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¥.5. Taylor, Soil Survey Division, Whangarei.

With the realisation that the end of our virgin land
is now definitely in sight, we in New Zealand are becoming more
interested in the problems of land deterioration and soil con-
servation. Among other questions we seek to learn what part
soil erosion plays in the deterioration of some of our farm lands.

The following remarks are baaed largely upon observa-
tions made on some of the clay hills of North Auckland - land
formerly clothed in forest and now largely covered with pasture
and scrub.

Erosion under Fors st.

Erosion is the procszss whereby the land is gradually
reduced to sea levsl. Urnder the native forsst cover, strcams,
by down-cutting, over=stespen ths valley sides, and adjustments
general 1y take place by mass movements, such as slips. Bvery-
where taroughnout ths for-at hill lands, arcuate scsrps indicate
the s1tcs of former slips. Another process wh:reby the slope
of the pnillsides is reduced is that of soil creep. On steegp
slopes the soil and msntl e of rock-was te gradually creep down
hill tending to carry with it the vegetstive cover.

A continual struggle gppsers to take place betwzen the
erosive force3 which tend to subdus th: landscape and the native
vegetation which tends to preserve the hillsides unchanged. The
forest and its attendant litter layers absorb much rainfall.

Thus the run-off is low and so impsds=d that it has little power
to erode. The roots of forzst trees anchor together the top and
subsoils. On the steeper hillsides the curious curved lower
trunks of the trees with their deeper roots trailing uphill avi-
dence the forest's efforts to remain anchor:d and the forces tend-
ing towards the down hill creep of the soil. Under these con-
ditions erosion proceeds slowly; ground bsred by slips has time
to be invaded by vegetation before another slip appears; bare rock
has time to weather. Unly in the most precipitous situgtions is
erosion able to outpace the soil-forming processes and the growth
of a vegetative cover.

Silt removed from hill lands in thig way is carried down
by the streams and spread over the lower-lying flats, but hzre,
too, the process is comparatively slow. Only in time of flood

iIs the process of deposition t:swporally.sble to outpace the pro-
cess of soil formation.

Changs=s_hnyizht. speut by Farming.
<

With the coming of the farmer forests are felled and
burnt; the hil 1sides SOwn in grass, gnd thus begins the process
of changing a forsst soil into a grsss soil. Every plant modifies
the soil beneath it, and when grass displaces forest it immediately
commences to modify the soil until what wgas originally a forest
soil becomes a typicsl grass one. The litter layer of the forest
disappears and a grass humus layer forms below the surface of the
mineral soil ; but where the grass cover is incomplete this is
poorly deva2loped, and much bare ground is expossd. The strong
roots of the forsst trees are replaced by the finer and gsnsrally
shallower roots of the grassrs. The surface soii becomes more
compact.
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By far the greatest change, however, is the change in
the soil moisture status. Under the grass cover less rainfall
is absorbed causing increased run-off and wider fluctuations in
the moisture content of the soil. With more water passing over
the surface of the soil, sheet erosion becomes important where-
ever the soil is unprotected by vegetation. In dry periods the
soil becomes more parched than it had normally done under forest
cover, anti cracking of the ground b:comes more prcnounced. The
alterngve wetting sgnd drying of the soil, with its seasonal
cracking and swellang, weskeus the soil mantle and tends to
speed up tiae process of soil creep and slipping.

Under the forest cover slipping was sl owly taking place.
Indeed the shape of the hills themselves was due largely to the
forest, However, @ hillside in balance under forest is not
necessarily in balance when clothed in grass. The soil tends
to wmove into the valleys more cuickly, forming easier slopes
which can hg grass-control 1e3d . This causes the upper slopes of
the hills to become steeper. More bare rock is expos2d and the
run-off further incressed. The scars we see disfiguring the
steeper hillsides are thus seen to be due to the accelzration of
the process normally taking placs as part of the erosion cycls
under forest. The cause of this zccelsrstion zs due to our
interference with the plant cover.

Owing to the increszsad run-off, streams draining the
hill land, flood more frequently, and zlluvium:s dzposited more
rapidly over the low-lying flats. At first the alluvium is
largely derived from the hill topsoils, but as the erosion of
the hills continues and the flooding of the streams incrzsses,
the flats are cover<d with coasar and less fertile alluvium.

Chicf Types of Erosion Obssry:d.

_ The chief types of erosiorn observed wers sheet and
slip srosicu.

Shect Erosion is the removal of a thin, more. or 1 ess uniform,
covering of soil during rains producing run-off. To the casual
obeerver there is nothing very spectacular to be seen - just a
gensral impreasion of deterioration. Soil with a close cover of
pasture grasses is effectively protected from this type of erosion
but where the ground is bared, 2.g. after a for’-st or scrub
burn, or when the pasture is open, allowing of much bare ground,
this type of erosion attacks the uppsrmost and most fartile
layers of thz soil. The practice of continucd burning of second
%rowth and roughage is one of tha chief cgugsess of deterioration

y sheet grosion.

There is another aspect to bz considerad. Unless the
grass cover is kept continuously the proc:ss of forming a grass
soil, is dslayszd and there is no stecady progrcss towards the
desirsd permanence. To aglternets scrub and fern growth with
grass upon = hillside is somewhat akin to rotating crops. The
turf covegris weak and parts of the grass humus alrcady built up
are eroded away when exposed after a burn.

Pl A

of soil. Ths topsml may slid? c¢ver the subsoil or both the
topsoil and subsoil may slide from off the wegthersd rock mater-
ial bslow, or else all these horizons may together slid? from
off the undecomposed rock.

On the clay hills of North Auckland slipping appears

to Se of two kinds. Thers i s eshallow slipping which appears
to be tha acceleraned form of the normsl soil creep that. takes
place under forzst. Tae soil, weakeued by the cracking and

swelling iN wet and dry perlods and being no longer supported
by the roots of foregt trees, tends to move downhill at a greater
rzte. During dry summers raginwater flows down the cracks until
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it reaches an impervious horizon wh2g it percolates downhill
sometimes rzappearing at the surface lower down the slopz.

Water entsring in this way lubricates the subsoil above impervious
horizons and induces slipping. In some places the hillsides are
covered with shallow slips induced in this way. Where. there is

a strong and complete grass turf more rainwater is absorbsd and

the ground does not crack so readily, but where the grass humus
laysrs hsve either not been built up or have been remcv:d by

'she=t erosion the ground cracks badly and shallow slipping quickly
takes place.

The larger slips, however, do not appear to bear much
relation to the type of grass cover. As alrzady ststsd, they
are thes acceleratzd phase of the slipping process normally taking
place undzr the forest cover. Bollowing the destruction of the
forzst, the weathsrsd rockK mgntle iS weaksned by the zreater
moisturs fluctuations. Hence these slips appsar at their worst
some ysgrs after the for:zst has been felled and especially when
an exceptionally vet season follows an exceptionally dry one.

They nearly all move forward on impervious horizons
over which ground water is seeping. At the back they leave steep
arcuate sczrs on which are exposcd the underlying decomposing
“rock and it is this back portion of ths slip that is most diffi-
cult to grass. The slipped portion moves forward and downward
to form the toe of the slip. On some slips. the grass covering
of the vog is przserved largely intact but in many plzcss the
excesgive run-off from tns bare ground at the back of the slip,
quickly cutg the toe into channels.

Erosion ontrol.

B e R At

From a consideration of the foregoing, a faw gevnzarsl
principlss in erosion control emerge* Any agricultural prac-
tices tending towards the strengthening of the pasture cover,
e.g. seasonal spelling and the sowing of turf-making grasss:ss
miniwise the danger of erosion and assist in the formation of a
permanant grass soil. Those practices which tend to wezksn the
cover such as over-grazing and the frequent use of fire to control
sz¢ond growth have the opposite effect.

For permanent grassland however our hillsides must be
in balance with the grass cover and there are many grassed hill-
sides which are so out of balance that zrsat changes must follow
their continued grassing:

Where the soil is underlain by rocks that wzather slowly
and arz low in plant foods the sta2sper and most unbalanczd slopecs
will tznd to bscome more and more infertile until.
thzir production becowmss very slight indeed. Even 1if wg do
manags to grass the slips we must realize that each time a slip
occurs a certain amount of bare rock has been exposed and much of
the soil surrounding 1s left in a shallow and infertile condition.
Whe ve the underlyingz rock weathers more rapidly to produce a
fertile soil this does not apply. What we n=e¢d 1s more knowlsdge
gst o thelimits of slop.5 on each soil type which we can grass
with some hope of permanent success.

The most obvious solution of the problsm, and it is one
that is practised by many progrzssive hill country farmers, is to
grass ths slopes that sc2m capable of being grass controlled and
to leave the mors intractible parts to the native vegestation.
Land fsrmsd in this way certainly presents an appssrance of perm-
anenc: and beauty. forzowam, .15 the method adoptzd by some
of our early settlers from 3Bohemia, men who probably brought with
them a tradition of hill land farming.
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There is, however, no set cure-all for erosion, each
area needs to be studied in the light of its own special con-

ditions. Bven were we satisfied that, in the longrun, we could
with certainty grass a watershed, we must remember the farmer
on the flats downstream. It is Imperative to him that the

flooding of his land be controlled and the only way to do this
satisfactorily is to decrease the rate of run-off upstream.

We must consider whether grass as a cover reduces this run-off
sufficiently. Added’'to this is the question of water conserva-
tion, which is outside the scope of this paper.

Since these difficulties have been brought upon us by
our interference with the vegetative cover it follows that the ~
only satisfactory form of control is a vegetative one. This is

in accordance with the experience overseas. In the United States

of America and elsewhere, purely engineering control has been
tried and found wanting.*

* F.S5.Clayton, Soil Erosion, Extract Agr.Gazette ¥.S5.W.1937.09.
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DI SCUSSI ON,
E.B. Levy:
M. Taylor has opened up a very inportant
(Igrassland probl em It looks as though on some of our hill
and we wll have to retreat a little way. Anyhow et her

we have done all that we mght have done in the past from
a grassland -point of view to prevent what M. Taylor has
shown us remains yet to be seen, and | feel that "it is

inportant in regard to our hill lands to have sone idea
what can be grassed and what should be left to go back to
forest. Mr, Taylor; | am sure you wll agree, nust be

heartily congratulated for Dbringing this subject before the
country and we thank him very nmuch for bringing it before
the QGassland  Association.

H. Wbodyear-Snmith:

. | agree with the Chairman that M. Taylor should
be heartily congratulated on the material that he has .
presented us wth this norning. M. Taylor has dealt wth
Noruir-Auckland éonditions: and there i s no need for~me'to
touch on that point in that district, but it occurs to ne
to wonder how many of us have studied this question of

hill  country farmng. It has not been given the sane
degree of thought as the lower country has. These pictures
we have seen this norning show a rather deplorable state

of affairs on some of that hill country in Mrth Auckland,
but it would be difficult at this stage to suggest necessary
remedi es. (e wonders what the position is regarding the
hill country in other parts of New Zealand and whether there
is any relationship between soil erosion and the amount of
production on sone of our hill country areas. Does the

nature of soil erosion have an%/thi ng to do wth our enornmous
annual  bill for repairs through floods, silting and dis-

| ocation of ublic services? It is interesting to note that
in the last four years there have been one hundred and seventy
reports of major floods in the Domnion whereas thirty-five to
forty years ago there was nothing like that nunber of floods

anywhere in the country over a period of four years. It was
assuned that during thé last tw years -« 1936-1938 = that the
bill for repairing, clearing railways, clearing slips,

repairing roads, bridges, amounted to something like three
quarters of a mllion pounds, but that did not take into
account the damage that was done to hill country pastures
or loss of stock. V& have only to refer to some of those
workers on erosion overseas to find that the position is
really becomng very terrible indeed. In Arerica soil
erosion is a serious problem also the same applies to

North Africa and today in South Africa they have large arcas
of deteriorated lands™ which was attributed” to soil erosion.
It mght be said that this process that you saw on the

slides and the film are natural ones. So they are in a
sense but they are man induced in nan?/ cases. It would
be a serious ‘thing to this country, although

t it is such a
wonderful  grassland Domnion to allow our hill country
areas to virtually become man nade deserts. Mr. Levy in
those wonderful slides he showed last night showed quite
clearly in Austria and Swtzerland that -people on the
hillsides had throughout produced a type of farmng that
was suitable for holding their soils in place and one

noticed the forest covering slopes sonewhat |ike that
picture and slide that M. Taylor showed when a 'crank'
tried to conserve his soil, It seens that these questions
are not fully understood and | think that M. Taylor has
opened up wonderful avenues. e used to think “that surface
sowing would favour the position in nany  cases. Should  we

use fertilisers to overcone the' difficulties or f-armng and
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stock  manipulation. Those things we do not know and it

would be interesting to hear from any of the people
T_ere if they have any suggestions to make along these
ines.

E. A. Madden:

I would like to congratulate ir, Taylor on
his paper. I think it has opened up a very big subject.
| think also the matter Mr. Woodyear-Smith mentions
should be investigated and we should sow seed over these
slopes. The regrassing of slopes in Taranaki has done
much’ to prevent a certain amount of run-off. Itis
debatable whether trees, forest, actually do stop much
of the surface run-off, | have been told that in our
New Zealand forests for a very dry forest requires only
1" of rainfall to wet it thoroughly, One does not see
that there is very much hope of having the country in
forest there is much hope of preventing erosion.

F. R. Callaghan:

Mr. Taylor has brought up a number of useful
new points. I think it is worih paying some attention
to the type of country, say, the geological formation of
the actual action of the soil and the character, and the

rainfall. In the Waipu District the picture showed a
contrast with the Hokianga District. I think there is
a difference of soil in the two districts, In Waipu
the grass grows under much more difficult conditions
than in the Hokianga District, I would like to hear
from ir. Taylor some remarks on wet country erosion,
where you get hard fern and scrub. i would like to
hear the part fern and scrub vlayed where established

at Waipu, It would seem that poor ground which it seems

to be very seriously affected with soil erosion.

Prof. Riddet:

I feel that the auestion of soil erosion,
the question of land utilization in New Zealand, the
question of grassing are of vast importance to the welfare
of our country and future, Perhaps we are less conscious
in this country of soil erosion. | wzs especially in-
terested in the attention being givsn to the question in
the United States of America, Travelling through those
devasted areas it was terrible to see how the people
there suffer. They do suffer enormously. In Great
Britain we are firstly impressed by the great number of
trees which we see, They are employed as shelter.

This shelter has not merely grown up. It is the fore-
sight of the farmers and they are %beneri ting from the
results. we are living in a country of very high rain-
fall, a country subject to all types of erosion. Je
pass through places which have been settled for a number
of years and we find most of the forest cut out, We
find that the old settlers had the foresight to plant
something in its place. One ¢f the wide differences
one sees between here and overseas is the enormous
difference of shelter , for no attempts have been made to
protect our soil and | join with others in congratulat-
ing Mr. Taylor in drawing attention to this important
point.

N.H. Taylor: | do not know that | have very much to say.
With regard to Mr. Madden’s points here again is useful
work in bringing our attention to the fact that we do not
really know whether run-off undsr forest or under ground is
greateste At the game time I think the general statement
that the run-off under forest is less than under grass is
substantially correct, but at the same time I agree with
Mr. Madden , as | said in my paper erosion has always been
going on and we have got to carefully measure the increased
erosion that man has caused, Prof, Riddet mentioned the
amount of

bl



w

o

%

W

23.

suffering abroad that is being caused. | mght .
venture to say that there has been not Ilittle suffering
in New Zeal and. | think if we meet sone of the
familics that have come from those parts of New Zeal and,
that are now sadly deteriorated and abandoned, we Wl
hear quite a tale of suffering from them We have in
the past been inclined to pass by those areas and say
that it is a bad farner, but in nmany cases he has done

his best.
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