
4. This photo, taken in the 
Lower Belford district, shows the 
result of spreading by Soil Con
s.:rvation Service bulldo~ers. This 
sand was left by the flood as a 
deep spit which the (armer could 
not handle. A iter spreading by 
'dozers it is reduced to a depth 
which will allow the operation of 
ordinary farm machinery. The 
next stage was to get some vege
tation growing on the sanded 
areas. 

;;. This photograph gives an 
idea of the height of the river 
over its banks near ]erry's P lains. 
Mr. Reynolds of the Soil Conser
vation Ser vice is standing on land 
which is approximately the nornntl 
river bank level. The debris in 
the tree above his head would m 
di<:ate a depth of IO-II feet. 

6. This photo was taken on the 

flats upstream of ]erry's P lains. 

This land previously carried an 

excellent stand of irrigated 

luce rne. The rocks and s tones 

were deposited up to a depth 'o f 

about I ft. 6 in. in what was the 

st rongest part of the st ream run

ning across the flats. The stones 

were pushed into conical heaps so 

that they occupied as little ground 

a s possible. Fa rm machinery has 

recently been able to work on this 

area. 


Sydney : A. 11. l'cttifer. Gcwcrnrncnl l'ri11U>r- 19511 . 

FOREWORD 
BY 

E. S . CLAYTON, H.D.A., Commissioner. 

AN important step towards the restoration E rosion throughout the Keepit Catch
of eroded catchments was the under ment was so serious that a warning was 

taking- of detailed survevs in the field. The issued by the Soil Conservation Service of 
Soil Conservation Ser~ice undertook dur N .S.\V. that the useful life of the dam would 
ing 1941-43 a reconnaissance survey of the be endangered by siltation unless active 
erosion position in the whole of the Eastern steps were taken to reduce the erosion 
and Central DiYis ions. occurring on the catchment area. 

In addition to this survev of erosion in The eroded condition of the catchment 
the Eastern and Central Di~is ions, detailed was a result. It was the result of a hi story 
surveys have been made of Hume Blower of incorrect land-use. 
in~. Jindabyne. Kecpit. Glenbawr;, Brushy 

Settlement first began in 1830 and holdH rll and vVarkworth Catchment Area s. At 
ings covered large areas which were used forthe present time, suryeys are in progress in 
grazing cattle. T he natural vegetation ofthe Wya1~gala, Burrendong, vVarragamba 
woodland savannah was little affected by.and Burnnjuck Catchments. 
this occupatiun. 


Thes~ investigations have enabled an 

In 1872 the majority of pastoral holdings evaluatiOn to be made of the causes of 

came uo for review and there was a rusherosi<?n in each area. \ iVhilst the basic pat
tor seiection. The small areas of thetern IS somewhat s imilar in each area the 
selections, and the increase in stock numdirect causes of the deterioration va;y in 
bers, particularly of sheep, caused the newaccordance with the land-use of the catch 
settlers to kill the trees to improve g rowthment. 
of pastures. Steep slopes unsuitable fo r 

To illustrate particular examples, consider grazing- were also cleared. 
the facts revealed by the detailed investi<Ya

Between the time of subdivision of holdtion of the Keepit Catchment Area. It e~n
ings and the year 1900. wheat production!Jraces the N amoi R iver and its tributaries 
rose from 3,000 bushels to 300,000 bushels. above the Keepit Dam. The a rea is approxi
This increased to 750,000 bushels by 1921.mately 1,408,ooo acres. I t includes part 
This period marks the beginning of theof the North-\i\1estern Slopes and Northern 
serious sheet erosion which paved the wayTablelands, anct is bounded by the Nande
for the spectaeular and disastrous gully ingwar, Moonbi and the Great D ividing 

Ranges. that has followed in the last twenty years. 

Everything points to the great necessityT he catchment of Keepit Dam has been 
for protecting a ll the catchment areas. Howlargely denuded of trees. T he lower and 
ever, a clearly defined pattern of activityintermediate slopes have been cleared for 

cultivation or to improve the growth of 	 must be followed to achieve this protection . 
T he pattern of activity fa lls into three b1·oadnatural pasture for grazing. The eastern 


part of the a1tchment where steep slopes fields- management, revegetation and 

and rug-ged country is encountered has been mechanical treatment. 

over-cleared, with a resultant increase in Good management firstly requires prese:·

erosion hazard. vation of timber on the steepest and most 
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dangerous portions to pre,·ent se,·ere 
erosion. and the planting of those areas 
which have been unwisely stripped of timber 
cover. 

Destructive fires must not be allowed to 
destroy timber and scrub on high country. 

The mechanical works installed bv the 
Soil Conservation Service in many pa.rts of 
this State by way of demonstration, together 
with the work undertaken on the Service's 
Research Stations. and the specialised acti
vities carried out on the catchments of 
Keepit, Glenbawn and Burrendong Dams, 
have enabled us to develop an exact know
ledge of the types of mechanical works best 
suited to 2'Jew South \Vales conditions. 

The greatest portions of the catchments 
are. of course, ;tlienated land held by private 
interests und~r freehold title. Education, 
inducement and example, therefore, are the 
most appropriate means to lead the way to 
proper land-use. 

It is particularly gratifying to be able to 
record that in these catchment areas 
throughout ;..J .S.\V. there has been a wonder
fu l response on the part of the landholders, 
many of whom are wholeheartedly engaging 
in soil conservation activities under the 
guidance oi the Soil Conservation Service 
but at their own expense. In fact, I know of 
no other instance anywhere in the world 

where landowners arc doing so much at their 
own expense to protect th e nation· s catch
ment areas. 

The Soil Conservation Scn·ice has 
brought a better realisa~ion of t_he ,·alue of 
wise land-use as well as mtroduc111g an eYer
widening application o~ contour fa rming ancf 
safe disposal of run-off. 

The Catchment Areas Protection Boardr 
constituted in 1938, came into ~xistence too· 
late to prevent much of the eroston, for most 
of the vulnerable lands had already been 
alienated. There was, ho,,·eyer, time to pro
tect some of the remnant Crown lands that 
still ren1ained in the catchments. These are
inaccessible, steep, shallow. often rocky 
lands not suited to settlement. at the head
wate;s of the streams. It is essential to safe
guard them, either ~y withhC!l?ing the!n £ro~1 
settlement or imposmg condttiOns whtch wtlE 
preserve their vegetative cO\·er and prevent 
erosion. 

Four to five hundred cases are dealt with 
each year by ~he Cat~hment Areas Protec
tion Board whiCh dectdes whether the lands 
should be settled or not. \Vhen settlement is 
permitted, the Board. fixes the con?itions .. 
under which the land tS to be used \nth re
gard to clearing, cultivation, pasture im
provement and gene_ral manage1_nent. ! 111 

this way the veg~tatt ve coYer will be '?re
served and the sod protected from eros10n. 

• 
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THE USE OF BANKS IN SOIL 

CONSERVATION 


BY 

G. R. \VILTSHIRE, H.D.A., H.D.D., District Soil ConserYationist. 

the fi eld oi erosion control, the SoilI K 
Conservationist has a number of recog

nised techniquc.>s and structures to aid him. 
It is his job to use the correct combination 
of these in designing a soil consen·ation pro
gramme. A soil conservation programme is 
a system of land use whereby maximum pro
duction is attained, consistent with per
manent mainten~nce of the soil fertili ty. 

Of al l the mechanical structures that are 
used, banks are perhaps the most important, 
in that. if they are well designed. well con
structed and correctly maintained, they can 
be highly effective and efficient in control
ling run -off and erosion; and conversely, 
if they lack good dcsi~n or correct construc
tion or adequate maintenance. they can be 
the cause of damaging erosion. 

There are various kinds of banks. Some 
are used singly; they are usually fairly large 
and may have a g rade, or they may be level. 
These are called Diversion Banks and they 
are often used to divert water, which is com
ing from an uncontrolled source such as a 
rocky knob, away from an area on which 
damage could occur. Others are used in a 
series and are called Graded Banks, if they 
have a grade or fall from the point of origin 
to the point of outlet; they are called Level 
or Absorption-type Banks if they are level. 

The object of this series of articles is to 
cover the various aspects of design, con
struction and maintenance of banks in a brief 
but concise way and, where applicable, to 
suggest ways of checking them to locate pos
sible faults after construction. 

WHERE BANKS ARE USED. 
The amount of soil erosion which occurs 

on land is determined by the inter-action of 
the basic land characteristics, the forces of 
erosion and the land usage. All soil con
servation measures aim at altering, in some 
way, one or more of these three factors. 
Banks and other mechanical controls alter 
the basic land characteristic, windbreaks pro
vide the classic example of alteration of the 
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forces of erosion and modifications of the 
agricultural or grazing policy constitute 
changed land usage. 

It is a self-evident fact, that the land usage 
is at fault if land which has been built up 
and maintained for ages under natural con
ditions commences to erode rapidly when 
cultivated or arazed. This is the position 
over hu~e are~s of undulating farm land in 
this State, and especially so in the wheat
growing areas of the \Vestern Slopes. 

The arrest and elimination of this erosion 
on sloping cultivation country can be effec
tive and, in time, complete, by a change-over 
to permanent pasture and grazing, bu~ this 
would not be economic, nor would tt be 
acceptable to fanners who want to grow 
wheat, whose plant is designed for wheat
growing and whose land values ar.e ?ased on 
wheat production. Accordingly, 1t ts neces
sary for soil conservation progr~m1~1es to be 
designed which will enabl: culttvabon to be 
carried out on slopes varymg from o-12 per 
cent. and it is in such programmes that banks 
are often necessary. 

It is also important to note that although 
the use of banks enables cropping to be 
carried on, they do not themselyes con
stitute a comolete soil conservation pro
gramme. It Is still necess~ to adopt a 
fertility-building crop rotation and, when 
this has been done, the whole comprehen
sive plan enables land, which could not 
otherwise be maintained as arable land, to be 
cropped while f~rtility and stability are per
manently maintained. 

There is also an increasing tendency to 
use level absorption type banks on ~illy 
grazing countr,v for the control of eros1?n, 
and for the control of run-off waters wh1ch 
would otherwise course down and destroy 
more valuable lands below. These are 
highly effective, they are easier to lay out 
than pasture furrows, and are especially 
useful where stony outcrops are interspersed 
with better land, as they can be laid out 
between the outcrops. They can be designed 



so that access to a ll parts of the paddock is 
easy, and they can be built with farm plant, 
and especia lly by the use of the small type of 
dozer which many farmers have fitted to 
their wheel tractors. 

Other uses of banks in soil conservation 
programmes are as Spreader Banks in water 
spreading schemes, as catch drains for dams 
and tanks in water-harvesting schemes, and 
as retaining banks to retain water on flat 
country, away from active gullies. 

OUTLETS FROM BANKS. 
The object of buildin~ banks on cultiva

tion country is to break up a long slope into 
a series of short lengths of slope so that 
water in flowing from one bank to the next 
does not develop an erosive velocity. The 
velocity of flow in the channel of the bank 
is controlled by the grade in that channel, 
and the water is conveyed away at a non
erosive velocity to the outlet. Providing 
the outlet is safe and no erosion can occur 

at this point or beEow it, the whole desig n 
is sound. In most a reas the locatiun of a 
place where banks can d ischarge without 
causing damag-e is most difficult, and in fact 
it often determines whether banks are feas
ible on the area or not, but a study of the 
various ways of disposin~ of water, 
enumerated below, should in most cases 
provide a solution. 
Well Grassed Natural Watercourses. 

The most logical and suitable place fo r 
the discharge of water from graded banks 
is into a well-grassed natural watercourse. 
If natural watercourses are free from gully
ing they usually have an ideal cross-section 
for the safe transport of water and they usu 
ally have a deeper, richer soi l than other 
areas and, in consequence, a re capable of 
absorbing a higher proportion o( the water 
than are other lands. 

It is unusual, however, for a wel l-grassed 
natural water course to be found in or along
side cultivation paddocks; usw:tlly they have 

J,een culti vated and, as a result oi this, are 
haclly gu lliccl. Quite often. however, a culti
Yat cd nat ural depression can be found which 
can he g rassed up and then used. In this 
~ase i~ is essential that the process of g rass
lilt!' 01 the der>ression is complete and that 
a sound and adequate grass cover is estab
lished before the banks are built. It is also 
at 1imcs necessary to build a temporarv 
di,·ersion bank to keep water away froriJ 
the watcrcoursr: until the grassing up is 
completed. 

Every aiel c;hould be gi,·en to the area to 
ensure q uick :111cl adequate grassing and as 
the total area involved is small. usually less 
than one acre. the expense invoh·ed in extra 
superphosphate . some sulphate of ammonia 
and straw mulching. is well worth while, 
especially when the benefits of a good water
way arc considered . Protection of the 
watercourse from stocking during the estab
lishing period is essential. this can fre
quently be achie,·cd by having the rest of 

~he paddock under g rowing ce real crop dur
u~g the period. but fenc ing of'f the depres
ston to enable permanent control is 
recommended although in snnie cases it is 
not essential. 

An importa1~t aspect to be considered 
when determining where to discharge water 
from banks is the stability of the water
course, not only at the point of discharge of 
the water, but .Rlso its stabi lity lower down. 
A gully head m a natural watercourse will 
usually work up-hill and it may. at some 
future elate, completely undermine the whole 
design. It must be remembered that once a 
waterfall head rcarhcs the outlet point of a 
bank. it will r~pidly move back along the 
channel, even if the bank is a level one. 

Grassed wat<:rcourses with such gully 
heads can often be rendered stable by some 
gullylilling and grassing up prior to the 
building of: the hanks. Other methods which 
can be success[ul consist of the damm ing 
of the gully head and di,·er~ion of the water 

Fig. r.-A Soil Conservation programme which includes banks, and soil saving management 
in the Grcenthorpe district of New South Wales. 

lOO 

l 
Fig. .:?.-Undulating wheat country. This is the class of country which needs ~oil conscn·ation 

works to maintain permanent producti,·e capacity. 
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away from the gully head while still reta~n
ing it in the. same ~vatercourse but away 
from the gullted sectwn, and the construc
tion of a grassed waterway. 

:Disposal of Water on Grass or Timbered 
Country. 

The discharge from banks can be 
taken into timhered country or grass where 
.it can be dispersed to do good by increas
mg pasture growth. This is an ideal t;~et~od 
of utilising surplus water from cul~vat10n 
country and, provided the ·scheme 1s well 
desir<ned so that the discharge from each 
bank disperses and does not quickly link 
up with that from other banks, excellent 
results should be obtained. 

Here, as in the case when utilising natural 
watercourses, it is necessary to keep a con
timtous grass cover on the dispersal area. 
T his is especially so during those times whe!l 
the area shedding the run-off is clean-cultl
vated and liable to discharge maximum 
amounts. 

In designing water-disposal schemes of 
this nature, sufficient area of grassland must 
be available to absorb the water which is 
run into it, unless there is a suitable natural 
or prepared get-away for surplus waters 
below such grassland. Grasslands having 
a very dense cover or extremely porous soils 
will naturally be more suitable than im
pervious soil types with sparse grass coyer 
and, in the latter case, a greater area would 
be utilised. It is unusual for the dispersal 
area to be greater than one-third the area of 
the watershed area. 

In many districts where large areas of land 
have been completely cleared for cultivation, 
and farmers are prepared to adopt the 
modern wide cropping rotations 1nvolving 
ley pastures between crops, considerable 
scope is left for the possibility of using level 
banks to discharge waters on to the leyland 
while the alternate paddocks are cropped. 
When the rotation reverses, the same banks, 
by reversing the end blocks, can be utilised 
to take the water in the opposite direction. 

Dams and Tanks as Ba.nk Outlets. 
The use of dams and tanks as outlets for 

banks is most important, especially in small 
soil conservation schemes, and their "Value 
lies in their dual role of conserving- both 
soil and water. 

It would not be practical or economical to 
build a dam for the outlet of each bank and 
so 'it is usual for dams to be utilised i.n com
bination with other forms of water d1sposal. 
For example, a darn may be placed at the 
1ower end of a natural watercourse, the 
upper reaches of which is used ~or b~nk 
out1ets. It is not the purpose of th1s article 
to ao into the general use of dams and tanks 
'in ~oil conservation, but to discuss only their 
use as outlets for banks. 

Where one bank only is required and an 
existing dam is suitab1y located for. its out
let to ensure that the bank comes 111 at the 
co;rect place, it is usual ~o lay the bank out 
commencing frorn the mlet to the clam. 
Sliaht manipulations of the grade of the 

0 • fbank are at t1mes necessary or cor
rect location. For example, if the bank 
is being laid out o.n 0.5 per cent.. grade and 
it is going too h1gh, perhaps mto rocky 
cotmtry or timber, it can ?e recomn:enc~d 
and laid out level, in wh1ch case, 1t will 
be sliahtlv farther down the hill. If, how
ever, bthe bank is not high enough to clearJ 

a gully head, it can perhaps be commence~ 
at a safe point above the dam, and the maxl
mum permissible grade can be used to take 
the bank further up the hill. When the dam 
is built for the purpose of taking the run
off from such a bank, the bank is laid out 
in the correct place and the dam site is 
located at its outlet. 

A major proble1_n \~he? !;>ringing water 
into dams is to bnng 1t m m such a way 
that scouring of the batter does not take 
place and, if some scouring does occur, to 
ensure that it does not work along the chan
nel of the bank which is delivering the water. 
There are two solutions to the problem, one 
is to use correctly constructed inlets which 
are expensive, but are also most effective, 
the other is to design the inlet so that the 
scouring which takes place is ininimised. 

Inlet structt1res are many and varied, some 
constructed from hollow logs, do good ser 
vice for many years, others are of concrete 
or grouted stone designed by engineers. They 
must be designed so that they will in fact 
carry the flow of water and deliver it to the 
bottom of the dam so that scouring is elimi
nated. If water by-passes them they will 
quickly be under-cut and can then be re
garded as a c01r.plete loss. Once the dam is 

Fig. 3.- A massive absorption-diversion bank constructed by the Soil Conservation Service in 
the 'West Wyalong district. 

Fig. 4.-A we!J grassed natural' watercourse on the Cowra Soil Conservation Research Stati0n. 

Such a watercourse is an ideal outlet for water from banks. 
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Fig. s.-This quarry in the Canowindra District, with an estimated cap;H·ity o f r;;.ooo cubic 
yards, has been used as an outlet for graded banks. 

Fig. 6.-A grassed waterway. This waterway is a pan oi a comprehensive scheme o£ soil 
conscn·ation in the Grcenthorpe district o i New South \Vales. full there is no need for an inlet structure, 

and in fact bv this time the structure is 
under water, and this is a good argument 
against their use. 

If an inlet ~tructurc is not used, some 
scouring is sure to take place especially 
when the dam is empty and quick storm 
sends water coursing into it. Scouring- wiii 
only take place while the dam is fiJi ing-. pro
v ided the inlet point is lower than the out
let. If, on the other hand. the outlet is lower 
than the inlet, scouring will continue all the 
time water is runn ing in. 

From the fo t egoing, it can be seen that 
scouring will be reduced to the minimum if 
the inlet channel is continued a round the 
berm of the clam to the lowest par t of the 
natural Ianrl surface within the bank. This 
practice of running the channC'I a round the 
berm is not used very often because of the 
incom·enicncc of construction . but it is quite 
effective. 

Tn the case of tank~ . ,,·hich are usually 
built on almost flat s ites, the inlet and the 

outlets arc, fo r practical purposes, level. In 
this case, if t he inlet channel is excavated. 
and the outlet channel is constructed from 
the bottom side so that the channel Aoor is 
on ground level. a poncling depth equal to 
the depth of the inlet channel is created. This 
is suffcient to prevent the water from cut
ting back a long the channel. 

T he usual method of mini mising the scour
ing effect, is to b ring the run-off into the 
dam over a "vide, level inlet, so that it does 
not enter in a concent rated, fast-flow ing 
stream. Tf th is wide. level in let is well 
a rassecl w ith couch g rass or wate r couch 
~rass excellent results can be chicvecl. Both 
~f the above species have a hig h degree o f 
resistance to damage hy nood ing. Som e 
other species such as lucern e and kikuyu 
grass a re quickly killed b~' flood ing. 

Variou~ other methods have been tried 
with differing s uccess, one method is to cut 
the inlet channel down deeper and deeper as 
it nears the dam, so that it enters some fou r 
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or five feet below ground level. Construc
tion of such a channel is clifficult and con
sequently costly, but the method is quite 
effective. The use of pipe drop-inlet struc
tures arc costly and liable to blockages. but 
they are a lso quite effective. 

I Gullies as Outlets for Banks. 
Gullies a re not used as outlets for banks if 

the water can be d isposed of in a more s ui t
able way. T here are t imes, however , when 
gullies can be utilised in this way to con
siderable ad vantage and without causing 
erosion . 

i\ stu dy of gull ies reveals tha t they often 
consist of a vertical head at thei r highest 
point and have a long, taperin~ body 
which gradually comes out on the ground 
su rface and immediately below this point 
there is a delta which has been built up from 
t ransported debris, much of which has been 
washed from the gully. 

~arrow, deep gullies which have actively 
e roding- floors are not suitable to carry water. 
Gullies with wide, Aat, sandy fl oors are suit 
able. If a gully of this nature is 12 feet deep 
at its head, and 400 yards long, its floor has 
a grade which is r.o per cent. flatter t han 
the natural ~round sur face, and providing 
the water can be brought in onto the floor 
of the gully, it can be efTectively transported 
away without any s ignificant erosion occur
ing . T he problem is to get the Rowing water 
to the gully floor without c reating a vertical 
d rop which will scour. The following a re 
some practical ways hy which this can be 
achievecl :

(a ) By tlz e use oj Rocl~y sec/ ions. 
\Vhere reefs of rock occur they fre

quently presen t an opportunity for the 
water to he cascaded down over the 
rocky surface to the floor of the gully 
with no possibility o f c reating scour. 
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(b) 	B;• wtti11g a Deep Entry Channel. 
\Vhere the gully is not too deep, and 

this is often the case towards its lower 
end, the last 20 to 30 yards of bank can 
be turned uphill. The downward grade 
in the channel is maintained by cutting 
the channel progressively deeper and, 
in this way, it comes out level with the 
aullv floor. When carrying out this 
~ethod, very careful lay-out is required 
to ensure that a continuous fall along 
the channel of the bank is maintained. 

(c) 	By the 11se of Drop Stmcttu·es. 
Drop structures at the head of a gully 

can be quite satisfactory, but they are 
expensive to build, difficult to design 
so that they do not undercut and they 
should onlv be used as a last resort.(') 

Prepared Grassed Waterways. 
One 	of the main methods of disposing of 

the run-off frmn banks is by the use of pre
pared grassed waterways. A grassed water
way is a wide, flat-bottomed, well-grassed 
channel especially designed for the purpose 
of transporting a calculated maximum flow 
of water at a predetermined, non-erosive 
velocity. 

While it is not the intention of this article 
to go into the subject of the design of grassed 

waterwa,·.s at length, because this subject 
has beerl. well covered by ~Iiller· C) and 
else,vhere, it is necessary to point out those 
practical aspects of grassed waterway design 
and construction which have to be considered 
in the field. 

The design of gra.ssed "'·aterways is based 
on the following iundamentals : 
I. They have .~ level cross-section. 
2. 	\Vater Aow!!1g in them spreads out in a 

wide, flat sheet. 
3· The velocity of flow of water is dependent 

mainly on the depth of flow. 
4· A definite estimate is made of the amount 

of water which the waterway will have 
to carry. 

s. 	The pennissible velocity of flow for nor
mal grass-::d surfaces in the N .S.W. 
::w-inch to 30-inch rainfall belt is 5 feet 
per second. 

In the tables below the first t>vo columns 
of Table I are taken direct from Table I in 
Miller's article, referred to above, the third 
column has been calculated and included for 
ease of work in the field. In the case of 
Table 2, the figures have been revised in 
the light of knowledge which has been ac
quired since Miller prepared his table some 
ten years ago. 

TABLE t . 

G·rad~. Depth of Flou:. ICapacity per fool 
of wate1· way. 

2 % or I in 50 r·xo ft. or I !t. x:t inches. 5·5 cusecs 
3% or I i n 33 
4% or I in 23 

o·82 ft. or ro inches. 
o·65 ft. or 7t inches. 

4·t cusecs 
3·::! cusecs 

3% or 1 in zo o·s6 ft. or 6:f inches. 2 · 8 cusecs 
6% or I in 16 0·49 ft. or 6 inches . 2 ·4 cusecs 
7% or I in I.f. 0"44 !t. or s:t inches . 2·2 cusecs 
8% or t in 12 0·39 ft. or 4 f inches. 1·9 cusecs 

TABLE 	2. 

Area. IMaximum Rate of Run-off t o be Expected Once Each Five Years . 

ro Acres 
'20 , 

30 " 
40 , 
so 	" 
6o " 
JO H 

So ,. 
l OO 

9 cubic Feet per Secon.J. 
IS " 
26 " 
34 .. 
43 " so .. 
ss .. 
66 " 
82 " 

O nce the e~tilllatecl maximum rate of flo\\· 
has hc:cn determined, and the slope uf the 
watcr\\"ay i:; kn1m·n , the \\'idth of the \\'ater
way is casih· calculatecl bv di'l'idino- the 
maximum rate of tlow b~· the capacit~· per ' 
foot of \\'aten\·ay at that particular grade. 
F or example. a -~O-acre area \\'here the 
·waterway is on .1 per cent. grade will need 

a \\'atcrway \\'hich is :.~ = 12.2 feet \\'ide. 

In practice. \\'atcrwan; are nnt built 
narrower than 1o feet at{d it is usual to allm\' 
a sa(cty factor (If 5 feet " ·iclth on a ll ,,·ater
way:;, consequently. the example \\·atennty 
would be built 17 feet wide. 

The above c<'\ lcnlations are based on the 
assumption that in any soil consen·~ttion pro
gramme a \\'ide cropping rotati on is used, 
and that a g-ood nwcr is continuously main 
tained on the \\'ater\\'ay. Sheep tracks dO\nl 
a waterway ind icate unwise stocking. tlte 
necessi ty for fencing of the \\'atennty and 
disaster should heavv rain fa ll ,,·bile it is 
1n this state. · 

The practice of ditching nut the \\·ater
way and sowing- the grass and d o'l'er mix 
ture on sub-soil, after the top-soil has been 
removed to form the '"atennw hanks is to 
be avoided. \1\'herever possible. a g rassed 
a rea i:;; selected which has a level cross-sec
tion , retaining banks arc built from the out 
s ide leaving the natural surface inside 
undisturbed. This natural grassed surface 
is then improved by top-dressing. ~o\\·ing 
and light scarifying and, where necessary, 
the waterway surface is fenced. \Yhere the 
1Janks are to be built by a bulldozer. the 

+ + 

fence is best if placed inside the '1\'aler\\'ay 
retaining banks. the dozer then ca n cut chan
nels through !'hem \\'ithout t()uching the 
fence. This cannot be done if the ,,·ater
way is enclosed by a wire-netting fence as 
the wire JJCttiJ!g \\·oulcl deflect the water 
down between itselt and the bank. causing 
considerable cbmage. 

The grassing up of the \\'ater\\'ay surface 
is to a considerable extent. dependent on the 
care and attemion g iYen to it. F lowing 
,,·ater must be kept off it until it is grassed 
ttp and g razing control. even to the point oi 
total exclusion of :stock, is necessa.rv in the 
early stages. Stra\\" mulching is an excellent 
way of assisting- quick establishment. \\"ith
out straw mulching there may be a delay 
of an ex tra twelve months before sufficient 
cover has been cle,·elopecl fo r the \\"ater"·ay 
to ea rry \\":1 ter. 

It is generally accepted that prepared 
grassed \\·aten vays cannot be considered as 
practical below· an r8- to 20-inch ra infall as 
it is too difficult to develop a continuous 
grass sod in these areas. This is one of the 
reasons why absorption type banks are more 
frequently used in the drier areas. 

\Vaterways are usually used in conjunc
tion with dams and a natural \\·atercourse. 
\ iVherever possible the "·aterway terminates 
in a stable section of the natural \Yatercourse. 

Refer ent" ,·.<. 

(1) Taylor, T. P., 1945. Gul!y Eros io11, Jour. 
s.c.s. of N.S.vV., I :2, p. J8. 

(2) Miller, A. vV., 1945. D.·sig11 and Construc
tion of Grassed T1/alcr<cays. j ou r. S.C. S. of 
:'-J.S.W., I :2, p. 9· 
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PROTECTION OF EARTHWORKS

KEEPIT CATCHMENT AREA 


BY 

A. Vv. Gooo, H .D.A., Resident Soil Consen-ation ist. 

I N 1~)4~ an a~tide a~peared.in ~his Journ~l 
un der the t1tle of ·InvestigatiOns Keep1t 

Catchment Area" which indicated that a 
large p roportion of the slopes section re
quired earthworks to prevent soil erosion 
and silt movement to Keepit Dam. 

At that time the Soil Conservation Service 
was carrying out demonstrations and minor 
demonstrations to show the value of soil
protecting earthworks. 

Landholders were quick to realize the 
va lue of this work and. as a result. thousands 
of acres have ueen treated un der the Soil 
Conservation Service Plant Hire Scheme. 
This has been the largest concentration of 
earthworks in the State. It is now possible 
to view earthworks at any point on any road 
leading from the Manilla centre. ln many 
localities these \\'Orks a re contim1011S from 
property to property. 

.\Vhilst there are many paddocks \\'hich 
still require treatment most of the worst 
eroding areas have been treated. 

The result has been a markt>cl reduction 
in soil erosion ancl silt movement and land 
holders have applied improved methods of 
farm management. 

Before soil conservation practices were 
introduced, production from the land was 
seasonal in the extreme. Rapid. ~hort-lived 
pasture growth gave way to non-productive 
pastures and heavy storm rains eroded any 
bare land. Cereal cropping \\'as the main 
practice gi,·ing "·heat as a cash crop and oats 
for winter grazing. Upland grazing lucerne 
stands \\'ere a gamule to establish ami often 
short-li ved with bare a reas losing soil on 
every rain. \\ 'heat lands had to b'c cropped 
cont~nuously because revegetation by native 
spec1cs was too slow to be economically 
sound. The soil te.-..:ture \\'as lost and erosion 
increased. \\forn-out paddocks became 
heavily infested with ulack oat:>. It was con
sidered to be ·'too risk\··· to tn· to establish 
improved pastures to ~ive the· land a spell 
after cereal cropping. Lanclholders often had 
difficulty in maintaining stock on the "off" 

season and many thought that the stock 
losses during tlw winter made cattle breed
ing a ri sky enterprise. E very effort \\'as made 
to carry on without reducing the sheep num
bers but it was a losing battlt: \\'ith soil 
erosion. 

VALUE OF EARTHWORKS. 
\rVith the protection of the soil hy absorp

tion. diversion and graded hanks. check 
dams, silt dams and specially constructed 
\\'ater\\'ays, a marked change occurred in the 
district. 

Land can now be safely and tho rou.~h ly 
worked at all times th roughout the year to 
allow for safe establishment of impro,·cd pas
lures and hig hly productive lucerne sta nds 
which take their place in rotation to g ive 
better crops. '''here stock \\'ere onlv fat
tenecl in short periods of flush pasture: there 
is regular vealcr production and a more regu
lar marketing of fat cattle. The same m1m" 
ber of sheep a rc being run on part of the 
area and the reserve of feed is a n assurance 
to the landholder and a protection for the 
soil. Other capital improvements have been 
possible so that extra fences and watering 
points have allowed for a better management 
of pastures through rotational grazing and 
an increase in ret urns and stability. 

In this district, w here retu rns incre.'tse im
mediately the soil is stabilized. soil conser
vation earth\\'orks are as essential as any 
other farm capital improvement. ~ l ainten
ance of these \\'Orks is essential in the in
terests o[ fa rm economy. 

EFFICIENCY OF EARTHWORKS. 
The efficiency of any earthworks is deter

minecl bv their abil ity to receive. hold 
distribute o r discharge run off water. In th~ 
initial design, allowances are rnacle for nor
mal variations such as settling of the soil and 
establishment of vegetation. 

I t is interesting to note that after the disas
trous Aoocl rains of February, ICJ.).::;. when 
~oil C onscr vation Sen ·ice plant was used in 
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Pirt. I.- Graded banks. dam batters and spillway fully protected by grned Kikuyu grass. 

assisting to open damaged roads. very little 
damage occt~rred to the miles of conservation 
earthworks 111 the d istrict. 
H~wev~r. capacities can be lost and the 

£unct1ons unpaired if the work is neglected. 

CAUSES OF FAlLURE. 
The most frequent causes of failure are:

( r) Failure to give adequate protection 
by vegetative cover. 

( 2) Unusu~lly vi~orous growth of 
vegetatiOn at discharge points. 

(3) 	Badly planned fence lines causing 
stock tracks and collection o( clehris 
at discharge points. 

( 4) Overstocking, causing- tramplin"' 
and tracking of banks which reduc; 
freeboard and inter-bank soil move
ment which silts up channels and 
red.uces the wate~-holcling capacity. 

( 5) Fa1lure to prov1de suitable plant 
for topping up works if necessary. 

·rog 

PROTECTIVE MEASURES. 

Vegetation. 

:Yiany landholders had the opinion that i( 
they sowed new earthworks with pasture 
types. stock would trample and track over 
banks and cause rapid deterioration of the 
works. Actually. this is not the case when 
all points are considered. For best results. 
all new works should be sown immediate!\' 
after construction so that the seed is covered 
as the soil is broken do\\'n by rain. Later 
sowings may be necessary if works are con
structed at a time which is unsuitable for 
germination. Quite good results have been 
obtained from sowings on older works. 

Grasses used for protect ing earthworks in 
this area are :--Rhodes, Kikuyu, couch, 
Sudan, Buffet, green panic. Paspalum and 
\Vimmera ryegrass. 

\Vith the exception of Kikuyu, the seed 
is usually broadcast as mixtures, including a 
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medic: pr~ierauly.barrel medic, which helps 
to mamtam the mtrogen balance. An addi
t ion of either superphosphate or gypsum is 
usually advantageous. as most of the soils 
are deficient it: phosphorus or sulphur or 
both. 

Lucerne is not always recommended for 
sowing on earthwork:; because of the possi
bility of isolated succulent plants occurring 
when other grasses are less attractive; the 
stock may make: tracks from plant to plant 
causing low spot5. 

The use or Kikuyu grass has been most 
successful in this district. A much wider 
use is recommended. \\"hen grown under 
paddock conditions. ~ikuyu grass does not 
become a pest. as it may in gardens. \\' inter 
cult ivation will preYent its spread to crop
ping areas. 

T he mam Yaluc uf Kikuyu g rass li(• ,; in 
the fact that it g-ives a dense nml of growth 
\\·hich is weed free and capahl<.: o f protecting 
soil from scouring even on s lopes carryi ng 
water at high velocity. Once Kikuyu is 
established. feno:::es are nol req uired to pro
tect the earthworks. Stock grazing tends 
to make this grass 111at spread and de,·elop 
a stronger soil-binding root system. The 
grazed Kikuyu does tttll build up a rank 
grO\nh ,,·hich could redtt<."c the channel capa
cities. 

Kikuyu grass i:: the outstand ing grass fot· 
use on banks in black and self-mulching soils . 
It is most suitable on the sleeper dam hatters 
and at points where water may cuncent rate 
such as dam outlets. bank outlets and any 
natural channel which is used in an earth
works programme. 

l Dan1s s lt lluld he sprig-planted a round _the 
top of t he ban\.. T his will succeed olten 
when planting:; fa il on rhc slupec\ batters . 
Tiowt!ve r. if planted correct ly. Kikuy u 
spr ig-ged cm 1he back lJattcrs an<I front 
hatters al)(WC the water line will preYent 
ri ll ing which im·a rial1h· ccccur,; on the bare 
ea rtl~. · 

Banks. especially settl ed hanks. may be 
protected by sprig-planting alon~ their 
leng-th. The sprigs may he placed well apart 
in the initial planting- and assi,;ted to spread 
by dividing al a la ter elate. 

Artilicial waterway,; are most successful 
in this district wlH~n- the centre line of t11e 
cross section is 1 or 2 inches lower than the 
s ides near the t•·<:iner bank::. The centre line 
is sprigged with Kikuyu so that low flows 
actua lly irrigal<' t he g rass and promote its 
spread. R illing wh ich may occu r before 

sown grasses are well e::; tablished is di rected' 
to the centre line wh ich is held by K ik uyu .. 
Th is method also protects the trainer banks . 
which tend to hr<:>ak on watcrwavs with flat 
cross-section. · 

F ully constructed artilicial waterwan are 
avoided wheneYer possible. This is uecause 
they are expensin• to establish and also much 
time is lost in the completing of the earth
works scheme while waiting ior the water
ways to become established with grass co,·er. 
Very often it i ~ found that nati,·e grassed 
land can be u!'ed by constructing trainer 
banks to keep e:.;pected Rows of water spread 
over a fairly le,·el cross-section. This type 
of waterway can be strengthened . at places 
which may tet~d to concentrate water. by 
int roducing Kikuyu grass. \ \"here better 
pasture types a re sown on the paddock a 
native wa terway need not be fenced as stock 

Fig. 2.-Back batter of dam wall .:omplctely stabil i zed with ungrazed Kikuyu grass. N otc r illing on 
unplanted areas. 
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Fiy. J.-.-\ Rhodes grass waterway correctly fenced. Note temporary fence w ithin the paddock. This 
may he remo ved when the land use w ill ensure that the waterway is not denuded of cover. 
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will nut overgraze them. 13y eliminating the 
need for fenced watenvays a major cost is 
saved. 

Kikuyu grass is most useful in recl~iming 
old o-ullies when the water has been d1verted 
iron~ them by earthworks. The grass arrests 
the earth as it frets down under natural 
weathering and this tends to level out the 
land. 

Realizing the value of Kikuyu g rass in 
protecting ea.rthworks, some landholders 
have established a plot of Kikuyu at a fav
ourable location near thei r operational 
centre. The practice is to take out a hag
of runners from the plot and plant them with 
a small hoe whenever riding- through the 
paddocks. The practice is worthy of con 
sideration as Kikuyu grass is a highly nutri 
tious grass which will stand a cl verse condi
tions well. 

A point t o note in planting is to make sure 
the 	runner is nlaced in moist earth with no 
more than one third of its length above the 
ground. This c:m be done by driving a light 
hoe 	or mattock into the ground and placing
the Kikuyu sprig behind the blade. On with
drawing- the bhtde the soil is compacted by 
foot . 

Discharge Points. 

Grasses with their tangled growth and 
fibrous root system are the greatest agent 
in arresting the run-off of water by checking 
the flow and allowing absorption into the 
soil. However , in bank channels and outlets 
from earthwork~ a heavy growth can cause 
a build-up of the water level, prevent dis
charge at a rate equal to intake and cause 
the banks to be overtopped. If one bank 
overtops causing a break the concentration 
of water may well ruin a complete earth
works scheme. O utlet points must be 
checked regularly and cleaned of heavy 
growth to avoirl damage. 

Fencing. 

vVhen fences are neces~ary to mainta in 
protective cover they should be erected. 
However, temporary fencing will often 
achieve the requirements at a lower cost. 

Fence lines can often be re-located to pre
vent stock tracking . Fences must not direct 
stock across banks at any one point, especi 
a lly at dam outlets. Fences should follow 

contours wherever possible. If it is neces
sary to cross a bank with a fem:e the bank 
should be given additional freeboard and 
width of base so that sto<"k fo l l owin~ the 
fence will not wear the hank down and cause 
a danger of overtopping. :\ny fences cross 
ing banks and bank channels should be pro 
vided w ith a safety apron or Sllla ll Aood gate 
so that debris w ill not coiled on the wires 
and re~trict the free flow o f watc·r. Fixed 
netting fences should never cross a discharge 
channel. 

Stoclc Management. 

Earthworks in paddocks which are over
stocked are most likely to bccume ineficctin:. 
In planning an earthworks S<"heme for a 
paddock some allowance i ~ usually made for 
vegetative protection between hanks. Tf the 
land is kept cons tantly hare. soil is washed 
into the hank channels and reduces the capa
c ity. T his may be a s low pna:ess and not 
become apparent until a rain o f unusual 
intensity causes the hanks to be ovcr topped. 

Overstocking- shou ld be avoided . \ Vhcn 
stock are hungry they tend to roam and cause 
a breakdown of works by wearing tracks 
over banks. In dry times stock should be 
hand-fed in safe, untreated paddocks so that 
earthworks are not affected. 

T he better management is to make sure 
that pastures arc not grazed to a point where 
the soil can be seen. S upplemenrary feeding 
should be introduced at an early stage to pre
vent pasture deterioration from overgrazing. 
The practice of heavy rota tional g-razing and 
moving stock frequently so that only the tops 
of the grass is grazed has the following 
advantages: 

(a) 	Pastures are quicker to respond 
and give a greater bulk of feed. 

(b) 	The soil is protected from wash by 
ra in and a maximum of water is 
absorbed. 

(c) 	The soil dries out evenly at a ll 
depths so that the max imum of soil 
moisture is available to plants and 
the growing period is extended. 

(ti) Soil tempera ture is better regu
lated to keep an even growth of 
g rass. 

II2 

Fig. 4.-Paddock subdivision with fence a long crest of broadbascd graded bank in ·culti,·auon land. 

Outlet to Rhodes grass waterway in foreground. 


\\"here these protective measures of vege CONCLUSION. 
tation, care of discharge points, fencing and The improved farming practices made posgrazing management are thoroughly applierl. 

s ible by soil conservation earthworks hasearthworks require practically no mainten
been a major factor in increasin~ prosperityance. 
and 	enhancing land value in this district. 

Provision of Suitable Plant. Additional works together with proper 
maintenance of existing works ,,·ill increase

In a district, such as this, \Vhere maximum this prosperity.
safe production is based on conservation 

The 	Soil Conser vation Sen ·icc is able toearthworks, a ll landholders should include 
assist through its P lant H ire Scheme in thesome earthmoving eq uipment in their items 
continuation of this work. Advis ing on con of plan t. 
~ervation land use, including- paddock rota

T imely topping up of a low spot, clearing tion and pasture improvement. planning and 
of a s ilt deposit after an unusual storm, or designing earthworks schemes, checking the 
clcar_ing trash from channels may save costly levels of works and ass istance to Janclholders 
repatrs. is done free of charge. 
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SOIL CONSERVATION IN THE l 
BURRINJUCK CATCHMENT AREA t 

BY 

J. ~. I IARRIS, H .D.:\., Soil Consen ·ationi:-t. 

~ :\Iay. 1954. a prog ramme of Soil Con I sen ·a tion was ctmunenced on the proper 
t ies of :\Iessr~ . C. R. Southwell, "Brook
lands". A . 1-1 . Curran, IJ. & D. Nloore, 
'·GJenmore '' . Kilby B ros., '·Parkwood" and 
A. C. & K K. Kilby. ·· C.:ha rnwood". These 
five properties ~.11 adjo in a few miles from 
the village of H a ll. They lie near the bound 
a ry of the Australian Capital Territory and 
::\"ew South \\ 'ales. \\'ithin Durrinjuck Catch
ment A rea. 

The control of e rosion on proper ties such 
as these is of ~reat im por tance in protecting 
the Burrinjuck Dam from siltation. T his 
fact is reali sed hY the landholclers. who a re 
in a position to Ji<:Ip protect a national asset 
and at the same time safeguard thei r own 
properties . Fig. 1 shO\\'S the position of 
these properti es rela tiYe to each other. 

The country in this area is ideal for both 
sheep and cattle g razing and responds very 
read ily to pasture impro\'emcnt. 

E.rosion is mainly in the form of ve ry. deep 
gul11es. many oi them about 30 feet deep and 
up to 40 or 50 feet \\'idc. T he s ides are steep 
to perpendicula r and a fTorcl ha rbour for any 
rabbits \\'hich might escape eradication. 
:VIany of t hese gullies ha \'e formed on the 
sites of old roads and t racks which were used 
years ago by bullock and horse teams and 
which uniort una tcly \\'ere g-enerall y situated 
in hollows \\'here \\'a tc r running off the hill 
s ides concentratt:d to the g reatest degree. 
As the roads became impassable others were 
made a longs ide, ultimately forming a net

of surface sc•il iron! a ~rcat er a rea than 
would be rcchimed . ;\or can must gullies 
he s ilted up by m <"a ns of checks across them 
s ince this depends u pon ccmt inued erosion 
of soil hi<>'he r up the catchment. \\'hich itsel£ 
should b~ con:-.c:n ·cd hy suita lJie methods. 

The most practical measure is to exclude 
\\'ater from car h gully a nd stabili se it by 
encouraging a ..;ati s iactory t'O\'C' r of ,·egeta 
lion which wi ll contribute towards the feed
ing of stock. Jn .time the .sides o f a g ully 
\\' ill usually fa ll 111 1Jllt th1 s can often he 
accelerated b,· l:ulldozing the <' <lges down to 
a hatter. s(;llle:tillles the bottom o[ a g ully 
is stabilised ll\· bars of rock and the main 
consideration then becomes the prc,·cntion of 
subsidiary ~ulli<· :; running oft the s ides. 

O n the properties under discussion steps 
\\'ere taken to reduce the amount of run-off 
as much as po:;siblc and to dispose safely 
of the \\'ater \': hich could n ot be ausorbed 
into the soil. This was done by earthwork:; 
carried out under l'lalll 11 ire by the Soil 
Conservation ~erYice iu conj unction with 
pas ture imprm·ement a nd other conservation 
fanning principle:- applied by the land
holders . 

MR. C. R. SOUTHWELL AND MR. A. H. 
CURRAN. 

As these t\\'IJ works arc con1plementa r\' to 
each other they \\'ill he grouped together 
and d iscussed ;:s nne overall programme. 
al t hough carri <.> d . nut as two dis tinct plant 
hires. 

C. R . SOUTH WELL 

BROOKLANDS 

''· .·· '• ...·· 

/ 

A.C . & K.K. 

Kl LBY 

" cHARNWOOo'' 

:H. & D. MOORE 

Gully - - - --- -- -- - -- _____. 

C,ully h ll._ --- ----- - - -

Dom·-- ----·---·-- ,... 

Fig. r.-Skctch plan of location of properties showing bound<t ries. 

\\'Ork of gull ies. These make access to vari 
ous parts of the proper ties ,·e ry difficul t and 
unless checked \\'Ou ld continue to spread up 
the depressions . 

The danger of rapid siltation o( a storage 
dam through erosion such as this needs no 
emphasis. 

U nfortunately huge g ullies can never be 
economically erased from the landscape. 
Filling them would im·oh·e the complete loss 

The main l'roblem a t M r . Southwell's 
property was a munber of la rg-e la teral 
gullies creeping IJac:k from a natura l water
course which l•ad itself eroded to a g reat 
depth over a long period. Except for the 
head section. \\'hich \\'aS ve ry actively e rod 
ing. the bed c,f the wate rcourse had s tabilised 
itself but the (•frshoots would have cut the 
paddock into -;..: ,·e ra! sections within a few 
years. 
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To lessen the amount of water coming 
from the upper portion of the catchment in 
Mr. Curran's property a large da1~1 was con
structed at the head of a gully wh1ch had the 
dual effect of impounding se,·cral th?usand 
cubic ,-ards of water and also preventmg the 
gully -from cutting back an): further. Pro
vision was made for safe d1sposal of over
flow by the construction of two banks which 
finall y discharged the ware~ on to a well
grassed even slope where 1t could spread 
out harmlessly. 

Above the gully in :\Jr. Southwell's pad
dock and low':!r down the slope, a second 
smaller dam was constructed to impound 
more water. A number of absorption banks 
and pasture fu rrows were a lso constructed . 
the aim being tc e liminate run-ofi from the 
area adjacent te> the gully as completely as 
possible. The absorption banks \vere de
signed to hold any water ovcrAow111g from 
the pasture furrows, to a depth of 6-8 inches, 
and then to rlischa rge any surplus into a 
natural grassed depression . However. the 
expected rainfall should seldom fi ll both 
banks and furrows to capacity. \ Vith the 
pressure on the ~ulh· rc:: lie,·cd in this manner 
it is expected that extended time of concen

tration \\·ou ld resu lt in llllll' ll ui the run-off lfrom the higher land being a llsur!Jed before 
it reached the g ully. 

S urplus wat-::r \\'llich can lHll IJ<: held will 
be discharged into grassed depressions at 
opposite ends of the \\'Ork. This ensures that 
water can enter the gully in two selected 
places only and a large section of gull v bank 
is completely protected friJlll erosion. Several 
absorption banks \\'ere a !so const meted a t 
the side of the road to check a gully which 
threatened it. To the cast of the large gully, 
a small gully was levelled off and the hill
side contro llec\ by an absorption hank with 
pasture fu rrows above and hclo\\' it. T he 
bank was designed to overflow clo\\'n a well
grassed slope into an exist ing dam. 

It must ue men! ion eel in pass ing that, in 
all the w ork under discussion, on thi s and 
other properties, absorption banks arc gener
a lly used in preference tu di version hanks. 
T he function of a diversion bank is pmely 
to guide the fl o \\' of excess wate r to a chosen 
place but an absorption bank \\'ill impound 
a certain quantity <Ji water. like a lnng . s hal
low dam and wiJ<·n it ove rflows at the outlet, 
will then act as a d iversion. This is a<·hieved 
by constructing it on the true contour, block-

Fig. 2.-View from point B in Fig. t , showing western arm of gully with a diversion bank at its head. 
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Pig. 3.-Thc gully check dam at A in Fig. I, showing massive bank and overAow bank at right. 

ing- unc end st'curely and turning the outlet 
end uphill a fe\\' vertical inches. sufficient 
to suit the purpl")se. 

T hese banks 111ay be pushed up from above 
{Jr belo\\' the -;ur\'eyed line. The former 
entails pushi11~ soi l down the slope which 
forllls a channel with some water-holdin~ 
capacity even. \\'ithout turnin~ the end uphill. 
H owever, it also results in an increased slope 
on the batter of the channel which, \\'bile in 
a bare state. can e rode to a moderate extent. 
To obviate this risk in some cases the soil 
may be pushed up the s lope to form a bank 
\\'ithout an exeavated channel. This in turn 
in volves some ris k in certain soils. as for 
instance pipe clay, which is most ~mstable 
when \\'et and will often Row downhill like 
lava, thus destroyin~ the bank. In the pipe
clay type of soil it is most important to pre
serve the compa ratively fin n crust of sur
face soil to ens m e as firm a fou ndation as 
possible fo r the hank. The Lank is there
fore built by pushing clown the slope and 
laying the soi l partly on to the ripped soil 
and pa rt ly on the undi sturbed su rface. The 
bank w ill tend to bond in with the ripped 
surface and p revent seepage occurring be
tween the hank and the ground on which it 
rests. 

MESSRS. H. AND D. MOORE. 
F igure 1 shO\\'S that this property adjoins 

both ''Parkwood'' and the property of Mr. 
.·\. H. Curran and the one range of hills 
is common to all three. 

At "Glenmoor'' the run-off from these 
hills made its \\'a)' via several depressions 
down the lower slopes, its volume increased 
by \\'ater from these. until it reached a huge 
gully \\'hich in turn emptied into G inninderra 
Creek. \VhereYer this run-off water poured 
into the ~ully the edge had collapsed causin~ 
offshoots to encroach into the paddock at 
intervals and these, if unchecked . would 
eventually have progressed right back to 
the hills and cut the paddock into sections. 
The position was further aggravated by a 
roadway which tended to concentrate water 
into the gully at certain spots. 

. It was decided to treat the \Vhole catch
ment and endeavour to inc rease absorption 
to such a degree that there \\'Ould seldom 
be any run-off ~nd if water did at anv time 
reach the vicinity of the gully it would be 
diverted onto a comparatively Aat area. At 
one spot a spill\\'a)' was battered down into 
one of the gully offshoots and one bank 
allowed to d ischu.rge so that the \\'ater would 
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spread out and pass down this spillway. 
This was done in an effort to get rid of some 
water safely :wd reduce the quantity which 
would finally Ho,,·. T he spillway .was seeded 
and fertilised and should stabilize satisfac
torily. H owever . if necessary, the bank. 
wh ich is of the le,·el absorption type, can 
quite easily be ex tended a fe w yards to over 
flow into the next one. 

A small clam of about 200 cubic yards was 
constructed high up on the hills ide to check 
a small active gullyhead. .:-\ t t he foot o( 
the hills another dam of about 900 cubic 
yards ca pacity and a number of absorpt ion 
d ivers ion type l'anks were constructed. As 
the hills ide was too s teep and rocky to work 
on , these level hanks were intended to check 
the rush of water. hold a certain amount and 
d ivert the balance into e ither the dam or 
several well grassed depressions down which 
it cou ld flow quite safely . Tt was then pos
s ible to cover the lower slopes completely 
with pas tu re fur rows leaving the actual de
p ress ions untouched. Banks were constrncted 
at the edge oi the. depression to con fin<: the 

water to the desired crJurst: a,.; it showed a 
tendency to spread out and over-run the ends 
oi some iurrows. 

:\ number oi ,.,ho rt check hank::. were 
placed across the o ld roadway to tu rn the 
water out to the sidt: and prevellt r illing- of 
the tracks. 

\\'a ter o,·ert1m,·ing from an existi ng dam 
had caused the g ull y t11 t hreaten the wall and 
this was m·t:rcnnH: by constntcting- nn O\·c r 
Aow ban k to take the surpl us watc;· well out 
on to a g rassed s lope. ."\ bank abo,·<· collect:; 
run-off from the s lope.: a nd discharges it into 
a depression abo,·c.: the dam ancl <;o incr<'ases 
the effective catchment. 

. \ feature oi the absorption banks at the 
ioot oi the hills . aho,·e the pasture fu rrows. 
is the prm·i sion ni a ,.,aic outlet from eadt. 
. \ s these a r c.: 0n a comparati ,·ely steep s lope 
there woul d be some possibi lity of watc•r 
cutting- a r ill a r0tutd the end tlf the hank 
where it OH r Aowecl . T his was overcome 
by pro,·iding a sill or step <) inches o r J O 

inches deep. T he channel was continued 
10- 12 ied beyond the encl of the hank to 

Fig. .J.- The head o f the gully near Point B in Fig. I , looking north and showing the d i\·ersion uank 
and battered sides M the gully head. 
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~n<:n tt ragt• I he wate t· to flow ,,.<.:11 out be,·ond 
the bank. Then as the ltvel rose it \\:Oulcl 
o.'·c rtio w evenly over the whole width o f the 
.stll. 

. \ l:;u. where stock tend 1o make t racks 
round the oYer Aow end of a bank a short 
.:;pan of fencing ~1~y be used to keep them 
a way fram the cn t1cal spot . 

MESSRS. KILBY BROS. 
<)tl this p roperty there were two dist inct 

p rofl,lc.:ms. T he firs t was a hug e g ully about 
JO c.:ct deep a nd in parts a lmost -tO feet wide. 
[t extended a long a valley a lmost to the top 
u.f 1he catchment. The gent le slopes on either 
s1de at the foot of the hills are periodica llY 
~uwn with wheat and then held in ley pastur~ 
for scn·ra l years hetween crops. T hi s is Yen · 
<.:IYecti ve in growing supplementa ry feed an~l 
at th e sam e time improving the pasture. T he 
g ully was developing late ral o ftshoots on 
both s ides and wou ld eventua lly have en 
noachcd well into the cropping area. 

.-\ la rge level bank about 4 feet high was 
n.m st ructed a hove the t:ead of the gully to 
<11 vert watc1: approachmg from the slope 
above and th1 s overflowed into a wide <rrassv 
depression we. ll d ear of the 

~ 
auJh·. '"' -

. T he te~p few chains of g ully were then filled 
111 and two level banks put across . blocked 
a t one end and discha rging well clear of the 
g ully on the south-easte rn s ide. LeYel banks 
w<.:re con ~tructcd along this same side. each 
<~n <: ch eclon~ the run-of( before it could reach 
the g ully . and tu n!ing- it out onto a g rassy 
slope agam. Jn th1s way the water is guided 
~ !own the slope to the lower section where it 
1s c \·entually allowed to flow into a Jaro-e 
da m. The over flow from this is com·eved bY 
a d iversion bank with a g rade of 2 ·inches 
per 1 oo feet and a llowed to spread out o\·e r 
a comparat ively flat a rea. 

Each .of the ban ks was des igned to hold 
severa l mches depth of water tn a width oi 
12- 15 fee ~ before overflowin~. l n e ffect they 
a rc a sen es of long shallow dams with hicrh 
absorption and evapora tion as well as bei~ o
d ivcrs ion bank~. In this n~anner a gre~t 
<ka l.of r~m-off IS hel<_l and qutl e a small pro
port iOn hnally flows mto the dam. 

O n the north-western s ide the water was 
di,·ertecl into a slight depression runninu
pnra lie I to the g ully and thus prc,·ente~ 

ir.om c.ausing further dama~e. T hree or four 
d1vers10n banks su fficed to keep the water 
flowing in the desired direction . 

The other maj or problem was a network 
of g ullies with a catchment uf se,·eral hun
d red acres. F ig. r shows the main gulh
split into two channels and there were thre~ 
la tera l o iYshoots advancing along slight de
pressions where the flow of water concen 
trated . T here was an ex cellent cover of 
clover and rye g rass over a lmos t the whole 
of the catchment area, which was of such a 
$ize that a system of pasture furrows and 
absorption banks over the whole of it would 
have involved a g reat deal of work. It was 
not considered that such measures were 
wa rranted. 

T he gully was thereiore blocked with a 
m c:iss ivc ear th wall which dams water back to 
the head . The three active heads on the 
weste rn s ide were dozed down to a batter 
and the water kept out by means of d iver
s ion banks. The main wall was extended to 
diver t water away from the second arm of 
the main g ully and the channel widened and 
formed into a gentle batter a long which the 
bulk of r un-off water would flow into the 
dam. 

T he OYerAo,,· was com·eyed by large banks 
across to another smaller dam and thence 
<.town a g rassy slope into a gully which was 
stabilised by a dense g rowth of grass a long 
its banks. 

...-\ potentia l spilhYay was iormed b~ low this 
second dalll in case it ~hould be des1rable to 
use il in the future a;: a means oi dispersing 
some of the water. 

Tlw area of se,·eral acres containing these 
works has been fenced off secu re i v so that 
g razing may bt: controlled a t al l times and 
luc<'rne, clover and rye grass pa.:; tu re has 
been established. _-\ woodlor of trees has 
a lso been planted w ith the aim of beautify 
ing and helping to stabili~e the a rea. 

MESSRS. A. C. AND K. K. KILBY. 

ln this property three gttlly :-y:.tcms in one 
paddock required comrolling. <. >n the west
ern s ide of the paddock water running 
through the boundary fence from :\Ir. South
,,·ell 's property was excluded from a network 
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Fig. 5.- The system of absorption-diversion banks :1t the sonrce of the gnlly at the point C in Fig. 1. 

of gu llies by means of absorption-divers ion and conveys it· around a :;light ridge into 
banks which hold up to l3 inches of water another depression where it can spread out 
and then divert the flow into a dam. The without causin.~ harm. 
overflow from this spreads out and flows On the opposite side of the g-ully :several 
gently down a grassy s lope. active offshoots o f the g ully have been 

At the northern end of the paddock a large checked by diYcrting- the water in other 
flow of water enters the paddock from a directions. 
catchment of several hundred acres on an CONCLUSION. 
adjoining property. T his has caused a large Erosion has been successfully checked on 
gully to fo rm. the properties under discussion, as on many

large earth wall \Yas built across the others like tht m, by means of earthworks 
head of the g-ullv to fo rm a dam of tnorc such as absorption banks, silt dams and pas
than 2,ooo ctibic-yards capacity. This al~o ture furrows which greatly increase absorp
caused water to bank up in a medium sized tion of water and decrease run-oft. and bY 
gulJy ru11ning off the main one. diversion banks which exclude water fr01i1 

:\ large diversion bank was cnnstr11cted existing gullies and turn it out on to suit
to convey the overflow from the clam out able grassy areas where it will cause no 
into a wide. well-grassed depression where harm. 
it can spread out without causing harm. Mechanical contn·;l measures must be 

O n the easteru side of the paddock t he supported by sound farming methods such 
run-off water frOill a large hillside and a as pasture improvement, eradication of rab
travelling stock route was diverted away bits. careful location of roads. woodlots and 
from a thi rd gully l>y means of a large bank watering places.. judicious stol'king-. and per
and allowed to flow d0\\'11 a wide. grassy haps even permanent fenc ing off of some 
depression fo r about 300 yards. vita l areas wlv:re it is essentia l to preserve 

At a point wliere it would enter the gully a good grass sward and prevent stock 
again another di,·ersion bank turns it away trampling and overgraz ing. 

+ + + 
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SOIL EROSION PROBLEMS IN THE 

SNOWY MOUNTAINS AREA 


DY 

L. J. DUJnrAl\I, B.Sc.Agr., Soil Consen·ationist. 

Part I. 

SINCE thl: inception of the Snowy i\Ioun  .·\s much of the area forms a unique unit 
. tains Hydr0-E!ectric Au~h?rity in 1949, nf the Ne\v South \Vales landscape and com

thts area has been much pttbhctsecl, resultinrr prises the majority of the Kosciusko State 
it~ a wi~ler realis?.tion of its potential capa~ Park. it should be oreserved to the best of 
ctty to mcrease power and \Vater resources our ability and resot~rces. T hat some serious 
for industry and agricultu re. erosion is to be found within these catch

P rior to this, the area was mainly utili sed ments will be demonstrated. 
for grazing ancl recreation, but it had been 

T he Snowy Mountains hydro-electric p~operiodically studied by various organi!.ations 
ject has been started and continued operatJOninterestec~ it.l particular aspects of its unique 
depends largely on a free and uninterruptedcharactenstiCS. 
water flow from the various catchment areasFollowing the initiation o( the present en concerned. Perhaps even more important

g-ineering scheme certain of these studies is the safeguard ing of the area as a sourcehave been intensified, wh ile at the same time of domestic and irrigation water for theactual operations have been responsible fo;. rapidly growing cities and rural areas_ of the 
an increasing :.wareness of problems asso 'Iurray and :Murrumbidgee Valleys.Lower l\ciated with thr!se works. 

Erosi?n hazard and damage is probably Three major catchments, th~ Murray, 
the maJor problem now to be controlled. Snowy and 1\t[urrumbidgee, are Included m 
It is integrally bound up with the various the a rea. \ .Yhilst these maj or river valley 
activities which are liable to cause. and in catchments in themselves are important, 1t 
many cases have caused. e:xtensive clamacre seems advisable !o direct attention to the 
to vital catchment areas in a unique porti;n many minor catchments which g-o to make 
of the Australian landscape. the whole. 

'Within the scope of this article it is not Situated on many of these comparatively
proposed to deal at len~th with the ecological minor catchments, will be several of the 
aspects of the area, smce these have been lesser engineering structures, such as pond 
studied and recorded by Costin, Newman , ages of small capacity.
Morlancl, !viueller and others. However 
·where certain a)f their findings are relevant I nefficiency oi these small catchment ar~as 
to the problem they are restated. ,,·ill not only jeopardise these smaller umts, 

It is proposed to set out the erosion prob but could readily impair the function of a 
major ~ection o~ the scheme.lem, to consider the various characteristics 


and agencies ccntributing to it, and to dis

cuss soil conseryation measures undertaken PHYSICAL CHARACTERISTICS .OF THE 

to date. 
 AREA.

THE PROBLEM. 
These have been studie.d and recorded inStated in simple terms, the problem is 

essentially the implementation of control of detail by previous work.ers and it ·will be 
f!Ctive erosion wherever it occurs, as en  sufficient to state here the overall contribu
·trusted to the Soil Conservation Service of tion to the problem by climati~. physio
New South 'Vales by statute. g-raphic and soil characteristics. 
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CLIMATE. Precipitatio n fe~r the area ran(!<:s fr(Jlll a 
maximum of yo inc hes pe r atlllll lll in th ~:: 

.-\ltitude is the dominant factor in the Kosciusko area tu 22 inc hes a t ]indahnH.: . 
climatic em·i ronme nt of the area and three and 6.3 inches at Kiand ra o n the nCJrtl;ero 
u rographic tracts a r c recognised: iringe of the area. At the higher a ltitudes, 

:\lontane tract 3.000-5.000 feet. sno \\'fall probably represen ts Go-70 per cent. 
o f the annual to tal. ~ub-alpine tract : :;.ooo-6.000 feet. 

Costin ( I95...J.) stales that in the alpin<.' 
.·\!pine tract : 6.000-7 ..)2~ feet. tract. the mean m onthly temperature~ fall 

(maximum elevation at :\It. K osciusko) . beiO\\. 32°F. for four to s ix m onths oi the 
Year and in the s ub-alpine tract fro m om:

Fligh winds arc common in the area, 
to four months. but elsewhere' exceed thi:'· Costi n ( IY5...J. ) ha,·ing recorded by field 
,·alue . The mean monthly 111inimu111 temmeasurements in the tableland tract (belo w 
peratures are 32° F. fo r s ix to C'ight m omh ,.;

J.COO feet) individual gusts o f 6o miles per 
in the alpine tract. fo r about s ix m onths inhour and velocities of 50 miles per hour 
the sub-alpine tract and from nought to sixsustained fo r as long as 90 scl'onds.* Dur
months in the m ontanc tract. depending oning part of the year it is ce rta in that much 
altitude and aspect. ( )nly in the a lp ine tract g reater velocities a r e recorded at higher 
does the mean maxin1um te mperature of all\altitudes. Recent a nemograph recordings one month fall belO\\' ~2° F.

(May, 1955) by the S no\\'y 1\l ountains 

Authori ty of indiv idual g usts to 8::) mi les per SOILS. 

hour at Spencers Creek support thi s. 
 \ Vhile soil type dete rm incs the e ros ion 

pattern to som e degree, i t is e vide nt that 
parent rock mate rials greatly influence the

*}.(casurements mad.: with a portahl..: a ir meter problem. particula r ly in regard to road build
hdd -1 icet abo\·o: g round !.:vel. (Cost in) . ing and (Jthe r enl-{inec ring- \\'Orks. 

Fi!l· I.-Part of the Summit area, taken from Mt. Kosciusko looking north along the main !li,·idc. 
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There arc many pa rent rod-: materials THE EROSION PROCESS. 
thn •ug hcnll the area including intrusi,·e igne
• •l~:-> r••cks . cxtru::; i,·c igneous rocks and ,·ari  The importance of \\'ind and \\'atc r action 
.,11~ :- t clime ntarics. lt i:-; in the first group, re in the process of .sheet a nd gully erosion haYe 
i•rc·seJI!t·d h~· th <: granites . gm~issic ~ranites long been recogm sed. and mo re recenth- their 
a nd pc •rphynes . that the major difficulties are sig nificance in this a rea has been · better 

understood as a result of ecolorrical andt'lll'•HIIltercd. ~ince the commencement o f . ~ ~ 

t·ngim·ering operatio ns. e"idence of weather cros10n surveys. fhese same studies haYe 
ing to the· ex ten t of complete o r almost com also demonstrated the effects of se,·ere frost 
pietl' decay of the rock on some granites. has action on exposed soil and directed attention 
h.C't'll c•Hnnmnly fc.nmd to <.lepths of ;;o feet. t O the significance oi mass 1110 \·ementS or 
:---hale and quartzite matenals. on the other the soi l hy Aowagc and slippage. 
hand . arl' rarc h· str nnrrh· weathered below Seldom. ho\\'e\'er. do the natural agencies 
•kpth~ of 1o fce·t and tl~e· se,·erity of erosion of erosion become destructi,·e umil the bal
; •rllblenl:-; a :o;sociated \\'ith \\'Orl~s in these ance between climate, soils and ,·egetation in 
;t r ea ,- i:- iar lcs$ than o n the g ran ites. a par tic ula r environment is upset b, · human 

~~~it IYJ ~<.: ~sstull e:; greater impo rtance inte rference. T he nawral process- of O'eo
\\'he t~ con:;Jdcr.llt~ s uch fadors as grazing, logical erosion has occurred througho ut"' the 
lntrmng . a ncl lllCldcncc of frost and ultim ages and is r e:;punsible for soil formation 
ately r c ntcclia l liH~asurcs makinO' use of :.wail- and many of the land-forms reco<Yn isecl tu 
ablt: topsoi l. " day. Accelerated erosion. o n the other hand . 

destroys the soil profile and hastens chang-es . lt is the o peni11g of the cuntinuou~ vegeta
in the landscape to a poin t be ,·ond thattive:: ruver and exposure of the soil due to 
occurring under natural condit ions. tht· destructive action o f frost. \\' ind and 

\\'ater. g-razing. bmning. ruadmaking and The natura l agencit:s o f erosion in the 
" tht'r enginee ring acti,·ities. that causes con area. nUt\· rherdore he s ummari;;ecl as wind 
,·nn at the present time. \\'ater a1;cl fru:;t action: the erosi Ye effect~ 

Fifl. ..?. ---:\cedlc kc on a road hatter near Kiandra showing typical recession o£ the slope lace. 
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of these natural agencies tend to become 
more extensive, following destruction of 
vegetative cover. 

Soil movement by water action may be 
initiated by raindrop splash or surface and 
stream flow. In this area, in which many of 
the soils are derived from abrasive granitic 
materials, accelerated run-off due to over
grazing, burning and engineering activities 
has been responsible for serious rilling and 
gullying in many places. 

Erosion by wind action may be brought 
about by soil movement in suspension, sur
face creep and a special form of soil creep 
known as saltation. Costin ( 1954) states 
that in areas of high wind velocity, particu
larly at alpine levels, the process of saltation 
is so active that stones of half-inch diameter 
may be moved. 

F rost action on exposed soil is very 
severe, especially on those which are not 
protected from low winter temperatures by 
a prolonged cover of snow. The alpine 
humus soils in sub-alpine levels, on which 
winter snows do not persist for any length 
of time, are particularly subject to the effects 
of frost heave, leading to soil creep, charac
teristic solifluction, terracette formation and 
slumping. 

:VIaintenance of a continuous surface cover 
of vegetation is again an essential factor in 
.11inimising the effects of f rost action. 

The action of frost both pulverises and 
desiccates the soil. As the soil freezes, fine 
needles of ice, commonly 1-2 inches in length, 
are forced from the surface and as the ice 
melts the soil is left in a loose and powdery 
condition. On sloping areas this loose soil 
falls to the base of the slope, so that over 
a period of time progressive recession of the 
slope face may lead to caving or slumping 
of the surface layers. On level areas the 
soil surface assumes a characteristic fluted 
appearance and may remain in its loose con
dition until removed by wind and water 
action . 

Mass movements of the soil surface have 
undoubtedly occurred under natural condi
tions in the area. over a long period of time. 
Whilst certain of these movements such as 
rock and talus creep have little influence on 

accelerated erosion, the action of soil creep. 
soliHuction, slumping, ea ving and debris 
slides have been favoured by human inter
ference. 

Since soil creep, solifluctiun, sluu1ping aud 
caving are greatly influenced by frost action . 
the problem of their control reverts again to 
the need for protecting the whole surface, 
through rigid control of burning and grazing 
and early installation of appropriale mcchan i
cal and/or vegetative erosion (Ontrol 
measures on seriously damaged areas. 

To the erosion hazard and damage caused 
by the natural agencies under unfavourable 
human interference since early settlement 
must now be added the serious hazard being 
created by the present engineering works. 
Because o·f the need for heavy equipment and 
materials and the disposition of the various 
engineering structures throughout the area, 
road-building and other engineering works 
have been pushed into areas and onto slopes 
regarded as presenting an extreme erosion 
hazard if the vegetation is disturbed in any 
way. 

Although the immediate problems of land
slide ancl general instability are ev ident with 
many of these works, the problem goes 
further. Each new area denuded of vege
tation and topsoil represents an additional 
hazard for the future in regard to one or 
more of the natural agencies of frost, wind 
and rain . 

EROSION HAZARD AND DAMAGE. 

The high mountain pastures were discov
ered in 1829 and it is probable that the prac
tice of summer grazing in the snow country 
followed soon afterwards, since the contigu
ous tableland tract of the 1\IIonaro region has 
been essentially a pastoral district from its 
earliest days of settlement. 

Prior to the Kosciusko State Park Act in 
1943, the leasehold areas were much lar<Yer 
than now, with no restriction placed on the 
numbers of stock carried. Annual burning 
of coarse dry growth to promote palatable 
spring feed, and to a lesser extent to nrevent 
summer bush fires, was widely practised as 
an ad.i unct to general grazing practices. 

Fig . .).- :\ccdle ice commencing to thaw on a roadside batter. 

Fi!J. •I.- Erosion damage in the Mt. Twynarn-Carruthc~s Peak an~·a as a result of high winds, frost and 
watct· actton. 

(Photo S.M.H.E.A.) 
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UiH.ler K osciusko State ]Jark regulations, 
burning-off is now prohibited between the 
period rst December to the r.=;th :\larch each 
Year on all Snow Leases and Permissive 
Occupancies east of the divide, and pro
hibited between 1st October and 31st May 
on all PermissiYe Occupancies west of the 
diYide. This has reduced the frequency of 
deliberate burning but the practice still 
occurs during the remaining period of the 
year, particularly on the open sub-alpine 
snowgrass (Poa cacspitosn) country and 
:;no,,·-gum (Eucalyptus pa uciflora) wood
land. 

\\"hile se,·~:ral reasons arc put forward to 
justify burning, the weight of recent scienti
fic opinion on del iberate and regular burn
ing suggests that its effect is deleterious to 
the a rea. by placing emphasis on darnage to 
the Yarious species themselves, removal of 
su rface cover and creat ion of extensive bare 
areas, and in a prugressi ,·e IO\Yering of tl~e 
humus content of the soil. The most drastic 
effect o( burning lies in the removal of sur
face cover ancl exposing extensive bare areas 
to frost, wind and water action. 

Stock trampling has the additional effect 
oi causing mechanical damage to any vege
tati,·e regeneration and in lowering mfiltra
tion capacity by soil compaction. 

E xtensive soil creep. solifluction, tcrra
cette formation, sheeting, rilling and gullying 
is therefore directh· attributable to past graz
ing and burning pr'.'lctices. 

One of the most seriously affected areas is 
to be found near ).lt. Twynam (7,207 feet) 
on the main divide, 5 miles north .of :\It. 
Kosciusko. where an area of approxtmately 
zoo acres is showing eYidcn~c of prog~essive 
deterioration owing to sen ous croston by 
wind and water action which has occurred 
in recellt years. \Vhere wind actio t~ has 
been particularly active, 2-3 feet of sot! h_as 
been removed and the parent rock rnatenal 
exposed. \Vhen this stage is reached, excess 
run-off further assists soil removal and re
sults in rilling and gullying- on lower areas. 

Damage as a result of the ahove agencies 
is also clearly evident in the Happy Jac~s 
Plain area at the head of the Rocky Plam 
and Yalentine R i,·ers, the Tooma Ri~er basin 
and around IGandra. The damage 1_s th~re
fore not confined to local a reas but ts wide
spread throughout the catchment. 

TOURIST ACTIVITIES. 

The area is a popular l1 111rist \'Clllt<.: and 
owing to recent wide publicit y th is acti,·it\· 
has increased to a large ex tent. 

The major de\'elopment 111 recen t n:ars 
has been the establishment of a mtmb.cr nf 
sk; lodges. Eight of these have been built 
in close proximity to the Back Perisher 
Range and a further t\\"0 in the \"il·init,· "i 
).lt. • 1orthcote. · 

O ne oi the main d ifticultics as::.ociated \\"ith 
t~1 i s b~ilding, has been the neces;-;ary prm·i
sJon ot access tracks since most of them lie 
some distance from the main road tu J(p,

ciusko. 

E rosion dama~c on th<.: s<.: 1rm:ks ha:. 1:1 ,J. 
!owed a well-defined patt<.:m. ~itH.:e must 
of these arc ini tially located oYer sno \\"-o-rass 
cover on alpine humus soils, mccha nical7lam
age to this cover by YChicular traffic is the: 
fi rst effect. V cry often on Jy one or t\\'o t ri ps 
oyer snow-g rass is sunicient 10 damage indi
VIdual tussocks which clic out and disin 
tegrate, leaving continuous stretches nf bare 
soil. As the majority of these tracks are 
located over steeply sloping country, accu :; 

mulated run-off quickly erodes the whed 
~racks to considerable depths. \V hen depth 
mcreases and the track becomes unscn·ice
able for smaller ,·eh icles. the common prac
tice has been to select a ne\\" one. so that 
over a period of time. extensi,·c a reas on ea~h 
slope become seriously scoured and gulliecl. 

A sim~lar practice has been adopted on 
area~ whtch lend to become bog!-!)' and un
servtceable during wet periods. 1\ Ithough 
these areas are generally f·lat and do twt 
represent a hazard so far as rrully ino- is con
cerned, extensi,·e areas ma,·'"'he cu t' up and 
the vegetat ion destroyed. · 

S~rious er~s ion has al sc, occurred on steep 
sectwns of bn dlc tracks throug hout the area . 
notably that \\"hich leaves the main road at 
Charl_otte's Pass and t rave rses the high cOllll 
try vta Blue Lake and Carru thcrs ' Peak to 
the s~11111nit at Mt. K osciusko. F req uem 
s~lectton of a new track has been respon
sible for the formation r,f intcrlacccl " lllly. " .
systems, creatmg a seri ous haza rd on the<•e 
steep slopes. 

Fig. ;;.- Erosion i,: \\"idrspread on many of the tracks in the ;~ rea, like this section of the Blue L:~ke track. 
t Photo S.:-LH.E..\.) 

Fi[l. 6.- \ "egrtatiou destroyed l>y dumping excavated spoil do\\"nslope during road construction near 
Munyang. 

I27I26 



ENGINEERING ACTIVITIES. 

Access Roa ds. 

To facilitate mo,·ement of heavy equipment 
to various sections of the engineering works. 
it has been necessan· to widen and relocate 
large sections of ex i;ting main roads to the 
area and to undertake construction of a num
ber of new ones. 

The effects of renewed road-building has 
been twofold: a more extensive access sys
tem is now a vailablc throughout the area 
and extensi,·c areas of erosion hazard have 
been created. 

\\.hilst impro,·ed access will he of cOtl
siderable value in such emergencies as a 
major fire, the possibi li ties of added erosion 
hazard and damage arising from extended 
human activities arc most important if pre
vious occurrences are accepted as criteria. 

Immediate erosion damage arising di rectly 
from road-building is widespread and much 
of the erosion has been due to the very steep 
slopes and the deeply weathered highly 
erodible nature of much of the parent rock 
material. 

Much erosion damage may also be attri
buted to the methods of construction in these 
highly erodible areas. 

Until recently it was the practice to clump 
or cast all excavated material immediateh· 
downslope and since the widths of bench
cuts is around 20 feet. the majority of which 
must be placed on solid foundation to carry 
heavy loads. the quantities of spoil for dis
posal are quite large. The steeper the slope. 
the larger do these quantities become. ~t 
had been considered cheaper to overcast thts 
material clown s lope than remove it back 
along the road. However, the effect of this 
was that the whole of the vegetation between 
road and river at the bottom of the slope was 
destroyed. 

The Happy Valley Road fro1~1 Cabramu~·ra 
to Tr power station site prov1des extenstve 
evidence of damage as a result of such opera
tions. From Cabramurra this road rlescends 
some 2,000 feet to the Tumut River over an 
approximate distance of zt miles. Average 
land slope in the upper sections is 2.) 

0 
~racl• 

ing to the order of 40° in the lower secttons. 

Excavation to provide the necessary hc.:tu.:h 
wiclth on the steeper slopes resulttcl i 11 tlw 
formation of cut batters of l)oo or lllurl'. 
\\' here such excavations have been carried 
throug-h areas of deeply weathered g-ranite. 
serious instability of the batter face has re
sulted since the newly formed batter slope> 
exceeds the natural angle of repose of the 
ear th and rock material. 

Dumping of excavated material illlmecli
ately downslope has been responsible fo1· 
major debris slides carrying hu~c quantities 
oi earth and rubble to the Tumut River 
LeiO\\·. as shmn1 in Fig. 7· Two nf these 
slides. precipitated by b lasting- ancl dumping. 
swept ~oo ieet downslopc cnrn·ing- l'arth. 
rock and ,·eg-etation to the river. \\'bile ot her!:' 
o,·er a distance of :;oo feet havc reccntlv 
occurred. · ' 

A lthough recc11L con::;lruction methods 
have he en mudi fiecl to provide for the haulage 
of a large percentage of exea vateel material 
to defined disposal areas, lhc remaining 
amounts which are unavoidably dumped 
downslopc an: still sufficient to cause serious 
damage. .-\part from the initiation of addi
tional rock and debris ~lides, permanent dam
age to and removal of vegetation is a major 
factor in the continuing instability of these 
slopes. .~ince the slopes involved are s teep 
and the areas damaged usually quite exten
sive. the use of mechanical or vegetal ivc con
trol measures becomes exceedingly difficult, 
if not impossible in many cases. Areas de
nuded of Yegetation and left in this unstable 
condition are open to further dama.e;e by 
water action causing gullying. slippage and 
mud flow. 

Other problems associated with road con
struction have arisen by opening borrow 
areas on steep s lopes, slumping of moist cut 
batters . accelerated table-drain and c.::mbank.: 
ment erosion and the excessive destruction of 
vegetation with resultant exposure of bare 
unprotected soils. 

Access Tracks. 

In addition to main access roads. provision 
of 3ccess tracks to various points throughout 
the area has been one of the initial stages 
assoeiated with the many activities heing 

undertaken. Access tracks have been pro
vided to stream gauging sites, drill ing sites, 
for aqueduct construction, transmission line 
construction and other activities incidental to 
the scheme as a whole. 

The total mileage of these tracks is large; 
and much unnecessary damage has been 
caused by openin~ tracks beyond require
ments. 

One of the major difficulties has arisen 
from frequent attempts made to reach a given 
point by opening several tracks or extending 
one track Ly trial and error methods. To 
some extent. this has been occasioned by the 
nature of the slopes encountered but very 
often it can be directly attributed to the use 
of large earthmoving machines. 

Upon completion of main access roads or 
with the cessation of activities in a given 
a rea, these tracks are abandoned and quickly 
fall into disrepair. Moreover, the erosion 
hazard due to each quickly assumes s igni
ficance. 

In addition to over-cast lllaterial \Yhich 
may already have seriously damaged the 
slope, severe gullying is evident on most of 
these tracks at the present time. 

Aqueducts. 

Some r6 miles of aqueducts are being con
structed for the Guthega project alone and 
with successive extensions of the scheme the 
total mileage of these may be much more. 

In the construction of these aqueducts, 
e."'cept for a small section of e:.,.perimental 
open raceline, use has been made of concrete 
pipes for which it has been necessary to 
provide a bench cut around the slope on 
'vhich to lay the pipes and for the purpose 
of transport. Problems associated with these 
operations again involve the removal of vege
tation, cutting through scree slopes and 
natural drainage lines, and the clumping of 
excavated material down s lope. 

T he majority of these pipes are covered 
by back-filling with previously excavated 

Fi_q. 7.-Dumping spoil followed by debris slides has destroyed the stlbility of this slope below Happy 
Valley road. 

(Photo S.M.H.E.A.) 
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Fiy. 8.-Serious erosion haza rd created during construction of the Snowy Valley ro;~d near Munyang. 

material and rec~nth- some areas ha,·e been 
~own \\"ith pasture species. \ Yhile a""aiting
re,·egetation of the se a reas which are la rgely 
composed of infertile sub-soil. erosion by 
water and frosi: action is a llowed free rein 
ancl there is e' idenre of gullying and land
..,Jide activity. 

Transmission Lines. 

Construction of tranSilllSSIOn lines forms 
a big part of the scheme and approximately 
150 miles have been installed. Generally it 
has been the practice in timbered country to 
clear a strip 2 chains wide and to stack the 
fallen timber by bulld ozer at the edg-e of the 
cleared a rea prior to burning. ( )n very steep 
areas timber !1as been fe lled by hand and 
burnt. The an·as cleared by bulldozer have 
been left in a loose and unstable condition 
ancl . in additi(,n, pro,·ision of access tracks 
on ~teeply s loping s ites has resulted in seri
0\t:' sheeting- and gullying in many instances. 

(Photo S . .\1. H. 1·: .. \.) 

Some remedial measu res. including use of 
absorption banks, so\\'ing and many othct
techniques. have been undertaken on part 
of the affected areas. These will be described 
later. 

Construction Sites and Township Areas. 

T o a llow free access for major construc
tion activities <'IHI to fac ilitate prov is ion of 
camp and to•,·nship amen ities at various 
centres, considerable areas have been par
tially Or totally dcnttclcd of \'e~etative COVer. 

A lthoug-h destruction of soil -prntectin~ 
Yeget;1tion is largely unavoidable in such 
operations. the use of heavy earth moving 
machines has again been respons ible for 
most of the damage. 

At Cabramurra to wnsh ip s ite it was de
cided. owin~ tu a hi~h fire risk associated 
with the mount a in ash forest ( l?. uralyptus 
!Jigantra ) to cka r some -lOO acres of steeply 

Fig. !).-The lower leg of Happy \"alley Road with the former access track aboYe. The slope5 haYe 
been ,<crious ly damnged by dumping 

•1 

;-; loping country. 'Xot only \\'<iS the tree 
·<.:o \·cr removed, but in us ing heaYy bulldozers 
to fell and stack the timber all \'egetation 
was destrO\'ecl and the soil le ft in a loose 
and tmsta hie cc .ncl ition. 

ln J anuary. I<JS-1, s torm rainfall of 2·} 
inches in less 1han one hour. follo\\'ing pre
,·iow; rain wh ich had thoroughly saturated 
1he soil. \'ieltkd s ttftici ent run-off from t\\'O 
·a djanmt ·ca tch ments of approximately 20 

:acn.·~ each. w precipitate two landslides 
·down the ..!,uoo ieet s lope and d isgorge about 
.:;o.ooo cubic yards of rubble and soil directly 
:into the T umut H_iver. Soon after this occur
rence the whole of the area. except t he actual 
tO\\'nship site, was treated jointly by the 
:--Jew S outh \\"ales Conservation Sen·ice and 
ihe Snow y :'IfOtmtains Authority using an 
extensive system of absorption banks to 
s tabili se the area until it could be re\·egetated. 
: \ pan irom ...ome minor rilling- and local 

+ + 

:;poi l and opening the lower batter face . 

(Photo S.:\f.H.E .. \.) 

sheeting the area has successfully withstood 
s ubseq uent rain and snowfall. 

.-\nother in~tance of erosion hazard 
created 1)\· des truction of \'egetati,·e l·o,·er 
occurred durin~ preliminary o j)erations asso
ciated with the constr uction of the pen5tock 
leading to Guthega power station . During 
the initia l s tages a number of acces~ track s 
\\'ere opc.:ncd up and lina lly an access road 
,,·as prov ided. Together with clearing ior 
the penstock. the ~ lope was scarred thwugh
out its leng th and a ll over-cast and denuded 
areas serious ly gullied. Part of the a rea 
has no\\' been stabilised by costly hand
installed structural control measure:'. rol
lowecl by ~raclnal revegetation of tht: a rea . 

Similar occurrences are to be found in 
,·arying degree on a ll construction sites . T o 
reclaim completely the a reas already :'e ri 
ously eroded \\'ill necessitate expendi ture on 
a large scale. 

+ 
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SOIL 	 CONSERVATION ON THE NORTH I 
WEST SLOPES AND PLAIN S 

UY 

B. G. vVARUIJRTON' H. D .. \., Soil Conser vationist. 

!\anclewar !\fountain Range at l\llt. Kaputar 

soil resources and control of soil erosion and -:\It. Lindsay. In Fig. 1 the distribution 


in this part of New South \iVales be of the average annual rainfall, throughout 
gan when a sub-district centre of the Soil tht: district, is ~hown by the isohyets. 
Consen•ation Service was formed at Narra

T HE development of conservation of the 

SOILS. 
bri in 1949. 

There is an 	exceptional contrast of soil 
The Karrabri sub-district covers an area types o\·er this area, and may be grouped 

of approximately 5,400 square miles. and generally as follows:
serves a large p<trt of the North-west Slopes Chamo:::e111-like Soils.-The heavy black 
and Plains. pnwiding advice to landholclers soil types arc 	found g-enerally on the tree
on various aspects of soil conservation and less plains and in wide expanses of the· 
erosion control. northern and north-western portion of the 

Over this are3 there is a considerable con district. The Chernozcm soils form a large 
trast i': the climate, soils. topography and part of the district's soil types, being formed 
vegetation generally. on the old alluvium and on the level areas . 

of the basalt. These black soils are strongly 
RAINFALL. alkaline with a pH ranging up to 8.3, and 

are fairly high in phosphates. On the ayerage, summer is the \\"ettest 
Gilgai Soils.-These arc another group ofperiod of the year, during which storms of 


very high inten&ity are experienced. record  Chernozem-Iik~ soils, merging from the Tim

bered Gilgai soils into the Brown \~favy ·
ing up to 7 inches of rainfall during one day. 
Gilgai soils, which arc distributed through

Late winter and early spring is the driest out the eastern section of the district, on
period general!y. August has the lowest the undulating 	country bordering the Nan
rainf~ll, while 	December and January has dewar foothills. In this area the Gilgai soils . the h1ghest, usually. are found in 	a complex assortment of red

Table I shows the average monthly and brown earths, Solodizccl Solonetz, Choco
yearly rainfall for the various parts of the late Basalt and Mountain soils associations. 
district, over <•. thirty-year period. The On the Aatter country, generally south-east 
average rainfall ranges from 18 inches per of Narrabri, these liiiUSt1al puffy and hollow 
annum on the western border to 36 inches Gilgai formations form natural water · 
per annum in isolated sections along the absorption areas. 

AciJoming .S.C.S D1stncls . . . . .... .. . . .. .....CiWY0 1 R 

Adjoinint .S.C S. Sub -districts ..... .. . . ... ( :1./N N f"{.) 
 !>c.a lc of M il e.s,Table r-Monthly rainfall averages (over 30 years period). 
.S.C.S. Dlslnct boundary.. ................ 
 F+ ! 
5 C.S . S ub-distric t 	 b ound ary........ . ..... -----
Jnn. Feb. Mnr. April Mnr June July An~; . Ser>t. Oct. >lov. L'er. y,,:tr. 
Railway Line .. ............ . .. 000 ••• -. 1 1 00 ... .... 


Average A nnual Ramfa/1 ( m che.s).... 20······.••.•....•.-,.o- - ---	 - --------- - ·------------- · 
Narrabrl ~-JQ :!.0.. 2.20 1.43 I.S4 ~-40 0.14 1.08 1.4.J :.::1 ~4. 1•$'·77 3·1' 

Baan Baa 	 :z.n I.52 1.65 1.06 I.JI 1.96 t.St t.28 1.)8 1.6; o.tG 2.81 00.!) 

Bogj!"nhri 	 1.9 1 t.6; 1.66 I .:li 1.32 1.8) 1.79 1.24 1.33 1.83 t.gt 2.$8 00.) Fig. 1.- NarralJri 	Soil Conservation Sub-district. 
Pill'ga 	 :'! .OG 1.35 1.6g I.JZ 1.36 1.81 1.68 1.06 J.::t I.JI 1.74 Z.J: 18.9 

We< Waa 	 2.31 1.63 1.83 1.4J I.SO 2.09 1.90 1.16 1.)1 t.SO 1.77 :.;: ~l. l 
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So-(J::CIIl -l i!.-c So ils.- T hese soils a rc more 
alkali n~: . with a lo wer content of ni t rogen 
and or rran ic matte r , and lighte r in texture 
than tl~e C hernozcm soils . T he Serozem 
association occurs in the weste rn or d rier 
areas . extending from the extreme western 
per imeter of the district to the U pper Darl~ 
ino- or Bar won R iver . with a n easte rn ex ten ~ 
!; i~n along the sou th ban k of the .:--1ao111i 
Ri n : r. toward Xa rrabri. 

S ulndis ,·d Solo11cl:: Svils. - T hc:.<: so ils 
form another major soil type of the dist r ict . 
The ~oi ls oi the Solodiscd Solone tz assoc ia~ 
tion r~:prc~ent the poore~t soil in the dis tric t. 
They a re lo,,· in nitrogen ancl phosphate, 
and particularly low in calcium and high in 
acidity. having a pH of from ..j..O to .=;.o a1~d 
a shallow cemented hardpan in t he sub~s01l. 

T he S olod iscd Solonc tz soil association 
crn·ers a la rge area . running so uth of Narra
bri and extending over the Rat a llu via l sand
plains a round the village of P iJiiga. Together 
"·ith the thin e roded ske letal soils of t he 
san dstone r idges in the southern section of 
t he P illiga Scrub and the deep sands associa~ 
tion in the western section of the district , 

they form the soil type:, ui the I 'il l i~a :-;n u k 
Soloclized Solonetz soils a l~o on:ur a long: 
the eastern section of t he dis trict . t,~<:t he r 
with the red-brown earth as~oc ia ti nn. 

Red-bro<<'Jl Earllt .·l ssocial iv ll . The:.e
soils a re de\·clot>ed frum L ower .\ fcsozok 
or Jurassic and Crctaceou~ bed,. mainly 
sandstoncs. They range in p l I from G.o to 
;.o and are very rich in tota l pl11 •,;phate . 
Tn this d istrict the :.u rfacc S<Jils l>f t h i:> ~roup 
arc not very well supplied with n i t ro~cn in 
the virgin sta te . As o rganic matte r is la rgely 
confined to the surfa~o:c . the \· ha V t: lo,; t ic r 
ti li ty by continuous wheat cropping . as well 
as losing topsoil by sheet e rosion. These
soils occur generally in the soui iH :ast a nd 
eastern section of the cJistri ~o:t , panicula rly 
south-\\·est from B oggabri and in the \\ .illalla 
Hills. 

Chocolate B asalt Soif..I·.- T hese a re found 
along sections of the s lopes and foothi ll;,. 
of the N andewar Range inte rspersed "·ith 
Mountain soils, B rown \Vavy G ilgai soils ,. 
Red~brown Earths and Solodi zcri ~ So lonetz 
soils associa tions. 

TOPOGRAPHY. 


The B lack :-;o il Plains extend a way west~ 
ward from the undulating country and foot 
hills nf the ~andcwa r :.\Iountain Range. Such 
n ecks as Uohbiwar. Curramanga and Ten 
:\ fi k C reeks drain into the B lack Soil Plains 
f r!lm the north~wc~tern section of the N an~ 
de"·ar .\1 ounta in Range. 

The southern and south-western section 
• , j the district is tla t tu only slightly undulat~ 
in).! in the Pilliga scrub area. 

T he eastem section of the d istrict com~ 

p r ises the hilly and sloping country o[ the 
d is trict . with t he slopes ascending to the 
;-; teep footh ills of the ?\andewar Range a t the 
heads nf the S pring·. H orse .-\rm. B ullowa, 
Eulah and ~\Ta ttles C reek a reas. The Nan~ 

<k war l~ange is par ticula rly rugged and rises 
tn n h ~:: ight of :; .ooK feet ahove sea level. at 
.:\ i t. Kapu tar. 

1n the south-eastern section , t he Baan 
Baa. \\. illa lla, and Hoggabri area is undulat~ 
ing to hi lly. 

VEGETATION. 


T he type:; of ' 'egetation Yary, in the 
Narrabri dist rict. according to the ;;oil type 
and rainfall occurrcm:e generally . 

O n the ridge tops of the ;\andewar R ange, 
the main types oi tree~ found are : narrow 
l~af ironbark . . fo rest red g um. black cypress 
pme. mounta m s tringybark. . \long the 
und ula ting foothills of the Xa ndewar Range, 
ta ll woodlands occur in ,·a rious cotntn\mi rie~ 
of trees, consisting oi na r row and sih·er leai 
ironbarks, white hox. kurrajong, bimble box, 
and Acacias. 

SaYanna h and scrub woodlands occur on 
the less sloping areas of the d is trict, running 
down on to the pla ins . . ·uch woodlands con~ 
sists of wilga , myall, bclah . kttrraj ong . canle
bush , and brigalow. T he pilliga scrub coun
try, in the southern section of the dist rict. 
consists o f $1\Ch vegetation as whi te cypress 
pine, brown hloodwood . blue leaved iron
bark. various species of Acacia, and occa
sional black cypress pine aud narrow-leaYed 
ironbark. a s well as buiJ oak. On the light 

Fip . .!.- Typical country a long the foothi lls of the 1\andcwar Rau~c being recla imed fro m soil erosion. 

IJ4 

F ig. J .-Samc area as illustrated in Fig. 2, sbowi ng the us~ of sma ll s ilt traps to rt'dncc run-off i rom 
steep lands abm·e contour banked cultivation country. 
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sandy soils of the Pilliga Scrub, grasses in
clude common lovegrass ( Era.r;rostis eloll
gata), three-awned speargrass (Aristrida 
vagans). pitted bluegrass (Bothriochloa 
dec·ip·iem;), while cotton bush ( K (JChia sp.) 
occurs particularly around P ill iga. There is 
a noticeable absence of medics and clovers 
on the Solodised Solonetz and Skeletal soils 
of the P illiga Scrub, mainly due to high acicl 
content of these soils. 

Natural g rasslands occur on the Black Soil 
Plains of the North-west. An unusual 
ieature of these plajns is that they are com
pletely treeless, except for small clumps of 
trees on isolated low ridges or rises on the 
plains. O n the plains th~ grasslands consist 
of two main associa6ons: 

The Plains Grass Association made up of 
plain:; grass ( .5_1 ipa aristi,r;lu111is ) . wallaby 
grass (Da 11thonra sp.) , barley grass (Hor
de/Ill! lepori11um) and ?urr med ic ( l lt/ edicuqv 
de11ftculata,) , The l'vhtchell Grass Associa
tion ?cc.urs alternatively to the plains grass 
assocmtton on the chernozem-like soils of the 
North-west P lains. It comprises curlv :Mit 
chell gras~ (Astreb!a lappacea) . lo\·e' grass 
(Eragrostts spp. ) , small Flinders rrrass 
(lseilema lllembrallaceulll ) . button ';;.rass 
(Dact3'locten ium spp.) . O n the wester~.., sec
tion of the plains. on the Serozem-like soils. 
some ~altbush (At rip!ex spp.) occurs with 
the IVI ttchell grass associatjon. 

On the sloping savannah woodland coun
t ry. naturally occurring grasses include wal
laby grass (Da:nthonia pallida) , Queensland 
blue grass (D-tclzantlziwn sericeu m) , barley 
g-rass, tall chloris grass ( Chrloris <.ientri
cosa), windmill grass (C. tr-rmcata), small 
woo~ly bur medic (Medicago minima), burr 
medtc and clustered clover ( T rifoliulll 
glomeratt.tm). 

LAND USE. 

Over. this section of the North-west ~.lopes 
and Plams the land use varies to some extent. 
On the higher rainfall areas of the western 
s~opes ~f the Nandewar Range, a great poten
tial exists for pasture improvement. to in
crease production from this fertile country. 

The main primary industries include 
sheep, for wool and meat production, and 
beef cattle raising is carried out extensively. 
Wheat production has been a most important 

primary industry. on the S h!pes and extend
ing westward into the margmal areas on the 
N orth-west P lains. Oats a re grown to a less 
extent ior hay. grain, and grazing- crops. 
Lucerne is cultivated in small areas, a long 
the Namoi River and creek flats, fo r hay, 
while on the sloping country it is used to 
some extent for pasture improvement. 

O n the Solodised Solonetz soi ls, in the 
southern portion of the district, running 
south of Narrabri into the Pilliga Scrub 
area. a"ricultural development has been 
limited ~lue to the low ferti lity of the soils. 
Grazin~ and timber-getting are the main 
occttparion in this area, since large areas of 
the Pilliga Scrub are under the control of 
the Forestry Commission as State Forests 
and Timher Reserves. 

The 	Effect of Land Use on Soil Erosion. 

Due to the land usage now practised, 
accelerated erosion is taking place on lands 
which were originally quite safe under the 
protection of their natural cover. 

Factors influencing the effect and occur
rence of erosion in this distr ict are:
( r) 	 Clearing of natural timber cover from 

the steeper slopes, particularly along the 
foothills of the Nandewar Range. 

( 2) Cultivation of excessively steep slopes, 
which should be established to perman
ent pastu res. 

(3) 	The general reduction of the humus 
contet;t of the soil, by long summer fal 
lowing , and stubble burning, particularly 
on the lighter soils of the district. 

(+) 	Overstocking, and the depletion of 
natural grass cover. 

Soil 	Erosion Survey. 

The most serious erosion occurring in this 
district is on sections of sloping country, 
along the foothills of the Nandewar, north
east of Narrabri. The erosion is in the form 
of moderate to serious gullying of the culti-· 
vation and grazing lands mainly in the Cher
nozem and Red-brown Soil Associations. 

On the lesser slopes, particularly on t he 
Solodised Solonetz soils, sheet erosion and 
rilling is another serious form of erosion in 
this d istrict. 

Fig. 4.-Absorption banks on steep hillsides ntain water and protect the fertile lower slopes. 

Jn the lower rainfall areas of tltc district. 
ntoderate wind erosion occurs in a number oi 
small scattered patches. This clas::; of ero
sion is more serious, however. in a large 
latitudinal belt, extending fro11t Karrabri 
westward to P illiga. taking in much of the 
wheat-sheep area of the district. 

The land which is not eroded to any appre
ciable degree, is the fla t inland plain country, 
used for sheep grazing, together w ith the 
P illiga country to the south. 

EROSION CONTROL MEASURES. 
The need for flood mitigation clams i11 the 

t r ibutaries and on the Namoi River. and 
forestation on the steep lands draining intn 
the catchment areas. has been stressed many 
times in recent years. but soil conservation 
and erosion control is an equall~· important 
aspect of flood controL 

The 	results of the devastating flood in the 
Namoi Valley, in February, 19.1.1, to be fol
lowed by another serious floocl. only eight 
months later and a further flood in February, 
r956, has impressed the community of this 
district. 
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Due to the more mechanised fa rming prac
tised during the last twenty-five years, larger 
areas have been thrown open for agriculture. 
The insidious effects of soil erosion on these 
lands have o-reatly increased the amount of 
::;oil loss and run-off, resulti11g- in erosional 
debris beino- deposited in the creeks and the 
Namoi Riv~r and an increase in the amount 
of run-off th~t these gradually reducing flow 
lines have to carry. 

O ne of the primary steps to be taken in 
flood mitigation measures. has been the con 
trol of erosion and run-off on the catchment 
areas of the Namoi River. This can only 
be fully effective with the full co-operation of 
each and every lanclholder. to control th~ 
erosion and retain as much of the run-oft 
as possible on his prope~ty. Such cont_rol 
can be achieved by adoptmg better fa rmmg 
methods. and quite often by the construction 
of contour earthworks to prevent run-off 
from rushing off the sloping lands. 

I n this district, among various types of 
earthworks used to control soil erosion. 
absorption bauks and pasture furrows have 
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Fiq. .:;.-On the tl:lt ter grazing country, of the ma1ginal areas o f the Pillaga Scrub, absorptinn hank; 
retain run-off during summer storms. 

proved to he sm:cessful in controlling run On hilly g razing <:ountry, as well as thl' h::-s 
off. _-\boYe cultiYation lands. along the foot sloping country there is an enormous :'Ct•P ~: 
hills of the Xandewar Range. it has heen for these pasture furrows together \\"ith 
necessary to protect such lands by the con absorption hanks. 
struction . usually, vt a system of absorption 

A nother metli:..JJ uf retaining and absorl•or level banks, and silt traps or small clams. 
ing run-off on cultivation lands, and u~cd J,yT he run-off from such steep hills as these. 
farmers in this district. particu lar~\- rm the can be s lowed up, and reclucecl. eventually 

\.'!IllSolodisecl Solonerz soils. has been- 1)\· 
to be guided back 'into the main water 

tour cultivat ion with heavr sca.rifi er 0 1: chi sel cou rses. 
type plough. S uch ploughing is desirably 

O n the culti vation country. g;raclecl banks. dune on the contour and. on steep :-;lope:;. 
at spacings depending on the slope, have bet\Yeen g raded banks. . T his type uf culti 
proved to be most efficient in protecting such vati on reduces the run-off reaching the 
lands against the effects (,j heavy rainfall channels of the banks and helps tlw mnre 
during the , ummer months. T he outlets ol even distribution o f mo istu re in the "' •il 
g raded banks are designed to enter either a down the slope. 
wel l grassed ,,·atercourse or a previously con

PASTURE IMPROVEMENT.structed grassed waten,·ay. 
The establishment of permanent and lungPasture iurro,,·:; . consist ing of a sing le 

term improYed pastures plays a \'Cry in;fu rrow constructed on the contour with 
portan t part in the rotational farming p r· ·· either a small grader or s ingle furrow mould gramme, to reduce soil loss and run-off. vnhoard plough. ha\'e proYecl successful in con the higher rainfall areas of the dis trict. trolling run-o ff and erosion un grazing cotm 


try, on the lighter :,c,ils of the district. S uch O n the heavier soil of this dis trict. rang

pasture furrows aid in retaining the run-o ff ing from the Chernozem-like soil:; to tltc 

and increasing the absorption of the :>oil. Red-brown Ean h.-. there is considerably le .: ~ 


Fig. 6.-Pasture furrows, constructed with farming equipment, retain run-off. 

difficulty in establishing improved pastures Good grasses should be encouraged in every 
than there is on the lighter Solodised way possible particularly by allowing them 
Solonetz and sandy soils of the Pilliga Scrub. to seed and by collecing some seed and 
However. during the past two years much scattering it over denuded areas. 
research into the lighter soils of the P illiga CONCLUSION.Scrub has been carried out. It has been 
found by sowing pasture seed mixtures with Due to the wide variation in soils, slopes
superphosphate and lim.e, that the lighter and and rainfall over the Narrabri district each 
less fertile soils of the district are ca.pable farm presents its own erosion problems, 
of producing good balanced pastures of ranging from gully erosion on sections of the 
legumes and grasses. foothills of the Nandewar Range, to wind 

erosion on parts of the N orth-west Plains. ImprO\·ed pasture species found to be most 
suitable in the north-west district are, Increased interest is now being taken in 
Rhodes grass ( C/zlo·r£~ gaycma), \iVimmera this essential aspect of land management, 
ryegrass ( Lolium 1·igidum) , Guinea grass and there is an increasing demand on the 
( green panic) ( Panicwn ma,1:i'l'mtm), giant services offered by the Soil Conservation 
panic (P anicu Ill antidotale), lucerne burr Service. 
medic ( NI edica.go dcnticulata) , barrel medic 

R eferences. (M. t6buloides). 
Prcscott. J. A. (1944). "A Soil Jfap of Atts

Below the twenty-two inch per annum /ralia", C.S.I.R.O., Bulletin I77· 
rainfall areas of the district, the valuable 

( L950) . "A Stwvey of R e sou ,-co!s oi the N a moinative grasses on Black Soil Plains, such as Region." Division Reconstruction and Development
Mitchell. Flinders, hairy panic, brown top. Gov., N.S.W. 
early spring, plains and other species as pre

Kaleski , L. G. ( 1945 ) . "E>·osioa S Lwvey ofviously mentioned, must be maintained by N .S.TV." Journal Soil Con~.. Sen·. N.S .W. Vol
judicious stocking and rotational grazing. r, No. 
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THE USE OF FERTILIZERS IN THE 

IMPROVEMENT OF THE CATCHMENT 


OF GLENBA WN DAl\11 

BY 

A. L. MrTCHELL, B.Sc.For., Soil t~·,mservationist. 

THE Glenbawn Dam, near Scone, is the 
first of a series of dams being constructed 

to alleviate damage caused by periodic floods 
along the lower reaches of the Hunter River. 
A.s this Dam is now- nearing completion, it 
is necessary that its catchment be so im~ 
pro\·ed that a maximum of water is detained 
on the area where it falls and a minimum of 
sil t reaches the storage. Only then can the 
effec~ive life of the dam be prolonged in 
me_etmg its flood control and irrigation re
quirements. 

.'\!though soil consen·ation measures such 
as s ilt traps, contour banks, and pasture 
furrow_s are effective on the lesser slopes, 
two-thirds of the entire catchment is too 
steep for mechanical treatment. It is neces
sary, th~refore, to develop and maintain a 
dense, v1~orous protective vegetation. The 
first st~p m the development of a vegetative 
co:ver 1s the . cor_rection in the soil of any 
mmeral deficieuc1es which may be a limiting 
~actor on plant growth. Further steps would 
!nclude the selection and establishment of 
Improved plant species and the maintenance 
of this vegetative ~over through careful 
management of g razmg. 

EFFECTS OF LAND USE. 
T he entire catchment has been grazed by 

sheep, cattle and rabbits for many years. 
Althoug h there are some remnants of fores ts 
left! these have li ttle value in soil protection 
while they are being grazed. Such forests 
~n develop intc the ideal watershed cover 
If all grazing is txcluded; howeYer, as most 
of the catchment will probably continue to 
be ~razed for many years, a cover must be 
developed under grazinO' conclilions which 
will relain as much of th~ rainfall as possible 
and adequately protect the soil from erosion. 
\Vhere grazing has not been too severe, it 

has thickened the ground vegetation and dis
tributed valuable legumes throughout the 
area. T hese introduced clovers and medics 
are the basis of soil improvement and grass 
development. vVith these legumes already 
on the area. the problem is to stimulate their 
de\'elopment so that they can utilise the free 
nitrogen of the air most efficiently and pass 
on this nitrogen in a form that can be util ised 
by plants and animals for increased soil fer
t ility and plant growth. 

FERTILIZER PRACTICES BY 

LANDHOLDERS. 


The only ferti lizer in general use by land
holders of this area is superphosphate. It 
has been used for many years to increase the 
growth and productiveness of the legumes 
and, as the soil nitrogen is built up, there 
is a noticeable increase in growth and im~ 
provemcnt in the grasses. I n the Pages 
Creek area, "Oakleigh" has had a striking 
response with superphosphate for several 
years, and in 1954 this property and an 
adjoining property, "Poitrel", were aerially 
top-dressed. This latter property was top
dressed by air in 1955 with 300 tons of 
superphosphate. During this past winter 
and spring the hills in this a rea were covered 
with clovers and medics nearly a foot deep. 
In the summer the grasses form a thick con
tinuous cover. Three years ago some of 
these hills were classified as erosion danger 
areas. Subterranean clover and ryegrasses, 
broadcast by plane at the time of top-dress
ing, are well established over much of the 
area. Superphosphate is being spread 
throughout mosl of the catchment in smaller 
quantities through broadcasters, spreaders, 
drills, and even by hand. Although the re
sponse is great, the areas treated are small 
because of the expense involved. 

.Fig. I.-Aerial top-dressing at "Poitrcl" in the Upper Glenbawn Catchment has promoted a dense 
protecti\'e ground cover. 

AN EXPERIMENT 

WITH SUPERPHOSPHATES. 


In September, 1954, N . H. Monteith, of 
·the Scone S.C.S. Research Station, made up 
a trial to determine what it was in the super

;phosphate which was causing the response in 
"leg-umes. As superphosphate contains phos
phorus (phosphates), calcium ( lime), and 

·sulphur (gypsum), this trial cor(s istcd of 
plots containin~ these three elements, singly 

·and in combination. These plots, replicated 
four t imes, were laid out on a natural pasture 

··containing hop clover ( Trifoliwn ca.mpest1·e) 
at "Bullarer", \Voolooma, in an area known 
to respond to superphosphate. The response 
in several plots was outstanding in the much 

·g-reater density and development of the hop 
•clover and in the considerable darkenin(J of 
colour of these plants. This response ,.,oc
•cu rred only in the plots containing sulphur. 
\Whether in combination with phosphorus and 

calcium (as in superphosphate) at 4 cwt. 
per acre, in combination with calcium (as 
in gypsum) at 179 lb. per acre, or as 
elemental sulphur at about 40 lb. per acre. 
There was no response to either calciun: or 
phosphorus. If this condition were wide
spread it would mean that about 6 acres 
could be treated with gypsum for the s31me 
cost and with the same results as obtamed 
from treating r acre with superphosphate. 
The problem now was to find if this condi
tion of sulphur deficiency was general 
throughout the catchment and at the same 
time to find if there were deficiencies of other 
minerals. 

COMPLETE FERTILIZER TRIALS. 
F ertilizer trials after the design of A. J. 

.\nderson (") , which tested for the adequacy 
of all the major and minor elements (ex~ 
cept nitrogen and sulphur), necessary for 
plant growth, were established in certain 



Fig. 2.-Katuralised white clover increased in abundance and flowering in plots where gypsum or 
superphosphate has been applied. 

representative areas. These trial kits were 
purchased by the landholders, who fenced 
and looked after the trials after assistitig 
with the establishment. These trials are 
located at '·Bullarer", \Voolooma ; "Stoney 
Creek.,. Bell trees; "Avoca", Moonan Flat ; 
'·Yannerlea". Branch Creek; and "Hunter 
Springs··. Tomalla. The trial at "Hunter 
Springs., initialiy showed an apparent re
sponse to molybdenum, but this di5c1.ppeared 
as the clovers hecamc fully established. and 
has not reappeared. All trials showed there 
to be no deficieucY which was not corrected 
by superphosphate . As there was no addi
tional response to calcium, further trials 
were to be made comparing the effectiveness 
of sulphur to phosphorus with an occasional 
trial including lime. molybdenum. amon
ium sul phate ( for effective nodulation ) , and 
the "complete fertili zer' (when there was 
no apparen t response). 

SUPERPHOSPHATE AND GYPSUM TRIALS. 
If 2 cwt. per acre of gypsum gives the 

same response as 4 cwt. of superphosphate, it 
can be concluded that tJ1cre is no apparent 
phosphorus deficiency at that time. Super
phosphate contains about ;;o per cent. gyp

sum. If, however, there is a response to· 
both fertilisers, but superphosphate gives the 
greater response, there is then a de ficiency 
of both sulphur and phosphorus. 

On the basis of this reasoning a simple fer
tilizer trial was designed. Two adjacent 
plots were laid out 3 yards wide hy _:; yard& 
long. Superphosphate (about 2 lb.) at the 
rate of about 4 cwt. per acre was broadcast 
in one; gypsum (about I lb. ) at 2 cwt. per 
acre in the other. In order to remember 
which plot was which, in all cases the gyp
sum plot was on the right-hand side lookino
uphill. A strip of molybdenum at 2 oz. pe';
acre ml.xed with lime was spread through 
the middle of the two plots in many trials. 
Some of the trials were put on improved pas
tut·es, but most of them were spread over the 
natural pasture where there was eYidence of 
a clover or medic being present. 

In co-operation with forty-six lanclholders, 
1 77 trials were established throughout th~ 
Glenbawn Catchment Area, attempting to 
test as much of the area as possible over a 
wide range of slope, rainfa ll, soil type. parent 
rock material and species of legume. Most 
of these plots were established during the 

Fig. J.-A corner of the gypsum plot showing increased growth of ladino white clover at "Oakleigh", 
near Pages Creek. 

autumn and winter of 1955 and notations on barrel medic (M. tribuloides) . Gypsum at 
plots were made whenever they could be 
visited. The maximum responses have 
been taken on I 52 trials, the other twenty
five having been established too late for 
results this year. 

As conditions vary so much in this catch
ment area of 300,000 acres from I ,000 feet 
to 5,000 feet elevation, and including a wide 
range of soil type and parent rock material 
the results of the trials were summarised by 
l ocality. 

BeUtrees, Donalds Creek, Stoney Creek. 

Of sixteen trials all showed a marked re
sponse to sulphur (gypsum), while one 
showed a slight additional response to phos
'Phorus. The soils of this area are mainly 
,derived from sedimentary material of shale, 
claystone, sandstone, and conglomerate laid 
down during the Carboniferous period. Re
sponses were noted on white clover (Trifo
liu,-m repens), hop clover (Trifolit~m cam
pest?·e) , clustered or ball clover ( T1·i/olim1-r, 
glomemt11 m), burr medic (Med·£caga de1zti
culata), small woolly burr medic (M. 
mi1zima ), button medic (i\11. orbicularis), and 

about 1 cwt. per acre would be the most 
economical fertilizer to use in this area. 
After a few years a strip, or plot, of super
phosphate should be spread over the areas 
treated "·ith gypsum to see ii there is any 
additional response to phosphorus. 

Woolooma. 

Of thirty-seven trials, twenty-nine showed 
a marked response to sulphur, two showed 
an additional response to phosphorus, and 
eight showed no response to either element. 
One of these latter trials at "Bullarer" 
showed no response, even when the complete 
fertilizer was added. The soils of this area 
are derived from the same rock as at Bell
trees, except that there are more frequent in
trusions of contemporaneous felsitic lava 
flows of the Carboniferous period. There is 
a sulphur response on some of the colluvial 
soils derived from granite and porphyry of 
the Mt. vVooloma Permo-carboniferous 
period. Responses were noticed on lucerne 
(Nfedicago sativa), burr medic, small woolly 
burr medic. button medic, clustered clover, 
hop clover, haresfoot clover ( T1·ifoliwm 



ar<.:cnse ) and white clover. Gypsum could 
be used over most of the area, while further 
trials a re being carried out in places where 
no response has been obtained. 

Stewarts Brook. 

Of sixteen trials, two responded to sul
phur, but gave an additional response to 
phosphorus. Three others responded to 
phosphorus only, while there was no re
sponse in eleven trials. T here was no re
sponse to gypsum on the north or south 
a rms of S tewarts B rook, and only a very 
slight response to superphosphate even when 
these trials were laid on old-established pas
tures of subterranean clover which had 
never been fertilized. All trials had a strip 
of molybdenum throu~h them. !\'lost of the 
area is quite steep and the soils are derived 
from felsite, rhyolite, andesite and, in the 
higher elevations, a Tertiary basalt. Six 
soils sampled in these trial plots had a pH of 
.:;.o to 6.0. It would not be advisable to use 
topdressing in this area until further trials 
outline deficiency areas. On the lower s lopes 

and alluvial flats. the landholclc r should put 
out a superphosphate test p lot before " super
ing" the whole area. 

Moonan Flat, Moonan Brook. 

OI twenty-nine trials twenty-seven gave a 
definite response to sulphur; two of these 
gave a slight additional response to phos
phorus, and two gave no response. Impass
able roads excluded trials at the headwaters 
of Moonan Brook and Brushy Hill Creek. 
Most of the soils arc deri-ved from shale, 
conglomerate, and contemporaneous lava 
flows of the Carboniferous period. The 
brown skeletal soi ls cleri \'eel from the shale 
outcrops having a pH of 7.0 give about the 
same response to sulphur as the deeper pod
solised red-brown earths of pH 6.0, and the 
g rey-brown loam of the a lluvial Aats of pH 
5.0. Responses were recorded from hop 
clover, clustered clover, ha resfoot cldver, 
subterranean clover, spotted medic ( 1\11edi
cago arabiw), burr medic, small woolly burr 
medic, and lucerne. Gypsum could be used 
to adYantage on all this country except on 

the. untested areas of upper Moonan Brook 
whtch may be similar to upper Stewarts 
Brook. 

Oma dale Brook. 

Of twelve trials in this area, all responded 
equal~y well to gypsum as to superphosphate, 
sho~v111g a general sulphur deficiency and no 
nottceable phosphorus deficiency. :Molyb
denum gave no addit ional response, nor did 
" complete fertilizer". Some trials were on 
alluYial flats on the Hunter R iver others 
were on the shallow soils of the l~illsides . 
vVith the present information, gypsum 
\\'Ould be the most economical fertilizer. 

Ellerston, Pages Creek, Branch Creek. 

Of thirty t rials a ll showed a response to 
sulphur, and one showed an additional re
sponse to phosphorus. Soils of the lower 
elevations are of sedimentary rock origin, 
whereas soils of the higher elevations are of 
Tertiary basalt. Some o( the soils of this 
clem~rkation line contain free lime nodules. 
and the white scalds of these areas have a 

high lime content. The response to sul
phur is particularly high in the transition 
area. T rials on black basalt soi ls showed a 
quicker response than t rials put on light 
brown shallow shale-derived soils, but in 
most cases the responses were equal- the 
sulphur deficiency being Yery high in both. 
Responses were recorded on subterranean 
clover, clustered clover, w hite clover 
( naturalised ) . white clover ( Ladi110 strain ) , 
hop clover, yellow suckling clover (Tri
folium dubium ), burr medic and small woolly 
burr medic. Conspicuous response \\'as also 
noticed on the phalaris (P. tuberosa) at 
Ellerston in a subclover-phalaris paddock 
that had been established many years but 
never fertilized. Although the use of super
phosphate has been heavy in much of this 
area. gypsum should give the same responsf> 
at half the annual d ressing. 

HUNTER SPRINGS, TOMALLA. 
Of twelve trials established, a ll responded 

to sulphur, and to sulphur on ly. The re
sponses were very high in all plots, showing 
there to be a severe sulphur deficiency in 

F ig. 4.- A fertilizer trial on natural p;lsture showing increased density of clus tered clover and decreased 
density of pitted blue grass and wire grass due to sulphur response o f the cJo,·e rs. 

I..J.I 

Fig. 5.- The increased growth of subterranean clover and white clover is noted on the fe rtilizer trail 
and on the superphosphate trai l from a broadca ter at "Sernpill's Rock'' at head o f Hunter River. 

I..~5 
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Fig. 6.-Location of fertilizer trials indicating responses obtained. 

this a rea. Most were r ed, brown, and black 
basalt soils with a similar response to sul
phur and no response to either molybdenum 
or lime applied sing-ly or in combination 
with superphosphate. i\.mmoniurn sulphate 
gave the same response as calcium sulphate 
(gypsum) , indicating there to be no addi
tional response to calcium. and that nodula
t ion of both naturalized and recently intro
duced leg-umes was effective. The soils in 
the H unter Spring-s area are derived from 
Tertiary basalt and Devonian quartzite, 
whereas the soils on the Sempills Creek fall 
are mainly basalt. Further trials were estab
lished into the g-ranite country in Tomalla 
as the much more abundant naturalized white 
clover indicated that there mav be less severe 
sulphur deficiency there. Soil tests in this 
area showed a somewhat more acid soil. 
Responses were recorded on hop clover, 
clustered clover, subterranean clover. white 
clover (New Zealand Mother S train) , white 
clover (naturalized) . and reel clover ( Tri
folium pratense). The very high response 
to sulphur would make it economically sound 
to topclress this country \\'ith gypsum and 
at the same time broadcast Taiiarook variety 
of subterranean clover and one of the im
proved strains of white clover. Clovers are 
sparse over most of the area, possibly be
cause of the extreme sulphur deficiencv. The 
cool climate and favourable rainfall -would 
ensure the establishment of an excellent 
ground vegetation once the sulphur defici
ency was met, and improved g-rass and 
clover seed introduced. This area is import
ant as being- the headwaters of the Hunter 
River. Sempills Creek. and Omaclale Brook. 

:QUANTITATIVE RESPONSES TO SULPHUR 
AND PHOSPHORUS. 

In every trial where there was a response 
to sulphur there was a conspicuous darken
ing- in the colour of the legumes, a g-reat 
increase in the number of plants and, in 
p lots which were not heavily g-razed, there 
was a g-reat increase in the bulk of clovers 
and medics. Cuts were taken on some of 
these trials from which stock were excluded 
in order to get a better picture of the actual 
response due to the addition of sulphur as 
gypsum, and sulphur and phosphorus as 
superphosphate. These cuts were made on 
a ten-square link quadrat in each plot and 
.converted on a tons-per-acre green weight 

basis. In order to measure responses on 
burr medic and button medic. cutting-s were 
made on a fenced trial at Gundy on the . 
Page River Catchment. 

"Moonbria" , Gundy, Pages River Ca tchment. 

Soil: Sandy loam alluvial flat of pH-7 at 
3-6 inch depth. 

Date of etablishment: 8-7-5.=;. Date oi 
response: 4-ro-s.s. Elev. 900 feet. 

R esponse: Equal on burr medic (111. 
denticulata) and button medic (kf. m·b1:cu
/aris). 

Tons 
per acre. 

Control plot, no fertilizer added O.;) 

Molybdenised Superphosphate at 
4 cwt./acre . ...... . ..... · . 94 

Superphosphate at 4 cwt./ acre . . 9-4 
Gypsum at 2 cwt./ acre . . . . . . . . J ·J 

The gypsum plot was not added until five 
weeks after the other plots were established. 
.r\s the medics were further developed at 
this time, this may have a bearing on the 
g-ypsum response. 

This trial was on a river bank which was 
subject to Aooding-. The very dense gro,,·th 
of green material, the increased root system, 
and the heavy resjdue of stems and leaves 
would be a considerable deterrent to stream
bank erosion. 

"Oakleigh", Pages Creek, Ellerston. 

Soil: Basalt soil of pH-6._:; at ,1-6 inch 
depth. 

Date of establishment: Mar. 1955. Date 
of response: I-II-55· Elev.: 3,000 feet. 

Response on Ladino strain of white clo,·er 
planted June, 1954. 

Tons 
per acre. 

Calcium phosphate at 138 lb. per 
acre . . . . . . . . . . . . . . . . . . . . . . r.s 

Calcimn sulphate (gypsum) at 178 
lb. per acre . . . . . . . . . . . . . . . . . 8.5 

Superphosphate at 4 cwt. per acre 1.).8 
A trial so feet away on clustered clover on 

apparently the same soil type and aspect 
showed an equal response to gypsum as to 
superphosphate. 
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Response ou a natural pasture of clu~te;ed 
clover (Trifolium glomeratum) on a s1mtlar 
soil about soo feet io elevation above the 
preceding plot. 

Date established: April, £9.15· Date of 
response : 1-1 I-SS· 

Tons 
per acre. 

Control plot. no fertilizer 1.2 

Superphosphate at -J. cwt. per acre 8.5 
Gypsum at 2 cwt. per acre . . . . . . 8.5 

These trials are on fairly s leep moun~ain 
slopes susceptible to landslips and erosiOn. 
An increase in plant growth of from five 
to ten times should be ,·ery effective in pro
tecting the soil. 

"Barrington Hut", Hunter Springs. 
Soil : Brown soil containing- basalt rocks 

and granite rocks. pH-6.0 at ~-6 inches. 
Date established : :23-3-.1.1· Date of re· 

sponsc: 23- r I-55· E lev. -J..6oo feet. 
Response on naturalised white clover. 

Tons 
per acre. 

Control plot, no fertilizer . . . . . . . . r .8 
Superphosphate at 4 cwt. per acre 13-4 
Gypsum at 2 cwt. per acre . . . . 12.2 

Other plots contained lime at 2 cwt. and 
4 cwt. molybdenum at 2 oz. per acre. These 
showed no response. "Complete fertili zer" 
and ammonium sulphate gave no additional 
response. 

" Sempill's Rock", Tomalla-road. 

Soil: R ed-brown basalt soil of pJ1 -6.s at 
3-6 inches. 

Date Established: 23/3/55. Date Re
sponse: 23/II/55· E lev. -J.,OOO ft. 

Response was equal on both subterranean 
clover and while clover in approx imately 
equal densities 

Tons 
per acre. 

Control, no fertilizer . . . . . . . . . . 1.8 
Superphosphote at -+ cwt per acre 20.7 

Gypsum at 2 cwt. per acre . . . . 2-1-4 
Lime at 2 cwt. per acre plus 

ammonium sulphate at 2 cwt. 
per acre . . . .. . ... .. .. . . . . . 21.9 

There was no additional rcspon::;e wit h 
lime at :2 cwt. over the superphosphate trial , 
indicating that the response in the ammon
ium sulohate trial was to sulphur, and that 
the clovers were effectively nodulated. The 
clovers in the control plot were too short to 
cut and the material taken was rattail fescue 
( Vulpia 11l'J'IIros~ .. T here ,,·as ~ I most no 
g-rass in the (~rtlltzed plots. T hts p~tsturc 
had been establi shed several years pren ously 
but never fe rtilized. 

These trials arc on g-entle slopes at the top 
of the catchment. Such high increases in 
plant growth should be eff~ctive in increas
in<T the water holding capac1ty of these upper 
sl~pes and also in p;o':iding m? re intensive 
g razing. thereby rehev mg grazmg pressure 
on the steeper country. 

EVALUATION OF RESULTS. 

There is a ~enera l deficiency of sulphur 
in soils of app~rently adequate phosphorus 
-;tat us throughout most o( the Clen ha wn 
Catchment ;\ rea . with the exception of the 
upper part of Stewarts Brook and possibly 
upper ~\'Ioonan Brook. 

Estimates of responses were taken on a ll 
trials. T he average for the ent ire a rea the 
first season showed that one application of 
gypsum on a natural pasture increased the 
bulk of Jeo-umes by 400 per cent. As the 
seed suppl~ is thus increased. responses are 
expected to incre~sc after next ~eason's top
dressino- with an mcrease also ot g rass cover 
due to ,..increased soil nitrogen. As these 
le(Tumes are at their best during the winter 
a~d spring when the nat~tral pasture is gen
erally at its poorest, sotl loss a nd surface 
water run-off should be g reatly lessened. 

A deficiency of sul phur in the soil means 
a deficiency of protein in the plant.(") 'vVith
out suf-ficient sulphur, plants cannot manu
facture the level of protein necessary for high 
quality pasture for animal Pr<?duction; Tl~e 
application of gypsum on so1~s defic1ent m 
sulphur not onl~ grea~ly mcreases the 
quantity of vegetallo~1 ava1l~ble. for the gra~
ing animal, but also tts qua!tty tn the protem 
content. 

GYPSUM. 


. There are large deposits of gypsum in 
i\ C\\' South \ \'<!les \\'hich could supplv the 
f(' r~ilizer demand at a fraction of the cost 
of superphosphate. Gypsum is now in the 
process of hein~ marketed in a fo rm suitable 
for aerial top-dressing and general agricul
tural use. E. ]. Hilder (") states that on 
exper iments on pastures in the Northern 
Tahklands. r cw t . of gypsum g ives 90 per 
cent. of the maximum y ield. Although lesser 
amounts cou ld be used, g reater amounts may 
be wasted, as it is easily leached from the 
soil. Annual applications must be made
preferably during late summer or early 
autumn. In a1 cas that are inaccessible b\' 
machinery or not available for aerial top
drc:;sing, "Flo\\ers'' of sulphur mixed with 
sawdust can be scattered by hand 0 11 foot or 
from horseback at rates up to 20 lb. per 
acre. If clover s or medics are not present 
in the area. suitable legume seed inoculated 
w ith the appropriate bacteria nntst be sown 
o r )>ro:tdcast throughout the area. On prop
erties 111 the Glenbawn Catchment Area now 
known to respnnd only to sulphur. it is esti 
mated that 7.000 acres \\'Cre top-dressed 
w ith superphosphate in 1955. Gypsum could 
ha\'e been used with equally satisfactory re
s ults over -J.O,OOO acres for approximately 
the same cost for the material. \ Vith the 
advent of aerial top-dressing, the delineation 
of areas known to be seriously deficient in 
sulphur bu t not in phosphorus. and the 
availabi lity of gypsum at low cost, it should 
.be economical to top-dress a much larger 
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por tion of this watershed. Not onlv will 
the landholder be repaid by better g t:-azing, 
but he will also retain more of the soil and 
\\'ater on his property. 

The benefits of impro\'ing this catchment 
area will be many and far-reaching . The 
landholder \\'il! lose less soil by erosion and 
less rainfall by run-off; the greater bulk of 
better pasture will increase his income from 
cattle and she::ep; flooding of the lower 
H unter will be reduced and the life of Glen
bawn Dam will be lengthened. 
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FO RE WO RD 

BY 

E . S. CL.\YTO:-;, H .D .A., Commissioner. 

T [-]E associated catchments of the Snowy. 
:\l urray, ~lurrumbidgee ancl T umut 

Rivers are considered the most important 
in A ustralia . T hey comprise the highest 
mounta ins in the Commonwealth, rising to 
7,000 ft. altitude. The mountains are steep 
wi th slopes into gorges frequently in excess 
of 40 degrees. The higher slopes are 
covered with snow fo r five to six months of 
the year and sometimes snowdrifts remain 
for much longer periods. The rainfall ranges 
between :;o in . to So in. per a nnum. 

The catchments were originally co,·erecl· 
' '"ith vegetation with numerous peat moss 
and swampy areas. Vegetation is depended 
upon to hold the soil in position on the catch
ment. 

The Soil Conservation Service of New 
South \ Vales has carried out Yery careful 
field investigations of this area for the past 
seventeen years and has advised the various 
Government Departments of the position and 
the need for safeguarding the catchments as 
a source of usable water. T he Service has 
given specific information on how this pro
tection should be achieved. This has also 
been done through the Catchment A reas 
P rotection Board since it was constituted in 
1938. lVIany actions of both practical and 
administrative nature were taken by the 
S tate Authorities in New South ·wales to 
protect these catchments long before the 
Snowy :Mountains H ydro-Electric Authority 
was constituted, particularly in the regula
tion of stocking, the exclusion of stock from 
the most vulnerable areas and the control of 
burning. 

S ince the advent of the Snowy Mountains 
H ydro-Electric Authority the importance of 
the catchment as a source of water has been 
more fully recognised by both officials and 
the public. However. by reason of the 
nature of the works of the S.M.H.E .A., the 
threat to the stability of the catcluuent has 

been Yasth· increased. T he construction of 
roads, track s and works, with their destruc
tion of so much Yegetative cover. surface 
soil. peat beds and swamp a reas, has g reatly 
increased the surface run-off and caused 
serious erosion . 

T he immense progra mme of works of the 
Snowy Mountains Scheme is being under
taken in a class of country and under con
ditions which are more difficult than ever 
before faced in any major work underta~en 
in A ustralia . It is obYious that the erOSJOII 
hazards in the catchments are very great 
and very serious. 

T he theory has been adYanced by some 
that only a small propor tion of the catch
ment has been stri pped of cover by the 
Snowy Mounta ins works and theref?re t~1e 
effect is not important. This theory !s q lllte 
fallacious as it is the areas bordenng the 
vital streams which are being injured. Also. 
the width of a road may not be great. but 
when that road runs for miles along the 
streams and is located at the bottom of un 
stable· slqpes, these slopes may be under
mi ned and all the soil mav shp off them. 
eH:n up to the top of the slope. ~here are 
many such roads in the area affect~d , . so 
the tota l a rea beina injured is very SJgmfi 
cant and, unfortun~tely , it is ~he vital area. 
It would be as Joaical to clatm that, as a 
disease only affected a small part of a man·s 
body, it was not important to the whole. :\ 
disease in a small but important part may 
kill a man. The parts of the catchment 
a ffected by erosion-causing roads and works 
are the Yital portions. T hey could proYe 
fatal. 

.-\long all roads built by the Sn?wy Moun
tains Authority in the Snowy R1ver Valley. 
including the Digger's Creek road. from 
R ennix Gap to Island Bend . the Snowy Val
ley road. from I sland Bend to Guthega . and 
the road from Smiggin's H oles to the Snowy 



\·a!le\' road and along the Cabramurra T .L 

road - in the T umut Valley, the prevalence 
uf soil erosion has been noted. Frost action 
causes a steady recession of the batters of 
cuttings. while gullying of excessively steep 
catch drains and of the steep s lopes of cut
tings and fills is widespread. Landslides have 
also resulted from the slumping of undercut 
material on the faces of cuttings. 

The numerous tracks made in the clear
ino- and erection of transmission lines, and 
bj':" investigation officers of the Authority, 
have also destroyed much vegetation. vVhere 
no provision has been made to control road 
side drainage or. prevent scouring. they arc 
causing soil loss and stream pollution. 

The erosion referred to in the previous 
paragraph will increase and aggravate the 
damage to the catchments and the s iltation 
of the streams wherever steps are not quickly 
taken to stop it. 

T o reduce erosion damage it is essential 
that soil-conserving measures be incorpor 
ated in the design of the works and be car
ried out concurrently with the execution of 
those works. and this action is necessary 
!lot only in respect of the major works with
m the scheme hut. also. in respect of a ll 
preliminary and ancillary works associated 
therewith. 

In respect of all future roads. tracks and 
other works. which involve disturbance of 
the soil's surface. adequate preventive and 
control measures should be determined and 
incorporated in the overall plans for such 
works and carried out concurrently with 
such works. 
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In order to resmre stabili£y in these most 
vital .1\'.S.\V. catchment areas . permanent 
liaison has been establi shed IJclwecn the 
Soil Conservation Scn·ice of P: .S. \ \" . and 
the Snowy :\loUt_,_tains . Hydro-Elec~ ric 
Authorit\·. Local olhcers ot both orgalllsa 
tions ha~e su rveyed the whole fi eld of_ the 
.-\uthoritv's existin(Y wo rks. from t he VIew
point o( erosion damage associated ther~
with. and have worked out methods for stabl 
lisation of hundreds of individual areas of 
erosion. in those cases ,..-here the damage 
is not irreparable. 

A Soil Conservation Section has been set 
up within the A uthority and regular quar
terly meetings are held in Cooma of senior 
officers of both organisations. followed by 
extensive fi eld examinations. so that plans 
proposed by investigating officers may be 
examined, together with stabilisation works 
already in progress; the widest soil conser 
vation experience possible is bro ught to bear 
on the many difficult erosion problems 
resulting from these works. 

.-\dditionally, proposals and plans for the 
future engineering works of the Authority 
are studied with a v iew to ensuring that 
associated erosion-prevention measures are 
given top priority in design and construc
tion of future works. 

Much has now been done in these field;; 
and, if the remedial and preventive measures 
arc effectively and expeditiously implemen
ted, I am hopeful that, although the damage 
has been substantial. stabili ty may be re
gained in many affected areas a nd that. in 
future. erosional damage ar is ing from eng i
neering works will be reduced to a minimum 

+ + 
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SOli; EROSION PROBLEMS IN THE 
. SNOWY 1V10UNTAINS AREA.· 

BY 

L. 	]. Dl!RD .-nr, B.Sc.. -\gr., Soil Conservationist. 

PART II. 

T HE. extent of erosion damage and the 

'anous fact?rs contributing to the in


ct:eased hazard tn recent years have been 

d1scussed. 

. To conclude this article, it is proposed to 

d1scuss control measures carried out to dat~ 

and . to record briefly the need for fut: r~
1
st~tdtes to overcome problems associated 
w1th long-term 	management of the catch
ment areas. 

CONTROL MEASURES 
~ survey of th_e area reveals that the vege 

t~tton. and erosiOn pattern at the present 
tn~1e 1s marke_dly _dt fferent from that des
cnbed for earher tnnes. Extensive areas of 
f_orest and woo~and ha':'e been destroyed b,· 
hre; sl?pes whtch prevwusly carried heav)· 
vegetative cover are now reduced by regu
lar ~urning and stocking to sparsely vege
tated _areas subject to erosion; and an 
extensive ne_twork of tracks and roads. 011
:-lopes previously regarded as relativel y 
stable, add a f~rther erosion hazard. · 

Fire Control 

\\'hilst extensive bushfires have undoubt
t:dly_occ.t~rred in the ar~a over a long period 
of tune, 1t seems certam that they have be
come more fr_equent and of more drastic 
consequence smce the entry of the white 
man. 

The last major fire occurred in 1939 when 
many thousands of acres of forest and wood
land were destroyed. 

The greatest fire threat is from the west 
where altitude falls much mor7 sharply tha~ 
to the east and the country IS greatly cJis-
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sl!cted to form steep narrow gorges, carry
tng- wet sclerophyll forest. 

To meet the position created by_ the high 
fi re hazard, the Hume-Snowy Fire Protec
tion Scheme was inaugurated in 1952. 

Some success has already been achieved 
through this scheme by provision of a ~m
cleu~ fire-fighting force with fire-fightmg 
eq uipment, better communications and co
ordination of activities of individual fire 
brigades on the western side of the range 
and by increased vigilance during the dan
ger periods. This aid, together with better 
access now available, should materially assist 
in reducing the frequency of maj or bush 
fires and in removing one of the main haz
ards to the efficiency of catchment areas. 

Considerable danger still lies in wide
spread deliberate burning in the snow-lease 
country, resulting in permanent damage to 
grassland, peat bog communities and forest. 

Since I9+3, when snow-lease. condi~ons 
prohibited burning within certam pen ods, 
the frequency of these fires has been reduc~<l. 
but the practice of burning is still earned 
to extremes in many cases during the un
restricted periods. 

There seems no alternative to further 
cumulative damage unless all burnin_g, other 
than on limited areas when reqlllred for 
essential fire control, is prohibited. 

Controlled Stocking 

As distinct from earlier times. snow-lease 
conditions also limit the numbers of stock to 
be carried. Adciitionallr. some of the ·worst 
affected areas have been withdrawn from 
lease through decisions of the Catchment 



Fig. to.-Typical erosion o£ an embankment on the Snowy Valley Road due to lack of adequate drainage. 

.-\reas Protection Board. In 19-1-3. ::tppro:xi · 
mately 10,000 acres in the Summit area 
were withdrawn, this being enlarged to 
5-t,OOO acres in 1950. together with a fur 
ther 18,000 acres at the head of the Geehi 
River. 

The actual rate of recovery of the vege
tation following removal of stock is variable 
and will be subject to long-term studies 
before specific information is available for 
different areas. 

Following past burning and grazing, 
studies are at present being undertaken by 
this Service to define the rate of regeneration 
and soil restoration. Selected areas have 
been withdrawn from use and fenced and 
periodic species counts are being made, us
ing the quadrat and transect methods. 

These observations, together with addi
tional studies which have been initiated by 
the Snowy Mountains Authority, should 
provide valuable data as to the rnanagement 
of these catchment areas. 

On the most seribusly affected areas. re
coYery 1s slow. due to effects which have 

been cumulative for periods up to roo 
years. It is extremely doubtful whether 
areas damaged to the extent of those found 
on 1\•It. Twynam would ever heal naturally, 
owing to the high winds causing a constant 
removal of soil and vegetation and a con
tinual increase in the total area reduced to 
parent rock material. However. if stock 
are not excluded the rate of deterioration is 
very much accelerated. 

ln the light of present knowledg-e and 
until studies reveal the best methods of 
management for this country, exclusion of 
stock and fire from the more susceptible 
areas is necessary to assist the stabi lisation 
of the whole area. 

Recognition of the Problems 

There is need for all who are as:;ociated 
with the area to be actively aware of the 
existing erosion damage and to understand 
fully the means by which the contributing 
aaencies assume greater significance. Jn 
the multitude of ways in which human in
terference can act unfavourably to destroy 

the natur.al soil, water and veg~tation re
lationships, lies one of the matn hazards 
to the continuing stability of the area at 
the present time. 

Since the area is becoming more widely 
known as a tourist centre and with an in
creasing network of access roads being con
structed, an extension of human activities 
into previoush· inaccessible areas can be 
predicted. • 

Of g reater significance, however, is the 
rate at which the present engineering activi
ties can change the erosion pattern of the 
area. \Vhereas other human activities 
generally tend to have a detrimental effect 
O\'er relatively long periods of time, the ex
tensive damage due to engineering works 
can be of inunediate consequence and may 
ex tend rapidly unless controlled. 

It is necessary to understand then, that 
each new area on which ~he vegetation is 
destroyed, every fire which occur!:i. each 
additional peat bog which is drained or de 
stroyed and every new track or road which 
is constructed will add to existing erosion 

damage and materially reduce the efficienc)· 
of the catchment areas. 

SPECIFIC CONTROL MEASURES 

Spec~fic control measures ha,·e largely 
been _dtrected tow~rds _controlling damage 
resultmg from engmeenng works but the 
withdrawal of areas from lease since 1943 
has resulted in some improvement in vege
tative cover. 

So:l Conservation Service Activities 

Although considerable work has been 
undertaken in the form of ecological and 
erosion surveys since 1948, mechanical con
trol measures, as an addendum to the 
abovementioned vegetative improvement, 
have been initiated only over the past t\VO 
years. 

P rior to the commencement of the engi
neering works of the Authority. it was 
clouutful whether exten si ve mechanical mea
sures would find application at these high 
elevations, clue to the erosion problem being 
mainly one which could be stabilised natur-

Fig. 1 I .-t\ s imilar embankment 1o that in Fig. 10, controlled by complete sodding and proviSion tot safe 
disposal of road drainage. 
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Fig. !2.- An embankment on the Snowy Valley Road treated with brush cover. 

ally by vegetation, if the damaging ~ffects 
of stock and fire were controlled, desptte the 

·severe effects of frost action and the lengthy 
periods of time necessary at these eleva
tiom. 

\Vith the occurrence of drastic landslides 
at Cabramurra at an elevation of 4,8oo feet, 
it was found necessary to make use uf an 
extensive system of absorption banks to 
help stabilise the area until it could be re
vegetated. The works were designed by 
the Soil Conservation Service and carried 
out by Snowy Mountains Authority plant. 

These control measures have withstood 
snow and rainfall .since February, 1954, in 
a satisfactory manner and, apart from minor 
sheeting and rilling, have greatly assisted 
in stabilising the area. 

At the present time, studies are b~hig 
made on the requirements for reclatnation 
works on some of the seriously eroded 
country in the vicinity of Mt. Twynam. As 
the total area seriously damaged comprises 
some 200 acres altogether and the altitude 

is above 7,000 feet, the general conditions 
made the installation and satisfactory opera
tion of extensive soil conservation measures 
difficult. Since the usual types of earth
works seem most unlikely to have any 
application at such altitudes, these works 
will · probably comprise more intensive 
measures, such as stone pitching, brush 
cover, sowing of grasses and possibly use of 
bituminous seals. The likely effect of these 
measures is also . uncertain at this stage and 
it may be necessary to allow one or two 
years experimentation before specific re
sults can be recorded. 

Under liaison arrangements between the 
Soil Conservation Service and the Snowy 
Mountains Authority, commenced in 1953, 
a number of erosion problems have been 
the subject of study to ·ensure fu ture control 
measures to restore the area to a more 
stable condition. 

Similar action has been ·initiated with 
Kosciusko 'State Park T rust to help over
come present damage and to obviate the 
need for future costly conttol measures, hy 
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req11esting the avoidance of certain prac
tices which contribute to erosion. 

Snowy Mountains Authority Activities 

lVIuch of the damage due to engineering 
wo rks is of immediate consequence. In 
addition, remedia l measures needed to con
I rol furthe r erosion on many of the sites 
uared of vegetation and topsoil call for 
specia l techniques. Many of these tech
niques are new amongst erosion control 
measm·es in New South \ i\' ales. 

A number of these methods have been 
applied on a demonstration basis, but in 
the past twelve months they have been 
widely used on se riously damaged and erod
ing arei.ls. 

Techniques in Use 

It is es.sential that all drainage problems 
be properly controlled before full benefits 
can be obtained from these techniques: Com
plete grass soclding is of little benefit to an 
area if proper drainage facilities are lack

ing. or the stabilising effects of wattled 
fences of little value if sub-surface seepaae 
o r drainage is not first controlled by bnt~h 
or ru?ble drains, to prevent gullying or 
slumpmg at a later date. 

\ •Vhere ample rock is available on the site. 
stone pitched drains have been constructed 
by the Authority with considerable success. 
Use has also been made of grass-sodded 
waterways and. corrugated steel piping on 
other sites, each giving satisfactory results 
"·hen correctly installed. 

Sodding 

The use of g rass sods has not been pos
sible to the extent desired, o·wing to the 
lack of suitable sod nursery areas in dose 
proximi ty to the works and because of ex
cessive costs involved in long haulag-e. 
\Vhere suitable sods a.re available the 
method can be widely recon.m1euded, as a 
·high degree of stability is obtained 'imme
diately following their use. This follo,vs 
succesft!l use of sod in the widest variety 

Fig. 13.-An excavated inlet to a culvert controlled by use of a stone-pitched d rain and wa.ttle :l fences. 
· T here are patches or snow lying between the fences on the le f~. 
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Fig. 14.- \\ attled fences and a stone-pitched watenvay in the early stage of revegetating a disused track. 
·; • (Photo. S.~I.H.~ . A.) 

of conditions througho,\t New South \Vales 
by the Soil Conservatio~ Ser vice. 

To facilitate ease of handling- and to re
duce labour costs, sods have been cut 
mechanicaJiy by means of a special blade 
attachment drawn by a light vehicle. "Where 
good quality turf is available. sods measur
ing 9 feet by 1 foot and T-2 inches thick 
ha,·e been found verv suitable for ease of 
handling and transpof't. For transport pur
poses the sods are rolled lengthwise and 
then unrolled downslope at the site being 
treated. Sods r-2 inches thick have been 
found to be the optimum size, since the 
root system is trimmed during cutting . This 
brings the roots in d irect contact ':"ith tl~e 
surface on which the sods are betng latd 
and provides better ·growth conditions than 
with thicker sods which may dry out be
fore the roots make contact with the sur
face below. 

After initial preparatior. of the surface 
by raking down any rubble or boulders, 

sods are laid ·and pegged into place. The 
final operation is generally to _cover lightly 
with topsoil to fill any spaces between sods 
and prevent. drying out. · 

Continuous or block sodding has been 
found superior to trench or strip sodding. 
Areas which have been properly treated 
by block sodding rarely give any trouble 
and quickly transform bare eroding areas 
to complete stability at moderate altitudes. 

Strip sodding has failed in many ca·ses 
due to heavy frost action on the surface left 
bare. Immediately downslope of the sod 
strips, frost action may cause recession of 
the slope face and final slumping of tlie 
sods. Run-off and soil movement down
slope quickly forms a gully at the point of 
slumping, thus menacing successive strips 
below. Sods· which are not trenched pro
perly and which are under-scoured by run 
off are affected in the same way. 

Brush Matting 

, This consists of specially prepared brush 
hx~d on a slope surface, with the stem bases 
f~cm~ downslope and the smaller branches 
cl_trected upslope to filter soil particles ear
ned down by run-off. The term brush re
fers to small branches, with or without the 
leaves, having a desired minimum len!rth 
?f 5 feet and a maximum diameter of 2 
mcbes at the base. 

The suc~ess. of b!·ush matting depends 
largely on 1ts tmmedtate use on completion 
of c~tt batters or wherever the technique is 
appltc~ble. To gain positive control it is 
essential that the matting form a continuous 
cove_r and be securely pegged as close as 
posstble to the surface. with the big-ger 
bra.n~l~e5 slightly trenched. \ Vhen tl;ese 
condt!tons are met, the action of the brush 
mat I S that of a number of small clams 
forn1ecl by the forking branches. 

These filter soil particles from upslope 
run-off o r a lternati ,·ely may be used to re
t~in topsoil spread over the slope. From 
ett~er ~ource a relatively stable seed bed is 
mamtamed, so that vegetative growth from 
natural sources or sowing is given a better 
chance to stabilise the slope. 

If very light material is used or if it is 
not pegged dov..·n against the surface cor
rectly, benefits from this method of control 
are largely nullified. 

Wattling 

This method consists of building fences 
composed of fine brush interwoven hori
zontally between wooded pegs and fixed dia
gonally to the direction of the slope. 

Their particular application is suited to 
sections of cut batter which are made un
stable by sub-surface seepage or drainage 
fo r the repair of gullies on slopes 'and em~ 
bankments and on landslide areas. 

By constructing these fences diagonallv 
to the slope, better results have been ob
tained than when placed on the contour 
since several problems have arisen with th~ 
latter method due to overtopping and under 
scouring by nm-off. 

. If placed at a s_light angle on the slope, 
tune of concentratiOn of run-off is still in

·ased, but flow is deflected sufficiently to 
allow only small amounts of water through 
the fence at any one point and so transported 
soil particles are more completely fi ltered. 

. To lessen the possibility of under-scour
mg, these fences are placed in trenches ..J. 
inches deep so that one or two brush !aver~ 
lie below the surface. · · 

Spacing is dependent on the slope and 
the degree of permanency of water pcrcola
~on. and it has generally been found that 
spacings from s-8 feet are satisfactory. 

As these structures are designed to pre
vent rilling and gullyiug and all intermedi
ate areas are left oare. it is generally neces
sary to . sow these areas to effect complete 
stabilisation. 

Willow Wicker Work 

This method is an extension of the use 
of wattled fences, where willow rods and 
negs are used ins.tead of the ordinary brush 
and saplings. The advantages in this method 
are twofold, in tl1at the willow is capable of 
taking root and providing vegetative control 
as well as mechanical control, and thin pli
able rods enable the wattting to be of a finer 
nuality and thus increase the filtration and 
deposition of transported soil particlt-s. 

Sapling Retainen 

Sapling retainers. placed diagonal to the 
direction of the slope, find application where 
slopes are to be revegetated by CO\"ering 
with a layer of topsoil and then sowing. 

Their main use is in the provision of a 
footing for the placed soil and to assist in 
proper drainage at sub-surface levels nntil 
the area is stabilised by vegetation. 

Saplings used are generally about ro feet 
in length ancl 3-4 inches in diameter, with 
spacings again v"arying according to the de
gree of slope. 

Replacement of Topsoil 

On areas which have been bared of vege
tation and topsoil during construction work. 
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regene ration is difficult to accomplish. The 
longer a particu lar s ite is left before remedial 
measures are undertaken. the more neces
sary is topsoiling prior to sowing . 

O ne of the major difficulties has been the 
fa ilure to provide for removal and storage 
of topsoil before commencing actual engi 
neering operations. The ideal method is to 
remove and s tore the topsoil while construc
t ion proceeds and to replace it immediately 
on completion of each section of work. O n 
the few areas where this has recently been 
demonstrated, followed by early sowing, YCry 
satisfactory results have been obtained. 

If replacement of topsoil and sowing, to
gether with any other of the above tech 
niques necessary, were to be carried out as 
part o t each engineering work, much of tht: 
ensuing damage would be prevented . 

Overall Management 

From a study of the foregoing factors 
contributing to present erosion damage, it 
is evident that future stability of the various 
c~tchments depends largely on the integra
flan of all activities in the area, so that the 
erosion hazards of each are known in ad 
Yance and' adequate preventative and re
medial measures planned in respect of each 
prior to the undertaking of that operation. 

\ .Yhilst satisfactory methods of control arc 
known for many of the present problems, 
furt her studies will need to be made in 
protection and management of catchment 
a reas. 

Some important possibilities. in additivn 
to the implementation of mechanical works. 
lie in the development of the better natural 
species for use in extensive regeneration, 
the improvement of present vegetation, the 
use of fertilisers and · trace elements and· re
afforestation of particular areas. 

Considerable t ime may elapse before such 
problems can be fully solved, but, with 
erosion damage so widespread and the- ever 
present hazards of frost, wind and water 
action progressively adding to this daniage, 

the need for objecti,·c inn:~t i ~atiott:- ttt the 
area is imperative. 

SUMMARY 

The n:\tural agencies of erosion in the 
area are frost, wind and wa ter action. vVith
out unfavourable influence fro m huma n 
activities, however, it is seldom that these 
agencies create problems, although natural 
or geological erosion occurs to some degree 
at a ll times. 

S ince present erosion hazard and damage 
can be read ily traced to the various sources 
nf human interference. it is essential that 
methods of control and stabilisation be fun
damentall v based on control o f these un
favourabl~ activities. 

\h/ ith the power and water potential o ( 
the a rea being exploited a nd the erosion 
pattern being markedly altered by engineer
ing works, it is essential that all damage be 
quickly remedied to prevent further erosion 
occurring. 

From previous studies it is evident that 
many mino r catchments have deteriorated 
in recent years. F ailure to observe the rea 
sons for this decline and to adopt the means 
whereby future damage may be g reatly re
duced, ,,·ould undoubtedly be refl ected bv 
further decreases in catchment a rea effi
ciency . 
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CONTROL OF SAND DRIFT IN BEACH 

MINING. 


BY 

J. B. SLEss, :.\f.Sc., Soil Conservationist. 

STNCE l9S 1 the Soi_l Co~1servation _Ser
vice has been actmg m an adv1sory 

capacity to the Mines Department of ~ew 
South Wales on problems of control of sand 
drift associated with beach mining for rutile, 
zircon and other minerals in marine sands. 
The liaison stemmed from the fact that such 
operations render e.xtensive areas on the 
coastal sand dunes susceptible to wind action, 
resulting in sand drift. 

Nluch of the technical advice given by the 
Service has been incorporated in the special 
lease conditions . imposed by the :VIines 
Department on mining zircon and rutile, by 
which mining operators are obliged to carry 
out rehabilitation of mined areas in a pro
gressive and systematic manner. 

Investigations on the far north coast, 
where the majority of rutile mining opera
tions are at present in progress, indicate 
that it is quite feasible to bring under con
trol any sand movement that might be caused 
by the mining of coastal dunes. Further
more, if control measures are fully imple
mented, the dunes on completion of mining 
could be left in as stable a condition as they 
were prior to mining. 

T he control methods used are based 
largely on the work ca rried out at the Ser
vice's sand-drift control experimental areas. 
which was reviewed in the October, I9.i.i . 
issue of this Journal. However, many 
minor modifications have been· necessary, to 
suit conditions which are peculiar to rutile 
mining areas. The ensuing description em
bodies the author's observations over a 
period of three years in these areas. as well 
as the results of much experimentation in 
the field. 

RUTfLE MINING 

A description of a mining- indust.ry ntig-ln 
seem out of place in a Journal of thts nature. 
However it is necessary to give a brief pre
fatory a~count of. the zi rcon-ruti_le mining 
industry, to explam why sand-dnft control 
techniques are, and mus~ be, emplo~ed by 
rutile mining operators. fhe emphas1s here 
is. of necessity, on the erosion co~ttrol asp_ect 
of beach m ining. For further mformat10n 
on the industry the reader is referred to a 
recent article by Gardner ( 1 ) • 

Distribution and Occurrence 

Mineral-bearing sands are widespread on 
the beaches and dunes throughout the length 
of the New South V\faJes coast. particularly 
on the North Coast; rich deposits also occur 
on the south and central Queensland coasts. 
The minerals consist chiefly of ruti le, zircon. 
ilmenite and garnet, with small quantities of 
monazite tin, platinum and gold. All th" 
constitue;1t minerals are invariably admixed 
with pure siliceous sand, in varying propor
tions. 

The areatest concentrations occur on th<' . 
beaches,.,proper. i.e .. seawards of Hte frontal 
dune, and they appear to decrease progress
ivly with distan~e fr~m the sea. Mineral 
deposits occur etther 111 the form of wave
deposited seams from several feet above to 
several feet below mean sea level. or as 
wind-blown deposits· in the dunes. which are 
then said to be "mineralised". 

Economic Importance 

Before the war. rutile was of li tt le econo
mic value. but it has recently assumed con 
siderable prominence in the industrial 

Fig. r.-CUDGEN'. Open cut mining o£ £ronta.1 dune. 

sphere. because of its use in aircraft con Laurieton, Swaitsea and Shellharbour dis
struction. The other minerals are used tricts. P rospecting. to locate mineral 
chiefly in the paints industry, ceramics and deposits, is currently being carried out on 
welding. The zircon and ruti le industry most parts of the central and north coasts. 
now ranks third in the economic produc \ Vith the recent rapid expansion of the in
tivity of the mining industries of the State, dustry, and the commencement of operations 
the order, in terms of output being: sih·er on beaches and dunes close to well-popu
!ead-zinc, coal and zircon-rutile. lated settlements, satisfactory rehabilitation 

, of mined areas has become vitally important . 
History 

In the early stages, the :Mines Oepartme1_1t 
Extensive miuing operations have been in issued minina leases to different interests 111,.., . 

progress for over s ixteen years, mainly on the form of long, narrow para1lel stnps-a 

the coast bet\veen Byron Bay and Tweed f;1ctor which has complicated and often im

Heads. Initially, mining activities were re peded rehabi litation of mined areas. The 

stricted to the beaches proper, but with the present practice in regard to allocation of 

discovery that low-grade deposits of mineral )rases favours the granting of leases in the 

sands cou ld be worked economically, opera form of wide blocks, so that rehabilitation 

tions have extended inland so that, at the can he carried out without hindering the 

present time, sand dunes as far as three activities of other operators. 

miles from the sea are being worked. 


Minin~ Methods
In the last ten years, operations have ex

tended southwards f rom Byron Bay to ' The mineral is e:-."tracted from the sand
embrace the Ballina, Port Macquarie, dunes and beaches by one of two methods
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open-cut mining, or sand pump dredging. 
In open-cut mining, which is used to extract 
high-grade deposits from the beach and 
frontal dunes, the existing vegetation is 
cleared and the overburden, that is the sili
ceous sand overlying the mineral seam, is 
stripped with d raglines and bulldozers, and 
stacked in the v icinity of the excavation (see 
Figure 1) . The exposed mineral is then 
scooped out, loaded on to trucks and carted 
to separation plants, where the constituent 
minerals are separated from the silica, and 
from each other. The overburden is then 
replaced in the excavation by bulldozing. 

In the dredging process, which is used to 
extract low-grade deposits, vegetation is 
cleared, overburden stripped, and a deep 
excavation is made in the dune or on the 
beach. \Vater is then pumped into the cut
ting to form a pool of up to 6 feet in depth, 
the surface level of which corresponds to 
e.:-.:isting sea level. Mineral-bearing sands in 
the pool and the surrounding sand masses 
are then pumped from a sand pump mounted 
on a pontoon barge in the pool to a: primary 

concentration plant locatccl nearby (sec." 
Figure 2) . In some cases. the concentration 
plant itself is 11\ounted on a barge; this 
method is becoming increasing ly common. 

The primary concentratiun plants usecl in 
conjunction \\·ith dredging are portable, and 
carry out the primary separation of silica 
from rutile, zircon, etc., producing what is 
called a " rough concentrate'', which is carted 
to the separation plant for further t reatment. 
The tailings or residues from workings are 
pumped back into the dredge pool while 
mining is still in progress and, according 
as hollows are filled into the lee of the 
workings, the dredge works further into the 
sand masses, thus extending the pool. 

EFFECT ON DUNES 

A distinction should he d rawn between 
erosion of coastal dunes caused by wave 
action and erosion caused by wind action. 
that is, sand drift. Mining of the open 
beaches does not predispose to sand drift. 
prov ided the vegetated fronta l dune is left 

Fig. z.- BL'RLEIGH HEADS. Sand-pump dredging in frontal dune. 
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Fig. J.-Cross-section or typical dune system on north coast. 

intact. It is not known whether such mining 
affects the general configuration of the 
beach. or the near-coastal currents · verv 
li ttle is known of the normal beach cl~anaes . 
still les:; of the changes. if any induced.... bv 
mining. However, it seems th~t mining ~f 
the open beaches does not predispose to 
wave erosion, in view of the fact that in 
recent years, during which there has been 
a n exten~ive cutting back of the dunes by 
wave actton on many parts of the coast tar 
more se_rious wave erosion has taken 1;1ace 
on unmmed than on mined beaches. 

Terminology 

Throughout this article. the followiuu 
terms are used to connote the plwsic~l 
featu res of the dunes:- • 

Frontal Dune ( Forrdune).- Th€ 
main dune which fringes the beach 
Three sections are distinguished, v iz. ; 
the seaward slope, the crest or top. and 
the landward slope. 

fl_i11dd~t11es (Bark Arc>as).- The suc
cessive lu.1es of dunes parallel to tht> 
heach , wh•ch occur on the landward side 
of the frontal dune. 

S lroulder.- The point where the dune 
slopes seawards. 

Crest.- T he flat area on the top of 
the dune. · 

'foe- The seaward base of the dune 
which, on .th~ frontal dune, usually 
marks the hnut of vegetation. 

The terms ' 'seaward slopes" a11d "I Id , anc1;~~~ ~ apes. a,~·e u~~d in preference to 
\\ 111d\\ ard Side and leeward side". in view 
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of the fact that on the Xew South Wales 
coast, although the prevailing winds are on
shore, longshore and offshore winds are very 
comruon, so that the standard terms are apt 
to lead to confusion . 

Figure 3 illustrates a profil e of a well
developed dune system on the north coast. 

Botany 

The fronta l dunes are stabilised by grasses 
and creepers on the seaward slope, small 
shrubs or stunted trees on the crest, and 
tall shrubs and small trees on the landward 
slopes. The hinddunes are, in their virgin 
state, held by various forms of tree growth. 

The principal indigenous species on the 
north coast, proceeding landwards from the 
beach, are as follows:

Frontal Dune. - Sand spinife..-x 
(S pinife:t: hirsutus) , prickly couch 
(Zoysiamacrantlra), goatsfoot (Ipomea 
pes-caprae), pigface ( Carpobrot1ts 
aeq uilaterus), scented fan flower ( Scae
·vola suaveolcns), coastal wattle (Acacia 
soplrorae). coastal honeysuckle ( Batlk
sia iutcgrifolia), heaths (Leucopogon 
spp.) and tuckeroo ( C~tpa11iopsis 
anaca rdioides) . 

Hi11ddwtes.-Heaths, coastal honey
suckle, tuckeroo and paper bark (Mela
lertca spp.) in association: or eucalypt 
(Eucalyptus spp.) -she-oak ( Casum·ina, 
littoralis) association ; or climax of 
coastal honeysuckle. paper bark and 
various rain forest species, includin~ 
lillipilli (Acmacua s111itlrii). brush bo~ 
( Tristania confer/a) and brown pine 
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(Podocarpus elata) : or heaths, dom~
nated by bottlebrush ( callistemon sp.) 
and saw-toothed honeysuckle (Banksia 
serrata). 

Topography 

The topography of the hindtlunes, as of 
the frontal dunes. is gently undulating, con
sisting usually of successive lines of low 
dunes parallel to the sea shore. each trough 
intlicating the location of a former strand 
or shore line. In low-lying hollows, swamps 
often occur . 

The extent and area of the dune s,·stems 
\'ary widely. and range from a quart~r of a 
mile to 5 miles in width, and from ro to 70 
feet in height. The best developed dune 
systems occur between creeks or rivers 
which run parallel to the sea shore and the 
beaches themselves. The creeks, particular
ly on the north coast, usually enter the sea 
<'-t the northern ends of beaches, and at the 

poiut of entry, the duue systt!lll breaks down. 
giving way to sand spits. 

Destruction of Vegetation 

On the frontal dunes. clearing of sand
binding vegetation, particularly sand spiui
fex, automatically renders the expo:-:ed bare 
sand susceptible to wind action. ExcaV<l

tions are apt to giYe rise tn blow-outs \vhich. 
if permitted to extend. could result in the 
development of large drifts. :1.ttgmcntcd by 
fresh sand from the beach. Thet·efore it i::: 
essential to fill in all cxca\·ations. and to 
re-establish vegetation without delay. on 
completion of mining operations. Mining- of 
formerly stable frontal dunes has, in th<; 
past, been responsible for minor sand drift 
inland, which has recenlly bt:CII hrnught 
under control. 

In .this connection, it i~ to be noted that 
many coastal dunes which have not bec11 
mined for rt!tile are highly unstalJ!e, or only 

(Photo lt. Anthony, )!urwlllumbah). 

Fig. 4.-CUDGRN. Hinddune scrub cleared in rutilc mining 
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Fig. 5.- SOU rH FINGAL. Brush fences erected after frontal dune was re-shaped; M:arcl1, 1953. 

partially stable at the present time. Insta
bil ity in such cases has invariablv been 
brought about by uncontrolled grazino- by 
::: tack, clearing of Yegetation and C-'-'Ce~sivt: 
foot and vehicular traffic. 

To date, no sand drift has arisen on hind
dunes which have been mined for rutile. 
probably because such areas have been pro~ 
tected from the full force of onshore winds 
by a belt of vegetation on the seaward side. 
In consequence, no d ifficulty has been e-x
perienced in stabilising and revegetatino- the 
hinddunes.. A typic~ l belt of paper 

0

bark 
:~crub, port1on of wh1ch has been destroyed 
111 the course of mining operations, is illus
trated in Fig-ure 4· Minor drift can be ob
~erved in the frontal dune; the white strips 
m the centre of the photograph constitute 
bare, but not drifting sand. 

If, however, all tree growth between the 
l1inddunes and the sea were cleared sand 
drift over the entire area could very ;eadily 
·develop, unless special precautions were 
ta~e!l ; in fact this has happened in rutile 
1111111ng areas on the Queensland south coast . ' 

Long-Term Effect.s 

Experience at the Sen-ice's experimental 
centres and on rutile mining areas has shown 
that, provided mechanical and vegetational 
control measures are fully implemented. it is 
possible to rehabilitate mined areas so that 
the frontal dune should have a good cO\·er 
of grasses and creepers within one year of 
completion of mining operations. \ Vithin 
two years, the seaward side of the frontal 
dune should be perfectly stable, and the land
ward side should have a good cover of 
young shrubs. Within four years, the fron
tal dune should be perfectly stable through
out, with g rasses, creepers and shrubs of up 
to 5 feet in height. Back areas regenerate 
within a year or two, if protected by a wind
break; if not, complete regeneration may 
take as long as with the frontal dunes. 

There are, however, other factors which 
might be considered, one being the effect 
on agricultural land adjoining the dunes; 
another being the effect on indigenous rain 
forest trees. Most rutile mining lease,; 



are far removed from good quality agricul
tural land, so that agri~ultural p~oduction is 
not affected. However, there IS a danger 
that the complete destruction of the paper 
bark scrub and brush forests could result in 
the pennanent loss of certain rain forest tree 
species of considerable botanical interest 
which are becoming increasingly rare. In 
fact . this feature has been observed on 
areas other than those mined for rutile. 
The desirability of re-establishing the 
original vegetation on cleared areas which 
ad join timber country, or substituting a 
comparable type of vegetation. is obv ious. 

MECHANICAL CONTROL MEASURES 

:Vfechanical control measures are of the 
utmost importance in the rehabilitation of 
mined a reas, and usually must precede any 
attempt to re-introduce vegetation. The type 
of control measure varies according to 
whether open-cut or dredging methods are 
used, and whether the foredunes or hind
dunes are worked. 

Disposal of Overburden 

The objective should be to conse n·c as 
much pure sand as possible in its original 
location. Therefore, overburden should h~: 
pushed lengthwise along the beaches and 
dunes and not into the sea, as has often 
happened in the past. O n completion of 
mining, whether by open-cut or dredging
methods. the overburden should he pushed 
back into excavations. 

Sometimes, dredge ct:ttings are made 
among the frontal dunes very close to the 
beach, so that only a thin ridge of sane! 
separates the d redge pool from the beach 
(see Figure 2). To a,·oid the formation of 
blow-outs which could result in heavy sea:; 
washing into the dredge pools. the cutting 
should be made so that the ridge is as wide 
as possible; overburden, pushed against the 
seaward side nf the ridge, can he used for 
this purpose. 

F ig. 6 .-SOUTH F L'\G.-\L. Same area as Fig. 5. after frontal dune was planted to marram grass ; 
September, 1955· 
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Fig. ;-.- CCDGEK. Brush fen ce and barriers protecting young marram grass plantation; seaward 
slope not yet trea.ted. 

Pumping of Tailings 

In the dredging process, tai lings are nor
mally pumped back into the dredge pool 
while mining is still in progress. By extend
ing- the disposal pipe:; from the portable 
::.eparation plants, tailings can be pumped 
for a distance of up to 500 feet into depres
sions o r low-lying areas fo r the purpose of 
re-shaping damaged dunes. 

Re-shaping Dunes 

The most satisfactory results in re-estab
lishing badly damaged frontal dunes have 
been achieved by re-forming the dune by 
dozing- or pumping tailings, so that the re
constructed dune is <tt least ro feet, but not 
more than r 5 feet, above the level of the toe, 
whkh should conform with the general and 
normal configuration of the beach. The bat
ter on the seaward and landward slopes 
should be fairly gentle-not exceeding r in 
] - t o avoid scouring by wind and under

mining by wave action. The crest should be 
as wide as possible-at least 20 feet. 

It is not necessary to reshape damaged 
dunes to the contours wh ich C."<isted prior 
to mining; in fact, sometimes such action 
would be inadvisable. Frequently, the angle 
of the sea\\'ard and landward slopes of a per
fectly stable dune is as high as 6o degrees, 
w hich is far too sheer a slope for the re
introduction of vegetation on bare sand. 
Restoration of the frontal dune should be 
directed primarily to the formation of a 
fairly low, broad-topped dune. 

Brush Fences 

'When the frontal dtme has been reshaped 
to the desired conformation, a brush fence 
4 to 6 feet in height and running parallel 
to the beach should be erected on the shoul
der. In very e.-xposed positions, brush fen
ces at right angles to and on the landward 
side of this fence. and at a distance of ro0 
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Fig. 8.- CUDGEN. ~atural regeneration of original shrub growth (Duboisia sp.) on hinddunc arcn.: 
two-and-half years after mining. 
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to 250 feet apart, may also be necessary. 
Figure 5 shows an area where hoth types 
of fence were used; Figure 6 shows the 
same area three years later. following the 
planting of marram grass (A 1111110 phi/a 
ar.enaria), on the seaward slope and the 
natural spread of Sa!1d spinifex throughout 
the marram grass plantation. As can be 
seen, the brush fences, which were origin 
ally 5 feet above the surface of the sand, 
have been almost completely overtopped; 
the restored dune, which is now approxim
ately I 5 feet high, is quite stable-in fact, 
more stable than the adjoinin~ sections of 
the dune which had never heen disturbed. 

Brush fences can also be used to build 
up hollows or seal off gaps in an otherwise 
stable dune. In rutile mining. cuttings are 
frequently made in the frontal dune:s to pro
Yide access to the beach for machinerv. 
Normally, they cause li ttle trouble. but they 
should be a ,·oided as far as practicable, s ince 
sand tends to blow through the gaps, form
ing troublesome blow-outs. For quicker re
sults, gaps should be filled in by dozing. 

The purpose of brush fences running
parallel to the beach is to retard drift caused 
by onshore winds, usually easterly all() 
north-easterly; brush fences running at right 
angles to the beach and to the main fence 
help to retard drift caused by longshore 
winds, usually southerly or south-easterly. 
S ince most beaches generally face cast, the 
fences on the shoulder of reconstructed 
dunes usually run north and south, and the 
angled fences run east and west. 

Brush Barriers 

Brush barriers, 1 to 2 feet in height. and 
at distances ranging from 15 to 30 feet apart, 
are ttsed to supplement brush fences, and 
to protect initial grass plantings (see Figure 
7). They prove highly effective when Iaiel 
across any fairly level area of bare sand. 
and should be used particularly on the sea
ward and landward slopes of reconstructed 
frontal dunes. l n most cases, they should 
run roughly cast and west, to counteract the 
strong longshore winds. 

~ •; t'f .... o I ,- o 

Fig. 9.-CUDGE!\. i\farram grass and creeping groundscl. fourteen months after planting among brush 
barriers in semi-exposed position. 

Following erection of brush fences, and 
laying of brush barriers suitable grasses and 
c reepers should be planted among the bar
riers. 

Spreading of Brush 

Frequently, scouring develops on the 
s~e~ply slo~ing side~ of dredge pools or 
suntlar cuttmgs. Tlus trend can be quite 
e.-1sily overcome by spreading brush, in the 
form of young saplings, directly on the 
s lopes. Usually, grasses and creepers will 
then . appear by natural regeneration, but 
plantmg of grasses may be necessary. 

Occasionally, funnelling or "disj1ing out" 
tends . to develop on the landward side of 
reconstructed dunes where the slope is too 
steep. This tendency can be offset by dump
ing brush in hollows, so as to trap sand. 

Brush may also be dumped in gaps or 
breaks on the frontal dune, so as to cause 
accumulation of sand. If funnelling or scour
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ing still persists, bulldozing may be neces
sary. 

Materia~s for Brushing 

The most suitable material for brush 
fences is she-oak. For brush barriers, 
honeysuckle, particularly saw-toothed honey
suckle, is most effective. However, any fine
leaved brush which retains its leaves for a 
long period after cutting is satisfactory. 
Ample material for brush fences and barriers 
is usually available from the hinddune scrub. 

Replacing of Topsoil 

In the back areas, there is often an appre
ciable layer of blackish peaty humus over
lying the pure sand, to within I 50 feet of 
the frontal dune. ·where a depth exceed
ing 3 inches of humus exists prior to min
ing, it is desirable to strip topsoil to a 
depth of 12 inches, and stockpile, pending 
completion of operations. Provided all ex
cavations are filled in, the mined area level



led off, and the orig inal topsoil replaced, can be extended to co,·er a ll bu t tht: lwttest 
there is no danger of d rift a rising. The months of the year. Some rutile mining 
original grasses and shrubs u.su~lly appear operators practice watering of ~ras~ a nd 
by natural regeneration \nthm a few creeper plantings on the dunes. In this 
months and. within a year. a complete way, planting can be underta ken th rough
cO\·er can be expected (see Figure 8). out the year ; nevertheless, the best results 

are invariably obtained by planting- in the 
H owever, where the existing topsoil has cooler months. 

a low or neg ligible humus content, and 
where a protective belt of shrubs or trees Revegetation of mined a reas. a: of any 
seawards of the hinddunes is lacking. the sand drift area, should be carried out in 
h inddunes should be rehabi litated in the three successive stages . viz.: p ri nta ry, 
same way as the frontal dunes-that is. secondary and tertiary stab ilisation. 
iences and barriers should be erected. and 
grasses and creepers planted. Primary StabiJisation 

O n frontal dunes, this consists Pt the 
Mulching Materials planting of g rasses, marra m and sand spini

'Many early plantings of ma rram grass 
were hlown out on rutile mining areas. due 
to movement of sand away from the plant
ings. This trend can be counteracted by 
spreading mulch, in the form of reed top~: 
and small fragments of brush. throughout 
the g rass plantations. Nfulch should be 
used on all grass plantings. wherever prac
ticable. 

fex, shor tly after the surface of the dune 
has been reshaped and brushed. Excellen t 
results have been obta ined with ma rram 
grass planting at Cudgen, one o f the 1110st 
important rut ile mining cen tres ( sec F igure 
9) . Sand spinifex has also g iven good re 
sults, although the init ia l s trike and early 
g rowth are not a s good as with 111a rra m 
grass planting. Both g rasses requ ire the 
protection of brush barriers, p referab ly laid 

VEGETATIVE MEASURES some months prior to planting-. a nd of 
mulch at the time of planting.

There are comparatively few native 
grasses and shrubs that can withstand sand In fairly protected situations, or where 
blast. salt spray and strong salt-laden the drift of sand is very slow, creepers 
,,·inds, all of which are common feahtres such as pigface and creeping g roundsel. 
on the :-Jew South \tVales coastal sand which are normally rega rded as secondary 
dunes. Unfortunately. even the most hardy stabilisers, can be planted on their own. or 
native species do not lend themselves concurrently with grass planting, but in 
readily to the usual methods of propaga most cases, creepers should not be planted 
t ion. Accordingly, much use is made of until the d rift has been st illed to some ex
exotic species such as marram grass and tent by g rasses. 
creeping g roundsel. O n exposed hinddtmc areas, that ts. 

A list of the more important g rass, shrub where a ll vegetation has been cleared be
and t ree species, which have to date proved tween the hinddunes and the beach, sand 
most dependable in rutile mining- areas. is spini(ex should be planted among brush 
g iven on T ables r. 2 and 3. together with barriers. H owever, on protected hinddune 
instructions on methods of propagation. One areas, seeds or tu rves of couch g rass can be 
species on T able 3, viz., she-oak. has not planted after replacement of the original 
yet been tried out in rutile mining areas, topsoil, where a layer of humus existed 
but it is included because of its good per prior to mining. Good results have been 
formance at Il uka under conditions resemb obtained in this way. but planting on sand 
ling those in rutile mining areas. devoid of humus has g iven poor results. 

The planting seasons given a re for the To boost the growth of g rasses and creep
north coast only. On the central and south ers, fert ilisers sulphate of ammonia . super 
coasts the planting season for most spectes phosphate and muriate of potash-can be 

SAl\ D STABI LISI .l'\G SP ECIES . 
Tt\B LE I.- PRIMAR Y S T ABI LISERS-GRAS'>l:;:S. 

Seed Ripens. 

) l;ur.. ru Grass 
(A uw st,ph rlrr 
at• •:arra). 

S:uul ..,pmi£ex 

hinu!rnl.'·"'"'"''·' 

Cmwh &.:rallil.S 
IC) Ut'4/c)U 
dtrrly l o11 ). 

l'i~: fno-e (C<~rP.n· 
l;r utu,t;; fl(l]ru ln · 
/(ru,"). 

Crrt·pin~: 
s:: rou nd,:.t>l 
(:)t'u,~io 
rra .t .. ifloru () . 

Ru nnin,; bean 
(Call(u•alin 
maritima). 

co~-c~l WMtl~ 
(.i t iJ:Cta 
.ophnrn•). 

C\'pru~ wattle 
· CIIeM ia 
,·ya uoph,·lla) . 

Vi te~ (Viux 
trij nlia). 

Coas t nl ho ncv· 
suckle fDauk· 
S ill· iutc·s r i· 
f olr'rr). 

Cora l tree 
(E Yy lhruaa 
corallotlcu· 
d ron ). 

S hc·oak 
(Cas uaruw 
cqu istt ifolirr). 
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Flower~ : December-
j nnu:ur. 

Do(.•$ not st."t scctl in 
:-;.s.w. 

:'\o\'\'mhcr- Dt."'CCmbcr 

J ;um:lry ).l.trdt 

Seed Hi t>cns. 

Scpteml>rr- :\overnbcr 

Et~ rl r spring ... 

October-December ... 

Prop:1ga t ion. 

~lctbod. / Period. 

Roots: 4-6 rhizomes 
cut or pulled irom 
vigorous parent 
pbnt and t rimmed 
to to·· in.-ts· in .; 
plant deeply.

Seed with mulch . .. 

Rooted cuuinj:;. 6- S 
leaves. 

Seed .. . 

Rooted cu ttings or 
tu rv es. 

June-Ausu st 

Fcbrunry-,:\tarch 

J une-August 

April-~ta r . . . 

~lay-Septembcr 

T .\DLE !I.-SECOND AR Y STABILISERS-CREEPERS A!\D SHRUBS. 
----~-------------

Propo~:t t ion

Method. I 
. 

Period . 
l.OC:ltion, Rcuoarks. 

Onnlll'r Jnnu")' .. . Rooted cultin~:s. 6·in .· Apri l-Sep tember . .. Crest and l t~ ndwnrd Can be planted on 
t :· in . fcont vigorous s lope of fro nta l dune, its own \\'here drift 
g rowth. Spac ing anywhere on hind · s low. but if too far 
3 ft. x 3 fl. or -1 ft. du nes ; pnr licularly apart. causes bum· 
X -1 ft. nmong marr:.Ln1 znoekin~. 

~;rnss planting$.
October- :\o,•• ml>er. Rooted cuuings abo ut April-September . .. Crest and landward As for pigfacc. 

(Apparent!\· not r o·in . long, p refer· slope fron ta l du ne 
viai>Jc). · ably including ter a ll pa rts or hind· 

mina l shoot. S pac · dune. 

ing 3 ft. x 3 ft . or 

4 ft. X 4 fl. 


~larch-Junc ... ... 
 Au~;ust-Octo!Jcr ...Sow seed among Crest and landward 
grasses and creept"rs . s lopes o f fronta l 

dune : all pa rts of 
hindduntS. Pro· 
tccted situ:~tions. 

Octohrr- :\0\'CIIIber Seedlings raised from Sow in s pring or Crests nnd landward 
se:~d in nursery. autumn, pl3nt out slope of dune, 9uite 

autumn or following exposed sit ua tions. 
spring. among grass plant· 

ings, to within 100 
Seed. Sow d irect .~utumn or Spring: ... feet of toe of fore

among gt':ISSCS and d une. 
c reepers where sand 
quite s till. 

<Jc tober- :-;o ,·ember As for Coastal Wattle As for Coastal Wattle Hinddunes only. in 
protected situ:~tioM . 

May-June . . . Rooted cuuings . .. )lay- Septernber .. . Crest fro nta l d une. 
senl i·uposcd posi· 
t ions. 

TABLE Ill.- TERTIARY STABILISERS--TREES. 

Pro paga tion. . I
Method. Period. 

Scedlincs r a ised fro m 
seed in nursery. 

Seedlings to I~·in. 
transp lant ed from 
scrub wit b oris ina l 
soil su rrounding 
roots. 

Roo ted cu ttings ... 

Seedlings r.Used fro m 
seed in nursery. 

Sow in spring, plant 
ou t following yea r. 

lllar to Augus t ... 

Sow April· ~l ar or 
.-\usust ·September; 
r,tant out spring or 
allowing ;uuumn. 

Location . 

Seaward slopes and 
crest of front;~J 
d unes ; a lso on hind· 
d unes where slow 
drill of sand. 

Landward slopes of 
fron ta l du ne: all 
parts of hinddunes. 

All parts of front:.! 
dune and hinddunes. 

Hinddunes onlr . 
wh ere sand quite 
s till. 

Location. 

Land ward s lopes o l 
fro ntnl dune : nil 
parts of himldnnes. 
Semi·cxposcd posi· 
tions. 

Jlinddunes where well 
pro tected from salt 
spray and wind· 
b last. 

Crest o f front a l dune 
and bindduncs. Ex· 
posed s it uat ions to 
wit hin 180 feet of 
toe o r loredunc. l 

R emarks. 

Do not plan t too 
close to toe ot 
frontal d une-
canno t withstand 
submergence in salt 
w-:a.ter. 

Soak seeds in fresh 
or salt water befor-t' 
planting. Wit h· 
~tands submergence
in salt water. 
Runners (t r.Uiinl" 
S l CutS) sh ·e poor 
resultS. 

R•'quires slil'hl humus 
content. Tun·es o:
cullings gi, ·e best 
results. 

Sow only after 
J;:r:as.ses we.U estab· 
li£bed. 

Xursf'.ry plantS high ly 
susceptible to 
insect pests. Treat 
with gamme:xan~ 

.-\" for Coastal \\'aule. 

Su itable onh· !or far 
North Coait. 

Remarks. 

Vcrr s low gro wth in 
early s tages. Tra ns 
plants from scr ub 
give only a fai 
~ trike. Suitable fo 
nil parts of coast . 

Suitable for n orth 
and centra l coasts 

Suitable for far nonb 
coast. Rapid c rowt b 
in eo~rl y s tages. 
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broadcast among plantings. At the Ser
vice's experimental areas, grass and creeper 
plantings have shown an excellent response 
to a quarterly application of a mixture of 
fertilisers at the rate of ro lb. sulphate of · 
ammonia 5 lb. superphosphate, 5 lb. potash 
to 100 square yards of plantin~.. Similar 
results could presumably be anttctpated on 
rutile mining areas. 

Secondary Stabilisation 
Several months after the satisfactory 

establishment of grasses on the frontal dune 
and exposed parts of the hindclune, creep
ers should be introduced among grass plant
inas (see Table 2). ·within 12-18 monthsotarass planting, sand movement is usually 
sufficiently stilled to permit the planting 
of shrubs on protected parts of the frontal 
dune, and most parts of the hindclune. 
Seedlings of coastal wattle, raised in a nur
sery, should be planted out when 6-9 inches 
high; alternatively, seeds may be sown 
direct, but only where the sand is quite 
still. Except in protected situations, seed
lings or seeds should not be planted closer 
than 100 feet from the toe of the frontal 
dune. 

On protected back areas, seeds or seed
lings of cyprus wattle. should be planted, 
following satisfactory establishment of 
grasses or natural regeneration of the 
original shrub growth. 

Tertiary Stabilisation 
\Vhen grasses and shrubs are well estab

lished, trees may be planted (see Table 3). 
Coastal honeysuckle and she-oak may be 
planted to within 250 feet of the beach even 
without the prior protection of shrubs. The 
other species listed can grow ·in pure sand, 
but only iu very protected situations. In 
most cases they should not be planted 
.closer than 400 feet from the beach. 

CONCLUSION 

It is quite practicable to prevent sand 
drift arising out of rutile mining operations 
and to bring under control any drift that 
may develop. To avert the danger of drift, a 
great deal of bulldozing, brushing _and a 
considerable amount of hand plantmg of 
grasses, creepers and shrubs is required. 

Investigations at the Serv ice's sand drift 
control experiment centres. at~d on. the 
beach mining areas are contmumg, wtth a 
view to improving present methods and 
techniques of brushing and planting. 

In conclusion some guiding points are. 
summarised : 

( r) \Vhere gaps are cut thr~ugh .or 
developed in the foreclune, fill 111 wtth 
bulldozer, or erect brush fence across 
gap, or dump brush ; . then plant to 
sand spinifex and/or ptgface. 

(2) ·where scouring develops on 
steeply sloping dunes. spread young 
saplings of brush . 

(3) To counteract furro~ving and 
funnelling on the lancJ,,·ard stde. dump 
brush. 

(4) To rehabilitate a badly . dat;r
aged foredune, doze sand or pump ~atl
ings to reshape dune to IO-IS feet htgh, 
with a wide crest and gentle batter on 
the slopes. Erect brush fence on 
shoulder, parallel t? beach, and lay 
brush barriers at nght angles t~ tl~e 
fence 15-30 feet apart; where dnft ts 
seve;e erect additional brush fences 
at riaht angles to the main fence, ·roo
250 feet apart. Then plant seaward 
face to . marram grass and/or sa!1d 
spinifex crest to marram grass, ptg
face and creeping groundsel and fol
low up with shrub planting to within 
100 feet of the toe of the dune. 

(S) To restore a damaged hind
dune area where protected and a layer 
of humus' in topsoil existe? prior to 
mining, level, replace topsotl,. plant to 
couch grass and follow. up wttl~ shrub 
planting; where topsOil contatns no 
humus, treat as for damaged foreclune. 
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PERENNIAL GRASSES TESTED FOR 

SOIL CONSERVATION. 


BY 

D. G. CutERO!-;, B.Sc., Agr., Soil Conservationist. 

TH 1.:: importance ~f usin&" vegetative as 
"ell as mechamcal sot! conservation 

n_1ethods has been frequently stressed and 
smce 195~ the Soil Conservation Service has 
been seekmg new plants for the protection 
and reclamation of eroding land. 

The pl~nts ~ollected to date have been 
tested mamly t.n the section of the State 
served by .the s~x research stations, roughly 
~he 19-26 m. ramfall belt in the south rang
~ng to the 24-30 in. belt served by In:verell 
m the north, that is the \Vestern Slopes and 
H~mter . Valley.. Any conclusions stated in 
thts at:ttcle. are only valid in the area indi
cated m Ftg. 2. 

The es~ential features of a grass for soil 
conservatton uses may be listed as follows: 

Establishment: Rapid establishment 
under adverse conditions of soil fer
tility and moisture is essential. 

Habit : A rhizomatous or stolonifer
ous sward-forming habit, free from 
extreme weed potential and tolerant of 
associated legumes, is required. 

Seeding Characters: Good production 
of seed that is easily harvested and 
handled is complementary to ease of 
establishment. 

. Vigour: A species capable of making 
vtgorous growth all the year would be 
ideal. 

Drought Tolerance: This area requires 
ability to grow well into a dry spell as 
well as persist through the severe 
droughts experienced. 

Adaptation : Development of plants 
useful under narrow ranges of climate 
and soil is not warranted at this stage. 

Persistence: Good perenniality is re
quired for waterways and other points 
of pennanent erosion hazard. 

Pest and Disease Resistance: Freedom 
from parasites likely to kill or weaken 
the sward is vital. 

Economic Utility: The grasses used 
must be capable of fitting into the 
general fa rm conservation programme, 
being reasonably palatable, non-poison
ous and free from other weedy features. 

Rhodes grass ( Clrloris ga::,•a11a), and 
phalaris (P. t-uberosa), are the main peren
nial grasses used for soil conservation pur
poses in this section of the State, although 
their successful use is, at present. cot~fined 
mainly to the eastern half. It is against 
these species as controls that all peretmial 
grasses have been tested, the essentially 
cooler season species against phalaris and 
the others against Rhodes grass. 

A nmnber of native and naturalized 
grasses, together with most available com
mercial lines, have been included in the 
programme. They serve as a guide to the 
potentials of the various introductions, espe
cially those lines which are too numerous 
to establish in sward plots. 

The introduced grasses in the main have 
been received from the C.S.I.R.O. Plant 
Introduction Section. The assistance and 
encouragement received from this section. 
especially Mr. W. Hartley, Mr. C. A. Neal
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Fig. I.-lVIcchanical soil conservation measures must be follow ed by vegetative cover to achieve 
complete stabilisation. 

Smith and more recently Mr. J. F. Miles, 
is very much appreciated and gratefully 
acknowledged, as also is the assistance re
ceived from the N .S.\t\1. Department of 
Agriculture and especially Mr. \V. T. 
Atkinson. 

Preliminary results of this work have 
been published by Cameron ( 1954) and 
conclusions relating to those grasses suffi
ciently tested for broad classification up to 
April, 1955, are given here. They are 
classed as : 

(a) 	Showing sufficient promise to 
warrant further testing. 

(b) 	Have shown some promise but dis 
carded because of certain features. 

(c) 	Of no value. 

WARRANTING FURTHER TRIAL 
Pa-nic-wm coloratnm.. Makarikari strains. · 

P. colm·atwm is a very variable summer
growing species of which only four acces

sions had been widely grown. These are 
CPI-7939 (SCS-r6z), N .S.vV. Department 
of Agriculture accessions, Kx-19 (SCS
1408) and Kx-2o (SCS-555) and an un 
identified C.S.I.R.O. line (SCS-zoro) . The 
first three are strains of the variety mal.:cl1'i
karieus£s (Makarikari panic) given rating 
by some authors as a separate species. These 
are the only perennial grasses to shovv out
standing vigour and habit, but unfortu
nately they have poor seeding characters 
and it may be difficult to isolate a suitable 
seeding strain. 

U ntil 1954-55, SCS-555 had been re
garded as sterile, but under the recent wet 
conditions odd filled seeds were obtained. 
SCS-14o8 seeds lightly while SCS-r62, 
though its seeding habit is by no means 
ideal, is the best, but it is slightly inferior 
in vigour and habit. It may, however , be 
necessary to fall back on th is line if better 
seeding types cannot be obtaineq. Poor 
seed yields are the result of two factors, 

\'m·ying· degrees of sterility combined \\'ith 
an_ ex~endecl ~owering period and rapid 
~hattenng of npe seed. 

The Makarikari panics are vigorous, 
ktrdy ~incl :;toloni(erotts. They could prove 
useful 111 sods unsuited to Rhodes g rass such 
as the heavy chernozemic soils of the North 
west and Flunter V alley. The best strains 
~~ay not be as vigorous as commercial 
l':hocles grass when the latter is at maximum 
n gour, but . they have a longer growing 
seaso~1 , startmg earlier in the sprin()' and 
growmg later into the winter. "' 

The. habit is satisfactory for most soil con
servatiOn uses, being semi-prostrate. and 
capable of satisfactory spread if thr:.v are 
not grazed while growth is vigorou;:: . · The 
stolons grow more slo \\'ly than those of 
Rhodes grass but they are generallv heavier 
and more leafy and root clown bet-ter. 

Drought tolerance and palatabilitv. as re
por~ed by Van Rensburg ( 1948) oi1cl other 
Afncan workers, are quite good. T he 
mature stems are rather harsh in some lines. 

It~ ab!lity to establish from seed \\'hen 
a_n:-1 1£ t l.lls can be o~~ained in suitable quan· 
t1ttes wlll be the cntrcal · factor cleC"iclinrr the 
final valu~ of Makarikari panic. H tunphreys 
(Unpubl!shed) has obtained an indication 
that SCS-162 has better final r:menrence 
than Rhodes grass on chernozem-like "soi ls 
uncl~r pot conditions. Unfortunatelv. he also 
o~tamed an . indication of slower er;1ergence. 
Fmal establishment was not tested. 

l:./11·/w·rta. calycina. Perennial veldt grass. 
This commercial species has shown two 

1~romising features, ease of establishm~;>nt on 
hghter textured soils and drought resi<>tance. 
On sandy granitic soils at Cowra it has 
been the easiest species to establish in 
autumn, but results on heavier soils have 
not been so good. Drought tolerance was 
also excellent at Co\\'ra and \ iVelling-ton in 
1954· 

It i~ used to some extent as a pasture 
plant 111 South and \Vestern Australia but 
it _r~mair:s to be seen if it can be effect'ively 
utrhzed m any of the drier areas of this 
State for soil conservation. Persistence is 
repu_tedly r~ther poor at: d tussock type is 
not 1deal bemg too compa t and erect. Ieav

ing hare ground between individual plants. 
\ 'Veakly rhizornatous forms are however. 
being obtained for trial. ' · 

Cenclzrus ciliaris. Buffet grass. 
SCS-232 obtained from the Queensland 

Deparb11ent of Agriculture and Stock as 
Type D ( Q-2948) has sho\\'n some promise 
over the 1954-55 summer. when it p roved 
a rapid g rowing, leafy plan·t with a tendency 
to sub-surface tillering in its first year. 
Commercial material has proved a weak. 
compact plant to date. easy to establish but 
of little use in this zone. If a plant can be 
obtained with the same ease of establishment 
and hardiness, but a better habit and vi.Q"our 
it could prove useful in the northern por
tions of the zone in Fig. 2. 

SOME PROMISE BUT DISCARDED 

These have shown some promise but have 
been discarded because of certain undesir
able features or inferioritY to the standard 
lines. 	 · 

Agrop~yron g/a.uctun and A . obtusi!lsculum 
( CPI-9352 and 9353) . 

These lines g row \\'ell for limited periods 
in flush seasons, but do not appear quite 
hardy enough for widespread use. Establish
ment has usually been slower than for 
phalaris and they are more sensitive to mois
ture and weed conditions. \Vhile these two 
lines are being discarded A . -intennedimn 
and A . elongatum which are verv similar 
but slightly superior wiH be temporarily 
retained. 

Agropyron sem·icostatmn (CPl -I r970) . 
Drooping wheatgrass. 

The promise in initial rows was not main
tained in swards, establishment beinQ" poorer 
and vigour lower than expected. Persistence 
has been almost of an annual nature and 
regeneration from seed poor. Best perform
ances were at Inverell. 

AstrPbht lappacea (various native selec
tions) . Curly Mitchell grass. 

vVbile much poorer than Rhodes ,grass 
they were the best of the summer-growing 
native species and did moderately well dur
ing moist summer periods. The habit is 
too compact and semi-erect for gener::tl use 
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but it may be of value in the north-west strain be identified then it should be imme
marg in of this zone. diately reconsidered. 

Braclzypodium Pl11miocoides (CPI-1719) . Dactylis glomarata var. hispa11ica ( CPI
A most difficult species to establish and 2145). S panish cocksfoot. 

all sward plots have been disappointing-. In It has shown drought resistance superior 
rows, when established, foliage is harsh, but to other cocksfoots being the only one to 
it is weakly rhizomatous and fairly vigorous. pers ist though 1954 in swards at Cowra. 

Vigour is excellent but is limited to autumn
Bromus carina/us (CPI-3455) . California and spring . It has been quite easy to estabbromegrass. Jish but the tussock is very compact and 

It has died out during dry years hut has it is susceptible to both leaf and stem rust. 
done bet ter in very good seasons. It is More suitable lines are available. 
slightly inferior to better types of prairie 
grass. Dactyli-s glomera fa ( 1-71). Cocksfoot. 

A more typical cocksfoot than the lzis
Buchloe dacl)•loides (CPI-9513 and A-261). panica variety and has done ~etter than

A merican buffalo g rass. commercial material. Peak vigour was not 
While it has continued to show nrotnise as good as lzispanica but of a more extended 

fo r soclding, where good soil hincling is duration. Drought resistance is poorer. 
required w~thout bulk, native couch grass 

Eragrostis curv ula ( CPI-1 1471, SCS-&Js>has proved JUSt as good. The only improve
and SCS-I406) . W eeping lovegrass.ment over couch g rass has been ready seed

setting. It is completely dormant in winter. Ease of establishment has been its most 
promising feature and drought rec;istance 

Cvuodo11 dactylon (CPI-rr36o-Tifton is also very good but the tussock is too 

I 
 Strain). Couch grass. ' 
 compact. Despite numerous references to 
This has proved most useful for sodding the contrary, indications of e-xtreme unpala

I 
purposes but its vigorous spread hy both tability have been obtained. While it will 
rhizor?e an.d stolon make it too dangerous be tested in the \ Vestern Division it is being 
fo r wtdespread use. Native couch 

~ 
arass is discarded elsewhere. . 

a senous weed o£ cultivation on lighter soils 
Panicwn antidotalr. Giant or blue p;tnic. in areas of summer rainfall and Tifton strain 

would prove a greater problem. This commercial species has been nsed to 
to a limited e..xtent for waterways but is not 

Cynodon placlostaclzyum (CPI-17095, an ideal type, being too erect and tussock'?'· 
16886, 16664 and 15893) . Afric:m star _-\ summer grower. it is quite vigorous m 
g rass. suitable areas but pro,·ides poor ~o~d 

A summer grower with most promising level protection because of its erect hab1t. 
vigour and a prostrate bulky habit. Strongly Pemzisetwa clalldeslinum (SCS-r70-1. Seed
stoloniferous, it spread up to 20 feet in one ing strain ). Kikuyu g rass. 
sunu.ner at Scone but Van Rensbury ( 1948) 

Because seed production could have inhas mdicatecl that no weed problem exists, 
creased the weed potential of this rhizoit being easy to remove from cultivation 
matous species in arable areas it ha~ beenland. A number of references were sighted 
discarded. Seed production would lead toto possible cyanide poisoning. The Queens
more rapid spread and more difficult erad_iland Poison P lants Committee ( 1950) con
cation of this strain than the common stra111s idered it of suffic ient value to warrant use 
which does not set seed . in that State prov ided adequate care was 

taken, but as the cyanogenetic properties are Setaria argmtina (CPI-9726). 
most hjghly developed under the hot A lthoug h this species has shown some 
draughty conditions likely to be encountered promise, S. splzacelata. appears, from initial 
in New South vVales it has been removed trials, to be superior. It has a fa irly compact, 

Fig. :!.- :\Iap of Kcw South \Vales showing the ~rea to which the resu lls of these observation ~ from all nurseries. Should a cyanide-free erect tussock with moderate vigour and fairare apphcable. 
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Fig. J.-The end of a. row of ~Iakarikari panic in its second season at Scone. 

drought tolerance. Seed setting, while not 
ideal, would allow utilization. 

Sorghum almum and S. anmdinaceam 
(CPI-9840 and 12020). 

These are essentially forage plants with 
little application to soil conservation prac
tice only moderate ground level protection 
being- provided although some rhi?.Ome 
spread akin to, but weaker than. that of 
Johnson grass (S. hnlcpensc) has been noted. 
Possibilities of cyanide poisoning- have also 
heen reported. 

Stipa hyali?w (Cri-9729) . 

A tussocky native of South America that 
i:; far the best of the Stt"pa. spp. tested. It is 
not well su ited to this zone but mav be 
useful further west. Seed is set freely; but 
shatters readily. making harvesting- difficult. 
Both awn and seed are softer than most 
native species and it is more leafy and bulky. 

SPECIES OF NO VALUE 

The following types are of no ,·alue in this 
zone, though some may have uses outside 
it. Some are now being tested in the 
\Vestern Division. 

.--lcrocertts macrum (CPI-935~) Nile grass. 

Requiring at least a 30 inch summer rain
fall in South Africa and native to the 30-45 
inch rainfall belt according to Botha ( 1944), 
it was not impressive, even in very wet 
summers. I t flowered regularly but no seed 
was noted. No rhizomes and nnly very 
weak stolons were formed. 

AgroP'J'ron cristatuur, A . dcsertornm and A. 
siberic u 111. \¥heat grasses. 

Accessions tested included CPI-7656, 
758o, Ki 6.=;, of crested wheat grass, CPI
1775 of desert wheat grass and CPI-7667 
and 766g of S iberian wheat grass. All are 
very similar, being weak, of poor habit with 
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t:••mpnct tussocks and no sign of Yegetative 
spr~ad . CP~-li75 was the best but· despite 
the1r repnta~1ons ( l~ughes cl a! (1951)) for 
droug-ht res1stanc~ m America they have 
shnwn no prom1se here. Establishment 
especially in swards has been most difficult: 

.·lyrop_vro11 dasystnclr \'11 111 ( CPI-13312) 
Thickspike wheat grass. 

.~\ small, weak plant with line but harsh 
f~>hag-e tha~ has been ,·ery difficult to estab
!Jsh even m weed-free rows. Hean· leaf 
rust infection has been noted at y\lao-rra 
Scone. Gunm:dah and lm·erell. It has ,;~k 
rhizomes but is too unthriftv for further 
trial. 

.·l!Jropyron i111'1'1111" ( Cl' l-133 13) Beardless 
wheatgrass. 

. A fine leaved . compact tussock. less 
ngorons than /1. dasvstac/r vu 111 and most 
difficult to establish. - · 

,·J.qrop;;rOII riparium (CPI-13518) Stream 
bank wheatgrass. 

Very similar to A. dasystach;.•u 111. 

. -lgropyrolt scabn1111 (SCS-844) Common 
wheatgt·ass. 

Collected on Cowra Research Station for 
comparative purp~ses, ~t proved a sparse 
stemmy type of tht~ vanable native species. 
1t has erect flowcnng stems and poor per
sistence. 

Ayrop)'I"V11 s1nit/rii (CPI-8g66). \'Vestern 
wheatgrass. 

:\ vigorous rhizone that may have weed 
potential, especially as it lacks bulk and 
provides poor ground cover. Hefenrichter 
et al ( 1949) noted seed setting- in the U .S.A. 
but it was very shy here. 

A.r;roslis casfellana (CPI-12398). 
A line, weak, densely leaved turf former 

that may be of use in flumes. Leaves are 
so[t but s tems harsh and wiry, and it was 
difficult to establish from the original seed. 
Best performance was at Inverell during 
the 195-~-55 summer. 

.-lndropogon furcatus (CPI-12773). Big 
bluestem. 

Fairly leafy and dense with a tussocky 
habit. it was late maturing and s!1y seed-

ing. :\ summer grower. drought tolerance 
is doubtful. 

.-lndro pogon hallii (C PI- 1277..p. Sand 
bluestem. 

Regarded by \\"heeler ( 1 S).)O) as strongly 
rhizomatous, it has only shown weak spread 
here but was the best of the andropogons. It 
flowers readily but seed is hard to harYest 
and clean as it is light and fluffy. :\Iuch of 
the seed has also been of doubtful Yiabilit\·. 
Drought tolerance has been g-ood. 

.-JndrojJogon scoparius (CPI-12/ii ) . Little 
bluestem. 

A fine, fairly short-leaved. dense summer 
grower with a compact tussock and little 
bulk. Establishment has been difficult and 
vigour and seed-setting poor. Best per
formances were at Gunncdah and In,·erell. 

Arrenat/rentlll erianlllltlll (CPI-2283). 

Rather difficult to establish, it was weak 

with a low, dense, expanding tussock, erect 

flowering stems and poor persistence. It is 

probably more suited to cooler areas . 


Bouteloua cftrtipendula (CPI-12772) . Side-
oats grama. 

A summer growing type with good 
drought tolerance. lt seeds well and is 
easily established but is weak and tussock-y 
with a fairly harsh foliage. The best of the 
Bouteloua spp.. as reported by McTaggart 
( 19-12). It may be useful to the west of this 
zone. 

Bouteloua filformis ( CPI-12775 ) . Slender 
grama. 

:\ slender, weak, tussocky plant. smaller 
than side-oats grama. it grows further into 
the winter and has good drought tolerance. 

Boutcloua gracilis ( CPI-12776) . Blue 
grama. 

A very small, fine leaved, hardy type. 

Bromus sp. (Possibly A. erl'c fus ). (CPI
7708. 

Soft-leaved and dense with an expanding 
tussock. it was g-enerally weak and quite 
inferior to B. i11ermis. Droug-ht tolerance 
was its best feature. 



Ce11chrus seligerus (.-\376 ) . while abo,·e-ground growth was below par. 

Rrv1nus unioloidc·s. Prairie grass. 

Ease of establishment has given this com
men~ial and naturalized material value for 
~.·omparative purposes, but it is otherwise 
unsuited for soil conservation uses here. Its 
habit is too compact and vigour low after 
the first year with poor persistence. 
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g rass . 

Reputedly very hardy, it onlv showed 
promise at Gunnedah. It seeds r~pidlv and 
heavily, maturing seed in s ix to eight , \reeks. 
;-Jever taller than twelve inches it was 
generally only four to s ix inches high and 
lacked bulk and vigour. Persistence was 
.poor. as it fai led in most rows within three 
years . 

Ch/oris acicularis ( N-370 and local selec
tions) . Curly windmi ll gr ass. 

.-\ltl1ough highly regarded as a native 
pasture grass it was difficult to establish 
\\·eak and lacking bulk with a comoact tus~ 
sock and poo r 9uality cover. · 

Ch !oris lrullcala. \\' iuclmill grass. 

S imilar but even poorer than C. ncicularis. 

nactylis mariti111a (CPI-9003). 

A fine-leaved cocksfoot of the flispauica 
~ype but weaker. not as hardy and never 
1111press1ve. 

Danlhonia spp. \\'allaby grasse::s . 

. \ll lines. including D. caespitosa, D. H11kii 
and D. richardsonii failed to show anv value 
havinK compact tussock and poor v{~our at 
all times. · 

D ichantltiu111 a11mtlatum (SCS-8o1) . 

A spa rse stemmy summer grower with a 
basal leaf habit. S lightly later maturing 
bu t inferior to D. seriC£'11111 it seeds heavily 
bu t ripens unevenly and shatters readily. 

Dicltanthium sericel/111. Q ueensland b lue
grass. 

\ Vhile regarded .a s useful for soil conser
\'ation purposes in natural stands it cannot 
be considered use[ul for artificial sowings 
being tall. e rect. fairly compact and rather 
coarse and stemmy. Some variation, es

pecially in vigour. was noted in lines from 
different localities. 

Elymus angustus (CPI-68o5) . 

Thi s was removed because of its weed 
potential in arable areas, which was also 
noted hy Hafenrichter et al ( 1949) . This 
is due to vigorous deep-seated rhizomes, 

being harsh and open. It flowered but no 
viable seed was noted. 

El\'nms cauadl!usis (CPI-10636). Canada 
- wildrye. 

A summer-growing short-lived perennial 
behaving as an annual here. Initial vigour 
was good but it apparently require<; very 
mild summers. as it wilted quickly and died 
in hot weather . 

El_\']11 /IS _qi,qa uleus (CPI-t82-t- and 13320) . 
Siberian wildrye . 

Essentially a hardy inland grass suited 
to sandv areas. although Glubokov ( 1939) 
states it is used for pasture in arid portions 
of the U.S.S.R. Very coarse and harsh but 
quite vigorous and bulky. it has a vigorous 
rhizome during wet summers and could ~e 
a weed in arable areas. It flowered readily 
and although the rows were established from 
seed originally . no v iable seed has been 
collected here . 

Elymus glaurus (CPI-7340). Blue wildrye . 

It forms a compact tussock with dense 
basal leaves and erect seed heads. A sum
mer-growing type. it lacks bulk and Yigonr. 
and pers is tence has been rather poor. 

Elymus ju11ceus (CPJ-6793 and SCS-824) . 
Russian wildrye. 

.'\ hardy plant with a compact tussock at~d 
basal leaves which has growth peaks m 
autumn and spring. It has done best at 
Wellington but has been difficu lt to establish 
especially in swards and SCS-824, at ( o\vra . 
was frequently affected by stem rust and 
failed to set seed . 

El_\' IlL/Is m ol/is ( CPl- 1jC)29) . 

A summer-growing g rass with coarse, 
ascendant stemmy tussocks, generally weak 
with good seed set but a heavy awn. 
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J:/_\'111/fS ~p. ( l' Jll -93.);)) . 

. \ sparscly-foliaged . erect type with 
medium-textured leaves g iving poor g-:ound 
cover. In some years, rising temperatures 
ha\'e stopped growth before seed was set in 
the spring. 

Erawostis lcl11nanniana. ( CPI-73-P). Leh 
mann's lovegrass. 

It is fairly hardy. only leafy when con 
ditions arc good, and has fine, wirv. s toloni
ferous stems. The seed is extren-leh· small 
and shatters readih· while establisht;1ent 111 

5\\"ards has been p-oor. 

F.ra(Jrflsti.,· suf>aba (CPI- 13723) . 

1fns shown some promise and r\rott"ht 
resistance is fair. hut the tussocks are coo.m
pact nncl vigour and bulk are only an~rage. 

E rag rostis trichoidcs (CPI-r 101 5). Sand 
lovegrass. 

It is a mcdiunH.;izcd an cl erect summer
growing type with fine but spar se leaves. 
Only grown to any extent at \Vncrg-a and 
Gunnedah but d id not persist welf' 

Fcstuca rttbra ( CP.l-12384) . Red fescue. 

It was quite out of its e lement here d\"ino
out of all sowing-s in the following st~m;ne;': 

Fcstuca pratcnsis (CPI-57 13). :\•feadow 
fescue. 

F iner and less vigorous than F. arundi
nacca, it has a compact tussock with poor 
hulk and ground cover. It needs moister 
conditions. 

Ory::opsis lzymalloidcs (CPT-828r) . Indian 
ricegrass. 

Est<lblishment was only obtained at 
\Vagga where it proved very sparse and 
weak, with narrow ha rsh leaves, a compact 
tussock and no bulk. I t is useful in arid 
areas according to Wheeler ( 1950). 

Pa.nicum decoiJi posituJII. Native millet. 
This summer grower is one of the best 

nativ~ spcc~es !~ut the tussock is compact 
and vtgour tnfen or to the Makarikari panics. 
It is fairly leafy and in natural stand pro
vides quite fair p rotection. 

obtusum ( CPI-3652) . \'ine mesp 011icu 111 
(] uite . 

A summer-grower with vigo~ous sto l_ons 
that do not root do,~n very readtly, posstb!y 
because they are h_ght and not always 111 

int imate contact wtth the g round. They 
a-enerally die back to the f?Urent crown jn 
~-inter. Best results ~vere m wet summ~rs 

· on heavier soils. Qlltte hardy but bckmg 
in bulk with sparse lea,·es. 

Paspalum scrobiculatum (from C.S.T.R.O.. 
Queensland). Scrohic. 

This summer-growing type. regarded by 
PaltricJa-e at al ( 1943 ) as promising in 
O ucensJand. has only gi ,·en occasional 
periods of satisfacto ry growt~ . _vigour. has. 
as a mle, been poor and habtt 1s not tdeal 
for soil conscn•alion work. Seed ~etting 
has rarely occnrred as the season i~ too 
short. 

Paspnlu111 stramill(' t/111 ( C J>I-12492). Sand 
paspalum. 

A small, weak, soft summer grower. "·ith 
a tussocky habit and li ttle bulk. Dn?ught 
resistance has n ot been good, clesmte a 
typical rolling of the lea£ ""!1ich \\"ill com
pletely enclose the seed head m dry weather. 

Pennisctmn 'i'illos/1111. Lon~-style feather 
grass. 

A frequent ,·olunteer around towns it 
showed some promise. being fairly hardy 
and moderately bulky with slight rhizome 
development. Seeding characters are po~r . 
setting being variable and the florets, whtle 
easy to collect. would require hammer 
milling. 

Poa amp/a (CPJ-r2279). Big bluegrass. 

A sparse, tussocky plant, growing slowly 
during winter and spring but burning off 
with the first hot weather. Establishment 
was difficult. 

Poa navadensis (CPI-13325). Nevada blue
grass. 

.Most difficult to establish, it is very weak, 
semi-erect with a compact tussock and 
sparse narrow leaves. 



• ••••• 

••• •• •••• 
••••••• •••••••• •••• 

••••••• •••• ••••• •••••• ••••• 
• • ••• ••• • ••••••• ••• 

••••••• ••• •••• • •• 
• ••••• ••••• 

•• 
-- ------ ---••••• 

• •••• 

• ••••• •••• ••• ••• 
•• ••• • •••••• ••••• ••• • ••• ••• 

•••••••••• ••• ••••••••• • ••••• 

•••• •• 

•• •• • • • • 

•••••••••• • ••••••• •••••••••• •••••• •••••••• • ••• ••••••• •• ••• • ••• • •• ••• • • 

--
•••••• • •••••• ••• •••••• • ••• •• •• 

lS A GROPYRON A 
CRISTATUM OESERTORUM 

.~ l"u-+-C_o_"'pilr3ft_v_r_j--_A~-
'0.() • 
~ 

s 

0 

IS A A . 
• /NTERMEDIU/11 ClAUCUM 

ioo") • ~9.._1rJPilriJtl'tN· Rato1g.)
I~ _ _ .._, -

~ ....... .... 

c:: ••••••••• ••••• 
' ....... ..... 

~ ... ..... 

~ s ••• ••••••••• 
~ 	

•
. .. 
• 

0 

IS A 
S MITH/I 

"") lo-- CompJrilt""' 
'tl.o I -- - - - 

C: ...... ... 

..... 
~ ~ 
~ 

...... 

0 

.......
...........
• 

IS OACTYL/S ELYI'1UJ 
GLOMERATA(N·7/, JUNCEUS 

") •
'tl.o IQ-~~~.::..:.._ _ _ R"~- 
C:: •...... .. 
~ ....... ...
.... ... ...~ 
c::c ~ ••••••• • •••• 

0 	 • 

Numb er 

A 

DASYSTACHYU/'1 


__ - "-' - __ 

• 

A. 

OBTUS/l.JSCULU/'1 


• I.JI 
~-..............
. •• ....... . 

A 8/?ACHYPODIUM 
TRICHOPHORI.J/'f PHENIOCOIOES
• 

Rilftt~g~ .JI 

-::;;;;- ---;;--- - ......
...
.. 

• 

A . 11 
ELONGA TlJM INERME 

• 
~iiiOJri.J ____fu~J-

......... 

• 

• • 


A.PUNGENS VAR, A. 
ATHENICU/1 SIBERICU/11 

•••PiuJJn rl.) tc1brrnJ.J.... • 


• 

BROMUS OACTYLIS 

INERMIS GLOMERATA VAR 
Hl.'iPANICA 

•• Pholi' tuiJt-.tU~otrtj 
-::;;;- -- -:;;.-;;; - ......... .......
..... ..........
. 

FESTUCA FESTUCA 
ARUNOINACEA MAIR £1 

• 
•• u • Pholdr,,.... 	 -- - --- 

or 

.... 
ORYZOPSIS 
/11/L/ACfA 

CuU~rO~d.... 

Fig. G.--Comparative ratings of relative value of a number of cool season grasses and Phalaris l1tberosa. 
at all Research Stations. 

.'l.porobolis airoidl's ( CPI- I 3327) . Alkali 
sacaton. 

A similar tussock to E. curvttla with less 
vigour and bulk and a harsh foliag-e . A 
summer-grower, it is a shy seeder and 
also shatters the seed set. Establishment 
has been difficult. 

S porobolus cryptandnts ( CPI-gsq) Sand 
dropseed. 

It is fine, very sparse and useless \Yith 
harsh ~tems almost lacking in foli~ge. Very 
weak, 1t gave poor cover. Seed 1s fine and 
hard to harvest, except in the drv late sum
mer when the seed heads are l~eld within 
rolled leaf blades. 

Stipa aristiglumis. P lains grass. 

\.Yhile. p~ized as a _natural forage in many 
ar~as, tilts ts not an tdeal conservation type, 
bemg too compact, and not as vio-orous as 
control species. In t~atura~ stands;.., carefully 
g razed, tt can prov1de fa tr soil p rotection 
but is far from ickal. 

Stipa. spp. Spear grasses. 

Li nes, including S. scabra, S . s.r!acea and 
S. variabilis, have been poorer in vigour 

~. 	 and bulk than the controls. althouah aener
ally sup_erior to the Dantho11ia. s~p. :-. T he 
t~ts~ock 15 too compact and vegetative spread 
hmtted. Reputedly drought-resistant. they 
have not proved any more so than Rhodes 
grass or phalaris under row conditions. 

• ( H umphrcys, r955). 

DISCUSSION 
The major drawbacks with both phalaris 

and Rhodes grass as perennial grasse~ for 
soil conservation purposes withi~ the zone 
shown in F ig. 2 are the d ifficulty and un 
certainty of establishment. A readv estab
lishment alid rapid development of initial 
cover under quite harsh condition.;; are 
essential. While these species can be estab
lished a long the eastern margin of their 
relative sections of the zone, this success 
is not always achieved very far west. The 
research stations are located near the western 
fringes of the a reas of f requent use of Rhodes 
grass and phalaris. Satisfactory stands can 
be obtained further west in good seasons, 
but ,nany failures are encountered. It is 

. 

a lonrr the western margins of the area
b 	 • 

marked in Fig. 2 that new spectes are most 
vitally required. 

Once they are established, both control 
species have the drought tolerance to per
sist and provide reasonable protection, but 
establrslnnent is the major problem. Rhodes 
grass has also been hard to establish on 
some soils well within its zone of usefulness 
as indicated in Fig. 5· On the hc.:1.vy self
mulching soils, such as those around l\1er
riwa, on the Liverpool P lains and around 
Im-erell, it has proved almost impossible to 
establish, despite ready establishment on the 
lighter soils nearby. 

The ability to establi sh readily must be 
combined with suitable habit and reasonable 
vigour, especially rapid initial vigonr, as 
the harsh conditions do not al1ow the use 
of mixtures that would include srecies to 
a ive initial cover. T he eventual effectiveness 
~f the major species is endangered if mo~e 
than the essential legume component IS 

included. 

To date the majority of the more. easily 
established species such as Dact.vlts glo
merata. var ltispanica. perennial veldt grass 
and Era(]rostis cur1·11la, have all shown an 
unsatisfa.ctory, compact tussock and, _in the 
case of E. curvula, a lack of economtc use
fulness, as it is so unpalatable. 

As all species under trial are being ex
amined solely for their general usefulness 
in soil conservation practices, many of the 
native grasses, regarded as good forage 
pl<jnts have not shown suitable features for 
this p~1rpose. As well as having unsatisfac
tory growth habit. some species such a~ C. 
acicularis, C. trunca ta. and various selections 
oE Stipa and Da11flto11ia, have also been rated 
well below most introduced lines for vigour 
and seeding characters under nursery row 
conditions. O nly cu rly Mitchell grass. of 
other native species tested, appears mo~er
ately vigorous with satisfactory seed settmg. 
Because of the difficulties of establishment 
of these native species in swards. it has not 
been possible to compare them with the 
introduction under sward conditions, but 
it is probable that the same relationship 
would have been found. 
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Fig. 7.-Vigorous growth of Rhodes grass stabilising a di.,.ersion bank at ~cone. 

It has also generally been found that 
species which are valuable for soil conser
Yation purposes in the U.S.A. have shown 
only slight promise here. This particularly 
applies to native American species. A l
though some of the summer-growing types 
have done fai rly well, the majority of them 
have proved inferior to Rhodes ?;rass. The 
American species have been s low to establish 
and had shor t periods of vigorous g rowth. 
Usually they only grew satisfactorily in 
autumn and spring and lacked vigour under 
both hot and cold conditions. 

Plants of Afr ican. Mediterranean and 
South American or igin have. on the other 
hand, shown much more promise, especially 
the summer-growing species. Rhodes grass 
is an African species as a lso is Makarikari 
panic, which has the most promising vigour 
and habit so far tested . Setaria sphace/ata 
and Panicum sp. (Kabulabula strain ) f rom 

this reg-ion have also sho wn satisfactory 
v igour in initial t r ials . 

It is an unfortunate. !Jut u navoidable, 
feature of the testing procedure that estab-. 
lishment is one of the last features that can 
be critically tested. It is an added difficulty 
that the ideal habit of a plant for soil con 
servat ion purposes is an extremely vigorous 
spread, preferably by rhizomes, as this is the 
most bind ing form of growth. This habit 
makes a plant a potent ial weed and it be
comes necessary to strike a happy medium 
between vegetative spread and ·weed poten
tial. F or this reason stolonifc rous spn•acl is 
saf~r, as these .>pecies arc generally more 
easily cont rolled in a rable areas, while g-i ving 
a reasonable rate of spread. S hort scaly 
rhizomes, such as those of Pasf>aluln dila
tatulll and phalaris arc suitable for soil bind
ing. but a good initial establishment is 
necessary with this type of habit if o-ood 
eventual protection is to he obtained. Also 
breaks in a swa rd of this type heal slowly. 

CONCLUSIONS 


:\o perennial ~rass. with a suitable habit 
and \·ig-om. has been isolated that can be 
mme· rca_dily. cstabl ished than the existing 
cnmmel-clal lmcs of phalaris and Hhodes 
g rass and these for the present must remain 
the majur waterway o-rasses in the section 
oi the State inclicatecl. A more thorough 
sttt<ly h~Jth of the species of pbalaris and 
~he slrams of Rhodes g-rass is to he made 
111 the hope of cxpandino- their zones of 
usefulness as indicated in"Fig. ;;. 

The !\lakarikari s trains of P. colora fu111 
ha\·~ shown the most promising v·ig-Clltr and 
ltalH.t for northern areas but, unfortvnately, 
;;trams t~st.ed to elate have poor seeding 
characten st1cs. .\ comprehensive collection 
of this g~oup is now being obtained in the 
hope of fi nd1 ng- a s train that seeds freely. 

Th~ only plants that have yet been found 
supen or to the sodding plants. Kikuyu 
g rass and co.nch grass. a lready in use have 
some undcsn·able features which t.'aused 
them to he rejected. 
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PART I. .•\ G":-<ERAL DESCRIPT(QN OF THE· \\'ESTER~ Dl\'lSlON. 

T HE Soil Conservation Service of New 
South \tVales, since its inception in 

r938, has been conducting investigations into 
the erosion problems in the Vlcstern Div
is ion. These investigations have been directed 
mainly towards the reclamation of <"roded 
country, study of the various bctors in
volved in the loss of soil by erosion, and 
the natural regeneration of the eroded sur
surfaces. Along with these investigations, 
officers .of the service have been conducting
an eros10n survey from the various centres 
to which soil conservationists are appointed. 

The purpose of this series of articles is 
to describe the various forms of erosion 
which are encountered in the \Vestern Divi 
~ion . partict~Jar attention being paid to the 
tactors causmg erosion with a view to illus
trating the basis for the classification of 
erosion and mapping of the erosion wrvey. 
However, it is proposed. firstly, to outline 
the general features of the region such as 
topography, lanclforms and vegetation. par
ticularly in relation to erosion. 

THE WESTERN DIVISION- GENERAL. 

The \i\Testern Division of New South 
vVales covers an area of approximately 
8o million acres, representing 40 per· cent. 
of the area of the State. It is bounded on 
the north, west and south by the borders 
of the States of Queensland, South Aus
tralia and Victoria. respectively. The 
eastern boundary is an irregular line running 
from the Murray River in the south {from 

the point where it is joined by the Murrunl
biclgee), north-eastw·ard to where the Bar
won River meets the Queensland border. 

The \ i\Testern Division lies bevon<l the 
area considered suitable for agricul tura l pur 
suits and accordingly all country within this 
region is used a lmost solely for extensive 
grazing, principally of merino sheep for 
wool-growing, with occasional areas devoted 
to beef cattle. Cattle are more suited to 
country where sheep raising is hazardous by 

· reason of wild clogs. or where the develop
ment and maintenance of improvements 1s 
rendered difficult, such as 111 barren sand
hill country or ephemeral lake heel<; and 
"flooded" country. 

By reason of the arid climate, grazing 
capacity is very low, rang ing from :; acres 
per sheep under the most favourabi P. con
ditions in the south-eastern portion. to J:)-..j.O 
acres per sheep m the far north-west. 
Throttghout this area grazing capacity varies 
more or less directly with the amount of 
rainfall received. T here are local variations 
due to marked changes in soil type anc! pas
ttll·es or presence of d ense scrub. 

A very limited amtount of irrigation for 
fodder production is p ractised <! long the 
rivers, apart f rom the extensive areas de
veloped for fruit-growing in the Wentworth 
district. 

The pastoral settlement of the vVcstern 
Division began m t he middle of the last 
century. and by 188o the area carried S 
milli01i sheep. Stock population increased 
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