
EROSION CONTROL ON ORCHARD 

LANDS IN THE ORANGE DISTRICT 


BY 

H. T. N1CHOLAS, H.D.A. , A.C.I.V., 

District Soil Conservationist. 

1 ~ JITHI N the Orange Soil Conservation A third orchard establi shed rece.ntly by 
V\• district we find a variety of soil con Mr. Pascoe has been planted on the con
servation problems, including some local tour and it is the intention of the owner 
an~ very specialised aspects of soil conser to e~tabli sh a subterranean clover sod cu l
vatJOn. They appear very important, and ture programme in this orchard as soon as 
~re indeed important for the agriculturist the trees are well developed and tree root 
111 ~hat particular environment, as they are system established. 
basic to the retention of his soil and the In Vol. 2. No . 4 of this Journal , th e ownerproductivity of his land. published a.·short article covering his experi


ences, which extend over a period of some 

One of the most important of these thirty years, in soi l loss and corrective mea


p~·oblems is the serious erosion occurring on sures for r etaining soil on orchard proper
highly productive orchard lands. Fortun ties in the Canobolas district. His experi
a~e~y met~ods ha:re now been perfected by ences have proved of untold value to other 
w~Ic.h this ei~OSion may be completely orchardists in this area. ehmmated. 

Inspection of all three orchards during 
October , 1951, revealed that in the first 
orchard planted some of the early banks, . SOD CULTURE. built by M r . Pascoe with a horse and dray 

Sod c~1lture has been conducted by land more than twenty years ago, had checked 
holders 111 the Orange district for a num the rapid flow of water over the land and 
ber of years and has now reached a stage reduced soil loss while subterranean clover 
\\·l:ere the productivity of trees and good \vas being established. · The orchard now 

Oil management practices have been con·e supports an excellent ground cover of sub
la te~, so that landholders are now able to terranean clover ; the trees, although of very 
retam almost all the soil on their orchard great age, show indications of excell ent 
~) l ocks, and ha':e not only maintained but health and productivity. 
1mproved the VIgour of their trees a d t . . , n a The second orchard contains a very fi ne It 1e ~ame t1111e cons1derably increased ro lot of trees, togeth er with anoth er excellentductJOn. P stand of subterranean clover. T he banks 

were examin ed after a very heavy storm and 
Mr. \i\ . B. Pascoe, Korre Lynne, Cano the outlets showed only clear water running

holas ..Oran~e . m;e o~ th~ early fruit growers from the cl over-pastured orchard a rea. 
established m this d1stnct, planted his first 

Mr. Pascoe stated that he would neverorchard on the square-planting system but 
retu rn to the old methods of cultivationnoticed that he lost a lot of soil due to culti
orig inally used in his first orchard, and thatYation. Mr. Pascoe then planted a second 
the quality of his fru it throughout has been orchard, also square planted, but he took the highly satisfactory and: hi s yields good . added precaution of install ing g-raded hanks There is no doubt that the additi onal 

in this o rchard during the early stacres and organic matter and nitrogen in the soil on
then combining thi s banking with th~ estab th is nroperty. cl ue to the continued growth
lishment of a sod culture of subterranean of subterranean clover over a period of yea rs. 
clover. is reflected in the trees. 

JZ 


F ig. :! .-Mown subterranean clover between cherry trees on Mr. L. Cunick 's property. 
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Fig. 3.-The effective use of Phalaris tttberosa in stabilising a form erly gulliccl waterway. 

SOIL LOSS PREVENTED. 
The second orchard is that of Mr. L. 


Cunick, who is located on the western side 

of Mount Canobolas. Mr. Cunick has a 

square-planted orchard, from which he found 

that he was begining to lose large quantities 

of soil. He was also faced with the problem 

of w:ater from country above his cherry 

orchard coming through the orchard and 

aggravating hi s erosion problem. Some 

twelve yea rs ago, after seeking advice from 

the Soil Conservation Service and personal 

inspection and advice from Mr. E . S. Clay

ton, he decided to establish subterranean 

clover in this cherry orchard and therel)y 

correct and r ed uce the loss of soil resulting 

from clean cu ltivation practices. 


After establishing this sod culture orchard 
he found that the vigour of his trees im- . 
p roved. and to appreciate the present active 
vigour of these t rees one has to inspect the 
area and view the orchard. 

One of the outstanding features that was 
noticed during the course of inspections of 
th is cherry orchard, as compared w ith other 
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cherry orchards still subject to clean culti 
vation, was the remarkable absence of 
diseases. 

Mr. Cunick states that he is novv of the 
opinion that very little soil has been lost 
from the cherry orchard during recent years 
and that he is well satisfied with his yields. 

Mr. Cunick recently planted another 
cherry orchard, but this time on the con
tour, which he proposes to plant clown to 
subterranean clover for sod culture when 
the trees are well established. 

YIELD AND QUALITY OF FRUIT. 
The third orchard is that of Mr. E. J. 

Hoskins, who established sod culture in his 
orchard some eight years ago and the vigour 
of his trees has improved very much. The 
yields have improved and the soil loss has 
been eliminated. 

Former plantings were on the square but 
more recently M r. Hoskins h~s contou·r 
planted his orchards and established sub
terranean clover for sod-culture purposes. 

Mr. Hoskins is of the opm10n that the 
added nitrogen supplied by the establish
ment of subterranean clover has improved 
the vigour of his trees, increased the yield 
of his crops, and also stated that he thinks 
his fruit is keeping much better in cold stor
age, quoting as an instance that at the time 
of the interview (October. 1951) he \\·as 
receiving 70s. per case for Granny Smith 
apples sold on the open market. The age.nt 
who sold the fruit stated that this was equal 
to the best fruit now coming to the Sydney 
market. 

Clean cultivation has novv been discon
tinued entirely on Mr. Hoskins' orchard and 
the old-scoured orchard is now laid down to 
subterranean clover which is well estab
lished. 

In the early days Mr. I-loskins was forced 
to work his orchard only one way, across 
the slope, to reduce the soil loss while he 
was establishing clo er in the orchard area. 
Jn the gully and rill lands he planted 

Phalaris, which has sealed this area 
permanently. This orchard is now entirely 
stable and there is no soil loss occurring on 
the property. The trees are in excellent 
condition and equal to any, while the crops 
have been very good and the quality of the 
fruit unsurpassed. 

Mr. Hoskin - gets over the fire risk in th e 
"rchard by regularly mowing the clover and 
allowing the residue to decay under the 
trees. l-Ie has thus built up a humus mat 
two to three inches thick over the whole 
area. Thus, all the rain that falls goes into 
the land, whereas under clean cultivation 
practices run-off amounted to a large per
centage of the total rainfall. 

S ince the early establishment, mowing has 
been a regular feature of Mr. Hoskins' 
operations and has assisted in building up 
a mulch and destroying all types of weeds 
in the early period of establishment, when 
the subterranean clover was competing with 
all othe~· types of vegetative growth. 

Fig. 4.-Graclecl banks built within an orchard as a preliminary measure to stabili sing t he 
a rea by sod culture. 
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Fig. 5.-Wellgrown trees in an orchard both graded banked and under sod culture. 

CONCLUSION. 
There are two major considerations m a 

·ad-culture programme for soil conserva
tion purposes. 

F irstly, there must be an adequate rain
fall. or means of irrigation, and suitable 
monthly temperature range for the growth 
of dense subterranean or other clover. Con
ditions in this regard are ideal in the Orange . 
district. 

Secondly,_ it is essential in the spring to 
mow contmually the pasture growing 
between the trees and thereby reduce to a 

minimum vegetation which will compete 
with the trees for available m oisture. If 
mowing is not undertaken and grass and 
clover not kept to a minimum the trees 
will be affected during a dry spell. 

\i\There the first requirement is met and 
the second practice is carried out sod cul
ture is a major factor in the soil conserva
tion programme in orchard areas. 

\tVhere large gullies occur in extstmg 
orchards it is also necessary to install diver
sion banks or similar structures to controf 
soil loss temporarily until such time as the 
pasture sod is established. 

WATER DISPOSAL AND SPILLWAY 

P.ROVISION ON SCONE 


RESEARCH STATION 

llY . 

A. R. TE\NKSllURY, H.D.A., Officer-in-charge. 

11[. HEN establishment of Scone Soil 
V\ Conservation Research Station com

menced in November, 1948, a detailed 
survey was carried out to investigate the 
erosion problem and techniques of satisfac
tory means of control of serious erosion on 
this class of country which is typical of large 
areas of the Upper Hunter Valley. 

It was found that vegetation was sparse 
on the steep country and lower slopes, due 
mainly to rabbit infestation and overstocking 
in the past. The main erosion problem, 
however, was one of major gullying. 

Two main catchments of approximately 
550 acres, comprising half the total Station 
area, were discharging- their run-off at one 
point on to the Gundy road, which is the 
main access road to the Upper Hunter 
Valley. 

In past years run-off from this catch
ment had caused very severe damage to fence 
lines, roads, table drains and also the valu
able Segenhoe flats. The main flow after 
reaching the Gundy road found its '"':'ay 
eventually down the centre of the fannmg 
lands, finally emptying into Page's River 
near Segenhoe House. 

After flood rains a large portion of the 
lucerne and farming areas · of this locality 
were flooded for short periods and received 
a large amount of erosional debri s_ as well 
as waterlogging and_ .damage to nnprov~
ments. Large quantities of gravel and soil 
reached the river. 

To combat this excessive run-off from 
the R esearch Station catchments, a control 
programme was instituted that would:

(I) 	By the introduction of large 
absorption banks and dams, store 
and reduce the volume of run-off 
and prevent the water from both 
catchments reaching a common 
outlet simultan·eously. 

(2) 	Cut off the heads of all major 
gullies and so minimise flow and 
resultant erosion. 

( 3) P rovide water fo r irrigation of 
aullies by siphon system s and 
~ssist their reclamation by the 
introduction of trees and the 
development of natural pasture 
regeneration. 

(4) 	Decentralise watering points fo r 
stock so that there would be no 
concentration when watering, 
resulting in well worn ·cattle tracks 
and sheep pads up and down steep 
slopes. 

\tVith the introduction of these works a 
problem arose with. regard to spillway pro
vision and water dtsposal, as 111 nearly ~11 

·cases of dam and bank construction the site 
of the ' \rorks is controlled by these two 
factors . 

The overall control programme is shO>\ n 
in Fio-. I and it will be seen that the v,rater 
dispo~al problem was relatively simple for 
Nos. I. 2 and 3 banks and No. 3. dam, ~ut 
some clifficulty was exP.erience~ 111 findi~1g 
and locating suitable spillway sites and dis
posal channels for Nos. I, 4 and 5 dams. 

These three dams w~re all sited on major 
o·ullies and the immediate topography pro
hibited surplus water being taken from the 
dams to remote areas. All overflo_w had 
to be led back to the gullies on whtch. !he 
dams were constructed. Spillway pr~vJstOn 
in all three cases was difficult and 1t was 
decided to rely wholly on kikuyu g rass as 
a means of conducting the water safely to 
the respective disposal areas. 

No. 1 DAM. 
T o 	 provide a spillway for !his . dam _of 

2 .500 cubic yards a bank 6t chams m length 
was carri ed off spill level and so locatecl 
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Fig. I. - The m ech a nical e rosio n control work s on portion of Scone R esea r ch Station covering 
a wate rshed of 550 a cres. 

to cut off three other active gullies. N ear 
its southern extremity a notch weir type 
spillway was constructed so that it would 
dispose of its overflow into a stable rock 
bottomed gully and enter No . 3 clam approx . 
300 yards away. 

A notch 25 ft . wide was constructed in 
the fi n ished bank and soil was dozed in 
below to form at) apron or race leading 
to the g·ully bed chosen fo r the disposal 
area. This race was constructed 25 ft. wide 
to confo rm to the notch and when finished 
was on a r to 3 g rade. The notch and race 
were completely sodded with kikuyu grass, 
top-d ressed with so il , securely netted and 
pinned clown. 

T he weir was designed to take 74 cusecs. 
based on a one in t\venty year frequency. 
The max imum depth of flow at the notch 
was calculated at 0.9 ft. , and 4 inches in 
the tail race when a maximum velocity of 
8 .5 ft ./sec. was obtained. A freeboard of 
2 ft. either side of the notch was allowed 
a nd considered safe. Since completion thi s 
weir has spilt freq uently at a depth of three 
-inches at the notch . No subsidence has 

occurred in the race and now that consoli
dation has taken place and the kikuyu sod 
has fo rmed a very heavy mat it is considered 
the spillway will be effective. Cattle carried 
on the Station have continually grazed the 
kikuyu and thi s has tended to it~prove the 
cover, maki ng the runners str onger and 
coarser and promot ing a heavier bindino
effect unde rground t'ather than above. "' 

No. 4 DAM. 

trapezoidal bank provides immediate 
spill for thi s dam of 3 ,000 cubic yards; the 
bank is heavily sodded to kikuyu. t the 
end of thi s short bank. 2-4 chains in leng th, 
the water is led away into a natural depres
sion which ultimately empties in to the g tilly 
on which the clam is constructed. This 
di sposal poin t is stony and safe. 

T he overflO \Y is kept away from the main 
gully by means of a low bank approximately 
I O chains lon er. \ Vhen this bank was under 
construction kikuyu runner s were thrown 
in with the last dozer blade of soil and have 
since taken control of the whole bank. 

Fig. 2.-No. r d am spillway sh ow in g n ot ch on t let and h ea vy g row th of kikny u on race. 
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F ig. 3--Willows and river oaks below No. 4 dam. These trees attained a maximum growth of 
14 feet in two years under irrigation from stored water in the dam. 

·where the_ disposal area showed bare spots, 
s<;>ds wer<: Introduced and it is estimated the 
klkuyu will soon cover the whole area. 
Althou~h this dam _is essentially a soil 


conservation structure, rt also provides stock 

~va_ter _and supports per medium of a small 

rrng~twn system 22 willows, 2I river oaks 

25 silky oaks, 6 Tasmanian blue aums and 

a large clump of bamboos. "' 


. The wil_lows and river oaks were planted 
111 the mam gully immediately the dam was 
completed and when the gully is considered 
too d_ry 300 ft. of I ~- hose is used to siphon 
v~'a te r . from the dam and it remains 
s1pl?omng water onto all the trees for 
pen ods of up to three week . vVillows and 
oaks have attained ~ height of I4 feet in 
tw? years below th 1s dam, and the once 
active gully . of I4 feet depth is now com
p letely r~cla1med. Water is emptied from 
the dam 111 controlled manner thu s increas
ing its soi l conservation value. 

No. 5 DAM. 
N o. 5 dam is essentially a soil conserva

t ion dam, s ited and built to buffer the initial 

So 

run-off from 50 acres of very steep country 
in some instances attaining slopes of 70 
per cent. The capacity is 2,500 cubic yards. 

When seeking a spillway site for this dam 
i't was found that the steep sides of the 
gully made it economically unsound to use 
the orthodox method of constructing a 
g-raded spillway to carry the overflow to a 
safe disposal site. 

To construct such a bank would have 
necessitated an enormous cut in the spur 
on the southern s ide. It was felt this was 
not justified and an overshot spill·way was 
decided upon . This was built on orthodox 
notch weir design and the downside batter 
of the clam was graded to I : 4 · This formed 
the ta il race fo r the overflow and particular 
attention was paicl to consolidation while 
constructing it. 

Care was taken to ensure that large stones 
and oth er hard m aterials were not included 
in ot·der that when wetting occurred there 
would be no subsidence or slumping clue to 
air spaces occurring when hard material 
broke clo\\'n. 

\ i\/hen the batter was completed a notch 
was cut in the centre of the wall IS feet 
wide and 4 feet deep, allowing 2 feet for 
flow and 2 feet freeboard . It was calcu
lated that the notch would discharge 144 
··cusecs. The maximum velocity this over
flow would attain was computed at I 1.5 
feet per second. 

The water discharging through the notch 
:at a depth of ·:2 feet would lessen in depth 
to 0.75 feet on the tail race. 

To prepare the spillway to take the dis
·charge mentioned, the race was first care
fully shaped to conform to .the notch itself, 
IS feet wide and side batters of I : 2 result 

nog in uniformity throughout. The whole 
·spillway was then fully sodded with kikuyu, 
straw mulched , netted and pinned down. 

The spillway was fenced off later to ex
dude stock until the kikuyu had fully 
established. The sod is now well estab
lished and should take the maximum flow 
designed for without damage. 

CONCLUSION. 
An endeavour has been made when con

structing- the spillways discussed here to use 

methods that are not economicallv too 
costly for the average landholder sho~tld be 
desire to make use of conservation works 
of this nature. 

Notch weir and overshot spillway con
struction is quite common practice but 
generally in concrete, grouted stone or large 
stone secured by netting. 

If sodded weir type spilhvays prm e suc
cessfuf,' the location of dam ·sites will be 
easier, as spillway provision ceases to be the 
governing factor in choosing the position of 
the dam wall. This applies more particu
larly, of course, to dams of the gully fill 
type. 

In all soil conservation practice getting 
control of "top water" from steep country 
presents the most difficult technical problem. 
If this can be done high up the steep slopes, 
then the problem on the lower lands is 
greatly simplified and costs reduced accord
ingly. The land itself is also greatly bene
fited for grazing- purposes. 

On the Scone Station investigations on a 
field scale on this phase of the Upper Hunter 
problem indicate that successful results may 
be achieved. 

Fig. 4.-0vershot spillway on No. 5 dam, fully soclded to kiknyu , str aw mulched a nd n etted . 
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FURTHER DEVELOPMENT OF INVERELL 

SOIL CONSERVATION RESEARCH 


STATION 

BY 

J. S. HARRIS, H.D.A., Officer-in-charge. 

IN Vol. 3, No. 3, an outline of the estab
lishment of Inverell Research Station 

was given by Stewar t. It is now proposed 
to discuss further development since that 
date. 

This Station was inten tionally situated 
on some of the most eroded and exhausted 
land in the Inverell district with a view to 
providing a suitable area for experimentation 
into causes and remedies of erosion, and in 
addition fo~ the purpose. of demonstrating 
how effective conservation farm ing can 
actually be. The tation has now been 
f? lly developed, a comprehensive investiga
tiOn programme initiated, and the Station 
is playing_ a valuable part in the general soil 
conservatiOn programme throughout th e 
Inverell district. 

LAND USE. 
Betweei: 1946 and mid-1949 few stock 

were earned on the property in order to 
st imulate some Yegetative cover on the 
for n:~r_ly denuded and eroded lands. A ver y 
g-ratifymg regeneration of pa tures occurred. 
Valua Lle native g ra e uch as Danthonio 
spp_. and Q ueensland blue gra s (D-icantliimn 
sence tllll) reappeared and crowded out the 
heavy in fes tation · of saffron thi stle. Mexi
can poppy. Bathurst burr and other weeds 
wh ich had oained a hold on the over-stocked 
a1:d over.-cropp cl land. In the latter part 
of I9..J.9 1t became necessary to stock fair ly 
heavily t? control the heavy stand of gra s 
111 the mte rest · . both of sound grazing 
ma nagement a nd 111 conn ection with comple
tion of rabbir eradication . 

Approx ima t ly I 20 acres of a total area of 
2yo acres have been treated with g raded 
banks and a re u ed fo r rotational cultiva
tion, th e r e t being topographically unsuit
able for culti va ti n. Two mach in es of basin 
lister t_,-pe have been used successfu lly to 

impound rainfall <tnd pre\~ent soil movement 
on inter-terrace spaces. f hey have proved 
most effective iri the case of high intensity 
storms of comparatively short duration and 
it is felt that they can IJe used both in con
junction with graded banks and on untreated 
land . 

Stubble from crops has l.Jeen incorporated 
in the soil each season with beneficial r esults. 
in soil tilth. As many as 1,2 50 sheep have 
been packed on t~ paddocks of up to .44 
acres fo r short penods afte r harvest, eatmg 
out all weed growth and breaking up the 
stubb le by trampling. · T he paddocks were 
then disc-culti vate{l and ploughed and no 
inconvenience was experienced in sowing 
the fo llowing crops. A crop rotation has. 
been instituted covering a cycle of eight 
years with wheat, oats ( prir~cipally for 
o-razing). and lucerne as the mam crops . 

I n 1949 an ar ea of t\~enty-one acres was. 
sown with pasture mixture as follows : 
\ i\/hite and subterranean clover and \IVim
mera rye, 2 lbs. each per acre and oats a t 
the rate of 15 lbs. per acre. The purpose 
was main ly to revitali e the so il by growing 
a leguminous crop, with the oats as a quick
o-rowincr cereal for temporary cover. The 
paddock had been. b_aclly over-cropped with 
wheat and had ongmally been an orcha rd. 
Owing to wet weathe1: cond itions the oats. 
could not be fed off without damage to t he 
clover and so it was stripped. The paddock 
wa then heavily stocked with sheep , from 
,36 to 176 in number. for several m onths 
with only . hor t in te rva ls l~etween grazing . 
Despite this the clover thnved and seeded 
heavi ly. being sui ted by the wet season. 
Particularly good whe_at crops should 
result from this introductiOn of legumes and 
incorporation of .sl_1~ep manure, ~esid~~ a 
decrease in erodibihty of the sol! ansmg 
from its increased ferti lity . These two 

Fig . r .- Arable land prior to so"·ing to ma ize afte r treatment with t he E ddy basin lister. 

F·ig. 2.- Soi l movem ent on t he Station in 1947 after _ inches o f rain, prior to soil conservatio n t reatmen t . 
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F ig. J.-Th c main watenra:y. "·ell established in 1950, carries a fl ow 9 inches d eep in safety after 
heavy ra1ns. 

clovers may not persist in this district, but 
are novv being replaced by the naturalised 
trefoils. 

At the beginning of 195 I a number of 
graded banks were enlarged to an extent 
\·vhere they could be cropped with no incon
venience during cultivation and harvesting 
operations. Earth movement had been 
investigated previously in these banks and 
it is now proposed to compare _the observa
tions with those obtained from the larger 
banks. 

Two new dams have been excavated to 
control water and silt movement in gullies. 
The larger one has been used to supply 
water for gardening purposes and stock 
troughs thereby reducing the water level in 
readiness for further rainfall . 

MEClJANICAL WORKS. 
Besides the graded banks and dams 

already mentioned a number of structures 
have . b~en placed in gullies on the property 
and 1t Is proposed to construct other types 
and observe their ef-ficiency. 

Another grassed waterway has been 
established to handle the overflow from a · 
dam constructed across a watercourse. This 
has permitted the filling in of a gully which 

had been carrymg the water . Kikuyu and 
paspalum have been established in the 
w2.terway. On the older waterways a very 
dense cover of grass exists and in one in 
particular pha.laris tuberosa, paspalum and 
lucerne are competing, with phalaris gradu
ally predominating. This grass appears to 
be very suitable for the purpose in this dis
trict. Rho.des grass ( C hloris gnyana) and 
liverseed grass ( Urochloa sp.) have been· 
sown on this Station, without success so 
far. 

NURSERIES. 
A grass trial nursery has been established 

containing many species of grasses and 
medics introduced from other countries, 
notably America and Africa, and a number 
appear to be suitable for soil conservation 
work. The most promising species will be 
further tested in sward trials at a later 
date. As difficulty has been experienced in 
the past in finding a satisfactory grass for 
use in waterways it is felt that this work 
may provide just what is required . 

A tree seedling nursery is now producing 
a variety of species for distribution to land
holders to be used for windbreaks and wood
lots. Eucalypts have provided the bulk of 

Fig. 4.- D ense growth of Phalm·is IHbe·rosa seals the main waterway . 

"' . . 
F ig. 5.-Ano ther sec tion of waterway sealed with P aspalwll dilalatu.m. 
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the output so far but other varie~ies a re attended by v1s1tor s froJII up to li fty miles 
being introduced. ~ome tree_ plantmg_ b~s away. The films were a lso shown a t several 
been carried out on the statiOn but 1t IS schools and were foll owed by a visit of the 
naturally well timbered and t_here is _only pupils to the Research Station. 
limited scope for ·improvement 111 that drrec Soil Conservation Exhibits at Inverell 
t ion. and Glen Innes S hows have drawn atten

tion to the extension and resear ch activitiesMEASUREMENT OF RUN-OFF AND SOIL 
of the Ser vice, mainly by the di sp lay ofLOSS. 
photographs, distribution of pamphlets and

R un-off and soil loss experiments under an officer being present to discuss soil con
different land usage on agricultural lands . servati on matte r s with inter ested Ja ndholclers
different lengths of slope and under differ  of th e district. 
ent conditions of grazing management on 
hilly grazing lands have been laid out and 

CONCLUSION.have supplied valuable data. Further in

vestigations and experiments are being The now fully developed Inverell He ·ea rch 

instituted. These, together w ith carefully S tation plays an integral part in the long 
compiled meterological records. are furnish t·e rm soil conser vation programme for the 
ing basic information fo r th e efficient design Gwydir region. The S tation serves as a 
of soil conservation works on landholclers ' demon stration for effective m ethod s of wi se 
properties throughout the district . land usage and m echanical soil conservation 

measures. Investigations have been insti EDUCATIONAL PUBLICITY. tuted into the man y phases of eros ion and 
number of screenings of A ustralian and conservation of the basaltic soil s of the 

A merican soil conservation film s aroused region a nd valuable data, both short a nd 
g reat interest in thi s di strict and were long term, is being obtained. 

Fig. 6.-A t left bare eroded stock route; at right well vegetated soil conserved la nds o n t h e 

R esearch Station. 
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SOIL CHARACTERISTICS AND 

SOIL CONSERVATION 


BY 

J . . -\. BE:\TT IE, B.Sc. r\gr. , oil Consen ·ationist. 

ri' H I:: iar!ll er who wishes to achieve the amount and rate of Lll·face run-off to 
ma x imum e i"ti ciency in hi s opera tions a _minimum. T he rate is reduced by chano·ing 

rc;di scs that . hi s technique . is v~ ry la rgely o t the slope characte ri st ics m echanically by 
the r esul t o t ca reful cons1dera t10n of the con tour culti 1·ari n, the u e of implements 
prn1 crti es o f th e oil he \\"orks. imilarly, 11·hich eau e a poncl ing in the fuiT0\1·, uch 
d< ·~e atten t ion to oil charac teri stics is a: th e ba in li ' te r , and by absorpti on and 
rvquired in the practice of so il co n ervation. g raded banks. This has the effect of 

holding the ra infa ll fo r a longer period
AIMS OF SOIL CONSERVATION. cl urins- which in filtration can proceed. 

T he immediate object of soil consenati on 
CONTRIBUTING FACTORS TOis to r educe ·o il \\·as tao·e. This can occur RUN-OFF 

AND SOIL LOSS.by lr;-t nspor t and removal by concentrated 
water Jl 011· in g ulli es, by sheet r em oYa l in It hou ld be r emembered that concen 
-o il Row ur as th e result of a net d01mhill trated 11·ate r fl o11· is onh· the immediat 
movement clue to raindrop sr lash. The eau at in factor in t he fo1:mation of g ulli s 
latter i::; un avoidabl e unless the soi l is pro and th' result of a number o f preYiously 
tected IJ:· 1·e;etation whi le it is ra ining . Its ful filled condi tio ns. Bare fallo1Y ii1g cl urino· 
ra te is in creased ""ith hig her intens.ity of th e period 11·hen inten ' e rai nfa ll may be 
rainfa ll and by decrea ed ag!{reo-ation of oil e~l)ectecl. cultivation of too steep slopes. the 
pa rticl e::; . ::-;o il s with a high percentarre of renlO Ya l o f timb r from steep slopes and 
\\"ater -s tab le aggregates will. resi t the "' dis- hillto1 s . and cultiYation to produce fur ro11·s 
pc r :; ive ~rtion of rain ll·ops. The ai m ·houlcl runnitw at a n v a tw le bu t at ri o-ht angle- to 

"' - "' f f therefo re be tn ax imum degree of plan t coYer the di rection of s i pe are examples o arm-
a nd s table aggregat ion a t a ll times to in rr practices " ·hich h ul 1 be reduced a 
minimi se such adverse e Ffec t . ia~ «s poss ible. . \ lclecl to these a re lll_l

fa.vourable um medTmpro1·e tnen t in aggregat ion catt be so il 1 roper t ies up 111 
the inabilitv of the so il to absorb ra111fall:<chi e1·ecl by the inclus ion of past m e or 
at a suffi cient rate. but any soi l ''" ill e rodeck1ver le1· in rotati ons, by add it ion of lime 
into g ulli es if rain fa ll becomes concentrated or do loi11 ite to base ( mainly calc ium ) 
in a lin e of Ao11· do\\"nsl pe. def-ic ient soi ls, I y methods clil·ectecl to 11·a rcl s 

building up soil organic matter content . for SOIL PROPERTIES IMPORTANT IN 
exa ntple. stubble mulching, and b y cultiYa ABSORPTION. 
t ion as far as poss ible w hen th e so il i. at The a mount oi water running off an area
the npti ntunt moi::;tu re conten t·. i rom anv ra infall is r eclu eel to a minimum 

A n in dication of the ferti li t1· level in croo ·l where 1i1ax imum r tenti on on the surface 
agricultura l soils in the textui·.a l ran i~ of and infiltration is a ided bY th e presence of 
loa m to clay loa m. as aga inst sand~· and plan t cover a llCI b1· such p;.actices as stubble 
sand y Joams, is again th e percentage stable mulching and inclw ion of pasture in the 
aggregation. Thus fe rtility raising rota r tat ion to increase the orga nt c matte r con 
t ions. wh ich usua ll y mean maximum plant tent of the soi l. ii11J)I"O\"e its tructure . and 
cover ove r the yea r. ach ieve the triple in t urn it s permeability a nd ab orptiYe 
t·esult of increa ~ eel ma1·ketable Yi lcl . hi o-her capac ity. 
fe rtilit y with better so il str.ucture, ~nd T he permeabili ty ( rate of 11·ater t1·an.
g r eater rc:; istance to e rosion. mi ss ion) of a pa r ti cu la r oil pro file ( the 

In the pre1·enti on and elimin ~ti on of succession of !'Oil Ja ,·er,; continuous d01n1 
g ulli es the first obj ect ive is the red uct ion of to th e pa rent material fr 11 1 ,,·hich the so il 
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F i,; . ~. -:\ ripp"r can b" used to 

USE OF AB SORPTiON BANKS. 
\ \ "here it is tl10ught that absorption banks 


with cl osed encl s, de ·ignccl to hold depths 

of \l·atc r up to a fnot in the chann el, a llow 

ing it to percCJbte do\\"11\va rds, should be 

ii i s t ~tllcd in th e solution of a soil erosion 

p rob len1. c n ·ide ration should be given to 

th e need fo r 11·ell -drained soil in such ea es. 

\ "cgcta tinn 11·ill have a very hard time main 

ta ining it:;el[ \\· hen 11·ater is held ponded for 

long periods after ra infa ll. T hi s type of 

bank .. ~ti _I cl indeed a 1_1 y type, is then of g reat

est ci·ltcwncy 111 soil s th rough which water 
pc rcnlatl'S readily . hti t in all case should 
1JC l'ro,·i rkd with prope rl y des igned outlets 
for rcmo,·a l of 11·ater in exces · of their 
ca pac it y accun ltll a ted fo llO\I"ii w success ive 
hig h iittensity rain s. "' 

fn good agricultural so ils, in contrast to 
soils of a sanely nature, \Yell- dra ined soils 
mean soils of t;ood stnt tu re. Often soils 
ll: hi ah f~ rtili ty conta in a hio·h perc~ntage 

ot clay . to r example. many so il s of the 
northern wheatbelt. and a rc subj ect to lo s of 
::-t ruct ure with dec rease in their fe r tilitv le\ el 
fo ll owing explniti Yc farming . T his foss of 

Sg 

trud ure mealls decreased pe rmeabil ity due 
to puclclling of the clay to fi ll the drainao-e 
pores. T hus more ,,·ater run off and an 
accelera ted ra te of eros ion Follow -. R ela
tiYely fe r til e topsoi l is r moved, further 
redL!cing fe rtility. Once tarted a viciou · 
circle continues, and to stop th i , mechanical 
measures a re necessary. 

SPACING OF GRADED BANKS. 

pacing of graded banks, a very common 
mean of mechanical erosion control, depend 
on the degree and length of lope on wh ich 
eros ion is to be controlled. Their exact 
spacing is ~t the point at wh ich a length of 
slope remain s above them such that if water 
is a ll owed to r un down it, r ill ing is al.>out 
to occur at its base. The presence of r illing 
between bank means that the spacing is 
too \\·ide and that silt has been carried into 
the bank channels thus reducin o- their 
c;:-,pacity and in creasi ng the risk of over
topping. T he po ition of this exact point 
of bank placement depends on the amount 
of r un-off wate r and the ease w ith which 
the soil may be removed by waterflow. The 

has deYeloped ) is iimitetl to the per meability 
oi the least permeable hor izon ( layer ). 
Although th e quant ity of ,,·ater \\" hich can 
be held in the tupsoil is enormously increased 
by high organic matter status and good 
structure, there must be free drainage 
throughout the uil to a llo\\" water in excess 
of this quant ity to percolate d own,,·ards, 
eventually r eachin g underground storage 
reservoirs or emerging in spr ing or stream 
flo ''"- Otherwise it is obvious that it must 
run off the surface with the poss ibili ty of 
r esultant eros ion. 

A problem ari ses in the determinati on of 
the amoun t of 11·ater in the soil immediately 
prior to rainfall. .-\ttempts have been made 
to clas ifv rain fa ll on the basis of the time 
i~terva l ~etween storms(') . Recently a se1·ies 
ot _expenments ha been reported with th e 
obJect of determ ining the relat ion of ante
cedent soil moisture content to infi ltration 
data for certain R iver ina so il s(") . F inally it 
ha been stated (' ) that the soilmoistu re con 
tent at the commencement of preci[J itation 

has a g reater effect on in fi! trati un r a te iur 
the Ji rst twent \· m inutes tha n an,· o t.he r 
factor. Cont inu-ous r ecords of soil nioistm es 
,,·ould then appea r to be of g rea t practica l 
va lue. 

HARDPAN FORMATION MEANS REDUCED 
SOIL PERMEABILITY. 

I robably one of th e most impor tant s ing le 
factors under the cont rol of the fanner in 
this rega rd is th e development or pre \· ention 
of the development of a ploughsole or ha rd 
pan, practically imperv ious to percola t ion 
of water. P a rticularly in heavy so ils this 
effect resul ts simply from ploughing at the 
same depth year after yea r. The remedy 
is obviou:. I n suscepti ble soils reli ef is 
obtai ned by ploughi ng at varying depths, 
<nd as a last resor t, by ripp ing to break the 
l. a rdpan. T hi s could be clone ,,·ith a rig id 
tvne scari fi ed fi t ted w ith narrow poin ts. 
.\".cecl less to say, p loughing or culti vat ing at 
tno high moisture content aggra va tes the 
t rouble. 

Fia . t.- BiaL: k S<l ils ha\·c an unst a ble crumb s l ruc t u re a nd are very liable to e rosion u nder unso und 
land use prac t ices. 

8 



------ ---- -

amount of \.Vater running off depends o n 
the balance between precipitati on ~nd m
filt ration and retention, the factors ot whtch 
haYe been discussed in some measure _abo_ve. 
.A major consideration in the detenmn~tLOn 
of initial bank spacing is ~h ~refore t~1e mfil
tra tion capacity oi the so il 111 ques~10n . It 
is possible that initi al bank spacmg and 
channel capacity could be defi_ned more 
exactly fo r each oil type followmg such a 
stuch·. 

It- will be noti ced that the word " ini t ial" 
has been used in the previous discussion. 
T he amelioration of relevant soil and water
shed properti es following insta!lation of a 
svstem of erosion control works ts a problem 
for future attention but its effects operate in 
makino- the system ·'safer" so that it will 
"· i th st~nd a greatly increased intensity of 
ra infall above that for \\'hich it was fir st 
designed. If these banks were then never 
asl.::ed to carry run-off water , they would 
still be of the greatest value as a guide to 
the contour culti vat ion of the area con
. cern ed. 

THE ASSESSMENT OF RUN-OFF. 
The o-eneralised nm-off equati on is Q = 

CIA (")~ where Q is the critical ra te o( run
off in cubic feet per second . that ts . the ra te 
of run-off which can be just handled b~- th e 
control system at a g iven puint , C is tl :e 
co-efficient o( run-off , representing the ra tto 
of the rate of run-o ff to th e rate ot ra infa ll 
and whose value is affected by the soil 
cha rac teri stics under di scussion. I is the r a in
fa ll intensity in cubic feet per second per 
ac re (approximately equal to the r~te of 
rainfall in inches per hour ) and . \ 1s th e 
catchment a rea in acres. This equati on 
g ives a means of an swering th e problem o( 
what capacity of bank channel_ slwul? _b e 
provided for an a rea for winch ramtall 
intensitv r ecord ,; have been kept. The main 
difficult-y in its exact evaluation lies in the 
determination of suitable values fo r C. 
Since C is dependent so la rgely on the soil 
factors affecting run-off. its exact measm·c
ment requires detailed investigation into the 
so il characteri stics of each di strict. 

-l 
I
; 

I 

F ig. J. - Soil struct ure, slope and climatic condit ions are all factors affecting the correct spac ing 
of graded ba nks. 

C. iu t· any so il type, may be con ·id er ed in 
L''Jit juncti on with a ce rta in n tlue o( l , 
cl c,- tgna tecl 1. . when the structural stability 
11i a soil and its infiltrat ion capacity may 
ttut \Yithstand an intensity of ra infa ll above 
a ce rta in critical value. at \Yhich breakclmYn 
in tu di sc rete eros ive -particles occurs and 
maj or so il loss commences. This is the 
poim of interest especially to the Soil Con
sen ·a ti uni st, and appears to be especially 
applicable to erosion of the black basaltic 
::;o il s of th e Inverell Distri ct . 

O rdinarily. control measures coul d not 
be designed of capacity to contain rainfall 
nf in tensity L on the exposed so il because 
at thi s point such soil loss ,,·ould occur that 
the bank channels would be fill ed and their 
purpose nullifi ed . \ iVhen soil breakdow n 
0ccurs for values of L close to the value fo r I 
fo r which it is considered economic and 
necessary to construct control works, for 
exampl e. for a storm intensity of once in 
fi ye or ten years expectancy, it is evident 
that improvement is needed in the stability 
of snil aggregation. T o some extent a 
mea. me of thi s property is obtained in the 

determinat ion of the degree to which soiL 
s tructural aggregates res i ~t breakdown whe11 
immersed in ;'·a ter an I ~ent l): oscillated up 
and cl om1 . 1. he apphcanon ot tht s measure 
has yet to be fully deYelopecl. 

CONCLUSION. 
\ necessarily incomplete accoun t has 

been given of the applica tion of certa in soil 
characteri st ics (fertil ity, structure_, stability 
of structura l aggregates. in ti lt ration capacity. 
mechanical composit ion ) in relation to soil 
conservation. T heir i~1 terdependence has 
been stressed and ameliorative measures 
noted where these can be effecti ve in pro
moting greater res istance to, and recoverY 
from, soil erosion. 
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FOREWORD 

BY 

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

\1 [ H EN the oi~ Conserva~ion Ser~ice 
V\ commenced 1ts campaign agamst 

erosion it was realised that grass would 
have to play a major role. Soil that 
is deprived of the protection of surface 
vegetation is highly vulnerable to erosion 
and the best vegetational cover in 
most situations is grass. It was obvious 
that protection from erosion called for 
a m ore widespread and better utilisa
tion of g rass as cover for the land. 
There was need for a better understanding 
of its possibilities, more information regard
ing pasture management for particular pur
poses. and a general stimulation of interest 
in the use of grass . 

Grass is actually our most important crop 
but it is not yet receiving the attention it 
deserves · in this country. Insufficient 
r esearch and developmental \Vork have been 
carried out, and the knowledge in this 
country concerning grasses is altogether 
inadequate. Grass has been taken too much 
for granted, but the field of research is full 
of promise from the point of view of both 
<'lconomy of rural production and the control 
of erosion. 

The Soil Conservation Service has used 
grass at every opportunity in its work, and 
already has had some gratifying successes 
and made some advances in the better utilisa
tion of a rasses. Virtually all grasses and 
legumes "'conserve the soil and improve its 
texture. They cover and protect it and are 
the most eff1~ctive agents fo r reducing 
erosion on sloping land. They improve the 
fertility and the water absorbing and holding 
capacity. In this way they are useful not 
only while actually growing but also if they 
are turned under as green manure, left on 
the surface as a mulch or grazed by live
stock and the r es idues turned under. 

The need for grassland farming in a pro
gramme of erosion control becomes very 
apparent. It would have been most difficuit 

to stabilise economically much of the country 
we have effectively treated without a full 
utilisation of g rass. For many of the farms 
in the \\ heatbelt and the mixed farming 
areas there was no other way to plan a soil 
conserving and water controlling pro
gramme. Though introduced in our work 
for these purposes, the grasses under 
management quickly demonstrated their 
adv~ntages in · other important directions. 
The individual farmer was quick to 
recognise the economic possibilities of grass
land fanning and a wave of enthusiasm is 
commencing throughout New South \ iVales. 
In earlier years only those men in the sub
terranean clover and \ iVimmera rye grass 
districts in the southern parts of the State 
had developed pasture management. 
Farmers who had never before planted a 
g rass or legume are now laying down 
appropriate areas of their farms to sod 
crops. T his is being done not only on ~he 
properly planned grassed waterways wh1ch 
have become so widespread and so success
ful in soil conservation programmes in ~ew 

outh \ i\Tales but also in the farm rotatiOns 
on the arable land . 

Grassland farming means givini? g rasses, 
legumes ancl sod crops a more tmportant 
place in the farming system. It means m_ore 
and better feed fo r livestock by pasture Im
provement and management, more grasses 
and legumes in the crop rotations and bettei· 
crops of hay and sil age. It means more pro
tective cover fo r the soil. grassed waterways, 
stri p crops of grasses and legumes and the 
use of sod crop in other ways to l~elp con
serve soil and \vater. It results m better 
balanced and more profitable farming. 

Our fi rst need was for satisfactory g rasses 
or ltaumes to meet the exacting require
menr; of arassed waterways. These are 

"'desi•,.ned and constructed fo r the conveyance 
of l~rae volumes of swiftly flowing water, 
and tl~e grass . to be effective, ~11ust com
pletely seal the soil and protect It from the 
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erosive foi·ce of the water. Grasses for the 
stabilisation of gully bottoms were also 
needed. In the better rainfall portions of 
the southern parts of the State where sub
terranean clover and other useful plants can 
be easily established the problem was not so 
difficult . However, in the drier parts of 
the south and in the west and north-western 
parts of the State the problem was 
formidable. The grasses used in the south 
were quite unsuitable. 

great deal of work had to be done on 
the newly established Soil Conservation 
Stations to overcome the initial difficulty. 

ome grasses showed themselves to be out
standingly suitable to dry and difficult 
environments. Rhodes grass has been very 
successful in some difficult situations. It is 
a lso widely adaptable and is now extensively 
used in grassed waterways in the north
western and central western districts. It is 
also very successful in the Hunter vallev, 
where it was hard to get a suitable grass f~r 
waterways and gully stabilisation. _ It has 
also proved most useful at Camden. Where 
rainfall is good or where overflows fre
quently occur, kikuyu has been a great help. 
It has safely carried remarkable volumes of 
water in such vital places as dam spillways, 
gully floors and _overfalls. Also, assisted by
~he. extra water It receives in such positions , 
It_ l?as been possible to extend the use of 
!<Ikuyu for this · purpose far out into drv 
mla~d country where it could not normall)r 
sur_v1ve. The same applies to couch grass, 
wl:uch forms a dense protective sod ·and is 
fatrly drought resistant. It is also very 
u~eful for safe water disposal on roadsides. 
Tifton Bermuda_grass, an American variety 
?f couc~ grass, Is also under trial 'here and 
IS _provmg superior to our local couch for 

o_1l conserva~ion work. It was developed at 
Ttfton, Flonda, and is a very vigorous 

grower. In those areas \\'hich are to~ city 
for subterranean clover, barrel medic ts 
giving good re;;ults. L\Iceme has its place 
also, although It gro\-vs 111 clump? and does 
not give the complete ground co:_rer that so_d 
forming grass and l~g~un~s afford. This 
means that it has limitatiOns when used 
alone in such exacting situations as grassed 
waterways. Nevertheless, its qu~lities of 
drought resistance, !1 ~avy pr?~luctiOn, fer
tility building and ability to utiii~e profitably 
laro-e amounts of water render 1t very use
fut It is valuable for sowing on land that 
is 'Sently sloping or flat and which has to 
receive large quantities of run-off "'·':ate_r. 
It then receives what amounts to a penod1c 
irri o-ation and the response is very satisfac
tor;. It is extensive~y u~ed in soil 
conservation work, especrally 111 crop rota
tions to afford continuous cover, and is a lso 
included in many of the pasture mixtures. 

Viewing the position generally, although 
many men in this State have recently becom_e 
grass conscious primarily because_ of so_1l 
conservation work, they are developmg their 
interest in grasses and pasture management 
because of the many advantages which can 
result. A better understanding of the use 
of grass will lead to its w ider utilisation i_n 
the general fanning pr?grami:r~· There IS 

every indication that 111 addition· to con
trolling erosion and giving mor_e stability to 
the land, a wider use of grass w11l have other 
important effects and far-reaching economic 
advantages on the production side. It gets 
us away from the practice of one crop farm
ing which exploits the soil, increa~es erosion, 
lowers fertility and lowers crop yields. The 
development of grassland farming offers a 
feasible way of diversifying farming: It can 
improve production from_ the_ land g:e_nerally. 
increase crop yields, mamtam fert!ltty and 
save labour. 
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LAND USE FACTORS IN THE 
CONSERVATION OF STEEP GRAZIN(~ 
LANDS IN 'THE CENTRAL HIGHLANDS 

BY 

L A.. H. McC-\FFREY, B.Sc., Soil Conservationist. 

SINCE 19-1-6, when the Soil Conserva
tion Service began its programme of 

post-war expansion, the quickening tempo 
of conservation activity has continued to 
produce far reaching changes in concepts of 
land utilisation in this State. 

At the moment, a stage has been reached 
in which we are re-orienting our use of the 
land towards soil stability and sustained 
fertility; the aim to-day can be summarised 
as efGcient land husbandry. This stage is 
being carried through, firstly, by stabilising 
advanced erosion by mechanical measure:; 
and, secondly, by rational land n1anagement. 

It is to be expected that the urgency of 
quickly overhauling the damage of decades 
has given impetus to the mechanical aspects 
of soil stabilising; they have the merit of 
comparatively quickly application and 
success. Yet, more fundamental are the 
methods of wise land management. These 
may only need minor mechanical aids, and a 
moment's thought proves how well a main
tained vegetative cover supJ?lies soil surface 
protection, promotes sustamed production 
and is a veritable soil structure improver. 
It is a sine qua non in the concept of land 
husbandry. 

On this basis it is of particular interest to 
consider methods of conservation in the hilly 
to mountc-,inous grazing country of the 
central highlands. This_ land is important 
for its wool production and equally 
important as the catchment of the Macquarie 
River immediately above the Burrendong 
clam site, i.e. , the eastern vVellington, Mud
gee, Hi ll End and Sofala districts. 

The steep and rocky nature of the land
form places great emphasis on the non
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mechanical methods of soil conservation and 
supplies a good opportunity to cons~~er 
what methods may be adopted to stabilise 
current erosion and promote the concept_ of 
soil husbandry on steep purely grazmg 
areas. 

THE NATURAL ENVIRONMENT OF THE 

HILLY LANDS. 


Hio-hlancl farm environment n:ay ?e con-
o feat tinno- Its parsidered in two ways-one o - - f 

- - - . h ral overall quahttes o t1c1p1tion m t e gene _ d the other
1climate, land-form at~d sod~ , a_l - uali

1dealing with the pa:t1cular mdividua q 
ties of the property Itself. 

Compared with more wester!~ lcou:1tfryl·l, 
_ -e o-ema ram a1the highlands have ~ 1e mR -~=>fa ll is usually 

and temperature regime. am tl ou h two 
effective throughout the year- 1 g 

1to three months dry times are not .unust217a,; 
- from 24 toAverage falls of ram v~ry . h and over 

per annum, rising to thirty m; e\iVith this 
on plateau up~ands _at 3_,ooo -t oncerned. 
latter land, this article IS ,n~ d~wn. e.r;.. 
Winter temperatures are '~ ef J Juiv. 

. - t Muda-ee o une, mean mm1ma a "' ,. op There 
A 5 6o "4 I o and 3_.,.4 · . ugust are 3 · ' -' - · ht but heavier.
is no marked seasonal droug ' . 

. - commoner 111 sum-sporadic storm rams are 
mer than in winter. 

· ing theseTopographica!ly the lan d enJOY_ 
- . ' - f alternatmo- steepclimatic conditions IS 0 _ f ~oo' to 

ridges and valley . type With rom floor t o 
I ooo' relative relief from valley . 
' - t slopes of ove1 ridge top and predomman _ d - _ 

25%- Low lying arable and slopmg: !an h 

relatively limited, being most extensive near 
a river or a major tributary creek 



Fig. I.-The destru ction of snrface litter fo ll owing recent clearing. Th e ear ly stages o f s heet erosio n arc 
already apparent. 

Under such conditi ons. the most wide pasture species as above are present except 
spread rock, a Silurian slate-diorite complex £01· a decrease in th e A ·rist-ida component ancl 
produces a shallow, rocky, skeletal soil on a rise in th e amount of Dantlzonia . T!t. eiJl cda 
the steep slopes. On the lower country th e a ustralis ( kangaroo grass) is w idespread on 
arable soils are g rey-brown to grey-podsolic, infrequently g razed rough country. 
of rather variable natural fe rtility. 

S u;)erimposecl on these differ ences are thePastures are dominated by a spear g rass. 
variat iom from property to property andwallaby g ras , wire g rass association (S tipa
these have a profound influence on the typr~Danthonia-Aristida spp.), the latter becom
of land use . Aspec ts of slope. for example. ing dominant where soil s are coarser and 
influence pasture composition by their a lignandier in texture. This associati on is 
ment relative to the path of the sun. Northj o inl~cl on the rougher ridges by tussocky poa 
erly aspectecl slopes a re freq uently dominated( Poa cacspitosa) and kangaroo g rass 
by & Stipa-Aristida association since these( T/z{'lllCda Q!ISf?'alis). The follow in()' o·enera . b b slopes are hotter and drye r. Southern anclare "' so Widespread: Bothriochloa Chlo·ris 
south-weste rly slopes a re better g tassecl withPanicH/11 and E mz eapogon. Annu;lleO'UJne~ 

. . . b a Dan t!t on:ia domin ant assoc iation and goodcons1stmg ot clovers and medics, e.g., T. 
herbage.glomeratlt/11, T. arvl'nsl' . 111. 111iJZ ima a re 

I ikewise vviclespreacl . More obv ious differences occur in the 
App rec iable a reas of Devonian strata. amount of arable bottom land and in loc~ l 

ma inly mudstones and limes tones. occur and fe rtility variat ions. as through the presence 
form ome of th e most rugged country to be of a basalti c residual or sandstone outlier. 
fo un d in the central highla nds. Soil fer Mo3t properties hav e only porti on of theii· 
t ili ty is some,,·hat hig her in thi s country are~ as effective grazing; some a re too rough 
especia!Jy on th e lower slopes : much the same ancl rocky to support th e better grasses. 

g8 

F ig.z .-Rabbit infestation and fa ilure to adjust s tocking rates to la nd c lass lead s to serious erosion on 
th ese steep la nds. 

F ig. 3.-Sheet an d gnlly erosion in a cri t ical stage. Land u sage is in need of urgent adjustmen t. 
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The relative influence all these factors 
have upon the present and poten~ial l<l:nd 
use of a property need careful co~~tdera~101.! 
by the landholder. If a more mtenstve 
use and management is to replace the pres~nt 
"extensive" system, each acre needs scrutm
isincr as to how best it can be improved.

"' THE PRESENT 	LAND USE AND EROSION 
POSITION. 

Ever since the development of the Austra
lian merino, the steep grazing lands h_ave 
been extensively utilised for wool growmg-. 
To-day this breed accounts for So to 90 per 
cent. of all sheep in the area. Properties 
with substantial acreages of better land 
favour Corriedale and other dual purpose 
sheep. Pasture improvement either by so~vn 
crrasses and legumes or by topdressmg 
~atural grasses with superphosphate is 
unusual-lucerne is the commonest and is 
grazed and _cut for hay on alluvial count~y. 
Oats are g rown to some extent to gtve 
winte r grazing whilst an occasional millet o!· 
maize crop is grown for summer feed. How
ever, the majority of landbolders carry out 

summer grazing upon d ry pastures and feed 
hay or gra in shou ld rain be scarce, so that 
stock ing rates are maintained. 

Most property areas fa ll IJetween I ,000 
and 3,ooo acres; few are over Io,ooo acres. 
Pasture Protection Board figures show 
average stocking rates at about i sheep per 
acre. Eates for smaller properties in these 
ranges frequently reach or exceed one sheep 
per acre. Stocking rates for the larger pro
perties are generally lower, var y ing between 
t an d -if sheep per acre. 

T he nature of the terrain makes rab
bit extermination difficult; paddocks are 
larg-e, so that the popu lation of this pest 
remains high throughout. 

Gully and sheet erosion are widespread
probably So per cent. of a ll drainage lines 
are in a n unstable condition; the largest 
gullies are found where hill side run-off 
courses throug h low lands. Catastrophic 
erosion is locali sed, with th e worst examples 
occurring on very s teep slopes of from 
seventy per cent. upwards, denuded of 
timber and over pop ulated with rabbits . 

WHAT CAN BE DONE? 


Publicity given to the erosion problem 
has not been lost upon holders of these hilly 
!ands. but many are in a quandary, wonder
mg- what means of conservation should be 
adopted . They realise that widespread 
mnved earth installation can be ruled out 
over most of their property and. beincr used 
to an ' 'extensive" outlook on land m~nacre-
~11en~. tend to regard any other ""methods, 
msotar as they know them. as impracticable. 

In the ensuing lines some suggestions are 
made which may help to clarify the hus
band_ry concept as appli ed to -thi s steep 
graz111g country. 

PASTURE IMPROVEMENT AND 

SELECTIVE FENCING. 


Pasture improvement should be the basis 
of successful conservative grazing . Prac
ti cally every property in the steep country 
has ~:ome land favoured by topography and 
so il for the establishment of denser and 
more product ive pastures. Even slopes of 

lll? to 20 per_ cent. may be utili sed in this 
clnnat_e provided the soi l is reasonable; 
~stabhsl~ment is aid_ed markedly by th~ 
mstallatwn of run -off conserving structure,; 
such as pasture furrows. A ll creek fringino· 
lands and low slopes come into this cate~ 
gor.v:, and these do not usually require fu r
rowmg. Subterran~an clover. perennial rye. 
lucerne and phalans have a lready demon 
st:ated their capacities in such conditions 
with . yearly applications of super. Top 
d~essmg_ of :1at~ral pasture with supe:-, 
Without mtroductiOn of new species. has been 
found effectiYe. Better results, ho"·ever . 
are obtained with introduced species. · 

Improved country needs to be fenced so 
as to permit satisfactory control of g razing. 
Improved low land enables the landholde:· 
to reduce grazing pressure on the steepel
lands and allows systematic spelling to 
encourage pasture growth. Following 
recovery. a shift of land use to include a 
greater number of cattle and less sheep is a 
wise move. and paddocks may be grazed in 
rotation . 

F ig. 4.-An excellent sown pasture (right foreground). This land has been fenced separately and acts 
as an absorption area for run-off and erosional material from the steeper land. 

I OO 

F ig. 5.-Wise land usage on lower slopes in the Cudgegong district. 
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Again, consideration of the farm environ
n:e:lt must cause the landholder to t- .. 
chfl-erent steep land in different way·s \~ eaL 
· t · d 1 · ery~ eeJJ an roe <y land or very poor countp· 
nee~ to be segregated, fenced, left in timbe~
or, !f clear~d , grazed very lightly St 
land al ready badly eroded-should b.e fen~~~ 
completely to exclude all forms of stock. 

. : \n overall reclucti o~l in stocking of critical 
htgh country results m a denser and bettf. r 
balanced pastu re .. which in time mem~s 
~reat~r Aeece wetghts and at least eq ual 
;ncon.e. _Im]~roved J ?:v~r country provides 
_Jetter ])I eecli!1R factht tes and additiot~al 
mcome from tat stock 

FODDER CONSERVATION. 

P roperti es with reasonable areas of botton, 
land lloulcl always have part of thi s countr ; 
under fodder C: rop; oats have an aclvant;:u!~ 
as_ ~ cover crop for pasture mix tures co71
tammg summer growers \A T] · 1 · f . · '' 1e1 e cu ttva-
IOn ex_tencls mto slopes operations should 

be earned _out on the contour. In a ll - . 
\vhe_re ~ramage lines intersect a rabl e ~~~~~ : 
a n.1tu1 a! or sown g .J le! 1 rass waterway st r ll)
s 10u Je left to di s]Jose of ·ff • a 1d . run-o safe!-.· 
c I . p~event scounng. Neglect of thi s 1· tt -. 
p_om: IS responsible for much soil lo cl et! 
n ve r and k . . ss anc 

. c cree . Slltat ton and should 1 , 
parttcularly guarded again st. ,Je 

RABBIT CONTROL. 

. If fo?cler conservation is the grazier 's best 
Jlllm ecl tate answer to clrouo-llt tlf 1 t:. , 1e raJ11Jtt . 
fctor ,t 1rough ov~rgraz ing i . one of 

1c r_oug 1t s "Tea test allies . Failure to control 
!111~ r~e t c~n nullify other good aspects of t he 
l~lcltvtclual s manacr~ment and there can be 
httle doubt ~hat tnngent control does sim
J?Itfy the mamtenance_ of soil stability. The 
tact that smaller . stzed netted paddock 
mean better rahbtt control dovetail s well 
wtth _oth er asp _cts of management as reaarcl s 
rotational g razmg. R ocky areas. clifll c~ lt to 
attack. should be fenced out. 

AFFORESTATION. 
\ ' ery ~ teep land, unless of obvious fe rti li t " 

and capable of ~ u : taining good g rass gro,,· tl~ . 
is better for its covering of timber. and 
furthermore should be kept free from stock 

fn s ttrance aga in st : o il 11l<JIT111en t in thi s clas 
of country is prov ided principally by its 
natu ra l ·uriace lit ter ()i lea\·(·s, bark. fa llen 
ln·anchc -, etc .. ,,·hich impccl c·s the spccd and 
concentration uf : ur iacc run-oli'. To a llO\\' 
stoci{ free acces!:> tu tim!,en :d cc,utllry mean · 
in time, destruct ion 1J1· tratnpli11 g· ', j thi s ,;u!·
face litter and ve ry h1g h ri sk u i c r(l s ion. 

DIVERSIFICATION OF WATER SUPPLIES. 

The commonest means of \\'ate ring in 
steep countn · is h · dams and th is i,.; ,,itcn the 
only feasible means . \ ·c ry L>itcn ,nJ1y ''11 e 
maj 0r clam is used tu c:tch padd oc k . J11 the 
hot ~umme r months thi s leads particula r ly 
to over stocking aml tratnpling. ea u. ing 
denudation and ri sk nf sheet and gully 
eros ion . C razing can l> ' 111acle m• >re equit
ab le where clams a re nlllltipli ccl and so 
placed that thirsty stock do n()t kt\·e to r_ ra,·_cl 
execessive distan ces and to only one Jl OIJlt 111 
the paclclock. thu s los in g conditi on and cc~n
stantl y using the same series oE track ,; \\'lth 
risk of g ullying. The clams can also s~n·e 
the purpose of stabili s ing ex is ting g ullt es. 

,FARM ROADS. 

It is by no means unu ·ual in g raz ing 
country to observe hoth incipi ent and '.'·cil 
advanced gully eros ion throug h badly stted 
farm roads and tracks. In many cases tracks 
have followed the valleys in pre-automot ive 
clays, keeping a lin e close to the 1\·ate rcoursc 
for easier travelling . :\11 such track · h;n :•: 
subsequently eroded. \11 such va lley roao,; 
sho'.lld be sited away from the 1\·atcrcour ' t' , 
and keeping to the ha rder countt·y \\ · h e r ·~ 
possible. R oads on undulating Jo,,·er s lopr! 
countrv are better located on th e c >Jltour. 
C ro"s a lignment of roa ds, especially 0 11 long 
·lopes leads readil y to gu ll ying o f ,,· h ~ .l 
tracks. In general. w he re slopes need to !Je 
ascended at ri ght angles or at a c ro ·s align~ 
ment, through th e very r ocky na ture o t thr· 
~round . the lengths of these secti on s ,; hould 
be short and ioll o,,- hard g round. 

CONCLUSION. 
Tt needs to be stressed that the im·olve

ments of each aspect of land manageme1:~ 
unite and are mutualh· ass istant. so that !t 
one method is w orth,;,hil e . other \Yi e lan.-1 
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u: e techniques will re info t·ce the benefi t trJ 

he C•btainec.l. It is impossible, f o r example, 
to impro ve pasture and ye t not fe nce to 
uht ~tin it s maximum effect . It i onl y a 
sho r t -tep furth e r to consider segregating 
other land catego ri es and correctly adju sting 
th e ir u se. The m eth od s for mo re sc tentifi c 
a ncl intens i,· c m an agement involve ce rta inly 
a n c: :-; p endi ture o f tnoney . hut it is m on e_l' 
,,·e ll invested. The expenditure can b~ 
~TC\ <iual and sprea d O\'e r several yea r s . 

O ur teep grazing lands a re, in theit
present state of procluctiYe capacity, being 
overtaxed and th e r esultant soil 1\·astage 
is both an effect of the p resent land u se 
process and a cause of eYen m o re rapid 
future deterioration. 

Conservation of soil r esources . t ogether 
with maintenance of prod u c tive capaci ty . 
can only be achieved by a land m a nao·ement 
\\'hi ch all ows these high gras ~ Jands t : 
r ecO\·er and to improve in qua lity. 
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