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MUCH emphasis has been placed in 
1 . recerit years on the control and 
reclamation of eroded country by pre­
dominantly mechanical means. This method 
renders an invaluable service and is the only 
possible method of regaining soil stability 
in badly eroded country, results in the 
majority of cases being little short of 
spectacular. 

However, whilst recogmsmg the valu­
able and indispensable part mechanical 
means are playing in erosion control, it must 
be regarded more as a treatment for the 
advanced symptoms of erosion than as a 
prevention of the actual causes. 

To combat soil erosion effectively an all­
out effort must be made to correct those mis­
takes. in past and present land use that 

Soil Consenationist. 

have left as their heritage the reclamation 
problems that we face to-day. It is e sen­
tial to prevent the occurrence of ne\\' erosion 
and to arrest the deterioration of lightly­
eroded land while treatment of exi ting 
badly eroded country is under wa) ; other­
wise, year by year, the acreage requiring 
mechanical treatment will be rapidly ex­
panding. It is true to say that on most 
fa rms the same procedure that has been 
the prime factor in reducing some of the 
best wheat country to a useless maze of 
gullies has been retained virtually unchanged 
to the present day. The majority of \\'heat 
country is showing some signs of erosion, 
even if very slight, and unless this poten­
tial menace is combated by a rev ised and 
modified system of farming and graz ing, 

Fig. r .-Gullies can d evelop on v ery gently s lopi ng arable land . 
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the battle is going to be unduly prolonged 
and expensive, The ~niver?al adoption of · 
a soil conservation system of farming has 
already been delayed too long. 

The \v'idespreaa ~ccurrence of erosion in 
. every wheat-growing area of the State 
affords ample proof of the extractive and 
exploitive nature of the present methods of 
production. We have wrested a bountiful 
harvest from the soil and have not been pre­
pared to put something back to assure a 
continued and stable production. In iso­
lated areas we have already so ill-treated 
the land that it is doubtful whether it would 
be economical to reclaim it. 

The practice of the long bare fallow the 
undulatin;:; terrain of the wheat country: and 
the erratic nature of the rainfall renders 
our wheatlands particularly vulnerable to 
erosion. The terrain and the rainfall are 
bey~nd our control, the only hope for re­
tardmg the onslaught _of erosion, apart from 
areas where . mechanical control is indi­
cate~, li~s i~ improved cultural methods and 

. the mstJgatron of a sound system of 1and 
usage. 

ImJ.i>orta~tfactors. associated with the con­
. twl Gf erosiOn by . temperate farm husbandry 
~nd the employment of conservation farm­
mg methods are as follows:- · 

CULTIVATION ON EXCESSIVE SLOPES. 

- ltdvances in farm '· mechanisation, high 
pnces for wheat, farm topography and . 
c 1 d f . Size,
?UP e very o ten w1th a failure to recog­

ruse f?lly the dire risks they are running. 
have mduced farmers to cultivate slopes of 
s~ch a degree of steepness that serious ero­
Sion has resulted after two or three £allows 
Ve~y often, the paddock is put out of culti~ 
vatiOn to arrest the erosion, but if gullying 
has occurre? to. any extent, the only result 
of t~e SJ?elhng IS to slow down the rate of 
~rosi~n m some small degree. A drought 
m this a~ea , coupled with the comparative 
o~erstockmg that occurs in time of drought 
Will c_omplete the devastation of this land' 
e_ven m the absence of any further cultiva~
t1on. 

Owing to differing s~il ty~es, farming 
practices, it;cidenc~ and mtensity of rain­
fall , it is JmpossJble to give any certain 
degree of slope as an all-round maximum 
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for safe farming; it will vary in different 
localities, different farms in the same loca­
lity and to some extent on different parts 
of the. same farm. Factors such as rain­
fall , which varies in intensity and incidence 
year by year, further complicate the mat­
ter. In general, slopes exceeding 8 per cent. 
should be regarded with suspicion in any 
district and in some districts this figure is 
beyond the maximum for safety. If land­
holders refrain, however, from cultivation 
of excessive slopes and maintain a good 
grass cover on these slopes when the land 
below them is under fallow · the battle 
a~ainst e~·osion is already h~lf won. If 
d1ffi~ulty IS exp.erienced in grassing or pre­
ventmg run-off from these uplands they 
should be contour pasture furrowed; if 
properly constructed these will give 100 per 
cent. control even with above average falls 
of rain. 

It is realised that many farmers regard 
their higher country as the best wheatland 
and continue to farm it even when it is 
showing signs of serious erosion. The 
reasons generally given are that higher 
gravelly slopes give heavier and better 
samples, the crops stand up better and are 
n?t susceptible to rust and other fungus 
diseases, and ~ood ~amage and bogging in 
wet seasons IS avoided. It is also held 
that occasional cultivation of wheatland is 
necessary to maintain good pasture species. 

The reasons given are in the main part 
tru~, but many reasons for r estricting culti­
vatiOn on .st~ep slopes can also be foun~­
However, It 1s again stressed that the likeli­
hood of causing erosion should be the only 
deterrent needed to keep the cultivation to 
~he mo:e g_entle slopes at least. Soil lost 

Y ero;510n IS lost for ever, and where the 
top soil goes history h'as shown that man 
WI11 soon follow. 

f To_ those who fail to realise the amount 
~ so~l and moisture that can be lost .from 
~re- allow~d slop_es the foilowing figures 

Will prove mterestmg. . They were obtaine? 
fs a result of research into run-off and sOil 
Sss .at Wa&'ga Soil Conservation Research 
d_tab?n, Whtch is situated in the Riverina 
tllstnt of New South \Vales Results are 

"" 1ere ore applicable to . a large part of the 
southern wheat belt. The length of slope 

. • llowin incorporation of the w~eat 
1 pe than F1g. I. Fo gth f 19 -0 without dama,e. 

Fig. 2.- This fallow is on stee~~:~f rain in the first three mon s 0 :J 
withstood 1,645 P 

1 e 8 per cent. and the 
was 136 feet, the s 0 P The treatment was 
width of plot 8 feet. 
bare fallowc -

%Lb. Soil LossPoints of Run-off.per Acre.Date. Rain. 
437,879259 s68-12-47 5,819123 6213-12-47 8,4709121-12-27 -
above . ned that the 

It might be mentiO mmer storms only ; 
figures are for three su h during the sum­
for two and a.half m on~ sloss on any one 
mer the maximum so lb. per acre.

000 
Plot was no less thanh34• ltt"vation on an 

. b n t at cu . ·rThus 1t can e see It 1·n senous sot
' I can resu .8 per cent. s. ope . er rams ar_e

1111111
loss if high mtensity s\ speaking, culti­
experienced, and, genera 1~ing g per cent. 
vation on slopes approfac as possible. 

.· t cl as ar
should be restnc e fi ·ndicates the 

f tl e aures 1 dA closer study ·o 1 ~ . Once a pa ­
f erosiOn. cl bff 0cumulative e ect . s been foun Y11dock has washed tt a 
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. . . t and observation that fu-rthe_r falls 
expe~mlen ·r loss out of proportiOn to 
of ram cause sol. Thus in the above 
the amo~Vt a~ara;f~~-ints of ~ain fall~ng at 
case at f athe 'month caused more sml loss 
the end o oints falling early in the mo?th. 
than 259 P . 11 part to the prevwus
T h' ·s due m no sma . . h h

1S J . . drainarre lines 111 whic t e 
rain estabhshmg o · f 11 of rain is

ff f the followmg a s 
run-o .r~~l concentrated. Other factors 
more qmc Y t' of the surface soil by 
such as . compat~ wnof the rain also increase 
the beatmg ac wn . 

therebv so il loss. run-off and J 

LONG FALLOWS. 
The usual procedure in preparing a hfie~d 

cro of whe.at has been to ploug . 111 
for a tt p art of the winter or early spnng,
~hft;~e~rb~ cultivation after sigt?-ifi_cant falls f . r at any time the fallow IS m danger 
o rbat~1 o overrrrown by rubbish. The rain
of emrr o 'I b . .

cultivation mellow the SOl , nng~ng 
~~ cloddy mulch to the surface and leavmg 
a fine firm seed bed underneath . 



~g. 3.-Deep fertil e soils b eing ravaged by run~off from steep slopes above. This is th e p enalty for 
indiscriminate cultiva tion o f natura l tlow lin e~ . 

This long bare fallo\\' has been one of the Land recently ploughed is rough and 
main contributing causes of soil erosion on absorptive. It is turned up in sods and 
our wheatlands. Until quite recently it was contains roots of grass~s and other vegetable 
considered that the best ·£allows . were those matter that binds the soil particles together 
ploughed in mid or late winter and which · and makes them resistant to weathering. 
were then cu ltivated frequently up till crop­ The granular and cohesive structure of the 
ping time the follo,,·ing- autumn. This atti­ soil is retained and the open rough nature 
tude is now changing. but un fort unately the of the ground permits the rapid absorption 
fl ying start it has given to the erosion of heavy fa lls of rain . . 
problem will take a lot of making up. 

By comparison, the early fallow, having
\ t first glance it would appear that as received several workings before the onset

the main erosion causing storms occur dur­ of the summer storms, is by thi s time in a
ing the summer months from November to fine state of tilth and retains little of the
March, country ploughed in September­ erosion res ist ing characte ri stics of virgin
October would be as readily susceptible to land . It is these fin e. overworked fallow~ 
erosion as that fa llow eel in June-July; in that erode at an alarming rate if summer 
both ca:e the land is bare £allowed when downpours a re ex perienced. 
expo eel to the high intensity summer 
storms. This is not so, however; the long Thi s problem of arriving at the danger 
fa llow i much more liab le to erosion than period of summer rainfall with a desirable 
the , eptember-October fallow and this degree of clodcliness, porosity and soil struc­
becomes more apparent when the problem ture, is becoming increasingly difficult as 
is clo ely studied. the yea rs go by. Constant cultivation under 
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a long-fallow system has so pulverised the 
so il and reduced the organic matter content 
that the first ploughing is quite often too 
fine. This state of affairs is very apparent 
in old cultivation paddocks that have been 
long fallowed and overworked for years, 
csi)ecially when fallovved with a disc plough · 
at high speed. The sod is shattered, and if 
fallowing conditions are on the dry side it 
soon becomes hard to recognise any sod 
formati on at all ; after one or two \\ ork­
it.Jgs th e fallow is in good sowing condi­
tiOn at the onset of summer, about six 
months ahead of time. This fine surface, 
in which the cloclcly mulch has been broken 
down , leads to a caking of the top layers, 
eYen after a small fa ll of rain, and further 
fall s cause excessive run-off and thereby 
erosion and loss of soil moisture 

SHORT FALLOWS. 
O wing largely to the ever increasin cr 

popu Iant. y . of sheep in 1the farming pro-"' 

g.ramme tt IS now becoming a common prac­
tice for the fanner-rrrazier to leave his 
fallowing until late S~ptember and October. 
u~ua!ly followjng shearing in wheat-growing 
rhstncts. ~·\!though this may be done not 
so much in the knowledge that this practice 
would minimise erosion as from the neces­
sity of utilising spring feed that otherwise 
would be ploughed in, the system ·has a 
cloub!e advan!age for both the grazing and 
farnung portiOns of the rotation · S{)rinrr 

. ' "'f.ee cl IS available for sheep and the fallow 
IS .left rough and absorptive for the summer 
rams. 

It is usual fo r the period from October · 
onwards in the wheat belt to be hot and 
c.omparatively dry, thus leading to very 
l.It~l ~ growth on the fallow following the 
mtt!al ploughing in October. ,( The -rain 
tl.1at does occur is usually of the high inten­
Sity. thunderstorm type which causes ex­
cessive run-off and erosion and at the same 
time leads to very little pasture growth 
because of the excessive evaporation and 
hea t of the summer months. This reduces 
both the need and cost of further cultiva­
tions. 

In the m~llee and marginal wheat areas 
the problem of wind erosion is also of con­
cern. It is often found in conjuncti on with 

water erosion and the problem of ·reclama­
tion is thereby further complicated. ~-\gain. 
it will be found that the long . bare, and 
finely worked fa llow is the most susceptible ; 
wind lifts the fine fertile particles from the 
surface soil and leaves coarse unproclucti\ e 
sand . on top of the exposed subsoil. This 
problem of soil erosion by wind action 
receives scant attention in lush seasons, as 
the damage is concealed by abundant grass 
cover and the soil does not reach that stage 
of desiccation necessary fo r large-scale 
transpor'tation. However if \\ e cast our 
minds back to the droughts of 194-1- and 
1946, we can have little doubt as to the 
seriousness of \\'incl erosion in our \\'estern 
di stricts. 

Old ideas are hard to change, especially 
when they have been tried and accepted by 
the greater majority of the farming popu­
lation. From the point of view of erosio11 
control and continued soil fert ili ty, it is 
hoped that the short fallow, leyland fa rm­
ing system. will completely rej')lace the inter­
minable long fa llow wheat rotation that has 
ex hausted much of our best wheat country. 
I t is realised that this move is no\\' well 
established in some fa nning communities 
but its cause cannot be too stnvngly cham­
pioned. 

ONE~CROP FARMING. 
" \ iVheat Sick" is a term that is heard fre­

quently in any wheat-farming community 
to describe country utterly spent fron: years 
of continuous wheat product~on. ~or:tmuous 
one-crop fanning robs the sot! of 1ts mherent 
fertility. breaks clown soil texture and by 
continually killing out clovers and grasses 
makes way for the gro\\'th of poor class 
herbao·e when the land is eventually rested. 
\iVhe1~ the rotation is widened to include a 
period of natural leyland erosion very oft~n 
continues practically unclimin~shed , the mam 
regeneration being saffron tl11Stle and sk~le­
ton weed, stinking love grass, etc., whtc!1 
afford very little true cover for the soil 
and are of poor feeding value. As the 
fa rmer sees small return coming from the 
natural levland he soi11etimes waits im­
patiently tmti l £a llowing time and again 
puts the plough to work. Thus, the one-crop 
fa rming goes on year after year , and erosion 
accelerates alarmingly. 



F ig. 4.-Cultivation up and down the slope leads to serious erosion. " ' n here the furrows converge the 
soil has been stripped to plough depth. 

The introduction of a diversified rotation 
i~ ~y no means an. easy one owing to the 
hm1t placed on pasture establishment by the 
meagre rainfall in the more western wheat 
districts. V./ e must rely mainly on three 
hard!' plants, \,Yimmera rye, lucerne and 
grazmg oats. The dryness of the Climate 
makes. the establishment of subterranean 
clover a gamble in all but the more favoured 
rainfall areas, and even so it will not thrive 
in some districts, e.g., the north-west of the 
?tate. In areas of adequate rainfall, where 
It can ?e grown successfully, it is of great 
value m the rotation in restoring eroded 
country and building-up soil fertility, and 
should always be included in temporary 
pasture on arable land. 

. T~e adoption of a· system of leyland farm­
mg Is ?ne of the most important erosion 
prevent1on measures th roughout the wheat 
belt. 

ROTATIONS. 
Granted that it is essential to aive land 

a spell between crops of wheat o it then 
becomes necessary to utilise fully thi!> time 
and acreage lost to wheat production in a 
profitable and practical manner. A period 
of leyland must come into this wheat fallow 
wheat rotation, in order to build u~ humu~ 
content, re-establish the granular soil struc ­
ture and increase water-holding capacity 
and power of absorption, in short to bring 
back as many as possible of the vital soil 
char~cteristics that have been destroyed by 
contmuous and uninterrupted wheat cul­
ture: Rotations given in this article are 
simple and straight-forward and are the 
accepted practice on leading farms in vari ­
ous wheat-growing areas. They are desianed . 	 0 
to bnng about a return to soil fertility, en­
courage a diversified farm production and 
above all, prevent or assist in ~ontrollin~ 
erosion. 

GRAZING OATS. 


. Grazing oats, although similar to wheat 
m many respects can, if properly managed, 
provide a short-cut method of establishing 
a profitable leyland, and if followed by the 
recommended year of pasture, have a tonic 
effect on overcropped wheat land. They are 
also immune to many wheat diseases such 
as wheat rusts, foot rot and "take all" and 
so are also beneficial from the point of view 
of diseases control. They provide a greater 
bulk of palatable winter feed in a shorter 
time than any other pasture or fodder crop 
that can be grown in the wheat area. \N'hen 
sown after the early autumn rains they 
provide good grazing within six weeks of 
sowing and assure bulk feed throughout 
the winter and spring. 

Grazing oats are most economically and 
quickly established on wheat stubble land; 
oats, being more adaptable than wheat, will 
do much better on a rougher preparation of 
the seed bed. 

Heavy straw is sometimes a difficulty that 
has to be met at sowing time; however, it 
can be overcome by a little improvisation 
and it serves the valuable purpose of pre­
venting erosion on the ploughed land from 
the time of ploughing until the oats are well 
established. The stubble land can be 
ploughed any time after harvest, wea­
ther conditions permitting. However, 
it is quite often 'left until about mid­
February until the sheep have had a 
pick and the stubble is flattened somewhat; 
no hard rules can be adhered to, as the 
seasonal and straw conditions are very vari­
able; sometimes the oats can be successfully 
sown in a "one hit" operation. 

Oats can be sown following a good fall 
.of rain any time after the first week in 
March. The best methods of sowing are 
as follows : ­

(a} 	With a disc plough fitted with seed 
and fertiliser attachments. This 
implement is ideally suited for the 
operation but unfortunately is not 
available in any quantity. 

(b) 	With the ordinary wheat drill or 
combine. If necessary all but the 
sowing tynes can be take•,1 off the 
combine to allmy the stra r1 to pass 

through the machine. Some drills 
are fitted with a staggering device 
for sowing in rubbish. Excellent 
stands of grazing oats have been 
established in the Parkes district 
by so~ving in stubble with the feet 
clear of the ground and coverina 
the seed with disc harrows. It i~ 
imagined that an implement rarely 
seen now, the disc drill , would 
make an excellent job. 

(c) 	BFoadcast seed and fertiliser and 
· cover with disc harrows ; this is a 

very quick and cheap method of 
establishment. 

The common practic'e of grazing the oats 
into the ground about October and then 
working with a scari fier in preparation for 
wheat next season defeats the whole purpose 
of the rotation. The compaction of the sur­
face by the stock and lack of ground cover 
leaves the soil bare and very susceptible to 
erosion; the re,sultant fallow which will 
work up very finely is also very susceptible 
to erosion. The practice of burning the 
wheat straw and then sowing the oats is 
also to be deplored. 

For the best results the land is not again , 
put under crop for two years, the rotation 
then becoming grazing oats, improved ley­
land wheat on short fallow. Of course the 
leyl~nd portion of the rotation can be . 
lenathened with further beneficial results, ; 
are~ of land permitting. When grazing it 
is of course essential to at all times keep 
surface cover on the ground by avoiding 
overstocking. 

PASTURE ESTABLISHMENT WITH CEREAL 
COVER CROPS. 

After a protracted period of wheat cul­
ture a rotation including a semi-permanent 
pasture of grasses and legumes is the best 
means by which fertility may be improved 
and erosion prevented. The most practi­
cal way to establish this pasture is to sow 
lucerne and Wimmera rye grass in the 
wheat stubble together with the cover crops 
of oats or wheat, or to sow with wheat as 
the cover crop in the usual farming pro­
gramme. \i\There the natural clovers and 
trefoil have disappeared from the arable 
land add barrel or ball clqver to the mix­
ture. It has been found that trash in the 



Fig. 5.-.-\ disc plough fitted with seed and fertiliser attachment. An excellent type of implement for 
stubble farming and pasture establishment. 

soil give. added protection to the pasture to be rapidly ga,ining in favour in that 
plants in their· early stages and the full country and many advantages are claimed 
benefit of this is obtained by sowing on over the clean tillage system. So far stubble 
stubble. This is particularly the case with farming has not made much progress in 
Subterranean clover and in any area where this country . mainly because of the lack of 
Subterranean clover can be grown it should suitable farming implements. 
be included in the mixture with Wimmera There are two main systems employed in 
rye and the lucerne and other clovers can be stubble farming, one in which the stubble 
omitted. is simply ploughed in and mixed with the 

From the point of view of erosion control soil ; the other method is more correctly 
this method of establishment is to be pre­ termed stubble mulch farming, in which 
ferred to sowing the lucerne, rye and clovers the straw is reta in ed on the surface of the 
in pecia lly prepared seed beds. Excellent soil after the usual cultivation. 
results, especially with lucerne, are obtained 

The presence of sti"aw and tt"ash in theby the latter method but the necessary bare 
soil greatly reduces the· vulnerability toand very fine fa llow constitutes a serious 
erosion by keeping it porous and absorbent,erosion potential. 
minimisina the effect of raindrop splash 
and presenting- obstacles to soil and waterSTUBBLE FARMING. movement. The oil, having absorbed more 

Much inte rest has been foc used in recent moisture, dri es out less quickly and thus 
years on the retention and utili sation of the fallow does not blow away as dust. The 
crop ~·es idues in the soil. "Trash Farming", rotting of th e straw in the soil also increases 
as It Is termed in the U ni ted States . appears the orga·ni c matter content and fosters the 

F ig. 6.-Stubble land can be used profitably a nd erosion prevented. Lucerne was sown into stubole 
with a light seeding of cereal cover crop. Parkes district. 

development of useful soil organisms \\'hicb In the first in -tance the protective 
greatly assist in building up soil fertility covering of straw breaks down the 
and diminishing erosion. driving force of the rain, gently 

lowering it to the ground whereThe more recent innovation of Stubble 
it can be absorbed . The presence lVIulch Farming, in which as much as pos­
of straw also retards the flow ofsible of the stubble is retained on the sur­
surface water and soil· \\here run­face of the soil during - 1oughing and culti­
off occurs it ,,:ill be mainly clean vation operations, appears to hold out more 

advantages than the ploughing in of stubble water. 
and may prove in later years to become 

(b) The presence of a mulch ·over thethe accepted practice for wheat culture. As 
soil keeps it spongy and absorptive, the system is in its infancy it is impossible 
making use of practical1y everyat .this stage to say how successful it will 
drop of rain that falls.ultimately prove. 

r. The effect of stubble mulching in reduc­ (c) Affords protection for young crop 
ing erosion and the loss of moisture from and pastut"e plants after breaking 
£allows is bei~1g investigated on Soil Conser­ through the surface soil. 
vation Research Stations under a wide 
variety of soil and rainfall conditions and the (d) K eeps the soil friable and moist 
results of this research will be forthcoming and preYents caking. 
in the near future . Some of the advantages 
claimed for 'this new system of farming ( e) Does not interfere with the 'pro­
a re- duction of a firm seed bed as the 

( a) Greatly · reduces the risk of soil straw is on top of the soil or at 

( . erosion by both water and wind. least in the top inch or so. 

r66 
*48359-3 



1 

Fig. 7.-A close view of the pasture in Fig. 6. 

(f) 	Does not have a temporary retard­
ing effect on th e availabi lity of 
nitrates as happens when the straw 
is mixed with the soil. 

(g) 	 Builds up the organic matter and 
humus content of the soil as vYell as 
encouraging bacteria and other 
useful soil organisms. 

FARMERS' RESPONSIBILITY. 

T~e early stages in the development of 
ero. ton are usually not spectacular and are 
unfo rtunately passed over as a matter of 
li ttl e consequence; dams and fences silt up, 
water is noticed running in new courses and 
stri ps of fallow to plough depth only may 
be washed from the field . Further cultiva­
tion fi lls in these depressions to a large 
extent and the erosion problem is promptly 
fo rgotten until the next downpour is experi­
enced ; the gutters are then again washed 
out and may be enlarged. Once the water­
course become defined the erosion increases 
at an alarming rate and it is no time before 

the paddock is divided by a series of uncross 
able gullies. It is usually not until this 
last stage is reached, in which the erosion 
actually impedes cultivation, that any 
measures are taken to halt the trouble. 
R~clamation at this stage presents a for­
tmdable problem which may entail the use of 
heavy earth-moving plant. 

The farmer's responsibility in arresting 
the . development of these early signs of 
e~os10n has hitherto been too lightly empha­
Sised. Control of erosion must start on the 
farms immediately the first signs of soil loss 
?e_c?m.e apparent ; at this stage a display of 
mtttattve can prevent the trouble from grow­
ing into something he cannot handle. It is 
apparent that unless the average wheat far­
mer is prepared to adopt a more conserva ­
tion-minded attitude in obtaining his 
livelihood from the land, many hundreds of 
thousands of acres now showing the first 
signs of erosion damage will rapidly pass 
into a class which can only be controlled by 
complete retirement from cropping or the 
construction of va rious types of earthworks. 
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Fig. S.-Con tour farming in the foreground and graded banks and waterways in the background form 
a new pattern of soil consen ·a t ion farmin g. 

In addition to the preceding a venues o£ 
erosion prevention outlined in this article, 
another very important method of minimis­
ing soi l loss that can be implemented 
cheaply, quickly, and effectively by the 
fa rmer himself, is that of contour work1ng . 

CONTOUR WORKING. 
I n this system of working all the o·eneral 

farming operations of £allowing, cultivation 
and sowing are conducted at right angles to 
the slope of the land. After a preliminary 
survey to determine the best positions of the 
lands in regard to existing fences, ease of 
cultivation, rocky outcrops, etc. , level land 
markers are run out; these may then be 
modified to eliminate sharp turns and bottle­
necks as long as no radical divergence from 
the contour is effected. The width of the 
lands will depend on the uniformity of slope ; 
on evenly sloping country lands of up to 
five chains and over can be obtained. Per­
manent land markers can be obtained with 
two blows of a disc plough along the contour 
line. this produces a broad low mound that 
is in itself an aid against further erosion . 
A 11 future working is done to these markers 

until the; are considered adequate fo r the 

job, the idea being to make them as broad 

as possible without adding materially to 

their original height. It has been found 

after a period of very severe test in the 

record rainfall summer of 1949-50 that a 

broad based bank so constructed will hold 

water right to the top and overflow along 

its length without appreciable damage. It 

can be crossed by machinery and stock with­

out greatly impairing its efficiency and pre­

sents no difficulties in the efficient functioning 

of farm implements. 

\ \ hether or not these modified marker 
banks are included in the contour worked 
area the results so far obtained have been 
very encouraging. Each furrow turned by 
the plough or cultivation implement act. as 
a miniature contour bank in retarding the 
flow and absorbing water falling on the 
fallow. T his greatly reduces the quantity 
of run-off and thereby automaticall) retard 
soil erosion. 

It must be remembered that no one means 
by itself constitutes a sure method of pre­
venting soil erosion; contour working may 
only partly control soil loss on areas sui ject 
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to a heavy · "9.centration of water from a 
large, badly-eroded catchment, or in other 
~ases su~h as when unseasonal heavy rainfall 
IS expenenced on country in which the soil 
s~ ructure has been greatly impaired by con­
tmuous long bare fallow wheat production. 
The deterioration of farm lands by the loss 
o.f surface soil has been caused by the opera­
tiOn of an extractive farminrr system from 
the time the la~d. was cleared and first put 
to ~he P!ough; 1t 1s merely wishful thinking 
to 1magme that the problem can be solved 
by the construction of a few banks if the 
old farming system is to be retained unmodi­
fied. 

I r is only by adopting an all-embracinrr soil 
conservation .land us~ge t~at a conti~uity 
and eventu~l mcrease 111 pnmary production 
can. be env_1saged. The adopting of such a 
pohcy en~a1ls adhen:nce to general principles 
already d1scussed, VIZ . : restricted cultivation 
at least so far as excessive slopes and natural 
drainage lines are concerned shorter fal­
l?ws, the initiation of a leylan'd wheat rota­
tiOn, contour •;rorking of sloping country, 
pasture furrowmg and careful grazing of 
upland country and a greater recorrnition of 
the value of crop residues. o 

+ + 


CONCLUSION. 
:-Iany other factors, such as control of 

rabb its, location of farm roads destruct ion 
of timber and natural windb~eaks badh· 
located dams, gates and fences, fir~break"s 
p lo ~1gh ed on steep country, are all points 
,,. h1ch need careful watching by virtue of 
the ir bearing on the erosion problem. H o,,·_ 
e1·er , in the wheat belt the key point of the 
11·hole problem lies in flaws in the present 
system of cultivation, one which provides 
us \\·ith plenty to-day, but which makes no 
provision for po~terity. 

The basis of good farming is not so much 
in production as in the continued ability to 
produc~ , and prospects of attaining the latter 
goal wrll become less and less if erosion 
continues to spread at an ever increasing 
rate through good farming country. 

The man on the land has a heavy respon­
sibility in seeing that the farm he leaves to 
his successors is in at least an equal, if not 
better, state as regards erosion and conse­
quent product ion, than when he himself first 
started fa rming. 

PROTECTION OF \XlONGO CREEK 

CATCHMENT, MANILLA 


by 

I. A. STERELNY, H .D.A., Soil Conservationist . 

I N Vol. 5, No. 3, T . F. Mau, District Soil 
Conservationist, described in the article, 

" Protection of Keepit Catchment Area," the 
works programme for this area. The second 
part of .his programme dealt with the control 
of creek catchments draining directly into 
the storage basin of Keepit Dam. 

The purpose of this article is to describe 
in detail the planned and partly-effected con­
trol of one such creek catchment-that of 
'vV ongo Creek. 

EROSION HAZARD. 
Thirty-three thousand acres comprise the 

catchment of 'vVongo Creek; these areas are 
in the main excellent mixed farming areas 
with soils of great depth and remarkable 
fertility. The extent of erosion damage is 
directly proportional to this fertility. It 
has been justly claimed that the tributaries 
of \ lif on go Creek and 'vVongo Creek itself 
move more silt per acre into the storage 
basin of the clam than any other creek catch­
ment. The extent of overall damage is 
frightening; it is almost impossible to find 
a single area over I so acres in extent that 
does not show very active signs of erosion . 

The hazard is further aggravated by the 
rabbit problem, which, in certain locations, 
is ve ry grave. Although the landholders 
generally in this area are tackling the prob­
lems energetically and continuously, lack of 
adequate fencing materials is making the 
task difficult. 

TOPOGRAPHY. 
'vVongo Creek Catchment is roughly oval in 

shape and is a self-contained vall ey ( Fig. 2) . 
The southern point of the oval is formed by 
the Namoi River. I t is bounded on the west­
tern, north and north-eastern sides by steep 
and in some cases precipitous mountains. 

These form innumerable re-entrants, which, 
in turn, become watercourses and/ or gullies 
all draining into W ongo Creek. The 33,C>O~ 
acres of the subject catchment are classified 
for convenience into four sections. The basis 
of this classification is percentage slopes. 

A ?'eas. P ercentage S lopes. 
6,ooo acres 25 per cent. and over. 
4 ,000 acres IS to 25 per cent. 

10,000 acres 8 to IS per cent. 
I 3 ,000 acres o to 8 per cent. 

PLAN OF ATTACK. 
In planning soil conservation measures to 

deal with the catchment of W ongo Creek, we 
were helped by the knowledge that almost 
100 per cent. co-operation from the land­
holders was forthcoming, consequently pro­
perty boundaries were not serious obstacles. 
W e lme\\· that landholders were prepared to 
work on their holdings for the benefit of qoth 
themselves and also landholders situated 
below. The three main steps in the plan 
of attack were :­

A. 	Classification of land according to 
type of treatment. 

B. Selection of key properties. 

C. Operations. 

A. 	 Classification of Land According to 
Type of Treatment. 

I. 	In areas w·ith slopes e:•ceeding 25 per 
cent . (Fig . 3) . 

Due to the exceedingly fast flows in all 
these re-entrants and tributaries, plus the 
laro·e silt load which they immediately 
deposit upon reaching the more gentle 
slopes, where the velocity of flow is reduced, 
deposits are bui lt up and finally the course· 



of the creek or gully is altered. These A change in land utilisation, such as rigid 

changes occur very frequently, in some cases stocking control, rabbit eradication and a 

as often as twice in the one year. There- change-over from sheep to cattle, would, m 

fo re, the first step in control had to be in time, have allowed natural revegetation to 

the headwaters of these watercourses. slow the run-off from these catchments. 

Ordinary means of control such as absorp, However, a prograiTinie such as that would 

tion banks, diversion banks and pasture fur- take years to implement, if the landholder 


' rowing were out of the question due to the' -·.' was in the economic position to effect this 

steepness of the catchments involved. Never- change. 
theless, the slowing down of the flows in 
these watercourses was essential before any As the silt loads of Wongo Creek have 
effective control measures could be under- to be reduced considerably, prior to the com­
taken at lower levels. · pletion of Keepit Dam, in approximately 

-- Map of- ­
KEEPIT CAT CHM ENT AR EA 


(!) Keeplt Ooam Storo:~ge 

® Wongo Creek Calchmenl 

Show1ng location ofWongo Creek 
1n re latio n to the Storage 

SCAL£ 
M ILES 0 10 15 20 2 5 3 0 M ILE S 

NitJ. ~ ~ 

I• 

,I___ _ 

WONGO CREEK 

SCAL £ 

I 
0Miles r. 1 M/le.s 

<Q ;:, 

" 0<1: I( 
~ :( 

~ \) 

' ~ 
~ V) 

YJ?'-4/_..y D 
---~0--fD-, . 

Fig. 2. 

173 

four years' time-time 1s the limiting fac­
tor. The slowino· down of the flows in 
the watercomses had to be effective almost 
immediately, and this is being achieved by 
the construction of a series of silt dams. 
(See Fig. 4·) 

These silt dams are located in the head­
waters of key tributaries that contribute the 

maximum A.o,vs in the shortest periods 
towards the flow of \N ongo Creek The 
dams have catchments varying from 75 acres 
to 250 acres; critical run-off from these 
catchments would be between roo and 500 
cusecs; the time of concentration from 
ro minutes to 35 minutes. The storage 
capacity is between 5 and 26 acre-feet. The 

Fig. r. 
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purpose of these dams is to take the full cultivation areas follows the conventional 
impact of a severe storm, say 250 points pattern of waterways, graded banks with 
in half an hour, then discharge a propor­ large holding dams for small irrigation pro­
tion of the storm waters through the outlet jects and ·water disposal, in conjunction 
provided (see Fig. 4), over a period of time, with modified cropping practices. The 
ranging from 12 to 24 hours, at a safe importance ·of handling these lands with 
rate. A silt dam operating in this manner care and consideration cannot be too 
prevents the watercourse from running 5 strongly stressed. 
to 6 feet deep over a very short period, At this point I should indicate that the 
but causes the watercourse to trickle for above plan of control represents the basic 
twenty-four hours after the storm has· passed. classification of work being undertaken on 
This allows the banks and beds of the these various land classes. It can be under­
watercourse to stabilise A series of such stood that not all types of work w.ould be 
clams in conjunction wi.th other works and encountered on every holding. 
land-use changes, must reduce the peak flows 
in \ Vongo Creek, thus r educing floo ding B. Selection of Key Properties.
and inundation at lower levels. Once having 

In selecting these properties forreduced the flows in the tributaries to 
toinnocuous· levels, work can proceed at the immediate treatment certain points had 

be considered and certain . questions arose;lower levels with safety, with no possibility 
these were:-	 ·of these creeks changing their course. 

Will this work control an important 
2 . In a.reas zuith slopes from I 5 pe1' cent. section of Vvongo Creek and its tribu­

to 25 per cent. · taries ? 

The control methods· in these areas are 
 To what extent will this work benefit 

h~avy . earthworks such as absorption and landholders situated at lower levels ? 
dJVerswn banks in association with. light 

To what extent will this work restorestocking and rabbit control. Stock carried 
production on more or less unproductiveare being 	steadily changed from sheep to 
lands?cattle. 

How much co-operation will we 
3· In areas w ith slopes from 8 pe1· cent. to receive from the landholder concerned? 

15 per cent. ·will this work demonstrate all the 
These rich intermediate slopes are gener­ principles of mechanical means of con­

ally the main grazing areas of a holding and trol? 
consequently show every sign of erosion Will this work lend itself to exten­
from sheet to deep gully erosion. The nor­ sion at a future date?
mal methods of control in these areas are 

Having answered these questions ma combination of absorption banks with silt 
respect of certain properties pre-selectedtraps, pasture furrowing and gully control. 
from a topographical map of the area, five Coincidental with these mechanical means 
properties stood out. These holdings wereof control, 	land management is playing an 
-"Marathon.'', "Calool", "Glenb:rae", important 	part in reclaiming these lands. 
"Corella" and "Sunnyside." The first three 
properties mentioned ~nost of4· In areas with slopes from o to 8 per 	 control the 
northern watershed, with "Marathon" em­cent. 
bracing the most critical section of steep 

These gentle slopes represent the maj ority land . It is on "Marathon" that the majority
of the cultivation lands of the whole catch­ of silt dams are at present located. 
ment. ~hese slopes have soils that are deep 
and fertil e with a high potential for pro­

C. Operations.~uction; consequently, they receive very 
li ttle rest from continuous c.ultivation. The . H aving selected these holdings the next 
over-cultivation results in deep and fre­ step was the installation of major demonstra­
quent gullies with an overall top soil loss tions on three of these properties. They 
of at least 8 inches. The treatment of these were-"Cal ool", "Corella" and "Sunnyside", 

174 

. l'l.J 

SCAt...E 

I. Areas wilh slopes exceecllng i'5/.1\\\\\\'J 
"lreqfrnenf : Silf d.:tms, resfrlcred sfock.in9. r.:~hbil con fro{ re ·df'foresfiJftoi'J. 

e<<<zJ 2. Areas wifh slopes befween ISJ. - 25/. 
Treofmenf · Absorption. d1vers/on banks, silt traps, restricted stocking . 

3. Areas wdh slopes l'rorn 8/.- IS/:,111111 I Ill 
lrer3fmenl:: 	Abs"l"phon hanks. g(.)/(y c"nl'r"~ paslvN!sfv,.,.cws. 

rofafional 9r.!1J in9, pasft~re /mprovemenf. 

4. Arel!s wilh slopes -from 0 J.- 8 Z 
li-eil"lmenf : Waterways ·, graded banks, dams, cropping control, /rrig<!ltion . 

Fig. 3· 

175 



with "Glenbrae". to be commenced shortly. 
"Marathon", due to the tremendous 
enthusiasm and prior work of Mr. R. Hey­
wood, the owner, was handled by means of 
a Minor Demonstration, with extension 
under the Plant Hire Scheme. 

The next step in our operations was the 
linking up of the Major Demonstrations 
with the Minor Demonstrations. In the 
d_esign of the major demonstrations provi­
SIOn was made to handle water disposal 
from adjacent properties in case of need. 
There are several instances where land­
holders have more or less integrated schemes 
of control. These minor demonstrations 
were extended under the Plant Hire Scheme 
to link up with one another. There are, 
of course, works which appear unrelated 
at present, but it is only a matter of time 
until they are linked up with future works 
which have already been planned as part of 
the overall scheme. 

There are one or two operations that do 
not take place in the field but are none the 
less important. One of these is the 
plotting of all wor!.;:, as it is completed, on 
a master plan. Th1s plan consists of a larrre 
scale topographical survey plan of Wongo 
Creek Catchment. All planned work is 
correlated with all existing work. This 
operation not only makes the planning of 

the field details of control measures easier 
but gives a graphic illustration of the posi­
tion in this area and our progress. 

RESULTS ACHIEVED. 
The 33.ooo acres of vVongo Creek are 

held by twenty-four landholders; of these 
twenty-four properties, eleven have been 
treated and nine are awaiting treatment as 
soon as plant becomes available (Fig. 5). 

Only four !anclholders have not yet volun­
tarily offered to co-operate. In twenty 
months of work, 4,190 acres of the most 
severely damaged land have been treated 
by mechanical measures on the eleven pro­
perties. Land-use measures designed to 
conserve soil have been adopted over exten­
SIVe areas. 

Of the proposed fifty silt dams, one has 
been completed, four others commenced and 
nine more located and the sites surveyed. 
The rate of construction of these dams is 
governed firstly by the availability of 
materials and secondly by climatic condi­
tions. Vvork between December to March 
is out of question clue to the frequency of 
high intensity rain storms. 

At this stage a few observations on the 
effectiveness of the work on some loca­
tions may be of interest. Space does not 
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permit a detailed description of the four 
major demonstrations, the seven minor 
demonstrations and the eleven Pfant Hire 
Schemes. Only brief notes on some of 
these can be given : ­

I . "Marathon"-
M r. R. Heywood is probably the pioneer 

in soil conservation practices in this dis­
trict; he commenced work on his own as 
far back as I937· He has in recent times, 
with the co-operation of the Service, com­
pleted quite an extensive project. Mr. Hey­
wood intends in time to treat the whole of 
his 4,000 acre property. Some 8oo acres 
were treated under the Plant Hire Scheme 
and of this total acreage IOO acres were 
excessively eroded, s~eep h~llsides being 
denuded of all vegetation and serrated with 
deep frequent gullies. These IOO acres 
forn:ed the catchment of a particularly fast­
flowmg creek. Forty to 50 points of rain 
in twenty to thirty minutes were sufficient 
to _r un this creek from 3 to 6 feet deep . 
This area was treated with heavy earth­
works, mostly absorption banks and silt 
t raps. These banks ranged from 4 feet to 
6 feet and were located on approximately 
6 feet to IO feet vertical interval. The silt 
trars ranged in capa~ity from 750 to 2 ,500 
cubic yards. Overflows of the banks were 
loc~ted usually on to ston)r. outcrops of the 
mam creek. Shortly after completion, this 
w~rk was ful l:y te~ted by a ·downpour of 2I7 
pomts of ram m fifteen minutes. No 
appreciable r un-off from this a rea was 
recorded the creek bein rr crossable on foot 
with the water barely "' reachin rr boot-top 
height. The weed growth in the"' cr eek bed 
was not disturbed. As a contrast an 
adjacent creek with a simi lar catchment 
which had not been treated . was uncross~ 
abl~ even on horseback fo r ~ short period . 
Th1s st?rm occur red on the 7th J anuary, 
1949; smce_ tha_t elate there has been a per ­
manent spn ng m the creek with the tr eated 
wat~rshed providing quite an appreciable 
contmuous stream under ex istinrr rainfa ll 
conditions. "' 

As an important part of th e r eclamation 
programme, M r. H eywood ha fenced the 
area off and excluded all stock for the time 
being and a very noticeable amount of 
r_evegetation is a lready taking place. 

2. 	 "Calool"­
Very much the same thing can be reported 

about "Ca!ool" d emonstration, wher e 2 10 
acres of hilly catchment were treated; in 
addition 70 chains of 6o feet waterway w ere 
constructed to provide safe water disposal 
for I40 acres of graded banks. "Calool" 
demonstration is a co-operative effort 
between Messrs. J. Armstrong of " Calool" 
and T. W . Abberfield of "Alexander Park", 
and the Soil Conservation Service. These 
landholders are extending the work under 
the Plant Hire Scheme. 

3· "Woodstock." 
This property is owned by Mr. \ V. R. 

Bryan and is an instance of practically com­
plete control of the whole area of 655 acres. 
Mr. Bryan had a serious problem, where 
even the access to his homestead was in 
danger. After a preliminary consultation, 
when future land use was discussed fully, 
a scheme of control was decided upon and 
implemented with a minor demonstration 
plus extension under plant hire. The minor 
demonstration provided three waterways to 
carry the discharge from graded banks. 
Under the plant . hire scheme absorption 
banks we1:e .constructed. Gully control is 
yet to be completed as soon as the waterways 
become operative. 

PLANT AVAILABLE. 
During the last twenty months two tractor 

units and dozers with associate equipment 
such as scoops, ri ppers and grader s, have 
been employed. T wo simila r units have 
been operating on an adjacent creek catch­
ment; these wi ll be diver ted later to W ongo 
Creek in order to intensify our efforts in 
the control of this catchment. 

CONCLUSION. 
In conclusion. I shoul d like to thank all 

the landholders . with whom we have been 
working, for their enthusiastic support a nd 
most helpful advice on local conditions and 
for some very good suggestions in connection 
with this work. 

L astly, I should like to take this oppor­
tunity to express my thanks to the survey 
staff ~or their invaluable assistance on m any 
occasions. 

MINOR FLOOD AND EROSION 

CONTROL DAMS 


BY 

A. W . MILLER, F.I.S., Senior Surveyor. 

WO N GO Creek, draining into the sto~age 
area of Keepit Dam, has some umqu~ 

features calling jor specialised methods ot 
erosion control. The bulk of the 33,000 acre 
catchment is gently sloping arable oi· grass­
land on which the normal mechanical mea­
sures are quite successful, but around the 
perimeter is an area of steeper country where 
such methods are impossible. Run-off from 
this limited area of mountain is concentrated 
into a number of well-defined streams, and 
as is usual under these conditions deep active 
rrullies are found as a continuation of the 
~treani course through the flatter agricul­
tural land below. Even when run-off from 
the 30,000 acres of gentl~r country- is com­
pletely controlled, t~e dt_scharge ·fr~m t he 
m ountain streams wtll shll be sufficient to 
m aintain the principal gullies and the m ain 
branches in an actively eroding state. The 
obvious answer is to control the run-off 
from the mountain country (and that from 
the agricultural land as well, of co~1rse) 
wh en the whole course of the creek 'nil be 
stabilised and its silt load, at p·resent a source 
of serious concern, will be reduced to negli­
g ible p r oportions. 

MECHANISM OF GULLY EROSION. 
The mechanism of gully erosion is h ig hly ,..., complex ; but with some danger of over­

simplification it m ay be subdivided into the 
three main processes of waterfall or head­
ward erosion , vertical corrasion or deepen­
ing, and hori zontal corrasion , or widening. 

Vlaterfall erosion r esults in the upstream 
migra tion of a g ully along the valley floor 
and is responsible for large soil movem ents. 
\ Vhen the flow is small and the bed well 
rr rassed small waterfalls frequently migrate 
~pstream with a distinct pond between them . 

and much of the soil is deposited again imme­
diately below the pond. ~n . an ac~ive gully, 
on the other hand, the sot! ts earned ~own­
stream for large distances suspended m the 
flowing water. 

V ertical corrasion, as its name implies, is 
the process by which the gully bed, bel?w 
the overfall, is deepened. In_ many actlve 
rrullies it appears to play a mmor part, for 
ft will be observed that the d~pth frequently 
r emains constant for long dtstances. 

For some distance below the overfaH. the 
rrully is frequently very na_rrow, but the 
p rocess of horiz~nt~l cot.:rasJOn s_o~n com= 
m ences its widemng process 'and ts respon 
sib le ·for colossal soil mQvements. The fl_ow ­
ing water, deflected perhaps by s~:nne _,mmor 
irreo-ularity impinges on the vertical wall oJ 
the"'g t1lly, 'exavating a _st~all cave at be 
level.· The superposed sml ts _thus left un~up­
ported t ill it cracks under ·Jts own _weight 
and falls to the gully floor ~·vhere Jt may 
form a temporary dam deflec~mg the course 
of the stream to the other side, w~ere the 

rocess is repeated. This unde_rcutt_m~ and 
iJ,e fallen debr is ar e shown qUite dtstmc_tly 
. F. a I a photo of one of the many gullied
111 I,. ' 	 I h fi t I eof this creek n t e rs arg1 hes Jranc . .11 b tfresh this obst ructiOn _wl e_swep away. 
but the process contmues till ~he gully, 

· · lly a few feet across, has widened out on gma 	 I I 
to half a chain or even more. . n a arge 
rrully system, which has been actJ_ve for ma~y 
"' I.t v"ill sometimes be noticed that m 
years , ·• 	 d
the lower reaches the st ream, now sprea 
over a much wider channel, ~as been slowed 
down to such an extent t~at It can no longer . 
transport the coarse r. particle. , and a pr ocess 
of deposition sets 111, and the gully bed 
becomes much shallower and may even fi ll 
up entirely. 
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Fig . t. ·- Showing undercutting and collapse of a section of gully bank. 

ADVANTAGES OF FLOOD CONTROL. METHOD OF CONTROL PROPOSED. 
\\ .ith these facts in mind it is obvious that it was felt that something might be accom­

if the stream flow from the mountain COU!l­ plished by the construction of a particular 
try be cut off there is every possibility that type of detention dam, whose function was 
the gully below can be stabilised and any to temporarily impound floor. waters from 
soil falling in from the sides, instead of the mountain catchment and dtscharge them 
being carried downstream and into the slowly after the rain had passed, the inten­
K eepit sto rage. wi ll remain in position to tion being that the dam should always be 
bui ld up the level of the· gully floor and substantially empty, except when flow· actu­
nouris11 protective vegetation. Moreover, ally occurred in the creek. This article is 
with f~ e Jio \Y cut off or reduced to negli­ intended to describe the probable behaviour 
gible proportions. it may become feasible to of one branch creek after the dam has been 
break d:.>wn and fill in the gully through the built; in order that a test oE its probable 
ag1·icultural land . making effective provision utility may be made before construction 
fo r th e occasional flo\\. with v\·ate rways, commences. 
graded banks. farm ponds and the like. 
\ Vhile the mounta in catchment remains un­ T ile dam proposed has an earth wall 
controlled it wo uld be impossible to attempt through the bottom of which run s a concrete 
any such work on the maj or gully system pipe. If the pipe is un obstructed at its upper
belo\Y. and a considerable element of possible end niost fl o\1·s "·ould go straight through in 
instabi litv remains even in the cont rol work undimini shed quantity, except for the excep­
on the i1~ter-gull i ed area. 

tional storm \\·hen the rate of discharge will 
:\ lso . but by no means the least important he greater than the capacit:' of the pipe. If 

consid eration , with discharges reduced to a small pipe were used water would be 
neglig ib le proportions. fences will no longer impounded for even moderate storms, but. 
be \Yashed awav \Yith every rain and it will the head of water so built up would force it 
be possible to ;naintain them a; permanent through under high press ure and there 
rabbit-proof ba rri ers. would be a real danger of active cutting at 

r 8u, 

the outlet undermining the wall. A com­
promise ~ay be reached by u_sing a large 
pipe, able to withstand· the wetgh~ of earth 
above, and allowing water to enter 1t through 
a small opening at the upstream end, thus 
ensurmg that fiow is by gravity only and 

not under hydrostatic head. The type of 
inlet structure used in the first dam of the 
type to be built is shown in. Fig. 2. 

In this region the stream beds are highly 
porous and it is probable that even without 
the pipe the dams would empty by seepage ; 

-Showing in let structure for emptying clam. F ig. 2. " 
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but there are two vOJections to depena mg 
entirely on this method. E xperience has 
shown that after filling a few times such 
dams frequently seal and then hold water 
like a bottle. It is essential for their suc­
cess that they should be substantially empty 
whenever a heavy flow occurs. Also with 
the dam emptying through a pipe the finer 
soil particles held in suspension will be car­
ried through the dam to fertilise the gully 
floor downstream and to decrease the rate of 
siltation of the dam. 

SILTATION. 
The rate of siltation is an entirely un­

known factor, but its effect in decreasing the 
storage available fo r flood control is most 
important . W ith a dam which is usually 
empty the problem of removing silt if, and 
when, the deposit becomes at all l;arge, is 
much simplifi ed. In passing. it may also be 
re~-;>rkecl that with the low flo ws to be per­
mi tted through the dam, little, if any, of the 
sil t will be carried far, but practically all 
will be deposited within the confines of the 
gully downstrear~1. 

DEPTP. STORAGE RELATIONSHIP. 
In £gure 3 is shown the relationship 

between depth of water in the dam and 
the amount of storage, expressed, not in 
acre-feet or cubic yards, as is usually done, 
but as depth of run-off from the catchment 
area of 105 acres. With a spillway at R.L. 
1743 storage is the equivalent of 0.50 
inches of run-off. It is obvious that all 
storms giving a total run-off less than this 
will be completely controlled, the maximum 
rate of discharge below the dam being depen­
dent entirelv on the characteristics of the 
inlet structu-re. H ow often may storms giv­
ing a run-off in excess of half an inch be 
expected to occur? _ 

ESTIMATION OF TOTAL RUN-OFF FROM 
STORMS. 

Data on run-off from catchments of this 
order just does not ex ist, and probabilities 
must be deduced from whatever other scanty 
information is available. At Cowra the Soil 
Conservation Service has been conducting 
a soil loss and run-off experiment for which 
six years of records are available. The plots 

are I/--1-0 acre in area, on--a slope of 8 per 
cent. under various agricultural treatments. 
There have been eight separate occasions 
on which one or more of these plots gave a 
run-off in excess of '0.5o 1nc'h.es, <the maxi­
mum ever recorded being 1.27 inches from 
a rain of 2.86 inches extending over three 
days. If this provides any guide, and I 
believe it does, the flatter slope being com­
pensated by the smaller area, a run-off in 
excess of 0.50 inches from the one rain 
period may be expected on the average about 
once a year. 

The Water Conservation and Irrigation 
Commission has taken stream flow measure­
ments on the Manilla and Namoi Rivers 
whose catchments resemble that of the 

. creek under consideration, and which are 
subject to a similar rainfall regime. FI;om 
these flow records the discharges may be 
fo und, and expressed as inches of run-off 
from the catchment. From an inspection 
of the records it was apparent that in the 
vast majority of cases when heavy floods 
occurred in the Namoi or Manilla R ivers. 
the high stage lasted only a short time, and 
that almost all the run-off from flood caus­
ing rains passed down in two or three days. 
On the fourth day of flood the flow had C-

usually dropped back to a very small pro­
portion of the peak, and it was felt that the 
total flow for the heaviest three days was, 
if anything, an over-estimation of the total 
run-off from storms of a duration likely to 
tax the capacity of the structures in mind 
for vVongo Creek. In Tables I and II are 
listed in order of magnitude all the three ­
day discharges in excess of o.so inches run­
off fo r the Namoi and Manilla Rivers 
respectively. 

TABLE I. 
Three-day discharges as inches of nm­


off of the Nmnoi River at North Cuerindi. 

Catch1nent area 970 square miles. Length 

of 1·ecord 3 I years 1916-1946. 


r 449 inches o.853 inches 

I.I86 " 0.847 
 " 
1.171 , 0.776 

" 
I ·095 , 0.625 

" 
I .062 , 0.002 

" r.oo4 , o.srs 
" o.863 , o.srs 
" 

TABLE II. 
Three-day discha-rges as inches of nm-off 

of the Ma:nilla River at W~mbozwne. Catch­
m ent a·rea 770 square m~les. L e-ngth of 
record I I years 1937-1947· 

1 .o68 inches 
0-494 " 
0.43I " 

From 1936 to 1946 there w~re no thr~e­
day discharges from the Nam01 aggregatmg 
half-an-inch of run-off from the catchment, 
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and only one from the Manilia_ River. 
Apparently, half-an-inch of run-off can be 
expected on the average once in two years 
and about 1.17 inches once in ten years. The 
Cowra fi o-ures on a much smaller area (and 
flatter slope) are thus not irreconcilable 
with those from the Namoi, where the 
catchment area is very much larger. and I 
consider it may be confidently asserted that 
a dam with a capacity as great as half-an ­
inch of run-off from the catchment will not 
be filled by a single storm more than once 
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Fig.3 
5howmg Vanat1on of Capac1ry w1th depth of Water. 

(on the average ) in two years. With an 
outlet capable of emptying the dam inside 
forty-eight hours it is unlikely to overflow 
more frequently than this. Such a capacity 
would thus be adequate for the purpose in 
mind, though further storage, if it may be 
readily obtained, is an additional safeguard. 

DEDUCTION OF FLOOD HYDROGRAPH. 
What will happen in the more severe . 

storms which are capable of filling the 
storage and causing an overflow? To pro­
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tect the structure in such cases an emer­
o·ency spillway must be provided. In order 
fo study the probable behaviour of the da~ 
and emergency spillway under_these condi­
tions it is necessary to determme tl:e sh<l:pe 
of the hydrograph , i. ~ . , the. manner !n wh1ch 
the rate of flow vanes _with the time. Be­
fore this may be done a number _of a~sump­
tions must be made. some t? sanphf~ the 
problem and others to make _It determmate. 
The resulting hydrograph will th~n be one 
appropriate to the purely hypothetical model 
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of storm_run~off ~nd catchmel\t. A lthough 
hypothetical 1t w1l1 not be unrealistic and 
the conclusions to be drawn from it m~y be 
very valuable for design . 

For t he catchment under study the ti i11e 
or concentration , itself a la rgely hypothetical 
0gure, but su pposed to r epresent the t ime 
It takes water to flow from the farthest 
point of the catchment to the craucring sta­
ti~ ~, . may be computed from tl1e 

0

B ransby 
\ \' II hams formula : 

T = 0·88L 
l\11 \y H-} 

where T is the time of concentration m 
hours. · 

L is the length fro m source to site . 
~1 is the catchment area in squar e 

miles. 

H is the average slope of the stream 
from source to site ex pressed as 
a percentage. 

By considering individual tributaries and 
using the same fo rmula . the time of col;cen­
trati?n for th~se m ay_ also be found, and by 
mak1~1g certam I?laus1ble assumptions as to 
.-el o~I~Y of flow m t he stream it is possible 
to _d1v1de the whole drainage basin into sub­
unIts whose boundar ies represent t he limit 
fro r~1 wl~i ch fl ow . will reach the gauging 
st~t10n m . 5 · mmutes, 10 minutes , 30 
mmutes . w1th the furthest point of the 
ca_tchmen t a~ the t ime of concentration 35 
mmutes . T his sub-d ivision is shown in 
F igure 4· a plan of the catchment. If. now . 
the hypothetical storm be subdivided into 
in!ervals of 5 mi ~mtes , during which t he 
ram (or rather umt rate of run-off ) is sup­
posed to be of constant intensity, at the 
end of the first five minutes the a rea below 
the .)-minute isopleth wi ll be contributincr 
run-off at a rate gi\ en by the product of 
the a re~ bv the rate of ra infall by the 
appropn a te co-efficient. At the end of the 
econd s -minute period the rate of dis­

char cre will be that _fro m area A appropriate 
to. the second 5 mmutes of torm togeth er 
with . that ~rom area J3 between the :; and 
10-n: mute 1 opleths appropriate to the fir st 
5 m 111 utes. At the end of 35 minutes H1e 
total di:charge will be the stun of t he dis­
charge fro m the seven a reas. 

G (first 5 minutes) .+ F (second 5 minu tes) 
+. E (third 5 minutes) + . . . + B (six th 5 
mmutes) +A (seventh 5 minutes). 

It remains to construct a model sto rm. 
F rom the examination of numerous auto­
matic rain gauge charts I have formed the 
opinion that in genera l, though there may 
be some initi a l lig ht ra in , the heaviest ra in 
often fa ll s in the earli est part of the s torm . 
Accordingly. the mode l decided on is one 
g iving a once in ten years ' fall for all d ura­
t ions from five minutes to twenty-four hours. 
giving 0.42 inches in the fir st five m inu tes: 
o. 19 in the second, 0.14 in the third . • a nd 
so on with a total of 3-47 inches in twenty­
four hours, as shown in Figs . 9 ·3, 9.8, and 
>J . ro of Section 2 of the report of the Sto rm­
water S tandards Committee of the Insti tu te 
ot E ngineers, A ustralia ( '). A ppropriate co­
efficients of run-off may also be estimated 
for individual areas between the is(T)pleths 
as shown in Fig. 4, taking account o f the 
slope and nature of soil and cover. 

DEDUCTIONS FROM HYDROGRAPH. 
F rom the hyclrograph determined in thi s 

manner (vide Fig. 5) it is seen that a lthoug h 
the time of concentration is thirty-five min­
utes, max imum discharge occurs a t the end 
of only twenty minutes . This is entirely t he 
result of the effect of the particula r s torm 
model, in which a high initial intensity fa ll s . 
off rapidly with increasing time, upon the 
particular catchment. It is interesting to 
note in this respect that the Stormwater 
Standard s Committee reports . that the 
B ransby vVilliam s fo rmula gives times of 
concentration which a re unduly long . A lso 
using the stan da rd Q = CIA formula , with 
a mean va lue fo r C and a value fo r I appro­
priate to a once in ten years storm of thirty- . 
five minu tes, there is a maximum discha rg E 
of 100 cusecs which may be compared w itl­
the maximum of 122 cusecs now found after 
twenty minutes . The two values are not so 
markedly discordant as to discredit the 
method of analysis followed. 

If the streai11flow should follow this pat­
tern , a once in ten yea rs storm would fi ll a 
dam with a capacity of half an inch of nm­
off in a little over fo rty minutes. B u t by 
then the rate of inflow into the dam ha s 
decreased to 55 cubic feet per second an rl IS 

30 Mins 

9 ac r es 

SCAl[ 
CHAINS 0 10 20 CHAI NS 

~-------=======~ 

Fig. 4 
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falling steadily. Moreover, an appreciable 
rate of flow down the emergency spillway 
can only occur with a substantial depth in 
the channel and an additional entrance head, 
which is dependent <fn the design of the 
emergency spillway, but which is a not 
inconsiderable item. For instance, in this 
particular case a surcharge of one foot above 
-spillway level which could readily and safely 
be secured by proper design would tempor­
arily impound an additional 1.2 acre-feet, the 
equivalent of 0.13 inches of run-off. By 
the time this amount pas been stored the 
maximum discharge will be only 36 cusecs, 
so that he dam has reduced the peak flow 

to\\·ering all around, who has scurried for 
home because he feared the creek would rise 
when only two or three big drops fell, or 
who has taken the risk that the storm would 
go round the other way, and ended up 
,;pending the night in town, will be more 
charitable. Opinions as to the probable 
!Jehaviour of a creek can be nothing but 
opinions. Based, as this study has been, on 
dearly stated assumptions, and a logical 
development, they are open to critical 
examination and amendment. It must be 
admitted, however, that there is very sound 
reason to believe that structures such as 
that proposed can and will exert a profound 

I20 Cu. Sec. s.120 c~ Secs r-V I'\ 100 do lO O do. 

\I 80 da. 80 do. 

I'\_I 60 do60 d o. 

~"---~---I'40 d o. 40 do.
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Hydrogra ph of Hy po thetical once tn 10 Ye a rs Storm 

Fig. 5 

down the creek to only 30 per cent. of what 
it would be if the creek were uncontrolled. 
Even for the record breaker , which may 
be expected to occur only once in a 
thousand years, it appears that a structure 
such as this would still be able to reduce 
the peak flow slightly. It would, under 
those conditions, take about thi rty minutes 
to fill and the reduction in peak fl ow would 
be only ro per cent. but it is interesting to 
note that some reduction would be effected. 

These investigations are largely hypo­
thetical, a fact which will detract from thei r 
value in the eyes of the unthinking. Any 
-rational person, however , who knows ho\Y 
difficult it is to estimate the amount of rain 
likely to fall, even when storm clouds are 

influence in .mitigating th~ erosion hazard 
in the gullies downstream arid thus assisting 
materially in the stabilisation of areas much 
greater than the catchments above them. 
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ORCHARD PLANTING FOR THE 
- ' 

PREVENTION AND CONTROL OF 
EROSION 

BY 

T. P. TAYLOR, H .D.A., District Soil Conservationist. 

SOIL erosion is a problem that has been has become apparent that the best answer to 
recognised as one of the most serious the problem of erosion prevention and con­

with which most fruit growers on sloping trol in the majority of cases lies in the adop­
lands have to contend. Fruit growing, in tion of a system of contour planti~g and 
the absence of irrigation facilities , requires banking. Unless an orchard is contour 
adequate and reliable rainfall, and so th.e 	 planted in undulatin~ country, o~ is plc:nted 

on uniform slopes, little success Is achievedmain fruit growing areas are found in the 
in cultivating "across the slope." In prac­better rainfall regions of the State, which 
tice it is generally found that "across the. are along the coast, tablelanqs and slopes. 
slope" means cultivating up and down the

The country here is mainly undulating to "least slope" and in the majority of cases 
hilly and on this account liable to erosion. there is sufficient fall down this slope to
Owing to the unreliable nature of the rain­ result in quite a lot of erosion, especially in 
fall and where irrigation is not possible it the drier inland districts, where it is essen­
has been necessary in many districts, such tial to undertake frequent cultivations to 
as Young and Bathurst, to adopt clean culti­ conserve moisture. 
vation methods in order to conserve suffi­
cient moisture to produce payable crops. 
Clean cult_ivatiop is practised for the destruc­ CONTOUR PLANTING.
tion of spring and s ummer weep growth and 
the soil is left in a loose, opeq condition. . Contour planting, although comparative~y 

new in this country, has been undertaken 111On- these sloping lands it was inevitable 
other parts of the world. for many years._th <;1t erosion· would sooner or later take place 
I some cases the sole obJect ·was the pre ­if this practice was continued. Consequently, v~ntion of erosion and in others to . enable erosion has now become a serious factor in 
· 'crati'on to be undertaken by runmng the many of the fruit growing districts in this 1rn,c 
water along the tree rows. It should be State. 
remembered, however, t_hat there are many 

E fforts to control erosion on established forms of contour plan~mg for the control
orchards in the better rainfall districts by 

PI-evention of erosiOn and that all caii clabandoning or modifying clean cultivation an . cl . . 1 11' f . pecial sloll an expen ence 111 eve mg 
methods and allowing some vegetation, in 	 01t· s·e they can be tmdertaken. District IJe 01 the form of pastures or cover crops, between 	 · · d' 1 1· 111clu 1aveSoil conditiOns, mg s opes, clthe tree rows, have been successful in many an · 'd · d 11 

to be taken mto cons1 eratwn an aIcases. The construction of graded banks a 50 d · d 1 cl ·orchardists are a v1se to see < ~pert a v1ce
in established orchards, which is often diffi ­ assistance before undertakmg contour clcult and requires the removal of some trees, an 

plantings.has also given good results in the control 
of erosion and has been adopted in many · Graded banks were the first mechanical 
districts. measures introduced . to prevent and con ­

trol erosion on slop111g ara~Ie lands. ByW hilst it is true that in some cases erosion 
tructincr banks at regular mtervals across 

can be prevented by judicious cultivation cons o d cl .the slope, run-off was re uce and eroswn and the use of some form of vegetation, it 



Fig. I.-Orchard erosion . Co nto ur p lan t ing and cultivation will pn'Yent this occurring. 

prevented by carrying the surplus water off 
the land at a reduced velocity which did not 
cause erosion. After these measures had 
proved successful on arable lands, they were 
introduced to orchard lands. It was often 
very difficult to construct banks in estab­
lished orchards, and many trees had to be 
sacrificed to enable the banks to be made. 
On new areas these difficulties did not exist 
and the banks were constructed before the 
t rees were planted. In all cases it was 
found that . provided the banks had been 
properly designed , constructed and main­
tained . and the surplus water safely dis­
po. ecl of. the system worked quite satis­
factorih· and erosion was prevented. or if 
present·. brought under control. 

Officer of the Soil Conservation Service 
will a ~ i:t . without charge to the grower, in 
making surveys and layi ng out areas for 
contour planti ng and graded banking. 

Sq uare plantings were generally made 
\rhen contour or graded banks were first 
constructed. but this gradually gave way 
to a modified form of planting in which 

the tree rows were parallel to the banks and' 
were in line up and down the slope. Finally 
this alignment up and down slope has also • 
been abandoned. 

This system has become known as "con-· · 
tour pl anting" despite the fact that the tree­
rows are often on a grade similar to that­
of the banks. Strictly speaking, contour­
planting means planting on the level , -i.e. ,_ 
that the tree rows a re level from one end­
to the other. The term "contour plant-­
ing" has, however, been . used when the· 
banks have been constructed with a g rade 
and the tree rows are parallel to the banks. 
When the tree rows have a fall the term · 
"graded planting" would be better to indi ­
cate that this system has been used. 

LARGE OR SMALL BANKS? 
The construction of large contour or· 

graded banks in orchards has some disad-­
vantages, the main ones being the large· 
amount of surface soil required to p1ake 
the bank, the need fo r special machinery and 
the poor control and distribution of water. . 

r88 

\\ ' ith large banks so many tree rows apart, 

;run-off is only partially checked and often 


!l ·causes minor erosion between the banks, 

before it collects in the banks and is carried 


·Off or absorbed by the soil. This gives a 
g rea ter amourit of water to areas im­
mediately adjoining the bank and less to 
those areas away f rom the bank. 

The construct ion of small banks every 
tree row gives a much better distribution. 
·of water and makes the work much easier 
.and more effective. 

O f course, it is realised that in some 
·established orchards. where erosion has 
:a lready taken place, · it may be practically 
'impossible to construct small banks along 
·every tree row and that the construction 
·of large banks at intervals is the only means 
•of solving the problem. In such cases large 
banks should be made and the erosion 
l)rought under control in this manner. 

However, it was soon found that banks 
·were not sufficient by themselves to ·control 
•erosion, especially where bare cultivation 
:and up-and-down-the-slope working, which 
·meant crossing the banks, was continued, 
:as erosion took place between the banks 
:and siltatiun and overtopping occurred along 
rt:hem. 

This difficulty was considerably reduced 
·by contom cultivation and the discontinu­
:ance of working up and down the slope. It 
:~·vas finaTiy overcome altogether, by plant­
mg the tree rows parallel to the banks, and 
11ot having them in line up and down the 
slope. 

NEED FOR FUTURE CONTOUR PLANTING. 
It is strongly recommended that all future 

jplanting rof r(l)rchards and vineyards on un­
dulating cGmntry should be on a system of 

•contour planting to prevent erosion taking 
pla.ce. The fact that no erosion is in evidence 
·now, or the soil appears to be a non-erodible 
rt:ype, should be disregarded entirely; it is 
well known that the various cultivation 
~11ethods and traffic clue to pruning, spray­
~ng, picking, and carting, that are necessary 
111 all orchards, even though associated with 
modern ideas of cover cropping and mini­
mum cultivation, a.re all conducive to 

erosion; it 1s a wise precaution to take 
the little extra time and trouble associated 
with contour planting to safeguard the 
orchard and prevent erosion occurring, 
rather than to wait and correct it in future. 
An orchard or vineyard is much different 
to an annual crop and should be regard~d 
as something .more or less permanent, m 
that it will last for many years and amply 
repay the extra care and attention giYen 
to its establishment. 

WATER DISPOSAL. 
In all forms of mechanical work, fo r the 

control or prevention of erosion, fi rst _c?n ­
sideration must be gi,·en to the prov 1~10n 
of a satisfactory water disposal. area. ery 
little is achieved if one area IS protected 
from erosion at the expens~ C?f anoth~r. 
V"herever water is diverted, 1t IS essenb~l 
that it be diverted onto an area that. ,~·Ill 
not erode. Satisfactory areas are adJom­
ino· asture lands, where the .water can be 
sp~efd and absorb.ed, or spectal waten:~ys 
to take the water mto .natural stable dtam­

. It 1·s essential to see that water­aae 1mes. . . 
woays are protected by adequate vegetatl?n, 

such as sown pasture, capable of ca:rymg 

the flow. These should not be cultivated 

or louahed but left as permanent well-


p cl o Constructed waterways have 
rrrasse areas ·cl
le~el cross-,s~ctions, and are mtade wt ~ 

nable the water o sprea 
enoua I1 to e d f ffi · tol b Jose velocity, an o su cien 
and t.1ere y the expected run-off from 
c~paClt)' to ca~{Y Reaular top-dressings witH 
the area treate . re ~-equired to maintain a 
superpl:ospl;ft~ s~;vard of grasses and clovers 
good pt otec v Natural drainage hollows 
on these areas. 'cl d thll t waterways, provt e ey 
make exce en d b en eroded and it is
1 ot alrea Y e ' lave n cl d that these be reserved for 
recommen e er possible. It will 
this purposed w~~re;any areas, that the 
also be faun ' aterway can be effectively 
flow fr.om the ~vdam for stock or domestic 
stored 1n a smba .1d. ~ of such a dam con­

nd the Ul Ino . use, a ·n any scheme of eroston 
siderably 11e1ps 1 

control. 
.. ion was caused in the early

Much ei os . by allowing the flo w 
clays of con tot~ntanks to spill out onto 
from construe eel! ds lanes etc. and in

ec' hea an ' ' ' unprepar ' 'derable damage was done. 
many cases cons! 
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Fig · 2 .- E · ·roswn takmg place, although this orchard is worked across the main slofe and terraced . 
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F ig. ].-Erosion such. as this can be prevented and controlled by contour planting and cultivation . 

It is now recogpis~d that suitable disposal 
~reas are essential tf any system of banking 
ts to be successful. 

CONTOURING TO SUIT DISTRICT 

CONDITIONS. 


~rom the knowledge already acquired 
satisfactory methods of planting orchards on 
the contour have been evolved which will 
be f~:mnd quite suitable for the control of 
er~s10~1 and at the same time overcome the 
objectiOns to earlier methods. 

In mo.dern contour planting, the trees are 
plante~ m rows on a definite grade or fall 
a.ccordmg to the· district and local condi­
tions, and small banks are constructed along 
each tree row. In the drier inland areas 
where rainfall is limited level rows or con­
to':r plantings can be ~dertaken with the 
object ?f retaining as much of tl~e rainfall 
as. posstble on the land and in close proxi­
mtty t<;> the trees, so that it will soak into 
the sml and be available for use by the 
trees. \Vaterways should be provided at 
the end so that surplus water, in wet years, 

can be drained away. In dry years, irriga­
tion water or rainfall could be held on the 
rows by closing, or partially closing, the ends 
of the banks and preventing or limiting run­
off as desired. 

In the better rainfall areas the rows are 
given a definite fall and provision made 
for the removal of surplus water. Grades 
of 0.5 per cent. to I per cent. are generally 
recommended and have proved quite satis­
factory in most cases. In some special 
cases, however, steeper grades have been 
used with success, but it will generally be 
found that grades of 0 to I per cent. will 
prove quite adequate. 

By making small banks every tree row, 
better control, distribution and absorption 
of water will be obtained. The absence of 
large banks makes the work much easier, 
and also does away with the necessity of 
moving so much of the surface soil into 
the banks. Small banks can be made by an 
ordinary single furrow or orchard plough, 
throwing a furrow up to the trees from 
both sides and leaving the " finish out" 



F ig. 4.-A young orchard planted and worked on the contour. Notice the small b J.nks being formed =up 
a long the tree rows and the clramage channel be tween the rows. 

furrow between the rows, to provide a drain acce~s tracks, waterways or fence lines. By 
or channel to carry the flow of water. If, selecting an average slope to work from, it 
however: it is desired for any reason, the Will be found that the contour lines will, in 
banks could be made between the rows and the majority of cases, not converge as would 0 00 0 0 0 0
away from the trees. be the case if the flattest slope was selected, 

In all systems of banking a diversion bank or diverge considerably as would be the · 
is generally required at the top of the plant­ case if the steepest slope was chosen. Along · 
ing area, to prevent overtopping of the this base line, pegs are placed according to· 
first bank. The small banks, along each row, the distance apart it is desired to make the· 
are only capable of handling the water that rows. Fl G. 5
falls and flows from the space between eat;,h If the distance is 22 feet, then pegs are· rmv and substantial diversion banks are b ttom surveyed row.placed at o, 2 2, 44, 66, 88, I 10 feet and~ req uired where it is necessary to protect any then gives one true grade row (the sur­ other parallel to th~ o ned rrrade" rows, 

so on. The second row, that is the 22 ft .. t >~O • assUI <> 
area from run-off from higher lands. veyed row) and two assumed grade row_s Between tI1e v r if the slope of 

mark, is then surveyed and marked out with short rows may be_ necessa y(one above and one below and both parallel 
the predetermined fall . The third row from the land is not umform. . . b to the surveyed row ) which, in mo~t cases, .TECHNIQUE FOR LAYING OUT ORCHARDS 1this, that is the 88 ft. peg, is then surveyed · ases 1t may e on Y 

ON THE CONTOUR. seeing that they are less than Yz cham apart, Where the slope 111S~e 'eel grade" rowand pegged. Similarly every third row is ­ . ne assum can be generally taken as accurate enough 1poss1ble to 1ave Where it decreases, several To lay out an orchard on the contour surveyed and pegged. -r:hese surveyed rows fo r practical purposes. Each surveyed row or a short ro~. . . n to the "assumedcommence by selecting a suitable base line, are then marked by makmg a plough furrow· 10is similarly treated until the whole area ~as short rows, m afd1t essary. While sur­where the slope could be regarded as an with a single furrow plough. From these · been covered and marked out. Every tlurd grade" rows, may )et~e~ree rows it is pos­average of the area to be treated. That is rows, which have been marked by a plough· row will be a surveyed row with two veying and .Peggl~g t ~ certain ~mount. ofto say, that the steepest or flattest slopes furrow, rows immediately above and below· 
·'assumed grade" rows between them, one sible to brmg a ou th rows by varymg would not be selected as base lines, even them are then pegged out parallel to the key 
J1arallel to the top surveyed ro\-v and the uniformity between e ' 

though they may provide ideal locations for rows by measuring 22 feet from it . This; 
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the grade slightly, according to the slope. slope fl attens out and the distance between 
This is most desirable and should be done the "surveyed rows" increases. It will be 
wherever possible, as it will help to reduce found that these short rows can be graded 
the number of short rows al).d make future similarly to adjoining rows. The flow from 
working easier. However, it should be these rows is picked up by the lower row 
appreciated that "varying the g rade" to and, if necessary, a slightly bigger bank is 
obtain uniformity is something that only an made to carry th e extra flow. 
experienced worker can do and should not After pegging it is desirable to mark the 
be undertaken by those withou t experience rows with a plough furrow, as this gives a
in contour work. clear picture of the area and makes planting 

Short rows are undesirable in orchards, easy. Before this is done, the pegs should 
but they a re unavoidable in contour plant­ be sighted into positions, so that minor 
ings, where the slopes are not uniform. Short irregulariti es can be adjusted and the row 
rows can be fitted in, as r equired, where the ploughed out on an even curve . 
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The tree positions are then marked by 
measuring and pegging (or digging the tree 
holes) along the plough furrows, at the 
required distance apart. Care is required 
when planting the short rows not to plant 
too close to the adjoining rows. 

It will be found that the distance apart of 
tree rows and also the spacings within the 
rows will have to be varied, to cope with 
the slope and layout. Contour planting can­
not be done on a practical basis without some 
variation of the mathematical standa rds 
desired, and it will be found that both the 
rows and spacings w~th!n the rows will ha,:e 
to be varied . A vanatwn of ro per cent. IS 

accepted as satisfactory and will be found 
necessary, in most cases, to obtain satisfac ­
tory plantings. If the rows widen a little, 
say to 24 or even 26 feet apart , then the 
spacings in the rows would be reduced to 

say 20 feet and vice rersa. Speci~l attentio~ , 
of course would have to be given to th1s 
matter a~d experience is necessary in 
deciding this . 

By planting along ea~h r~w independently, 
as mentioned above, It w11l be found that 
the trees are not in line up and down the 
slope. They will be in curved li_nes along 
the tree rows. This _is a ver.y desirabl_e ~J2d 
important consideratwn, as ~t ~akes It Im ­
possible to carry out any cultivatiOn or other 
operation unless "on the contour,': as the 
only access is between the rows .. This m~kes 
it desirable to divide the area, If large, mto 

, that suitable access tracks may be bl oc 1.s, s 0 
left in convenient places, e.g., such as along 

'd d where the run-off from the track a n ge an . 
ned into the banks at suttable can be tur . . 

. t · ls by small mitre drams. m en ·a 
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CONSERVATION FARMING IN NEW 

ENGLAND \X7ITH A FARM GRADER 


BY 

R. W . BERMAN, Field Officer. 

BE CAUSE of the lack of Soil Conserva­
tion Service plant to meet the demand 

for heavy earth-moving work in the New 
England District and because of the scarcity 
of private contractors with the necessary 
equipment who are prepared to uridertake 
the construction of erosion control works, 
conservation farming in the New England 
District has been slowly developing with 
the aid of the smaller makes of "farm 
grader" drawn by wheeled tractors. These 
machines had been used for some years by 
some landholders in the district with vary­
ing success, but some excellent work has 
been undertaken by landholders of Graham's 
Valley, near Glen Innes. · 

The construction of graded banks in cui.:. 
tivation land and contour pasture furrows 
has been undertaken and, in general, good 
resul ts obtained on the heavy soils of these 
farms. Grades used were generally steep, 
up to I per cent., and capacities of banks 
were not large, but the results obtained 
seemed to indicate that the farm g rader as 
puiied by an ordinary wheeled farm tractor 
can be used to construct successfully quite 
extensive layouts. 

The first such work undertaken by the 
Soil Conservation Service was the rrraded 
ban:king of son:e :so acres of lanl' prior 
to 1ts first cultivation on the Pastoral Re­
search Station of the Commonwealth Scienti­
fic Industrial Research Organization at Chis­
wick. near Uralla. Construction was just 
completed in time for the September-Octo­
ber floods of I949, and excellent results 
obtained; only five breaks (and these due 
to a fault in construction near the outlets, 
not in design) occurred in thirty-six banks 
during a downpour of I I y;; inches. The 
observations made at Chiswick have influ­
enced the design of other layouts and the 
many jobs since undertaken have proved 
very satisfactory. 

It is on land not previously cultivated 
that the farm grader can be most effectively 
used, and advantage is being taken of the 
possibilities of the machine by many land­
holders in the Waterloo and King's Plains 
areas. By constructing graded banks 
through their paddocks, under the guidance 
of the Soil Conservation Service, either be­
fore or immediately after the initial plough­
ing, these farmers have taken steps to pre­
serve "new ground." from the ravages of 
erosion and have economised upon the neces ­
sity for using the heavier equipment essen­
tial for constructing a similar layout on 
eroded land. The presence of even small 
gullies makes th e use of the farm g rader 
very laborious, but where "new" land is 
being subdivided for cultivation the intel­
ligent planning of a layout, including the 
preservation of certain natural depressions 
as waterways, the banking of the proposed 
cultivation land with the grader, together 
with the planned location of subdivision 
fences , has proved a sound and economical 
means of guarding against erosion. On older 
cultivation land the farm grader has been 
used quite successfully to build banks over 
gullies up to 2 feet deep. In one such case, 
on the property of G. Fulloon, Cressbrook, 
Annidale, the gullies were first filled by 
parallel ploughing and grading of the soil 
into the gully. 

CAPACITY OF BANKS. 
Upon examination it was found that the 

channels of the graded banks in existence in 
the district seldom exceeded a cross-sec­
tional area of two square feet. This appeared 
to be due to the method of construction. and 
it was thought that this capacity could be 
increased by different methods. By aimino­
at a flat-bottomed, wider channel, bank~ 
were eventually constructed having a cross­
section of about 8 square feet three months 

Fig. r .-Natural grass sward surveyed with level cross-section fqr a waterway on the C.S.I.R.O. Field 

Station, Uralla. 


after construction. Sertling appeared to 
have ceased at the time of taking the 
measurement. The degree of slope increas­
ingly affects the efficiency of the machine 
and this is illustrated in Fig. 3· Relative 
measurements of bank, channel and batter 
of representative banks taken at random are 
also shown in this diagram. Owing to the 
limitations of the machine the maximum 
cross-sectional area obtainable in heavy 
soils appears to be about eight square feet 
on a slope of 4 per cent.-6 per cent. On slopes 

,rE I above 6 per cent. the maximum appears to 
be between five and six square feet. 

GRADES. 
Because of the limited capacity available 

in these banks, grades used have been 
rather steep by usual stanclarcls, the limit­
ing factor, of course, being the eroclibility 
of the soil. This is somewhat modified by 
th~ unusual revegetative capacity of soils 

in the New England :::limate. The grades 
used at Chiswick were 0.5 per cent. through­
out with the exception of the uppermost 
banks. which were diversion banks in pas­
ture land and expected to re-grass them­
selves. These banks were put in on a grade 
of I per cent. The same grades were used 
at Cressbrook, Armiclale, on light soil, but 
some scouring occurred on the I pe~ ce_nt. 
grades. After the success of _the Chtsw1ck 
banks during the floods of sprmg, 1949, the 
o-racles used were reduced to 0.4 per cent. 
~ncl o.S per cent. for subsequent jobs. Th~se 
o-racles have still proved adequate, havmg 
been severely tested by s!1arp summer 
storms, with n_1uc,h loca~ floodmg, on proper­
ties in the Kmg s Plams area. 

Uniform gradients throughout have be~n 
most favoured because of greater ease m 

· . t but some attempt has been made Iaymg 011 ' d hto slightly flatten the gra e on ~ e upper 
. tl1e channels b) the stmple ex­

reac l1es Ot . cl' 
I. t of increasmrr the tstance 1Jetweenpecten b 
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F ig. 2.- Construction of a graded bank at King's Plains. 

readings as the higher end of the bank is convenience would result in cultural opera­
approac~ed. Instead of stepping the usual tions; however, this is offset by the more 
17 paces right through, the distance is in­ intensive forms of agriculture in the New 
creased first to 18 paces, after the first few England, and the greater variety of crops 
readings, then to 19 and finally, in the that can be grown together with the prac­
longer banks, to 20 paces. This last spacing tice of strip cropping. In areas where the 
has the effect of reducing a 0-4 per cent. prevailing land slope has been variable, 
grade to 0.325 per cent., as each addition causing spacing in some places to greatly 
of one pace to the distance between readings exceed so yards horizontally, although only 
reduces the grade by o.23S of o.r per cent. as low as 4 feet vertically, and at another 

point in the same bank on steeper ground 
to be as close as 20 yards, the V.I. was in­INTERVALS. 
creased to 6 feet and spur terraces built Bank spacing is usually governed by the 
on the fl atter ground towards the outlet.need for preventing inter-bank erosion, but 

as wide spacing requires greater capacity 
in the channel to handle the run-off from 
the larger catchment, and the capacity of METHOD OF CONSTRUCTION. 
these cha~nels is limited by the scope of 

Generally speaking the farm grader 1sthe machme, the .spacing in this instance 
used in construction in similar manner tohas to conform w1th the average expected 
the larger grader terracer. All banks havesize of the banks. Intervals have been kept 
been built from one side only and the usuallow, because of the small bank capacity, 


and the rule-of-thumb adopted at Chiswick, number of trips necessary to build a bank is 

"never more than 5 feet vertical or so yards eleven. Almost all the work has been car­
horizontal" has been adhered to. ried out in heavy black clays, and it is 

thought that a practised operator could It may be expected that wi th banks as 
undertake the work much more easily inclose as these, and their narrowness pre­

venting them being worked over, some in- light soil. 
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Typ ical Cross Sect ions of Graded Banks 

. on "Leaweena" Matheson. 3 Months a ft e r construction 
I 
I 

I 	 Property or C.L.Podrnore -K,.ngs Platns, S o ld/er Settler 

I 	 Fig. 3· 
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Two things are apparent m heavy clay 
soils in New England:-: ­

(a) 	Owina- to the lack of weight on 
the m~chine it is impracticable to 
try to make the blade cut deeper 
than has been stirred. 

( b) U nless the soil is very dry (which 
has rarely been the case _in the 
last twelve months) there IS verY. 
little settling, as the wheels ot 
the tractor pound and compress the 
bank during construction. 

The firs t step in construction is to culti­
vate the line of the bank, and the only 
implement of any use for this operation 
is the mouldboard plough. Assummg that 
a fou r-furrow ploua-h is used, the fir st cut 
would be made below the line of pegs so 
as to leave the pegs still standing ab_out ~ne 
toot above the last furrow, the sml bemg 
thrown downhill. The return trip may be 
made below the first and throwing uphill 
to form a "back-up" over a strip of un­
ploughed ground. This "back-up" would 
form the foundation of the completed bank. 
The third run should be made above the 
first , also throwing downhill although in 
subsequent runs above this it is immaterial 
in which direction the soil is thrown. The 
total width of stirred soil above the pegs 
should not be less than 10 feet . It may be 
necessary to allow the soil to dry before 
commencing to grade and should rain fall 
on ungraded ploughing a second ploughing 
may be required. 

The first blow with the grader will deposit 
the 	soil on the "back-up" previously men­
tioned-for this blow the blade is set steep 
and 	narrow and cuts deeply. Thereafter. 
the 	job merely consists of scraping the soil 
across into the furrow thus formed and 
grading it up onto the growing bank. The 
last blow of all will scrape the channel clean 
and 	fill the furrow for the last time. 

The 	farm grader, having little weight of 
its own, can be very unstable in operation 
if not set accurately for each blow. Greater 
stability is obtained and much better work 
clone if the blade is set on the "wide cut" 
for all blows other than "putting up." The 
limiting factor here is the "liveliness" of 
the 	soil being worked. If it is sticking and 
will not run off the blade, the "narrow cut" 
must be used. 

The machine behaves ra ther differently 

under various conditions-different soils, 

conditions of soil, various types of tractor 

and speeds. vVith experience several "clo:S 

and don'ts" have become apparent, and 1t 

is advisable to experiment a 1ittle when 

starting a new paddock or using a fresh type 

of tractor. A small-wheeled tractor always 

has trouble with wheel spin, but the lightest 

used ( I 7 horse-power ) proved . powerful 

enough . The ·forec<~trriage of the grader 

should be dispensed with and the drawbar 


quhitch made as high as possible to give maxi­

mum clearance under the beam. Keep the 

blade clean--if necessary clean after every 

trip. Too slow is better than too fast ­

especially in stony ground. Should the driver 

a-et into difficulties with the tractor slipping

~ff th e bank. which is more often the case 

with row-cro.p tractors , unhitch immediately, 

nm forward and back in to the correct 

position . 


WATERWAY TRAINER BANKS. 
~o attempt has been made in this work 


to construct a level-section waterway. In 

all cases natural grass waterways were usecl. 

and if no suitable depression or watercourse 

was available, levee banks were thrown up· 

to contain a strip of natural grass as a water-· 

way. The direction of the greatest fall must 

be ·determined by one of the various methods. 

available and , when the side slope becomes. 

too great, the waterway must turn to follow 

the natural fall. Trainer banks were also 

used to increase the capacity of a shallow 

water course. 


These banks are constructed much as ar,e 

the n aded banks, except that height of bank 

is ri~e only consideration and no thought 

need be given to a channel. Care must be 

taken that the bank is built well up on the 

bed of the waterway and no disturbed grass · 

left inside the bank exposed to scouring. 

The drain left by the excavation of soil 

will collect water and may scour, so mitred 

inlets to divert the water onto the water­

way are sometimes necessary. 


DIVERSION BANKS. 
This rather novel method of diverting 


vvater has so far, proved very successful 

on one property at King's Plains. The 

problem was such that a large catchment 
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F ig. 4.-Bank construction on heavy black clay so~ls, using farm grader on ploughed strips. 

Fig. 5.-The outlet of the graded bank in Fig. 4 into a natural grassed waterway. The bank in both 
left and right foreground is the trainer bank of the waterway. 
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Fig. 6.-A natural grassed waterway (middle of illustration) changing direction in accordance with 
level cross-section available. The trainer banks are pushed up from outsid e the waterway. 

was shedding much water onto a proposed storms and prolonged wet spells in January 
cu-ltivation paddock. A shire road soon and February, 1950, the scheme worked 
to be constructed would further aggravate efficiently. 
the problem. It was decided that the farm 
grader could not build a bank large enough 

CONCLUSION.to control the run-off and protect the lower­
graded banks unless it was at a grade The farm grader is an efficient and econo­
too steep to be safe from scouring. It was mical machine by which a farmer can, pro­
decided to take some of the load off the vided his farm is not badly eroded, 
uppermost banks . After the positions of construct quite extensive soil conservation 
the p roposed road culverts were determined, layouts. It can be hauled by almost any 
th ree diversion banks were constructed. The type of ordinary wheeled tractor and can 
natural g rass cover which formed the be operated single handed-the driver doing 
channel was originally pedect and wa:~ left his own operating. It should be included 
so, undisturbed by the operations. Each in farming plants as an essential unit where 
bank was 200 feet long, constructed just as the aim is prevention rather than cure. 
the waterway trainer banks were, but on With experience and initiative on the part 
a g rade of 2 per cent. ( degree of slope 4-5 of the farmer he thus may eliminate the 
per cent.). These banks emptied onto safe need for the use of heavy earth-moving 
well-grassed outl et areas. During heavy equipment at a later elate. 

+ + + 
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RECLAMATION OF ERODED ARABLE 

LANDS IN THE CAMDEN DISTRICT 


BY 

] . ]. HusTON, H.D.A., Soil Consen ationist. 

DA.IRY farming is the main agricultural starting to erode. \ iVhere the grades are 
occupation in the Wianamatta shale steep, the signs of erosion are more marked 

area, which comprises practically all of the but all land which has been constantly culti­
land in the Camden, Campbelitown, Picton vated for any length of time is shO\Ying 
and Menangle districts. A large number of definite signs of deterioration. 
the dairy farms are situated on steep country . 
Many of these properties have a total area RAINFALL.
of :200 to 300 acres but have only 20 to 

30 acres of land which can be cultivated The annual average rainfall is 30 inches. 

with0ut the risk of serious erosion. This appears to be quite a reasonable :ain­


fall, but it is the character of the ramfall Landholders in these districts find it neces­
that counts rather than the total annualsary to crop the available cultivation pad­
precipitation.clocks constantly, in order to provide rough­

ages for feeding their dairy herds during 
Approximately two-thirds of the a~n!-la1the drier months of the year. As a result 

total falls in the first half of the year, giVIng of this constant use, most of the cultivation rise to very favourable conditions for growth land has lost its fertility and is eroded or 
·. 

· f 111 u- in Ca mclen 
Bare rilled land rapidly det en ora "' 
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Fig. 2.- Same area as F ig. r in i\-Iarch, 1950- six months after treatment. A heavy growth of Japanese 
Millet, R h odes grass and lucerne is evident. 

in the late summer, autumn and early win­
ter: Heavy storms provide a large propor­
tion of the summer and autumn rainfall. 
Because this rain falls very quickly, much of 
the water is lost as run-off. At the same 
timJ 'this run-o-ff causes considerable erosion 
damage to cultivation paddocks which have 
been freshly worked prior to planting crops. 

In the second half of the year, when the 
rainfall is lightest, there is a very high inci­
dence of westerly winds. Many small fall s 
of rain have no beneficial effect as the mois­
ture is evaporated in a few hours by the 
westerly gales which follow practically every 
rain · ~hange. The unfavourable rainfall 
which exists generally from July to Decem­
ber is one of the deciding factors against 
the economic establishment in these areas 
of introduced winter growing pastures. 

REASONS FOR DECLINE IN FERTILITY 
AND EROSION. . 

Because they are particularly suited to 
climatic and seasonal conditions, crops like 
saccaline and oats are g rown regularly on 
each paddock without rotation. A well­
regulated rotation of crops would be the 
means of maintaining soil fertility ; however , 
most dairy farmers prefer to ~row only the 
above-mentioned crop? to provlde the neces­

sary roughages for milking herds during 
the late winter, spring, and early summer 
months. 

Freque11tly cultivation paddo'cks are feft 
\\"ithout any after treatm'ent. 'After harvest­
ing ,cattle are allowed to graze the crop resi­
dues, compacting the surface soil and leaving 
the land bare to the ravages of water erosion , 
~-'\ large percentage of the serious erosion in 
these areas can be traced to the failure of 
landholders to establish permanent cover on 
worn-out cultivation lands. 

ECONOMIC CONSIDERATIONS. 
Most dairy .farmers consider that it is 

economical to buy concentrate~ but not 
roughages. Therefore, it is desirable that 
worn-out cultivation lands be renovated so 
that they will produce a heavy growth of 
pasture. 

Practically all sloping lands in the Camden 
district benefit very considerably from the 
installation of level pasture furrows. In 
addition the establishment of suitable pas­
tures is the only economic method by which 
worn-out cultivation lands may be restored 
t o a worthwhile degree of fertility. Paddocks 

.. 	can then be grazed and the amount of organic 
matter added as droppings will considerably 
improve the fertility of the soil. 

204 

F ig. 3.-Contour furrows on bare la nd on Mr. C. C. Mulholland's property at Camden, September, 1949, 
before sowing. 

If worn-out cultivation lands are culti­
vated they produce very poor crops. On . 
the other hand, if reasonable pastures can be 
established, it is most likely that a greater 
bulk of suitable feed will be produced on the 
same land. At the same time, the risk of 
erosion will be minimised and a greater 
amount of moisture will be absorbed into 
the soil. 

\1\Then a heavy growth of pasture is estab­
lished on worn-out land, biological activity 

· is increased within the soil. Moreover, the 
soil will be in a better condition for the 
profitable usage of commercial fertilisers 
such as lime and superphosphate. 

SUITABLE PASTURES. 
The most suitable pasture mixture for the 

reclamation of worn out soils in the Camden 
district is made up of­

6 lb. Rhodes grass ( C hloris gayana) . 
2 	 lb. of lucerne. 
I 	 cwt. superphosphate per acre. 

This mixture should be sown in the spring 
or early summer, with a cover crop of 8 lb . 
of Japanese millet per acre. Rhodes grass 
has proved to be an excellent pioneer for 
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reclaiming eroded lands. A single plant 
sends out many runners and when condi­
tions are favourable, may cover an area of 
8 or 9 square feet in a few months. Many 
local farmers are satisfied that this grass 
provides suitable feed for milk production, 
despite opinions to the contrary from land­
holders in the warmer and moister parts of 
the State. 

Japanese millet as a cover crop provides 
protection from summer heat for the young 
lucerne plants and a rapid cover for newly 
worked land. Lucerne in the mixture adds 
to its balance as a feed because of it~ high 
protein content. 

The above mixture is for spring and early 
summer sowing, and it is recommended that 
this mixture be used so that full advantage 
can be taken of the summer and. autumn 
rains. If, however, p~stures are bemg sown 
·n the autumn for wmter feed and protec­
~ion of the land, the following mixture has 
been used with success­

2 lb. Wimmera rye grass per acre. 

2 	 lb. subterranean clover per acre. 

2 	lb. prairie grass per acre. 

1 cwt. superphosphate per acre. 

http:run-o.ff


P ig. 4.-Same area as Fig. 3 in March , 1950, six months after sowing. ~ote excellent growth of Rhod es 
grass and l11cerne . 

This mixture should be sown with a cover In addition to contro]ling eroswn the 
crop of half a bushel of oats and 4 lb. of contour furrows will ensure almost com­
purple vetch. to the acre. It should be · plete absorption of all rain that falls for 
remembered, however, that this mixture will the benefit ~f the pasture. 
depend on good spring rains for best results1 Enough seed of the pasture mixture js
and as these are the exception rather than retained to sow along the furrows whenthe rule at Camden, a certain amount of risk they are completed . is taken where this pasttire is sown. In any 
case, a mixture of Rhodes grass and lucerne It is emphasised that some maintenance 
should be sown along the pasture furrows work will be required to keep the furrows 
during the follow inc;· spring to ensure growth in good order so that they will absorb the 
during- the summer and autumn, when the water and control erosion. This applies par­
rainfall is most reliable. ticularly :where the seasons are abnormally 

Immediately after the seed is sown, con­ wet or wh ere gullies have been filled prior 
tour fu rrows are constructed on a vertical to furrowing. 
interval of 2 feet. 

Many types of farm ploughs- both mould­ MANAGEMENT OF THE AREA AFTERboard an d disc-have been used to make fur­ TREATMENT. row of the r ight type and capacity . \\here 
possible the fur rows should have a water The area should be kept free of stock 
holding capacity of one cubic foo t for each until the pasture and cover crops are well 
lineal foo t of the furrovv . T he area should established . If the Japanese millet does Yen · 
be carefully surveyed to ensure that the fur ­ well a few light grazings may be ·possib(e 
ro,,·s are on the contour. vVhen the fu rrows during the autumn following sowing. Ho,,·_ 
are completed with the plough. they should ever for permanent cover a good seeding of 
be checked- small blocks bein.c:>; made at Rhodes grass is most desirable during the 
intervals . with a shovel- particularly on first autumn and the pasture should be 
either side of old gully fi ll s or natural managed to ensure that" this seeding does 
depressions. take place. 
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Fig. 5 .-Untreated area, Ca mden district, August, 1949. Note bare eroded condition of land. 

F ig. 6.-Same a rea as Fig. 5 six months after treatment. Rhodes grass and lucerne are making good 
progress. 
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\ Vhere the land has been barily eroded 
ancl the resultant growth is slow, stock­
ing should not take place for a period of 
probably two years, depending on seasonal 
conditions. 

Judicious management and regular spell­
in;.: of the paddocks concerned will have 
a beneficial effect on the actual results 
obtained from the work. 

:\n annual top-dressing of superphosphate 
at the rate of 1 cwt. per acre is recom­
mended. 

CONCLUSION. 
The treatment of old cultivation lands by 

methods similar to those detailed above has 
heen most successful in the Camden di strict. 

+ 


Figures I to G sho\\' the progress o f 
reclamation on Mr. C. C. Mulholland 's 
property at Camden. The areas were treated 
and sown in September, 1949. Fig ures 2, 

-t and G. taken in March, 1950. show the 
heavy oTowth that has taken place on land 
which ~as useless from a production point 
of view six months before. 

Landholders who have tried these methods 
are well satisfied with the results obtained. 
Erosion has been completely controlled and 
the fe rtilit) of the land is being restored. 
The pastures have provided excellent g raz­
ing for the dairy herd with increased milk 
production and better financial r eturns to 
the farmer . 

+ + 

STUBBLE BURNING 

BY 

B. S . \i\ ALKE R, J-I.D. \ ., Officer-in-Charge. 

FOR many years in the Gunnedah di strict 
it has heen considered that the burning 

of the stubble from the previous crop is an 
essential preliminary to the preparation of 
a g ood seed-bed for anothe r crop of wheat. 
Handling the s tubble is a problem of con­
siderable importance in the north-west of 
~ew South \ i\Tales where cereal crops are 
g rown annuallv on the same land on short 
fallow . The -advantages of this practice 
were so obvious that the insidious ha rm 
done thereby to the structure and fertilitY 
of wheat lai1ds was largely or complete!)' 
overlooked. It is the aim of thi s article to 
present in non-technical language some 
a spects of the question, to burn or not t o 
burn . which to-day exercises the minds of 
many of the more progressive fanners . 

ELEMENTS OF PRODUCTION. 
The economic production of wheat on 

b_ r~la cl acr es depend s prima ril y on soil fer­
~ llt ty and sea son,a l conditi ons. Soil fer tility 
111 tun1 m ay be considered under two head­
ing s . nam ely . physical structure or t exture . 
and ch emical ma ke-up or a vailabilitY of 
pla n t foods. Seasonal conditions m~y be 
ta ken to cover adequate rainfall. and the 
a bsence of damag ing f rosts . winds. ha il­
sto rms . etc . ; it will be reali sed that m ost 
of these factor s a re t o a certain extent inter­
act ing . and a dynamic rather than a static 
cond iti on must be considered in1 dealin o­
w ith th e _w hole q :1estion of crop produc~ 
t1 on. Tt 1s essent1al , moreover , to r eali se 
: hat ~ve ~\ustra!ians , a s a nation, hope t o 
mhabtt thts contment fo r a !on o- time ah ead ; 
nu r children's children will ~·obably n eed 
to g rcm_· wh eat , and the crops they will ha r­
,·est \\'Ill depend to som e extent a t least 
on our land-use p olicy to-day. 

SOME ·EFFECTS OF STUBBLE .BURNING. 

F rom a pur ely short-term vie 11·point 
t he re is li t tl e d oubt tha t burning is the 
ea sies t a n d qui ckest m ethod o f g ett ing a 
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heavy stubble cover out of the way to a llow 
low-cost bare £allowing . In the national in­
terest. however, we must discard this short­
term policy of expl oitation for one of long­
term conservation of soil fertility, which is 
our g reatest nationa l a sset. It is . probable 
that the full consequences of a stubble fire 
cannot yet be appreciated by either farmer 
m· research worker, but certain facts haYe 
been establi shed from which some conclu­
sion a re drawn and here presented. 

F ire destroys organic matter and bacteria . 
thus g reatly reducing the actual and poten­
tial humus content of the soil. The import­
a nce of an adequa te supply of humus could 
he enlarged upon to the e-~clusion of other 
material from this j ournal ; suffice it to say 
that without humus good tilth is impossible. 
~oils tend to set hard when dry . lose their 
11·ater-a bsorbing and \\'a ter-holding capacity. 
thus increa sing run-off at the expense of 
moisture sto rage fo r f11ture plant u e. and 
when culti vated finall y break down to a 
dust mulch 11·ith no cohesion between par­
ticles. S uch a surface is hig hly resistant 
to ra infall infiltration . an d run-off i - encour­
aged ; the small pa rti cles of soil ar e eas ih­
transpor ted hy la \\' velocities of 11·ater: so 
eros ion is cl ouhl y facili tated. In dry pen ods 
fin e du st from - £allows is bl own a 11·a_\· in 
d oucl s a qd man~- tons per acre of t he best 
soil a r e thus lost every yea r from a reas 
that can lea ·t afford any furthe r dra 111 on 
fertili tv . ul t ivation costs a re increased 
wh en -humus is reduced ; it is fi nally im­
possible to prepa re a seed-bed of_ re~ liy good 
t ilth no m atter ,,·hat e-~pense JS 1ncu rrecl. 
:1-.J o mineral fertiliser or combination of same. 
in w hateYer qua nti t ies applied, can produce 
good crops from a humu . -deficient oil. 0i'or 
11·ill pastures g row suffi cien tly well ou such 
soils to prov ide adequa te p rotecti on aga in.' t 
eros ioll . ._,·hich ca uses a furth er Jos of ·oil 
fe r til ity an d further adYances the vicious 
circle. 
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FERTILITY MUST BE MAINTAINED. 
Adequate amounts of humus, then, must 

he maintained in wheat soils if production 
is to be stabilised at economic levels. Stubble 
burning reduces humus, increases erosion 
and lowers productivity. Does the plough­
ing-in of stubble have the opposite and 
desirable effect? 

STUBBLE RETENTION. 
In considering this question it must first 


be realised that fresh stubble is not humus. 

Lyons and Buckman' state: '' .. . Specific­

ally. humus may be defined as a complex 

and rather resistant mixture of brown or 

dark brown amorphous and colloidal sub­

stances that develop synthetically as the 

original organic tissues suffer enzymic dis­

solution by the various soil organisms." 

V/heat straw contains much carbohydrate 

material and relatively little nitrogen; the 
bacteria which bring about decay of the car­
bohydrates must draw nitrogen fro\11 some 
source other than the stubble itself . and this 
source is normally the soiL If the soil is 
already deficient in nitrogen, the decaY 
?acteria m_ay actively compete with the gro\\~­
mg. crop tor the small supplies o£ nit1·ogen 
available. to the obvious detriment of the 
crop. As soon as the initial decay pro­
cesses are completed, however. this drain 
on the soil ni trogen ceases and the reverse 
process takes prominence as the nitrifying 
bacteria do their work. H ample supplies 
of nitrogen are available in the soil when 
the stubble is first turned in, there need 
be no period of competition ; it is therefore 
a grave tactical error to allow fertility to 
fall serinu ly before steps are taken to cor­
rect the position. Lyons and Buckman' 
also indicate that it is important to note 
that the depth of black colour in a soil 
cannot be taken as an indication of high 
humus content . v\ hen soils are in good 
heart physically. chemically and bacterio­
logically, incorporation of stubble will help 
to maintain that desirable condition; soils 

of lo\\' fertility may need the addition of · 
crop residues of a higher nitrogen content, 
such as green manure crops of legumes, 
young oats or long-term pasture sod, to­
g·ether with the droppings of grazing animals, 
to bring about a relatively early improve­
ment in humus and nitrogen content. In 
manY cases, even where soils were formed 
fron1 calcium-rich materials, the addition of 
lime may stimulate bacterial activity and 
thus expedite and increase the formation of 
humus from raw organic matter. It is ob­
viously of little value, however, to facilita~e 
humus formation one year only to burn tt 
all out the next year in a "good" stubble 
fire . 

The importance of erosion control must 
be recognised in any programme of land­
use. It is ·futile to improve the fertility of 
soil that is going to wash away in the first 
storm. The presence of stubble on the sur­
face checks the movement of water and pro­
tects the soil from the pulverising or dis­
lodging effects of raindrops , thus greatly 
reducing soil loss and encouraging infiltra­
tion rather than run-off. There is little 
doubt that stubble mulching alone "·oul~. 
on some areas of gentle slope, reduce sod 
loss to negligible proportions· in other 
cases. more intensive methods of so il con­
servation may be required. 

CONCLUSION. 

Jn short, wl11le tile incorporanon of 
st ubble into the soil is 11ot the complete an­
S\\·er to the problem of maintaining fertility , 
it \\'Ould seem that the pursuance of a pro­
gramme of continuous stubble burning mu~t 
lead inevitably to a breakdown of sml 
structure, loss of fe rtility and increased 
erosion. Reduced yields and increased run­
off from many thousands of acres of once­
friable and fertile soil, after only r 5-20 years 
of stubble burning and bare £allowing. pro­
vide positive proof of this to all who have 
eyes and the will to see. 

1 Lyons &: Buekmnn. Nature and Properties of Soils. 1943. 
• Ibid. 

+ + + 
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