
SOIL CONSERVATION SCHOOL FOR 

LOCAL GOVERNMENT 


ENGINEERS 


T HE problem of erosion on public 
roads and damage clue to excessive 

run-off is one of increasing importance to 
Local Government bodies throughout the 
State. 

In an endeavour to tackle this aspect of 
erosion and arrive at effective control, 
arrangemea1ts were made for Engineers 
specialising in the field of L ocal Govern
ment to have a working knowledge and a 
practical appreciation of the facto rs a\tlsing 
erosion and to view some experimental road
side erosion control measures; with this 
object in view a school of instruction was 
held at \IVagga Soil Conservation Station 
during late October. 1949. Some forty-five 
Local Government E ngineers from va-rious 
parts of New South \1\ ales attended the 
school, together with a Senior E ngineer 
and a number of District Engineers from 
the P ublic Vi orks Department. 

The school was under the chairmanship 
of the Senior Soil Conservationist, Soil 
Conservation Service. Lectures on many 

aspects of eros ion control were delivered by 
officers of th e Service. Each lecture was 
followed. by st imulating discussions. 

Opportunity was taken to make field in
spections of soil conservation operations on 
the \1\iagga Soil Conservation Research 
Station and erosion control works on the 
adjac~nt roadside of the Sturt Highway and 
the \1\Tagga-Aibury trunk road. A number 
of private farm.s in ~he \t\ agga. and ] unee 
dist ricts, on wluch soil conservatiOn demon
stration works were in progress, were also 
inspected. 

The question of roadside erosion was 
dealt with at length. It was pointed out 
that much damage to n?ads is cau~e? . by 
the concentrated run-off from adjotmng 
lands under various systems of land tenure. 
Further, the safe disposal .of water from 
road culverts through pnvate proper ty 
adjo i11ing was explained at~d fully demon
strated by examining-cases m the field. ~he 
effect of altered land use and mechamcal 

F-ig. I .-Local Government Engineers inspecting soi l conservation work at Viagga. 
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control works on lat.d was fully demon
strated to the school in lecture hall and in 
-field inspection. It was pointed out that 
t he correct use of vegetated disposal areas 
:and restricted grades in banks and disposal 
drains could be used to good effect and the 
results obtained would be of a more per
manent nature than those obtained by the 
construction of special structures. 

Soil conservation works on private lands 
are carefully designed so as to obviate con
centration of water on the roadside. Land
holders were assisted by the Service to con
t rol run-off and reduce its quantity and 
velocity before reaching the road. The ways 
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in which the Service assists landholders to 
carry out control works on their properties 
with their own plant and equipment or by 
way of the Plant Hire Scheme were fully 
discussed. 

Soil Consetvation Service of-ficers a re at 
all times available to Local Government 
bodies to assist and advise their staff in 
dealing with erosion problems. 

The school stimulated widespread interest 
amongst the Engineers, and the view was 
expressed by those attending that they would 
now be able to approach erosion problems 
from a different angle. 
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SOIL CONSERVATION IN THE RIVERINA 

UY 

L. W. SMITH, H.D.A., H.D.D., District 

Soil Conservationist. 


I T is now a little over ten years since the 
first country officer of the Soil Conser

vation Service commenced inv~stigations in 
the Riverina and South-western New South 
V\Tales, and as a decade provides a useful 
time unit, it is the pm.:pose of this article 
to briefly summarise the experiences met and 
to take stock of advancements made over 
the period 1940 to I950. 

POSITION IN 1940. 
Although the Soil Conservation Act was 

passed in I938, it was not until late 1939 
that the nucleus field staff of the Soil Con
servation Service was appointed. Of this 
~taff one o_fficer was located at Wagga early 
m I940 to mvestigate broadly the soil erosion 
position in the Riverina and South-western 
New South Wales and to assist landholders 
where possible with their soil erosion prob
lems. 

. Investigations from I940 to I942 were 
dtrected mainly along four lines : 

I. 	An Erosion Survey which formed 
part of the Erosion Survey of New 
;>outh Wales('). 

2. 	An Erosion and Land Use Survey 
of the New South Wales portion 
of the Hume Reservoir Catch
ment("). 

3· Collection of all available 	data and 
· observations of soil erosion anq 
storm-water run-off in the area. 

4. 	Initial investigations and field trials 
on private properties of the behavi
our of known erosion control 

, measures. 
It is unfor~un0:te that the · heavy demand 

on personnel caused by the war more or 
less brought these investigations in the 
Riverina to a standstill, although much of 
the information being collected at the Cowra 
Research Station, which continued to func
tion during the war, was found to be applic
able to some parts of the Riverina. 

RAPID EXPANSION SINCE 1946. 
It was not until late 1945 or early 1946 

that investigations reco111111enced with the 
establishment of the \1\Tagga Soil Conserva
tion Research Station and the development 
of strategically situated Demonstration 
Areas. 

These two phases oLactivity allowed the 

collection of data from both controlled re

search and practical experience at the same 

time and by the end of 1949 not only is soil 

conservation theory fast approaching an ad

vanced stage but also the Service is pro

viding a tremendous amount of help to the 

landholders, . a large number of whom are 

now actively engaged in controlling erosion 

by both vegetative and mechanical means. 


A rapid expansion -in staff co111111enced in 

I946 and at the end of I949 the wor~s staff 

had increased from one officer to nme, to

gether with the necessary plant and labour

ing staff in addition to the small Research 

Station ~taff. 


DIVISION OF THE DISTRICT INTO ZONES. 
In common with the findings of similar 

investio-ations in other parts of New South 
\ 1\Tales o the investigations in the Riverina 
clearly showed that to make general recom
mendations for large areas of the State 
without regard to local conditions of soils, 
climate and land use. was extremely danger
ous. A t the same time, however, the infor
mation rrathered showed that. the erosional 
behaviot~r of soils, the behaviour of control 
measures and..,the application of wise land 
use practices might be simil.ar for fair.ly Ia:ge 
areas provided that the basts of classification 
of these areas was one of soils, climate, vege
tation and land use. 

The 'Riverina Soil Conservation District 
has been subdivided into several zones, the 
·classification of each being based on vege
tation, climate, soils, erosional behaviour of 
soils, application of control measures and 
land use. 
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http:simil.ar


• Rankin's Sprin_l!s 

West Wyaloni • Gnnfe 11 • 
• Gool~ow! 

Griffitb • Barellan 

~Ardl<than •Adah Park 
•Youn& 

Tczmora • 

Dar1tng,ton Point • 

• Cootamundra 

• Narrande.-a 

6 5 
• Gunda&ai 

The Roc.'k • 

• Jeri!der!e Yczrong Crec k • 

) - Hon~y t · 

Culcatrn • 

Gorogery• 

VICTORIA 

SCALE 
Mii <S 16 1 z 8 4 0 16 3Z Mil•• ' 

~~~--~~--~~~~~----~ 
Fig. I .-Zonal Map of Riverina Soil Conservation District, N.S.W. 

These zones have beea defined in Fig. I 
.and reference to Table I will show the close 
relationship of vegetation, soils and climate. 

It has also been found that erosional be
haviour and the application of erosion con
trol measures bear a close relation to vege
tation, soils and climate, and the subdivi
sion of the district in this manner is con
venient for discussions on the trends of land 
use and erosion cm1trol which have shown 
up in the past ten years. 

ZONE No. 1. 
Although not very large in area this zone 

is of tremendous importance to Australia, 
being part of the vital catchment areas of 
the Hume Reservoir and Burrinjuck Dam, 
which play such an important part in the 
water conservation schemes of Eastern Aus-
tralia. Together with the neighbouring 
catchments of the Snowy River the value of 
these areas as efficient catchments has been 
given great prominence recently follo~ing 
the commencement of the Snowy-Murrum
bidgee-Murray diversion schemes for fur
ther water conservation and development of 
hydro-electric power. 

The catchment efficiency of these areas 
is very high. There exists high rainfall 
w ith annual snow, high mountain swamps, 
soils Gf high water-retaining capacity, good 
vegetative cover and relatively gentle topog
raphy. 

Being subj ect to snow in the winter 
month s these areas are used mainlv for 
summer relief grazing mainly under ''Snow 
Leases" and "Permissive Occupancies." 
Considerable attention has been given dur
ing the period under r eview to ensure that 
thjs type of land use does not affect adversely 
the efficiency of the a rea as a source of water 
supply. 

ZONE No. 2. 
Although the greater part of this area is 

steep, inaccessible and mainly still under 
heavy fo rest, the gentler and more accessible 
areas such as the headwaters of Tumbar
umba and Mannus Creeks, have' been 
cleared for grazing and agriculture. 

Under very favourable rainfall conditions 
pasture improvement in these areas has been 
developed at a very rapid rate; such exotic 
species as subterranean clover, reel clover, 

perennial rye grass and Phalaris have been 
sovvn over extensive areas together with 
regular liberal topdressing of superphos
phate. 

The trend in the past_ ten years has been 
very wisely to conceotrate on the improve
ment of the better quality areas rather than 
further clearing of the inferior ridges. The 
better areas develop very quickly while the 

, inferior )1ills and ridges are slow to develop 
aoocl arass cover after clearing~ and may
~uffer 

0

severely from sheet erosion_ during 
this vulnerable period. Again, wise land-· 
holders now realise the value of the Pepper
mint ( E1.t. dives) as a valuable natural crop 
for the production of high _quality Eucalyp~us 
oil. The wise use of this valuable species 
for this purpose by cutti~g and c~ppicing on 
a three to five year rotatiOn provides a pay
able land use without depreciating the catch
ment area to any extent. 

The particularly dense grow:cl cover ob
tainable by adopting pasture Improvement 
on the better class areas can be regarded a_s 
equally as good as dense forest from the s01l 
conservation aspect. 

·with some few exceptions associated with 
old mine workings and roadside drain~ge ti:e 
erosion position is not generally sen ous m 
this zone. It is to be expe,cte~ tl1at th~se 
conditions can be preserved mam1y by wis_e 
land use · sound management and so1l 
conservati~n programmes in this area sho~ld 
generally be considered under the followmg 
headings : 

r. F orest Management. 

2 . Bush Fire Control. 


3· Rabbit Control. 


4 , Grazing l\llanagement. 

· 5. Pasture Improvement. 

6. M inor Mechanical Control Measures. 

ZONE No. 3. 
Most of the better class and more access

ible areas in the zone have been . cleared for 
araz ino· or aariculture and although the zone 
does ;ot enJoy as high a rait:fall as Zone 

-No. 2, the practice of pasture tmprovemen_t, 
us in a subterranean clover and other e.xotic 
species, toget:her with liber~l annual top 
dressing of superphosphate, Is very success
fu l. 
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Fig. 	2.-Typical contour furrowing near Ladysmith in Zone 3· 
F ·ig. 3.- A contour farming scene.near Junee in Zone 4· 

Clm:er Leyland Rotation. .- W here th~ 
topography is suitable fo r cultivation such 
as in ~he Holbrook and Tarcutta di~trict s, 
there 1s a general >vise trend ,to adopt a 
S~lbterr~nean ~lover Jeyland system in rota
tJOn With wmter. cereals (wheat and/ or 
oats ) . U nder th1s system the clover is 
usually seeded with a cover crop of oat · and 
the clover allowed to develop fo r a five to 
seven year period, when it is cropped to 
wheat then sown to oats on the wheat stubble 
and returned to clover leyland. This clover 
leyland ( 5 years) wheat-oat rotation is 
proving very profitable in tf1ese areas where 
adequate cultivation country i-s available and 
i~ a very desira_ble soil conservation prac
tice. Under tl11 s svstem also the clover 
swards appear to benefit consi::lerably. 

T hose who have commenced this rotation 
have experienced some difficulty in stubble 
cropping to oats without burning the wheat 
stubble. It is to tbe credit of some of these 
men, however, that they are taking the in 
itiative in overcoming this problem and 
developing ways suitable to their own land 

and plant to avoid stubble burning. Many 
ingeniot1 S methods to overcome thi s prob
lem have been evolveg, mostly quite success
ful; amongst the best are the use of the 
tandem disc harrow-dri ll without tynes
disc harrow combination, and a di sc harrow
drill without tyne-cutti-packer roller 
combination. The roller used in this latter 
combination is the usual type of subsurface 
roller with multiple V -shaped wheels form
ing the roller. · 

T he clover is usually topdressed with 
st> perphosphate in the leyland period . 

Mechanical E1·osion Cont1•ol MeasuTes . .....:... 
Some serious erosion is occurring in this 
zone and Soil Conservation Demonstration 
Areas have been developed in the Holbrook 
all(~ Ladysmith districts. Experience gained 
in these Demonstrations and in other fi eld 
works in this area has shown the value of 
some mechanical measures in this zone. 

Contour~ pasture furrows have achieved 
excellent results as a means of reducing the 
frequency of run-off across unstable eroded 
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areas, and also as a means of controlling 
sheet erosion on hillsides an·d assisting the 
development of good pasture cover. 

The use of dams, diversion banks and 
grassed waterways for controlling deep 
bottomland gullying has also been· success
ful where such measures are . applicable. 

As the areas subjected to cultivation ar-e 
not frequent in this zone, and .. as the fre 
quency of fallow is low, the application of 
terraced systems of graded banks is limited 
usually to special cases . W here necessa1·y, 
however , good grassed waterways should be 
provided for bank outlets. Fortunately, the 
climate in this zone generally allows the 
rapid development of adequate cover on 
these waterways. 

D iversion and graded bank work in this 
zone is usually graded up to o.s per cent., 
but the minimum possible grade is usually 
designed. 

The design of such measures has been 
discussed frequently in · previous issues of 
this Journal. 

The soil conservation programme in this 
zone should be considered under the follow
ing headings : 

I. Rabbit Control. 
2. Bush Fire Control. 

3· Grazing Management. 

4 - Pasture Imp_rovement. 

:J· Crop Rotation . 

6. Contour Pasture Furrows. 
7-	 Diversion Banks (graded ) and 

Grassed Waterways. 
8. Roadside Erosion Control, 

ZONE No. 4. 
This zone forms a transition stage be

tween tl1e , eastern grazing areas and the 
more typical wheat growing areas of Zone s. 

Wheat growing .was predominant up till 
l 	 the end of last decade, but during the period 

under review there has been a marked 
change in the land use practice in this zone. 
Although for somewhat differeot reasons in 
the northern portion to the southern por
tion there has been a general realisation 
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chat single crop farming of wheat with fre
quent fallow was responsible -for a rapid 
decline in soil fertility and increase in the 
frequency of erosion damage. With this 
realisation a gradual improvement in land 
use methods has developed, and now it 'is 
generally realised in this zone that success
ful wheat growing cannot be continued in
definitely without diversification to include 
the grazing of livestock. · 

The zone has two distinct sections, 
namely, north and south of a line drawn 
approximately from Mangoplah to Osborne 
through Yerong Creek. Land use practices 
differ and each will be considered separately. 

Northern Section. 
The heavy infestations of skeleton weed 

in this part of the zone has been largely 
responsible for a radical change in general 
land use over the last ten years or so. The 
old single crop farming rotation of wheat, 
fallow and even wheat-oats-fallow torrether 
wi!h the burning of stttbble, is 'gradually 
dymg out. Fortunately, skeleton weed has 
a high summer feed value and allows diver
sification to include sheep grazing. This 
has fostered a shorter fallow and a general 
tendency to less cropping and longer ley
land. Subterranean clover and vVimmera 
rye grass are su<;cessful temp~rary leyland 
p~stures and are gradually finding favour 
With a consequent reduction in the amount 
of oats grown on stubble land. 

W heat, L eyland, Fallow Rotation.-Prob
ably the most successful soil conservation 
rotation yet developed in this area for the 
comparatively small mixed farmer is the 
wheat and/or oats-leyland-fallow rota
tion. .The leyland, if sown to sub. clover 
and W immera rye grass with the wheat 
and topdressed, provides excellent gra zing 
and re~uces the necessity for large areas 
of grazmg oats. Smaller areas of oats may 
be grown either on fallow or leyland as part 
of the cereal phase of the rotation. 

One large landholding company in the 
Marrar district is practising clover-ley
land farming more typical of the southern 
section of the zone, but this has not yet 
spread to the smaller holdings. 

Mechanical Erosion Control M eas'U?'es.
Serious erosion is widespread in this north
ern part of the zone, and there is probably 
no area in the Riverina Soil Conservation 

District requiring more intensive mechanical 
erosion control _measures than the Wagga, 
Coolamon, Rannock, Marrar and J unee 
areas. Soil Conservation Demonstrations 
have been developed at Coolamon, J unee, 
Milbrulong and Sebastopol, and a great 
deal of general field work has been under
taken. A wide range of mechanical measures 
is usually necessary, including pasture fur
rows, graded banks, grassed waterways and 
storage. dams. Fortunately, the climate 

_allows a reasonably rapid development of 
cover on grassed waterways if stock are ex
cluded in the establishrpent period. Bank 
work is usually graded up to 0.5 per cent., 
but the lowest possible gradients are usually 
applied . 

Contour pasture furrows have proved of 
particular value to reduce run-off from 
pasture areas above cultivation pa<;ldocks. 

Southern Portion. 
- Skeleton weed has not infested this part 

of the zone to the same extent as the 
northern por-tion. Nevertheless, a radical 
change in land use practices is occurring 
with the same object of less crop and more 
stock. Experiments on clover-leyland farm
ing at Rutherglen Experiment Station, Vic
toria, have assisted in fostering this change 
and this Station has published very inter
esting figures on ' the success of these rota
tional methods. 

Clove1·-Leyland Fa.n ning.-Briefiy, the 
most successful application of this method of 
farming cereals is to sow subterranean clover 
with a cereal· cover crop and allow it to 
become well .established, then to crop wheat 
twice or wheat followed by oats and again 
retire to clover-leyland for four to seven 
years. Fallow is reduced to the minimum 
possible period and clover-leyland is top
dressed with superphosphate. 

The reduction in total annual cereal pro
duction is more than offset by the high 
stock-carrying capacity of the leyland and 
the reduction in cost of cereal production 
by minimising the fallow. 

The further adoption of these methods 
is strongly recommended for soil conserva- · 
tion purposes in this zone. 

M echanical Erosion C ont·rol M easures.·
Soil erosion is not as widespread in this 
part 	of the zone as in the northern portion. 
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However, Demonstration Areas have been 
developed at Munyabla Burrumbuttock, 
Jindera and Albury. ' 

Generally speaking, the same measures 
as recommen?ed for the northern portion 
apply, but If clqver-leyland farming is 
adopted, the intensity of application of these 
measures will be greatly reduced. 

Soil conservation programmes for both 
portions of the zone should be considered 
under the following headings : 

I. 	Rotation of crops and stubble con
servation. 

z. Grazing management. 

3· Pasture improvement. 

4 · Rabbit control. 

5· Pasture furrows. 

6. Grassed waterways. 
7· Contour cultivation and ~raded 

banks. 
8. Gully control. 

9· Roadside erosion control. 


Fig. 4.-Serious damage resulting from uncontrolled erosion in eas tern Riverina. 

ZONE No. 5. 
This zone is one of the most concen

trated wheat growing areas in the State, 
and 	although, as in Zone No. 4, there has 
been the same trend for less wheat acreage 
and 	more stock in the past ten years, this 
does not appear · to have reduced the total 
wheat production appreciably in the main 
wheat-gr0\4ing districts such as Temora. 

It will be seen by Table I that there is 
a ·wide range of vegetation types and climatic 
conditions in thi s zone. The more western 
areas and the Mallee areas suffer by wind 
erosion in addition to the widespread water 
erosion of the more undulating eastern 
areas. Both problems have a common basic 
need-the conservation of protective cover. 

The variable and somewhat unreliable 
seasonal conditions make it difficult to 
recommend a set rotation practice for the 
wheat growers of this zone, but the old 
wheat and fallow or wheat-oats-fallow 
rotation is fast disappearing in favour of 
a wider rotation with leyland. This usually 
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follows a three or- four-year pattern with 
one or two .seasons of leyland between the 
cereal and the fallow. The important point 
that gas been generally realised is that any 
rotation which fosters stubble burning is a 
major factGr in depletion of soil fertility 
and a cause of soil erosion. The length of 
the leyland is usually governed by the size 
of the holding and the condition of the 
stubble and leyland cover. If stubble cover 
is poor following a poor crop or is blown 
away by wind, it is desirable to recrop 
immediat~y as there is no quicker way of 
covering old cultivation ground in this zone 
than with a cereal. On the other hand~ a 
good stubble cover may remain adequate 
for three or four years. ' 

Ball Clover and Wimw~era R31e Grass L ey 
land.-Ball clover ( Trifoli·um glomeratttm ) 
is fortunately widespread in this zone, 
t lu-oughout which in general rainfall is in
adequate for successful subter ranean clover 
development. It is al~o fortunate that it 
thrives under rotational cultivation, pro

. bably on the residual value of the super
phosphate used with the cereal. The seed
ing of \Vinuner~ rye grass with the cereal 
results in a well-balanced leyland with ball 
clover and the rye grass thriving urider 
rotation conditions. 

Although not very widely practised yet, 
some outstanding carrying capacities for 
the T emora district leylands have been re
ported by topdressing the stubble to en
courage naturalised clovers . 

N ot only has this proved an economic 
proposition but it has re1:_1dered possible a 
longer life of well-covered leyland and 
minimised erosion . 

Mechanical Erosion C antral M eas~wes .
There have been some interesting trends also 
in the approach to mechanical erosion con 
t rol measures. 

Most c;arly mechanical control measures 
followed the early type of graded bank with 
gradients up to as high as I per cent. Some 
serious outlet scour s followed this practice 
as grassed waterways were, at that time, 
not \ ·idely known. Grades of banks have 
now been reduced. g reatly. In fact, work 
on Demonstration Areas at Mii"rool, Ardle
than and Temora has amply demonstrated 
the value of level diversion banks and al:)
sorption banks with or without grassed 

waterways, even on ara?le lands. vyater
ways take a longer penod to estabhsh 111 

this zone than in Zone N o. 4· 

Advantages of L evel .z:an k_s.-A lthough 
usually applied at less vertical mtervals than 
graded banks, the level banks have the ·fol
lowing advantages:

1. 	They do not rely to the same extent 
on the cover of the waterway for 
permanent success and as th e e~
tablishment of waterway cover IS 

a longer process in these climates 
this is a big factor. 

2. 	Greater retention of rainfall fo r use 
by crops and pastures. 

3· Suit all soil types in the zone. 
4 ·• General ·design is simpler and can 

be laid out more rapidly. 
5- Installation of the bank is not depen

dent on the establishment of water
way cover. Banks ,ancl waterways 
can be designed and formed a t one 
period of operation. The banks 
can be used closed ended while 
the waterway is establishing with 
a reasonable degree of safety and 
when the waterway is satisfactorily 
covered, the bank may be opened 
into the waterway if required. 

C ontmw C·ult·ivation.- There is probably 
no where else in the Riverina Soil Conserva
tion District that contour cultivation has 
been so widely accepted as in parts of 
this zone, and in the A riah P ark di strict in 

· particular. As a mea§ure of erosion pre
vention where the degree of erosion is not 
too sever e, this method of cultivation is very 
successful. Some enthusiasts in the A riah 
Park district mark their contour plough 
lines out at 4 feet vertical intervals in the 
early leylai1d period with a disc plough . The 
pl ough furrows theri act as a system of con 
tour furrows during the leyland period, r e
ta ining moisture and reducing run-off . The 
subsequent £allowing is done on the contour 
from these guide lines. 

N atural G?'assed Wa.terways.- A keener 
appreciation of the natural function of 
g rassed , depression is now being shown in 
thi s zone and farmers, particularly those 
adopting leylancl rotations, are g radually 
making adequate grassed natural waterways 
to conduct run-off safely. 
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.Each year sees another leyland paddock 

broken up with a g rassed reserve for water 

di sposa l. This is- a practice which should 

be g iven g r<;ater consideration in some other 

zones. 


Considerat ion of soil conservation pro

grammes in this zone should be made mainly 

around the fo llowing points : 

r . 	.Rotation of crops and stubble con 
servation. 

2 . Grazing management. 

3· Rabbit control. · 

...J. . Diversion banks ( level ) . 

s.· Level absorption banks. 

ri. ·Pasture furrows. 


1 . G rassed waten vays . 
8. Gully contro l. 

9- \ Vindbreaks and fa rm woodlots. 


ZONE No. 6. 

T hi s zone is more closely associated. with 


\\'es tern New South vVales than other ZOI1es 
of the H.i \rerina Soil Conservation District. 

T opography is mainly level to gently un
dulating and th e land use mainly g razing. 

Although not very widespread, some seri
ous win d erosion occurs and in common ·with 
the cont rol of water erosion, the conserva
tion of protective cover is the main method 
of erosion control. 

T ABL E 

. The tre~tmeut of scalds and other matters 
m connectiOn with wind erosion in this zone 
has been discussed in previous issues of this 
Journal(") . 

A Question Answered. 
. Probably . the most common question that 
IS as~<ed when ~iscussing the development 
of sod conservatiOn activities is: "Are the 
f~~mers and _graziers actively undertaking 
soli conservatwn work or do they passively 
regard the clanger as somethino- inevitable . b 
to be passed on to postenty ?" 

A survey of the reactions of the landhold 
ers o:rer the pas t ten years may answer th is 
queshon. · 

A t the end of 1942 or early 1943 approxi 
mately six ty landholders were recorded as 
having sought some measure of assistance 
from the Soil Conservation Service in the 
H.iverina. 

At the end of 1949 the number recorded 
as requesting assistance was over 4 00 and 
additional requests are being received at 
the rate of approximately roo a year . 

This is a very encouraging ans·wer to the 
question and it is felt th<+t we can confi
den tly look fo rward ' to yery satisfactory 
results by the end of the next decade. 

R cf enmces: 
(' ) Kaleski . Soil Conservation J ournal, Vol. r. 
(") S mith. Unpnbt ;sbed·-19~
(") Beadle. Soil Conservation ]ournal, Vol. 4

I. 
Natu·ral F actors of Zones . 

Vege tation. \R ain-Zone. T opography.SQils. Al titude. fall. 
Formatio ns. Dominant Species. 

inches. fee t. I 
.~ !pine E ucalyp t Forest ... Snow Gum (E1<. Pallcif/ora). Skeletal ... ... Ridges and hills. 

Mountain Ash (Eu. giga,.tea). 
I . Over 4,ooo 40- 60 

Snow Grass (Poa Scaespitosa) ... Peaty over Skeletal .. . Undulating.Alpine Grassland ... Ov~r 4,000 4o-6o 

Snow Gum (Et~. . pa11cif/ora)We t E ucalyp t Forest ... Skeletal .. . ... Moun tai oous. o. 3,ooo-6,ooo 4o-6o 
Mountain Ash (Eu. giga11tea), 
Mountain Gum (Et<. Dalrym
pleana), Messma te (Eu. radiata~, 

Ribbon Gum f'"· viminali ,
E urabbie (E«. icostata) , Apple 
Box (Eu. St11artia11a), Broad 
Leaf Sally (E1< . camplwra), Black 
Sally (Eu. sle/111lata). 

Stringybark (Eu. macrorrilyllcila), Eucalyp t Fores t .. . ... Skeletal (inferior) ... H illy (dry sites).
Peppermint (Et<. d·ives ), White 
Gum (Eu. maculosa), Long
Leafed Apple (Eu. clacophora). 

2 '000-3,000 3o-40 

Defores ted Areas (G rass- Kangaroo Grass (Themeda Sp. ) Greys, grey-browns Undulating to 2 ,000- 3,000 3D-40 
I land) . Snow 	Grass (Poa sp.). White and red-)>rown loams hilly. 

T op (Da11tho11ia sp.) and im
proved pas tures of exotic 

I Species. 

rzr 
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Vegetation. 
Zone. Soils. 

IFormations. Dominant Species. 

3 · Eucalypt Forest ... ... Stringybark (Eu. macrorrhyucha), Skeletal and grey to 
, Peppermint (Eu. dives), Red grey-brown loams. 
Gum (Eu. B!ake!yi), Red Box 
(Eu. potya11themos), .6.pple Box 
iEu. Stuartia11a), Scribbly Gum 
E1t. Rossi·i) . 

Eucalypt Woodlari'd ... White Box (Eu. atbe11s), Red Gum Grey, grey-brown to 
(Eu. Btakdyi), Red Box (Eu. red-brown loams. 
po!yaathemos), Yellow Box (£1<. 
melliodora), Apple Box (Eu . 
Stuart ia1J.a ), Iron Bark {Eu. 
sideroxyto11). 

Cleared Areas (Grassland) White Top (Dmttlw~tia sp.), Cork- Grey, grey-brown to 
screw (St-ipa sp. ), · Red Grass red-brown loams. 
(Bothriochloa sp.), Kangaroo 
Grass (Them e<la sp. ) and im
proved pastures of exo tic species 
and cultivation. 

4 · Eucalypt Woodland White Box (Eu. albens), Red Gum Grey-brown to , red
(mainly cleared) . (Eu. Blakely i), Yellow Box (E". 

melliodora) , Grey Box (Eu. 
microcarpa). 

GRASSLA ND : vVhite Top (Dall

brown loams. 

tlw>tia sp. ), Corkscrew (Stipa sp.) 
Windmill (Ch/.or is sp.), with 
improved pastures of exotic 
species and exotic annuals and 
cultivation. 

Pine- Eucalypt Woodland Cypress Pine (Callitris glauca), Red-brown-loams ... 
(mainly cleared). Yellow Box (Eu. melliodora), 

Grey Box (Eu. microcarpa). 
GRASSLAND : White Top (Da11

thon·ia ;p.), Corkscrew (Stipa 
sp. ), Windmill (Chtoris sp.), with , improved pastures of exotic 
species and exotic annuals and 
cultivation. 

5 Pine-Eucalypt Woodland, Cypress Pine (Callitris glauca), Red-brown loams ... 
E astern phase (mainly Yellow Box (E". meUio<lora), 
cleared). Grey Box (E1t. m icrocarpa). 

GRASSLAND : White Top (D a"
thonia sp.), Corkscrew (Sti pa 
sp.) , Windmill (Cizloris sp.) , with 
exotic annuals and cultivation ; 

Pine-Eucalypt Woodland , Cypress Pine (Callitris glauca), Red-brown loams ... 
Western phase (main ly Bimble Box (E1t. poputi/o!ia), 
cleared). llfallee Box (E1l. Woollsiana) , 

Bull Oak (Casuari na sp.), Belah 
(Casuarina sp .). 

GRASS LAND : Corkscrew (St·ipa 
I sp.), White Top (Da11thoH ia sp. ), 

Windm ill (Chloris sp.), with 
annuals and cultivation. 

Mallee ... ... ... Eu.. oleosa, Eu. dumosa. Red-brown sands and 
GRASSLAND: White Top (Da.11  . loams. 

thonia sp.), Corkscrew (Sti pa 
sp.), Windmill (Chloris sp.),
annuals and cultiva tion . 

Dry E ucalypt Fore~! ... Hill Gum (Ett. dea/bata), I ronbark 
(Ett . sideroxylo11). 

Skeletal .. . ... 

6. Eucalypt Woodland ... Red Gum (£11, rostrata), audj or Grey and brown clays 
Black Box (Et<. bicolor) . and clay loams. 

Grassland ... ... .. White Top (Dantho11ia sp.), Grey and brown loams 
Windmi ll (Cizloris sp.) , Cork
screw (Stipa sp. ). 

Altitude. Rain· 
fall. 

feet. inches. 

z,ooo-2,ooo 25-30 

Boo-r,ooo 2025 

Soo-x,ooo 2025 

Boo-r,ooq 20-25 

6oo- 8oo 2 Q-23 

6oo-8oo 18-20 

400-700 IS-IS 

, . 

400-600 I5-I 7 

400 I,OOO :15- 20 

400-500 15-17 

400-500 I5-I7 

Topography. 

Hilly to moun· 
tainous. 

Undulating to 
hill y. 

Undula ting to 
hilly. 

. 
Undulating to 

hill y. 

Undulating. 

Level to undulat·· 
iog. 

Level to undulat· 
ing. 

Level to u ndulat
ing. . 

Rough hills and 
ranges. 

Level, subject to 
floodlng. 

Level plains. 

+ + + 
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MASS MOVEMENTS OF THE SOIL SURFACE 

WITH SPECIAL REFERENCE TO THE 


MONARO REGION· OF NEW SOUTH WALES 

BY 

'
A. B. CosTIN, B.Sc.Agr., 


Soil · Conservationist. 


PART 11. MASS MOVEMENTS OF THE SOIL SURFACE IN THE MONARO 

REGION (continued-). 


II. SLIPPilGE· MOVEMENTS . 

(I) SLUMPING. Monaro except in earthflows and sometimes 
Slumping pccurs in all tracts of the in stream and gully widening. Slumping of 

Monaro, being favoured by high soil mois gully walls and stream banks is usually 
accompanied by caving, both processes freture contents, severe frost acti'on, steep 
quently being hastened or induced by· humanslopes, and exposure of the soil surface by 
interference. overgrazing, burning and clearing. In all 


areas where slumping has been observed, 

accelerated soil creep, solifluction, and wind 

and water erosion are also active. * In this number, Mr. Costin concludes his 

article. The earlier portions of the article 
bnPO?'tance in Nat·m·al Processes. appeared in this J ournal, Vol. 6, Nos. r and 2 , 

Natural slumping is not important on the 1950. 

lhg. I.-A typical spring scene in sub-a~pine tract showing way in which melting of snow is retarded 
on shady aspects. Note solifluction terracettes, and slump scar near base of slope. 
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Fig. z.--Close-up view of Fig. I, showing accumulation of snow on small slump scar (right hand corner 
of photograph) and in bare soil pockets between solifluction terracettes. 

I 
Fig. J.--Close-up view of slump scar and associated terracettes shown in Fig. I. 
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Fig. 4.-Lateral coalescence of bare slump surfaces in subalpine tract by further ma5s move~ents 
between the original slumps. 

Impo?'tance in Accelerated Erosion.
Particular!y on steep, overgrazed slopes of 
the ·subalpine tract the development of soli
fluction terrace~tes (in which minor 
slumping is also involved) is frequently 
accompanied by larger slump movements. In 
the bare, depressed soil pockets separating 
individual terracettes, snow · tends to accu
mulate. vVith the spring thaw the soil 
frequently becomes so lubricated by snow 
water that, in the absence of a continuous 
vegetative cover, slumping commonly takes 
place. Both lateral and vertical coalescence 
of slumps may occur, and in this way large 
slump surfaces are exposed (figs. I, 2, 3, 
4). Some of the most serious slumps in 
the subalpine tract have occurred on steep, 
shady slopes where burning and overgraz
ing have replaced the climax snow gum 
woodland by a disclimax grassland of snow 
grass. Here it is considered that the 
destruction of trees has resulted in a ·less 
uniform accumulation of winter snow and 
consequently in the acceleration of soil mass 
movements. 

The recession of stream banks and gully 
walls by slumping, usually f<?llowing 
undermining by frost or water erosiOn, has 
also been hastened by human interference 
(figs. 5, 6). 

-- C antral - ~f AccelfJ'ra.ted Slurnping.-The 
control measures recommended are those 
previously discussed in connection w~th soil 
creep and solifluction. Where slumpmg has 
occurred on•the steep slopes of the ~ubalpine 
tract on which trees have~ been killed, the 
enco~1ragement of natural tree regeneration 
is particularly recommended . . 

(2) CAVING. 
Usually acting in conju~ction with s_lump

ing, caving is also a maJOr process m t~e 
recession of stream banks and gully walls. 
It is especially active in soils possessing a 
columnar or prismatic structure. While 
slumping may occur without undercutting, 
the .]atter process always precedes caving 
movements. 



Fig. 5.-Recession of stream bank by slumping. (Photo by U.S.D.A.) 

Fig. ] .-Gully.widening and.recession hastened by frost action and caving in soils of the alpine tract, 

Fig. 6.-Recession of stream bank by caving. (Photo by U. S.D.A .) 
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l mpO?'tance in 1Vatural Processes.___:. 
Natural caving occurs almost universally 
along the banks of creeks and rivers as the 
result of undercutting by water actio.n. 

Importance in Accelerated Erosion.
The greater fluctuations in stream flow 
following clearing and overgrazing have 
probably hastened the recession of stream 
banks by undercutting and caving (fig. 6). 

Of greater importance on the Monaro, 
however, is the role of caving in accelerated 
gully widening and recession. In the alpine 
and subalpine tracts caving usually results 
from undermining by frost action, and in the 
montane and tableland tracts from under
mining by water erosion. _ 

At alpine and subalpine levels exposed 
gully walls are vigorously attacked by frost 
during- the· spring, autumn and summer 
months. Owing .to the partial protection 
from needle ice erosion afforded by dense 
root development in the Ar. horizon, and by 
the greater abundance of stones and gravel 
in t_he BC, the relatively unprotected A.2 and 
B horizons of exposed soil profiles are more 
rapidly eroded resulting in the undercutting 

, 
I 

of the surface soil. Saturation of the over
hanging surface soil causes the formation 
of tension cracks along which caving occurs. 
In the Kosciusko area lateral gully reces.:· 
sions approaching three feet per annum have 
been observed (figs. 7, 8). 

No less serious are the caving movements 
re:>ulting from the undermining of gully 
walls in the montane and tableland tracts. 
The ·deep, vertical gullies, which ~re sue~ a 
typical erosion feature of the fossil latentes 

,of the Monaro, have been intensified by 
cavincr movements facilitated by the pris
matic0and columnar structures of the pallid 
and mottled horizons of these soils. In 
marked contrast:-- is the erosion pattern of the 
prairie soils, c~eniozems,_ and cho~olate 
soils the hicrhly self-mulclung properties of0
whi~h prevent undermining and caving and 
result in gently sloping gully walls (figs. 8, 
9). ' 

-
Control of Accelerated Caving.-In the 

montane and tableland tracts caving move
ments may be minimise'd by the standard 
methods of gully control. 
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F1:g. g.-Broad gully in prairie soil of montane tract, the self-mulching properties of which prevent 
caving movements and the formatio.,n of vertical g1,1lli§'~ such as -are shown in Fig. ro: 

Fig. B.-Recession of roadside cutting in sub-alpine tract, due to vigorous frost action followed by 
caving of the undermined surface soil. 

rz8 
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/ 
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In the alpine and subalpine tracts, how
ever, where frost is the major undermining 
agent, the prevention of caving is a more 
difficult problem. Sinces the exposure of any 
vertical section of soil immediately initiates 
caving movements, every effort ;;hould be 
made to preserve the natural vegetative 
cover. 

(3) DEBRIS SLIDE. 
Debris slides are of widespread occ4rrence 

on steep slopes of the alpine, subalpine, mon
tane, and sometimes tableland tracts. At 
alpine and subalpine elevations the debris 
slide scars are sometimes deep and narrow, 
suggesting that these slides were probabl;y 
accompanied by rapid ftowage movements 
characteristic of debris avalanches. 

hnportance in Nat1wal Proc,esses.
Although natural debris slides are an 
important geomorphological agency in the 
mountaino~ts areas of the Monaro, the 
majority occurring in recent years have 
been favoured by human interference. 

Importance in Ac~elerated Erosion.-In 
many parts of the Monaro the severe forest 

-

fires of I939 left soil surfaces in an exposed, 
unstable condition. These fires were fol
lowed by heavy rains which resulted . in 
nwny debris slides, as for example on the 
steep, granitic slopes of the Lower Snowy 
River. 

In the Kosciusko area small debris slide 
scars are sometimes found on steep slopes 
where accelerated solifluction and slw;nping 
are active. Although some of these slides 
were instigated by natural undercutting due 
to stream action, their occurrence was un
doubtedly facilitated by unfavourable human 
interference (fig. I I)

Cont?'Ol of A~celerated Debris Slide Move-
11/'~ents.-The man-induced debris slides of 

_the Monaro can be minimised by the pre
vention of forest fires and overgrazing. 

-
Debris Fall , Rocll Slide and Rock Fall.

N atunil debris fq.lls, roc-k slides and rock 
falls are important pedogenic and geomor

. phological processes occurring in mountain
ous areas of the Monaro, 

These processes - have not been affected 
by human interference. 
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F ig. 10.-Deep, veriicaJ guily in fossillaterite of tableland tract, showing col1,1mnar structure ot mottled ,Fig. II.-1-'artly vegetated scar of debris slide in subalpine tract. fhis slide was probably instigated by
and pallid horizons which facilitates caving movements. undercutting due to stream action; and judging from the narrowness of the scar near its base, 

may have been accompanied by fiowage movements characteristic of debris avalanches. 
I 
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Fig. 12.-Subsidem;:e of surface of raised bog peat in a lpine tract, due to humification of the pea t following 
./ over-grazing and trampling by livestock. . 

(lll) MOVEMENTS BY SUBSIDENCE. 
Neither natural nor man-induced subsid

ence movements are important on the 
Monaro. 

Mining activity has been largely confined 
to alluvial operations, and no important 
cases of subsidence due to this cause have 
been observed. In the Kosciusko area, 
humification of localised raised bog peats 
due to artifi cial draining and excessive 
trampling by livestock has been followed by 
minor subsidences of the original bog sur
faces ( fig. 12) . 

Sink holes and underground caves occur
rinD' in restricted areas of limestone rock 
ha;e resulted in small, natural subsidence9 
of the associated limestone soils. 

+ + 
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GENERAL SUMMARY. 

In the preceding artic~e the major types 
of mass movement affectmg the sotl surface· 
have been considered. 

These movements occur by slow and 
rapid' flowage, sl'ippage, and subsidence, 
and are commonly followed by sheet and 
gully erosion. 

Several types of mass movement a re 
important in the Monaro region of New 
South Wales . Each of these types has been 
considered in greater detail, reference be
ing made to its importance in natural and 
man-induced processes and to measures 
recommended for its control. 

+ 

EROSION CONTROL IN THE 'BINGARA

GRAVESEND DISTRICT 


nY 

J. STEWART, B.Sc.Agr., District Soil 

Conservationist. 


T H E nature of the topography and the 
characte ristics of the soi ls in this dis

tri ct have provided a most interesting study, 
and although the area is relatively small 
it has presented some peculiar problems. 
T he erosion damage is as severe as, or 
perhaps worse than, on any comparable' 
area in New South vVales. The location of 
the area is illustrated in Fig. I , and in
cludes the Bing<! ra Shire and the southern 
portion of the Y allaroi Shire. 

SOILS. 

The geological formation is mainly of 
Devonian and Carboniferous sediments, 
chiefly shales and cherts with interbedded 
limestones and tuffs, overlaid in isolated 
places with Jurassic sandstones and very 
limited areas of Tertiary basalt. The in
flu ence of the sandstone and basalt is 
negligible except for their effect on topo
g raphy as the hard remnants cap the high 
hills and are responsible for the steep slopes 
on the upper part of many of the small 
catchments. 

The soils derived from the Devonian and 
Carboniferous series are of similar types. 
The A horizon is a reddish-brown loam 
which lacks a stable crumb structure so 
that it becomes compacted by rain and sets 
hard whei1 dry. Its depth in. ··virgin soils 
ranges fFom 6 to I2 inches. The B horizon 
is a brown clay with a high lime content 
which is frequently evidenced by nodules. 
It disperses almost completely when wetted, 
and cracks and crumbles when dry. Its 
depth is generally 3 to 5 feet,, but it may 
be as much as L2 feet in some places. 

VEGETATION. 
· The most widespread tree species is 

Silverleaf I ronbark (E . melanophloia ), with 
\iVhite Box (E . albens ) in the· eastern sec
t ion and Bimble Box (E. popnlifolia ) in the 
western section. There are scattered areas 
of Cypress Pine ( Callitris robusta) and 
\ iVilga ( Ge·ijem pm"Viflora) with some Kt!r 
rajong (Brachych#on populneus) , Bull Oak 
( Cas·ua?•ina Luehmanni ) and Boonery 
( l-1eterodendron oleafoli·ttm ) througho~t. 
On low-lying areas Yellow Box ( E . mellw
dora) occurs, and along the main creeks and 
rivers there is River Red Gum (E . rostrata ) 
and River Oak (C. c~mninghamiana). Hop 
Bush (Cassia .exemophila ) is found O? 
stony ' areas, and Cotton Bush ( Kochta 
aphylla) is a widespread shrub on over 
grazed land. 

Queensland Bluegrass (Dicanthe-wm se·r
iceum) is the dominant grass spe~ies . Other 
major species are Corkscrew (S:t~pa setaeea) 
and W indmill Grass ( Chlon s truncata) . 
Plains grass (S tipa a.ristiglumis ) is con 
fined to the alluvial black clays. 

A wide va'riety of herbage. plants a~e 
found, the principal ones bemg T ref?Ils 
I(Medicago spp. ), Crowsfoo~ (Erod~u1n 
spp. ) and Tar vine (B oerh.aav~a d~fftesa). 

RAINFALL. 
The· annual average rainfall ranges from 

26 inches at Gravesend to 29 inches at Bin
gara. The seasonal distribution is ~how? 
in Table I for the mean. monthly ramfalls 
during 48 years of record at Warialda. In
cluded in this table are the mean monthly 
rainfalls for 55 years of record at w.agga, 
in the Riverina. These figures are mter
esting from a comparison of both the stmt 
larities and the differences. 
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TABLE I. 

IApril. IMay. IJune. I July. I Aug. ISept. I Oct. INov. I Dec. I Jan. I Feb. I Mar. ITotal 

Warialda 1·63 1·85 2·16 1·78 1·75 1·88 2·06 2·34 2·88 3"39 2·91 2·73 26·36
--·-----1---------------------l----------
Wagga 1"58 1·91 2·74 1·89 1·99 1·90 2·03 1·56 1·42 1·41 1·36 1·65 21·44 

Difference ... -o·os +o·o6 +o·sB +o·II -t-o·24 +o·oz -o·os -o·78 -1·46 -1·98 -o·55 -1·o8 . 

-·-·-----·1--- ----------------,----------------

Total ,difference April-October, Wagga o·93 in. Higher. Total difference November-March, Warialda 
s·Bs in. Higher. 

Average monthly difference, vVagga o·13 in. Wgher. Average monthly difference, Vvarialda 1·17 in. 
~gher. 

There1 s some similarity between the soils ten years. It is true that obvious gullying 
·of the vVagga District, .developed upon Sil has become serious only recently, but insidi
urian sediments, and the soils of this dis ·out sheeting has_paved the way over tl1e past 
trict, but the rainfall characteristics give fifty years, and subsequent gullJ ing has been 
rise to a totally different erosi0n problem. unusually rapid. 
There is very little difference in the rain Once a gully has formed it spreads rapidly 
fall between the two districts from April to both laterally and by head cutting. The 
October , but a big difference in the rainfall friable subsoil sloughs away, undermin~g
from November to March. By far the the firm surface soil which collapses. Frg. 
greater portion of the total of 14.25 in. fall 2 shows the typical vertical edge of a gully 
ing at yVarialda during these five months is down as far as the "k' horizon, the more 
derived from thunderstorms with high in gentle slope of the sloughing "B" horizon 
tensity falls for short periods. and the undermining action, of the overfall. 

· In addition to sheet erosion hy water, there 
EROSION DAMAGE. is considerable wind erosion caused by the 

Cultivated La-nd.- The principal culti squalls which almost invariably precede the 
vated crop in the area is wheat, and the soil summer storms. When a squall passes the 
preparation for sowing leaves a loose bare soil is usually . dry, and as the air in the 
fallow during part of the period of summer squalls is extremely turbulent large amounts 
storms. The compact nature of the surface of dust are lifted from bare £allows. 
horizon of the soil renders it' resistant to An important contributing cause to erosion 
erosion when undisturbed, but, when left on cultivated land in this area is the lack
loose by cultivation, run-off and soil losses of useful vegetation on leyland. The native 
are high because the compact soil under the and naturalised grasses do not volunteer 
loose cultivated· layer has a low absorption readily, the surface becomes a!mo~t bare an_d
rate. Sheet erosion continues to remove the run-off from retired cultLVat10n land rs 
the "A" horizon until it is reduced in places high.
to a thickness of less than 3 inches. vVhen 
this stage is reached the next ploughing Gra.zing Land.-The ! easonal growth <?f 
breaks through into the friable subsoil which pasturage in this district i~ extreLnely -yar~
is" highly erodible. The next storm produces ab le and this has resulted 111 severe penodrc 
devastating results, cutting gullies up to overgrazing. The occurrence of good sea
3 feet deep in a matter of minutes. One sons and droughts is unpredictable, and they 
case has been observed where a paddock of may occur at any time of the year. Unless 
79 acres was sown as a ·complete block in a consistent policy of reserved stocking is 
June, 1948, and by November of the same practised, when a drought develops and the 
year there were twelve gullies too cl'eep to owner should reduce his stock numbers , heFl C. 
be crossed by harvesting machinery; the find s that his neighbours are doing the same

SCALE 
MILES 0 I 2 3 4 B 12 MILES paddock was harvested in thirteen se~tions. tbincr and he can sell onlv at a heavy finan

ft is often stated by local landowners that cial loss. The stock are then held 111 the 
o . 

Rat/ways Roads Tracks erosion has only occurred within the last liope that rain will fall , but when there is 
I 

~I 
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Fig. 2.-Gully head showing scalded surface, firm" A" horizon, sloughing '•B" horizon and 
undercutting ovcrfall. _, 

no rain the land is grazed bare and the 
perennial grasses are killed. The position 
is aggravated by rabbits. The nem rain not 
only gives a high proportion of run-off and 
heavy soil loss, but permanent damage has 
been done to the perennial· grasses and bare 
hard patches appear which are very slow in 
revegetating. Reserved stocking is essential 
to maintain perennial pasture species in such 
climatic areas as these. 

The reason for this slow revegetation; 
where reserved stocking has not been prac
tised, is that the hare soil is compact and 
absorbs water very slowly. Investigation 
has shown that after three storms which 
precipitated a total of 3.85 inche·s of rain 
over four days the penetration oi1 'scalded . 
areas was less than 2 inches. The exposed 
soil dries out in two or three days and any 
seedlings that may have begun to germin
ate cannot survive unless rain falls again in 
that time. Scalded areas commonly comprise 
IO per cent. and may be as much as 6o per 
cent. of grazing land . They tend to make 
overgrazing cumulative by reducing the area 
actually growing pasturage. 

The bare areas are suhject to wind erosion 
and sheet erosion by water, and gullying 
proceeds with the same rapidity as on arable 
lands as soon as the subsoil is exposed by 
stock tracl<ls or concentration of run-off. 

CONTROL MEASURES. 
Cultivated Land.-The tendency of the 

surface to become compact, together with the 
low absorption rate, renders it essential to 
construct graded banks and carry out farm
ing operations on the contour; it appears 
impossible with our present knowledge to 
reduce and control run-off by any other 
means alone. Landow·ners on these soils 
are becoming ~onvinced that construction 
of graded banks ·and contour farming are as 
much a normal and essential part of crop 
production as cultivation and sowing.. 

Farming practices also require alteration 
to improve soil texture and increase water 
absorption. Continuous cropping with its 
attendant evil of burning stubble should be 
eliminated. The great difficulty to be over
come iri developing a crop rotation with 
temporary leyland pasture is that suitable 

-------~---

Fig. 3.- vVaterway damaged by storm of 3·o6 inches after sowing, before cross-cbeckingJ 
and straw mulching. 

pasture plants are not known. The winter 
growing annuals, such as ryegrass and 
clover which can · be sown conveniently 
under the wheat crop and which are so 
valuable in southern districts, are a failure 
here because they are germinated in the 
ley,land by late summer rains and almost in
var.iably killed by hot weather in the autumn. 
The 'summer gro.wing giant Panic and 
liverseed grass show some promise but 
cannot yet be recommended with certainty. 
However, considerable protection is gained 
by eliminating stubble burning and incor
porating the stubble in the surface soil. This 
practice increases absorption of water and 
offers some obstruction to wind erosion. 

Waterways present a most difficult prob
lem. Whenever possible undisturb~d natural 
grass should be sought. A waterway should 
only be graded as a last resort as the sub
soil may be exposed. Although the subsoil 
1s quite fertile it is liable to break into gulJies 
even after a grass cover is establ ished. 
Good cover has been established on graded 
waterways by sowing wimmera ryegrass 
and Rhodes grass in the autumn and straw 
mulching with Queensland bluegrass carry
ing seed. The sown species give protection 
for 12-18 months and by that time the 
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native species become established. As a 
further protection during establishment it 
is necessary to build level soil checks at 
intervals so that' th~y drain through gaps 
left in the waterway banks. By leaving the 
gaps where graded .banks will discharge 
when the waterway is established, the banks 
are then readily connected to the waterway. 
A waterway damaged by a storm· immedi
ately after sowing is illustrated in Fig. 3· 
Checks were built across the waterway be
fore re-sowing and no further damage has 
occurred even though it has been subject 
to several worse storms than the one which 
caused the damage. 

Grazing Land.-The problem of control
ling grazing so that perennial grasses are 
not eaten out duripg drought is not readily 
solved. Pasture growth is not regularly 
seasonal, but dependent on the incidence 
of rain. Some...of the natura} pasture plants 
·may prov~de feed at any time of the year, 
an~ ~o a~Just stock numbers would require 
antrCipatlOn of the season's rainfall. Con
sistent reserved stocking and conservation 
of fodder is a solution, provided that the 
common error is not made of increasing 
stock numbers on the false assumption that 
stored fodder increases carrying capacity. 
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In some districts stored fodder does m
crease carrying capacity by providing for 
a regular annual seasonal shortage, as for 
example the New. England winter. But in 
the Bingara-Gravesend district stored fod
der must be regarded as purely a safeguard 
against unpredictable drought. 

A s the bare scalded areas reduce the 
effective pasture area and are focal points of 
erosion, they requite attention to restore 
the grass cover. As pointed out earlier, 
these areas are h:;trd and they dry out too 
quickly for seed to germinate. Breaking 
the surface slightly to .permit penetration 
and straw mulching to prevent rapid dry
ing are effective. Both can be achieved at 
once with any tyned implement by scratch
ing the surface first and then raking grass 
straw from adjoining grassed areas. 

Pasture furrows used in conjunction with 
mulching the bare patches are valuable in 
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_reducing run-off, but their value is soon 
lost if the scalds are not revegetated. Rab
bits prefer to feed on young seedlings in 
the open, and destruction of the pest is 
essential to establish grass on the scalds. 

CONCLUSION. 

Erosion cai1 be effectively controlled in 
this district by application of the methods 
outlined in this article, but observation and 
investigation is proceeding to discover if 
the techniques can be improved. Increase 
of the absorption ra.te by improved soil 
texture, the introduction of better waterway 
grasses than the native species, · and the 
development of suitable pasture plants for 
l.eyland in rqtation with cereal cropping are 
the immediate pressing problems requiring 
solution. 

• 
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I N Part III of this article ( Vol. 6, No. 
I), it has been shown that in recent 

'Studies of the soil erosion process, W. D. 
Ellison and 0. T. Ellison, of the United 
States Soil Conservation Service, made a 
new approach to the problem. 

Their approach is based on the proposi
tion : 

" Sojl Erosion is a process of detach
ment and transportion of so·il 
materials by erosive agents." 

The main erosive agents are ( I ) Rain
drop Splash, ( II ) Surface Flow ( Run-off) . 

These erosive agents combine within 
themselves the powers to (a) detach and 
(b) transport soil materials. 

I. The fo rces of Raindrop Splash play 
a major part in "detaching" soil particl es 
from their moorings in the soil mass. 

2 . The forces of Surface Flow play a 
minor part in "detaching" soil particles 
from their moorings in the mass except in 
gullies or channels where concentration was 
possible. 

3· The forces of Raindrop Splash play 
a minor part in "transporting" soil particles 
by splashing and re-splashing them in one 
direction. 

4· Surface Flow has the greatest ability 
in " transporting" soil particles which have 
been first detached by some other force ; 
the impact force of falling raindrops, for 
instance. 

The transporting ability of Surface Flow 
will be described in this Part. 

Transportation by Surface FJow or Run-off. 

It is usual to believe that Surface Flow, 
or run-off, is the sole erosive agent, its 

effect depending on whether or not the soil 
over which it flows is in a condition liable 
to erosion. 

This common belief is based on the ob
servation that the occurrence of erosion is 
alwa.ys accompanied by the occurrence of 
run-off. 

F or this belief to be true, however, it 
must be possible to demonstrate that when
ever run-off occurs erosion always 'follows. 

The facts, however, are otherwise. Very 
often, little erosion arises from high .run
off and much erosion from comparatively 
little run-off. ( See Table I). 

The reason for this must be sought in 
some other force acting in conjunction wifh 
run-off. 

FORMS OF SURFACE FLOW. 
Surface flow during a rainstorm may 

move across the land surface in several 
forms. 

F irst it may move across broad surfaces 
that h~ve no perceptible channels, as a 
shallow sheet of water; in this case it is 
Teferred to as sheet flow or pre-channel flow 
because sooner or later the sheet flow will 
begin to concentrate into a channel or 
channels. 

Second, it may move in rill s, gullies, or 
valley channels in which case it is referred 
to as rill flo w, gully flo w, or generally as 
channelised flow. 

SHEET FLOW. 
W hen broad sheets of water move across 

land in pre-channel stages, the velocities of 
translation will seldom develop sufficient 
soil suspending capacity to move appreciably 
large amounts of soil. 
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But when the energy of turbulence is 
imparted by the action of falling rain drops , 
its soil suspending capacity increases con
siderably as also its soil transporting 
capacity. 

The soil transporting capacity thus 
imparted varies widely with raindrop size 
and velocity of impact 

Under certain conditions the turbulence 
imparted was observed to cause coat~se sand 
and small gravel to be moved by surface 
water which . was barely flowing. 

In one series of observations, the follow
ing note was made in regard to a small plot 
_"free of rills and gullies : 

" It was observed that raindrop 
impact under certain conditions, would 
move stones as large as IO m.m. in dia
meter when they were partially or 
wholly submerged in water; when rain
drops would strike these stones, the 
stones would ri se and frequently they 
would move 'some distance downslope. 
vVhere there was surface flow, thi s 
would assist the downhill motion even 
though the surface flow acting alone 
would not move them." 

More r.ecent observations demonstrated 
further outstanding effects. It was observed 
that soil-bearing water flowing more than 
half an inch deep at a velocity greater than 
a quarter foot per second deposited soil on 
a city pavement at each place where it 
flowed under a parked motor car. 

Each of these deposits corifoi-med exactly 
· to the shape of protection afforded by the 

car above it. Between parked cars, where 
splashing raindrops continued to churn 
flow, there were no deposits whatever. 

CHANNELISED FLOW. 
Raindrops bombarding water surfaces in 

shallow channelised flovvs may often increase 
their transporting capacities · by several 
hundred per cent. . 

This can be strikingly demonstrated at 
the lower end of run-off plots. \iVhen the 
run-off leaving a plot is high in silt content, 
an intercepting trough along the lower edge 
may fill very quickly if covered to keep out 
falling raindrops. But when the cover is 
removed so that raindrops strike the surface, 
no deposit will be made in the intercepting 
trough and even deposits already in the 

. /
trough may be removed. 

T ABLE !. 

Soit Losses Corresponding to R-un-off. 

W agga Research Station E xp en:rn.enla.l Plots-Decembe1·, 1947, to Octobe1·, 1949. 

Pasture LandLucerne. Whea t. Leyland . !.:allow.Mi..xed. Retired . 
I 

. 10.21 6 .26 7 .06 12.91Run-off (inches) ... ... ... 11.419 ·44 

R un-off (per cen t . of rain) ... Iij.O % 16 .7 % 22.5% 27.2%24-3 % 30·7 % 

0.6 0.6Soil Loss {fons per acre) ... . .. 10.9 30.00 .7 !.34 
I · 

"Although t he R un -off from Fallow is very little m ore than from Leyland , the Soil Loss from Fallow 
is nearly 50 times as much as that from Leyla nd. 

Althou gh the Run-off from Wheat is more than the Run-off from Fallow, the Soil Loss fwm Wheat 
is only one-th ird as much as that irom F allo w. 

EFFECT OF LENGTH OF SLOPE ON SOIL 

LOSS DUE TO RUN-OFF. 


Soil loss which is due principally to the 
transportation process tends to decrease with 
each increase in slope length during a rain
storm. 

lf a slope is only 4 ft. long, then an aver
age of only 2 lb. ft. of soil transportation 
energy is necessary to remove each pound 
of soil from the slope. · 

But if the slope ' is 400 ft. long, an aver
age of 200 lb.ft. of soi l transportation'energy 

Fig. r.-In this field most of the top soil is removed from the upper reaches of the slopes where surface flow 

is a minimum. This is typical of fields where splash erosion is active, and manifests itself in 


the form of sheet erosion on upper slopes. 

Contrast this '"ith Fig. 2 where gully erosion is most active near the foot of the slopes . 

is required to move each pound of soi l from 
the slope. 

Accordingly, 100 times more transporta
tion energy is required to move 'one· pound 
of soil from the 400 ft. slope than is required 
to move one pound from the 4ft . slope . 

In practice, however, this increase in 
energy requirements will usually be more 
than offset by the energy of water concen
trated within gullies. 

Outsia e gullies, however, no such water 
concentrations occur: and where there are 
no gullies in a field, soil loss per unit of 
area will usually decrease with each increase 
in slope length. 

Another factor vyhich operates to cause 
soi l loss per unit of area" to decrease with 
each increase in slope length is the matter 
of soi l transportation when rain ceases. 
Transportation on field surfaces almost 
ceases when raindrops stop falling and soil, 

in suspension at the time rain ceases, >vill be 
deposited. The longer the ·slope,_the greater 
will be the quantity of soil so returned (by 
deposition) to the field after rain .ceases . 

Both factors will operate to cause soil 
loss from a field to vary inversely as the 
slope length. 

This relationship will cause subsoil to 
appear first thr·ough the t?psoil n~ar hill 
tops and soil loss per umt area ts then 
oTeatest on the shortest slopes and least on 
the longest slopes. 

Gully erosion tends to r~verse these rela
tionships clue to concentratiOn. 

EVALUATION OF TRANSPORTATION 
HAZARD. 

The actual amounts of soil transporta
tion on a field cannot. be measured usually. 

But the total amounts that are available 
for transportation can be evaluated. This 



evalu?-tion would represent the maximum 
transport-ation hazard present in given cir
cumstances. The transportation which 
actually occurs will then be some proportion 
of the maximum. 

The equation for detennining this hazard 
can be expressed : 

T\ = function of (T12", T1
3) ••••• (~) 

where T\ = the porinds-feet of soil 
transportation, or the maximum 
transportation hazard that exists 
on the bare open field. 

T1
2 = the transportability of the soil 

or the capacity of the soil to be 
transported. 

T1
3 	 = the transporting capacity of the 

surface flow or the capacity of the 
surface flow to move soil by trans
porting it. 

The upper indices are used to differen
tiate the equation from the transportation 
hazar~ equ~tion for raindrop splash which 
was given m Part Ill. 

TRANSPORTABILITY OF THE SOIL (T\). 
T~e transportability of a soil particle in 

flov~mg surface water will depend mostly 
on Its shape, density and size. 

Shape i~ important in the ca~e of large 
dense part1cles. Round"shaped particles will 
b~ rolle~ m~er more freely than particles 
With proJeCtiOns and broad flat sides. 

Density wi_ll affect the suspension process 
and the settlmg rate of a particle that has 
been set in motion. 

The distance particles are floated each 
time they are . splashed into suspension 
depends on theu· rates of settling. 

The rate~ of settling may possibly be 
used as an mdex of a soil particle's trans
portability. This aspect has yet to be ex
plored. 

But, in addition to rates of settlino- ex
. . -	 h' 

perunents employmg surface flows stirred 
by spl~shing ra~ndrops will be necessary to 
determme relative transportabilities of dif
ferent soil materials under conditions of 
field performance. 

These results would then need to be 
referenced to settling rates, if a practical 

However, it seems unnecessary to intro
duce a standard soil when testing a soil's 
transportability in surface flow. It would 
suffice to standardise the capacity of the 
surface flow and the surface over which 
the soils are transported. It is believed 
that after these two factors have been 
standardised along with a method of inject
ing the soil into the surface flow, the pounds
feet of soil transportation can be used with
out conversion, as representing the relative 
transportability of a soil. 

The standard surface should not be 
smooth. Roofing paper covered with coarse 
sand and pebbles should suffice. It is essen
tial that the surface will be (I) easily 
duplicated, (2) similar to a soil surface, and 
(3) permit: recovering of all the -transported 
materials at the points of deposit. 

In standardising the surface flow, it will 
be necessary to use surface flow bombarded 
by raindrops. 

If we wish to test transportation in deep 
channels, the raindrops may not be neces
sary but, on open .field surfaces, the rain
drops often increase the amount of trans
portation by several hundred or even several 
thousand per cent. Outside of gullies, prac
tically all of 'the transportation occurs under 
the influence of falling raindrops. 

Decreases of soil loss resulting from in
creases of slope length will tend to be 
greatest on soils of low transportability and 
least on soils of high transportability. 

The degree of slope of land can have a 
definite influence on soil transportability. 
For example, if <!- soil is so highly trans
portable that it is carried in continuous sus
pension, practically all of the soil that is 
detached may be transported on very gentle 
slopes and further increases of slope may 
have little or no effect in increasing soil 
losses. But, if a soil is of a very low 
transportability, such that many of its par
ticles must be dragged and rolled along, 
each increase in slope may cause consider
able increase in soil loss. 

The effectiveness of erosion control prac
tices will 9epend considerably on a soil's 
transportability. 

If a soil is so highly transportable that 
it is carried in almost continuous suspen

Fig. 2.-0n this soil the gullies increase in size as they approach the bottom of the slope. 
This could be caused by the flow not being fully charged and its d~tac~ng c!lpacity may then c~ntinue to 


increase as the gully flow moves downslope. Contrast thrs With Frg. 3 where the gullies 

tend to be of uniform size from top to bottom of slope. 


straws . and stems of plants on the surface 
will impede soil movement very little. 

But if the soil is of very low transport
ability, these surface irregularities may 
greatly retard soil transportation. 

Soil transportability must be determined 
therefore before we can fully interpret soil 
loss measurements and ·design most effec
tive control practices. ' 

If a run-off plot from which soil loss is 
measured is very short, the transportation 
factor is at a minimum and the detach
ability of the soil may limit rates of soil 
loss. 

This would be the case in a round plot 
only 3 inches. in diameter: 

As length is increased a length may be 
reached at which the transportation ' factor 

If the soil is of low· transportability, the 
shift will occur on much shorter slopes than 
if it is of high transportability. 

, Certainly, we cannot ex trapolate f:om 
short plots where detach_ment factors hmit 
losses to large fields where transportation 
factors limit losses. 

If subsoil on one hillside is exposed much 
farther downslope than that on another hill
side of equal slope and under equal use 
and treatment; the one with subsoil appear
ing lowest on the hillside may be assumed 
to have the most highly transportable soils. 

TRANSPORTING CAPACITY OF SURFACE 
FLOW (T'.). 

The soil transporting capacity of unit 
width of surface flow will depend on three 
principal factors (I) the veloc!ty of tra~s

procedure can be established. 	 sion, small ridges, depressions and small t becomes the control that limits soil loss . lation which controls the velocity at which 
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materials are moved across the surface, ( 2) 
the depth of the flow, as the product of this 
depth and velocity will determine the 
volume 	of flow per unit of width, and (3) 
the 	capacity of flow to suspend soil mater
ials, 	as this factor will limit the soil con
tent of the flow. 

Transporting capacity may be expressed 
by equation. ' 

T1
3 = functiq_n of (V2/ zg, d, D 3) . • .. . .. . . (2 

vz 	 . )
where -= velosity head 

zg 
d =depth of .flow 

D3 = 	 tl1e capacity of falling rain~ 
drops to impart turbulence 
to the surface flow (this will 
be proportional to its capac
ity to hold soil rnateria·ls 
in suspension) . 

If we were testing the transporting capac
ity of water applied as surface flow in flood 
irrigation work, the splashing raindrops 
would not be introduced but the entire 
amount of water used would then be applied 
at the top of the slope. In the case of rain 
irrigation, the water is -applied all qver the 
field and practically all the soil transporta
t ion outside of gullies occurs during rain
fa ll with. raindrops and drip from plants 
bon~bardmg the surface of flow and pro
ducmg turbulence. 

In transportation experiments, the T 1
, 

factor may be held constant for any one 
experiment or a group of experiments by 
regulating the release of flow at the upper 
end of a plot and by regulating the release 
of raindrops from above the path of the flow 
of water. 

In 'the course of a series of experiments 
designed to evaluate T\ each of the fact~·s 
\ •;zg, d and D. must be manipulated as 
independent variables that are held constant 
fo r the duration of an experiment. 

On soils that are of very low detacha
bil ity, and very high transportability, an 
increase in the transporting capacity of sur
face flow may eau e littl e, if any, change in 
oil tonnage loss. But on soils of high de

tachability and low transportability, an in 
crease in the transporting capacity is almost 
certain to increa e tonnage losses. 

As a res1:1lt, we may assume that erosion 
control measures which reduce the transport

ing capacity of surface flow will be most 
effective in reducing tonnage losses from 
fields having the least transportable soils 
and least effective on the fields having the 
most highly transportable soils. 

OTHER 	 FACTORS AFFECTING SOIL 
TRANSPORTATION. 

Most of the factors that affect the trans
porting capacity of surface flow do so 
through their effects on the energy factors. 

These effects on energy factors (V2/ zg and D 3) 

are caused by such things as stems of plants 
that retard velocities, increases in slope or 
channel elements that increase velocities, 
contour ridges and terraces that divert, and 
dams that impound water <1nd thereby re
duce the flow energy. 

But in addition to their indirect effects 
of changing the flow energy, two otbe_r 
factors wi ll have a direct influence on soil 
movements. These are: ( r ) slope, and ( 2) 
surface irregularities. 

Slope.-If a soil is of such low trans
portability that the par'ticles are transported 
by dragging or rolling across the surface 
of a field, very much less energy may be 
required to move them down steeper slopes. 
Therefoi·e, there will be more transporta
tion on steeper slopes even though the trans
porting capacities of flow are equal on differ~ 
ent slopes. Accordingly Equation ( r ) will 
then read:

T\=function of (T1 
3 slope) · ......... (3)
2 T 1 

Surface l rregnlan'ties.-These may have 
an outstanding effect on transportation of 
soil particles of low transportability and 
less effect on soils of high tr.ansportability. 
Accordingly, this factor must also be con
sidered in evaluating T \ which may now 
read:

T\= function of (T2 T3 slope smiace) (4) 

It would· not be a difficult matter to set 
up experiments where these factors are 
varied one at a time and the effects on 
transportation of soil determined. 

In the first stages, the factors of slope 
and surface should be standardised for 
evaluating the factors of T '. and T \. When 
these have been evaluated, then the factors 
of slope and surface can be varied and the 
effect of these variati ons measured. 
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Fig. 3.-This soil is of high detachabilitr and · ~any gullies have developed. A characteri~tic. of these 
gullies is that they tend to be of about umform stze from top to bottom of slope. .Thts may mdtcate that 
the flow is charged to the limit of its transporting capacity all t he way .from the hill top to valley bottom 

· and the transportation factor limits erosiOn. 

I n conditions where considerable depths of 
fl ow ha vc been reached, the factor D. and . 
the f;~ c to rs of slope and surface irregulatri 
ti es may decrease in importance, but in the 
opinion of the Ellisons, the depths at which 
these factors cease to be important are much 
greater than is normally found on more than 
95 per cent. of sloping fields during rain
storms. 

Because of th is, they believe that new 
types of transportation experiments, on the 
li ne:; of the forego ing di scussion, wi ll prove 
to be of great value when working ·with 
probl ems of soil transportation by surface 
fl ow. 

CONCLUSION. 

The studies conducted · by the E llisons 
have provided a practical means of evaluat
ing erosion hazard and the effectiveness of 
control meast1res. 

The main erosion hazards are : 
I. 	Detachment Hazard due to Raindrop 

Splash in tons per acre. 
It rep re ents the tons of soil 

particles detached or. . sep~rated 
from their oricrinal position m the 
soil mas by the impact force of 
fa llina raindrops. The evaluation 
dis re~arcls soil particles which are 

·respl~shed and is confined only to 
Jirst separations. The evaluation 
represents the erosion taking place 
ON a field as distinct from soil 
removed FROM the field as soil 
loss. 

2. 	Detachment Hazard due to Surface 
Flow in tons per acre. 

It represents the tons of soil 
particles detached or separated 
from their oria inal position in the 
soil mass by the dragging, rolJ~ng 
or abrading force of owmg 
\\ ater. 



The evaluation disregards what 
happens to the soil particles after 
they have been detached. 

This evaluation also represents 
the erosion taking place ON a fiel~ 
or channel as distinct from s01l 
removed FROM the field or 
channel as soil loss. 

3· Transportation Hazard due to Rain
drop Splash in tons feet per acre. 

It represents the soi~ loss . fol
lowing movement of s01l particles 
splashed and res_plashed in one 
direction by the tmpact forces of 
[ailing raindrops aided b) wind and 
slope. 

It is expressed by the product of 
tons moved and distance in feet of 
movement in a given direction. 

4· Ti:ansportCJ.tion Hazard due to Sur
face Flow in tons feet per acre. 

It represents soil loss following 
movement of soil particles d~tacl:ed 
and transported in one d1rect10n 
by surface flow. 

It is expressed by the product of 
tons moved and distance in feet 
moved in one given direction. 

Both detachment and transport'!-
tion hazards can be evaluated for 
circumstances where no -control 
measures have been applied or 
for circumstances including the 
effects of control measures. 

By wise application of appro
priate erosion control measures, the 
risks of soil erosion through detach
ment and transportation of soil 
particles can be reduced to any 
predetermined low level. 

GRASSLANDS AND CONTROL 

OF EROSION 


J:\' 

R. E. HERIU >GTON, Dip!. Hart. (Qld.). 

Soil Conservationist. 


I N the past the emphasis on land use in 
A ustralia, as in most pioneering coun

tries, has been towards the more efficient, 
but often wanton, exploitation of the poten
t ial wealth of the soil. There has been a 
tendency to regard the virgin fertility, built 
up over the centuries, in the light of a 
pei·petually regenerating phenomenon cap
able of ·maintaining production for ever; 
wl1ilst mig rant fanners, used to high rain
fa ll efficiency and temperate climates, 
attempted unsuccessfully t0 intt:oduce the 
fami liar methods of their hcmeland, without 
realising that quite differen,t principles and 
techniques were involved. . · 

This pioneering phase of agriculture is 
gradually passing its faults underlined by 
fa lling production and accelerated soil ero
sion, that unmistakable symptom of past 
land mi suse. 

The Soil Conservationist is primarily con
cerned with the prevention of this deteriora
tion of the soil , and, having full regard to 
the economic factors involved, he de-velops a 

. land use policy designed to maintain and 
consolidate the stability he achieves. Experi
ence has shown the urgent need of new 
species for this work, and for a wider know
ledge of the new concepts involved . 

THE SEARCH FOR BETTER PLANTS. 
Various bodies have, in the past, brought 

new species into Australia, among them the 
various State. Departments of Agriculture, 
Acclimatisation Societies, the Universities 
and Agricultural Colleges and the Plant 
Introduction Section of the C.S.I.R.O., but 
these introductions have mostly been under
taken for their value as a cash crop or for 
grazing. The testing of promising species 
among these for the more specialised needs 
of erosion control can now be undertaken . 
Plants a re sought for establishment on _the 
exposed subsoil of earthworks and graded 

waterways and on erosion scalds, or w~i.ch 
will build up the soil texture and fertility 
and reduce run-off and soil loss .. 

Introduction of new species from ·abroad 
tends to be restricted somev. hat ip scope 
by the limited distribution of homoclimes of 
our problem areas. On the <:>ther !~and, 
however. this 'ery cl.ifference m environ
ment sometimes results in quite w1e.'(pected 
successes. The widespread use of subclover 
and Pha./ar is tuberosa in Australia and the 
comparative insignifican~e of these spe~ies 
in their native state 1s an outstandmg 
example of this. 

Introduction of native pasture species from 
other districts may not hold ve~y ~uch pro
mise unless breedino- or selectiOn 1s under
taken . It is unlike!~ that a speci_es wou~d 
not have migrated to all areas ~l1!ted to It, 
prior to white settlement even If_ o~ly as a 
minor component of the th~n ex1~bng pas
ture mixture. Changes m environment, 
brouo-ht about by the clearing of timber and 
a re

0
cession from the climax grassland, 

accelerated by overgrazing, rabbits and bus~
fires, do not, however, exclude su~h poss~
bilities, and further study of .thts possi
bility is desirable. . 

On the other hand, the trial of accl_tm_a
ti sed e.-x:otics outside their recognised hm\ts 
of use may be well worthwhile and has 111 

fact already proved of inestim~ble value. 
Examples of this may be seen 111 th~ su~
cessful use of lucerne for dryland graz~ng 111 

the low rainfall areas of the State, and m ~he 
use of kikuyu and Rhodes grass for eros10n 
control work in areas much further ~est 
than hac\ previously beet: thought posstble. 
The use of i~nproved strams of ~ubclover for 
waterways in outhern . .-vv. ~n areas_out
side the present subclover belt _Is als<;> hl~ely 
to prove worthy of fu~her mvest1gat10n, 
whilst new strains of med1cs and clovers may 
provide a better legume component for much 
of the western grazing lands. 
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Fig. 2.-Newly established grassed waterway in the Manilla district. Additional suitable species are 
· necessary for this type of work. · 

The selection ~nd breeding of native and 
introduced species might .also yield promis
ing strains for erosion control work, but 
this programme requires the expenditure of 
much time and labour and remains essen
tially a long-term solu.tion. 

MODIFICATION OF THE ENVIRONMENT. 
Much deterioration of grazing lands may 

be checked or lessened simply by changed 
management, and in the extensive grazing 
areas of the State this is often the most 
practicable method of control. Sometimes it 
will be necessary to reduce stocking rates, 
but often good results may be obtained by 
subdivision, provision of dispersed water 
supplies to allow of mor,e equitable graz
ing, deferment of grazing of each paddock 
in rotation to encourage free seeding of 
palatable species, and seasonal reduction 
of stocking at critical periods by disposal 
of surplus and aged stock off shears, 
regardless of market conditions. All these 
and other similar practices vvill assist m 

re-establishing better pasture conditions 
irrespective of whether other remedies are 
also applied. ' 

Investigations have shown that, in . some 
parts of the State, a defic'iency of one or 
more of the many elements required for 
satisfacto"ry plant growth has been respon
sible for the adverse results sometimes ob
tained with · plants which would appear, 
from thdr behaviou'r elsewhere under 
similar climatic conditions, to be quite 
suitable. For instance, the failure of sub
clover in many parts of the Southern T able
lands, even when topclressed with supe~
phosphate, has been found to be clue to the 
non-availability · of molybdenum. The 
application of t\¥0 ounces of sodium molyb
date per acre with superphosphate has often 
resulted in a remarkable improvement in 
the clover swarCI. 

It is also self-evident that the amount of 
moisture in the soil, and available to the 
plant, is dependent upon the percentage of 

Fig. I.-Destruction of pasture cover is often a primary cause of erosion. 
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F ig. 3·-Vigorous growth of grass along a diversion bank in the Hunter V alley shows the value 
of preventing excessive run-off. 

actua l rainfall which penetrates into the ground cover of the pasture is at a mini

soil and is not lost by ru,Ft-off or surface mum and the run-off into the waterways is 

evaporation. The retention of all rain greatest. Secondly, as the erosion control 

where it falls may well be the equivalent practices take effect anq ground cover and 

of an increase of several inches ti n the soil stability improve a less efficient water

annual rainfall, and plants which pre way sward is able to deal adequately with 

viously suffered from a deficiency of soil the · smaller run-off flows. 

moisture might then grow with success. 


CONCLUSIONS. 
F urthermore, in revegetating banks and The retention of as much rainfall as pos

waterways it is to be expected that these sible on his property should always be both 
works will, in their early staaes at least , the immediate and ultimate aim of every
be required to carry run-off water. In farmer. One of the cheapest and most 
other words, the plants which constitute the satisfactory ways of achieving this is bi 
protective cover will receive irregular irri  the establishment of good pasture, while a 
gations to supplement the natural rainfall. long-term land-use plan for arable paddocks 

should always include a ley period in theAs the land returns to its former stable 
rotation. Any grazing or ley period, even astate these run-off irrigations will decrease stubble ley, is a considerable improvementin volume and frequency . but this loss of upon a cash crop-fallow rotation .

irrigation capacity should not prove as 
seriou as it may seem at ~rst sight. This Improvements along these lines, and by 
may be explained by two complimentary the use of new species or different methods 
tendencies. F irstly, the heavi est run-off pro of agriculture to increase the efficiency of 
ducing storms can usually be expected dur the ley, will convert more and more farmers 
ing the summer months at a time when the to a system of conservation farming, but 
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F i g. 4--Conservation farming brings stability to agriculture. Eroded wheat land under ley pasture 
at 'Wellington . 

however much emphasis _is placed upon the rates and other changes in land use may 
contr~l of erosion in being, and on the con well save the farmer and the nation large 
s~r~l~t!On of major earthworks: the respon sums of money in future reclamation and 
sibihty for cons·ervina the soil does not loss of production poten6al. 
be~in. there. Preverrtion is always more 
effective than the cure and a Soil Conser Conservation farming is a way of life. If 
vationist is interested' in the land use of the farming practices of the past are resumed • 
farms which, while not displaying· the devel on a treated property it can only be a matter 
opment of deep aul!ies or bare areas of of time before conditions become even worse 
~beet ~r wind er~sion, are already suffer than they were before. Mechanical control 
~n~ s_o~l loss, o_r are e~posed to loss by of erosion, however well designed and con
Ill') u~hc10us f~nnmg practices. On such pro structed, is never a substitute for good man
perties . th~ mtroduction of a ley rotation agement. It is a means to an end, affording 
m cultivati?n paddocks, the retirement of the farmer an opportunity to introduce a 
areas unstuted for arable farming to per land. use programme designed to restore 
man_ent pa~ture, contour p)oughing, the the lost physical structure and organic fer
sowmg of Improved pastures, top-dressino· tility to his land. In this programme grass 
and pastqre renovations, lighter stocking must play a major ~ole. 



BOOK REVIEW 


"ROAD TO SURVIVAL." 

A PROVOCATIVE',. ~ook ?11: · conserv~
tion has appeared 111 \IVIlllam Vog_t s 

"Road to Survival". This is a book wh1ch 
covers many aspects of the question left 
tmtreated by other authors. It steps beyond 
the boLinds of a purely technical discussion 
and seeks to show man as part of his total 
environment, what he is doing to that en
vironment on a world scale and what .that 
environment is doing to him. Following 
upon this general diagnosis, Vogt suggests 

arious approaches to the problem of" re
fashioning our civilisation to conformity 
with the lavys on which its habitat runs. 

His opening chapter is stimulating- in the 
extreme. Taking people from various walks 
of life and from various climes, he illus
trates the stunting of life and -the frustration 
of human needs that is caused by the failure 
of man to understand the simple facts of 
_his relation to the natural world. He fur
ther demonstrates the global interdepend
ence of men, and shows that the loss of 
natural resources is not merely damaging . 
to the local landholder, but vitally affects 
the lives and living standards of all men 
everywhere. Thus .he deplores the dispro
f30 rtionate infl uence of '"the urban mind" in 
the affair of government and of nation s, 
and states that the assumption that man 
lives in a vacuum. independent of his 
physical environment, will always be leading 
us to false and unrealistic economic and 
political soluti ons. 

I k suggests that the acceptance of a bio

eq uation would help us to clear our think

ing and may he! p to regulate the forces 

~vltich bemuse leaders. His simple generali

sation is that-


C = B :E . C stands_, for the carrying 
capacity · of any area of land. In 
its simplest form this represents 
its ability to provide food, drink 
and shelter; in the case of human 
beings it finds complicated expres
sion in civilised existence. This 

carry ing capacity is the resuli ant 
of the ratio between th e other t\\'O 
factors; B, the biotic potential or 
the ability of the land to produce 
plants fo r shelter, food and cloth
ing; and E, the envi ronmental re 
sistance or the limitation that any 
environment, including the part of 
it contrived and complicated by 
man, places 'on its productive 
ab!lity. 

Thi s appears at first s ig ht to be platitu
dinous, but when one examines the current 
conceptions of what constitutes the ru ling 
forces in · the world, one recognises that t he 
veneer of civilised, inclustrial man has over
lain this basic fact and ob. cured it. How 
many historians have interpreted the n se 
and fall of nations, the causes of vvars and 
depressions in terms of the way plants and 
their habitats have been treated? 

Vogt th~1 proceeds to describe the cycle 
whereby man cleri ves his en er cry from th e 
earth. He explains in si mple ·term's the 
photosynthetic process in which our exist 
ence rests, and how its operation may be 
modified by differing 'environmental re
sistances". I-Ie speaks of the physical bounds 
imposed by climate, relief and soi l typ e, and 
shows their interrelation with biotic factors 
such as insects and man . I-Ie develops the 
theme of man raising the environmental 
resistance by various abuses of natural la\\' 
-e.g., by over-grazing thereby lowerirw 
"carrying capacities," exhausting resou1~~ 
capital and bringing about degradation and 
misery. He also uses statistical examples 
to show the mounting population pressure 
on the land, and quotes the old Chinese 
proverb, "one hill ~annot shelter two tigers '. 

Our era is the age of discovery. vVe have 
set ourselves at the centre of the universe· 
and have reached out to explore and to sub
clue. Now, the recognition must come that 
man, too. is living within ecology and must 
comply with its laws by managing his r e
sources on a sustained yield rather than an 
extractive basis, and by controlling the 
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populat.i ol! pressure which may otherwise 
force h1111 ove1· a precipice. 

Vogt atte~npts an anaJy is of the culture 
pattern s which have in ' I)irecl our land
H 1 r· use. e spea -:s .o .· the dom inance of the idea 
?ver th~ ~L c tiYity, and the necessity of brino-
mg ~ui Id eas mto touch with the laws ~f 
natUI e. O ne of the stranaest I .1 < :::. acunae m 
1Uman ~u ltura l development is the absence 
~~ undeJ s.tandmg of man ' relationship with 

1 ~ physica l environment. The task of 
br~ngmg about this understanding is the 
fo.I emo:t one. .Most conservationists \\ ould 
p~ obably agree that while the un olved tech
mc~ l p robl ems o[ ero ion control are im
portant, the o-I·eatest l) roblem . f1 . :::. s anse rom 
t 1e .operat ion of h_uman vvills and traditions 
-fiom con ·en atism and prejudice from 
selfishness and ianorance f _ . 'h . 

. . • . :::. c , 10m 111 ented
attitudes towa rcls the land a i1d f'.

• < , 1 om econo
nu~ ~ystems .which may force men to ado t 
ce1 tam practices. P 

" ·]The a uth <;> r regards " industrial man" as 
. t 1e g~I:ea.t Il.lusion." He asserts that tl1e 
m cl usti Ia l! satwn of the New \ i\Toriel has on! 
been purchased by the e..-..;:poi·t of . I . y1 - 11 . . muc11rre

. p acea ) e 1 esource capital; that the develo 
~1-ent ~f .secondary industry has exert~d 
::.I eate ~ p~ es ure on the land by the . t' 
of artificially hi o-h livina t cl ·cl ct ea ~on
b . I' I . :::. :::. an ai s which

eai Itt e relation to the ratio o·f I t.b . popu a 1011 
uum .ers to replaceable ' national resources. 
th.atd ll~ c!u:>try has brought about declinin; 
PI o uctivity per acre. It . cl'ffi I :::.1acce )t V o· ' • . Is cu t to

I . 0:::. t s 1 emarks ·m toto and apply
1t 1em directly t<;> our economy except insofar 

as one ~·ecogr~ Ises . th~t the source of real 
~elalth .. II ~s ]~nmanly m the land, and that 
me ustt Ia!tsatwn cannot l.I1cl fi .t I 

• < e 111 e y post
pone an ecological Judgment Day. 

The pr~lii:ninary analysis is concluded with 

an enunciatiOn of the princip~es of I d
He ··t · · an use. 

w\I 1s m Simple terms which should have 
appe~ or th~ layman. The limitations of 
pa.tter ns of ramfall and the development of 
sm lls anc~ of plant communities are described 
anc an I_ntroduction to the complex syste~ 
ff tc!:ec!,s and bal.ances which hol(l these 
ac OI s m a dynamic tension is aiven. It is 

shown how readily this sy'st oth- em may be 
town. out of. ~ear, its resultant · bein dis

played m declmmg· crop· yields tile J.t g ,f · f · · . , waswn? m. eno r sp~cies m to a pasture, the deter-
IOration of sml structure, in increased flood 
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peaks, and finally in the displacement ' and 
l?ss of the soil. This. is the path to destruc
tion; the road to survival lies in the under
standing of the delicate mechanism surround
ing this tension,. and the adj ustina of the 
land utilisation pattern to , its requir-ements 
for each catchment area. 

Vogt then proceeds with a conservation 
survey of the five continents. As can only 
be expected, a task of this natur.e leads to 
much oversimplification and generalisation 
when confined to the space of a QOpular vol
ume. However, it is more recent than other 
surveys, and the writer appears to have 
travelled widely and had access to valuable 
data. His method is to look for informa
tion regarding a country's original resources, 
and to measure these against the present 
situation in terms of water table heights, 
flood levels, soi l fertility, stock carrying cap
acities and crop ' yields, timber and wild life 
resources, and, of course, the e..-xtent of soil 
erosion. Living standards and population 
numbers are further related, and the whole 
integrated by reference to the cultural and 
political environment. 

His conclusions are not heartening. Apart 
from isolated cases, ·the whole of the New 
\i\Torld and part of the Old are shown to have 
drunk deeply of their most preciou~ assets . 
One is lead to the simple concli'Iswn that 
man has moved into a quite untenable posi
t ion by protracted and wholesale . violation 
of certain natur~l Jaws. and t-hat m conse
quence his very survival is threat~ned. The 
path to reconstruction lies in looking for ~he 
order, the principle · witl1.in the .-seemmg 
chao , and adjusting our !Ives to It. 

It is hom this point forward th.at Vogt's . 
book is disappointing. He. has latd. an ~
cellent foundation in revealmg the s1tuat10n 
and by developing the "idea" wruch must 

. find a central ·place in our cultur~. ~he 
difficult task of working out the Implica
tions of the i.dea in concrete situations, and 
the implementation . of such .revolutionary 
proposals in our soctety. reman!-s. H.e sug
gests that the first step IS of d~agnos1s; ~he 
collection of detailed informatiOn covermg 
the many aspects of tl:e relati.onship of 
human beino-s to their vanous environments. 
Havino- defined the problem the solution 
then r~sts on three things: research, educa
tion and action on the land. 

http:witl1.in
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ing severance of man from the earth andWhat this volume lacks in logical develop
' the di sastrous consequences which ensue. ment is compensated for by the pungency 


of ifs expression and the appeal of its vivid (Road t·o S ·urvival, by \ ' illia m Vogt. 

word pictures. W hile one may question Victor Gollanz Ltd., London, I949·) 

some- 9£ V ogt's conclusions, the book is a 
 L . R. H uM PIIREYS, B.Sc. ,Agr.,thought stimulating work which should be 

Soil ConserYat ionist. read by ::.11 who are concerned by the g row

/ 
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FOREWORD 

nv 

E. S . CLAYTOX. H.D .A.. Commissioner. 

~E inte i~:st o ~ th_c ~e~\' . outh \Vale'> farmer and gn~z ier in soi l conserYation TI
IS gro\\ mg ' er_:, I a pi ell ). .-\ remarkable degree ()I ,-oJuntary co-operation 

has been extended by land-owners to the _oil onsen ·ation ~n-ice. 

Since our work has been extended i rom the ~oil CunserYation tations 
on to the priva tely owned laiJds during the last fe \\· years. ,,-e haYe never lacked 
fo r willing farmer co-operators. DemO!I strati on ~ were e ·tablished in mal1\· districts. 
and the coYerage is being g radually extended to cater for mo::: t of tl;e eroding 
portions of the S tate. In almost eYery case the lancl -0\Yner Yolun tar ilv extends 
conservation methods to the remainder o[ hi s property at his o\\·n e.'Cp~n -e. To 
inspire this confidence. the methods demonst rated nece!>sarih· ha ,·e t be sound 
and especially applicable to the local condi tions. 

Although oil -sn.ving structures a re la rgely used by the en ·ice. the 
foundations of our wurk. as I have stressed from the inception. are based on 
conceptions of correct land use and the utilisation of vegetati ve cover . T he grazing. 
rotational and cultural practices we advocate cate r fo r the restoration and main
tenance of the so il itself, and fa rmer workin g- \Yith the Service are taught conser
vation farming \Yith a vie,,- to their lands being- used in ·uch a way that they are 
protected and their productivity maintained . 

To this end the farm planning and sun·ey fo r design of ,,·ater disposal. 
storage, banking or pasture furrowing is prm·icled fret.: of charge. For the major 
earth-moving works the large plant of the Service can be hired by fa rmers. 
when available. at reasonabl e charges. the work being- clone by the Service operato rs 
and plant and the cost being borne by th e farm er . F anners are rapidl y taking 
advantage of this facility to a remarkabl e extent in the districts \\·here work has 
been demonstrated. 

Financial ass istance is a l. o ava ilable under the ...-\dYances cheme. Ach·ances 
can be arranged at a lo\\· rate of intere · t to cm·er the cost of essential ·oi l 
conservation work. whether such work i clone !J ,- the fa rmer him ·eli. by pri,·ate 
contractor or hy the ~oil Conservation 'ervice. 

Other fanners in the district . ee the \\·ork done on pri ,-ate iann · under 
our "Plant l-J ire" 1· 'Advance . .. Scheme and on our Research ~ tat ion · . They 
observe and di :cuss the planned land u:e and the appli cation of con:er vat ion 
farming practices to pasture and crop lands as well as to hill y lands. O ur experience 
is that the majori ty of these men then ,,·ish t co-operate " ·ith the ~erv i ce. T he 
response is so g reat that in those mi xed fa nning di tr icts \\·here the Soil Conser
vation Sen ·ice work has been cle,·elopecl the man \Yho is not yet prepared to 
join in is the exception. mler any of thes, schemes the l?.ncl nse and the cropping 
or grazing practices are di cussed between .the land-0\nler c ncerned and the 
.. oil Consen ·ationi st and the details are mutually agreed u~;un to meet the need: 
of both fann and fa rmer . T he obj ect of conser vat ion fa rming i - to acll ie,·e saft: 
and stable lands with prof·itable and permanent production. 




