting of tu ock sa mpl es for insect emergence and 
rearing of immature insects. 

Animals per isted in interfering with the resea rch designed pa rtl y 
for their benefit. Cattle broke light traps, rubbed the grea e off grease
cylinders, uprooted damp sack , un ove red pitfalls and ate the nylon of 
a wind net. 

The tota l number of insect coll ected a nd identified wa a bout 
100,000 con isting of over one th ousa nd sp ecies. The results indicate 
that the insect fauna associated with tussock grass lands is both diverse 
and extensive. 

Although ome of the spec ies have only an indirect association with 
the grass land , the majority are, in effect, directl y associated either as 
plant and carrion feeders or as paras ites and preda tors. Although the 
range of species may differ from one gra sland to another, it is likely 
that the same orders and famili es (a nd even certain genera) whi ch are a 
fea ture of the Cass fauna also characteri e th e fauna belonging to oth er 
areas. 

Since little is known about the precise ha bits of many of the in ect 
species occurring in the tussock, their likely economi c importance is 
difficult · to estimate. As the major purpose of the investigation was sur
vey, little time was ava il able for study of deta il ed life hi tories and 
habits. However, mu i:':h was lea rned about the rela tive abunda nce of 
many and by taking account of previous information relating to habits 
and distributi on, Mr White has attempted to eva luate the economi c 
significance of some of the more important species. In his report he 
provides lists of these under th e headings of leaf a nd stem feeders, seed 
feeders, and root feeders. His insect collecti on has been depo ited a t 
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Lincoln Coll ege a long with his full report which will be ava il abl e to 

anyone doing further research in thi fi eld. 
The Institute hopes tha t other students will foll ow up this work 

with deta il ed studies o f the pecies o f economi c importance with a view 
to finding m ethods o f control. 

INFILTRATION IN MOUNTAIN SOILS 
Mr A. G. Gillingham made a s tudy of the infiltra tion properties of 

a steepl and yellow-brown ea rth under diverse conditions of vegeta tion 
nea r Porter's Pas , Canterbu ry, a t an a ltitude of nea rly 3,000 feet. H e 
worked on three adj acent a rea of contra ting vegeta tion types wh ich 
had resulted from different graz ing trea tmen ts o f wh a t was origina ll y an 
a lmost pure stand of broad-l eaved snowgrass ( C hionochloa fla vescens ) in 
an endeavour to assess the potentia l hazard of each area to erosion 
by surface run-off . The slope is about 25 degrees and the ra infa ll about 
50 in che. 

On one side o f a fence is ta ll snowgrass which has had very littl e 
graz ing and approaches virg in condition; on the other side the a rea has 
been grazed regula rl y for the bes t p a rt o f a centu ry. Consequ entl y,. the 
tu ssocks have diminished and have been replaced by variou introdu ced 
and na tive pl ant of whi ch the commonest a re browntop and ma tagouri . 
In th e grazed area a portion, one squa re chain in area, was in 1948 fenced 
by the North Canterbury Ca tchment Boa rd agai nst grazing by sheep. 

atura l reger:cra tion has proceeded unchecked (except by hares) since 
tha t time with the result tha t spea rg rass ( A ciphylla colensoi ) , Draco
phyllum acerosum , and snowgrass have become abundant. Deta iled 
botanica l surveys o f each site were made. 

Using a N orth Fork in fi ltrometer specia ll y constru cted by the Minis
try o f Works, Christchurch, water was applied to three ites on each a rea 
as simul a ted ra infall a t a uniform constant ra te in exce of the soil 
infiltra tion capacity. The surface run-off was collected in a tank in whi ch 
the depth was read to one-hundredth of an inch. Appli cations of water 
were mad e on the ex is ting vegeta ti on and also a fter the vegeta ti on had 
been clipped to a he ight o f two to three inches and removed . (Clippings 
were dri ed and weigh ed. ) 

As the relative infiltra ti on rates of wa ter in to different soil s is a soci
a ted with th eir phy ical cha racteristi cs the following soil physica l proper
ti e were assessed: prima ry p a rti cle size and aggregate size distribution, 
aggrega te sta bility, porosity, bulk d ensity, and antecedent moi ture con
tent . Of specia l interes t here was the difference in aggrega te size 
distribution between the grazed and regenerated a reas indi ca ting tha t th e 
period of retirement from grazing has had a benefi cia l influence on the 
o il aggrega tion. Comparison of the grazed and snowgrass a rea indi cated 

a lso tha t grazing, w ith its accompanying reduction in vegeta tive cover 
and remova l of litter, appea rs to have brought about a decrease in the 
number o f la rge aggrega te and a corresponding increa e in the propor
tion of fine material, esp ecia lly in the top-so il. 

The report on the proj ect provides a mass o f figures of interest to 
resea rch workers and helpful uggestions for anyone undertaking simila r 
work. The results indi ca te tha t retirement from grazing for fifteen 
years and a llowing the vegeta tion to regenerate, h ave improved the 
soil infiltration properties as compared with those of a continuously 
grazed a rea, but not yet to the extent tha t they a re in as favourabl e 
condition as in the adj acent ungrazed a rea o f snowgrass. 
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FURTHER NOTES ON ELECTRIC FENCING 
L. H. Weston 

(Farm Advisory Officer (Farm Machinery ) Department of Agriculture, 
Dunedin) 

Since the writing of the Institute's specia l publi cation No. 3 " Elec
tric Fencing," some new techniques and equipment have been developed. 
Continuing experience has brought changes and improvements to those 
used in the past. 

The foll owing comments are a ummary of present recommendations. 

( I ) Types of Fence 
(a ) For sheep only. Six wires, a ll of 12Y2 gaug.e high tensile wire, 

spaced from the ground surface 5in, 5in, 5in, 6in, 7in, Sin . T otal height 
3 feet. Use 5ft 6in (whe re possibl e ) waratah-pattern sta ndards or light 
posts. H ave alternate wires earthed a nd live with bottom wire earthed , 
top live. 

(b ) For sheep and cattle. Seven wire - bottom six wires of 120i 
gauge high tensile wire, top wire of 12 or 14 gauge barbed wire. Wires 
spaced from the ground surface 5in, 5in, 5in, 6in, 6in, 7in, Sin . T otal 
height 3ft 6in. Use 6ft (where po sibl e ) waratah-pattern sta ndards or 
light posts. Alternate wires earthed or li ve with bottom and top (barbed ) 
both ea rthed . 

Six or seven wires, instead of th e once popula r five, ma ke a better 
physica l barrier of a fence whi ch is still chea p. A strong, substanti al 
fence saves a lot of ma intenance. 

Barbed wire is more easily seen than pl ain wire by ca ttl e. 

(2 ) Individual Insulators or Bracket and Chain 
(a ) Individua l polythene insul a tor ("Bea tti e," "Willia ms," " Sta fix" 

brands or short length s of polythene pipe ) a re chea per than porcela in a nd 
are more reliable in seve re frosts. If crossing ground with shallow soil 
over rock, standard ca n be sho rtened by cutting off the bottom to bring 
the bottom wire to a co rrect height above ground surface. Side stays 
may be neces ary fo r short standards. 

( b ) Bracket-and-cha in assembli es a re adjusta ble fo r height. They 
are suitabl e fo r less-permanent fences. They a re more expensive th an 
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RECOMMENDED TYPES OF ELECTRIC FENCE 
28 



( c) Cost comparison. 

6ft B.H.P. "waratah" 
(5/ 4 ea.) plus bracket 

Total cost of 

6ft B.H .P. "waratah" plu three separate 
polythene insulators 

Bracket 
brand 

Allways 
Arcrite 
Barrier 

(standard ) 
(alternate 
earth ) 

Speed rite 
(sta ndard ) 

1 
( two phase ) 

standard and 
assembl y 

13/8 
12/7 

13/ 10 

13/8 

11 / 10 
c. 13/-

Insula tor brand 

Beattie ( 1/ 7 ea. ) 
Sta fix ( I / 7 ea. ) 
Williams (c. 8~d ea. ) 
Homemade from 
split 4in lengths of 
Y2 in high density 
polythene pipe using 
l 2g so ft wire to 
tie-on. 

Total cost or
tandard and 

three insulators 

10/ 1 
10/1 
7/5~ 

6/ -

If 5ft 6in " wara ta hs" are used instead of 6ft, subtract 3d. per assembly. 

( 3) Controllers and E lectrical Source 
An electri c fence system needs: 
A ource of power ( mai ns electri city; wind-driven generation, or 

daylight cell ) . 
A storage device (wet or dry batteries-none required with mains 

electri city). 
A controller, to give a periodic hock. 
(a ) A mains unit is effective, reliable and strongly recommended 

for use whenever possibl e. There is no need to erect feeder power lines 
(at a possible cost of £800 per mile ) to the fence if remote from a 
power ource. A 14-gauge lead-in wire can be ca rri ed on in ulators fixed 
to existing fen ceposts for several miles from the present source to the 
new fence. Th is lead-in could be used to serve several other fences. 

( b ) Other types of controll ers and chargers curren tl y ava il able: 
( i ) 6- or 12-volt wet battery and ordinary sem i-mechanica l controll er. 
( ii ) 12-volt wet battery and low impedance transistor controller (very 

satisfactory ) . Two separate shock sources a llow ome wires to 
ea rth without affecting others, when live wires are on sepa rate 
insul a tors. 

( iii ) 9-volt dry battery ( 6 telephone cells ) and controller. Eight months' 
continuous service is possible. Satisfactory where insul a tion good 
( fence well made; no touching vegeta tion ) . 

( iv ) Solar cell (daylight activated ) charger with batteri es lasting many 
yea rs ( littl e m aintenance needed ). 

( v ) Wind-powered generator ( two makes ava ilable ) each coupled to a 
wet battery and semi-mechanical or transistorised controll er. Bat
teries require occasional a ttention. 

(vi ) Phillips' type. Thi unit of which the mains electri ci ty operated 
unit will shortly be pl aced on th e market has some novel features. 
A di agram of its principle is shown. 
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PRINCIPLE OF THE PHILLIPS ELECTRIC FENCE 

There are no work ing parts and the va lve life is expected to be many 
years. The ize of the mains units is about 7Y2 in x 5 in x 3Y2 in . 

A number of spectacular demonstra tions of an experimenta l model 
seemed to show no need fo r in ul ation of the " live" wire at a ll and even 
substantial shocking power without direct contact. This effect was due 
to the very high voltage output of the model (some three tim es tha t of 
a norma l electric fence) being grea ter tha n the a bility of a weak earth 
contact (vegeta tion; wire lyi ng on, or even in, so il ) to transfer th e charge 
insta ntaneously to earth and thus neutra li e it . This system is effective 
without insul ators for fence lengths up to about half a mil e but, of 
course, with an insulated fence of greater length gives a n outstandingly 
severe ( but non-fata l) shock. The power dra in i higher than fo r a 
conventiona l unit but the lack of insul a tion needed fo r short lengths of 
fence and the strength of its shock make it economi ca l. A battery
opera ted unit is being developed. 

CORRECT THREAD ING OF GALVANISED WI RE 
30 



(4) Notes on Fence Construction 

(a ) Five mil es of fen ce seems to be the practical I imit one electric 
fence unit can be expected to liven effectively. 

( b ) It is very important to have a well-ground ed earth wire the full 
length of the fence. It is preferable to tie earth wires, parti cularly the 
bottom one, to standards with 12- or 14-gauge wire for good ea rthing but 
if threading wire, pull it, if possibl e, through the smooth side of the 
holes in standards and Beattie insul ators to reduce the stripping of 
ga lvan ising from the wire. 

( c ) Chain a nd insu lator tie-downs are valuabl e for gullies and dips 
in hill country but where a number of such tie-downs a re necessary, every 
third one should be a "waratah," tied down, to give rigidity. 

( d ) Permanent tooth ed reel strainers should be used on a ll wires to 
keep them tight. If sheep can get th eir heads through eas ily, they feel 
no shock through their wool. 

( e ) Stra iners and corners must be of very good quali ty to keep 
tension in th e wires. 

( f ) Ample cut-out fu ses should be used to make trouble-finding 
easier. Thi s is very important where older-type bat tery units are used. 

(g ) At ga teways, use insulated wire o f 1/ .044 TPS grade ( l wire 
44 thousandths of an inch thi ck with tough plast ic sheath ) buri ed one 
foot below ground surface for connecting th e electri c fen ce on either side. 
Preferably use stainless steel wire for earthing. 

(h ) Since a ha lf-hundredweight coil of 12Y2-gaugc wire is about 3:3 
chains in length, ha lf thi s or 16 chains is a convenient length for a stra in . 

( 5) Costs of Fences 

M ateria ls onl y, per mi le 
( a ) H omem ad e polythene insul a tors 

on 6ft "waratahs" seven wires, 
top barbed 

( b ) "Speedrite" standard bracket 
assembli es on 6ft "wa ratahs," 
seven wires, top barbed 

Flat and easy 
Country 

£ 162 

£230 

Hill Country 

£ 184 

£267 
( less £ 15 for shee p on ly- no barbed 

wire) 

( 6 ) Specification for one mile of fence 
( i ) "Fla t and easy country" : 6 strainer posts, 4 corner posts, 283 

"waratahs," 5 whole-standard tie-downs, 10 ha lf-standard tie-down , 6 
yard stand ard spacings. 

(ii ) For "hill country": 6 stra iner posts, 8 corner posts, 208 
"waratahs," 10 heavy tic-downs of "waratah" a nd chain, 10 tie-downs 
of half "waratah" to "waratah" standard, 30 tie-downs of half " waratah" 
to chain. 

Average transport costs for farm s 50 miles from ma in centre would 
be about £20 per mile of fence. 

Average erection cost by contract fencer about £80 per mile. 
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PLANT INTRODUCTION AND TESTING FOR THE 
TUSSOCK GRASSLANDS AND MOUNTAIN 

LANDS 
In Review No. 7, September 1964, we reported on a semina r ca lled 

by the Institute to discuss the introduction and establishment of grasses 
into tussock grassland. The seminar requested the Institute to ca ll a 
further meeting to go into the deta ils of a re earch programme of plant 
introduction and tes ting for the tussock grasslands. The meeting was 
held in August 1964 and after a day's discus ion by representa tive of the 
Departments of Scientific and Industria l Research and of Agriculture, 
the New Zealand Forest Servi ce and Linco ln College, et up a committee 
of six to continue inve tigations a nd to produce a report for submission 
to interested organisa tions. 

The report which fo ll ows has the general ap prova l of the participants 
but does not necessa ril y commit the orga nisa tions concerned . 

A. ( 1) OBJECTIVES 
Since 1910, many hundreds of species and strains of grasses and 

legumes and some other herbs have been introduced and tested in some 
way as to their sui tability for u e in tussock gra lands. Work was 
concentrated largely on the depleted areas in the semi-arid region. 

With the passing of the Soil Conservation a nd Rivers Control Act in 
1941 and the subsequent establishm ent of Catchment Authorities from 
1944 onward emphasis has been placed on the need for revegetating 
depleted and eroded tussock country. Out of the va t amount of 
uncoordinated and often uncompleted testing work has come little pub
lished material which would point the way to action on the more difficult 
sites. Failure to achi eve conclusive results in most cases was due to such 
fa ctors as the presence of rabbits, lack of efficient sod-seeding machinery, 
lack of knowledge of nutrient deficiencies, and inabi lity to control 
grazing so as to permit establishment and reseeding. The provenances 
of many of the species and stra ins used were unknown and detailed 
records of performances and final assessment are rare ly available. In 
nearly a ll trials inadequate p rovis ion was made for supervi ion and 
recording, and time was not a llotted specifically for writing up co
ordinated accounts of the results. Support was forth coming for initiating 
but rarely for completing projects. 

In spite of the many difficulti es, certa in species can be recomm ended 
for use now on the more favourable sites and methods of establishment 
and ferti liser requirements are rea onably well known. Some at least of 
the species have possibilities for use a t higher altitudes and on unfavour
able sites (e.g. cocksfoot, Dactyl is woronowii, improved strain of tall 
oat-grass and of ta ll fescue, species of Agropyron and white and alsike 
clovers ). 

It is highly desirable that a comprehensive, coordinated research 
plan be implemented to explore th e possibilities of species already avail
able in the country and of promising introductions not previously 
available or not satisfactorily tested . Any scheme of plant introduction 
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must take cognizance of th e dangers of indi scrimina te introduction and 
make provision for conscienti ous screening of species before release for 
trial in the field. 

Two needs mu t be kept in mind, first that there is a demand for 
increased production from the tussock country and this stresses the need 
for con idering grazing va lues, and second, there are areas where the 
need is solely for protection for soil and wa ter conservati on. 

(2 ) PRESENT ACTIV IT IES 

(a) Forest and R ange Experiment Station, New Zealand Forest Service. 
( i ) Woody p lants. Selection and testing of the most promising 

species and provenances of exotic woody plants previou ly tested in a 
preliminary way at high altitudes fo llowed by large-sca le tria ls of a 
limited number of species shown to have high potent ial. 

(Under this la tter head come Alnus viridis, European larch, Pinus 
sylvestris, P. contort a, Picea engelmanni, P. glauca, P. montana.) 

( ii ) Grass land species. Collection, storage a nd treatment of seed 
of plants of the a lpine gras lands. Use of ti ll er tran plants. Broadcasting 
of seed of grasses a nd legumes on screes, bare sub-soil and depleted 
swa rds. Ti ll er transplants of dune grasses on to moving scree. 

( h ) Grassland Division, D.S.l.R. 
( i ) Pl ant introduction. The system at present opera ting provides 

for the introduction of species of grasses and legumes for the use of the 
p lant breeder who requires plant materia l from specific overseas loca li
ties and of the worker assembling a range of material on whi ch to base a 
selection programm e, and m ateri a l for workers a t substations where such 
is required for use in their own p arti cul ar p ro jects. 

( ii ) T esting. Introductions are subj ect to study a t Palmerston North 
or a t a ppropriate substa tions, e.g. paspalum at K aikohe and alsi ke in the 
tussock country. Promising material is ava ilable to the Lincoln sub
station for testing in the tu sock grasslands. 

( c) Crop R esearch Division, D.S.l.R. 
Testing of existing variet ies of lucerne in the fi eld m an a ttempt to 

find their a ltitudina l limits. 

( d ) Physiology Division, D.S.l.R., have int roduced a bout 80 species of 
North American alpine pl ants for testing in New Zea land high country. 

( e) Department of Agriculture 
Farm Advisory Divi sion- testing of several strains of cocksfoot in 

th e W aitaki and Waimaka riri Va ll eys. Soi l Conservat ion Service
introduction and testing of wi llow species. 

( 3) RESEARCH PLAN 

(a) Introduction 
It is high ly desirable tha t further introductions be made to enable 

the incorporation into existing grasses and clovers with potentia l for use 
in tussock grasslands, of genes for such factors as hardine s, winter 
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growth, a bi lity to fo rage for phosphate, ability to establish and grow 
at low pH. 

T o enable the maximum benefit to be obtained from future introduc
tions it is essent ia l tha t New Zea la nd should send collecting expeditions 
over eas. In additi on to selecting pl ants of species a lready used here, if 
they have the characters mentioned above, they should sea rch for species 
of grasses, legumes, oth er herbs a nd edible shrubs whi ch might have a 
place in the New Zea land programme. In the case of p lants a lready 
tried here, expeditions should remember tha t ava ilable provenances today 
may perform here very differentl y from those previously tried . 

( b } R e-assessment of previous introductions 
( i ) The records of pas t introductions should be assembled and 

ana lysed and species whi ch show high potentia l shou ld be further tested, 
using modern technique . If they fai l to establish and persist the reasons 
for fai lure should be full y documented . Ea rly inspections shou ld be 
made of trial a reas sown since 19 10 and materia l coll ected of species 
still persi ting. 

( ii ) A very few selected species from previous introductions, e.g. 
Agropyron spp ., Bromus inermis, B . carinatus, should be tri ed on p lough
abl e land on runs under conditions of high fertility a nd in conjunction 
with legumes in severa l climati c zones. It is possible tha t there may be 
stra ins whi ch ca n give a wid er spread of produ ction than the grasses 
now used . Immedia te act ion should be taken to obta in or produce seed 
in sufficient quantity for such tria ls. 

( c} Methods of sowing and establishment 
Old materia l being re-assessed and new introdu cti ons should be given 

every chance to es tablish (whether by sod- ceding or over owing ) by 
using the best techniques of inocula tion and pelleting. To ascerta in 
these we need a comprehensive program me involving testing of tech
niques o f pell et ing with lime a nd with fertili ser of both gra ses and 
cl overs. T esting ·of grasses a t the fi e ld sca le should be done in 
conjunction with legumes. 

Rhizobia for use in tussock grasslands are fa ced almost universally 
with low pH. Work should be a imed a t locating and electing strains 
of rhizobia wh ich can tolera te low pH and o ther adver e conditions. 

On badly depleted areas testing should include th e use o f annuals, 
incl uding a nnual clove rs, as a base fo r th e establi shment of perenni als. 

( c ) Introduction procedure 
O verseas materi a l consisting of grasses a nd legumes shou ld be 

imported through the Plant Introdu cti on Section of Grasslands Division, 
D.S.I.R. which has excell ent storage fa ciliti es for sma ll qua ntiti es of 
valuable materia l. Preliminary screening should be given a t Grass lands, 
Palmerston North or a t Lincoln or Gore. Any te ting on a fi eld sca le 
of pl ants passing the screening tests shou ld be ca rried out on sites in the 
tus ock grasslands, e.g. Pukaki out-sta tion (D .S.I .R. ) ; T ara Hills R e earch 
Sta tion; or selected runs. Pl ants surviv ing the tests wou ld be made 
availabl e to the p lant breeders for furth er work. 
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( e) Testing of indigenous species 
It is considered tha t there should be a programme of testing kno\rn 

strains of indigenous species such as Chionochloa spp., Agropyron scabrum, 
D eyeuxia avenoides, D. forsteri, Dichelachne crinita, Festuca matthewsii. 
The work should a im a t assess ing their suitability for both occupied and 
unoccupi ed land . (Species which might not prove suitable under grazing 
may have high conserva ti on va lue. ) 

( i ) Study of the eco logy and phenology of th e species selected (work 
has a lready been done on a few species) to discover site preferences, to 
determine fl owering and seeding behaviour and to ascertain management 
methods best suited to increase seeding and es tablishm ent at th e higher 
a ltitudes. 

( ii ) Establishment of a sma ll base nursery at Lincoln fo r the fur
ther compara tive study of species and to provide a source of seed fo r 
fi eld testing. 

( iii ) Investiga ti on of seed trea tments (e.g. the use of the ha mmer 
mill to remove awns ) to enable easier handling and sowing. Trials 
should be mad e w ith a very few promising species to invest igate the costs 
of p roducing seed co mm ercia lly and the problems of storage. 

(4 ) PARTICIPANTS IN THE SUGGESTED PROGRAMME 
The fo llowing a re a lready invo lved and are interested in conti nuing 

in research in the fi eld of pla nt introduction and testing for th e tussock 
grasslands and mountain lands: 

Botany Division, Grass lands Division, Pl ant Ph ys iology Division, 
D.S .I.R. 

Forest and R a nge Experiment Sta tion, N.Z. Forest Service. 
Lincoln C ollege-D epartments of Mi crobiology; Soil Science; Plant 

Science. 
R esearch Division, D epa rtment of Agri culture. 
Tussock Grasslands and M ounta in Lands Institute. 

Organisa tions likely to be interested in the progra mme largely 
because they are concerned with appli cati on of resea rch results a re: 

Soil Conservators of Ca tchment Authorities. 
Farm Advisory Divi sion, D epartment of Agri culture. 
High-Count ry Committee, Federa ted Farm ers. 
Pastoral Lands Offi cers, D epartm ent of Lands and Survey. 

( 5) PRIORITIES 
The committee thought it unwise to divi de th e proposa ls into separ

ate projects a nd a ttempt to suggest priorities. It felt that only th e 
necessary elements of a coo rdina ted programm e had been listed and tha t 
they should go forwa rd simulta neously on a broad front. 

(6) PROCEDURE 
In all discussions preceding the production of this sta tement it was 

assumed that proj ects will be carried out on a basis of full coopera tion 
between interested organisations. 
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For instance, the D epartments of Mi crobiology, Soil Science and 
Plant Science a t Lincoln College have agreed to pool their resources fo r 
work on the particular fi eld of introduction and esta bli shment of legumes 
into occupied tussock grasslands. The fac ilities they have for collec ti on 
and testing of rhizobia and fo r tes ting the quality of such things as 
pell eted seeds will be avail abl e to workers in the D .S.I.R. and Department 
of Agriculture. 

The New Zealand Agricultura l Engineering Institute will give a 
high priority to the development of improved sod-seeding equip ment so 
tha t seeding tria ls m ay be carried out under the best possible conditi ons. 

The Tussock Grasslands and Mounta in Lands Institute will assist 
with personnel, transport and contacts with runholders. T ogether with 
the Forest and R ange Experiment Station it will take a parti cular 
interest in the unoccupied land . 

Cooperation at the stage of individua l projects could be assured 
by the fo rmation of sub-committees which could be serviced where 
necessary by the Tussock Grass lands and M ounta in Lands Institute. 
Any part of a research pl an for introduction and test ing for the tussock 
grasslands should be embarked on onl y a fter assess ing the total agronomi c 
and other requirements until the completion of the project. The history 
of plant introdu ction fo r tussock grasslands is full of promising beginnings 
but even the compara tively well-supported experim ents a t T ara Hills 
seem to have fa iled to reach the desirabl e endpoint of firm recommenda
tions,. positive or negative. 

B. A RECORDING SYSTEM 
It would appear to be hopeless to a ttempt aga in to have established 

a central Plant Introduction Service fo r the introd uction of pl ants of a ll 
kinds. Nor does there seem to be much interest in the es tablishment of a 
Central R egister of Pl ant Introducti on even though thi s could be shown 
to be highly desirable. 

For resea rch workers it is es entia l tha t a regi ter be kept of a ll 
grasses, legumes, other herbs and woody pl ants introduced for testing 
in the tussock grasslands and mounta in lands. 

It is recommended : 
( i) That the present organisati ons concerned with these int rodu ctions 

continu e in their fields: Grassla nds Division- grasses and legumes; Forest 
R esearch Insti tute-woody plants, and th a t some organisation take 
responsibility fo r herbs (other tha n grasses and legumes ) and edibl e 
shrubs. 

( ii ) That these organisati ons should supply the requi site information 
to Botany Division, D.S .I.R. , Linco ln, to ena ble it to keep a register of 
introductions, records of perform ance, advice as to seed ava il able. All 
notifica tions of int rodu cti ons hould be accompanied by voucher 
specimens. 

(iii ) That evalua tion of species in prelimina ry screening should 
take note of such factors as: 
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a. Characteristics of growth habit. 
b. The nature of reprodu ction (e.g. sexua lly by seed, or a exua lly 

by rhizomes, stolons, corms, bulbs, suckers; ability to produce 
adventitious roots on broken stems ) . 

c. The nature of the fruits and their means of dispersa l. (Wh ether 
likely to depreciate wool, ca use mechanica l injury to stock or 
humans ). 

d. Whether there are any characterist ics whi ch could be of negative 
economi c importance. 

e. Palatabi lity. 
f. Botanical relationship with known weeds in ew Zea land or 

overseas. 
g. Whether, while a suita ble plant for a particular hab ita t, e.g. tus

scck grassland, a plant might have undesirabl e fea tures should 
it prcad to other habitats, e.g., fertil e fl ats. 

( iv ) That the Tussock Grasslands and Mountain Lands Institute 
produce a regu lar Newsletter summarising activities and preliminary 
results of plants being tested. This Newsletter should be di stributed to 
interested research workers in coopera ting orga nisa tions, e.g. Gras lands, 
Botany and Plant Physiology Divi sions and Soi l Burea u, D.S.I.R.; Forest 
and R ange Experiment Station, N .Z . Forest Service; R esearch Divi ion, 
D ept. of Agriculture; Lincoln College; M assey, Canterbury and Otago 
Universities. It should also go to interested soil conservators in Catch
ment Authorities a nd the D epartment of Agriculture; farm advi ory 
officers, D epartment of Agri culture working with runholders; pastoral 
lands offi cers, D epartment of Lands and Survey. Such a Newsletter 
should contain full detai ls o f fie ld tri a ls of new introduction . 

HISTORICAL SUMMARY OF INTRODUCTIONS TO 
THE TUSSOCK GRASSLANDS 

1910 
In January 19 10, A. M acpherson, Fields Instructor, Department of 

Agriculture, was sent by the Mini ster to investigate depletion of tu sock 
in the M ackenzie(ll. H e selected areas on which to conduct experimen ts 
with the growing of grasses and fodder plants " for revegetating the 
depleted country" and rabbit-fenced eight acres on Sawdon (Burnett ) , 
ten acre on H a l don (Pre ton ) and one acre on Simons Pas (Matheson ) . 
Twenty-seven species of grasses and fodder pl ants selected by A. H . 
Cockayne were sown in plots in O ctober 19 10. 

On Earnscleugh, Central Otago, an area was fenced and sown Ill 

November, 1910. Seeds sown in p lots were: 

I. Cocksfoot 7. Danthonia pilosa 
2. Poa pratensis 8. Prairie 
3. Chewings fescue 9. Lotus corniculatus 
4. Festuca duriuscula 10. R ed top 
5. F. ovzna 11. White clover 
6. F. rubra 12. Dogstail 
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I 3. Chi cory 21. Aira caespitosa 
14. Ya rrow 22. Sweet vernal 
15. Bromus inermis 23. Petroselinum sativum 
16. Sheep's burnet and s:iinfoin 24. Festuca hetero phylla 
17. M elilotus alba 25. Lucerne 
18. Anthyllis vul11 eraria 26. C hloris virgata 
19. T richoloena rosea 27. Poa colensoi 
20. T a ll oa t-grass 
(21 was omitted a t Ha ldon and Earnscleugh a nd 27 at Simon Pass 

and Sawdon.) 

Seeds sown in dr ills were : C hloris virgata, Festuca dum etorum, 
Phalaris canariensis, P. comm utata, Buffa lo grass, C hoetochloa caudata, 
Panicum plenum, P. bulbosum, Boutiloua cantipendula, B. oligostachya, 
S porobolus wrightii, S. cryptandrus, L eptochloa dubia. 

Mixtures were also sown, three p lots a t each site. 

Reports were made by fi eld offi cers a year la ter and by Macpherson 
in 1912 when he menti oned that in O ctober, 19 1 l , the fo llowing had 
also been sown: Agropyron scabrum, A. pectinatum, and Triodia nuda. 

In October, 1913, Macpherson (2) reported that there were 408 plots 
of grasses, clovers and deep-rooted p lants in the M ackenzie and Central 
Otago, that fi ve sowings had been made at Sawdon, H aldon and Earns
cleugh and two sowings were made at Whalesback. H e said th at spring 
sowings were better in the Mackenzie and autumn owings in Centra l 
Otago. Surface sowing was a "was te of money," cultivation was not 
much bette r if the seed were broadca t, but good results foll owed cultiva
tion and dri ll ing. 

Promising species were: T a ll oa t, Bromus inermis, cocksfoot, prairi e, 
white clover, lu cerne, burnet, chi cory, sain fo in, yarrow, Phalaris com 
m utata, Festuca dumetorum, ribgrass, Bokha ra clover, Agropyron repens. 

1911 
In 19 l l , A. H . Cockayne(3) drew attention to the widespread 

occurrence of Austra lian spiked blue-grass (Agropyron pectinatum ) and 
suggested sowing it on dry depleted fa ces. 

1920 
In 1920-21, L. Cockayne commenced his studies on the Northburn 

run. Seeds sown were: Browntop, catsea r, Chewing fescue, chicory, 
cocksfoot, Danthonia pilosa, dogsta il , L otus angustissimus, lucerne, Poa 
pratensis, perennial ryegrass, ribgrass, sheep's burnet, ta ll fescue, ta ll 
oat-grass, ya rrow, Yorkshire fog. 

Cockayne reported on the trials in 1922(4) as did R. B. T ennent in 
1935(5) but it is un fortuna te that no subsequ ent reports have been 
published . 

1921 
In 1921, F. E . Ward, Depa rtm ent of Agriculture, in cooperation 

with Canterbury College made sowings on unenclosed areas a t H aldon 
( 1200ft ) and at Mt. Possession (2000ft ) . In 1923 he reported (6) that 
success was obtained on shady fa ces sown on frost-cracked soil in Septem-
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ber, the most encouraging species being: Fog, cocksfoot and ya rrow; with 
white clover, burnet and Poa jJratensis in second place; fo llowed by 
lucerne and ta ll oa t-grass. H e pl anned to sow in spring of 1923: 

1924 

South African spp.: Jschaemum glauchtachium, Panicum maximum, 
P. laevi f olium, Pennisetum cinroides. 

Queensla nd spp .: Eriochloa annulata, Panicum ( 2 spp . ) , Setaria 
glauca. 

In 1929, R . M cGill ivray reported (7) tha t the areas a t H a ldon and 
Wh a lesback were still und er th e control of the Department of Agriculture. 
At H a ldon on the shady fa ce sown in 192 1 in spite of grazing all yea r 
round, cocksfoot, ya rrow, Poa jJratensis and some perenni al ryegrass were 
in good healthy cond ition. At Whalesback, white clover sown in 19 11 
covered several acres and in pl aces with Poa jJratensis and with yarrow 
was making "a spl endid swa rd ." Zig-zag clover transplanted th ere in 1924 
was prolific and good growth had been made by cocksfoot, tall oa t-grass, 
burnet, fescues, browntop, red top and ya rrow. 

1938 
In 1944, G. G. Ca lder published an interim report (8) on the Pisa 

F la t Experimenta l Area o f 30 acres ta ken over by the Fields D ivision, 
D epa rtment of Agri culture. Part was rabbi t- fenced and used for a 
va riety of sowings with sub equent grazing treatments. By 1944, 195 
stra ins and species from a ll pa rts of th e world had been sown. In 1944 
Ca lder considered lucerne, cocksfoot, ta ll oat-grass, Agropyron scabrum, 
Poa jJratensis, browntop, D anthonia pilosa, sub. clover, yarrow, Chewings 
fe cue, and cres ted wheat gra s to be giving best results. 

Work a t Pi sa Fla t was ca rri ed on by J. M. H ercus and discontinued 
in 1951. Altogether 350 species and st ra ins had been tested for their 
suitability for semi-arid a reas, but no final report has been published. 

1938 
In 1940, S. H . Saxby reported (8) on tri a ls on the establi shm ent of 

clovers on depleted land a t Mowhiti, Central Otago. Seeds of white, 
M ont. red, L otus spp. , a lsike, strawberry, suckling, stria ted, clustered, 
ha resfoot and ubterranea n (Mt. Barker, Ta ll arook, Dwalganup ) were 
urface sown and lime and superphosphate were used in various quanti-

ties. Two years la ter he concl uded that annua l clovers were not easy to 
maintain and perennial clovers needed superphosphate and lim e. 

1944 
In 1934, the Botany Division, D .S.I.R., undertook "a long-term pro

ject of observation and experim ent on the M olesworth and T arnda le 
blocks of high country in inland Marlborough." One of th e objectives 
was " to select species of grasses and legumes useful in renovating the 
grasslands, to p ropagate them a nd to make trials in d ifferent localities." 

Trials began in 1944 near the Molesworth homestead at 2900 feet 
and sowings were made annuall y from 1944 to 1953. In 196 1 a detailed 
report was publi shed (10) on the performance in nursery rows of 40 species 
of exotic grasses up to 1954. The more at tractive grasses in order were: 
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Agropyron cristatum, A. elongatu;n, A. intermedium, Bromus inerrnis, 
Dactylis woronowii. In 1954 the area wa mown and opened interm it
tently to grazing until I 960 when it was ploughed and sown to lucern e. 
The paper comments on the uccess of surfa ce-sowing of cocksfoot on the 
run, higher rainfalls 1953-7, and decrea e in rabbits as resulting in a 
"waning interest in the un fami li ar and, on th e whol e, less well-adapted 
grasses" used in the trials. 

1948 
In 1948, T . G Sewell commenced trials at Craigieburn, Canterbury. 

Seeds were spring-sown in single rows on cultivated la nd without 
fertili ser. 

In 1952 Sewell (ll ) reported that Agropyron interrnediurn and 
A. dasystachiurn were the most promising species fo llowed by Brornus 
carinatus, cocksfoot, burnet a nd alsike. Some strains of Agropyron 
scabrum, supplied by H . E. Connor, did parti cul a rly we ll , growi ng a 
vigorou ly as any of the introduced grasse . The promi ing species were 
sown out in plots on cultivated ground in grass-legum e mixtures and 
topdressed with lime and superphosphate. Broadcast w wings on the 
grassland failed to establish. 

Sewell's work was con tinued in the Waimakariri Catchment by 
A. R . Dingwall and L. C. Bascand in 1951 and 1952. 

1948 
In 1956, H . M. Sievwright reported on work at Holbrook at 2200 feet, 

from 1948-1956(12). Basing his work on the p ersistence of certain species 
sown at Holbrook in 1910 he used broadcasting and dri lling with the 
Blackmore gras land tips and a pplied two hundredweight of equal parts 
of lime and superphosphate. In one tria l he sowed plots of Agropyron 
cristaturn with lucerne, Lotus spp., subterranean, white, strawberry and 
sweet clover, sainfoin, burnet and chi cory. In another he used a basic 
mixture of dogstail, lucerne, ub. and weet clover to which was added 
in turn Agropyron intermedium, Ehrhata calycina, Bromus carinatus, 
Phalaris tuberosa, Chewings fescue, ta ll oat, browntop and cocksfoot. 

In October 195 1 he sowed 8 Y2 acres for a grazing tri a l with cocks
foot, tall oat, tall fescue, Danthonia pilosa, white clover, alsike, Mont. 
red., Tall a rook sub., suckling. To one acre he added lucerne and to 
another weet clover. Estab lishment of white, a lsike and red clove rs 
was good and cocksfoot, ta ll oat and tall fescue were the best of the 
grasse . From May to Augu t 1953 the area grazed two and a qua rte r 
sheep per acre. The grazing trial crea ted such interest that between 
1953 and 1956, 1200 acres of tussock were drilled with grassland tips in 
South Canterbury. 

After seven easons at Holbrook recommendations were for sub-surface 
drilling where possible of seed and fertiliser, the use of white, alsike and 
red clovers, with cocksfoot and tall oat, the spelling of own areas for four 
month , control of clover by grazing it and subsequent topdressing to 
maintain the sward. 
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1948 
In August 1948, G. A. Dunba r entered into residence at T ara Hills 

and commenced work on plant introduction and test ing. Off and on 
he was closely associa ted with th is work until December 1955 when it 
was carri.ed on by I. A. M cNeur (who went to T ara in June 1953 ) until 
the late 'fifti es. (A li st of 180 strains and species tested by Dunbar and 
M cNeur up to 1956, with ratings, is avail abl e, but no reports have been 
published. ) 

The most promising grass and legum e species in the trial plots, 
a fter being subj ected to severe grazing tri a ls, were establi shed on seed
increase areas. In 1956 and 195 7 the annu al reports of the Soil Conserva
tion and Rivers Control Counci l mentioned the most promising species as 
being: smooth brome, interm ediate wheat grass, weeping love grass, 
creeping-rooted lu cernes, ta ll oat-grass var. Tualatin, Bromus popovii, 
Dactylis woronowii, Phalaris tuberosa, tall fe cue and sheep's burnet. 
R eference was also made to the sowing separately in repli cated blocks of 
several clovers a nd lu cernes a t four a lti tudes from 1600ft to 4000ft. 

1949 
A large-sca le tri a l was sow n by J. M . H ercus in M arch 1949 on 80 

acres of depleted la nd on the property of D. J. Kane near H awea Fla t. 
In 1954 he reported (13) "On bare exposed slopes with littl e or no soil 
cover no exoti c species have been found which can establish and thrive 
after oversowing." 

1953 Ophir. 
Plant introduction tri a ls were laid down at Ophir, Central Otago, 

on depl eted Dunsta n stony loa m from 26 February to 30 M arch 1953. 
One hundred and fifty-three species and stra ins were sown on plots which 
had no previous lime or fertiliser and which was doubl e rotary hoed 
before sowing and after sowi ng. 

(A list of sowings is ava il able. ) 
R eports on establi shm ent were made 111 November 1953, June 1954 

a nd December 1954. 

1954 
Nursery rows of 70 species and stra ins were sown 20 September 

1955. These were also grown a t th e base nursery at T ara Hills. 
(A list of sowings is ava il abl e. ) 

1956 
T en more species were sown M ay 1956. 
A note in Jul y 1956 sta ted tha t there was good establishment of all 

grass species and a ll legu mes esta blished well especially th e lucerne 
varieti es which were outstanding. 

1956 
In September 1956 a furth er 179 nursery rows were sown. (Rows 

11 -17, 28-34, 45-51, 62-68 were treated with two hundredweight nitro
lime at sowing aero s half of each row. Rows 79-84 were treated by 
inocul ating ha lf o.f each row.) 
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1957 
A report on five years' work indicated tha t " it is possible to revege

tate this severely depleted country." 

" Preliminary observations a t the plant te ting nursery have shown 
th e striking superiority of lu cerne as a legume. Few grass species showed 
superiority to cocksfoot at any one t ime of th e year and none over the 
whole year. Also a lthough on th e ha lf-acre grazing blocks cocksfoot 
was not the best in the number of sheep grazing days .it supported, it 
recovered more rapidly th an most other blocks." 

Observations on both nursery and tri a l owings showed the fo llowing 
factors to be important in ensuring uccess ful establishment : 
I . Early spring sowing. 

2. Drilling seed, especially legumes, into the ground. 
3. Using artificia l nitrogen enables species better to withstand the 

rigours of th e cl imate, gives increa ed establi hm ent, and earli er 
eed-set. Use of uperpho pha te at sowing is desirable (it may be 

the sulphur which produces the response). 
4. Inoculation of a ll legum es, if not essenti a l is neverth ele s very 

advantageous. 

5. On this low-fertility, dry country plants must be a ll owed to mature 
before defoliation . This may be more than one season. It i 
essentia l that such owing be fenced. 

6. The prime fa ctor in rehabilita tion is control of the rabbit. 

At the conclusion of the report a recommendation wa made that 
100 acres be sod-seeded in the pring of 1957 with Ma rlborough lucerne 
and cocksfoot in alternate rows; the cocksfoot to have ha lf a pound 
T a ll arook subterranean clover added . 

1958 
A request was made fo r the deta iled observations on th e nursery to 

be ta tisti ca ll y anal ysed . 

1959 
The a rea was opened to grazing a nd weed were controlled by 

cultivation. No further sowings had been made. 
o reports a re ava ilabl e since 1959. 

1955 Glendhu Bay 
The nursery area was on a ri ver terrace of fescue tu sock on the 

Motatapu Road on the property of Mr A. Scaife. Sowings were made 
on 6 October 1955 of some I 08 ingle rows of species and tra in a lso 
grown at th e base nursery a t T a ra Hill s. A list of sowings i avai labl e. 

1956 
A report on 2 Apri l 1957 stressed the importance of inocu lat ing 

legum e in nursery sowings. Inocul ati on gave increased rate and 
numbers of initial e tabli hment. There was "no question of the high
producing clover strains over th e low-produci ng clovers and medi cks 
for this high-rainfall tus ock country." 

42 



1957 
At a m eeting in D ecember 1957 it was decided that no more detailed 

recordings of pl ant perform ances in nurseries would be taken in the 
m eantime. 

1958 
24 O ctober. The area was oversown with clovers between the rows 

to eliminate the necessity for weed control. This clover had es tablished 
well by April 1959 and the area was ·opened to grazing. 

1955 
At Fruitl ands, Centra l Otago, in September-October 1955, 57 species 

a nd stra ins were sown in single rows ( li st avail abl e ) . All were growing 
in the base nursery a t T ara Hill s and it was proposed to make observa
tions and a ttempt to correla te with data at th e base nursery. (No report 
is ava ilabl e. ) 

1962 
In a Directory of Research prepared by the Tussock Grasslands and 

Mountain Lands Institute the following tria ls were reported: 
(a ) Dr B. H ercus: T esting of surviva l of I 0 overseas strains of cocks

foot and comparison of performance with New Zealand strains at 
six sites ( 2800ft-3400ft ) nea r Porter's Pass and in the Waitaki 
Catchment. The tri als were la id down in 1960. The 1963 Annual 
R eport on Field Resea rch Work of th e N.Z . Departm ent of Agri
culture says tha t "one striking feature has been th e superior tillering 
a nd growth of a ll strains on the more fertile schist soil s of Otago 
compared with the production on the greywacke so ils of the Wai
m akariri . As rega rds differences between strains of cocksfoot, there 
have been varia tions between sites but in a ll cases both C 23 and 
Grasslands strains have been as vigorous and productive as any of the 
introduced materi a l. " 

( b ) J. W. Kind er: At Tara Hills, a vari ety tria l with sub. clover, nine 
variet!es compared with Mt. Barker and T a ll a rook and with white 
clover on depleted fescue tussock. 

Anyone reading this sketchy account must have bee n struck by the 
number of times the sa m e plants keep cropping up. The following case 
hi stories recorded by Bota ny Division should point a moral for a ll 
would-be introducers. 

Bromus inermis 
Examples of tria ls: 

19 10 Clyde, Centra l Otago 
Simon's Pass, Sawdon, 
H aldon, M ackenzie Country, 
Earnscl eugh, Centra l Otago. 

19 11 Earnscleugh. 
1944 Waiwhetu Nursery . 

Molesworth Nursery. 
T e Akatarawa Station. 

1945 Pisa Experimental Area 
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1948 Molesworth, broadc:i.st. 
1948 Cockayne plots, Dunstan. 
1951 Craigieburn. 

Tara Hills. 
Wither Hills. 
Winchmore and Ophir. 
Earnscleugh. 
C. E. Kerr, Orton, Geraldine. 
G. Murray, Glenmore 

1952 G. Barnes, Craigieburn. 



Agropyron cristatum 
Examples of trials : 

1935 G. K eliher, Springvale, Cen-
tral Otago. 

1936 McElroy, Bannockburn. 
1938 A. Scott, Gibbston, Otago. 
1944 Te Akatarawa Station . 

Mt. Edwards plot. 
1946 Pisa F lat. 
1947 A. Young, Tarras. 
1948 Waiwhetu ursery. 

Molesworth Nursery. 
Mo le worth, broadca t. 
Craigieburn. 
Holbrook Station, Fairli e. 
Cockayne plots, Cromwell. 
G. Barnes, Craigieburn. 

1949 Tara Hills. 
Earnscleugh. 
Wither Hills. 
J. C. Saunders, Central 

Otago. 
J. W. Simpson, Mt. Hay, 

Lake Tekapo. 
0 . J. Kane, Hawea Flat. 

1950 Blue Cliffs, South Canter
bury. 

195 1 K aka plot, near Lake Cole
ridge. 

S. Hunt, Otago. 
1953 Ophir Experimental Plots. 
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