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1J.H.  Tay lor , So i l  Survey  Div is ion ,  Whangarei.

p--m”---s.--

With the realisation that the end of our virgin land
is  now def ini te ly  in  s ight , we in ITew  Zealand are becoming more
interested  in  the  problems o f  land deter iorat ion  and so i l  con-
servat ion . Among other questions we seek to  learn T;:hat  part
so i l  eros ion p lays  in  the  deter iorat ion  o f  some o f  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 For,:-  st.--w-.--.-.--e-v

Erosion  is  the  procz ss whereby the land is gradually
reduced to  sea  leval. Under  t h e  n a t i v e  for.est  c o v e r ,  strcama,
by down-cutting, over-steepen  th? va l l ey  sid;+s;  and adjustments
g::neral  ly t a k e  place by mass movements, such as  s l ips . Every-
vvherc  throughdtit  tile f o r - a t  h i l l  l a n d s , arcuate  scarps indicate
the 3lC;:S of  former slips. Another process wh<.;reby  the slope
of  the  hillsides  is  reduced is  that  o f  so i l  creep. On stc'ep
sl opts the  sol1 and  mrntl  e cf rock-was ‘ie gradually creep down
h i l l  tending  t o  c a r r y  w i t h  i t  t h e  vegc-Lative  c o v e r .

A  cont inual  s t rugg le  app:“ars  to  take  place  betw:?en the
eros ive  force3  which tend to stibdu?  th.? landscape  and the  nat ive
vegetation which tends to preserve the hillsides unchanged. The
forest  and i ts  atti?ndant  l i t ter  layers  absorb  much ra infa l l .
Thus  the  run-o f f  i s low and so imped.?d  that  i t  has  l i t t le  power
to  erode. The roots of forest  trees anchor together the top and
subsoi ls . On the  steeper  hi l ls ides  the  cur ious  curved lower
trunks o f  the  trees  with their  deeper  roots  trai l ing  uphil.1  evi-
dence  the  forest ’ s  e f forts  to  remain anchor<?d  and the  forces  tend-
ing towards the  down hi l l  creep of  the  so i l . Under these con-
dit ions  eros ion proceeds  s lowly ; ground bared by slips has time
to  be  invaded  by  vegeta-tlon  before  another  s l ip  appears ;  bare  rock
has time to weather. iinly i n  t h e most  prec ipitous  slituations  is
eros ion  able  to  outpace  the  so i l - forming processrs  and  the  grornlth
o f  a  vegetat ive  cover .

Silt removed from hill lands in this  way is carried down
by the  s treams and spread over  the  lower-lying  f lats ,  but  h?re,
too , the process  is  comparatively  s low. Only  in  t ime o f  f lood
is  the  process  o f  deposit ion t$mporally.able  to  otitpace  the  pro-
cess  o f  so i l  formation.

Chan;.;s  brou:Fht  abcut&’  Farming.1 . . . ..-&a-se-  ,--A&.,“--,.~:-- -F-r .+”  -*.  --...-. _i-
-t

With the coming of th? farmer fowsts are  felled and
burnt; the  hi1 lsides  sown in grass ,  and thus bpgins  the  pr-occss
of changing a  for;?st  s o i l  i n t o  a  zrass soi.1. Every plant modifies
the  so i l  beneath i t ,  and when gra:s displaces  forest  i t  immediately
commencr;s  to  modi fy  .the soi l  unt i l  what  was  or ig inal ly  a  forest
so i l  becomes a  typical  grass  one . T h e  l i t t e r layer  o f  the  forest
disappears and a grass humus layer forms below the >surface  of the
mineral soil ; but  where the grass  cover  is  incomplete  this  i s
poor ly  devaloped, and much bare ground is exposidd. The strong
roots  o f  the  forFat trees  are replaced by the finer and genarally
shal lower roots  o f  the grassrs . The surface soii becomes more
compact.
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l3y  far  the  greatest  change ,  however ,  i s  the  change  in
the so i l  moisture  status . Under the grass  cover  less  ra infa l l
is absorbed causing increased run-off and wider fluctuations in
the  moisture  content  o f  the  so i l . With more water passing over
the  surface  o f  the  soii, sheet eroslon  becomes important where-
ever the soi l  is  unprotcctcd  by  vegetat i on . In dry periods the
soil becomes more parched than it had normally done under forest
cover , anti cracking of the ground becomes more prcnounced. The
alternate  v;e,t1;rng  and drying of the soil, with its seasonal
cracking and ewe1 1 ing, w?skens  the  so i l  mant le  and tends  to
speed up the process o f  so i l  creep  and s l ipping .

Und?r -the forest  c o v e r  s l i p p i n g was sl ow1.y taking  p lace .
Indeed the shape of 3he  h i l l s  themselves  was  due  largely  to  the
fore st 1 I-lowever3 a  lziilside  in  balance  under  forest  i s  not
nFcessari.ly  in balance  when  ciothad  i n  g r a s s . The soil tends
t o  move.  i n t o the va.lleys  more  quickly,  forming easier  s lopes
which can bs grass-control led . This  cal.!scl’s  the  upper  s lopes  o f
the  hi l ls  to  become steeper . More bare rock is ?xpos:Jd and the
r u n - o f f  fi:.rther increased. The scars we see disfiguring the
steeper  hi l ls ides are thus seen to be due  to  the  accel?rat.ion  of
the process  normal ly  taking  plac.5 as  part  o f  the  eros ion cycle

under  forest . The  cause  o f  th is  accel.:ration  1s  due  to  our
interfe,rence  with the  plant  cover .

Owing to the increased  run-off, streams draining the
h i l l  l a n d ,  f l o o d  more  f r e q u e n t l y ,  a n d  allUs?iuK  j-s  dapositrd  m o r e
rapidly  over  the  low- ly ing  f lats . At  f i rs t  the  a l luvium is
largely  der ived  f rom the  hi l l  topso i ls ,  btit  as  the  eros ion o f
the  h i l l s  cont inues  and the  f looding  o f  the  s treams incr?as_s,
the  f lats  are  covcryd  with coasar  and less  fert i le  al!.uvium.

Chief  Types o f  E r o s i o n  Obsarvtd.-msc*_--c-m r--r-c----e.s  .-.- --M.Iv<^w

Th.e  chief t y p e s  o f  <erosion obsc!rvtd  wer,e sheet  and
s l i p 2TOSiOi7.

Shetit.  Erosion is the removal of a thin, more. or 1 ess  uniform,,_...  ,... .-..  __._-__-._.-I
c ovpring of  so i l  dur ing  ra ins  producing  run-o f f . To the casual
observer there  i s  noth ing very  spectacular  to  be  seen  - j u s t  a
general imprnssion  o f  d e t e r i o r a t i o n . Soi l with a  c lose  cover  o f
pasture  grasses  is  e f fect ive ly  prott?cted  from this  type  o f  eros ion
but  where  the  ground is  bared, e.g.  after  a  for ’ -st  or  scrub
burn, or when the pasture is open, allowing of much bare ground,
this  type  o f  eros ion attacks  the uppsrmost  and most f%ertile
l a y e r s  o f  th,: s o i l . The practice of  continued  burning  o f  second
growth and roughage is one of tha chie f  causss o f  deter iorat ion
b y  s h e e t  er.osion.

There  i s  another  aspect  to  bs corjsid+rcd. Unless the
grass  cover  i s  kt;2t continuously the procrss  of forming a grass
soi l ,  is  dalsy;d  and there i s  n o  st::ady progrr:ss  t o w a r d s  the
desir-d  pcrmanenca. To altirnat.2 scrub and f.ern growth with
grass  upon a hill.side  is somewhat akin to rotating crops. The
t u r f  CO~JS,‘~  i s  ,;rzak a n d  p a r t s  o f  th;;: grass humus air;-ady built up
are eroded away when exposed after a burn.

SlAg Eros ion  is  th,: moving  down the s lope  o f  large  bloc,ks- -.,-.. - - - -
o f  s o i l . Ths  topsoi l  may s l id?  cvzr  the  subso i l  or  both  the
topsoi l  and subsoi l  may  s l ide  from of f  the  weathered  rock mater-
i a l  below; or  e lse  a l l  these  hor izons  may together  s l id?  f rom
off the undecomposed rock.

,On the  c lay  h i l l s  o f  North  Auckland  s l ipping  appears
to Se of  two kinds. Thore i s  ashallow slipping which appears
to  be  tha  accelcra;ed  form of  the  normal soil creep that. takes
p l a c e  u:‘ldFr  for,:-St. Th e s o i l , weakened by the cracking and
sws111ng in  wet and dry  per iods , and being no longer supported
b y  t.he root,s  o f  forsst trees ,  tends  to  move downhi l l  at  a  g r e a t e r
ratF. During  dry summers rairwat::r  flows down the cracks until
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it r~ac1ic-s  an imperv ious  hor izon  wh?n  i t  joercolates  downhil l
sometimes r.?appearing  at the surface lower down the s10p.y.
Water  ent::ring in  th is  way lubr icates  the  subso i l  above  impervious
horizons and induces slipping. In  some places  the  hi l l s ides  are
covered with shallow slips induced in this way. Where. there is
a strong and .complete grass turf more rainwater is absorb?.d  and
the ground does not crack so readily, but where the grass humus

0 layers  hav@ either not been built up or have been removt?d  by
‘sh??t erosion the ground cracks badly and shallow slipping quickly
takes place .

The  larger  s l ips ,  how?ver, do not appear to bear much
re lat ion  to. the type  o f  grass  cover . A s  already stet-Cd,  t h e y
are  the: accelerated  phase  o f  the  s l ipping  process  normal ly  taking
place  und:+r  the  forest  cover . Bol lowing the  destruct ion  o f  tne
f orf:st , t h e  weathcrcJd r o c k  mantle,  i s  wNaak$ned  b y  th? greater
moisturs f luctuat ions . Hence these slips appsar at their worst
some y-ars  after the forc.st  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 sctrs’on which are exposed  the underlyIng  decomposing
“rock and i t  i s  this  back port ion o f  thf s l ip  that  is  most  di f f i -
cult  to  grass . The slipped portion moves forward and downward
to  form the  toe  o f  tiic  s l ip . On some slips. the srass  covering
of  th::. to?: is  pr::servtd large ly  intact  but  in  many  places  the
excessive run-of f  f rom tn; bare grou:ld  at the back of the slip,
quick ly  c~,.ts the  toe  into  channels .

Erosion Control.--.. -.. ..m--  _c.-:-.-

From a  cons iderat ion  o f  the  forego ing ,  a  f?w general
principlz+s  in erosion control emerge* A n y  a&icul%ural  prnc-
tices  tending towards the strengthening of the pasture cover,
e .g . seasonal  spe l l ing and the sowing of turf-making srass.?s,
mlnimise  the  danger  o f  eros ion  and ass is t  in  the  format ion  o f  a
perrmanent  g r a s s  s o i l . Those practices which tend to weakt?n  the
cover  such  as  over -graz ing  and the  f requent  use  o f  f i re  to  contro l
second  growth have the  opposite  e f fect .

For permanent grassland howeve’r  our hillsides must be
in balance with the grass cover and there are many grassed hill.-
sides which are so out of balance that great  changes must follow
their  cont inued  grassing.

Where  the  so i l  i s  under la in  by  rocks  that  weather  slowly
and  are low in  plant  foods  the  steeper  and most  unbalancad  slopes

D w i l l  tend t o  become more and more infertile until.
.thr-ir  product ion  becom:?s very  slight  indeed. Even If  we do
manapt  to  grass  the s l ips  we mtist  rea l ize  that  each  t ime a  s l ip
,occurs  a certain amoLnnt  of bare rock has been exposed and much of
the  so i l  surroundln&  1s  le f t  in  a  shal low and inffrtlle  condi t ion .

T&ilE rf .tlle ~!nd:rlylng  rock weathers  more  rapidly  to  2roduco  a
f e r t i l e  s o i l th is  does  not  apply . W h a t  we n;-?d  1s  mar?  knowledge
as  t o  the limits of slop.5 on each so11 type which we can grass
with some ho;>? of permanent success.

The  most obv ious  solL&ion  of  th-r problem,  and i t  i s  one
that  is  practis?d  by  many  progressive  hi l l  country  farmers ,  i s  to

I grass  ths s lopes  that  s:.+m capable  o f  be ing  grass  contro l led  and
to  leave  the  mar?  intractible  parts  to  the  nat ive  ves::tation.
Land  farmed in  this  way certa inly  presents  an  ap,rcarance  of  perm-
anenc?  and beauty. ;,:iorr ov;“jy, : _ it 1s  the method adopt:;d  by some
of  our  ear ly  sett lers  f rom Bohimia, men who probably brought with
th$m  a  t radi t ion  o f  h i l l  land  farming .
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There is, however, no  set  cure-a l l  for  eros ion ,  each
area  needs  to  be  studied  in  the  l ight  o f  i ts  own spec ia l  con-
dit ions . Den  were we satisf ied 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
f looding  o f  h is  land be  contro l led  and the  only  way to  do  th is
sat is factor i ly  is  to  decrease  the  rate  o f  run-of f  upstream.
We must consider whether grass as a cover reduces this run-off
sufficiently. Added ’ to  this  is  the  quest ion o f  water  conserva-
t ion,  which is  outs ide  the  scope of  this  paper .

Since these difficulties have been brought upon us by
our  inter ference  with  the  vegetat ive  cover  i t  fo l lows that  the
only  sat is factory  form of  contro.1  i s  a  vegetat ive  one . This  i s
in accordance with the experience overseas. In the United 3tates
of America and elsewhere, pure ly  eng ineer ing  contro l  has  been
tried and found wanting.*

n

s--mm--------“-

*  E.S.Clayton,  So i l  Eros ion ,  Extract  Agr.Gaa-tte  Y.S.‘Y.1937.p9.
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DISCUSSION,

EiB.  Levy:
Mr. Taylor has opened up a very important

grassland problem. It looks as though on some of our hill
land we will have to retreat a little way. Anyhow whether
we have done ,a11 that we might have done in the past from
a grassland -point of view to prevent what Mr. Taylor has
shown us remains yet to be seen, and I feel that it is
important in regard to our hill lands to have some idea
what can be grassed and what should be left to go back to
forest. Mr. Taylor; I am sure you will agree, must be
heartily congratulated for bringing this subject before the
country and we thank him very much for bringing it before
the Grassland Association.
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H. Woodyear-Smith:
I agree with the Chairman that Mr. Taylor should

be heartily congratulated on the material that he has
presented us with this morning. Mr. Taylor has dealt with
SJor"~h,.Auckland..~ondlitions.,  and there is no need-.for?:me'.%o
touch on that point in that district, but it occurs to me
to wonder how many of.us  have studied this question of
hill country farming. It has not been given the same
degree of thought as the lower country has. These pictures
we have seen this morning show a rather deplorable state
of affairs on some of that hill country in Morth Auckland,
but it would be difficult at this stage to suggest necessary
remedies. One wonders what the position is regarding the
hill country in other parts of New Zealand and whether there
is any relationship betwe,en  soil erosion and the amount of
production on some of our hill country areas. Does the
nature of soil erosion have anything to do with our enormous
annual bill for repairs through floods, silting and dis-
location of public 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 Dominion whereas thirty-five to
forty years ago there was nothing like that number of floods
anywhere in the country over a period of four years. It was
assumed that during the last two years - 1936-1938  - that the
bill for repairing, clearing railways, clearing slips,
repairing roads, bridges, amounted to something like three
quarters of a million pounds, but that did not take into
account the damage that was done to hill country pastures
or loss of stock. We have only to refer to some of those
workers on erosion overseas to find that the position is
really becoming very terrible indeed. In America 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 might 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 many cases. It would
be a serious thing to this country, although it is such a
wonderful grassland Dominion to allow our hill country
areas to virtually become man made deserts. Mr. Levy in
those wonderful slides he showed last night showed quite
clearly in Austria and Switzerland that -people on the
hillsides had throughout produced a type of farming that
was s7Jitable for holding their soils in place and one
noticed the forest covering slopes somewhat like that
picture and slide that Mr. Taylor showed when a 'crank'
tried to conserve his soil, It seems that these questions
are not fully understood and I think that Mr. Taylor has
opened up wonderful avenues. "ire  used to think that surface
sowing would favour  the position in many cases. Should we
use fertilisers  to overcome the' difficulties or f-arming 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
here if they have any suggestions to make along these
l ines .

E. A. Madden:
I would like to congratulate Mr..  Tavlor  on

his paper. I think it has opened up a very big subject.
I think also the matter Mr.  Woodyear-Smith mentions
should be investigated and .we should sow seed over these
s lopes . The regrassing of slopes in Taranaki has done
much’ to prevent a certain amount of run-off. It i s
debatable whether trees, forest, actually do stop much
of the surface run-off, I have been told that in our

New Zealand forests for a very dry forest requires only
I\’  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.

I?,  R. Callaghan:
Mr. Taylor has brought up a number of useful

new points. I think it is wor;;h  paying some attention
to the type of country9 say, the geological formation of
the actual action of the soil and the character, and the
rainfall . In the Vaipu District the picture showed a
contrast with the Hokianga District. I think there is
a difference of soil in the two districts, In Vaipu
the grass grows under much more difficult conditions
than in the Hokianga District, i would like to hear
from Mr.  Taylor some remarks on wet country erosion,
where you get hard fern and scrub. i would like to
hear the part fern and scrub .plaged where established
at Waipu, It would seem that poor ground w’hich  it seems
to be very seriously affected with  soil erosion.
Pro f .  Ridde-J:

I feel that the auestion of soil erosion9
the question of land utilization in T;Tew  Zealand, the-
question of grassing are of vas’b im;3crtance to the welfare
of our country and future, Perhaps we are less conscious
in this country of soil erosionc I  was especially in-
terested in the attention being giv‘>n to the question in
the United States of America, Travelling through those
devasted areas it was terrible $0 see how the people
there suffer. They do suffer enormously. In Great
Britain we are firstly impressed by the great number of
trees which we see, They are employed as shelter.
This shelter has not merely grown up. It is the fore-
sight of the farmers and they are benefi.  ting from the
results. ‘Je are living in a country of very high rain-
fall, a country subject to all types of erosion* T$  e
pass through places which have.  been settled for a number
of years and we find most of the forest cut out, iiie
find that the old settlers had the foresight to plant
something in its place. One of the wide differences
one sees between here and overseas is the enormous
difference of shelter p for no attempts have been made to
protect our soil and I join with others in congratulat-
ing Mr.  Taylor in drawing attention to this important
point.
N.H,  Taylor : I do not know that I have very much to say0
m 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 und8e??  forest or under ground is
greatest. At the same.  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 2 agree with
Mr,  Madden 9 as I said in my paser 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
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0 suffering abroad that is being caused. I might

ventWe to say that there has been not little suffering
in New Zealand. I think if we meet some of the
families  that have  come from those parts of New Zealand,
that are now sadly deteriorated and abandoned;wc will
hear quite a tale of suffering f'roi=r  them, We have in
the past been inclined to pass by those areas and say
that it is a bad farmer, but in many cases he has done
his best.
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