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FOREWORD 

BY 

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

I N recent years the State of ~ew South 
\!Vales has suffe1·ecl a successiOn of the 

most disastrous and widespread floods in its 
hi story. Dnring the floods public attention 
is focussed on the tragic loss of stock, pro­
perty and human distress, but the greatest 
loss and the one which cannot be replaced, 
occt;rs when acres of the rich alluvial lands 
themselYes are lost, as they have been, par­
ticularly on many of our coastal river 
Yalleys. 

The rivers themselves are of the greatest 
possible importance to this country, and the 
lands bordering them are irrep~aceabl.e. 
Some bitter losses have been suffered 111 

recent vears in the river valleys. Very 
severe Roods have been experienced, and 
doubtless will be again. In fact, the 
indications are that if deteriora~ion of the 
Catchments continues, the floods will 
inevitably become more destructive. 

No doubt there are lessons to be learnt 
by all those concerned with .th~ immedi~te 
effect on towns and homes bmlt 111 low-lymg 
portions of coastal river valleys, and the 
effect of floods on rail and road transport 
and on industry generally. The obvious 
erosion occurring on the alluvial lands is 
very serious indeed. These flats are the 
most fertile lands in the State. \ i\There they 
border coastal rivers and favoured portions 
of the inland 5treams, the rainfall and 
climate meet the exacting requirements of 
a high class of agriculture, and t.he com~in~­
tion of rich, Jeep and well-dramed soil, m 
abundant and fairly reliable rainfall areas, 
renders these lands the most productive and 
most valuable in the State. They carry a 
relatively high proportion of . our rural 
population, and they make poss1ble a more 
advantageous use of the gener~lly rougher, 
poorer lands between the n ver valleys. 
Nationallv. we cannot afford to lose an ~ere 
of these ~lluvial lands. Yet they are gomg, 
and in recent years the rate of loss has 
been very rapid. 

To COJTect this f s irion . the outs ta rldin g 
requirements a re: ­

(1) 	Stabilisation .of the "'hole water­
she~ls of the l?vers lly the aYoidance 
of. ~nappropnate land use, the full 
utJI! sat1 ot~ of vegetative protection 
to the sod, and the application of 
o.ther supplementar) soil conser a­
tJon measures where appropriate. 

(2) 	RiYer control fo r the protection of 
the banks against erosion with 
provision of storage dams where 
required. · 

To stop the worst effects of a river run­
ning wild in flood periods, both these broad 
requirements must be met. The first will 
reduce both the amount of water which 
immediately reaches the river in flood rains 
and the amount of silt and erosional debris. 
More of the rain will be taken into the soil , 
and both the immediate and the total run-off 
will be reduced. If these measures are 
supported b) carefully located earthworks 
for holding water, the total run-off can be 
still further reduced. Nevertheless, in those 
periods of extensive, prolonged flood rains 
on coastal rive rs, they will need the support 
of river control measures. 

The application of soil conserving meas­
ures throughout - the valley generally is 
required, including effective protection of 
the eroding stream banks. 

There is need to take full stock of the 
whole position on all the coastal watersheds 
in order that a properly balance.d approach 
can be made to the problem as It extsts on 
each river. 

Conservation measures. which will include 
land usage, applied to the w<;tershecls are, 
in my opinion, the only pract~cal means of 
ensuring that water run-off will not beco~ne 
increasingly greater and that prote~t1ve 
structures on the lower reac.hes of nvers 
will not be called upon to withstand ever­
increasing flood heights. 
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Steep watersheds must be kept protected 
by an effective cover either of forest or grass 
or other vegetation. Overclearing and lack 
of forest management on what forest does 
remain, burning and overgrazing are the 
worst evils on watersheds. The area culti ­
vated on these catchments is usually small, 
but if steep lands are cleared and cultivated, 
great damage can result. Some tragic 
examples of this soil exploitation can be seen 
on the northern rivers, where slopes much 
too steep for intensive cultivation have been 
cleared, with consequent loss of soil. 

The value of forests as a means of pro­
tection from erosion and floods and as 
producers and protectors of water supplies 
has been universally acknowledged. This 
recognition came after disastrous experi­
ences following upon the excessive removal 

I' 
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of forest cover in many parts of the world . 
In a watershed the role played not only by 
the commercial forests but by those which 
could be called protective forests is very 
important. 

The achievement of effective watershed 
management is a big task, but it is by no 
means impossible. Much has been learnt by 
observation of the effects of the unplanned 
exploitation of forest and grazing lands. 
Field research is now commencing to indi­
cate effective management procedures to 
meet the different environmental conditions. 
Both experience and research show that 
effective watershed management requires the 
best possible treatment of both forest and 
grazing areas. Good forests, good pastures, 
good soils and good water are generally 
associated. 

HYDROLOGICAL STUDIES IN THE 

UPPER SNOWY CATCHMENT AREA WITH 

SPECIAL REFERENCE TO THE EFFECTS 


OF LAND UTILISATION. 

BY 

A. B. CosTIN, B.Sc.Agr.* 

INTRODUCTION. 

T HE Snowy Mountains of New South 
\ iVales form that portion of the Great 

Dividing Range between Forest Hill on the 
Victorian border and Bullock Hill near 
Kiandra. Forming the watersheds of the 
Snowy Catchment Area in the east and the 
Hume Catchment Area in the west the 
Snowy Mountains are probably the 'most 
valuable natural water resource in Australia. 

The most important part of the Snowy 
Catchment · is the relatively small portion 
situated above Jindabyne, near the confluence 
of the Upper Snowy River and its two 
major northern and southern tributaries, 
the Eucumbene and Thredbo Rivers. In this 
paper, these three rivers, collectively, are 
termed the Upper Snowy River System 
and their combined catchments the Upper 
Snowy River Area (Fig. 1). This catch­
ment may be sub-divided into four well 
de~ned environmental tracts: alpine, sub­
alpme, montane and tableland. 

The alpine tract extends from the tree 
line at approximately 6,000 feet to a ma..'Ci­
mum_ elevation of 7,328 feet at Mount 
I~oscms~o. The average annual precipita­
tiot~ vanes between approximately 70 and 
90 mches, and the ground is snow covered 
for at least four months of the year con­
tinuously. Semi-permanent snow patches 
occur above 7,000 feet, which sometimes 
persist throughout the year. The climatic 
~ 

climax ve~etation is tall alpine herbfield, and 
the assoct~ted soils are alpine humus soils 
and ~1t11111fied peats. Important physio­
g~aplnc and pr.imary edaphic vegetation 1 

cl~maxes and ~o·tls also occur interspersed 
Wlth the tall alpme herbfields. These include 
sod tussock grassland with silty bog soils, 
grex podsols, and alpine humus soils; short 
alpme herbfield (snow patch vegetation ) 
wtth snow patch meadow soils· fen with fen · 
pe~t and silty . bog soils; vailey bog and ' 
ra~sed bog wtth valley bog peats and 
ratsed b?g peats; fj.celdmark with lithosols : 
and alpme humus soils· and heath with 
lit~1 osol s, grey podsols, ;nd alpine humus 
sot!s. Of greatest significance in catchment 
ar~a studies _are those plant communities and ' 
?mls determmed primarily by ground water 
mfluen~es . The most important of these in 
the alpme tract of the Upper Snowy Catch­
ment Area are certain of the sod tussock 
grasslands with siltv boo· soils and oTey

J b b 

podsols; short alpine herhfield with snow 
p_atch mead_ow soils; fen with fen peat and 
stlty bog smls; and valley boO"" and raised boO"" 
with valley bog peats and r~ised bog peat; 

The sub-alpine tract, situated between 
approximately 5,000 and 6,000 feet, receives 
average annual precipitations from about 
50 to 80 inches. This tract is snow covered 
continuously for one to four months of the 
year. The climatic climax vegetation is sub­
alpine woodland and the associated soils are 
alpine humus soils and humified peats. 

•• *Formerly Soil Cons€n·ati on ist, Soil Conservation Service, now Thomas P awlett Scholar, Sydney University. 
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Fig. I.-The Up s 
per nowy Catchment Area. 

Exc~pt for fj .:eldmark and sho rt alpine herb­
fi eld with snow patch meadow soi ls, the sub­
alpine tract contains the same physiographic 
and primary edaphic vegetation and soil 
climaxes as the alpine tract. 

The montane tract extends from about 
3,000 to S,OOO feet. Average annual pre­
cipitations are relati\ ely low, ranging from 
approximately 20 to SO inches, and winter 
snowfalls do not usually persist for more 
than two to three \\"eeks continuously. The 
climatic climax vegetation consists of wet 
and dry scleroph) 11 forests associated re­
spectively with transitional alpine humus 
soi ls , brown podsolics, iron podsols, red 
loams. and Iithosols; and with brown and 
oTey-brown podsolics, brown earths, and 
fithosols. Associated physiographic and 
primary edaphic climaxes include wet 
tussock (meadow) grassland with meadow 
soils, silty bog soils, g rey podsols, and brown 
earths; wet scrub with lithosols; wet mallee 
with lithosols, brown podsolics, and transi­
tional a!pine humus soils ; and sa' annah 
woodland with brown and grey-brown 
podsolics, iron podsols, meadow soils, 
grey podsols, brown earths, and transitional 
alpine humus soils. The most important 
ground water plant communities and soils 
are wet tussock grassland with meadow 
soils, silty bog soi ls, and grey podsols. Local­
ised fen and raised bog communities are 
occasionally encountered. 

The tableland tract constitutes the least 
important portion of the Upper Snowy 
Catchme!'J.t Area, fringing the montane tract 
below elevations of approximately 3,000 
feet. Average annual precipitations vary 
from 20 to 30 inches, and winter snowfalls 
are usually light and non-persistent. The 
climatic climax vegetation is mainly savannah 
.,,·oodland with brown and g rey-brown 
podsol ics, iron podsols, meadow soils, grey 
podsols, and brown earths; but in areas of 
locally higher rainfall wet sclerophyll forest 
with brown podsolics and iron podsols may 
occur . Physiographic and primary edaphic 
climaxes include wet tussock grassland with 
meadow soils, silty bog soils, grey poclsols, 
brown earths, and alluvial soils; wet scrub 
with lithosols; and dry sclerophyll forest 
with brown and grey-brown podsolics, brown 
earths, and lithosols. The most important 
ground water communities and soils are wet 

tussock grassland with meadow soils, silty 
bog soi ls, and grey podsols. Localised fen 
communities are occasionally encountered. 

From the preceding discussion it is 
apparent that the alpine and sub-alpine tracts 
not only contribute most to the total flow of 
the Upper Snowy River System by virtue 
of their heavy precipitations and persistent 
snows, but also contain a larger proportion 
of ground water plant communities and 
soils which act as natural 1·eservoirs for the 
storage and gradual discharge of \Yater. 
For these reasons the alp ine and sub-alpine 
tracts are the most important in relation to 
questions of catchment area efficiency and 
conservation. Comparatively small a reas of 
the montane and tableland tracts are occupied 
by ground water soils and vegetation and 
consequently the catchment area problems 
in these tracts are largely those of acce~erated 
erosion and siltation. 

The investigations outlined in this paper 
were undertaken to ascertain, firstly, the 
nature of. the precipitation-riverflow re­
lationships in the Upper Snowy Catchment 

rea, and, secondly, to what extent, if any, 
these relationships may have been modified 
by practices of land utilisation. 

METHODS AND RESULTS. 

l.-Select1:on of Rive·r Flow and P.recipita­
tion R eco·rding Stations. 

In studying the relationships between pre­
cipitation and river flow in a catchment 
area, the selection of representative record­
ing stations is the first essential. In the 
Upper Snowy Catchment the only stations 
for which reliable data are available for a 
sufficiently long period of time are Kiandra 
in the sub-alpine tract for precipitation, and 
Jindabyne in the tableland tract for river 
flow. The distance by river bet\\·een these 
stations is approximately SO miles. 

The paucity of recording stations .is pa.rtly 
counter-balanced by the respective s1tuatio~s 
of Kiandra and Jindabyne. Detailed exami­
nation of precipitation data available for all 
stations in the Upper Snowy Catchment 
shows that not only is there a good correla­
tion between precipitation at Kiandra and 
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in the alpine, sub-alpine, and upper montane 
tracts as a whole, but that the lower montane 
and tableland tracts contribute comparatively 
so little to the total river flow of the Catch­
ment that lack of precipitation recording 
stations in the latter tracts does not introduce 
serious sampling errors. The steepness of 
the precipitation gradient between the alpine 
and tableland tracts is illustrated in Fig. 
2, in which the average annual precipitation 

channel over a period of years may lead to 
erroneous conclusions concerning alterations 
in the volume of flow. Such changes in the 
shape of the river channel may occur quite 
rapidly if the river passes through uncon­
solidated sediments; but if it fl ows between 
well stabilised banks and over a stony o r 
gravelly bed the rate of change, except , 
perhaps, over long periods, is not appreciable. 
Since the latter conditions obtain at the 

100 -·

7~" 

2.5" 

r-----------------------------------------------------------------------------~ 

2000 1'"! 3000 ,:T 4000 ... 

Fig. 2.-Precip ita tion G 

decreases from approximately 90 · h 
Mt. Kosciusko to less than me es at22 inches at
Jindabyne within a distance of about 

20 miles . 

In view of the situation of Jindab . 
below the confluence of the U pp _YSne Just 
E I d T h er nowy ucum )ene, an_ r_edbo Rivers, th _. , 
flow data at this statiOn also re re e liver 
resultant of conditions fo r the U~p se~ts the 
River System. 

· based on nver 
· 1pomt, c 1anges 

\ i\There flow esti~r t nowy 
1 · 1 a es are1eig 1t readings at . 
· 1 a giVenm t 1e shape 	 of th . e rrver 

sooo... 6()000:: 1ooo•r 

d" 


ra 1ent, Snowy Mounttins. 

Snowy River at Jindabyne, alterations in 
the shape of the river channels do not 
~onstitute a significantly ~omp~icating factor 
111 the present hydrological mvestigations. 

2.-Selection of Data. 

. The nature of the ·relationships between 
nver flow and precipitation in the Upper 
Snowy Catchment Area is_ complicated by 
the heavy winter snowfalls m the alpine and 
sub-alpine tracts, and by the consequently 
large volume of water suddenly released ·. 
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from melting snow during the spring thaw. 
The months of the year during which the 
effects of snow fall are least are N ovember 
to A pril , _inclusi_ve, and only these months 
were considered 111 the present investigations. 

Inspection o f the data also revealed that 
sm~ll ].:n·ec!pita~ions produced no appreciable 
v~ I~Iati_on 111 nver flow, so that daily pre­
Cipitations _less. than 20 points and t heir 
con:esp~mdmg n ver flows were ignored. The 
ehmnation of data in this manner does not 
bias the sta tistical results. 

T he _ea rliest and latest five-year periods 
f? r which complete daily precipitation and 
n ver flow data a re availabl e~1903- 1 907, and 
1_94_3-1947--we_re s_elected fo r analys is. Pre­
hmmary exammatwn of Kiandra weather 
reports showed that during and p rior to 
these two five-year periods, similar meteoro­
logica l conditions were experienced . 

. Any chang~s in the river flow regime 
smce _1907 might, therefore, br~ examined 
as evi_dence of changes in the Catchment 
Area Itself. 

At Kiandr_a . an'! Jindab;yne, respective! y, 
9.00 am. prec1p1tatwn and n ver flow readiiws 
are taken. Th~se daily reaclino·s provided the 
basis for the foll owing s ta ti~tical analyses . 

T ABL E 

3.--Statist·ical P rocedu1·e and R esults. 
. Pilot analyses showed that river flow at 

J_md_abyne on a g iven day was not affected 
s~~mficantly by precipitation measured at 
I~randra m?re thai~ four days previously . 
1 he followmg multtple reg ression equa tion 
wa_s the!·efore adequ<:te to_ study the precipi­
tation-nverflow relationships for each period 
1903-1907 and 1943-1947. 

Y = a + b1R 1 + b2R 2 + b3R 3 + b 11 R 4 , 

where Y 	 change in river flow (as cubic 
fee t . per second) during a 
partJcular 24 hour period 
compared with river flow 
d uring the preceding 24-48 
hours. 

R 1 pre~ipitation (points of rain) 
dunng the same period of 
24 hours. 

R 2 precipita tion during t he 

p receding 24-28 hours . 


R 3 precipitation d uring the p re­

ceding 48- 72 hours. 

R 4 precipitation during the p re­
ceding 72-96 hours. 

An Analysis of Variance was used to test 
the significance of t ot al regression for each 
period (Table r ). In both periods the t ot a l 
regressions were highly significan t P < o·or) 

I . 

A nalyses of Variance f or P eriods 1903-1907 a1'1d 1943-1947. 

I
Source of D egrees of Sums ofPer iod . 	 Mean Square. F4,ooVaria tion . 	 F reedom . Squ ares.

I 	 I 
···I Regression 

H.esidua l 
4 

384 
156,873.548 
444,075.860 I 

39,218,28 7 
0,156,{48 

33-913* 

T ot a l 388 600,949,{08 I 
I 943- I 947 H.egression 

H.esidua l 

T ot a l 

... 1 
4 

399 

403 

65,272,{96 
347·287,027 

412,559.523 

I 
I 

16,318,124 
870, 394 

r 8.74<:F 

* Highly significant - P < o·o r. 

H a":ing thus demonstrate~ the sig~ifi~ance of total regression, the individual regression 
coeffinents were then exammed for s1gmficance by m eans of " t " t ests with the follow­
ing results. (Table 2.) 

*92417- 2 
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statistical results of the river flo · . 
tation analyses for the Upper Snow-pCrectpht­

· d" wy ate ­ment Area 111 tcate the importance of dt b th . 1 . grounwa er o 111 re atwn to the general h d 
logy of the Catchment and to th hy ro­

l . 1 h e c anges 
~'9~~-l947~ occurred between 1903-1907 and 

Under completely natural condt"t" h ' d tons, t e1groun wat~r p ant communities and soils 
of the Upper Snowy Catchmet1t A 1

b bl b 1 rea wou d pro a y ea most completely saturated d 
the ground cover of the more e t ' a_n 

· d x enstve non-groun water communities and "1 
dense and unbroken. Under tl SOJ_s
tion · . . 1ese condt­s, a gtven prectpttation on 1 . 
ground would probably b reda~ 1tlng the 

· dl · e tsc 1arged rapt y mto the river system . 1 
surface, run-off. Little of thi m~u~ y . as 
would be retained as grounds "~~~~~_Pttatton 
~he same quantity of water alread unless 
m t~~ ground water soils and lfn stored 
mumttes were released Th t p I . t c?m­flo . . . . a t 1ts nver

":-prectpttatton regime probably bt . d 
~urtg 1903-1907 is. indicated by th~ s~~~~­
t~ca . results fo r thts period. The . 
stgruficant positive relation h. htghly 
between change in river flow s tp ( :-J-bl) 
day (with reo-ard to tl ~n a parttcular 

. . . "' 1e prevwus day) d prectpttat•on recorded d . an . unng the 24-h?~r l?enod, indicates that most same 
prectpttatton rapidly entered tl . o~ the 
Slll·f ff . . 1e nver s as 
. ~ce run-o w~thm 24 hours. The hi o-11 

stgmficant neg~ttve relationshi ~ 1 Y 
.b_etween change 111 river flow anl 0 ( ?z)

t10n recorded 24-48 1 . P1 ectptta­
10urs prevwusly al 1s 1ows that most of this prect·p ·t t . so . . . 1 a ton hadt d 1en ere t 1e n ver Wtthm the first 24 h . 

~nd that by 48 hours river flow w ours 
ma· to 110 1 Tl . as return­

0 "' rma . 1at nver flow 
maximum within 24 hours aft rose ~0 a . . . er a g1ven 
prectpttatwn and fell to its base le 1 · h. 
the next 24-48 hours is also . sho ve bWit 111 

· . ·fi . wn y the1 k fac o stgm cant relatiOnships (-b 
- b4) . be~ween change in river flm~ and 
prectpttati0:1s recorded 48-72 and 72~9~ hours p revwusly. ( See Fig . 3.) 

The stc:ti s~i ca l results for 1943_1947however, 111d1cat. e a different r1·v flow-' . . . er0 

preClpltatwn regtme for this later per· d 
Th 0 10 .• 

. ere I_s still a highly significant positive 
relatwnsh1p ( + b1 ) between cha11a-e · · 
fl . "' m nver
Ov~ on a particular day an? ~recipitation 

dunng the same ~4. ho_urs, tndtcating that 
most of the prectpltatwn still enters th 
n vers as surface run-off within 24 hours~ 

~he highly significant ne~ati~e 1:elationship 
~-b2 ) between change 111 n ve t flow and 
precipi tation recorded 24-48 hours pr~­
viously still obtains as in 1903-19_07, but In 

addition the negat ive relationship (~?a) 
between change in rive r flow and prc::c tptta­
ti?n during the previous 48-72 hours IS now 
htghly significant . This sho\YS that _the 
effect of a given precipitation _now pers1sts 
for a longer time since the n ver flow no 
!ono-er returns to normal within 48 hours as 
'n l903-1907 but is still decreasing sig nifi­
can tly up to l2 hours . T he non-significant 
~1eg~t i ve relationship ( -b,1 ) between change 
m n ver flow and precipitation 72-96 hou rs 
previously shows that afte r 72 hours no 
apprE.c iable decrease in river Aow occu rs. 
(See Fig. 3.) 

The tests of sio·nificance of the differences 
between corresp~nding re

0
o-ression coeffici­

ents in 1903-1907 and 1943-1947 also 
i':dicate that di fferent hydro logic~l condi­
tions obtained in the Catchment dunng these 
periods. The significant differences between 
the regression coefficients (b, and bl ) for 

A B 

change in river flow on precipitation du:ing 
the same 24 hours indicates that a g tven 
precipitation now ~auses river flow to in­
crease less rapidly in 24 hours than ir~ 1903­
1~7, _Pres_umably because less of t~11s pr~­
Cipttatton IS now being discharged Immedi­
ately as surface run-off. That a sub­
stantially greater part of this precipitation 
now enters the r ivers after 24-48 hours than 
u~ 1903-1 907. is shown by the significant 
d1fference between the regression coefficients 
(bzA <tnd b2 B) for change in river Aow on 

precipitation ~uring the preceding 24-48 
hours. The d1ff~rences between the corre­
sponding regression coefficients in 1903­
1907 and 1943-1947 ( b

3 
, ; b1 and b4i· ) in 
A A B 

r~sp~ct of the 48-72-hour periods are not 
stgntf1cant. ( See Fig. 3.) 

These differences between the river flow­
precipitation relationships in 1903-1907 
~nd 1943-1 947 might be due either to chana-es 
111 the _condition of the Upper Snowy Cat~h­
ment Itself_ ~uring the present century, or 
to. the poss1b1lity that for one of the periods 
Kl~ndra may have been a much better 
esttmator of averao-e precipitation over the 
tota~ Catchment th~n for the other period. 
\~ htle the latter alternative would seem to 
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be supported by the smaller proportion of 
the variance accounted for by regression in 
the later period as compared with the 
earl.ier, and cannot be ruled out until 
further analyses for intervening pe riods 
have · been undertaken; field evidence more 
strongly supports the former alternative 
that ' changes have occurred in the condition 
of the Catchment itself as suggested below. 

The·above-mentioned differences between 
the •river- flow-precipitation regimes of the 
two periods may be explained adequately 
in terms of the ratio of immediate surface 
run-off to g round water discharge, on the 
a:ssumption that the effects of a given pre­
cipitation in increasing surface run-off will 
be vi~;tually complete within 24 hours , while 
the. :effects on ground water discharge will 
be .less rapid and persist for a longer period. 
That the ratio of immediate surface run-off 
to ground water discharge, with regard to 
a · .given precipitation, is now less than in 
1903-1907, may be attributed to anthro­
peic changes in the g round water soils and 
plant communities of the Catchment. Field 
evidence is quite definite that these soils and 
communities have undergone widespread 
desiccation and humi ficat ion durino- quite

0 
recent years (particula rly since the severe 
fires of 1939) with the result that they are 
not only less ·water-saturated than pre­
viously, but also considerably lower in 
potential storage capacity. Vvhereas in 1903­
1907 precipitations on undamaged and 
saturated ground water areas do not appear 
to have been absorbed appreciably but to 
have been discharged as surface run-off into 
the rivers within 24 hours, precipitations at 
the present time are now arrested tem­
porarily, apparently because the partly 
desiccated ground water areas are no longer 
fully saturated . Furthermore, since their 
storage potential is also less because of 
accelerated peat humification, this arrested 
water cannot all be retained, and part of it 
discharges from the ground water soils or 
displaces some of the ground waters which 
have accumulated there previously. It 
would appear that the discharge of this 
temporarily arrested water is not complete 
within the 24 hours after a given precipita­
tion, and the effects of the latter on river 
flow therefore persist longer at the present 
time than in 1903-1907. From the stand­
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point of the hydrological engineer, the 
g rea ter Jag between precipitation and run­
off evident in the hydrograph for 1943-1947 
would, at first sight, be preferable to the 
more immediate run-off in 1903-1907. This 
impression may be erroneous. however, for 
the following reasons. The hydrograph for 
1943-1947 probably corresponds to an early 
t ransitional stage of damage to the ground 
water plant communities a nd soils. If this 
transitional stage were relatively stable­
that is, i f the hydrological changes in the 
Catchment _-\rea occurred relatively early 
during the present century and li t tle addi­
tional change occurred in more recent years 
-the long-term catchment efficiency of the 
A rea would not be expected to undergo 
much additional deterioration . On the 
other hand, if this transitional stage repre­
sents a more recent condition of instability, 
there is a real danger that the present trend 
might continue to the stage where most of 
these soils and communities may be 
destroyed and ~ accelerated erosion in non­
ground water areas may also occur; finally 
resulting in the reduction of the water hold­
ing capacity of the Catchment Area to the 
extent that the hydrog raph r~a} _becot?e 
even steeper than in 1903-1901, wtth vtr­
tually no lag between precipitation and run­
off. A lthough additional statistical analyses 
for intervening periods a re needed to answ~r 
this question \\"ith certainty, the field evl­
dence strono·lv suo·o·ests that the latter con­
dition of it~stabilit~ is the one which now 
obtains in the Upper Snowy Catchment 
A rea. A comparison of the areas under the 
two hydrographs, moreover , shows _that 
approximately 10 per cent. less of a gtven 
precipitation reached the river in 1943-1947 
than in 1903-1907. This loss of precipitation 
in 1943-1947 may be attributable mainly to 
the g reater evaporation which would ha_ve 
occurred during the longer period of tts 
tempora ry arrest by damaged ground water 
a reas. 

Since the incidence of the factors influ­
encing the Upper Snowy Catchment Area 
in 1903-1 907 and 1943-1947 appears to 
have been the same in most respects except 
the length o f time under land use, a con­
sideration of the nature and extent of the 
anthropeic changes in ground water areas 
of the Catchment is obviously necessary to 



an adequate underst~t;ding of_ the changes 
in hydrological cond1t1ons wh1ch appear to 
have occurred. These matters are discussed 
in the following section. 

SIGNIFICANCE OF STATISTICAL RESULTS 
IN RELATION TO LAND USE. 

Much of the Upper Snowy Catchment 
Area has been used for summer grazing 
of sheep and cattle for periods approaching 
100 years; at first quite indiscriminately 
and during more recent years under the 
snow lease system. 

Notwithstanding the undoubted value of 

the Upper Snowy Catchment Area for 

summer grazing, its importanc:! as a water­

shed is so great that its future management 

to ~reserve its catchment efficiency appears 

a v1tal consideration for Australia. 


As ~arly as 1893, Helms ( 1893) predicted 
the d1sastrous consequences of fire in the 
Upp~r Snowy Catchment. More recently, 
Costm. ( 1949, 1950) , and the Joint Scientific 
Comm1ttee of the Linnean Society of 

.S.W. and the Royal Zoological Society 
of ·'?·W. ( 1946), have drawn attention 
to v~nous aspects of catchment area deteri ­
orat10n. Detailed ecological work since. 
1946 has substantiated these find ings and 
revealed more precisely the nature, extent 
and recentness_ of the damage. The g round 
water veg:etat10n and soils have suffered 
most, part1cularly the short alpine herbfields 
( snow patch communities) and snovv patch 
meadow soils, the fens and fen peats and 
the v_alley bogs and raised bogs and c~rres­
pondmg bog peats . 

The short alpine herbfields and as ·ociated 
snow patch meadow soils are normally soft 
underfoot due to perm<u'lent saturation with 
snow water, and a re th':ls most susceptible 
!o the effects of t ramplmg. This position 
1s aggravated by the fact that certain palat­
able snow patch . plants are eagerly sought 
af ter ;:nd selectively grazed by. livestock , 
Exc~SSlVe trampling has broken the naturally 
C01Jti11Uous herfJac. ou~ carpet o [ many snow 
patch areas resultmg m accelerated ni vation 
water erosion, and desi cation. ' 

The fen and fen peats have also suffered 
from g razing and burning. The dominant 
r;edge, Carex Ga udichaudia11a Kunth, is 

extremely palatable, with the res_ult that the 
fens are overgrazed, ir~espechve ?f the 
overall stocking rate. ~h1s ~wergrazmg l:as 
caused serious peat des1ccat10n and humdi­
cation accompanied at a la~er stage by the 
rapid removal of the. des1ccated peat by 
wind erosion. Once des1ccated, peat becomes 
very light and difficult t~ re-w:-t, and is 
thus highly vulnerable to wmd actwn. These 
conditions have been aggravated further by 
burning, and in extreme cases ignite·d fen 
peats have continued to smoulder throughout 
the summer months. 

The bogs and bog peats of the Upper 
Snowy Catchment Area are characterised 
by the moss Sphag nHm cymbig_olium Ehr~. 
The present Au~tralian env1ronment 111 

alpine and sub-alpme _areas appears barely 
suitable for the active development of 
Sphagnu,ul£ bogs and peats, which o_n the 
Australian continent may be cons1dered 
relics of an earlier, moister climatic per~od. 
For this reason the bogs are most susceptible 
to any type of unfavourable hul1!an inter­
ference and once damaged are 111 danger 
of progressive deterioration. Like ~he fens, 
the bogs a re selectively grazed by hvestock, 
and, owing to the soft ci:aracter of the 
Splzagnum moss and underlymg half-formed 
peat, are even more susceptible t? dama.15e 
by trampling. The bog _surface ~s read1ly 
broken in this way, leadmg to accelerated 
drainage which ,_ in _turn , is fol_lowed by 
desiccation hurmficatwn anJ eros10n of the 
peat. Sev~re fire damage oi the same type 
as described for the f en;; has also occurred. 
Examination of many bog peat profiles 
throughout the Catclunen~ has ~hown that 
a regional fall of several mches m the level 
of the water table has probably occurred 
since human occupation. Evidence for this 
conclusion is furnished by the presence of 
a podsoli sed horizon within the peat,_ ~nd by 
the invasion of the bog commumtles by 
rwn-hygrophilous species. N either of these 
process s opera te Jn an undarnaged f ully 
saturated bog. 

The deterioration of ground water soils 
and vegetation by accelerated desiccation, 
humification and erosion is now widespread 
in the Upp: r Snowy Catchment Area, and 
if allowed to continue at the present rate, 

will probably lead to its pronounced drying 
out and a permanent reduction in its storacre 
capacity. In relatively few areas, howev:r. 
has this deterioration reached the stage of 
complete destruction, so that if remedial 
action is taken without delay, at least the 
present efficiency o f the Catchn 1ent could 
be maintained. 

Fire control throughout the catchment 
appears essential, and although restricted 
grazing is compatible with catchment area 
stabilisation in relatively dry areas not con­
taining susceptible ground water soils and 
vegetation, these latter areas are especially 
liable to destruction by fire or stock or both. 

The Upper Snowy Catchment rea is 
now being developed on a grand scale .for 
water conservation. and hydro-electric pur­
poses. Constructwnal work in certain 
localities is being carried out at some cost 
to catchment area stability. In particular 
road making operations have already 
destroye?. numerou~ grou~d. water plant 
commumtles and smls and m1tiated acceler­
ated er?sion in non-ground water areas. 
There 1s need for particular care in so 
locating these operations that the minimum 
reduct~on of catchm~nt area efficiency results 
a~d th1_s can be ach~eved by giving due con­
s1derat10n to the smls and vegetation of the 
areas concerned. 

In a country such as Australia, where lack 
of adequate water resources is the most 
i~nportant natural l_imiting f;:ctor to produc­
twn, the conservatwn of ex1sting resources 
is a vita! 1~1atter. . This applies particularly 
to our lumted alpme and sub-alpine catch­
men!s _wh!ch, becau~e of hig~ average annual 
prec1p1tatwns, pers1stent wmter snowfields 
and steep physiography, provide abundant 
and dependable supplies of water suitable 
for irrigation and also potentiallv valuable 
for hydro-electric purposes. ' 

From t he ev idence which has so fa r been 
obtained , it is tentative! con lud d lbat 
significant changes have occurred durincr 
comparat ively recent years in the river flow~ 
precipitation regime . of the Upper Snowy 
Catchment Area, wh1ch may be attributable 
to anthropeic damage to the alpine and 
sub-alpine ground water communities and 
soils. 

SUMMARY. 

_The river flow-precipitation relationships 
of the Upper Snowy Catchment Area during 
the six snow-free months November ·to 
April were examined statistically for two 
five-year periods 1903-1907 and 1943-1947. 

The statistica l results· demonstrated for 
both t-e riods a highly significant relationship 
between increased flow of the Snowy River 
at Jindabyne on a given day (relativetoriver 
flo\\ during the pre\ ious day) and precipi­
tation at Kiandra during the same 24 hours. 
This rapid increase in river flow is attributed 
to surface run-off . The increase in river 
flow after a given precipitation was followed 
by a sudden decline and return towards 
normal. This normal flow was re-attained 
within 24-48 hours in 1903-1907 and within 
24-72 hours in 1943-1947. ' 

There were significant differences between 
corresponding river flow-precipitation rela­
tionships in 1903-1907 and 1943-1947. 
Immediate surface run-off was significantly 
greater in 1903-1907, and virtually none of 
a given precipitation was arrested tempor­
a rily as ground water. By contrast. 
immediate surface run-off was significantly 
less in 1943-1947, probably due to the tem­
porary arrest of part of the precipitation 
as g round water. This temporary arrest led 
to increased evaporation, with the result 
that approximately 10 per cent. less of a 
given precipitation reached the river · in 
1943-1947 than in 1903-1907. 

These differences arc associated with an­
thropeic changes in the ground water plant 
communities and soils during the .last SO 
year . It is strggested that in 1903-1907 
these communities and soils were more 
nearly in their natural, undamaged, water­
satu rated condition, and consequently did 
not arrest or retain precipitations appre­
ciably but discharged them immediately as 
urfac run-r:ff. By 1943-1947, however, 

the practices o f g razing and burning ha~ 
so lamagecl and des icca ted these commum­
ties and soils, that precipitations were 
probably no longer discharged completely 
as immediate surface run-off but were partly 
arrested for a short time hefore being 
released as g-round water. 

IS 



The greater lag in. 1943-1947 ma:y be 
'interpreted as a transitional stage assoCiated 

"th ly dan1ao-e to the ground waterw1 ear o 1 · 1 
areas which, if continued, may u timate_y 
lead to a more rapid rate of run-off th~n m 
1903-1907 and to reduction in the efficiency 
and storage capacity of the Upper Snowy 
Catchment Area. 
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SOIL EROSION AND SOIL CONSERVATION 

IN THE PARKVILLE DISTRICT. 


BY 

C. M. BLANDFORD, H.D.A., District Soil 

Conservationist. 


1' HE Parkville district. five miles north 
of Scone, is located in the Kingdon 

Ponds valley; this stream is a principal 
tributary of the Hunter Valley, and its 
catchment includes the Scone, Park""Ville 
and vVingen districts. 

LOCATION AND TOPOGRAPHY. 

The area under discussion in this article 
lies within the Parish of Park, County of 
Brisbane, in the land District of Scone. It 
lies on the eastern side of Kii1gdon Ponds 
and is bounded on the east by the Scone 
Mountain Range and the ·mountains north 
of this range which nm up to the Black Top 
Trigonometrical Station at an elevation of 
3,297 feet. Plan of the area is given in 
Fig. 1. The Parkville Railway Station has 
an elevation of 798 feet above sea level, and 
travelling north-easterly to Black Top Trig, 
a distance of four miles airline is covered. 
Approximately ha! f this distance covers the 
lovver area of up to approximately 17 per 
cent. slope. It is at Parkville that the 
valley begins to narrO\\ with the lower slope 
areas becoming merely pockdts of flats 
along the stream when \iVingen is reached. 

The lower slope areas a re frequently cut 
bv drainage lines from the higher lands on 
either side of the main stream. F igs. 2 and 
3 show plainly the pattern of the tributary 
drainage li nes and their ultimate disposal in 
the main stream (Kingdon Ponds). 

EARLY SETTLEMENT. 

Prior to the year 1908, the lands shown 
in Fig. 1 were owned by St. Aubins Estate. 
With the exception of small areas, the Park­
ville lands were not used for cultivation but 
for fattening stock. 

In 1908, t\\'o sub-divisions of the Estate 
were made embracing an area of 15,000 acres 
mostly within the Parish of Park, covering 
the whole of the area shown in Fig. 1. 

After 1908, the practice of cultivation, 
principally for wheat, replaced that of 
fattening stock on the grassland areas of 
the lower slopes. \i\Theat growing has been 
the principal activity for quite a number of 
landowners in the Parkville area. However, 
in later years a more balanced type of farm­
ing has taken place, with grazing playing 
a more important part in the land utilisation 
of the area. 

EROSION. 

vVith the advent of greater areas of 
cultivation and the use of sloping lands 
beneath steep hill s for this purpose, erosion 
became more prevalent. deterioration in 
the subsidiary drainage lines took place as 
a result of increased run-off. Some men 
on the area now can recall when wheat was 
grown across watercourses which are now 
gullies up to 14 feet deep. Sheet erosion 
became more prevalent because of th~ ~n.ore 
intensive usage of the land after sub-diVISIOn. 
Figs. 2 and 3 show the condition of sub­
sidiary drainage lines in 1938, 30 years after 
the change in land utilisation . 

SOIL CONSERVATION AND LAND USE. 

In 1947 the first maj or demon stration 
of soil conservation work vvas comm ··nced. 
Now. a coverage of the area is de\·e_bp~ng 
which will ultimately mean the applicatiOn 
of soil conservation measures to all the farms 
in the area. Fig. 1 shows the areas whose 
owners are already undertaking comprehen­
sive soil conservation work On these farms 
the land use factor has been stressed, with 

I7 




particular reference· to management of ·higher 
lands ; on the lower lands, also, land use has 

· been altered where one-crop farming has 
resulted in soil compaction, loss of struc­
ture, loss of surface soil by sheet erosion , 
and then eventual gullying of the area. 

Mechanical nieans of erosion control have 
been used on the. lower slope areas to pre­
vent further soil loss and these methods 
have been incorporated in the reorganised 
land usage. 

The land class and control measures 
adopted are :~ 

Class A.-High M onn tai no u s 
Timber Country. 30-40 per cent. 
slopes. Maintenance of timber cover . 
prevention of fire , grazing_ or~ly at 
opportune times and extermmatwn of 
rabbits-very restricted usage. 

Class B.-Steep. slopes 17-30 per 
cent. Light grazing only with strict 
control over stock and rabbits. On cer­
tain areas pasture improvement can 
be carried out by non-cultivation 
meth?ds such as re-seeding and top 
dressmg. Restricted usage in accord­
ance with seasonal and pasture 
conditions. 

Class C.-Medium Slopes 7-17 per 
cent. sl?pes. Heavier grazing land­
:VIechamcal measures for erosion con­
trol can be applied and also incorpor­
ated into the pasture improvement 
programmes. Mechanical measures 
have included diversion of run-off 
f_rom higher lands into stable disposal 
Ir_ne~ and dams, pasture furrowing, 
nppmg and gully 1·eclamation. For the 

Fig. z .- Ext ensiye· mecha nical soil conservation measures a re necessary at:_:Park ville because of 
nrroval of tm~ber from slcfp ~ lope!'. 

F ig. I.-Plan of Parkvill e A hrea s O\ving l a~~ . classes ~nd__ bounduies of lanjholders co-operating 



pasture improyement work Rhodes 
gras's ( Chlons gayana) , Lucerne 
( M edicago sativa) and rye grass 
( Lolh tm spp.) have been used. 

Class D.-Cultivation lands 0-7 per 
cent. These lands are suitable for 
cultivation, but should be protected 
from run-off from higher lands by 
mechanical means where necessary. In 
the 3-7 per cent. grouping, protection 
of the cultivation land by mechanical 
means is generally advisable for pre­
vention of further soil loss and for the 
introduction of conservation farming. 
Some of the lands used fo r wheat 
growing have been so consistently 
cropped that they are considered to 
be "wornout," and the laying down 
of pasture mi:>.."tures , principally Rhodes 
grass and lucerne, is being 	 under­
taken for the rehabilitation of fertility 
for future arable land usage. 

MECHANICAL CONTROL MEASURES. 

Mechanical control works have been 
carried out as demonstrations, minor demon­
strations, plant hire, individual and ~a­
operative wo rks b~ farmers ~nd Sh~re 
A uthorities with their own or h1red eqUip­
ment. Co-operation between farmers a~d 
Shire A uthorities has been very readily 
given, so that effectiveness of the programme 
has been high . 

CONCLUSION. 

Land utilisation in the Parkville a rea was 
changed from a pastoral to an a~ricultural 
basis some 42 years ago ; an erosiOn factor 
was set up which reduced the productivity 
of the area. Now that conservation farm­
ing and conservative land usage are being 
adopted in this area . loss from erosion is 
being prevented , and the present produc­
tiYitv of these lands is being maintained and 
steaclily improved . 

-- ·- ----, 

' 

:'·l 
~ .~·~ 

F ig. 3.- vVater safely d isposed by grassed wa t erways into a farm dam. 
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SOIL CONSERVATION IN THE WESTERN 
DIVISION. 

BY 

R 'v\' . CoNDON, B.Sc.Agr., Research 

O fficer and Botanist. 


INTRODUCTION. 	 listed as the principal causes of the depres­
sion in the W estern Division at that time. T H E probl em of soil erosion in the arid 
P eriodically, during the long 	 and severe portion of this continent is one of con­
droughts which visit the west f rom time to siderable importance and one which will have 
time, the occurrence o f frequent dust sto rmsconsiderable bearing on Australia 's future. 
with their orig in in the \vest . creates r enewed ~qually important . is the serious degenera ­ interest from the public.tion of pasture which has been taking place, 

leading to a reduction in the productive vVind erosion in its many forms is prob­
capacity of the country, and leaving the soil ably the greatest problem the western land­
more susceptible to erosion. 	 holder has to face. Blowflies, g rasshoppers, 

rabbits, floods, d rought and other troubles 
T his article is intended as a brief review come and go, but erosion is an ever-present 

of the work of the Soil Conservation Ser­ and ever-increasing menace. E rosion itself 
vi~e in \i\Testern New Soutl~ ·wales in dealing is not a "disease" but merely a "symptom," 
w1th the problems of erosiOn and its many the disease being the misuse or abuse of the 
detrimental effects. It will bring before the land, to which all erosion problems can be 
landholder a summary of the work executed directly attributed. T he primary cause of 
in recent years. Research work on soils and erosion is the removal of the protective plant 
vegetation, even under good climatic con­ cover, enabling the wind to play on the sur­
ditions, r esulting in regular germination and face of the soil and so become a dest ructive 
rapid g rowth, may take several years. In agent. The roots of plants help to bind 
the arid climate of V/ est ern New South the soil together while the above-ground 
\i\Tales, the low and irregula r rain fall parts break the fo rce of the wind and 
lengthens this period. However, previous reduce its veloci ty over the surface. Agents 
investigations over a period of years have responsible for the removal or reduction of 
brought us to a point where methods of th e plant cove r are therefore d irectly 
solution o f many problems are now in sight. responsible for the occurrence of wind 
The application of these methods is a matter erosion. T he grazing animal, there fore , is 
fo r the landholder. the pr ime factor in the widespread destruc­

tion of much of our valuable dry pastoral 
country . 

EROSION IN WESTERN NEW SOUTH 
Once erosion is initiated its progress can WALES. 

be likened to that of a cancer g rowing and 
Soi l erosion has been a serious problem spreading to an alarming degree, destroying 

in the W est ern Division of New South country by the removal of soil here and the 
Wales and the nearer western plains since deposition of soil there. T he bare scalded 
early settlement. It vvas first brought to surfaces left behind present a very poor 
public notice by the Royal Commission on habitat for the re-establishment of vegeta­
the W estern Division in 1901 , when erosion t ion, and are rarely recolonised. If coloni­

f. and the many fac tors cau0ing erosion were sation does take place, it is rarely of a 
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permanent or stable nature. Likewise, 
dunes, caused by the accumulation of wind­
blown sand, are a poor habitat for plant 

_growth and recolonisation is slow and very 
unstable. 

The detrimental effects of wind erosion 
are many, even apart from the actual loss 
of productive land from the affected area'{ 
and the very important matter of reduction 
in productive capacity. The silting up of 
fence~, tanks, yards and; even homesteads, 
tells 1ts own story. Dusty and inferior 
wool from underfed sheep brings lower 
prices. Dust storms create unpleasant con­
ditions around the homestead, particularly 
for the housewife. Less penetration or 
rapid run-off of water reduces the effective 
rainfall, making droughts longer and more 
frequent. 

The landholder and the community, 
therefore, will readily appreciate the neces­
sity for finding solutions to this all-important 
problem and bringing it under control. 

It must not be thought that wind erosion 
is the sole erosion problem in the western 
parts of the State. Nor must it be thought 
that because the rainfall is infrequent and 
low that water erosion does not occur. The 
occurrence of erosion by water is wide­
spread where the country is undulating or 
hilly. Extensive sheet erosion has materiallv 
reduced the productive capacity of the 
gently undulating country surrounding 
Cobar, and extending from Condobolin to 
Bourke. The reclamation of severely sheet 
eroded country is considered to be an 
economical proposition, and landholders 
who have undertaken pasture furrowing of 
such country hm e been pleased with the 
results. Pasture furrowing not only pre­
vents further erosion, but brings about con­
siderable improvement in the na tive 
pastures, both in amount and type of 
pasture. Research into thi s phase u f soil 
conservation has been confined to regular 
study of regeneration resulting from fur­
rowing in various localities . Investigations 
are being carried out into such matters as 

Severe and extensive sca lding ·on b luebush cou ntry nC'a r _-\ rumpo• 
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most suitable machinery units, improving 
techniques, introduction of improved pasture 
species and regeneration of edible scrub 
species. It has been demonstrated that even 
land not showing active sheet erosion can 
be considerably improved by pasture 
furrowing. 

Combination of ·sheeet and wind erosion 
on slight rises in open plain country prob­
ably p1·esents the most difficult soil conser­
vation problem, due to the most uneven 
surface resulting from rilling and gtlllying, 
and the extremely high rate of run-off from 
the scalded soil surface. This type. of 
erosion, common around old lake beds, is 
receiving attention. 

Gully erosion is of widespread occurrence 
throughout the \ Vestern Division. A lthough 
its consequences are not as serious as on 
the more Yaluable arable land of the Vvestern 
~ lopes , it can prove an expensive problem, 
m th e dest ruction of roads and tracks, in 
the silting up of tanks _. fences and 'aluable 
" flooded" country. 

The occurrence of water erosion results 
from the same causes as those responsible 
for wind erosion. The destruction of 
vegetative cover and the change in soil sur­
face conditions from the padding of stock 
reduces absorption of water into the soil, 
causing increased and more rapid r:.m-off. 
Control and prevention of water erosion 
in the more arid parts of the State is based 
on the same principles as those applying 
to those areas blessed with a more liberal 
rainfall. 

SOIL CONSERVATION SERVICE 

ACTIVITIES. 


\Vhen the Soil Consen-ation Service of 
New South \Vales was set up in 1938. the 
seriousness of the problem in vVestern New 
South vVales was well realised. It was a 
problem which from time to time had re­
ceived a lot of temporary publicity, but 
about which little information of a useful 
nature had been gained. It was realised 
that the problem ,,·as a Yery complex one, 

1.-i [!. . 2 - l ~cc lamation o f complet ely scalded land on the Condob o li n R egen era tio n .--\rea. O n 
· t lw ld 1. .- ulti \'ated . cereal cropped a nd sa lt bush th en established; on t h e right untreatecL 
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that there was no simple overall solution 
and that before any attempt could be made 
to brina the problem under control a detailed. 
knowledge of the soil and vegetation of the 
area was necessary. 

The stabilitv of the soil in the arid and 
semi-arid western districts of the State is 
dependent principally upon -the vegetation 
and its preservation. A vegetative survey 
of the whole of the \Vestern Division, and 
certain contiguous areas ·of the Central 
Division, was carried out by Beadle<zJ. 
Eighteen major vegetation associations were 
classified and a description of the soils, 
pastures and erosion of each given. Also 
included are precise accounts of the topo­
graphy, geology, climate, soils, erosion and 
pastoral history of the west. Beadle's 
research has provided a very sound basis for 
future detailed study and solution of 
specific erosion problems in arid and semi­
arid country. In addition, Beadle<aJ 
caiTied out considerable fundamenta~ re­
search into the nature of scalded surfaces 
which have clarified this problem greatly. 

In 1938, one scald reclamation area was 
set up at Condobolin, follo•ved by several 
others in 1945 ; mechanical and vegetative 
~erreneration of scalded surfaces has been 
st~died continuously since that date. 
Research into methods of scald reclamation 
on these areas shows considerable promise 
for the reclamation of scalded country in the 
Central-vVest and South-Vlest where rain­
fall is approximately 14 inches or better. 
The results and implications of this work 
will be published in subsequent issues of 
this Journal. 

The success of the work in the Condo­
bolin district has led to the establishment 
of similar experimental areas in districts 
further west where research work is being 
conducted on similar lines to that at Condo­
bolin, with modifications to suit climatic 
conditions. Experimental work conducted 
at Booligal over the last three years, in an 
area of 11 inches average rainfall, has given 

indication of similar promise to the Condo­
bolin work, and four experimental demon­
stration areas are now being set up in the 
Hay-I3a1 ranald district. 

The bro~d but, nevertheless, painstaking 
survey earned out by Beadle has emphasised 
the need for detailed investigations of soil 
and pasture types on some of the major 
vegetation associations. This need has also 
been emphasised by other scientific investi­
gators working on this problem. Accord­
ingly, six experimental regeneration areas, 
ranging from 200 acres upwards, have been 
selected along and adjacent to the Condo­
bolin-I3roken Hill railway line. Three of 
these areas. Kiacatoo. Booberoi and Trida. 
have alreadv been established and detailed 
studies initiated. Each of these 'areas was 
selected as being typical of the class of 
country it represents, including as many 
degrees of erosion as possible, as well as a 
proportion of non-eroded land. The lines 
of research on each of these areas comprise 
studies of natural regeneration. on each of 

the Yanous classes of erosion. a study of 
the soils and natural pastures, and their 
relation to each other and to erosion and 
at a later date a study of recla~ation 
measures. Detailed studies such as those 
being initiated will provide a great deal of 
in formation on the fundamental aspects of 
wind erosion under a wide variety of 
western conditions; this will enable a greater 
understanding of the factors concerned in 
the initiation and spread of erosion. 

The administrative headquarters of the 
activities of the Service in the \1\Test are 
located at Condobolin, where the Service 
has laboraton· and nurserv facilities in addi­
tion to the -experimental areas. Officers 
have been stationed at Ha ·. Bourke. and 
Coonamble. It is intended to. locate officers 
at additional centres at a later date. 
Detailed erosion survevs are carried out 
f ram each sub-district lieadquarters, related 
to the soils and vegetation of the sub-dis­
trict. All landholders in the area are con­
tacted. and their local knowledge of the 

F ig. 3.-Severe sheet a nd o-u!Jy erosion on gently sloping country north of Lake Cargellico. ' 
Fig. 4.-Regeneration, firstly along the furrows, follow'ing pasture furrO\ving of scalded country 

in the Cob<J.r district. 
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area fully availed of. On completion of 
the basic detailed surveys, experimentation 
is set up to deal ' with the particular prob­
lems of local areas. There is much informa­
tion 'that the Soil Conservationist can con­
vey •to landhold·ers at an early stage, based 
orr data previously obtained in other areas, 
and, in some cases, adaptable to different 
districts. 

CONCLUSION. 

The efforts of the Soil Conservation 
Service have been directed to basic studies 
Of the soils, climate and vegetation of the 
West. broadly over the whole area and in 
detail in particular areas. Scald reclamation 
in r~presentative areas is receiving particu­
la r attention and techniques are being 
deYeloped for the stabilisation of other 
forms of eroding country. Erosion is the 
"symptom" of a disease, and unless steps 
are taken to remedy the disea.se itself, the 

trouble will continue indefinitely. Grave 
warnings have been given by many authori­
ties in the past. Ratcliffe(l >, after his 
extensive survey of the problem in South 
Australia, has given an excellent review of 
the situation in that State, and we may con­
clude by quoting one of hi s observations:­

"The immediate and essential need 
is to adjust the stocking of the country 
to the vegetation in its present state. 
The varying and uncertain rainfall 
results in wide variations in the carry­
ing capacity, and renders the country 
essentially unsuited to stocking at a 
constant level. Unless the level is 
determined on a 'poor season' basis, 
periodic overstocking is unavoidable , 
resulting in progressive destruction of 
the most important plants, the longer 
li\·ed species \\"hich a lone can provide 
a permanent protective cover of the 
soil. On the other hand. the alternative 
is an extension and in tensification of 

the yresent trouble with every recurrent 
penod of drought until in the end the 
country as a whole will be incapable 
of supporting permanent pastoral 
settlement at an economic level." 

At this stage of our work in the West, it 
appears clear, therefore, that many eroded 
areas can be regenerated.. but that if the 
permanent vegetation in any area is de­
stroyed or depleted by excessive stock 
numbers then erosion must inevitably occur"' 
or rectlr. 
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THE CLOVER- LEYLAND -WHEAT 

ROTATION. 


Its Value in Soil Conservation. 

BY 

D. G. CAMERON, B.Sc. Agr., Soil 

Conservationist. 


glancing through literature on so ilC)N 
conservation one often obtains the 

impression that the main means of arresting 
the erosion that is rapidly reducing much 
of the best and originally fertile agricultural 
land of Australia to unproductivity is by 
the use of mechanical controls, such as the 
graded bank ; but as knowledge of the 
!orces and facto rs behind this decline has 
m~reased of recent years it has been more 
Widely realised that soil conservation in­
voh·es much more than attempts to control 
the flow of run-off water. 

. \Ve are now beginning to realise how 
~mportant a pa~t general soil fe rtility plays 
m the prevention of soil wastage, while 
work such as that of E llison <ll has shown 
~he need for protection of the soil surface 
rtsel ~ from the erosive agents such as the 
beatmg act1on of falling rain. 

!\s a _result increasing emphasis is now 
bemg lard on the land use facto r in soil 
conservation, and on the use of rotations 
on _a_rable areas that will maintain soil 
fe_rtrlrty, wl:ere it is still satisfactory, or 
wrll , where rt has been depleted , build it to 
a sa~e level as rapidly, but economically as 
possrble. ' 

It should not be thought that mechanical 
measures can ~e d is~nsed with completely, 
for tl~ey have, rf nothmg else, one important 
function, and that, the reclamation o f areas 
already suffering from serious erosion. But 
alone they are insufficient to restore such 
areas to complete, permanent production, as 
also alone they only postpone the time when 

areas rela tively stable at present, may pass 
into unproductivity, unless some cons idera ­
tion is given to the condition of the soil 
itself, both physical and chemical. In other 
words some attempt must be made to adjust 
the management, in such a way as to place 
the system o f arrriculture practised on a 
permanent basis. 

SOIL FERTILITY AND CONSERVATION. 

How then can the state of soil ferti litv 
affect the phys ical remo,·al of the soil b)' 
erosive agents such as running wate r·? 
Briefly, the main effects a re t wofold . 

1. The effect on vegetati ve cover, and so 
straight out p rotecti on of the soil. It w ill 
readily be seen that a more fe rtile so il w ill. 
with similar rain fa ll , g ro\\' a more v igorous 
and so more effect ive vegetative cO\·er tha n 
a soil with depleted fe r tili ty. 

2. The effect on the inherent stab il ity or 
cohesion of the soil. A ny soil has a ce r ta in 
inherent ab ili ty to res ist removal once ex­
posed t? the ero~i ve agents. but tl: is sta bility 
rs considerably mfluencecl by so li manarre ­
ment and the level o f cer tain ;oil 
constituents. 

The two main facto rs o f soil fertility 
that exert the g reatest influence on the above 
are, fi rs tly, the soil ni t rogen levels and , 
secondh·. the cl osely in ter-rela ted organic 
matter levels. 

N it rogen is often the limiting facto r to 
maximum plant g rowth , where rain fall is J
adequate. Its replacement by fertili sers is · ' 

costly. Phosphorus is the other wide!) 
defici ent maj or nutrient and superphosphate 
answers this problem effectively at present. 

T he organic matter exerts its main effects 
o n the stability or cohesion of the soil. 
Besides affecting the removal of the soil 
by a g iven force of an erosive agent , it has 
the added effect o f modifying the ease with 
" ·hich rain water may enter the soil. A soil 
in good structure absorbs much more water, 
so decreasing the quantity that will be 
available to act as an erosive force. i.e., 
run-off is decreased. 

T he only '' ay in "hich the element nitro­
gen ca n be replaced in the soil effectivelv 
on a large scale is by the utilisation of tl1e 
bacteria that live in the small nodules on the 
roots o f leguminous plants. This g roup in­
cludes the clovers. meclics, lucerne, peas. 

beans. etc . . T he Lacteria have the abili ty to 
take the m trogen ?f the air and supply it 
to t~1 ese plants wlule they a re growing. On 
rottrqg of the plant the nitrogen remains in 
the soil in such a state that other plants can 
Lttili se it. 

In many a reas it is still difficult to select 
suitable plants, carrying these bacteria, that 
do an effi cient job of raising the fertility 
le,·el. H oweYer, over much of the more 
favoured areas of southern A ustralia sub­
terranean clover ( Tnfolimn subten-aneum) 
grow prolifically ; whilst not an ideal plant, 
having some di sadvantages, it does do a 
Yery good job in building soil fe r tility 
rapidly. Perhaps its greatest disadvantarre . 
particularly from the point of view of s~il 
conserYation . is its tendency to leave the 
soil rat" her unprotected during the summer 

P ig. I.- Old cultivation land on the Vlagga R esearch Stat ion in 1945 - useless for cereal cultivation 
and providing very poor grazing. 
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months if not handled with e~treme · care. 
As the expectancy· of summer ram decreases, 
so, therefore, does this' objection. 

. 'one method of utilising subten'anean 
clover in wheat farming is the system known 
as clover-leyland. One form of this has 
bem practised on the_ Wag_ga Soil Conser­

·vatioh· Research StatiOn · smce the recom­
mencement of farming there in 1946. I t 
has also been included in the Run-off and 
Soil Loss Experirr~ent, where it is compared 
with ' the unfortunately still widely used 
wheat-fallow rotation. 

THE CLOVER-LEYLAND-WHEAT 

ROTATION. 


. The system. as practised at present on 
Wagga Station , is essentially a ferti lity 
building rotation, involving the following 
general programme. 

1. T he aralJle . land .is divided into "three 
paddocks, one of which is cropped to wheat 
each year, i.e., individual paddocks are 
cropped every third year. A t present the 
wheat is sown on a summer fa llow, plough­
ing being carried out during the late spring 
(October-November) ancl the wheat sown 

· the following autumn. 

2. Two pounds of subter ranean clover 
and one pound of wimmera rye are sown 
with the wheat from a grass seed attachment 
to the combine. I t should not be necess~ry 
to continue this practice indefinitely, for as 
the soil population of clover seed builds up 
thc::re will be suf-ficient hard seed left to 
carry over the fallow-crop period and thus 
obviate the need for further sowing of 
pasture seed. 

3. An annual application o f 90 lbs. of 
super per acre is applied e\·ery year. whether 
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·· · .F ig. :! .- A noth er area on the Station stabilised t emporari ly by mechanical measures, now 
being returned to full produc tio n under the c:over-leyla nd-wheat rotation, 
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under crop or leyland. It may again be 
possible, after a few years, to reduce the 
level of topdressing owing to residual effect . 

Partjcular emphasis is placed on sub­
terranean clover as a plant with considerable 
soil improving potential, and every effort is 
made to ensure maximum growth and effect 
of this plant every season. At \ iVagga we 
have a wheat crop, one full year ley and a 
second year ley, fallowed in October, then 
wheat again the following autumn. 

Earlier it was stated that the only other 
major nutrient widely limiting maximum 
plant growth was phosphate, and to ensure 
complete success of the ley system it is neces­
sary to remove this possibility by the liberal 
use of superphosphate, particularly during 
the introductory cycles. The results after a 

·period of years o·f maintaining the present 
topdressing programme will be worthy of 

,<;los~ ..,study. Recent investigations by 
C.S.I.R.O. have tended to indicate that con~ 
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t inued heavy applications, particularly to 
permanent pastures, results in far less sub­
terranean clover dominance in later years. 
giving a more balanced type of pasture and 
better residual cover. 

Other possible refinements to the present 
programme will be discussed later, these 
including such things as the elimination of 
the fallow period, etc. 

THE ROLE OF STOCK IN A LEYLAND 
SYSTEM. 

As will be seen by reference to Table 1, 
the leys have a very high carrying capacity 
over the winter-spring months. This table 
is a reproduction of the grazing records of 
Paddock Arable C at Wagga Station for 
the last seven months of 1950. Between the 
20th · August and the 22nd December, the 
stock depastured on this 39-acre paddock 
were. at the rate of almost .five· dry sheep 
pen acre ('aetually, -4 .97). ·.. 

http:aetually,-4.97
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TABLE I. 

Grazing Records- Paddock Arable C. 

Wagga Soil Conservation Research Station-rgso . 

Dates.
D ry Sheep IStock. Equivalent 

Rate . In- Out-I I 
ISI Ewes (about to lamb) .. . ... I} 
23 Weaners T 

I Bull ... ... 7 
23 Weaners ..L Bull ... ...I 7 

2 Cows +· I Calf ... . .. 8 
I48 Ewes ..L Lambs ... ... I{· I 

41 Cows + Calves ... ... 8 
88 Cows Calves . .. ... 9+ .. .. ... ... 9 .. ... ... 9 

I75 Ewes Lambs .. . ... I!+ 
I127 Sheep ... ... ... ... .. ... .. . ... .. . I 
I... .. . .. . ... 

200 Sheep ... ... ... ... I 

79 Sheep ... ... ... .. . I 

Reference to Fig. 3 will show the monthly 
rainfalls for the period. It is also well to 
remember that but a few years previously 
this was unproductive, barren, eroding 
country. To-day, after five years of con­
servation management it is able to carry 
such stock numbers under conservative 
stocking rates. 

8 
20 

June 
Aug. 

IO 
2I 

July 
Aug. I 

22 
28 

.. .. 3I 
31 

.. I 
3I 
23 

.. 
Oct. 

IO 
31 

Oct. I 
3 Nov. 5 Nov. 
8 

30 
.. IS 

I Dec. I 
I D ec. 13 Dec. 

I3 
13 

.. 22 
22 

.. .. I 
5 Jan . 8 Jan . 

I2 .. IS .. 
I9 .. 23 .. I 

Grazing in 
D ays. Dry Sheep 

Days . 

6 ,23 7 33 
I r 68I
f) I,j02 

40 
40 

3 
7.400 

8 2,624 
1,584 

I 
5.544 

I 792 
13 I 3.406 

') I , 143 
') I I ,143 
3 

7 

381 
3 I 6oo 
4 31 6 

Table II shovvs the stocking rates for the 
three. arable paddocks and several com­
parison paddocks for the three years 1948­
1950. These rates were obtained by con­
servative stocking. All stock have been 
converted to Dry Sheep Equivalents, using­
standard procedure. 

TABLE II. 

Stocking Rates W ry Sheep fA ere) for Leylands, and comparable Paddochs. 

W agga Soil Conservation Research Station-rg48- 49-50. 

Paddock. Area. 
I948. I I 949· I I950. 

(Acres). 
State. I Rate. l State. I Rate. 

I 
State. 

I 

I 
Rate. 

Arable A 
Arable B 
Arable C 
School 
Bangalore 
Military 

I .. . 
I 

'" i ... 
I.. . 

... 

..., 

3I 
sB 
39 
50 
24 

106 

l L- F 
I - L 

F-W 
I-P 

S-I-P 
S- I-P 

I 0·76 
o·82 
o·I6 
0 ·78 
0'!7 
0'57 

F - W 
L-F 
I-L 
I-P 

S-I-P 
S-I- P I 

0·36 
o·84 
o ·6 I 
r·oz 
0'94 
o·83 

i 

I - L 
F-W 
2-L 
I-P 

S-!-P 
S-I- P 

2·5 
o·r 
2'4 
2•0 
I ·8 

r ·oS 

S tate Abrev .-L-F = Ley-Fallow. 2-L = 2nd Year L ey. 
I-L = I st Year Ley. I-P = Improved Pasture. 
F-\'V = Fallow-Wheat. S- I-P = Semi Improved Pasture. 

N o/e.-Normally, £allowing of the second year leys is earried out in October. The second year ley in 
I950 was not so treated, and remained leyland till the close of the year. 
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It is noticeable that in both 1948 and 1950 
the first year leys have a higher carrying 
capacity than the permanent improved 
pastures in School Paddock, a state that 
certainly would not be achieved from a 
stubble paddock of an exploitive rotation. 
Although no authentic figures are available 
it is suggested that maximum carrying rate~ 
(under conservative management) for such 
stubbles would be in the order of 0.4-0.5 
sheep/acre over the annual period. 

The centre of Fig. 4 shows a portion of 
paddock A rable A, from which it was 
omitted to sow the subterranean clover with 
the wheat in 1949. On either side can be 
seen the vigorous clover. Fig. 5 shows a 
close-up of the ley, rep resentative of either 
side of the unsown strip, in September, 
1950. Note the feed and soil protection 
avai lable at this stage, and compare with 

Fig. 6, taken on the same day, of the un­
sown strip in the centre of Fi<T. 4. There 
is little feed available here and a consider­
ably different run-off and soil loss potential 
bet\\·een the two areas. This and the 
difference in skeleton weed ()';·owth are 
discussed later. o ' 

It might be apt at this point to sound a 
word of warning regarding the use of stock 
on leys. At all times conservative stocking 
rates should be observed, the grazing of the 
leys being regarded as secondary to their 
soil building and protecting properties. If 
they are to have maximum effect along these 
lines, they must be allowed to de,·elop fully, 
\\'ithout becoming over rank, at all times 
maintaining complete g round cover. It is 
particularly important that they be allmYed 
to seed down annually and the ley paddocks 
should enter the summer carrying a good 

Fig. 4.-Portion of Paddock Arable A. showing a strip not sown to subterranean clover w ith the wheat 
the previous year. Compare with sown portions on either side of this strip. 
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The reason fallow and wheat-fallow, in the Run-offcover of vegetative material. 
seen in the and Soil Loss Experiment at Wagga. Thefor this latter point will be 

installation of this experiment was com­following section. 
pleted during 1947, at the beginning ?f. ':"hich 
year the various treatments were m1t1ated. 

EFFECT ON RUN-OFF AND SOIL LOSS. As a result, sufficient time has elapsed for 
the trends of results to begin to show, butThe year 1950 was an ideal one for the 
it will be many years before the truedevelopment of the clover on ley lands and 
relationshi'ps on the long-term basis becomeallows a good comparison to be made of 
apparent. For this reason only the 1950the soil protecting properties of this system. 
results are presented here, showing the 

Table III shovvs the results of various relationships after four years' divergent 
stages of the two rotations, wheat-leyland- treatment. 

TABLE III. 

Run-off and Soil Loss Results. 

VJ agga Soil Conservation Research Station- I949-50 Season. 

Rotation. W.-L.-F. W .-F. 

Stage. Period. ~un-off. ISoil Loss. I Run-off. ISoil Loss. 

I. Fallow 
2. Wbeat 
3· Stubble 

... 

... 

... 
... 
... 
.. . 

... 

... 

... 

Oct., 1949-:0iay, 1950 
May, 1950-Dec., 1950 
Jan., 1950-0ct ., 1950 

... 

. .. 

... 

ins.jacre. 
o·o87 
1·641 
0·105 

lbs.jacre . 
31 

305 
8 

ins.jacre. 
2'170 
4'983 
2·166 

lbs.jacre. 
1,365 
1,127 

193 

Totals ·· ·I 1·833 344 9'319 2,685 

1st Year Lev Oct., 1949-Dec. , 1949 ...] 3"006 4474· 
5· 2nd Year Ley J an. , 1950- May, 1950 3"902 191.. . 1 6. 2nd Year Ley 28May, 1950- 0ct., 1950 .. . 0·484 

Considering, first , stages 1, 2 and 3, it will 
be seen that in every case there is consider­
able difference between the two treatments . 
In the cases o f stages 2 and 3, the reason 
for this difference could be attributed to 
the protective effect of the sub-clover growth. 
During stage 2, there was vigorous sub-clover 
undergrowth beneath the wheat, besides 
added protection from the more vigorous 
wheat crop, whi le in the case of stage 3, 
the stubble initially bad the clover trash 
fro111 the previous year underneath and is 
latterly carrying a vigorous leyland growth 
as compared with the by now relatively bare 
wheat-fallow stubble. 

In the case of stage 1, this source of 
difference is lacking, and another reason 
must be sought. It is suggested that the· 
vigorous leylancl growth turned in at 
£allowing is responsible either by affecting 
soil structure, giving improved stability, m­
the straight-out effect of the organic matter 
itself giving the soil a greater capacity to­
absorb ·water quickly, so diminishing run­
off. 

If the first possibility is the case the soif 
is better able to retain its cohesion under the 
depreciating effects of cultivation and graz­
ing whilst the clods are less liable to slake 
down and cause a crust on the surface when 
exposed to the beating action of rain. 

One particularly important point brought 
out by a study of Table III is the reaction 
of the leyland plots over the summer of 
1949-50. \ i\Then stages 4, 5 and 6 are con­
sidered ( the period was split this way to 
enable comparison with stages 1 and 3, and 
4 and 5 should be added to compare with 
1, and 5 and 6 to compare with 3) , it will 
be seen that the leys lost considerably more 
water than either fallow , but less soil than 
the 2-term fallow , and more water than the 
stubbles, but only slightly more soil than 
the 2-term stubble. 

Reference to Fig. 2 will show that this 
was a rather wet summer, three months 
between October and May with recordings 
approaching or exceeding 5 in.; in other 
words it was an exceedingly unfavourable 
summer for the levlands, their most vulner­
able period. · 

Another important factor here is the 
grazing of this experiment. :\11 plots are 

bulk grazed. only cropped plots ever being 
fenced off. .-\s a result the levs are consider­
ably overgrazed during the s~mmer months, 
and by the commencement of growth of the 
~ub-clnver in 1950, the second year ley plots 
were almost completely bare. a condition 
that can, and should, be avoided under actual 
fi eld conditions. 

This need for care in the handling of the 
leys has already been mentioned but would 
appear to warrant repeating. 

SUB-CLOVER AND WEED CONTROL. 

.-\ s already stated, from the conserva­
tionist poii1t. of view, one of the greatest 
disadvantages of sub-clover is its tendency 
to dominate the sward, eliminating other 
less palatable species, with the result that, 
when the dry paddocks are stocked, the 
cover present can easily be completely re­
moved . However, from the agronomic side 

Fig. 5.-A closer Yiew of the poor vegeta,tive cover on the strip in F ig. -1- unsown to 
subterran ean clover the previous year. 
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Fo r each throw the following obse r va tions this dominancv has co11siderable Yalue. 

Moore and Cashmore< 2 1 found it to be were made : ­
exceptionally valuable in the control o f St. 


(a ) Number of skeleton weed pl ants. J ohn's Wort, whilst Morrow et al. <31 

,,·ere counted .remarked upon the absence of Cape W ~ed 
from leys in later years as compared wtth 

(b ) An estimate of percentage ground. the adj oining volunteer natural pasture 
cover from all vegetati ve material. otherwise similarly treated . 

(c ) An estimate o f percentage g round 
In 1949, subterranean clover was acci­ cover from skeleton weed. 

dentally omitted from portion of A rable A 
W agga Station. ( See Figs. 4, 5 and 6.) It ( cl ) Notes on the development ot 
was quite noticeable that there was a con­ skeleton weed plan t:; . 
siderable difference in the g r,owth of skele ­

ton weed on this area as conipared with the (e) A ll skel eton weed plant enco un­

re.st of . the paddock. In order to test for . , : tered within each quadra t were 

the significance of this difference, two clipped and bulked into separate 

observers each threw a 4 :x 1 link quadrat sa111ples for each obser ve r fo r each 

randomly 25 times over :- area . 


1. 	T he unsown strip. 
T hese bulk samples were allo\\· ed to a ir· 

? T he remainder of the particular bay. dry and were weighed. ( Fig. 7 shows these 
3. The remainder of the paddock. clipped samples.) 

Fit, . 6.-A good stand of clover during the !ey period of t he rota tion. 

TABL E IV. 

E ffects of V1:gorous Sub Clover Growth on Skeleton W eed . 

R esults of Observations- W agga Soil Conservation R esearch Station. 

Paddock Arable A -5th F ebruar_v, rgsr. 

Unsown Strip. Bay R emainder . Paddock R ema.mder. "'I I 	 I i.fiSia-I 	 n ca nce. 
I 

Observers. Observers. Observers. 

Aver . IAver. i IAver. 
I I 2I ! 2 I I 2 

I II I 
::\ um ber Skeleton W eed P la nts: 

(pe r CJU ad ra t ) 20 3 1 26 r 6 I') IS I G 17 r 6 I p < ·20 
Percentage 

(T ot a l) 
P ercentage 

Ground 

G round 

Cover 

Co,·er 
72 66 69 9 1 ')6 93 s, 9I Sg i p < •05 

(Ske le t on \\"eed ) 8·6 ~- ~ S·o r ·S I· G I "/ z ·r 2·6 2"4 p < "05 
T ota l W eigh t o f Skeleton \\"eecl l 

P la nts (oz. ) . . . ... . . . 6·g [· I 7"0 2"4 I "7 -::! •0 2" 4 • ? 2"3 1 P <·o r 

In no case was the diffe rence between observers s ignificant a t P = ·20 

W hil st the above results showed no sig­ seedlings took place . On the unsown strip 
nifi cant difference between numbers of these seedlings have failed to establish. being 
skeleton \\·eed plants per unit area. it does kill ed off bv the already well established 
show di ffe rence in the development of these plants during the dry later summer. Over 
plants as shown by ground cover and weight the remainder of the paddock and bay these 
o i vegeta tive (skeleton weed ) material. seedlings have not had the same competition 

and haYe managed to survive thus fa r . I t would appear that there is a slight 
difference in plant numbers, but 25 quadrat Summarising, in this instance the vigor­
throws were insufficient to show up this ous winter clover g rowth has not effectively 
di ffe rence at a significant level. The most reduced the skeleton weed population, but 
striking di fference was in the development it has considerably affected the development 
of the plants present. On the unsown strip of the plants ancl poss ibly. had conditions 
the plants were nearly all mature. well been less favourable to skeleton weed in the 
developed plants, flowering, or past flower ­ early summer, a considerabl e reduction in 
ing, plus numerous dead or almost dead, plant numbers would have been recorded. 
slightly developed plants. Over the rest of 
the paddock, and the bay, the plants were 
mainly young and weakly developed, many POSSIBLE VARIATIONS OF THE WHEAT­
"·ere still in the rosette stage, with others LEYLAND-FALLOW ROTATION.just running up to head. There were not 
the dead plants present here, except on (a) Proportion of Leyland to Crop Years. 
occasions where odd patches of more mature 

As stated earlier, the wheat-leylandplants were str'uck. probably areas where 
rotation at present practised on \ 11/aggaley development had been ~veak. 
Station is essentially a fertility building 

It is suggested that the vigorous winter system being used in conjunction with the 
ley caused the death of the maj ority of the various mechanical controls to restore to 
skeleton weed plants and with the wet early full production an area that had previously 
summer a considerable germination of fresh passed into complete unproductivity. 
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. It may be that the wheat-leyland-fallow 
hne eventua~ly will reach a stage past which 
no f_urth~r mcrease in fertility results with 
pas~I~1g time; at this stage the level of soil 
fertility has reached the optimum for the 
wheat crop and there would be no further 
upli~ting effect on yield. It now becomes 
possible to adjust, within a safe marcrin the 
outg? of soil nutrients and dam~g~ to 
physi~al structure caused by cropping and 
stockmg, to the soil improving value of the 
leyland periods. 

This may be done by altering the rotation 
from . fallow-wheat-leyland (one wheat 
cr.op m t?ree years) to a rotation with a 
shghtly hig_her frequency of cropping, e.g., 
two crops m five years, as in the rotation 
wheat, wheat, leyland, leyland, fallow, or 
wheat, wheat, three years leyland. 

Id otJ:e_r wor~s, _it is possible to pass from 
th~ _fertility btuldmg to the fertility main­
tammg stage, which is the ideal system of 

BAY BAY 
1 2 

land utilisation, i.e. , maximum production 
under a peri11anent system of agriculture. 
If this can be done a further increase in 
profit is obtained and maintained. If it be 
_found the fertility line starts to fall again, 
It means the extra step taken has been too 
great and an exploitive system re-entered. 

As yet there is little to suggest just how 
and when this happy medium can be struck. 
Factors likely to affect the time when the 
conversion can be effected, and the ratio 
of crop to leyland years increased, include: 

1. The original state of degeneration of 
the land. However it would seem that 
t~ere_ is very little la~d long under cultiva­
tiOn m southern N.S.W. where soil struc­
ture and fertilitv have not been seriously
depleted. ' 

2. The reliability of effective subterranean 
clover growth in the district. The more 
frequently clover grows well, so the shorter 
the proportion of leyland to crop needed to 

PDK PDK
1 2 

STRI P 
1 

Fig. 7.- The bu lked clippings of Skelet on Weed from various portions of P addock Arable A. 

February, 1951 


maintain the soil at its maximum produc­
tivity and stability. The less reliable and 
poorer the sub-clover growth. the longer 
the period of leyland required. 

(b) 	Cultivation After a Ley Period. 
It will be seen that if maximum value of 

the clover leyland system is to be obtained, 
advantage should be taken, if possible, of 
the opportunity presented to dispense with 
the period of £allowing, when a loose un­
protected soil is fully exposed to the erosive 
f orces of nature. 

In the past, two main reasons have been 
advanced in favour of £allowing: (i) weed 
control , ( ii) conservation of moisture, the 
second being more or less dependent on the 
first , there being little difference in t~e 
moisture lost from cultivated and unculti ­
vated areas providing neither is carrying 
excessive weed growth. 

Since, as pointed out earlier, subterranean 
clover's dominance of the sward tends to 
leave the land relatively free from active 
vegetative growth over the normal. fallow 
period, the above reasons for fallowmg are 
at least partially removed. · 

The ideal seedbed preparation. from the 
point of view of soil conservation w~uld 
appear to be a short autumn preparatiOn. 
Morrow et al. found that wheat yields after 
£allowing and non-fallowing (at~tumn pre­
paration) were not significantly differ~nt for 
the first crop after a leyland yer~od at 
Rutherglen. They decided, cons1denng all 
factors , that it was more profitable to g;ow 
wheat without a fallow after leyland penods 
in that distl·ict. There is less expense 
of seedbed preparation whilst added ~razing 
is obtained, and a very important pomt, ~he 
sub-clover is allowed to seed down, making 
a r eseeding with the crop unecessary. 

Factors likely to affect the success of such 
a practice include :­

1. 	 Time available between the opening 
rains and sowing time ; plough~ng 
\Vould probably · need to be earned 

out some time early in March, 
certainly before the beginning of 
April. 

2. 	The power and machinery available. 
It may not be possible to handle 
large areas by this method and 
some £allowing may have to be 
done the previous spring to allow 
the required area to be handled by 
the plant available, but a minimum 
area should be so treated. 

CONCLUSIONS. 
This discussion has been confined to the 

clover leyland system, and as sue~ hc:s 
application in the more favoured chmatlc 
areas of the southern and central wheat 
belt of the State. Much that has been said. 
especially with regard to soil fertility and 
soil conservation, is applicable to th~ whole 
wheat belt and can be taken as pomts for 
consideration in the case of other fertility 
building legumes. 

In short, any plant that will _raise the 
level of soil nitrogen and orgamc mat_ter 
has a distinct potential for the ~eductiOn 
of soil erosion. Just how great th1s P?ten­
tial is will depend on the gro\:yth ha?It ~f 
the plant and the efficiency wit)"! which 1t 
fixes nitrogen and makes vege~ative ~rowth, 
together with the efficiency w1th wh1cJ1 the 
farmer handles it under his particular 
conditions. 
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CONTROL OF EROSION ON DAIRYING 

LANDS. 


BY 

C. G. l\1cMAHON, H.D.A., Soil Con­
servationist. 

I N the Goulburn sub-district of the 
Metropolitan Soil Conservation District, 

dairy fa rming is of considerable iml?ortance, 
especially in such districts as M ittagong, 
Moss Vale and Robertson. A lthough not 
so spectacula r as in some areas of the State 
less favo ured climatically, nevertheless 
erosion is widespread and has seriously 
depleted fertility and production on many 
farms in these areas. 

Experience has shown that sound erosion 
control technique is not so much dependent 
upon mechanical measures , but rather the 
introduction of wise land use and manage­
ment, particularly in relation to pastures. 

This facto r is of importance when applied 
to dairying lands from which the supplies 
of milk and milk products are seriously 
falling short of present-day demands. 

THE ECONOMIC FACTOR. 
The present-day trend indicates a g:adual 

drift away from dairyin_g into _o ther mdus­
tries, showing comparatively h1 gher return 
for correspondingly less eff?rt . M? reover, 
the farmer is aware, from h1 s expen ence of 
high labour costs, that it is ~ostly to produce 
roughages; consequ~ntly. 1t ,.~rould appear 
logical that the pract1ce of feedmg and g raz­
ing stock on improved pasture land ~ houl_d 
receive high priority, as labour costs 111 this 
regard are relatively low. 

Increasing production , therefo re , .by 
methods of soil and moisture conser vatiOn 
and improved land usage is o f considerable 
importance to the farmer and the State. 

The following a re instances rela ting . to 
pasture management and control of erosiOn 
on dairying lands, with reference to vvork 

carried out by individual farmers who co­
operated ,,·ith the Soil Conservation Service 
on an extension or demonstrational basis. 

T he combined value of pasture improve­
ment and soil and moisture retention has 
been demonstrated in the Bega Valley on 
undulat ing g ranite country by means of:­

(a) 	Contour furrowing ; 
( b) 	 Sowing, manuring and topdress­

ing of improved pastures on the 
strip-fa rming method ; 

(c) 	 Sowing of sub-clover and applying 
fe rtili ser on areas not at present 
convenient to cultivate. 

A lmost a third of one farm, comprising 
360 ac res, has been sown on the strip-farm­
ing method, whilst the remainder is being 
contour-furrowed, topdressed and sown in 
the usual way. 

Levels for the furrows were surveyed on 
a 3 ft. ve rtical interval, making the furrows 
approximately half a chain apart. 

During the first year, the fir st, fourth , 
seventh and tenth strips between the furrows 
(f rom top of slope) have been ploughed, 
worked down and ~own. In the second 

year, the second, fifth , eighth and eleventh 
strips are to be ploughed and SO\Yn . In the 
third year , the third, sixth, ninth and twelfth 
st rips are to be t reated likewise. 

· In addition to controlling the erosion, the 
furrows are designed to ensure almost 
complete abso rption of surface run-off and 
conserving it for the benefit of the pasture. 

Checks, constructed of ear th at half-chain 
intervals along the furrows , wi ll localise the 
water, and prevent over-topping at lo\\· 
spots, e,g., natural depressions or old gully 
fill s. 

During subsequent cultivation the 
efficiency of the furrow to absorb water and 
control erosion depends on maintenance, and 
this can be aftended to after the strips have 
been sown and sufficient seed of the mixture 
retained to sow along the furrows them­
selves. 

PLOUGHING AND SOWING CONTOUR 
STRIPS. 

A lio·ht mouldboard was used to inver t 
the fm~ow slice to a depth of three inches; 
subsequent working was with a disc harrow, 

F ig. 1 .-Cultivated land subj ect to serious erosion in the Robertson district. 
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tFig . 2.-Cul t ivating and planting row crops up and down the slope increases run-off and 
accentuates erosion. 
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followed by a spiked harrowing to produce 
a light mulch, the object being to prese_rve 
the furrow slices intact as far as poss1ble 
and so encourage the re-establishment of the 
better types of native perennial g rasses. 

This helps to secure a close sward of 
rrrass cover to resist erosive agents and 
~1aintain organic matter in the soil ; it also 
facilitates penetration of moisture and 
reduces run-off. 

P reservation of the native grass cover is 
important as it is desirable that a well­
balanced pasture mixture contain both 

. annual and, perennial speci es,_ and th e_ most 
important soil binding plants 111 a ny 1111x ture 
a re the clover s. 

By the aiel of an electric fence, r ota tim:al 
g razing has been introduced a nd the ent1re 
area strip grazed under a system o f con­
trolled stocking . 

Suitable pastures comprised au tumn-sown 
introduced species such as lucerne and 
phalaris; superphosphate was used a t the 
rate of 2 cwt . per acre a t sowing and regula r 
topdressing o f 2 cwt. per acre each yea r. 

F ig. 3.-These gullies wh ich formed in arable la nd are now st a bil ised by a ch a nge in la nd 
util isation involvin g protective p asture cover. 
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O n the less fe rtile areas a tempora ry 
pasture, consisting of 4 lbs. of subterranean 
clover , was sown in the autumn, followed 
by pasture ha rrowing and 2 cwt. of super­
phosphate broadcast each year, the obj ect 
being to su ffic iently raise the soil fer tility 
le\·cl when the area will be re-sown to per­
tnanent pasture. 

CHANGES IN LAND USE TO CONTROL 
EROSION. 

O n the red loams of basalt on gm m the 
Robe rtson di strict, where the rainfall 
a verage is pa rticula rly high (60 inches per 
annum ), extensive row-crop agriculture on 
hil.ly a rable land has increased the degree 
of erosion haza rd . and fa rmers are realising 
the fa llacy of up and clown slope crop cul ture 
and its resul tant increase in r un-off and loss 
of fe rtil e top soil following heavy rain. 

E Yidence of dimini shing fertility is indi ­
cated by increasing soil demand for more 
l iberal fe r tili ser applications on those areas 
where constant cropping has been practi sed 
oYer the vea rs. 

T he introduction of a ne\\. farming 
technique is now in progress, and with it 
the value of pasture management is beino· 
realised, i ne!uding the adoption of such 
methods as the sowing of int roduced g rasses 
and clover s fo r soil renovation and ferti litv­
building purposes ; this is being followed J)y 
sub-division. rotational g razing, judicious 
stocking and spelling of the land. 

Such methods involve changes in general 
fa rm planning with re-orientation of land 
use and these are iJeing include:d in a 
demonst ration now in progress on hilly 
cultivation land. 

T he main objects of the demonstration 
are: ­

(a) 	T o conserve soil and moistu re by 
contour furrowing the entire a rea. 

(b) 	 In conjunction with the above, 
topdressing, timing and sowing of 
introduced grasses and clovers to 
build up the fert ili ty and humus 
content of the soil. 

Fig. 4.-Contour furrow·s reduce run-off a nd erosion at Vily Jdes Meadow. 
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(c) 	Sub-division, with rotational graz ­ of stocking with frequent spelling ·will be 
ing and other measures considered enforced, unless abnormal g rowth occurs , 
necessary to improve the carrying depending e n the seasonal conditions 
capacity and increase production. prevailing. 

A n annual topdressing of superphosphate 

SOWN PASTURES. and pasture renovation w ill be carried out , 


using pasture harrows or a rigid t} pe im­

Preparatory work for sown pastures in­ plement such as an empty rigicl-tyne seed 

cluded eradication of rabbits, and liming drill.
at the rate of 1{- tons per acre. 

Suitable pasture mixtures for the re­
The 	corrugated or J::ulti-packer-roller was clamation of wornout lands in this district

used prior to sowing, the mechanical action have been used . For temporary pasturesof 	 this machine consolidating the light 
Italian rye and subterranean clover are usedtextured, loose, red volcanic soil. 
with a seeding ra te of 8 lbs. per acre. A nnual 

Autumn sovvn pasture mixtures were top-dressings of superphosphate per acre 
used, and on establishment the contour will be carried out. 
furrows were constructed, these being hand­

vV hen the soil has reached a reasonabl e sown with seed on completion. 
standard of fe rtility the area will be re-sown 

Subsequent management will include with a permanent pasture mixture, e.g., 
rotational grazing and control of stock to perennial rye, A karoa cocksfoot, red, white 
ensure a satisfactory seeding during the first and subterranean clovers; with the soil 
and second years. It is most desirable that improvement brought about by the previous 
the pasture he allowed to seed in the early pasture, conditions should be most favour­
stages of growth, and therefore a low rate able for its establi shment. 

Fig. 5.- Erosion reduced a nd production increased by contour furrow s and sown pastures 
m the Robertson district. 
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Subterranean clover has proved to be feeding for production; the pastures pro­
most economical for raisino- the fertility vide the principal drought fodder reserve 
levels of soils to the stage v.rl1ere the better also by conservation of surplus in good
types of introduced grasses will flourish seasons. 

and also provide a protective cover to safe~ 

guard loose cultivated soils from the erodino­ Temporary pastures, consisting of 2 lbs. 

action of heavy rains. 	 of subterranea_n clover and 1 cvvt. super.b 

per acre sown m the autumn showed results 
in the initial stages. Further areas wereCONTROL ON STEEP DAIRYING LANDS. 
treated in this way and 3 lbs. of subterranean 

Effective control of run-off and erosion clover and 1 bushel of perennial rye per 
on steep dairying lands and the o-radual acre .was sown after ploughing and liming 
building up of impoverished soil h~s been at the _rate of 1{- tons per acre. Regular 
a~hieved by the application of sound prin­ harrowmg and topdressing with 2 cwt. 
Ciples of pasture management and soil con­ super . per annum was carried out. 
servation adopted by Mr. Cox, of "Melross," Sub-division of the farm into 43 paddocksKangaroo Valley. took place, rotational g razing was introduced 

Results are reflected in the raising of the and stock g razed to distribute farm-yard 
soil fertility level, which has become manure evenly; the resulta_nt increase in 
seriously depleted clue to continual intense organic matter and building up of humus 
cropping and stocking on steep slopes, and content stimulated the pastures which formed 

. steadily increasing production. a dense cover and considerably reduced 
run-off. 

This gradual building-up process and 
progressive results obtained therefrom are Contour furrowing the area has resulted 
reflected in increased carrying capacity with in the retention of run-off, with increased 
improved pasture now forming the basis of absorption, giving rise to a more prolific 

Fig. 6.-Pasture furrows being installed prior to strip sowing of improved pasture in the B ega district. 
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Fig . 7.-A dense swa rd of peren n ial rye grass a nd s ubt (! rranea n clo , · ~ c p ccv .!n t s e rosio n 
in the Bo,vra l di st r ict. 

growth of feed. Increased growth o £ vege­
tation, both in and surrounding the furrows 
has f urther reduced run-off and prevented 
erosion. T he fact that a ft er four years the 
contour furrows require re-opening clearly 
indicates that erosion, although g reatly 
reduced, is still taking place ; without contour 
fu rrO\\·ing and improved rr rassland manage ­
ment thi cla o£ count ry loses sur ~ace soil 
at an alarminrr rate. 

It i the owner 's proven experience that 
contour furrowing is essential on our 
sloping coastal coun try if run-off and erosion 
is to be controlled . l\foney expended and 
labour and ti me in volved has paid handsome 
dividend , provid ing a sound investment 
and a l o a basis . for sound fanning practice 
and wi e land use. 

CONCLUSION. 
Cropping of land continuously and stock­

ing it incli cr iminately results in the loss of 
large quantities of plant food and humus 
from the soi l by erosion; this leads g radually 
to soi l deteriora tion and dimini shing pro­

ducti vity . lt is , therefore, essential tha t 
this humus supply be r eplenished, and this 
can only be brought about by careful f er­
tility building and soil conserving fannin g 
prach:es . 

,\ s part of a wi se land use and ero ion 
control progra mme for hilly dairying lands, 
essential practices are as follows : ­

( a ) 	 Conserving soil and moisture by 
the use of minor mechanical con ­
trol measure , e.g., contour 
f urrowing. 

(b) 	Establishing introduced g rasses 
and clover s to restore depleted soil 
fertility. 

(c) 	 Sub-division of area a!"!d rotational 
g razing combined ·with the use o f 
pasture renovators to ensure the 
proper distribution of animal 
manure and so build up the humus 
content. 

( d ) 	 . nnual topdressing and the cut ­
ting and harvesting of surplus 
pasture to improve the sward and 
build up the carrying capacity. 

FOREWORD 

BY 

E . S. CLAYTOX, H .D .A., Commissioner. 
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\\,.. IT I T th e increas ing acti vity of the oil 
\ Conse rvation ervice of New outh 

\\-ales ancl expanding farmer co-operation . 
the <.: ros ion posit ion is steadily impro\·inrr. 
and g i n~n a cont inuation and expansion ~f 
th e. e, the outlook is di stinctly promising. The 
enthu siasm to work \\·ith th e oil Conse rYa­
ti n ~e rv i ce shown IJ\· the ianners of thi s 
c;tate is Ycry grati fy in g·. It is a most hope­
ful :ign that farms will be conserved : that 
the producti vity of the lands in general \\·ill 
be maintained: that a stable and permanent 
agri cultme \\·ill be achieved in N ..~ . \V .; and 
that we will be able to feed onr present 
populati on on present standards. HO\\·­
c \·cr. we have to take care o£ a considerable 
populat ion in crease in the immediate future. 
ln the li rrht of thi s the results, though 
encouraging . leave n room for complacency. 
U n the contra r v. the indi cations call for 
r edoubled effor-ts. both collectivelY and 
ind ividually . now that \Ye have seei1 \Yhat 
can and what should be clone to conserYe 
our lands fo r food production. 

\ \ "e 	have to reYiew our own food position 
in the li ght of a world with overstrainecl 
land resources, \\·here population is annually 
inc reasing at a staggering rate. while the 
worl rl" s a rea of land capable of producing 
f ocl. is yea rly dec reasing . There is no 
ruom in thi s situat ion fo r Australian com­
p lacency considering our crop producti on 
in relati on to our JIO \\. 1·ap iclly increasing 
populati on. \ ·\ e may in a few years be 
~lwrt of some ()f the foods wh ich are now 
prrHluced in suffic ient quantities for export. 

T he Soil Conser vati on Service is now 
\\·ell established and is carrying on its se rvice 
to the land s and th e fa rming communitv in 
mo,.:t uf the critical a reas in thi s State. 'Ihe 
vatt ern of act ivities and the obj ecti ye · are 
1aking defi ni te shape. \ ·\' e a im, with the 
co-operation of the lancluser ·. to correct the 
damage. past an d present. ancl to prevent 
t he continuat ion of accelerated erosion. 
Our obj ecti ves in clude the protection and 

·tabili sati on of the Catchment A reas \\·hich 
feed the streams, the prese rYation of the 
farming and grazing lands so that their pro­
cluctiYity can be retained, the stabilisation of 
procl ucti n from the soil on the highe t level 
compatible with land use stabili ty . a nd the 
uniYersal adoption of conservation farming 
in the interests of a permanent ag riculture. 
\\ ·e haYe nO\Y no great untapped r esources 
of good land. O ur future rests upon the 
lands we already have and which we are 
now cultiYating ·or grazing. Some of our 
agri cultnre has been exploitary ; some of 
our lands ha' e been destroyed by the umYise 
uses to which they have been put. \ Ve have 
learn ed that there is no permanent security 
in destruct ive use of land. 

The Soil Conservation ervice, working 
\\·ith many hundreds of farmers in N .S. \ t\1 ., 
has shown that ero ion can be prevented 
without great expense, farming can be 
stabilised on a permanent basis, the land 
improved in its productivity and yields can 
be main tained. and in some cases even 
improved by conservation farming. Here 
is the an S\\·er to the depress ing problem 
\\·hich confronted us a few short years ago. 
\Ye a re throurrh the most g ruelling early 
period. \ \"e k~10 \\. the general lines along 
\\·hich to proceed and it is now a matter 
(,f applying conservation m~thods to all the 
lands requiring attention 111 the shortest 
possible t ime. 

You may say " why the need fo ~- hun:y 
nO \\. ?"' K no,Yilw how to stop eros10n \nil 
not of itself stop it. O bviously ~he work 
has to be done. That take time in such 
a lJi o· State as thi s and all the while good 
l a nd~ \\·hich neecl protection a re going . 
T he longer they are left before t reatment 
the more so il \Yill have been lost · the deeper 
\\·ill be th e a ulli es the more work will be

"' ' req uired and the g reater \Yill be the cost. 
. \.l ·o remed ial \\·ork, while it can save what 
soil still remains, cannot put back that whi ch 
has gone clown the streams. 



Unless soil conservation work can be it will be on a lO\\·er level of pruducti ,·ity 
effectively applied, particularly to all the and the cos t will be greater. 
land requiring it in the fertile mixed farm­ If it could be made stable within the ii c.:x t 
ing districts on the \Vestern Slopes, within fe,,· years, this country would be hc-tt r oil' 
the next twenty years we may never attain and the tabilisecl production ,,·ould b 011 

satisfactory stability. The position may. the highe t level still possible. That is why 
of course, be stabi li eel in later years, but there i- need fo r ha ·te. 

---·--·­
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'THE IMPORTANCE OF WISE LAND USAGE 

BY 

J. :-r. J.o .A:'\ , ll.D.r\., oil onse rYat ionist. 

I)E E:\R l-I work i an essential part stati stical analysis can be carried out. 
\... of any large scale soil conservation pro­ lPlots are on a gra\ elly clay loam with a 

g ramme; without it the person engaged in slope of 4% and are r82 feet in length) . 
the control of erosion in the field is without Details of the land treatments are men­
a thorough knowledge of the erosion pro­ t ioned here as it has been found that these 
ce. s and the causal agencies and is conse­ have an important bearing on the erosion 
quently placed under a severe handicap. 1)roblem. F allowing for the . growing of 
In _o rder to ohtai n the necessary information, \\·heat is carried out in late September or 

oil Conse rvation R esearch Stations \\·ere early October, and the fallow kept fairly
established in key positions in the State and until near whencloddy sowiPg time, it is 
experimental work commenced at an earl) . ,,·orked down to a fine seed bed. After 
date after the formation of the Soil Con er­ harve ting the stubble on the wheat-fallow 
,·ation ervice. rotation plots is retained until the next £al­

O n each Station specially designed experi­ lowing (a period of roughly ten months ), 
ments were installed so that precise measure­ graz ing being carried out whenever feed 
ments coul d be made of the run-off and soil is avai lable in the stubble. On the other 
loss from different land treatments. A hand the stubble of the wheat-oat-fallo\\ 
description of the collection equipment used rotation is cult ivated without burning as soon 
has already been published in this Journal , after an initial arazi.ng ::. as weather condi­. 
and the re ults of measurements following tions will permit. This fallow IS very open 

pecific rains on Vlagga and \i\ ellington at first and is "orked down and sown to 
Resea rch Stations haYe also received some oats in the autumn. The oats are used for 
mention. Recordings from such experi­ crra zinrr in the late winter and early spring 

b b cl '1 ments can onlY be reliably interpreted after and these plots are then left as l~ylan u_nt1 
the experiment has been conducted for some they are £allowed in the foll_owmg ~pnng. 
yea rs, but fo llowing the very wet years The permanent pasture cons1sts ma~nly of 
n~centl y experienced it is now possible to lucerne and \iVimmera rye grass, whilst. the 
a. certain certain trends. Ultimately much retired plots are land that ha_s been retired 
of onr information will be placed on a quan­ from cultivation and now carnes a volunteer 
titative bas is and important factors \\'ill pasture of barle) grass, burr medic and. 
receive fresh emphasis. In this a rticle a wire weed. Both permanent pasture :'lnd 
rev iew \\'il l be made of the results of experi­ retired treatment recei\ e periodic grazmg. 
ment carried out at \i\ ellington OYer the Results of this experiment are shown by 
past three years, and their ignificance cli- ­ histograms (Fig. r) which illustrate the 
cu sed. run-oft and soi l losses from each treatment 

fo r the years 1948-49, 1949-50 and 1950-SI. 
EFFECT OF LAND USE ON RUN-OFF AND In each case the year has been. commen_ced 

SOIL LOSS. at the beginning of the crop penod the ~~~11e 
when {allowing, the major land conditionExj erimental plots were primarily de­

igned to measm e the effects of land use 	 change, takes place. Treatments bracketed 
too·ether in the diarrram represent theon both run-off and soil loss. At \ Veiling­ b . 

ton there a re four basic treatments in seven various phases of the one rotatiOn. 
plots, viz., wheat-grazing oat -fallo\\. rota­ These figures show the importance ~ f 
tion; wheat-fallow rotation ; permanent pas­ the land use factor in relation to both sod 
tu re; and land retired from cul tivation. and water loss. Except fo r I9S0-5I '"hen 
The e plots a re arranged in three blocks ci rcumstances were exceptional, the fallow­
vith the treatments randomisecl so that 	 wheat portion of both rotations sho\\'S a 
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Fig. 2.-A verage a nnual run-off and soil loss from different land treatments. 

high run-off and the highest soil loss of effects of land use over a period of years 
any treatment. \Vhen compared with the can be seen. These results are sho·wn in 
wheat-stubble, land retired from cultivation Fig. 2 together with an estimate of the 
and permanent pasture treatments_. these results of the rotation at present being 
results plainly demonstrate the effecti veness followed in the Station paddocks· this rota­

· of a good cover in preventing soil loss. tion includes four years lucerne and six 
(Soi l losses from the faJlow -V\ heat plots years of wheat-fallow rotation. This esti ­
were up to 8o times the loss from the per­ mate is based on the results of the various 
manent pastt]res and 6o times that from treatments include.d in the experimental 
the wheat-stubble and retired plots .) plots, and because it does not take into con­

sideration the effects of contour cultivation As far as water loss is concerned, the oat 
and the soil bui lding of the rotation, is leyland treatm ent has resulted in quite high 
higher than actually occurs in the field. Anlosses, thereby demonst rating the adverse 
examination of these results clearly revealseffects of stock graz ing the whole of an 
tlmt land use plays a major role in deter­annual crop under conditions where new 
mining the amount of run-off and soil loss growth wi ll not be available to provide 

cover. that takes place. 

\iVith regard to the 1950-5I figures, the 
EFFECT OF RAINFALL ON RUN-OFF ANDapparent anomalies are explained by the 

SOIL LOSSrainfall and cropping details. Rainfall 
intensities were comparatively low during _ s run-off commences \\·hen the rate of 
this period and the open cloddy £allows precipitation exceeds the rate of in fi l tr~ti on 
were able to absorb most of the rainfall. into the so il., the intensity of the ramfall 
On the other hand, soil compaction and is of great importance in r elation to ~oil a~d 
~ome minor rilling had already taken place water loss. In addition, high intensity ram 
m the cropped plots and this influence has a g reater shattering effect on soi l agg_re­
carried over from the previous yea r brought gates and brings more soil into suspens.1on 
about tbe high run-off figures . The run­ to be carried away, thereby further mcrea~­
o_ff and soil loss recordings withi~ each rota­ ing the soi l loss. Table r gives an analys1s 
tiOn have been totalled and the average of the intensities of some of the erosion 
annual losses determined in order that the causing rains, togeth er with the resultant 
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TABLE r.-Influence of Rainfall on Run-off and Soil · Loss. 

Rainfall Details Ill P oints. 

Duration (min .) 

D at e. 

TO 

1949­
9th F eb . . . . 
 29 

I rth Feb. ... 66 
21st F eb . .. . 34 
zot h April . . . 6 

3rd i\'Iay ... r6 
21st 1\Iay . . . 40 

1950. 
r 8th j a n . .. . 48 
4th-7th F eb . 29 

30t h :\-la rch 19 
20 

r-5th April 30 
2 2 f 

7th April .. . 38 

20 

34 
127 

50 
s 

18 
52 

49 
34 
24 
23 
3 1 
24 
44 

30 

36 
133 
57 
.10 
I S 
53 

49 
48 
32 
36 
40 
30 
55 

6o 

36 
135 
66 
J S 
JS 
8 r 

70 
56 
ss 
4 11 
~~j 
63 

Intensit y Group. 

Total. r in. 

88 
135 
l OO 

178 
55 

2 14 

377 
392 
226 

395 

H 

Under to 
2 in. / 2 in ./ hr. hr. 

Go .. . 
8 I ... 

:
19 

178 
28 

r rz 

299 
3-P 
204 

277 

18 

Gt 
... 
27 
47 

8 
12 
2 2 

r r8 

I 6 

O ver 
2 in.; 

hr. 

28 
1 .2 7 

20 
... 
.. . 
55 

7+ 
39 
.. . 

. . . 

38 

Run-off a nd Soil Loss D e ta il s . 

F a llow- I R etired . Oa t L cyla nu.\i\' hea t. 

Soil 
R un­ loss; 

in.off % ­

... 
33·0 
5° ·3 
... 
... 

2 1.3 

9 ·3 
I. I 

g .S 

43·5 

53-l 

rain. 

... 
1 ·471 

667 
.. . 
... 
61<) 

46 
10 

177 

957 

1,6?8 

I I 
Soil 

R un ­ loss; 
in .off % ­

... 
o .8 
o.s 
. .. 
... 
0 . .) 

. . . 
0 .-f 
... 

9 ·7 

.J..l 

ra in. 

.. . 
26 .0 

4- 0 
... 
... 
9 .0 

. . . 
O.J 
... 

9 --1· 

3·7 

l{un­
o ff % ­

{ .6 
73-ti 
69 -4 
r o .S 

3 · I 
4ti·3 

<J .O 
7- l 
6 .5 

2 !.3 

3!.7 

Soil 
loss/ 

in. 
rain. 

72 
I ,1 79 

451 
'-f 
19 

560 

8 
6 
5 

138 

rr 6 

(I t IS mteresting to note that the "C" values usually u sed m the calculatwn of discharges correspond 
fairly Well with the figures recorded here.) 

run-off (as a percentage of the rainfall ) and rains on the oat leyland and the retired 
soil losses (in pounds of soil loss per inch treatments as this further illustrates the 
of rain). effect of rainfall on soil and water losses. 

The highest run-off percentage ( 73.8%) EFFECT OF SLOPE LENGTH ON RUN-OFF 
was recorded from the oat leyland treat­ AND EROSION. 
ment as a result of the high intensity rain Length of slope is an important factor in
of I Ith February, 1949, when the intensity relation to run-off and soil loss. Experi­reached four inches per hour. This rain 

ments in the U .S.A. would indicate thatalso caused considerable soil compaction run-off from the longer slopes is slightlywhich played a large part in causing a so% 
less than that from the shorter slopes. A lso, water loss from a lower in tensity rain ten fo r low intensity rains, soil losses a re less days later. H igh run-off percentages were 
on the longer slopes, but for high inten sitiesalso recorded in April , 1950, when. although 
are much greater. The length of slopeintensities were not so high, almost con ­
experiments at vVellington show a similartinuous rain for a period of ten days so 
trend but all differences are very small.saturated the soil that infiltration was very 
In the soil loss figures there is little differ­low with regard to the latter part of the 
ence between the long and short plots, butrainfall. 
there are large differences between the two 

H igh 1·ates of soil loss also resul ted from agricultural treatments on each slope 
these rains, the highest being on the 7th length. These results, however, are only 
April, 1950, >vhen some high intensity rain deriv~d from short lengths of slope, the 
con cluded the long period of wet weather. longest being only 182 feet, w hereas lengths 
Th is figure was almost equalled on the r 1th of over ten times this figure are frequently 
February, 1949, when loss from a fa ll ow found in the fie ld. It is on these long 
as a result of a heavy rain \Yas r -472 pounds slopes that concentration of the run-off 
per acre per inch of rain . Included in often results in serious rill and gully erosion 
Table _ ar e the effec ts of the erosion causing with very high soil losses. 
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RUN-OFF AND EROSION. 
Run-off and soil loss, although th~y _are 

different processes, have some drstmct 
relationships which enable them to be_ :on­
sidered to<Tether. Thus, under condrtwns 
where hi <Th water loss takes place, high soil 
losses ca71 be expected. although lan? !fSe 
can and does play an important modrfymg 
part. Fig. 3 shows the correlation between 
run-off and soil loss for the various land 
treatments during I949-50 when extremes 
of rainfall intensity were not experienced 
and when soil moisture contents were consis­
tently high. In these diagrams each dot 
represents one recording of run-off and soil 
loss. The increase of soil loss as the run­
off increases is illustrated; particularly rs 
this apparent in the fallow treatment. 

The importance of the land use factor m 
relation to erosion and erosion control is 
also illustrated by these diagrams which 
show the rapid increase of soil loss as run­
off increases on the fallows, as contrasted 
with the small increase on the pasture plots. 

The last diagram of this figure shows 
these relationships for the fallow plots for 
the year 1948-49. Comparison with the 
diagram for I949-50 shows the effect of 
high rainfall intensity ; the rapid increase 
of soil loss shown here being a result of 
the high intensity rain of I Ith F ebrua ry, 
1949· 

SEASONAL NATURE OF RUN-OFF AND 
EROSION. 

As land treatment and rainfall have a 
definite seasonal aspect in thi s and many 
districts, it is on ly reasonable to expect that 
the run-off and soil loss which these factors 
largely influence, would also show a seasonal 
trend. Fig. 4, which is based on the mean 
water and soil loss fo r each treatment for 
the various portions of the year, shows that 
this is so at \ iVellington. I t has already 
been shO\vn that the fa llow-wheat period is 
the one during which the greatest losses 
take place, and a subdivis ion of the yea r 
points to the second period (harvesting to 
sowing) as the one in which the greatest 
part of these losses occur. This is to be 
expected as it is in this period that the 
fallow is worked down to a fine tilth in 
preparation for sowing, and also that this 
is the t ime of the year when rainfall hazard 

is greatest. Table 2, which is based on 
information taken from the Report of the 

TABLE 2.-Rainfall Intensities which may be 
expected at W eJ]jngton . 

Rainfall in Points. 

Duratio ns in Minutes.Freq uency. 
I 1,44010 20 30 6oI I I 1(24 hr.) 


1 in 5 y ears ... 
 So 100 
 27850 67 
I IQI in ro years ... 9055 31477 

I in 20 years ... 105 130 36063 87 
I in roo y ears 110 130 16078 450 

Stormwater Standards Committee, presents 
the rainfall intensities which can be expected 
in this district. Comparison with Table I 

reveals that, with one exception, it could 
be expected that the intensities recorded over 
the past few years would be equalled and 
probably exceeded quite frequently . . This 
table, however, does not show the trme of 
the year in which these heavy rains ::tre to 
be expected, but an in?ication ~an be 
obtained from the StatiOn pluvwgraph 
records. In Table 3 the monthly rainfalls 
T ABLE 3.- The seasonal Nature o f Rainfall at 

Wellingt on . 
·This table shows the m ean number of points at 

the various intensity rates that have been 

recorded at this Station over the past seven years. 


Points of :Rain a t Sp ecified 
R a tes. No . of 

days 

iV[o nt h . L ess 
than 

roo p er 
hour. 

Bet.ween 
roo and 
200 per 

ho ur. 

Over 
200 p er 

hour. 

recording 
more 
than 

2 inches . 

J a nua ry ... rSS 15 20 8 
February ... 209 36 42 5 
March .. . 127 T4 8 5 
April ... !44 29 5 2 
May .. . 162 II 8 2 
June .. . 241 I ... 2 
July ... 177 5 .. . 2 
August ... I 57 6 2 .. . 
Sept ember ... I69 6 2 I 

Oct ober 
November 

... 

... 
205 
163 

21 

23 
61 
27 

4 
7 

D ecember ... 96 33 I4 7 

are divided into three intensity groups, viz., 
less than I inch per hour, I-2 inches per 
hour · and over 2 inches per hour. . As these 
recor~l s only cover a seven year period, ~he 
number of clays in each month recorclmg 
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fallow-
Wheat 

Wheat ­
Stubble 

Fallow-· 
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Run -ofHinches) 1o- 2'0 .o 
~--~so~~~~~~~s~s~<~p~o~u~n d7s~)'1o zo~o~o------------~J~o~o~----------~ ooo 

Penod 

! 
0 ·002 

4 

j 1·146 
Z54-3 

1·447 
1564 

0 ·869 

f 
1.37 

0·064 
21 

0 ·23!' 
61 

0·193 
47 

f 
1·217 
2711 

1· 014 
1206 

,.. 0·620 
-176 

f 
0·051 

81 

1·034 J 
813 

J 
~ 

J 

0·894 
232 

f 1-280 
959 

1·050 
479 

0·310 
14 

0·157 
26 

0·326 ~~ 29 

F ig. 4.- The seasonal nature of run-off and soil loss: ­
Period r = Fallow'ing t o harvesting. 
Period 2 = H aFvesting to sowing. 
Period 3 = Sowing to fallowin g. 
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over 2 inches have been determined from 
the past SL'<ty years' reco.rds, so that t~e 
figures for the shorter penod t;Jay be ven­
fied. It will be seen from th1s table that 
the summer months experience the high 
intensity rainfall. 

The effectiveness of newly £allowed 
land in absorbing the rainfall and prevent­
ing run-off is shown by the very low figures 
recorded for the first period in both rota­
tions and also in the second period of the 
wheat-oat-faiiow treatment. On the other 
hand, the extreme hazard of the longer, 
more finely worked fallow that has been 
partially compacted by rain is quite appar­
ent. 

An examination of results of similar 
experiments (unpublished) at Cowra 
Research Station give further confirmation 
of the Wellington results in this regard. 
In fact, because of the longer period of 
record, the effect of the abnormal winter 
and spring rains of 1950 is less, and the 
losses of the second period are even more 
outstanding. 

APPLICATION. 

Increased knowledge of the erosion pro­
cess materially assists in the fornm!ation of 
practical control ~1easur~s . The mforma­
tion aained at W elltngton 1s of value because 
it dr~ws our attention to a number of vital 
points that may otherwise be ove~looked. 
Factors influencing run-off and erosiOn may 
be grouped in quite a number of ways, each 
of ·which- may have some advantage;s, but 
the following is suggested because 1t has 
application when control is to be considered . 

Gronp A. Facto1·s Ove1· Which No Con­
trol Can Be Exe1·cised . 

r. Rainfall. 

2. 	Degree of slope. (Bench terraces do. 
influence this factor, but they are 
not used in this area.) 

3· Inherent soil characteristics. 

F ig. 6.-An arable paddock on Wellington Research Station carrying a soil building pasture of 
lucerne and Wimmera rye grass. 

F ig. 5.- The w'ise use :of crop residues and herbage assists in the prevention of erosion on 
fa llowecl land. 
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Group B. 	 Factors Which Can. Be Con­
trolled or Jl!I odified. 


I. Land use. 
2 . Length of Slope. 
3· Some soil characteristics, e.g., struc­

ture, porosity, which can be altered 
favourably or unfavourably by land 
usage. 

Control of erosion in any reaion resolves 
itself th en into the adapting of the land use 
and length of slope to suit the existing rain­
fa ll , degree of slope and soil type of the 
locality. Thus under specific conditions of 
rainfall. slope and soil, certain land use 
principles must be adhered to and length s 
of slope allowed if so il stability is to be 
mainta ined. The work with which we are 
most famili a r is that dealing with length of 
slope, graded banks, pasture furrows and 
similar \\·orks as means of decreasing the 
length of slope. There is, however. a very 
real clan ge r that we may become over enthu­
siastic _concerning this factor and neglect 
to consider land use and soil characteri stics. 
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The figures given in this article emphasise 
the importance of land use and show that 
wise land utilisation should be given a place 
of prominence in any erosion control pro­
gramme. Thus on the wheatlands of the 
\i\ ellington district the reduction of the 
time under 	£allowing to the minimum con­
sistent with satisfactory preparation of the 
lm1d 	for cropping will reduce the period of 
haza rd. In the same way the use of crop 
rotat ions which reduce the frequency of 
£allow ing will be beneficial. T he arable pad­
dock shown in F ig . .). alth ough protected 
by graded banks is under a per iod of per­
manent pasture which greatly reduces the 
liability to eros ion and at the same time 
builds up the soil fe rtil ity and structure. 

In order to grow many· crops it is essen ­
tial that the land be cultivated for some 
period and thereby be susceptible to erosion. 
H owever . the use of soil improving rotations 
and practices, and the avoidance of those 
operations that have a harmful effect on the 
soil. will enable the soil structure to be 
maintained in a state that will allow rapid 



infiltration and thus increase re~istance. to 
erosion. Thus soil building rotatiOns wh1ch 
include a period under grass and le~umes 
have an important role in the preventwn of 
soil erosion. Fig. 6 illustrates how stub?le 
and clover can be utilised to pr~vent eroswn 
on the fallow. Some has been ploug:h_ed 
under to build up soil structure and fertthty 
and some has been retained on the surface 
as a protective mulch. 

Although this research work _has only 
been in progress for ~ short. penod, most 
valuable information IS commg to hand . 
·w hilst undue emphasis cannot be placed 
on the quantitative aspects of ~uch_ short 
duration experimental work, 1t IS felt 
that these results at this stage do place the 
various contributing factor~ to the _problem 
in perspective and so provtde a satisfactory 
basis for the planning of erosion controls. 
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P:-\.RT II (Contin-ued) . 

Volume 5, 	 No. 2, of this Journal, aI N 
detailed survey was made of the plant 

species occurring on the littoral sand 
drifts of New South Wales. 

In Volume 6, No. 2, two of the most 
important prirnary stabili-Sing species, Mar­

r ram (Ammophila arenaria), and Sand. · 
Spinifex ( Spinifex hirsntus) were described 
in detail. 

In this and later articles it is intended to 
describe in detail several secondary species 
being tested at the four coastal sand drift . 
control centres conducted by the Soil Con­
servation Service, together with observa­
tions made during the last four years on the 
habit of growth and culture of each. In 
the first instance, some of the more impor­
tant mat-forming plants will be described, 
and in later articles the shrub and tree 
species will be dealt with. 

Many of these species are indigenous 
to New South Vvales and material can be 
obtained locally for their propagation, but 
several have been introduced from other 
States and from overseas and to date only 
limited quantities of seed or vegetative 
material are available for sand stabilisation 
projects. With the further development of 
the sand drift nursery areas conducted by 
the Soil Conservation Service seed supplies 
should be more plentiful and within a few 
years there should be sufficient seed avail­

able for other public and private bodies to 
undertake small projects of their own. 1 

CREEPING GROUNDSEL.-Senecio crassijlori ts 
D.C. 

(Latin Sene...'<. an old mm1, alluding to the 
white down.) 

Distribzttion. 
It is not known accurately when thi 

species was introduced into New South 
\Vales, but due to the fact that it appears to 
be localised in the Newcastle district it i::; 
thourrht that it may have been brought in 0 

with ballast from South America in the 

sailing days. This plant is now _naturalise!i 

in Australia and has spread fa1rly exte~­

sively from Belmont to Stockton, where It 

" as recorded as early as 19!0, but until 

recent years was not known in other coastal 

districts of New South Wales. 


Since the initiation of sand drift control 
experiments by the Soil Conservation ?er­
vice in 1946 this species has been gtven 
several trials at selected localities along the 
coast and to date e..xcellent results have been 
achieved from all plantings. Fig. r illus­
trates a dense sward of creeping groundsel 
about two years after planting on a bare 
windswept dune at The Entrance North, 
Tuggerah Lakes. It would appear from 
tests carried out that this plant will prove 
invaluabl'e for vital exposed areas, particu­
larly in close proximity to the beach, where 
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Fig. I.-Dense sward of creeping groundsel (Senecio crassijlorus) which has covered the sand, 
preventing sand drift at The Entrance North. 

a small quantity of sand is collected from 
time to time. This has the effect of a light 
topdressing; however, with six inches accre­
tion of sand or more the plant is often com­
pletely inundated and destroyed. 

Botanical Description. 
Perennial, softly white-tomentose all 

over, stems prostrate or slightly ascending, 
leaves alternate, leuceotate; inflorescence 
large, · mostly solitary, terminal; sometimes 
other inflorescences ari se from axils of leaves . 
immediately below the first terminal inflor­
escence; one outer row of involucra! bracts · 
ray flowers yellow, in 2-3 rows, female ; 
Jigulate style, bran~hes t~·uncate ; pappus of 
white capi llary hairs, disc flowers yellow, 
tubular and bisexual. Fruit, a seed-like 
achene, enclo ed in the calyx tube. 

Habit . of Grow th. 

The stems, which are prostrate or slightly 
ascen ding, forn~ a clen.se mat sometimes 
covering g reat cl1stances m one season . T he 

plant spreads rapidly and forms adventi­
tious roots readily at the nodes; however, 
growth is usually slow during the summer 
and autumn, and more vigorous as the 
spring approaches and flowering commences. 
F ig. 2 illustrates how the trailing stems of 
creeping grounclsel quickly stabilise the sur­
face of the sand. It would appear from 
observations that a considerable amount of 
viable seed is produced annually about 
November, but to date only a few seedlings 
have been seen and no trials have been made 
to determine the germination of such seed. 

As this plant has been known in the New­
castle di strict for about forty years and has 
not spread from the littoral areas where 
it was first r ecorded, except on to the other 
beach ar eas, it can be safely assumed that 
it would never become a serious weed. In 
view of thi s, its encouragement on areas of 
coastal sand drift in this State is strongly 
recommended, particularly in situati01~s .of 
extreme exposure and in close proxnmty 
to the beach. 

Propagation. 
Tillle of Planting. 

To date propagation has been attempted 
only by vegetative means and, provided there 
is moisture in the sand, this can be carried 
out almost a t any period of the year; how­
ever, best results have been achieved by 
planting out cuttings at or about flowering 
time. 

Prepamtion of Cuttings. 
Cuttings about twelve inches long are 

taken from the parent plant, including.. if 
possible, the terminal shoot. These should 
be kept moist until commencement of plant­
ing operations, and under such conditions 
will keep fresh for several days. 

Planting . 
Cool showery weather is the most suit­

able for planting, but some good strikes have 
been achieved even in hot weather, provided 
the plants are buried deeply in moist sand 
which has been firmly pressed around the 
cuttings. It is preferable to leave only about 
two inches of the plant above the surface as 
this ensures retention of moisture in the 
plant during the early establishment period. 

z.-Creeping groundsel (Senec·io crassifioru.s ) protects sand fro m erosion. 

The espacement of plants depends largely 
on the purpose for which they are being used, 
but where other protection is not available, 
in the form of brush or man·am crrass spac­
• b ' 
mg should be kept to a minimum, say two 
feet for quick establishment and satisfactory 
coverage. However, where other temporary 
protection is provided, 3-4 feet espacement 
would be adequate. Under normal condi­
tions and with periodical light applications 
of sulphate of ammonia. this should ensure 
a complete cover within 2-3 years. 

SAND DANDELION.-Arctotis stoeclwdifolia 
Berg. . · 

(Greek arktos, a bear; ous otos, ear: allud­
ing to the shaggy winged achene). 

This plant has five well ma rked varieties 
and this particular variety is probably var. 
dec n111beus. 

Distr-ibution. 
This is a native of South Africa an d 

apparently all the localities given fo r it are 
in the Cape Region. The genus is limited 
to South Africa with the e...'<ception of one 
species which extends to Abyssinia; many 
species are of value as garden plants, includ­
ing the species dealt with. 



Fig. 3.----1Good growth of Sand Dandelion (Arctotis stoecha-difolia) on pure sand. 

It was introduced into Australia some 
years ago, probably as a garden plant and 
has been tried on the sand drift areas of · 
Western and South Australia, as Well as 
this State, with excellent results. Already 
it is considered to be amongst the best sand 
binders in Western Australia ; although not 
fully investigated under our conditions it 
is proving a very promising species. 

B otan1.ical Description. 

Perennial, softly white-tomentose all 
over; stems prostrate or ascending; leaves 
obovate-cuneate to lanceolate, the lower one 
Jyrate, the upper ones sessile and toothed; 
head large, showy, solitary, terminal ; 
involucra\ bracts in several rows, the outer 
ones with l01ig linear points, the inner ones 
broad and scarious; ray-flowers female and 
fertile; ligules white with' yellow base; disc 
flowers dark, t ubular, bisexual; achene silky 
5-ribbed, 2 lateral ribs winged and incurved 
towa rds the middle one, giving the. appear ­
ance of a 3-cellecl fru it; pappus of 7-8 pink 
oblong scale . 

Cl·ima.tic Require1nents. 

This plant is essentially a summer growing 
variety and .app~ars to favour a. temperate 
to warm m01st climate; however, It has been 
used to advantage in some very dry areas 
in South Africa and should prove useful 
under similar conditions here. I n this State 
it is grovving in . sev~r~l very expo~ed situa­
tion s and is mamtammg an effective cover 
tbrouahout the year. For this reason it 
coull'probably be planted with success all 
along our coast. 

H a.bit of Growth. 

The habit of the plant is such that it 
forms · a compact mass of vegetation over 
the areas it occupies , as indicated in Fig-. 

3. The blowing o_f sand onto it should b:e 
beneficial in· that It vvoulcl further consoli ­
date the sand. This plant is, · however, 
somevvhat susceptible to salt spray a_nd 
should be excluded from the most exposed 

ituations close to the beach, where creep­
ing groundsel has proved most suitable. 
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Most sand biuclers in warm countries suffer 
from exposure of their stems to the sun, or 
the burning effect of the hot sand. This, 
however, makes most of its growth during 
the summer and the rooting stems are well 
protected by the cover of leaves and the 
deposit of humus. 

In \ i\/ estern Australia it has been found 
that the individual plants are not long 
lived and will die back from the base up­
wards. There is every reason to believe 
that this occurs during winter, when the 
movement of drift is greatest. Repopula­
tion of these areas by means of seed takes 
place and cover is once more restored. 

In New South Wales, however , the set­
ting of viable seed is rare, but as it does not 
appear to suffer to the same extent from 
die-back in this State, the stands of this 
·species have not shown, to date, any marked 
degree of deterioration, and with light 
applications of sulphate of ammonia, annu­
ally, a vigorous dense sward of leaves and 
stems is maintained. 

The possibilities of this species as a sand­
binder are impressive for the following 
reasons:­

(I) 	It is apparently a psammophyte 
(sand-loving plant ) suited to poor, 
deep, free sands. 

(2) 	It is ex tremely hardy and will 
withstand dry conditions. 

(3) 	 Its vigorous rooting and stolon­
iferous habit renders it admirable 
for holding loose sand in position, 
and by this means it is capable of 
extensive vegetative growth. 

(4) 	 Its dense growth of leaves affords 
its rooting system adequate protec­
ti on from the sun, and is of 
material valtie in p reventing wind 
erosion. 

( S) 	 It provides a large amount of 
humus which should aid further 
a rowth on deep sands. These 
dead leaves also · assist , together 
with the dead stems, in building up 
a firm surface to the sand. 

Economic Importance. 

This is essentially a psammophyte (sand­
loving plant), and appears to be one worthy 
of encouragement in littoral areas. It is 

not ill<e1y to prove a weed, but at the same 
time e..xperiments are being conducted under 
quarantine conditions to ensure that it does 
not spread to arable soils. The plant is not 
known as a weed in its native country, 
South Africa. 

P.ropa.gati01t. 
T i·me of Plant·i·n.g. 

T o elate propagation by cuttings has been 
somewhat disappointing in trials carried out 
in this State, and although sorne measure of 
success has been achieved by planting at all 
periods of the year most satisfactory results 
have been obtained following autumn plant­
ings, particularly when carried out in 
showery weather. 

U sually establishment is not rapid, g rowth 
being very slow for the first six to twelve 
months, but on the development of two or 
three stolons, the plants become more robust 
and will cover extensive areas in one year. 

P1·epa.mtion of C11ttiugs. 
Due to the excellent development of 

adventitious roots along the young shoots, 
the best planting material is obtained from 
the stolons produced around the ~:mter mar­
ains of the parent plant. Cuttmgs about 
~welve inches long are selected from the.se 
stolons, preferably during eo~!, mo~st 
weather and kept moist tmtil plantmg opel a­
tions are commenced. 
Planting. 

Plantina is carried out in a similar manner 
to that described for creeping groundse~ 
burying the cuttings about 9 inches an 
leaving 3 inches above the sur~ace. _ 

Due to the slow establislunent 111 the ear ly 
stages . some form of protection, eith~r by 
planting marram grass or laying_ ti-t~eel 

. . d cl vitabrush barners IS recommen e 111 cl 
areas but in some less exposed areas go°. 

, b . cl b 1 fna 1t1ISresults can be o tame y p an I o 
species as closely as two feet. 
PIG FACE.- Ca.1'Po b1'otu.s aequilaterus N.E_. 

Er., S~yn . NI ese11~bryantlwmmn a.equ I ­

!atC'ra!e. Haw . 
D istrib utioH. 

A native of A ustralia, pigface is wi~f~ 
spread throughout the country, ?ut usua h~ 
found on loamy or calcareous sods n~ar t 
coast, or on saline soi ls inland. It IS _ p~r~ 
ticularly common along the beaches ot t 1 

North Coast of l'i ew South \ i\Tales. 
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Fig. 4.-Newly established Pigface (Carpobrotus aequilaterus at Port Kembla. 

Botanical Description. nodes, vvhich in turn send out more growth 
A prostrate, succulent, perennial herb until finally a dense mat of succulent leaves 

a~out 6 in. to r foot high, with opposite prevents any further sand drift. If covered 
tnangular smooth leaves_ r-t to 3 inches long, with a small quantity of sand the plant will 
fused and stem-claspmg at the base. survive and grow through it to form a new 
F lowers ~;1sually solitary, terminal or in the ~11at ov~r the previous one; however, deep 
upper _ax1ls large and purplish-red. Petals mundatiOn for an extended period is 
spreadmg to about I ~ inches diameter mJurious and may result in complete 
numerous and lir:ear. -Stamens numerous: destruction. Figs. 4 and 5 illustrate the 
Styles 8-ro. Penanth tube obconical nearly amount of cover achieved in ro months with 
2 ems. long, 2 keeled. Fruit a succulent pigfac~ . a_t Port Kembla. It is essentially 
ca p_sule over ~ incl: long, usually red, edible, a stabJ!Jsmg plant for dune slopes in the lee 
w~11Ch opens 111 shts at the depressed sum­ from onshore winds, but many successful 
mlt. Seeds smooth, reddish-brown . attempts have been made to use it on the 

windward slopes almost to high tide levelClimatic Require ments. and. in some areas it has proved satisfactory. 
.Thi:> plant. ~eems. to urvive under most It has been particularly useful on steep 

chmatic cond1trons m Australia but favours slopes such as road cuttings in stabilised' 
a t emper<l:te to _warm climate with fair rain­ sand_ dune areas. vVire netting may be 
fall. It Is ch1efly a spring and summer requned to prevent "slips" until the plants 
g r owing plant flowering from October to are firmly established. 
J anuary . Economic Importance . 

Habit of Growth. 
Pigface is undoubtedly amongst our best 

The stout prostrate stems of pigface run sand and soil binders in this State and has. 
over the surface of the sand and root at the in the past been used on many small reclama­
nodes. New runners are form ed at these tion jobs, but the cost of planting is a big­
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, Fig. s .-The same area as sllown in Fig. 4 ten months later. 

factor, when considering- major stabilisation 
projects. 

The fruits of the plant are edible and the 
juice of the leaves is said to check dysentry. 

P1·opagation. 
Ti111 c of Planting. 

Following recent investigations at Port 
Kembla and Tuggerah Lakes Entrance, it 
appears that, with some protection, it can 
be planted at any time of the year with 
reasonable chances of success, but being a 
summer grower best results are obtained 
from spring planting, in order that it will 
be firmly established before the following­
winter. 

·At Port Kembla pigface was planted in 
October and November, 1946, and, although 
the sand was dry and windswept, the cut­
tings rooted well and continued growing 
without any apparent setback There was 
evidence of early growth after the November 
rains , and although the sand was not held 
entirely much of the surface had been 
covered by the prostrate stems before thr 
rnc.l of Ma rch, 1947. 

P1·epamtion of Cuttings. 
Rooted cuttings about 6-12 inches in 

length should be selected from any vigorous 
patch of pigface and kept moist and in a 
cool place pending setting out. If stacked 
together for long periods heating will take 
place, thus reducing the vigour of the resul­
tant plant, 

Planting. 
This is best carried out by two men in 

such the same way as with marram grass, 
that is, one man opens a slit in the sand 
(preferably when damp) with a spade, the 
other man carries the cuttings, placing one 
in each hole, each plant being pressed firmly 
into the sand ·with the foot. About 2-3 
inches of the plant should be left above the 
surface. 

Further tests are being carried out to 
determine the best spacing for varying con­
ditions, but on present indications. 2 ft. x 
2 ft. spacing is preferable for rapid cover­
age, while 3-4ft. spacing is sufficient for any 
a rea where speedy stabilisation is not essen­
tial. If planted farther apart scouring may 
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Fig. 6.- A stand of P igface at The Entrance North, Tuggerah _Lakes, planted behveen light 
brush ba rriers fo r protection durin g establishment. 

take place between the plants thus forming 
hummocks, a condition always.. detr:in1ental 
to any stabilisation programme. .. Fig. 6 
shows a stand of pigface at The Entrance 
~orth , Tuggerah Lakes. planted between 
ligh t brush barri ers fo r protection during 
establishment. 

COASTAL OR TWINING GUINEA FLOWER. 
-HibbeTtia 7•olubil-is Andra . 

( ~amed by Ai1drews in 18oo after George 
H ibbert . a L ond on merchant.) 

I) istribution. 
Hibbertia is an almost entirely Australian 

genus of small , erect or scraJJ,1bling shrubs 
which are c~mmon in the coastal region, 
particularly m the eastern States. This 
speci es seems to be confined to .the sand 
dunes of N ew South Wales and Queensland 
coasts and is widespread in this State 
between Kiama a nd the Queensland border, 
where many dense stands occur. 

Botanical Description . 
T his is a perennial, woody trailer ; leaves 

stem-clasping, entire, 2-3 inches long, obo­
vate to lanceolate silky-hairy underneath. 
F lowers very large and nearly sessile; petals 
yellow usually obovate-cuneate, notched and 

slightly undulate on the upper marg_in; 
stamens numerous, anthers oblong opemng 
in 2. parallel slits ; fruit opening along the 
inner suture. seeds ovoid or subglobular., 
usually reddi sh-brown. shining mor·e or less 

· 	 enclosed in th e aril which is often jagged or 
fr.in ged. 

Cli111 at·ic Requirements. 
Being a native of N.S.vV. and Queensland, 

this plant seei11s to favour a temperate to 
sub-tropical climate with a rainfall of more 
than 20 iriches. The climatic limits of 
growth have not yet been determined, how­
ever, and further investigations will be 
carri ed out to ascertain the limits of satisfac­
tory propagatiori . 

Habit of Grow th. 

Coastal guinea flower is a spring anc1 
summer growing perennial, prostrate and 
mat-forming in nature. The long runners 
extend for long distances over the sand, later 
spreading by means of adventitious roots, 
sometimes rather sparse, to . form a dense 
mat of leaves and stems, thus prohibiting 
any furth er migration of the sand surface. 

It is often found in the hind-dune thickets 
as a sub-dominant species, but usually the 
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denser stands occur on the top of the fore­
dun es extending on occasions to the high 
tide limit. Several places are known where 
this species alone has stabilised the wind­
ward face of the dunes and is maintaining 
its hold in spite of severe gales. 

It appears to fl ower spasmodically 
throughout the year and ripe seed can be 
collected at almost any period, but spring 
and summer are the most favourable flower­
ing seasons, the best seed being available 
from F euruary to April. 

E.con o111ic I w po·rtance. 

A s a primary stabili ser of drift sand it 
has many feature:, but it is more frequently 
used as a secondary sand binder after the 
initial sand movement has been checked . 
It is one of the important plants for this 
purpose in this State, but propagation 
methods will have to be improved before 
any large scale planting can be attempted . 

Propagation. 

Some success has been achieved by sow­
ino· seed of this species in the autumn, but 
dt~e to the very slow growth in the early 
establishment period this is not recom­
mended where a quick cover is required. 

Several attempts have been made to obtain 
suitable cuttings for propagation purposes, 

but owing to the sparseness of adventitious 
roots planting by this method often results 
in almost complete failure . 

In view of the availability of more suitable 
plants for primary stabilisation and the diffi­
culty of establishing the species either by 
eed or root cuttings large scale planting is 

not advisable. However, following the 
stabilisation of th e sand surface, the inclu­
sion of this plant in any control plan, 
together with other secondary species \\ill · 
ensure a good permanent cover. 

Having now dealt with the_ major he~bs 
of a low. trailino· nature, whiCh are bemg 
utilised in the b experimental s~abilisation 
programme conducted by the S<~nl C:onser­
vation S ervice it is the intentwn m the 
next article to ' discuss the more important 
shrub and tree species which have shown 
promise in trials to da~e . ~any other 
species have been undergomg tnals, several 
of which are proving invaluable for_ the 
fixation of our coastal sands ; these wlll be 
mentioned in later articles. 
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