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FOREWORD 

BY 

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

T HE conservati on concept co,:ers Sl~ch 
11nportm~t aspects as working With 

natur~; wastmg nothing on the fa rm, neither 
orgamc matter , soil or water ; holding and· 
using as much as possible of the rain that . 
fa ll s on a pi~operty; diversifying the fanning 
and producmg as much as possibl e of one's 
own requirements from the farm. 

In Aust ralia we have not reali sed the fine 
facili ties we have for fi ·h farmina on both 
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coastal and inland farms . \11/e have neglected 
th~ olcl-wo rld art of fishpond fanning. In 
this country good edible fish could be pro 
duced without difficulty on all farms where 
th ere a re clams or ponds. \\ ithout the 
addition of fe rtili sers, dams can produce 
about r so to 200 lbs. of edible fish per acre 
per annum. but with the addition of fer
tilisers up to 400 lbs. of fish per acre is 
readily obtainable. This is a lot of fish. 
and any fa rmi ng fa mily with such a clam 
can keep themselves in fi sh food. not to 
menti on the pleasure o( catching them. 

The Chinese have always had their fish
ponds . . Fish has been an important article 
of diet, adding variety as well as protein to 
the dish of r ice . In Germany, and, in fact, 
over much of E urope, fi ·h farming has been 
cnmm~:m for years. A variety of cold water 
carp rs used. It breeds free ly an d a rO\·VS 
quickly to a good size and is very ;dible, 
beii.lg q_uite di ffere nt from the golden carp 
wh1ch IS often seen in Austra lia. Trout. 
another cold water fis h, is a lso used very 
successfully in E urope. 

Fish farming has made rapid str ides in 
the United States of A merica. A mericans, 
with their resourcefulness and thoroughness, 
have experimented with their fine indigen
ous breeds of fresh water fish to find the 
most suitable for fish fa rming in both their 
cold and warm regions. They have a lso 
found out a g reat deal about pond manage 
ment and the use of fert ilisers. U nder good 
mana~ement and heavy fert ili sing a pond of 

an acre in surface area can carry over r .soo 
fish and provide over 400 lbs. of full -grown 
edible fish per annum. 

The nutrient cycle upon which fish p ro
duction is based is very interest ing . On 
land, as we know. only plant li fe can assimi
late nutrients direct . and the same is true in 
the water. Minute forms of plant life fl oat
ing in the water can absorb the nutrient 
in solution therein. Minute an imal fo rms of 
life in the water then feed upon th e tiny 
plants, next come acquatic insects, etc .. then 
forage fish. which eat these insects and other 
forms of life. the forage fish. in turn, being 
eaten by the food fish. Some of the fo rage 
fi sh, together with the foo d fish. escape this 
fate and grow up to pan size. The applica
tion of fertilisers to the pond supplements 
the amount of plant food contai ned in the 
natural waters. This normally increa e 
the arowth of the minute fl oat ing plant life 
or al gae. So rapid is the g rowth ~f this 
minute plant life that if the pond IS too 
heavily fertili sed it gives the w~t~r a green 
colour. The application of fer t1 1lsers must 
be regulated so as to keep the water slightly 
tinted with plant life but not enough to 
prevent the penetration of sunlight. The 
more plant life the more growth and 
development of the other forms of li fe which 
feed thereon, and. of course. more food fish 
will he produced as the fina l resui t. 

The ferti lisers used are ni trogen in the 
fo rm of sulphate of ammonia or nitrate of 
soda, phosphoric acid as superpl:osphate. 
potash as either sulphate or munate. _and 
calcium in the form of finely oTouncl hme
stone. 

The system favoured in the U nited States 
is to put two breeds of fish in the pond in 
correct proportions. O ne woul d be a fo r
age fi sh. such as their Blue Gill. and the 
other the Large Mouthed Black Bass. The 
Bass feed heavily on all small fish . Thi · 
prevents the overpopulation of the pone\ 
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which would inevitably result if Bl_~1.e Gill 
alone were present. Both the B_lue Gill and 
the Bass can then grow to pa_n size and bot_h 
are good eating. The heav ~er the pond Is 
fished, the more food ava1lable to those . 
wh ich remain ; consequ~ntly tl:e fas t~r and 
bigger they grovv. It IS practically lmp?s 
sible to overfish a well managed pond With 
rod and line. 

The advantages of a . farm fi shp?nd , 
especially in inland A ustra!Ia, a r~ so obviOus 
that thev need no emphas1s. VVe can have 
farm fisl1 poncl s. but _unfo r tun_ately at present 
no exact info rmation app llcable to A us
tralian conditi ons is available and every
thina has yet to be found _ out. Re_search 

"' investiaation to furni sh a guide to alld 
c "' • • d " 'farme rs in this country IS requ1re . ev \ 

have many fine native fish , inciuding the 
famous Murray Cod, but we must know 
more about them. No doubt farmers will 
find out a great deal by trial and error, but 
it would be a great advantage to this country 
if proper investigations were carried out by 
qualified men to determine which fish to 
use, and in what proportions, a lso to test 
the possibilities of some of the best fore ign 
breeds and to determine appropriate techni
ques for fishpond management. 

The provision of accurate information for 
A ustralian conditions and the supply of 
suitable young fi sh to farmers at reasonable 
cost would quickly result in the establish
ment of well stocked fi sh dams for food 
throughout New South \iVales. 

* * * 

NOTES ON THE SNOW LEASE SECTION 

OF l-IUME CA'fCHMENT AREA. 


BY 

R. T. l\IoRLAl\D, B.Sc. (For.) , Soi l ConserYati oni st. 

T 111s art icle fo llows an earlier article in 
\ 'a l. 5, No. r , outlining the investigations 

being carried out in H ume Catchment Area. 
It deal s "·ith Section 3 of the Catchment. 
tSee F ig. r.) 

The areas of Hume Catchment held under 
S now Lease constitute a more or less · com
pact and independent secti on, with features 
of climate . vegetat ion. and soil erosion. quite 
different from the rest of the catchment. 

This :-;110\\" Lease sec tion ( sho\Yn shaded 
0 11 the map, F ig. 1 ) compri ses th e eas tern 
alpine and subalpine part of the catchment. 
th e heaclwater country of the three ri ve rs 
which converge to fo rm the U pper :\lurray 
l~ i ve r-th e Tooma River, s,,·am]Y\' P lain 
h iver. and Incli R in r. 

The key imJ'lortance of the section li es in 
the fact that more than a quarter of the 
water flowing into the H ume Reservoir 
comes from this one t\\·entieth of the catch
ment area. I t is the heart of the Upper 
:\.furra v catchment. A.n area of less than 
300 sq{Iare miles, it contribu tes Soo,ooo acre 
feet of the J .ooo,ooo acre feet average annual 
How into the reservoir. T hi s is half of the 
How from th e Ne,,· South \ Vales part of the 
catchment. 

:\!early a third of the Snow Lease section 
Hm,· comes do,,·n in summer. and is well 
over half of the Cpper ~\Iurray summer 
t1 ow. which averages 42j.OOO acre feet per 
year at Jingelli c from December to !'day. 

. Table I shmYs some imeresting figures of 
the fl ow and \\·ater Yield from the Snow 
Lease parts of the t11ree r iYer catchments. 

T J\DLE I. 

Sh owing importance of the Snow Lease section of Hume Catch m en t Area in ~.S . \<V . as a sou rce of 
water. A m ea n a nnua l liow of about Soo,ooo acre feet is con tributed b y only 283 sq u a re miles. Data 
in fi rs t three colu mns sup[ lied by \\.. C. a nd I .C. now a t Hume v\"eir was obtained by com p iling flows 
a t other s tations. 1t dOL'S no t a gree with the ll o"· at :\! b ury a nd is proba b lY abou t 10 per cen t und er 
estimated . Ot her fi gures es ti mated. 
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Stabilisation of thi s region is therefo re 
of much g reater importance than. its a rea 
may suggest. Firstly. to prevent erosion and 
consequent movement of soil debris down 
to the reservoir. (It must be remembered 
that. because of the very high precipitation. 

ACCESS. 
From the l\Iurray Valley, fair motor roads 

go as far as Possum Point near th e junction 
of T umbarumba Creek and the Tooma 
River , and to \Vaterfall Farm a few miles 

HUME CATCHMENT AREA 
'IVIT ,-! IN N.S.W 

0 

/ 

Fig. 

soi l movement from unstable a reas is ve ry . 
rap id.) Secondly. to _preserve th e highest 
possible ":"~te r abso rptiOn and water retam
ing capacit ies . _'F_he :nore water from wmter 
and spring precipitatiO n that_can be abso rbed 
and retained fo r release du~mg_ tl:e summer. 
t he mo-re will be ava ilable tor Irngatwn. 

r. 

upri ve r south of Khancoban . From the 
~fonaro side, a ~ood_ road goes right to the 
summ1t of l\lt . K oscll\sko . There is a very 
rough motor lorry track from A daminabv 
to th e Grey l\'Iare Goidmine nea r the hea~lff the Bogong Creek. In addition during 
as t summer rough roads were con'structerl 

for the Snowy. Mountains Hydro-electric 
Authority, one from Possum Point due east 
1o meet the Tooma River at about 4 ,000 feet , 
<U1d one from Khancoban to Geehi . 

Apart from these, all access is by horse. 
Bridle tracks cover most of the area. How
ever, there are large areas off the tracks 
which are accessible only on foot. Trans
port is by packhorse, although bullock teams 
are used occasionally on the easier routes. 

There are some eleven stockmen's huts 
scattered at intervals through the area, used 
when the stock are brought up in early 
summer, and at mustering time in autumn, 
also occasionally during the summer. 

As regards popul;;ttion, there would not 
be half a dozen stockmen spend the whole 
sLUnmer in the mountains, and these a re 
mainly occupied in shepherding sheep. A 
number of hikers and horse parties pass 
through in summer. Skiing parties may 
spend a week or two in winter. 

PHYSIOGRAPHY. 

The central pivot of ~he region is Jagun
gal, about 25 miles north of Mt. Kosciusko, 
an old volcano core rising to 6,755 feet . 
This mountain is the source of three major 
rivers. To the north flows the Tumut river, 
to the west the Tooma River, and to the 
south the Swampy Plain River. 

Surrounding the mountain is the Murray 
Plateau at about 5 ,500 feet, somewhat dis
sected by streams but with the main ridges 
on approximately the same general level. 

The S wampy Plain River heads in the 
large, treeless, undulating to hilly, part of 
the plateau south of Jagungal. From about 
5,200 feet it falls into a steep sided, rugged 
gorge, from which it emerges at Geehi at 
1,400 feet. 

The Bogong Creek flows down a rugged 
gorge between two high ridges. Scammel's 
Ridge on the west is the boundary of the 
Snow Lease country. 

The Grey Mare range, between the creek 
and the Swampy Plain 1 River, is a broad, 
uniform ridge over 5 ,000 feet, which main
tains its elevation well down towards Geehi. 

The Tooma River flows through a hilly 
valley about I ,ooo feet below the general 
level of the plateau. The gradient is gradual 
until its falls steeply from 4 ,000 feet to 2 ,000 
feet at the foot of Black Jack. On the east 
the Divide is fairly uniform at about 5 ,200 
feet . On the west is a series of mountain 
peaks, 5 ,000 to 5,500 feet, marking the 
boundary of the snow country. 

At the southern end of the Murray 
Plateau rises the Kosciusko l\las£if, a 
boulder strewn, massive structure about ten 
miles long by three miles wide, 1,000 to 
2 ,000 feet above the plateau level. Mount 
Kosciusko itself is one of the four main 
peaks and several minor peaks , all over 
7,000 feet, of the Massif. To the west and 
at the northern and southern ends are very 
steep to precipitous falls . 

South of Mt. Kosciusko, the Indi River 
flows through steep, rugged mountains, but 
does not itself rise into the higher country 
over 4,000 feet. However, large tributaries 
flow down from the steep upper slopes of 
the Dividing Range. This southern exten
sion of the Snow Lease section is more 
broken and irregular than the main a.rea in 
the north . It is merely the upper western 
slopes of the Divide. 

To summarise, much of the section, 
especially the headwater areas of the Tooma 
and Swampy Plain rivers, is hilly and undu
lating. On the outer parts, where the rivers 
are falling down from the plateau to the 
lower level of the Murray Valley, are ex ten
sive steep slopes and rugged gorges. 

Practically all the true Snow Lease sec
tion is over 4 ,000 feet, the main grazing 
areas being between 4,500 and 6 ,000 feet . 

The approximate area is 20 0,000 acres. 

GEOLOGY. 
The section is predominantly granite. 

Several forms, of different composition al'l.d 
texture, are apparent, and there is a large 
area of very acid gneissic granite. At higher 
elevations are numerous large boulder and 
rock outcrops, and the surface is littered w ith 
smaller fragments and boulders . Amount of 
surface rock decreases with decreasing 
altitude. 
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Fig. 2.-E. giganlea association (alp ine ash), showing also the scattered undergrowth and good 
grass t hat occurs at the higher a ltitudes. 

Fig. 3 -· E. giganlea G>ssociatio n (a lpin~ ash). sufferi ng se\·ere fire damage in the Swampy J·•]ain 
River gorge. 
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Several belts of metamorphic rock occur
rather mixed complexes of siliceous slate, 
slate quartzite and in the extreme south 
som; limestone' or marble. 

Basa lt occurrences are the old volcanic 
p lug of Jagungal , and several flat basalt cap
pings on mountains to the north. (T~ese 
basalt caps are a feature of the regwn, 
extend ing as far as Kiandra, Batlow, Tum
barumba and Tooma. ) It is an interesting 
point that beneath the basalt are often found 
old river gravels, and sand and lignite 
deposits, indicating that the lava flowed 
clown the bottom of river valleys. Pro
tected by the hard basalt, these levels, once 
the lowest of the topography, are now the 
hig hes t, and are one to two thousand feet 
above the present river levels. 

A lluvia l gold workings can be seen at 
Toolong Diggings, worked about r865 to 
1875, and at the Tin Mines, abandoned in 
1940. Reef gold is being mined by the 
recently established Grey Mare Goldmine 
Company. (The alluvial workings, now 
abandoned, do not cons-titute any erosion 
ri sk. The reef min e is relatively small at 
present, but debris di sposa l may need watch
ing in the future .) 

The influence of parent material on soil 
type is small , not nearly so great as at 
lower elevations. However, the parent 
material does determin e subsoil type. 

CLIMATE. 
U nfo rtunately, th ere a re no reco rding 

stations within thi s sect ion of H ume Catch
ment. 

T he nearest stat ions a re K iandra 4,569 
fe et, Kosciusko I-:fote l 5,or8 feet, and Kosci
u ko Chalet s.Soo fee t. These probably 
g- ive a fa irly good i1npression of the S now 
Lease section climate. but whereas the 
M urray side gets pract ically a ll its weather 
from th e west. these stati ons are on the 
l\'Ionaro side of the Divide and get much 
of their weather from t he east, while being 
sheltered from the west by the Divide. 

Temperature conditions are probably very 
similar to those at Kosciusko and Kiandra. 
P recipitation , however , may be expected to 
be somewhat higher. 
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.IG dra IKosci usko I. Kosciusko
~::feet Hotel, Ch ale t, 4 ' · j,OI8 fee t . ;;,Boo fee t. 

Annua l l\!ean Maximum 
T em pera ture 

Annual Mean Minimum 
54 "7 52 "5 47'~ 

Temperature 
Mean Maximum Temperature 

H o ttes t ~fonth ... 
~rean Minimum T emperature 

Coldcst Month 

33 ' 8 

6g·3 

23'4 

34'1 

65·9 

24'9 

30·r 

6o·g 

IB·ti 
1\f cao Annual Precipitation 6z·rS 48'73 79·88 

· Precipitation is about 6o inches per year , 
probably higher on the Kosciusko Massif 
and on the plateau areas south and west of 
Jagungal, and considerably lower south of 
Mt. Kosciusko . As in the rest of the catch
ment, almost exactly 6o per cent. of the pre
cipitation falls during ,,·inter and spring
( J tme to N ovember ) . 

A large part of the win.ter prec1p1tation 
fa lls as snow, the proportion increasing with 
altitude. There are usually one or two light 
fails in :March and April, with the heavier 
fa lls commencing in May and continuing 
into October. At H otel Kosciusko snow is 
recorded 30 to 40 clays a yea r , and rai n on 
about roo clays. 

A good deal of the rain fa ll s as light, 
misty drizzle. 

Temperature in summer is generally 
p leasantly cool during the clay, with light 
frosts common at night. 

The winter is co ld, snow fa lls lying each 
year from several weeks at -J.,Ooo feet, to 
six month s at over 6,ooo feet . Small drifts 
may remain all summer on s·outhern aspects 
of the Kosc iusko 1\-Iassif. Generally the 
hig her the a ltitude . the colder are the tem
peratures . . 

T he p r·evaiJ ing "·ind is from the west. 
St rong wind is common at the higher 
exposed alti tudes , especially the ,,-e tern 
upper slopes of the Kosciusko Massif, which 
a re subj ected to g!lle force wind fo r clays on 
end. 

LAND UTILISATION. 
The whole area is Crown land, and lies 

within the Kosciusko State Park, which was 
resenecl by Act of Parliament in 1944. The 
Park is administered by a trust of ten 
members, empovvered to regulate al l activitv 
in the area. 



Fig. 4.-£. gigantea association (alpine ash). A close view of the ~evcre fire damage. 
crop trees killed, dense sapling regrowth. 

For summer grazmg, the 200,000 acres 
is divided into forty Snow Lease bloclcs, 
varymg in area from 1,800 acres to 10,000 
acres. 

The grazing available totals 46,000 acres 
of treeless grassland, and 27 ,ooo acres of 
semi-cleared snow gum woodland, together 
with very large areas of forest, of fair to 
negligible grazing value. 

Sheep are grazed on the more open, 
mostly treeless, blocks, where because of 
the danger of dingos, they are more or less 
shepherded. The rougher, timbered and 
semi-cleared blocks are grazed by cattle, 
mostly Herefords and Aberdeen Angus. All 
stock do remarkably well on the leases. 

Grazing was first commenced in this 
region in the 186o's, after the gold dis
coveries at Kiandra. ·while practically no 
timber has been cleared by ringbarking, 
large areas have been greafly thinned out 
by burning. Very little has been completely 
cleared by fire . 

The Snow Leases have been used in two 
ways. Firstly, by nearby landholders of 
the Upper Murray and Monaro for regular 
summer grazing in conjunction with winter 
grazing on their freehold at lower elevations. 
Secondly for drought relief grazing by land
holders usually from more remote districts. 

The present regulations provide for strict 
control over the management of the leases . 
Blocks have been leased for seven year 
periods and are applied for by tender, a fixed 
upset annual rental being set. A maximum 
stocking rate is fixed for either sheep or 
cattle for each lease. No agistment 1s 
allowed. 

Cultivation is permitted only for fodder 

crops or pasture improvement. Actually 

in practice there has been neither cropping 

nor pasture improvement to date. 


The grazing season allowed is from _I st 
December to 31st May each year. Owmg 
to the risk of snow, sheep are taken off in 
March, but cattle are not mustered until 
May, except on the higher !ease5 where they 
are taken out in April. 

No timber may be ringbarked or burned. 

II 

Pasture burning has been allowed only 
before I st December and after I 5th :\fa rch. 

ot much regular burning is now carried 
out. 

Preference of tenure for the following 
period is given to the previous lessee, pro
vided the regulations have been adhered to . 

These regulations are fairly \Vel! policed 
by several park rangers. Most mobs of 
stock are counted as they come into the 
mountains. 

The maximum stocking permitted on all 
leases for the last period totalled 45,000 
sheep and 7,000 cattle per year, a total 
equivalent to 85 ,000 sheep (assessing one 
beast equivalent to six sheep ). There are 
no rabbits. 

Although there are fine stands of e..xcellent 
timber ( alpine ash ) not destroyed by fire, 
the forests have never been logged and no 
sawn timber is being produced at present. 
Access is difficult. almost impossible in 
many places, and furthermore, the area is 
remote from transport and markets. 

One mine, the Grey li:Iare Goldmine, 
employs half a dozen men. It has only been 
operating for three years. 

In the sphere of recreation a limited num
ber of hikers and a few fishermen visit the 
area in summer, while skiing parties may 
go to the head of the Swampy Plain River 
in winter. 

VEGETATION AND EROSION. 

On the treeless grassland areas, it is con
sidered that the condition of the pasture, as 
evidenced by the degree of erosion, is due 
to previous stocking intensity, in so much 
as, either sto::k have initiated erosion by 
grazing and trampling, or where erosion 
had already been initiated by burning or 
casemoth damage, the stock have prevented 
or delayed recovery. Therefore, excepting 
recent fire or casemoth damage, deteriorated 
condition of pasture, and the accompany
ing sheet erosion, can be attributed to stock. Dalrvmpleana-E. pau~ifloru associati<m (m t . 

- m oderately fire d · oun ·ala gum
aFFJaged and semi-cleared. 

I 
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F ig . 6 .- E . Dalrymp lcana- E. pancijlom assoc ia tion (mo u n tai n gum and snow g um ). · Mod era t e 
sheet erosion o f t he forest floo r due to rep ea ted burnin g o f t he s now g ra ss . 

O n forested and semi-cleared woodland E rosion of the fo rest a1·eas directly caused 
a reas, any soi l erosion is the direct result by grazing is neglig ible. 
of fires. Destruction of undergrowth, g rass A summary. by a rea. of the composition 
cover, litter , and soil organic content, ren and condition of the Yegetation is given in 
ders the soil vulnerable to water erosion . Table II. 

S um111a ry of 
T ABLE IT. 

ihe Compos itioll and Condition of l lz t' V <Jgeiatio11 of the 
Catchm ent Area . 

•.J. pp1·oximate total areas . 
(Data from d eta iled fi eld examination of each leas € .) 

noc..:· L ea ses m Hu m e 

Association 	 Sheet E ros io n I·orm ation. 	 .-\ rea . Area. (and altitude ra nge) . 	 (grassland). 

I 	 \ Acres. I
A lp ine Grasslan d .. . Poa caesp ito.<Jo , Celmi s ia long ifol ia . I 1 ,ooo

1 

6,ooo-7,300 fee t . 

Alpine, Woody Shru b (or Hig h 1 Prosta11thera cttneata , Orites lanci· oo ,ooo 
Moor). f olia, P hebalium ovatifolitlm ,I 

e tc. 
1 ' ,ooo-6,ooo feet . 


Mostly now replaced b r Poa •j Boss ineafoliosa, E pacri., )Jclrophi/a . 
 Ij ,ooo 
grassland. 4 ,ooo-s ,ooo fee t. j 

------------~----------

62 ,000Al pine Sclerophyll F ores t Eucalyptus paucifiora 
4,5oo-6,ooo feet. 

E . 	p aucifiora , E . DaJrympk:aM' q ,oeo 
3,5oo-,,ooo fee t.

1 

W e t Scleroph yll F ores t . . , E. giga11lea .. . . .. . )- 64,ooco

J~Oo-5 ,0~=-------1-----
T o TAL . . . . .. .. . . . . .. . .. . x86,ooo 

Sclerophyll Forest should no t be l E . radiata compw.c .. . 21,000 
considered as "Snow Lease.") 

! 
207,000 

0 
0 

· 6 

rz 

I 

I 
'Lig ht and no shcetiug 

Modera te shee ti ng .. 

Light and no s hee ting 
r.fodera tc shce ti ng ... 

.. . 

Acres. 
7 ,000 
4.000 

g,ooo 
I J ,•oo 

Ligh t and no s hee t iug 
Modera te shee ting 

:·:1 
... 

IO ,OOO 
3,000 

Fire D amage 

I 
Acres . 

(fores t). 

Light a nd no d am age .. . .. .1 J ,OOO 
Mod era te and severe dam age 

33 
2 4 ,000 

(semi-clea red ). 
Severe damage (dense coppice 32,odo 

rcgrowt h). 
Extreme d amage (clea red ) 3 ,000 
Light and no d am age .. _ .. . 9,0008 
l.Ivdcra te and ievere dam age .... 5,000 

~- Light a nd no dam age .. . 2J , OOO 
~fodera te damage ... ... 8,ooo 
Severe damage .. . ... 3 2 ,000 
Ex t reme d amage (cleared) ... 1,000 

1 00 

Light and no d a m age.. . . .. \ 16,ooo 

Modera te and severe damage .. . 5 ,000 


WET SCLEROPHYLL FOREST. 
Eucalyptus giganlea association ( alpine ash ) . 

The greater part of the alpine ash in the 
catchment is included in this Snow L ease 
section, where there is a total area of roo 
square miles-one-third of the section . 
There would be another IS square miles 
adj acent to the Snow Leases. 

.The forest occurs in pure stands at the 
lower altitudes, mainly in wide belts between 
3,500 and 4,500 feet, but descending to 
below J ,OOO feet , and coming up to 5,000 
feet on sheltered south and east aspects . 
Generally on steeper slopes, the main occur
rences are at th e northern end of the Tooma 
Ri ver catchment . on · the slopes of the 

Bogong Creek and Swampy P lain River 
gorges, and on the lower slopes south-\\"est 
of Kosciusko. Topography makes acces:; 
into this forest type most a rduous. 

P recipitation is probaply 50 to 6o inches 
per year, much of it snow. Temperature in 
general is warm to cool in summer. and 
cold in winter. S now falls may li e several 
weeks in winter. 

The tree prefers to avoid the d rier north 
west aspect and ridges. 

Soil on granite formation is brown, or 
reel brown, loam o~e to two fee t deep . with 
ye l l ov~r brown, or light yell_o\\' , sanely loam 
subsoil . . also one. to t wo teet deep . The 
underlyll1g C hon zon of decomposed granite 
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Fig. 7.-E. p auciflMa associ ation (snow gu_m ). F orest m od erately fi re damaged a nd reduced t o 
~a ,·an nah wuod land . l here lS sca t t ered regenerat ion. 

I Z 



Fig. 8.-E. pauciftora association (snow gum) . Forest severely fire damaged. All old crop trees 
killed, dense coppice regrowth. 

1i pauc1jlora association (snow gum) F 	 .
hg 9 -· . · , owth. A previo111 s coppice t orest severely fire damd.geJ. ::. .• ows Lue uense 

cc !:.'tllce r egr e>ld trees .hag ~ud has been fire killed . The original c-rop of 
Ppeared completely. 
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may be of many feet. The metamorphic 
rocb give a much shallower soil, with clay 
loam to light clay subsoil, and very shallow 
C horizon. 

The stands occur pure, except on marginal 
sites where other species may come in a 
little. Trees are tall, with a long, clean. 
straight trunk, and ·yield excellent timber. 
Quality of the stand decreases with increas
ing al'titude, the trees at higher altitudes 
being less than roo feet high, low branched , 
small in diameter, and frequently crooked . 
Height of the stand varies from I so feet to 
90 feet depending on quality. Diameter 
of mature trees varies from 3S to 6o inches 
in good quality stands, to 20 to 3S inches 
in poor. 

The undergrowth varies somewhat. At 
lower and medium altitudes, it is dense, 3 
to 6 feet high, largely of mesophytic species . 
Snow grass cover is weak to fair, and litter 
is two to three inches thick. At higher 
altitudes, however, it is more open and park
like, and of more xerophytic species. There 
is good snow grass cover and light litter. 

It should be noted therefore, that the 
forest at lower and medium altitudes can 
well be termed "wet" sclerophyJJ, but that 
at higher altitudes it is not true "wet" 
sclerophyll. 

There is quite fair grazing in the acces
sible forest, especially on the hilly areas at 
higher altitude, where the snow grass grows 
strongly. Cattle do not penetrate far into 
the steep gorges, or into the severely fire 
damaged parts, which are practically in 
accessible to man or beast, and carry very 
little grass anyway. 

Fire Damage.-Thc forests have been 
subjected to intense fires, and damage has 
been very severe over half the total area . 

This forest type in most summers is rather 
wet and does not burn readily. However, 
periodically a very dry season renders the 
undergrowth very inflammable, with the 
result that fierce fires sweep through. The 
great intensity of the fires is due to the steep 
slopes, the high density of the undergrowth, 
and the heavy litter and debris. 

A lpine ash is a ve ry fire sensiti ve species, 
easily killed. It _cloes not coppice, and ra rely 

recovers by epicormic growth, as do most 
other Eucalypts . There are several degrees 
of fire damage : 

( 1) Extreme: all old crop trees killed, 
and no regeneration. That is , the 
timber cover is completely wiped 
out. As yet there is only a small 
total area of this type-several 
areas of 50 to 100 acres-but it 
indicates the future condition to 
which the forest could be reduced. 

Extreme damage is most evi
dent at the higher elevations, 
where conditions for seedling re
generation are most exacting. 

(ii) 	Severe: about 8o to 90 per cent. 
of the old crop trees killed. the 
remainder badly damaged. About 
half the alpine ash a rea is in this 
condition, a mass of whi te shafts. 

Uusually a dense regrowth of 
tree saplings, wattle. and hopbush, 
rapidly comes up and restocks the 
burned areas. Therefore, the 
ground surface is actually vulner
able for only a short period follow
ing fires. 

However, alpine ash does not 
bear seed until about t wenty years 
old, and therefore another severe 
fire, before the trees have reached 
seed-producing age, kills the young 
stand, and leaves the area without 
seed for regeneration . 

It is clear that these forests can
not stand more big fires without 
much of them being reduced to 
treeless areas. 

(iii) 	Moderate: about 30 to so per 
cent. of the mature trees killed. 
This type usually occurs on hilly 
or undulating areas, where fires 
are not so intense as on the steep 
slopes. Scattered seedling re
generation slowly restocks the 
damaged areas. (Damage by stock 
to regeneration would be very 
slight.) 

The remaining mature trees are 
commonly butt scarred and vulner
able to termites. They are gradually 
weakened and die. 

IS 




Fig . r o.-Higb Moor (llossiaea Jofiosa association) on lower slopes at 4.500 feet. Snow gum 
fores t on upper slopes. 

Fig . 12.-.'\lpine grassland a t 6, 500 fee t , with a patch of woody shru bs on the warmer a spect. 

J· tg. 13.-Hrgll Moor (Pro sla11th era ctm eala association) . Shrubs r eplaced by snow grass . A few 
shn1bs in foreground at about 5,500 feet. 

IJ 
P aced by snow grass. 

I6 

. \Moor (Bossiaea fo lio:.a association) at · . 

upper lopes. Shrubs completely r:·T0 0 feet . Snow gum and alpine ash on 



Fires bring up a thick crop 
of undergrowth, with consequent 
suppression of grass and poorer 
grazing. 

Erosion.-Soil erosion on unburned 
forest country is negligible, the ground sur
face beina protected by undergrowth and 
arass and also by the heavy litter. 
"' 1 

\\,' hile damaae to the forests is certainly 
spectacular , th~ actual soil erosion caused 
by fire in timbered areas IS somewhat 
indefinite. 

A seve re fire makes a clean sweep of 
young trees , shrubs, gras~ and litter: Heav_y 
sheetina of the loam soli occurs nnmedJ
ately afte r burning. But the thick under
growth and saplings which .rapidly estab
li sh, provide a good protect ive sml cover, 
so that the surface is vulnerable for only a 
shor t period, and subsequent sheeting is 
very ligh t. 

However, repeated burning, destroying_ 
litter and undergrowth, will lead to frequent 
heavy sheeting, and thus to soil degenera
tion. Fortunately, the moist conditions of 
the ash forest areas favour development of 
strong ui1dergrowth. Nevertheless the 
undergrowth which can be supported by the 
degenerated soil becomes progressively 
poorer and less efficient in holdipg the soil. 

The main danger seems to be the small 
landslides- debris slides- occasionally 
noticeable on the completely fire cleared 
areas. Without tree roots, the grass and 
shrubs cannot hold the deep, loamy soil on 
these slopes. Mass movement of saturated 
soil after heavy rain becomes inevitable. 

W atercourses.-Although often @n steep 
gradients, the watercourses are well pro
tected by vegetation and are stable. 

ALPINE SCLEROPHYLL FOREST. 

There are two associations constituting 
the alpine sclerophyll fore st 

(i) 	E. Dalrympleana-E. pauciflora 
associa-tion ( mountain gum-snow 
gum) ; and 

( i i ) 	 E. pa uciflora associatio 1q. (snow 
gum). 

E. Dalrympleana-E. pauciflora assocation 
(mountain gum--snow gum). 

Is a small fores t association, 20 square 

miles in all, which occurs on the drier ridges 

and north and west aspects. within the 

alpine ash range of altitude. Its main range 

is from J,soo to -t..soo feet, hut it sometimes 

extends to 5,000 feet. \Vhere high moo1· 

occurs along the lower slopes of valleys, it 

often forms a narrow belt between the moor 

and a higher alpine ash belt . It i1ever occurs 

higher than the ash, except on the drier, 

expo sed sites. 	 · 

In th e extreme south, at about -1-,ooo feet, 

is an ex tensive area north of the Pilot . 

.-\part from this, occurrences are faidy 

small. 

C limate is similar to the alpine ash 

climate, qut because of the exposure of the 

~spects to. the hottes t sun, day temperature 

1s much h1gher, and soil moisture conditions 

much poorer. 

Soil is similar to the alpiue ash soil types, 

but shallower and generally with numerous 

rock fragments. 


Composition of the forest varies from 

almost pure mountain gum to almost pure
s:ww gym. The poorer the site, or higher

~le altitude, the poorer the quality of thft 

torest, and the greater the proportion of 

snow gun~ . Depending on the quality of the 

forest, ~1e1ght varies from 6o to 90 · feet fm

mountam gum, and 40 to 6o feet for snow 

fum, the snow gum being generally 20 feet 

~:ver that: the associated mountain gum. 


tameter IS 25 to so inches for mountain 
gum and 10 t - · ' o 2;, mches for snow gum_


Undergr0 tl · 

. '." 1 IS low and fairly light. It
1s xerophytJc S . d' 
ground · dnow . g1vesgrass goocove . .
the surfa br , an htter effectively covers; 

ce etween tussocks. 

The forest gi f . d . 
ves 	 atr to goo grazmg. .., 
F£re 	Damage T! . . . 

less fire s ...- 1e mountam gum rs tat-

gum l e~slttve t.han alpine ash or snow 

condi~~~. tS e assoctation is generally in fait-


mall areas show severe damagehw ere most of th 	 1 ,
Hlled D e 111ature trees have )een
s~ock~d the~~~e seed!ing regrowth has re-

Repeated Jig! t fi1graclua!l 1res on some pa rts have 

the oil y Weakened and killed about half 


( crop trees, and especially damaged 
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Fig. 14.-Alpine grassland . Wind erosion on the Divide at 7,000 feet. 
" C " horizon. 

Fig. rs.-AJpine grassland. A "S<.;UUr. .. 



the snow gum. Practically ~11 snow gum Soil is gene ra ~ly of grani~i c origin and 
trees are butt scarred, successrve frres burll: very deep ; th ere are severa l mches of dark 
in o- deeper and deeper into the butt, until brown to black humus loam O\·er a brown 
ev~ntually the trunk collapses: Sc3:ttered loam. with light yell ow or yell ow brown 
patches of seedling regen~ratlon wrll re sandy loam subsoil. 
stock these areas, tmless killed by further The association occurs as a pure stand.
fi res . Trees are only 20 to 40 feet high, IO feet 

high on the must exposed sites, and 10 toE 1·osion.-Light fires which destroy the 
JS inches in diamete r. T hey a.rc commonly litter and burn back the snow g rass tussocks 
low branched, crooked, and tw1 stecl. Underto short stubble, have resulted in light_sheet
growth is very light , consi sti.ng of ~c(l ttere.ding. moderate on steeper s l ope~, 111 the 
shrubs, one to fo ur fee t l11gh. fh ere IS moderate fire damaged a_reas ._ 1 he grass 
excellent snow g rass cover . soon recove rs. ancl sheetmg 1s controlled. 


but repeated burning every couple o~ years The association provides good g raz ing. 

is keeping some areas 111 a contmually 


Fire Damage.-Snow gum is ve ry Ji re un stable condition . 
sensiti ve, and practically all the snow gum 
areas show either severe or moderateE. pauciflora association _( snow gu~11). Is a damage.

low fo rest type and occup1~s ~:me ~hrrd o.f th.e 
Snow Lease section area; It IS wr<;l~ly distn ( i) l.VIoderate: Semi-clea red . About one 

buted on the upper slopes and ndges be third of the total area. I n the past this 

twee11 4,500 and 6,ooo feet: type has been subjected to frequent light 


fires to burn off grass and suppress scrub,

Included in the association is the dwarf as well as to the occasional severe fires . snow aum, E . n·iphophila, SJ'1l. E . paucifiora This has resulted in killing of more than 

1·ar. alpina. ·which is better considered as half the old cmp trees, and reduction of themerely the dwarf, small-leaved form of E. 
stand to a savannah woodland. Practicallypaucifiora, over 5,000 feet. As altitude 
all the remaining trees are butt scarred andincreases, the snow gum becomes more 
gradually dying out. There is scatteredstunted and the leaves smaller. 
seedling regeneration, several feet high, 
sufficient to restock the stands, and in theThe association as a whole is classed as 
absence of fires this moderately damaged"forest ." However, over the higher part 
sno\v gum type will gradually revert to theof its range it is not true forest, but 
original forest condition. Growth is veryapproaches the "woodland" forma~ion .of 


wider spaced, low branched trees, With dis slow and many seedlings are killed by 

periodic light fires. continuous canopy. 

( ii) S eve,-e : Coppice. On steeper slopes, The usual distribution is for high moor to 
where fires are more severe, there are veryoccupy the colder lower slopes of the valleys, extensive areas over which all old crop treesand snow gum the upper. slopes and ridges, 
have replaced bywith perhaps a belt of alpme ash between the been killed and a dense 
regrowth of coppice. The coppice comes uptwo. As altitude increases the proportion 
abundantly at grr)llnd level from the buttsof snow gum forest to high moor decreases , 
of the fire killed trees. The regrowth isuntil over s.soo feet the snow gum is limited C:ommonly almost impenetrable.to ragged patches amongst the boulder <!~Ut


crops on the ridges. The upper limit is over This type of damage has occurred over 

6 000 feet. The timber line on the exposed half the snow gum area. 

~estern slope~ is somewhat lower. 
 · Occasionally there are patches where old 

trees have been killed completely, but withPrecipitation is probably over 6o inches 
no subsequent coppice growth, and the area a large part of it .snow! which may lie up t~ has regenerated densely by seed. several months m wmter. Temperatures 

are cool in summer, and cold to very cold in At the higher altitudes, the coppice 
winter. growth is more scattered and open, due j. 

probably to the rigorous winter conditions . 

Fig. r6.  Alpine grassland . 

Fig. 17.  Snow grass (Poa caespitosa) . 

20 zr 
*61::!1!)-3 

http:consisti.ng


Further severe fire in these areas of dense 
coppice can be expected to leave large areas 
bare of tree cover. 

( iii) Extre·me: Cleared. On a limited 
area, the fire damage mentioned above has 
gone a step further and the stand reduced 
to grassland with only very occasional old 
crop trees. 

Erosion.-Light sheeting, sometimes 
moderate, may occur on the semi-cleared 
woodland areas, when the grass and litter is 
burned. Otherwise sheeting is negligible. 

On the coppiced areas sheeting is very 
Yariable, light to severe, over small dis
tances. Little grass, if any, establishes, so 
that where soil structure has been broken 
down by burning of the high organic content 
there are numerous small unstabilised 
111asses of moving soil. This is evident 
especially O? the _nort!l and west aspects 
where the hght sot! dnes out rapidly. On 
the east and south aspects soil moisture 
remains higher and the soil is more stable. 

_.-\_fter a time (sever~ ! year<;) these areas 
become covered by h~ter and a certain 
amount of g rass establishes, and they are 
stabi lised. Nevertheless .. the balance remains 
-very fine, and always Imble to be upset bY 
a hght fire. · · 

There is a _strong probability that more 

severe fires wt ll leave much of the coppice 

rearowth areas completely bare of timb . 

The coppice is only small and will take et·
man,
years to arow to mature condition I tl · 
. o f · · n 1e 
meanti1:ne, because o tts density and small 
size, it ts vulnerable to fire. 

The steepness of these exposed si _ 
1
· t · ·1 1 t. · I so ·t! to be h ope~ 11makes tmposst ) e 01 t 1e 

effectively by sno\.v· grass tussock- 1 e c 

Particular! y if the grass is to be~ ba one. 
urnec1every few years. 

5 a·wfl y Damage .-}Iention mio·ht be 
made of a few area , aggregat ina tSse 11 o vera 
hundred acr~lsl , dwb1ere Stfl10WI gum has been 
completely kt e y saw y arvae. Altitude 
is about s,Soo feet and topography hillv 
rather than steep. The larvae strip ii 
fo liage from matu~·e trees. and late r atta~I-

(1 !-ill any copptce shoots which a ~ an ~ · PPear 
Strong snow grass . cover 11as establishceci 
o·ood surface protectiOn. 
b 
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ALPINE WOODY SHRUB FORMATION (OR 
HIGH MOOR). 

This formation was probably the climax 
vegetation type covering large areas at high 
altitudes. The shrub species are very fire 
sensitive and by systematic burning, prac
tically all the type has been converted to 
snow grass pasture ( Poa caespitosa) , only 
scattered individuals and patches of shrubs 
remaining. 

Exactly how much of these areas was 
originally shrub, and how much was grass is 
not clear, but it is considered that the 
greater part was dominated by a close for
mation of shrubs, and that open snow grass 
was limited to the coldest. and low lying 
parts . .. 

\ · ery few of the shrub spectes are at all 
palatable to stock. 

The main weight of the Snow Lease araz
ing falls on this formation , together with the 
higher alpine grassland formation. and the 
semi-cleared snow gum woodland. 

Bossiaea foliosa-Epacris petrophila-etc. 
association. · 

Occupies the undulating and hilly bottom
lands and lower slopes of the valleys, be
tween 4 ,000 and 5 ,000 feet. It increases 
from only a narrow strip along the creeks 
at -+,ooo feet , to extensive open plain between 
4.500 and 5.000 feet. Above the shrub 
association. on the upper slopes and ridges, 
is snow gum forest or woodland. There 
may often be a belt of alpine ash between 
the two. 

The factor determining the occurrence of 
the shrub type seems to be temperature. 
Snow drifts are deepest and remain longest 
on these lower slopes and bottomlands, and 
it seems probable that the shrub association 
occupies the areas which are too cold for 
the survival of snow gum. 

Total area is_ somewhere about IJ ,OOO 

acres. but is difficult to assess because the 
association is very broken and widely dis
persed. Most of the type is in the Tooma 
River valley, with smaller areas south of 
Kosciusko. 

P recipitation is over 6o inches per year. 
Temperatures are cool in summer, with fre
quent frosts, and cold to very cold in 
winter when sno\\' falls lie one to several 
months. Climate is probably 'ery similar 
to that at Kiandra. 

The soil is characterised by a surface 
horizon of one foot or more of br0\n1 humus 
loam. This humus soil develops on all 
rock formation s ancl seems independent of 
parent material type. U nderlying it is 
usually a deep, light brown or yellow brO\Yn 
clay loam, with numerous small rock 
fragments. There a re occasional surface 
boulders. 

The hrub association has several domin
.ant and subdominant species, distribution 
o f which depends on local soil and micro
climate conditions, and also .to some extent 
on previous burning and grazing practice. 
Composi tion of the association is therefore 
ve ry variable. and furthermore, Yaries from 
one locality to another. 

The shrubs develop a closed formation 
from two to hve feet high. The species 
are generally erect and not particularly com
pact in habit. Stems are woody, but fairl y 
slender, except for a thick main stem. 

Small .alluvial flat s and the bog type 
minor watercourses are occupied by various 
minor shrub and hyclrophyte communities. 
.-\!though these are quite an appreciable pro
portion of the area, they are considered 
essentially part of the main association. 

Effect of Fire.-The shrub species a re 
rather inflammable of themselves and are 
also very ii.re sensitive. Over the greater 
part they have been killed by systematic 
burning, and have been replaced by snow 
g rass pasture. 

However if not burned for several years, 
patches of 'shrubs rapidly regenerate from 
seed and encroach on the grassland , sup
pressing the pasture. Consequently the 
stockmen burn patches regularly. N everthe
leiss it has been noted that the shrubs come 
in strongly mainly on moderately sheetin~ 
steeper slopes-that is, where they are ot 
value in reducing sheeting. 

Eros1:on.-Except for some limited scour
ing along main stock tracks, there is no 
gully erosion . 

Sheet erosion is in general absent or light 
on undulating and hilly slopes, but moderate 
on steep slopes. . 

Sheeting of the light, friable soil is easily 
initiated by stock trampling. grazing, or 
burning. On this shrub association, bare 
soil surface is usually colonised fairly rapidly 
by variou s annual Compositae, sorrel, and 
other small ground species. Sheeting is 
therefore controlled before much depth of 
soil is removed. 

(Sheet erosion on sno" grass grassland 
is discussed more full y in the following 
section.) 

Case j\tf oth Dalllage.-.-\t the higher ele
Yations, about 5 .000 feet, several extensive 
areas of grassland have been completely 
killed by case moth larvae, and are moder
ately to severely sheeting. 

( Discussed more fully in next section.) 

l.if/atercourses.-Streams are on gentle 
gradien ts. slow and meandering. Banks are 
well protected by shrubs and water plants. 
and are stable. 

::VIinor watercourses are of a boggy. 
swampy type . a chain or two wide, with 
peat soil several feet deep. They have been 
little affected bY fire or stock, and are in 
excellent conclit1on. 

Prostanthera cuneata-Orites lancifolia-Phe
balium ovatifolium-etc. association. 

Occupies about 22 .000 acres and occurs 
between 5.000 and 6,ooo feet , most of it 
being in a large. t1J1broken area on the hill_v 
plateau at the head of the Swampy P lain 
l<iver. It also extends down the Divide as 
far as K osciusko, forming a belt between 
the upper limit of the snow gum and the 
lower limit of the alpine grassland forma 
tion. O n the plateau area patches of sno\\· 
gum persist only on the w·armer rocky 
ridges. The shrubs may go somewhat 
high er than 6 .ooo feet on warm. sheltered 
north-west slopes. 

Precipitation is probably about 70 inches 
per year. The g reater part would be snow, 
which lies for several months in winter. 
Frosts are common during· summer. Tem
perature ranges would be similar to those 
at Kosciusko Chalet. 
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The soil has a characteristic upper horizon 
of dark-brown to black humus loam. There 
are frequent boulder outcrops on ridges and 
scattered boulders and rock fragments are 
numerous throughout the area. 

The association is made up of several main 
dominant species, the proportionate occur
rence of which varies \vith altitude. Thus 
composition is by no means constant. Large 
areas of the one species common ly occur 
pure. A ll spec ies have a compact. spreading, 
rath er recumbent habit. and have heavy 
\\'OOdy stems. ·Height is t\\'O to four feet. 
The sh rubs gro\\' in close formation, \\'ith 
practically no grass or herb layer. Beneath 
the stand develops a thi ck bed of fragmen
tary litter of decomposing small leaves and 
twigs. 

Several hyd rophyte communities occur ou 
lowlying small swampy flat s and on boggy 
type watercourses. 

Effect of Fire.-The close shrub forma
tion with its mass of ground litter burns 
readily, and the shrubs, being very fire sensi
tive, are easily killed. Systematic burning 
has converted nearly all the area to sno\\' 
grass grassland. Scattered individuals and 
occasional small patches of shrubs still 
persist. 

The snow grass seems permanently 
establi shed . Shrub encroachment, if any, is 
very slow. Burning is therefore no longer 
practi sed to suppress the shrubs. 

Grass grow~h is Yery Yigorous and gives 
excellent g razmg, better than on the lo\\'er 
shrub · association. 

E r?sion :-Fai_rly extensive deep moderate 
sheetmo· IS ev~dent_ o ~' er a g reat part. 
~eneral l y sheetmg IS lighter, often negli
gible, 0~1 the south and east slopes, where 
sod mo1sture remain s hig h and snow g rass 
tussocks form a dense cover. But serious 
sheet ing is taking place oYer the remainder. 
on hilly and undul ating as ,,·ell as on steep 
slopes . 

Soi I bet,,·een ru s;;ocks has been remO\·ed 
to a depth of two to six inches . A lthough 
ero. ion is deep. there is still approximate!\· 
;} fi fty per cent. surface area of grass . an cl 
the sheet in o· i · cla -secl a ;; moderate. Y en· 

small a reas of severe sheeting, where tus
socks occupy only about twenty per cent. 
of the surface area. occur on open undulat
ing areas. 

SnO\\' g rass has a tussocky habit , and 
never forms an interlocked pasture, the 
surface bet\\·een the large, Yigorous tussocks 
being covered by the overhanging growth. 
The deep, humu s loam soil is lig ht and 
unco mpacted. It dries out rapidly \\'here 
exposed. becoming very loose and po,,·dery. 
Therefore bare soil surface is highly 
e rodib le. 

Factors initiating erosion a re burning, 
g raz1ng and trampling. and casemoth 
damage. 

( i ) Burni11_r;. A lthough formerly a \\'icle
spreacl annual practice to destroy old rank 
grass and to bring on a young, sweet growth 
for the following season, burning of snow 
grass is not now commonly undertaken. 
Nevertheless. it would seem that the pre
Yious burning is responsible for a large part 
of the present erosion. 

\\"hen fired, the tussocks are burned back 
to a short stubble, leaving a large propor
tion of bare unprotected soil surface. 
Furthermore, the organic fraction of the soil 
itself is partly burned, destroying its struc
ture and reducing it to a loose, friable , highly 
unstable condition. The soil is then very 
vulnerable, and rapidly eroded by heavy 
rain. until the new growth of grass develops. 
Smck do quite \\'ell on unburned pasture, 
even though many stockmen prefer the 
succulent young growth of burned pasture. 

(i i ) Cra::: in.u a11d Tramplin,r;. It is prob
able that in the pas~ the Snow Leases have 
been subjected to periodic seasons of very 
heavy stocking. clue to drought conditions 
elsewhere. and the pastures seriously over
g razed. Due to the present regulation of 
the stocking of leases, this is now precluded, 
but it probably has contributed consider
ably to the present deteriorated pasture con
ditions. 

In my opinion , far more serious than the 
grazing i the trampling effect of stock. 
Trampling cuts a\\'ay the Yery soft soi l 
bet\Yeen the tussocks, and once the g rass 
root ma s is broken through , and sheet ing 
initiated, it is clifiicult to a rrest. Especially 

serious is the trampling effect on already 
deeply et;oded areas , where both sheep and 
cattle walk on the bare soil surface, prev'ent
ing recovery and gradually worsening the 
condition. It ·is noted that habitually sheep 
grazed areas are generally in poorer con
clition than cattle grazed, which is very likely 
la rgely due to the more seYere cutting effect 
of the smaller hooves . 

(iii) . Casemotlr Da111age. Discussed 
under separate heading. 

O nce deteriorated, recoyery of snow grass 
pasture is very slow. -nlike other pasture 
types, vvhich have a vigorous winter grO\Yth 
period under favourable conditions, the 
snow grass must remain dormant during 
\\·i nter and rely on summer growth , the 
period when it is under g razing and when 
rainfall is often unreliable. 

Any exposed soil surface 1s kept in a 
more or less continual state of instability. 
Frequent frosts loosen the surface, the high 
organic conte11t of the soil absorbs and re
tains moisture, keeping it uncompacted, and 
exposed soil readily dries out becoming loose 
and powdery. 

Colonisation of thi s unstable soil is diffi
cult. Although sorrel and a few annuals 
establish on favourable sites, their effect is 
small, and snow grass. or gradual growth 
of shrubs, must be relied on to slowly 
regenerate the sheeted areas from seed. 

If the snow grass areas are to be 
stablised, it is thus essential that complete 
grass cover be establi shed , and then perman
ently maintained. Recovery of an area 
allowed to degenerate cannot be expected in 
a year , or even in five year s. 

Casemoth Damage.-A most disturbing 
fea ture in the snow grass country is the 
widespread damage clone by concentrations 
of casemoth larvae (Plutorect·is caespitosae). 
Throughout this association area are fre
quent patches of dead grass, from se~eral 
acres to a hundred acres in extent , l(Jlled 
by the larvae. The grass is complet~ly 
killed, leaving on!) the dry stubble. whiCh 
slowly disintegrates . No grass returns, and 
the a reas are gradually recoloni sed. onr 
several seasons. by woody shrubs. 

Durino- the inter im bet,,·een decomposi
tion of tl1e dead g ra ss and co loni sat ion by 
shrubs. th e soil surface is exposed, and is 

extensiYely deep!) sheeted. lt probably is 
many years before a strong shrub cover 1s 
established. 

The larvae are present in millio.ns and 
radiate from an orig inal centre, each year 
spreading further out from the perimeter 
of the previous year's g rowth. The only 
effec tive control so far appears to be burn
ing the perimeter of the dead patches during 
February and l\!Ia rch , when the larvae are 
almost ·mature but before pupation. Burn
ing earlier may not be possible, because the 
g rass \\'here the larvae are \\'Orking, is not 
killed and dried out enough to burn un til 
they have been feedi ng on it for some time. 
Another form of control is highly desirable. 
ho\\'e\·er , because of the ev il effects of burn
ing a - indicated above. 

H! at ercourses.-These are on gentle 
gradients. They are rocky, with numerous 
boulders and irregular rock fragments. 
Banks are generally well protected by sno\\· 
grass and low shrubs. 

Small creeks and soaks are some,Yhat 
boo-ay_, but narrower and less extensive than
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those in the lower shrub assoc1at10n. and 
have a distinct, rocky, central channel. 
These raised bogs and small moss beds are 
in good condition. 

Alono· the main streams, fairly large a reas 
of previously swampy flats are now dried 
out, probably following burning and grazing, 
and are sometimes sheet eroding. 

ALPINE GRASSLAND FORMATION. 
Poa caespitosa-Celmisia longifolia association 

(snow grass-tufted snow daisy). 

I s a climax g rassland and occupies_ all 
the highest elevations, 6 ,ooo to 7 300 teet. 
It occurs in the one compact area of about 
ro .ooo acres on the Kosciusko Massif, t he 
on-ly other occurrences being a few a reas 
on - the highest ridges between Kosciusko 
and Jagungal. 

Precipitation would probably be over 70 
inches a vear. Snow covers the ground for 
almost s i ~ months, a few small d r ift usualh· 
remaining all the year. The area i. exposed 
to Yery strong cold \Yincl reaching gal e 
force . F or much . of the time it is coyerecl 
b,· IO\\' mistY cloud. Temperatures are 
c~o l to cold ~n summer, and Yen · cold in 
y·:nter. 
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Fig . rS.-Snow grass (Poa caespitosa) count ry , sho,,·ing light sh eet erosion . 

Fig. rg. - Snow grass (Poa caesf" osa), showing modera te sheet erosion. 
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Soil is a dark brown humus loam, one to 
two feet deep, underlain by a brown to 
yellow clay loam, or light clay, subsoil, 
varying from a few feet to only a few inches 
deep, and several feet of decomposed 
granite. Small rock fragments are numer
ous in the subsoil. The whole area is strewn 
with boulders and · large rock fragments. 
High rock outcrops are extensive on the 
ridges. 

The grassland includes a considerable 
area, up to fifty per cent. , of dense pure 
beds of "snow daisy," a low tufted perennial 
Composite. Quite a number of annuals . 
mostly Compositae, are present. \:Vith the 
snow g rass , and very similar to it in appear
ance, is often a considerable percentage of 
the coarse grass, Danthonia n'1td£fiora . . 

This association is a true climax· o-rass
land, as distinct from the disclimax ~rass
land, which, as a result of burning, h~s re
placed the original climax shrub associations 
of lower altitudes. 

B rosion.-Undulating, hilly, and steep, 
south and east aspect slopes are reasonably 
stable. H owever, deep moderate sheeting is 
frequent on steep and some hilly, north and 
west slopes. ( 

Sheeting is commonly six to ten inches 
deep between the grass tussocks. Once the 
g rass root mass is broken through, the · soil 
just seems to melt away. 

Small areas often break down completely 
into "scours"; these a re short, shallow, V 
s11aped gullies, eroded in the centre clo\vn to 
the subsoil. Snow g rass finds it very 
difficult to stabilise the shifting, rapid dry
ing soil. 

Initiating causes and general features a re 
si milar to those previously menti oned fot· 
the grassland on the upper high moor 
association. Trampling by stock, especially 
on minor tracks, is most likely the maj or 
contributing factor . 

Casemoth damage on this g rassland 
association is not as severe as on the grass
land occupying the high moor association 
site. Only about fifty per cent. , or less, 
of the tussocks are killed, the remainder 
recovering. Nevertheless much of the deep 
sheeting, and scouring, can be attributed 
to this damage. 
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vVind erosion is restricted to ·a few small 
areas of very severe wind erosion, several 
acres in extent, along the fairl y flat parts of 
the top of the Divide. Soil has been 
removed to the C horizon, a depth of one 
to two feet. Colonisation by plant species 
is extremely difficult on the exposed, bare 
surface, and is absent except on the leevvard 
parts, where a species of the Compositae 
may form a matlike cover. 

The occurrence .of wind erosion is slight 
on granite formation, but severe on slate. 
\ 1Vhereas granite provides numerous boul
ders and surface fragments which give 
good win'd protection, the .slate breaks down 
to small fragments , and leaves the g round 
surface unprotected. 

vVind eroded areas spread easily and are 
only restricted by topographical limits. 
Initiating factors require further investiga
tion. 

H a.ferco m-ses.-These are very rocky, 
a lmost cascades. They are protected by ·.the 
boulders and rocks, and a strong growth of 
low hydrophytes . 

FIRE OCCURRENCE. 
It is quite safe to say that 99 per cent . of 

the fires in the mountains a re started by a 
match, most deliberately, a few accidentally. 

Fires may be divided in to two classes, 
light and severe. 

Light Fires. 
T hese a re fires that destroy litter and a 

certa in amount of ' undergrowth and g rass . 
but, while damaging mature trees _and k_il~ing 
young tree growth, a re not of suffiCient 
intensity to kill many mature t rees. 

Even so, it must be emphasised that 
damage from successive light fires cannot 
be ignored as of little consequence . The 
widely held opinion that a light fi re does no 
harm is a very dangerous one. 

Butt scars are burned deeper and deeper 
into the trunks. Cro\vns are burned, par tly 
destroyed, and gradually degenerated. T er
mites enter through fire scars and reduce 
trunks to a mere outer shell. Thus· the 
mature trees a re slowly weakened and killed 
out. A t the same time, the seedling and 
sapling regeneration is destroyed ·so that 
there is no regrowth to restock the stands. 



F ig . 20.-Snow grass (Poa caespitosa) country, showing moderate/ severe sheet erosion. 

The elevation is about 6,ooo feet. 


Fig. 21.-Snow grass (Poa caespitosa). \'iew of moderately sheeting hill side at about 5,500 feet. 
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~-\gain, considering the soil ; by frequent 
des truction of litter and undergrowth, the 
soil surface is kept continuously unstable. 
Especially on the deep loam forest soils, 
each successive fire, ,,·ith the consequent 
sheeting, further IO\\·ers the capacity of the 
soil to support adequate vegetation cover. 

The process of degeneration is slow and 
may hardly be noticed, but the cumulative 
effect is inevitable. It leads to heavy erosion 
and siltation, denudation , and increasingly 
severe floods. 

Light fires originate either on the lower 
country around Groggin, Geeh i and Khan
coban, or on the Sno\\' Leases themselves. 
On the Snow Leases, fires may be started 
to burn off grass, or to suppress tree and 
shrub growth. Th~ practice is not nearly so 
common as it has previously been. but 
\YOu Id be better a voided altogether. · 

O n the lower country, mosth· held under 
Permissive _Occupancy, a frequent practice is 
to burn off undergrowth in an attempt to 
promote better grazing. It is also common 
to clear a patch of scrub or fa llen timber 
debris off the stock routes and tracks bY 
dropping a match into it. \\'bile oTeatl~' 
damaging the timber on the lower fo~thil l s, 
these fires do not often penetrate far into 
the higher Snow Lease forest. 

Severe Fires. 

These are the occasional big fires , ,,·hich 
sweep into the mountains every ten years or 
so, during a very dry summer, and do 
tremendous damage to the alpine ash and 
snow gum forests. 

They usually start \Yell outside the moun
ta in country, on the freehold of the Upper 
Murray Valley, or perhaps in Geehi or 
Groggin . As with the 1939 fire, on a " blow
up" day they may travel fifty miles to the 
mountains in a period of hours. 

Severe fires make a clean sweep of litter, 
grass, undergrowth, and the smaller trees. 
M9st of the mature trees are killed, the 
remainder badly damaged. 

Severe fires on record occurred in 191S, 
t926, 1929 and 1939, all during January. 
The seasonal period of major fire hazard 

f ' 	 is late December, January and early Febru
a ry. 
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CONCLUSIONS. 

.::: tabilisation of the SnO\\' Lease sect ion 
of the Catchment requires two measures . 
Firstly, rehabilitation of the sno\\· grass 
grassland, and prevention of further damage. 
Secondly, the elimination of all fires. 

( i) To ensure recovery of the grassland. 
I consider that reduction of stocking on the 
sheeted areas \Yill be necessary . Further
more, future stocking rate must be regulated 
and never allowed to rise above a safe maxi
mum, and again deteriorate the pastures. 

If the practice of light burning can be 
eliminated altogether, then one of the main 
initiating causes of past erosion \Yil! be 
remo,·ed. 

( ii ) As regards fires, practica lly all the 
light fires would be prevented if the land
holders and stockmen of the district could be 
educated to realise the damage done by fre
quent burning of forest, and persuaded to 
abandon indiscriminate use of the match. 
H.egular cleaning of the stock routes and 
main tracks would go a long way toward s 
reducing the necessity for burning of 
obstructions. 

The main clanger is from the periodic 
seYere fire , which comes into the mountains 
from well outside. This type of fire can 
on ly be suppressed by direct action, pre
ferably before it reaches the main forest 
country, or if thi s is not possible, in the 
mountains themselves . Such suppression 
cannot be expected without detailed organi
sation of manpower, equipment and acces 
routes, well beforehand. 

Finally, it can be said that degradation 
of these mountain areas is still in the early 
s tages . Nevertheless, evidence in other 
countries, especially those bordering the 
Mediterranean, shows clearly the absolute 
denudation of mountains that can result 
from uncontrolled grazing and fires. Pre
vention is relatively easy. 
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SOIL CONSERVATION IN NEW ENGLAND. 


Laurel Dale Demonstration, Armidale. 

BY 

N. A. BLAKE, H.D.A., Soil Conservationi st. 

F XTENDIKG the activities of the Soil Con
_. se rvation Service in the northern sector 

of New South \ i\fales, the Laurel Dale 
Demonstration was undertaken as the first 
in the New E ngland di strict . Thi s demon
stration vvas carried out at the Armidale 
U niversity Farm. P ri or to the addition of 
this farm to the U niversity the land was 
cultivated fo r many years; the m;1in crops 
sown were maize and oats for gr:"cn feed 
and fodder conservation. 

The farm includes cultivation and gr;::z ing 
areas o~ rather hi lly to undulating country. 
~fo.st ot the cultivation is on steep slop~s 
talhng from stony hills. Most of the arable 
lan~l is of basalt origin, and the main culti
vatiOn areas are the black self-mulchina 
soils. typical of many of the hi a her Ne\~ 
England areas . "' 

EROSION PRESENT. 

A~though the erosion problem was not 
part~cu l arly seri ous, it was evident that sheet 
erosiOn had been goina on for some years 
causing silt deposits on"' the lower levels and 
in existing dams. Several minor aullies 
and one _deep gully were present 0~1 the 
older cultivation areas, caused by the loss of 
soil by running water. The farm was treated 
at thi~ early stage, which is undoubtedly the 
best t1me, as most of the top soil was still 
left. U nless control measures are carried 
out early, valuable top soil is lost from the 
area. In most cases this top soil is lost 
fo rever, or is deposited on the lower areas 
where it is not needed for the production 
of crops. 

CLIMATE. 

A nniclale is situated at a height of 3,265 
feet above sea level. and the severe winters 
experienced are a major set-back to per
manent soil cover. The absence of good soi l 
cover during the wi nter is clue to the slow 
growth of all species; no growth is evident 
in summer growing perennials and the 
ann uals are set back after the first few frost s. 
The estab lishment of winter growi ng species 
are a necessity in these colder areas. 

The 1949 rainfall at A rmiclale of 49.92 
inches exceeded the 1948 reading by more 
than 20 inches. Two-thirds of the years 
rainfall was recorded during th e last. half 
of the year, when more than 32 inches of 
rain fell. Heaviest fall s in 1949 were 
:·ecorded in A ugust, when the total of I 1.33 
mch es created an all time record . In 
October there were 6.35 inches, and Novem
ber 5·39 inches. 

The monthly average for 1949 was 4.16 
inches, as compared with 2.44 fo r 1948 an:l 
3.27 for I947

CONTROL MEASURES. 

The control measures on this Demonstra
tion consisted of the following : 

Dive?'sion Banks.- These were con
~tructed on a 0.25 per cent. g rade as high 
up the slope as was practicable, with the 
earth moving equipment available, to carry 
the run-off water from the grassed areas 
above each paddock into well grassed natural 
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waterways or wat~rcourses leading to exist 
ing, or constructed dams. The largest 
possible catchment was given to these dams 
to provide an adequate water supply for 
the farm. 

Graded Ban!?s.-A total length of 363 
chains of these banks \Vere constructed 
throughout the cultivation areas. The banks 
were of the broad-based type with flat 
channels common in most parts of the State, 
and were built on a grade of 0.25 per cent. 

. 	 The banks discharge the excess water from 
the cultivation areas into the waterways and 
then to the dams shown in Fig. I. 

'Pasture llll p1·ovement.-As the farm is 
used mainly for grazing with dairy cattle 
and sheep, permanent and temporary pas
tures play an important part in both farm 
management and soil conservation. ~ew 
pastures are being sown and the existing 
ones improved. See Fig. 4· 

On the unimproYed grazing land such 
species as \Vallaby Grass (Danthonia semi
ammlaris), Barley Grass (Hordeum lepo1'i
1111 m), Prairie Grass ( Bromus wzioloides), 
Kentucky B!u'e (Poa p1'atensis), and Wind
miii ( Chloris spp.) are found. The Dan
thonia grasses are the best native winter 
grasses of N e\Y England and are being 
encouraged in every way possible on the 
farm. 

A striking contrast to the native pasture 
areas is presented where introduced plants 
~re established, this being clue to the "mat 
tormation "' character of the introduced 
species. 

The most useful of these introduced 
species are:-

Paspalwn dilatatwn , Couch grass ( Cyno
don dactylon) , Toowoomba canary grass 
( Phalaris tuberosa.), Cocksfoot (Da.ctylis 
glolllerata.), Perennial rye grass (LoHtun 

pcrenne), Tail fescu~ (Fcstuca clatior), 
\\ immera rye grass ( Loliu m ·rigidum ), 
Perrenial red clover ( TrijoHmn pratcnse), 
\Vhite clover (Trijol·ium repl'·ns), Subter
ranean clover ( Trijol·ium subten·anemn) 
and Black medic ( 111edicago lupulina.). 

Fencing P1·ogra 1111/l e.-The Demonstra
tion is fenced as nearly as possible on the 
contour or at right angles to it, and along the 
waterways, forming paddocks of approxi
mately equal area. This aiiows judicious 
rotational grazing to be carried out with the 
stock present on the farm using the hill 
shown on Fig. I as an overnight camp. 

Thi s method of stocking enables each pas
ture paddock to receive the required care, 
as the species in certain pastures or the 
pastures themselves are not " flogged out" as 
happens in most cases. By keeping an ample 
cover on the soil the Iandholders work away 
from erosion and not towards it. 

The waterways on this particular Demon
stration were not graded to a level cross
section owing to the abundance of cover 
produced by clovers and grasses, and the 
satisfactory cross-section of the natural 
drainage lines which \\'ere used as water
ways. Rather than destroy this good cover, 
which is necessary for a waterway, by 
ploughing and grading, a cross ·(>ectional 
area vvas obtained as !eYe! as possible and 
levee banks thro\\"n up on either side from 
outside the edges of the " ·aterway. The 
levee banks variezl a little from the true 
level in most cases by one to two inches, 
ancl the water\\"ay itself had a slight depres
sion along its centre line. 

The "·ater\\"ays are a good demonstra
tion of \\"hat can be done with depressions 
and stabilised watercourses in the New 
England di strict. 

Dams.-Dam No. I ,,·as situated in a 
central position to allo"· for watering of 
adjoining paddocks, and for a supply to the 

F ig. 2.-A well-grassed natural ·waterway at" Laurel. Dale." 
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Fig. 3.-" Gully Block" dam under construction. 
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dairy by gravitation , as underground water 
could not be obtained. The dam is shown 
in Fig. 2. The overflovY from this continued 
down a well grassed waterway to an exist
ing dam on the lower boundary fence line. 

Dam No. 2 was situated in a gully ten to 
twelve feet deep (see Figs. 3 and 5). The 
dam was constructed by the erection of a 
wall across the gully utilising the gully as 
a water storage basin . This dam provided 
a safe i~let for water from grazing land 
above wrth the spillway leading into dense 
natural pasture and re-entering the natural 
watercourse at a stable point. This dam 
p:evented further gully erosion and pro
vide:! water for stock in the natural pasture 
grazmg paddock. 

TREE PLANTING. 
A tree planting programme will also be 

car ried out on the Demonstration includinrr . ' ~ 
wmdbreaks, shade and shelter trees of suit-
able species to be established in existing 
woodlots and in additional areas. 

CONCLUSION. 


Laurel Dale is to be used in conjunction 
with the Animal Husbandrv Course carried 
out at the University. The stock include 
dairy cattle, beef cattle, sheep, poultry and 
pigs. The sheep will be used for the pro
duction of fat lambs on the farm. It was 
realised from the outset by the U niversity 
authorities that adequate soil conservation 
measures were necessary to arrest the 
erosion position and ensure the continuous 
productivity of the area. 

Further to the livestock an orchard has 
been planted on the contour of the farm , 
arranged in co-operation with the Depart
ment of A griculture. 

The Soil Conservation Service appreci
ated the co-operation of the \\"arden and the 
Farm Manager in the establishment of this 
soil conservation demonstration. · 

Fig. 5.-Severe gullying prior to soil conservation treat:nent . 

ERRATA. 

In V ol. 6. No. 4. P- r6s , th e areas shown on F ig . 4 should read: A = 4 acres; B 16 
acres ; C = 28 acres; D = 24 acres; E = 15 acres ; F = 14 acres and G = 4 acres. 

On pp. 193, 194 and 195, captions were omitted. These should read-

F-ig. 5.-Square planted orchard, illustrating how "across the slope" culti vati on is 
not always successful in preYcnting erosion. 

F·ig. 6.-Square planted orchard contoured with la rge banks after planting to control 
erosion. 

Fig . 7.-Contour-planted orchard. Heavy black lines show sun·eyed rows. Light 
black lines show assum ed g rade rows. Broken lines indicate sho rt rows. 

F-ig. --1---Sheep on red clover at " Laurel Dale." 
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CALCULATION OF FLOWS IN GRADED 

BANKS AND WATERWAYS. 


DY 

J. DILLOK, B.Sc.,Agr., Soil Conservationist. 

I T would appear that the need for a rapid The fir st scale i\ ( Fig. I) consists of a 
method of calculation of flows in graded simple logarithmic scale from which dis 

banks bv Manning's formula is very great . charrre in cusecs is read. .-\djacent to thi s 
At present there is avai lab le both an arith is a ~ca le B ( Fig. r ) on which the grade of 
metical and graphical solution of this the channel is plotted. ~'\ctually v S is 
formula . The former solution is rather too p lotted, but the scale is graduated as values
unwieldy for use by field officers and exten of S, i.e. , 0. 2 5 per cent. indicates the
sion officers, and the latter is rather limited 

position of-/ 0.25 per cent. on the log scale. in accuracy. Also it is more often required 
This considerably simplifies multiplication.to determine the design of bank required to 
This scale is a fixture relative to scale A,cope with a certain flow of water than to 
unity being coincident with 1.486 on scale find the amount of \Yater discharged by a 
A. The reason for this is that I -486 is thecertain bank. To determine this by the 
only constant used in the formula . . present methods available inYolves consider


able calculation. 

The next disc is of slightly smaller 

Manning's formula as applied to discharge diameter, such that when mounted on the 
reads as follo,vs :- first disc scales A and B are not obscured. 

Q = ~-I-·4.:....8_6_R_~_S_} On this is carried scale C, which is a recip~ 
n rocal logarithmic scale showing various 

values of roughness coefficients. The use\\"here Q = carrying capacity or discharge 
of a reciprocal scale enables thi s division toin cubic feet per second. be carried out as a multiplication and reduces 

a = cross sectional area of channel complications in calculation. 
in square feet. 

n • = coefficient \Yhose Yalue depends The fina l log scale is on a disc of still 
smaller diameter D ( Fig . r ) . This scaleon the degree of roughn e s or 


irregularity in the channel. 

indicates th e Yalues of - \\·hich in effect R - a/ p = " hydraulic radius," Ji ;. 


which is the quotient of the 

is area multiplied by hydraulic radius. The cross sectional area divided 
use of this factor eliminates the fina l multi by the ' 'wetted perimeter," p. 
plication of velocity by area to calculate disor length of the cross line of charge. This factor has been termed the contact between the water and 
r\R factor. and its relati on to area andthe channel sides and bottom. 
wetted perimeter is found by reference to 

S = grade or rate of fa ll in feet graph I ( Fig. 2).
per foot. 

This requirement has prompted the design These scales are mounted concentrically 
of an instrument by the use of which any in the order g iven with the pointer rotating 
unknown factor in bank design can be the same axis .on 
rapidly solved . The principle of the instru

In graph 1 area is plotted against wettedment is a series of logarithmic circular 
perimeter logarithmically and lines joiningscales on which the various factors ar e 

a.g.plotted and th e scales then mounted con points \vhich give equal va lues for - arecentri cally. A tran sparent pointer ( Fig . I) p :fs 
rota tes on the same ax is. plotted. It is ob,·iou that many designs 

u--------'>,. 

POINTER 

o"' 

Fig. 1. 
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WETTED PERIMETER IN FEET 

F ig . 2.- Graph I , showing values of AR rela tive t o cro3s-sectional a rea and wetted p erimet er 
of a ch a nnel. 

- - _L- - 
B - - - JJftPTH OF 
01~"t-e,.. No. FLOW d . - - - 

~Channel widt-h C 

Fig. 3.-Ty pical cross-section of a graded bank. 

·Jf banks on the same grade will give equal 
di scharge capacities and every design is 
shown on this graph, although of cour~e 
some are impracticable. The hydraulic 
radius is arrived at by selecting a cross sec
tional area which when multiplied by the 
required velocity gives the total discharge 
fo r which provision· is to be made. 

A ssuming that plant operation allows of 
four major designs of banks (Fig. 3 ) 
depending on the cross slope of land, graphs 
have been drawn to giYe area and wetted 
perimeters at different channel widths and 
depths of flow. It will be found that most 
banks approximate to one of these des igns 
reasonably accurately. ( Figs. -+· 5 and 6 .) 
A further graph for waterways. ·with inside 
batters four to one, is shown in Fig. 7· 

EXAMPLES. 

The solution of a number of concrete 
examples by thi s method will serve to 
indicate the method of using the instrument. 

Example I.-Suppose it is requi reel t o 
a scertain the discharge of a g rassed \Yater
\Y a ,. which has been constructed down a 5 
pe( cent . slope, of w idth 20 feet and hav ing 
ba nks of su ffi cien t height to allo \Y " ·a ter to 
Aow safely at a depth of I foot. The rough
ne. s coefficient is a ssumed ro· be o .os. 

(a) by instrument. 

· F rom the g raph Fig . 7. fo r a water way of 
these dimensions a = 24 ft . and P = 28 ft. 

From Fig . 2, A R value = 21.5 

Set scale C of the instrument with unity 
coincident with 5 per cent. on scale B . Set 
scale D with unity coincident with 0.05 on 
scale C. Place the pointer on 21.5 on scale 
D. The discharge in cusecs is then read off 
on scale A as 144 cusecs. 

(b) by arithmetical solution. 

a (20 + 20 + 4 + 4) X 1 
24. 

p 20 + 2,VI7 X I 

28·24 
R ajp = ·Ss 

Q 
a I"486 R*s! 

n 

24 X I ·486 X · Ss~ X ·oy .l 

·os 
I4J· I cusecs. 

E xample 2.- Suppose it is required to 
tind the dimensions of bank to be built b ,· 
a bulldozer of discha rge I 5 cusecs on land 
of average cross slope IO per cent . 

It may be assumed that the K o. I batter 
will be 5 to I , and the No. 2 batter 3 to I. 
The grade is to be 0 .25 pet- cent.. and the 
roughness coefficient is a ssumed to be 0.04. 
The required velocity is I.- ft ./ sec. 

( a ) by instrument. 

Set scale C with unity coincident with 
0 .25 per cent. on scale B and set scale D 
with unity coincident with 0.04 on scale C. 
Set th e pointer on scale A at I .) , and the 
r\R facto r is found to be 8.2. 

On F ig . 5 the point at \\·hich the line 
.L\R = 8.2 crosses a = IO g i,·es a chann el of 
\vetted perimeter of T..J. . 

F rom F ig. 9 the in tersection of a = lO 

and /' = I..J. g ives a bank " ·ith channel -t·:i 
ft. " ·icle and depth of fl o''" r. r 5 f t. 

( b) by a rithmet ical solu tion. 

Q.. nR% _____ .:..;o__ _ _ ...

IA86 X a X S~ 

IS X 0•04 
I"{86 X I O X 0·2S{

(cross sectional area will 
equal ro sq . ft . since when 
multiplied b y the velocity 
I·S a product of IS cusecs 
must b e obtained). 

and R = O"J2 . 

Now ajp = 0·72 , a nd a I O, therefo re 

I Op 
0 ? 2 

I J ·9 
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also p = c + 2VI7d where c is the chann e 
width and d the depth of flow 

.. I 3·9 = C + 8·24d 

. ·. c = 13"9 - 8·24d 

now a = (2c + 8d) X 
d 
- (from the area of 
2 

a trapezium) 
substituting for c, 

I O = (13·9 - 8·24d + 4d) d 
·which simplifies to 

4·24d2 
- I3·9d + I O = 0. 

d 
13·9 ± y l3"92 

- 4 X IO X 4"24 
2 X 4·24 

I ·I ft. 

and c 	 13·9 - 8·24 ·X I·I 

4•8 ft . 


Thus the channel width would be 4.8 
feet and the depth of flow I . I feet. 

E:m1?1Ple 3.-Suppose it is required to 
detenntne_ the grade on which to place a 
bank havmg a No. I batter of 7 to I a 
No. 2 batter of 5 to I , a 10 feet channel ; nd 
capable of carrying water flowina one foot 
deep so that it will discharge ~5 cusecs. 
1/. = 0.04. 

( a) by instrument. 

From F ig. 4, a = r6.o sq . ft. and p = 


22 . .) 	 ft. 

From Fig 2, the AR facto r is seen to be 
I2.5. 

Set the pointer on 25 on scale A and 
move scale D so that I 2.5 also lies on the 
P?inter.. Move scale C so that 0.04 coin 
Cides \y1th _O.I on scale D . The required 
grade IS gwen by the readina on the scale 
B coincident with I on scale C, and is seen 
to be 0.28 per cent. 

* 


(b) 	by arithmetical solut ion . 

a (2 	 x c + 12d) x d 
2 

16 sq. ft . 

p c + 26d2 + sod2 


22 ·2 


I 6 
R = O"JI5

22 2 

Q X n 
s~ 

a R~}· X 1·486 X 

25 X ·04 
" I6 X 1·486 X 7·I51f 

and S is found to be 0·26 per cent. 

CONCLUSION. 
Thus it can be seen that. starting vvith 

any of the factors in bank clesian as an 
unknown, a solution can be obtai 1~ed accur 
~tely and simply. The accuracy of the 
mstrument appears to be of th e order of 
2 per cent. 

The 	ma jor disadvantages appear to be :

I. 	Although wetted perim eter and a rea 
can be applied to all banks, the 
final readings of channel width and 
depth of fl ow can only be applied 
to a few banks of fixed design. 

2. A reading of ro5 could mean r.o
" 	 I I . . Jx IO cusecs, JUt t 11s ts overcome 

by fixing the dec imal . point from 
common knowledge of bank di s
charge . 

· I am of the opinio_n that the advantages 
of speed of calculation far outweiah the 
above disadvan tages, and the answ~rs ob
tained are_ within the limits of accuracy of 
the plant m common use b r constructional 
purposes . 

* * 
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'f HE VALUE OF SOIL CONSERVATION 
MEASURES AT WELLINGTON. 

BY 

J. lVI. LOGA N, H.D.A., Soil Conservationist. 

T 
 a short period. T lie land ·use and water dis 
I-I E subj ection of soi l conservation works 
posal schemes on this Station have alreadyto periods of heavy rain is an event to 
been fully described in previous issues ofwhich both the Soil Conservationist and the 
this J ourn al, but as they were published fa rming 	community look with interest, as 
some years ago they are again brieflyit is then that th e value of such measures is 

demonstrated. 1-Io,,·ever , such rainfall s are described. 
irregular in occurrence in the central wheat Land considered to·o steep for cultivation 
belt, and so at \ 1\1 ellington Soil Conserva has been reverted to either natura l pasture 
tion Research Station. alth ough mechanical or grazing lucern e, and where necessary 
st ructures have been installed for some fi ve pasture furrow s haYe been constructed to 
yeai·s, they haYe only recently had to cope 	 i)revent run-off. O n the arable lands a 

rotation including a period under grazing with very large quantities of rain falling in 

Fig. r.-Sheet and gully erosion_in the front paddock of W ellington Research Station in 1945, 
pnor to Soil Conservation m easures. 
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lucerne, r etention of stubble and croppmg AMOUNT AND NATURE OF THE RAIN. 
not more than once in two years has been 

Ove r a period of ten clays from the 29th put into operation . These cultivated pad 
March to the 7th .-\pril , I 950 . a total of 703 docks are also protected by g raded banks 
points was r ecord ed . Tabl e I g iYes the d raining into grassed water ways \\·hich 
hour-by-hour record of the ra in. It cansafely ca rry the run-off from the prope rty. 
be seen from thi s tabl e that th e ra in iellIn add ition to the discharge from these 
consistently ove r prac tica lly the \\·hole of banks, the excess run-off from an a rea ot 
the period . Heavy fall s were reco rded on some 420 acres of steep grazing land is also 
th e 29th and 30th lVIa rch and the 2nd and handled by th e Stat ion water disposal 

system . ;th of A pril , those on t he 2nd "\Iay ca using 
the highest run-off and soil loss. T able IIIn th is a rticle it is proposed to discuss t he 

results of these measures following a pro  g ives the deta il s of th e hea \·y ia lls of the 
longed period of heavy rain . peri od. 

TABLE I. 

I-fo w:-by-li our R ecord of th e Rainfall m P oints . 

Time recorded (in hou rs from m idn ight). 

Da te . T o ta ls. 

t o to to to to to to to to to to to to to to to to to to to to to to to o II I2 I3 I~ I5 I6 I7 1 8 1 9 1 I O IXI II 2 1 13 1!.1 I1S I 161 171 18 1 19 1 20 1 21 1 22 1 23 
I . 2 . J. 4 · 5· 6. 7. 8 . 9· 10. I I. 1 2 . I J . q.. 1 5 . 1 6. 1 7 . t 8 . l l). ::!0. ~ L 2:2 . z_J. ~ - ~ · 

1 

March 

April 

29 ... 
30 50 2.J 
3 ~ 46 8 

3 2 4 

~ I :::1 ::: 
7 ..... . 6r 

6 

... 

·I 

I 
3 

~ I · 
I 

+ ·I 

6 8 
I q 

~ 

I 8 5 
5 2 I 9 36 
·I 6 8 

3 
3 

I 5 
I 

'I 26 
·I 
7 

ro 

6 

-

zS 

~ 40 

1S-1 
So 
~ 

1 0~ 

185 
65 
33 

78 

T ABL E II. 

D etails of H eav y R a-iHfalls m P oints . 

D uration. 

Da te . 

5 m in. I10 m in. l i 5 m in.1 20 m in. l 3o min . I I hour. 

F ig. 2.-Run-off from ara ble la nd b eing discha rged slowly and safely by g rad ed ba nks. 

f' 
I 

F ig. 3.-Water flowin g from an uncontrolled fa llow, Bod a n gora Road , \\.-ellingt o n . following 
r oo points of ra in. 

March 

Apri l 


" 
" 
" 
" 

29-3 1 

I ... 
2 ... 
2 ... 
2 ... 
7 .. . 

I 4 
I 2 
IS 
ri 
10 
30 

' 9 
20 
30 
22 
I 8 
38 

2~ 
23 
31 
2 4 
26 
4+ 

I 

I 


27 
30 
32 
26 
3·1 
SI 

32 
36 
40 
30 
36 
ss 

s s 
·I' 
so 
38 
38 
63 

The three heavy falls of the 2nd April, was noted coming to the surface in the form 
fell within a period of nine hours, the last of a spring, although no heavy rain had been 
two being within three hours. H igher recorded for some fift een hours. An 
intensities than these have been recorded at examination of the daily rainfall records 
\Vellington, but by the 2nd April soil c<Dn for the past six ty-nine years reveal s that 
ditions were such that the run-off coeffici ent rains of simila r duration and quantity have 
was very high. A n indication of the state been recorded on two other occasions only. 
of saturation of the soil on the fa llowed land (In 1926, 951 points were recorded in ten 
was given when, on the 3rcl April , water clays, and in 19-J.I , 870 points in ten days. ) 
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F ig . 4.- Samplcs rand 2 show differences in soil loss from the same area under different 
vegetative cover. 

EFFECT OF MECHANICAL STRUCTURES. 

Erosion control structures on the Station 
all functioned effectively and provided ade
quate disposal for the water that was not 
absorbed into the soil. No run-off was 
noted from the lucerne paddocks, each of 
which was carrying a very tall and dense 
cover, but some run-off resulted from the 
natural pastures. However , this was pre
vented from reaching any appreciable con
centration, dainaging any fallowed area or 
addil!g to the load on the waterways, by the 
well-designed system of pasture furrows . 

T wo of the arable paddocks protected by 
graded banks had been fallovved in the pre
vious October and because of the high 
summer rainfall had been reworked to 
keep down weed . gro\vth. Before control 
works had been installed these paddocks had 
suffered from severe sheet erosion and were 
dissected by numerous gullies which, besides 
making cultivation almost impossible, 

hastened the run-off to the final outlet. 
(Fig. r.) Now, the water is intercepted by 
the graded banks before sufficient quantities 
can accumulate to cause rilling, and is then 
slowly .faken off the paddocks, thus increas
ing absorption and decreasing the final dis
charge. (Fig. 2.) During the period under 
discussion , practically no interbank erosion 
was evidenced and all banks safely carried 
the excess run-off. Fallowed paddocks on 
other properties in the district. on the other 
hand, showed signs of extensive sheet and 
rill erosion. with large accumulations of silt 
along fen ce lines and roadways. figure 3 
shows a large quantity of run-off from a 
relatively flat uncontrolled area. 

Grassed waterways proved their efficiency 
in handling large quantities of water, as pre
viously to this rain th e dam which is 
designed to buffer the discharge from the 
420 acres of grazing land outside the Station 
\·vas almost full and it over-flowed after the 
first clay of rain. Thus the waterways had 

L 
Cl) ....... 

Ills: 4 

4
0 
tJl 
QJ3

...r: 
(.) 

c: 

Fig. s. 

to ca rry the run-off from this area as well 
as that from the graded banks. They not 
only did this safely, but also decreased the 
quantity , because their slow flow brought 
about considerable absorption over their 
length as well as greatly reducing the silt 
content . ( Fig. 4.) 

EFFECT OF IMPROVED LAND USE. 

An examination of Figure 5 will indicate 
th e effect of judicious stocking of pasture 
land on both run-off and soil loss. The 
effect of grazing rate on soil loss is fu rther 
illustrated by Figure 4 in which samples 
" I " and "2" show the silt load of water 
running from the same grazing paddock. 
vVhen sample " I" was taken the paddock 
was in a relatively bare condition, compared 
with the heavy grass cover when sample "2" 
was taken during the recent rains. 

On the Research Station all cultural 
operations are carried out on the contour 
(Fig. 6) , and this considerably reduces the 
run-off as each furrow acts as a miniature 
absorption bank. Figure 7 shows this effect, 
whilst in the background of Figure 3 
furrows can be seen running down the slope, 
thus draining the water off the land. (A 
full discussion on contour cultivation was 
published in thi s J ournal in April , 1949.) 

The rough fallow of Figure 5 had heavy 
stubble inco~po ratecl when £allowing ·was 
carried out and was left in a relatively 
rough state, contrasting with the smooth 
fallow which had been worked much more 
frequently. The difference in the soil loss 
figures- I 7 pounds per acre as against 
5,466 pounds per acre- shows that the early 
preparation of a Yery fin e, smooth seed-bed 
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can greatly increase the erosion hazard. This 
fact was further illustrated on the Station 
paddocks where some of the £allowing had 
been done with a rigid tyne cultivator >vhich 
left a ridged surface, and some with a disc 
plough which left a smooth, fine surface. It 
was observed that run-off from the ploughed 
area was considerably greater than that 
from the portion of the paddock '':'here the 
contour ridges held much of the rainfall. 

The efficiency of contour cultivation and 

the effect of the roughness of the fallow are 
also shown when the run-off figures for the 
experimental plots are compared with those 
for a graded bank on one of the paddocks. 
The run-off from the plots which were 
relatively smooth and cultivated down the 
slope was 40 per cent., whilst that from the 
bank on a paddock that had been contour-

cultivated and was in a comparatively rough 
condition \\"as only I I per cent. 

CONCLUSION. 

In the \ Vellington district, the heavy rain 
of the period under review caused appreci
able erosion despite the fact that good 
sea~ons had been experienced for some 
years . It is considered that run-off and soi l 
losses from many of the areas that suffe red 
the greatest erosion-the high value arable 
lands in the course of preparation for the 
current yea r 's crop-would be at leas t equal 
to if not greater than the loss recorded 
from the Station experimental plots, viz. : 
2.2 inches of water and 5.466 pounds of soil 
per acre. O n the other hand, it is kno\\·n 
that run-off and soil loss from the Station 
paddocks \Vas very much less than that from 
the experimental plots. 

The success of the mechanical control 
measures installed on \ Vellington Research 
Station, together with the land use policy 
governed by soil conservation principles, 
clearly demonstrates that erosion can be 
effectinly controlled. The additional fact 

that control \\·orks ha,·e to be more inten
si,·e and more costly \\·hen the seYerity of 
the erosion has increased should indicate the 
necessity for immediate soil consen·ation 
operations on all farm s presenting am· 
erosion hazard. 

Fig. 7.-Contour cultivation on vVellington Research Station. Every furrow acts as a miniature 
absorption bank and prevents run-off. 

* * * 


F ig. 6.-Sowing wheat on a graded bank. 



CONSTRUCTION OF GRADED BANKS 

WITH THE ANGLE DOZER. 


BY 

J. \ 11/. MACK IE, H.D.A., Soi l Conse rYationist. 

S1 ~o:c:: L\ Soil Conservation Demonstration The general routine was therefore as 
1s located on the north-western slopes follovvs :

near Gravesend in the Inverell Soil Conser Ist .trip-cut and deposit on grade line. 
vation District. O n this Demonstration one 2nd trip-cut 0 blade distant from I st 40-h . p. craw!er tractor with cable operated 

angle dozer, one 35-h.p. crawler t ractor, one cut . 


yd t rip-carry over soi l from second ripper. one grader ter:-acer and one wheeled 
trip and deposit hard aga inst first scoop were used. The problem which the 
ridge.fie ld staff had to solve was to find a method 

to keep both tractors fully employed ·with -+th trip- cut. 
the subsidiary equipment available . A sth trip- carry over. 
large proportion of the control measures 

6th trip- cut. was the instal lation of graded banks in culti

vation areas. The problem was solved by ;th trip- carry over.. 

using the 35-h.p. tractor for ripping and 
 8th trip- cut. 
grading and using the 40-h .p. machine with 

9 th ~rip-carry over.angle dozer attached for moving the soil 

into place in the banks, the final shaping roth trip- cut batter. 

to be done by the grader terracer and the I Ith trip- carry over half-way.

35-h. p. t racto r. In practice this proved to 
be most successful ,. and both tractors were 
fully occupied; the time employed in ripping 
and grad ing was equal to t hat requi red for 
moving the soil into place for the bank, at 
the same ·time it was found that the angle 
dozer had considerable advantages over the 
grader terracer in thi s cla$S of work. 

METHOD OF BANK CONSTRUCTION. 

The method adopted was as follows :
\\"hen the grade line had been pegged the 
35-h.p. crawler and ripper was used to rip 
on the peg line and following trips were 
done on the upper side of the fir st rip mark 
until the width was equal to the width of 
the area of so il to be moved in forming the 
bank. \\ ' hen this vvas completed the angle 
dozer, set at the angle, made the first cut 
by moving along the peg line of the bank 
depositing the soil on the lower or downhill 
side. S ubseq uent trips were all above the 
original cut. and the bank was constructed 
from above. 

I 2th trip--complete carry over and 
• smooth channel. 

The width of each cut should not exceed 
half blade width , preferably slightly less, 
so that the succeeding carry over will deposit 
the soi l firm ly against the preceding ridges. 

Depth of channel is obtained by both 
cuttin o- and carrying trips; the dozer cuts 
down"' on the heel of the blade, unlike the 
grader whi ch cuts down on the toe , and 
depth is readily obtained and regulated. 
\tVhen conditions are suitable, two cuts may 
be made to one carry over and the number 
of trips reduced. In these operations it is 
essential that the tractor be operated with a 
slight clip to the lower side so as to main
tain pressure on the heel of the blade. The 
final cut whi ch forms the batter is made by 
keeping the upper track on firm ground and 
the lower track in the channel. The slope 
of the batter is regulated by the distance the 
lower track is kept from the lip of the 
preceding cut. 

so 
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Cross Sec~ion of Graded bank Construction by. Angle Do_;er. 
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As ca m pleted by Gra d e r Terrae e r. 

F ig . 2. 

The sketches (.Figs . 1 and 2 ) sl.ow how 
th e cl ip or t ilt, i .e., the ang le to the hor izontal, 
can be alte red by moving the position of the 
tractor tracks in relation to the top edge of 
the preceding cut. ] n F ig . I the upper track 
is cl ose to the edge of the precedi ng cut and 
th e upper corner of the blade is cutt ing 
under surface level, leaving a dist inct step 
on the surface. I n F ig . 2 the upper track 
has moved a way from the edge and the lower 
t rack has moved closer to the edge. I n this 
posit ion the upper corn er of the blade is j ust 
above surface and a smooth unbroken sur
face resul ts. T ogether with the limited 
aclj ustment on the dozer blade attachment 
this pract ice of yarying the line of t ravel in 
relat ion to the previous cut gives quite a 
surpr ising amount of va riation in the til t of 
the blade in relation to the surface. 

FINISHING BANK AND CHANNEL. 

\ iVhen completed by the dozer the bank is 
level and fa irly wide on top with a number of 
r idges and furrows running along the top. 
T hese are removed and the bank is given its 
fi nal shap.e by the grader terracer. T ypical 
cross sect ions are given in Figs . r and 2 . 

T he bank cross sections were taken during 
construction and are of a typical length of 
bank. The cross section of the angle dozer 
work shows the typical r idge and furrow top 
as left by the angle dozer. A t this stage tl~e 
total bulk of the soi l has been placed m 
position for fi nal forming. It is of interest to 
note tha t the cross sectional area of the 
channel 6.is square fee t is increased to 8 
square feet by the t wo t r ips of th e grader 
terracer, one blade stroke on either side of 
t he bank commencing with the forward or 
downhill side of the bank. The excellent 
shape of the upper batter was obtained by 
use of the angle dozer only. T he bank shape 
is such that no difficu lty is found in subse
quent cultivation and seeding . 

"W here the position of the channel to tl~e 
pegged grade line has to be determined t?ts 
is done in the r ipping procedure. T o. br~ng 
the channel on to the line of pegs nppmg 
should be completed above the line to a 
reduced width and two or three tr ips done 
under the peg line, the procedure of con
struction ren1aining as above. 

The dozer blade measu reel 9 feet 8 inches 
on the cutting edge ' '" ith a height of 2 feet 
6 inches . T his blade has sufficient width 
when angled fo r the transported so il to clear 
the line of track t ravel and no packing of the 
so il occurs. 

ADVANTAGES OF ANGLE DOZER. 

T he angle dozer method of construction 
reduces the amount of labour req uired " ·hen 
compared with th e usual method of t ractor 
and tractor-cl ra wn grader terracer , as no 
grade r operator is required. The direction 
of travel of the blade is under better control. 
as well as being directly under the eye of 
the t ractor driver, the blade does not tend 
to swing in and out to the line of travel as 
is the case with the grader terracer 0\Ying 
to the distance of the blade from the tractor , 
and the tendency to cut corners on a concave 
curve or the flattening of curves on a con
yex curve is eliminated. This control has 
the additional advantage that the soil is 
packed fi rmly against the pre,·ious deposits 
without further disturbance and as the soil 
is handled less often a better texture is main
tained. A greater quantity is moved per 
tr ip and less trips are requi red and there is 
no wheeled traffic on the new formation, so 
that in texture the bank is more uniform and 
the dust nuisance is kept at a minimum. 

Some objection may be made .to the 
amount of so il carried on the blade of the 
angle dozer, as this weight of soil is. carri e_d 
the full length of the bank, but agamst th ts 
there is the saving of the weight of the 
grader terrace r and the fr ict ional resistance 
of its wheels so that the loss of power ma_y 
not be so great as would be ex pected . I n 
practice no appreciable loss ·was apparent. 
As the angle of the dozer blade to the line of 
t ravel is fixed the angle dozer may not suit 
soils of a sticky or resistant nature as well 
as the grader terracer. The dip or angle 
of the dozer blade in relation to level is very 
limited and thi ~ outfit cannot be used to t rim 
ttp the bank to its final smooth outlin e. 
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Fig. 3.-Rea:r view of the angledozer on the first cut following ripping. Fig. 5.-The bank and channel at completion of work by the angledozer . 

Fig. 6.-Trimming the lower -sicl.e of the bank with g rad cr-t erracer.Fig. 4.-The tmal c~:~t t;,y the angledozer , lormmg the oatter. 
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CONCLUSION. 
The angle dozer is not a machine to use 

fo r the complete construction of graded 
banks as the cross section of the bank. as 
left by this equipment, will show ridges and 
furrows on the top, which if left would con
centrate run-off on top of the bank, causing 
rilling along the top and eventually down 

the side. In addition th e capacity of the 
bank will be small in proportion to the 
amount of soil moved unless the grader 
terracer is utili sed to give the final shape to 
the bank. The grea t value of this implement 
lies in its ability to move the soil to the 
desired position quickly, accurately and 
economically. 

EROSION CONTROL AT MUDGEE. 


ERUDGERE DEMONSTRATION. 


BY 


\ \·. J. RH ODES, D.D.A .. , Soil Conse rYationi st. 


Fig. 7.- The finish ecl bank. 

* * 


· n~; ~e R L·: D emonstra tion , s i tu ~lte cl in theEH L
E t udgere V alley, seYen miles to the 

w_est-north-west of l\<1 udgee on the properties 
oE ~Ies. rs . .:\1. F . and F. A . Hughes, is a 
typ tcal example of th e positi ve control of 
so il erosion . 

Reference to .Fig. I will reYeal the import 
ance of all erosiOn control carried out in thi s 
area, as the M udgee Sector encloses app roxi
mately half of the 5,360 square mile catch
~1l ent area of the B urrendong Dam, which 
1s now under constructi on. 

. Da~na&"e by eros ion is extremely serious 
111 tl11 s Sector, ?ncl has a two-fold import
ance; not only IS g rea t damarre beinrr clone 
to a:·abl e and grazing land, but thi s sUt load 
earned by th e Macquarie and Cudrreaona 
R ivers and their tributa ries will oTeatly"' re~ . bI( uce water torage 111 Burrendon a Lmless 
ex tensive so il conservation work i ~ under
taken . 

Despite a succession of ex cellent seasons 
giving an ab_undance. of vegital cover , 
sampl es of stlt earned throuahout the 
f~ed e r ri ve rs of thi s catchment ha~e revealed 
stlt l.oac!s o.f up to :2 per c~nt. , which gives 
an mdtcatJOn of the sen ousness of th e 
problem . 

EROSION PRIOR TO COMMENCEMENT 

OF WORK. 


R eference to F ig . N o. :2 w ill show the 
positi on of major gully lines . which. in 
places. were cut t_o a depth of 7 fee t and 
\vere the result ot an unrestricted run-off 
from a steep hilly catchment . This a raz ina 
area ranged in gra~l e from 20-35 pe~ cent 
and all the run-oft from thi s area flo wed 
across the t ,,-o lower culti vation paddocks . 
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_-\!so conta ined in thi s hilly a rea \rere 
extensive a reas of sheet eroded land which 
la rgely contributed. by reduc~d absorption. 
to t he lar o·e amount of run-off to the lower 
a reas. Ec';'ch successi,·e rainfa ll was causing 
in creas ing depositions of silt on the lu.cerne 
tl a ts below. carried from these gully lmes. 

METHOD OF CONTROL. 

T he fir st staae in the control of this area 
,,·as the reducti~n to a minimum of .the run
off from this hilly a rea . Commencmg from 
the top of the catchment, I 42 acres of land 
were pasture furrowed o:1 a three feet ver
t ical interval using a n pper ar~d a road 
oTader. A.ll furrow lines were npped to a 
depth of one foot, _utili sing _three tynes .of 
the ri pper at the wrdest set~mg . The soils 
of this area proved very dt ffic ult to work 
as laro·e loose rock was encountered below 
the surface . This was more than compen 
sated, however , by the &" reatlJ: incr~a sed 
absorption obtain ~d by c!I st ~1rbmg l11 dden · 
rock and shattenng the sml to a much 
g reater depth . A ll sheet. e roded a reas ,,·ere 
ripped on the contour pm;)l- to the construc
tion of pasture furro\r s 1n p reparat1on for 
the sowing of ,,· immera rye and clovers . 
( Fig. 3.) 

The second step \vas the control of run
off from thi s a rea by means of a 500 cubic 
Yard dam situated a t the head of the flow 
lin e imm ediately above the head of the ex ist 
ing gully. While th e rate and amoun t of 
absorption has been increased to a max imum 
bv means of pasture furrows the a rea has 
h\' no means been completely sealed off from 
all future run-off. \\ 'here prev iously large 
concentrations of water fl o,,·ed from the a rea 
there is no\\· a ,,·ell -di st ributed seepage. This 
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water now flows from the dara to the water
way by means of a diversion bank which was 
constructed by crawler tractor and dozer. 

Prior to the commencement of work a 
natural grass waterway had been located 
following a cross-sectional survey and all 
water which cannot be absorbed on the 
demonstration now flows along this water
way. This area was fenced and all stock 
excluded. Small banks were constructed 
on the waterway to give an even distribution 
of water flow where small irregularities 
would tend to concentrate water. Kikuyu 
grass was sprigged along several stock tracks 
and on areas where it was thought that the 
greatly increased flow might result in a 
loss of soil. 

It was not until every provision for the 
safe disposal of water had been taken that 
the gully was filled with the dozer. Advan
tage was taken of several rains to consolidate 
and settle the fill which was again filled, 
prior to the construction of graded banks. 

These banks, averaging 25 chains in 
length, were built with the grader, on grades 
of a variable percentage of o per cent. to 

O . .f per cent. along the lengt!: of each bank. 
A 7-foot vertical interval between the banks 
gave an inter-bank distance ranging from 
r 0 to 3 chains. The uppermost bank was 
constructed with the dozer as a greater 
cross-section of bank and channel on a 
uniform grade of 0.5 per cent. was required 
to cope with the additional flow from the 
area above, which was not covered by the 
dam and its diversion bank. 

The final work undertaken was the con
struction of a 1,300 cu. yd. dam. adjacent 
to the lower end of the waterway. A small 
level bank sodded with paspalum was placed 
to pick up \\"ater from the flow from the 
waterway and direct it into the dam , which 
on becoming full permits a ll later run-off to 
by-pass the clam, and flow down the 
wat~rway. ( Fig. 2.) 

REMARKS ON DEMONSTRATION. 

Eighteen months have now elaspecl since 
the commencement of work on Erudgere 
Demonstration . The following list of rain
fall registrations indicates the amount of 
run-off s u ccessful!~- hand! eel. 

Fig. 3.-A hillside contour furrowed to prevent sheet erosion . 

::\o. of \Ye t ::\o. o f \Ve t Month . P oints. ~Ionth. P oin ts .Days. 

:'>fay 
June 
July 
.-\ugust 
Septem ber 
October 
No vem ber 
December 

Total 

! ]7 

:!45 
"H
Bs 

468 
36 1 
"253 
305 

2,098 

6 
8 
7 
5 

I J 
IJ 
I! 

5 

68 

January 
F ebruary 
March 
April 
!\Tay 

Total . . . 

5 
8 

[I 

5 
(In complete. ) 

~ .404 I ( In comple te .) 

As a result of removal of stock and the than 7 feet on thi s so il type and grade, " ·hich 
increased water, which actually flood irri ranges from 7 per cent. to 14 per cent . on a 
gates the waterway, a remarkable improve light sandy loam cowring an impervious clay 
ment has taken place in the g rowth and subsoil. 
regeneration of white top ( Dantlzo11ia sp .) . It has been noticed that Yery litt le water 
natural m eclics and kikuyu, and the water has flowed from the pasture futTO\I· ed area 
way is now densely vegetated. and constant soaks have deve loped 11·hich 

have increased the growth of natural grasses 
There is a lso a very evident indication that and the introduced grasses s0 11·n on the 

the ve rti cal spacing of the g raded banks in furrows and scalded areas 11·hich ha ve been 
the cul t ivati on padd ocks should not be greater ripped. Fig. 4.-A w ell-vegetated diversion bank leads wa t er t o a sa fe outlet. 
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A very clear sample of water is now 
held in the lower dam, indicating that there 
is little soil movement from the area above ; 
by reason of the works undertaken our 
purpose has been achieved. 

CO-OPERATION. 
The success obtained on the Demonstra

tion was made possible only by the co-opera
tion shown by the Iandholders while the 
work was in progress and in the following 
months. 

rig. 5.-Pasf.ure furrows and absorption banks OD grazing laRd and graded banks on sloping 
arable land. 
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SOME COMMON ERRORS IN SOIL 
CONSERVATION PRACTICES. 

BY 

G. A. BARNETT, H .D.A., .Soil Conservationist. 

BEFOR£ the ~litablishment of the Soil Con
servation Service in this State, there were 

many creditable attempts made by land
holders to mitigate erosion on their proper
ties, but unfortunately, due to a lack of full 
knowledge of the factors involved, more often 
than not these early attempts were unsuc
cessful. Even in the last decade, since the 
inception of the Soil Conservation Service, 
some landholders have undertaken the diffi
cult task of controlling erosion without being . 
fully informed as to the principles involved 
and some serious errors have occurred. 
These errors have resulted in not only an 
Jtggravation of the problem but also in some 
G~.ses a fatalistic attitude towards soil 
erosion. 

WATER DISPOSAL. 
In any scheme of soil conservation utilis

-ing mechanical means the object is to slow 
the rate of flow of the water down slope. 
To do this, obstructions of some kind 
(usually earth banks) are placed across the 
slope, but it is necessary to provide an out
let for the water collected in these banf<s . 
Failure to provide a safe outlet for the 
·water thus collected has been one of the 
principal causes of the failure of whole 
e rosion control schemes. It is only natural 
that if the run-off from a large paddock is 
concentrated by the banks at one point, 
s erious gullying undoubtedly will occur, as 
illustrated in Fig. I. This not only ruins 
the land onto which the banks empty, but 
:also causes destruction of the banks them
·selves, as the gullies cut back along the 
·channel of the bank by waterfall action. 
Eventually these gullies will extend laterally 
from the banks into the interbanked area 
·of the paddock. The same effect is obtained 
by emptying the bank into an existing 
gully. 

Another result of not providing a d!sposal 
area for the water from the bank IS that 
these will be shortened at each storm by 
the water flowing around the end and carry
ing away the end of th~ bank. Even~u~lly 
the run-off will be flowmg down the ms~de 
of the controlled paddock instead of outstde 
it. 

The ideal disposal area is well gras~ed 
flat land \Vith a natural stream ftowmg 
t hrough it. Alternatively a \yell grassed 

d · · tl areasloping grazing paddock a JOII1l11g 1.e 
1to be controlled can be utili?ed· as. a dtsposa 

area but caution must be exercised to see 
that' the paddock has a perman~nt gra?s 
cover. The main difficulty her1t!J· that m 
all probability the grass cov~r Wl Is~ppear 
during drought years, Iea:rmg the disposal 
area bare, with the result that. the drou~ht
breaking rain will cause senous _gullymg. 
However, it is often more destra~le to 
utilise a grazing paddock for water dtspo_sal 
than to incur the expense of construct~ng 
a waterway. Pasture improvement earned 
out on a natural disposal ar~a would be am 
obvious advantage in reducmg the dange1' 
of erosion which might result from the 
additional water deposited on the area from 
the banks. 

Grassed H · aterwa:ys.-\iyhere .a suitable 
natural disposal is not available, 1t becomes 
necessary to constru.ct a grassed wat~rway. 
The design and method of constructwn of 
grassed wa~erway? h~s been adequately 
covered previOusly m this Journal. Ho~ev@~ , 
certain precautions must be taken tf t~e 
waterway is to be successful, because, t·f 
incorrectly construct~d, these are useless 
and will also be gulhed. 

A grassed w~terway is an area do~vn the 
slope, of suffictent wtdth to cope wtth the 
nm-oH which must be calculated accurately 
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and which has been graded to a !eYe! cross
section with retaining banks on either side. 
These are usually SO\\·n with grasses to pro
v ide a protective cover for the soil. If 
faulty grading has resulted in the waterway 
not having a level cross-section the water 
will naturally concentrate on the la\\·er side 
and cause gullying. In a watenvay ..J.O feet 
wide a safe error would be a t\\·o-inch varia
tion from one side to the other. 

\Vhere it has been necessary to fill a la\\. 
side of the waterway the fill must be higher 
than is required to allo,,· for settling of 
the freshly moved earth. This settling wi ll 
at times result in a variation of up to three 
inches ( depending on the type of soil and 
the depth of fill ) between the constructed 
and the eventual settled Je,·els of the water
way. 

The proviSIOn of a good co,·er grass is 
an obvious but important factor. The species 

chosen should provide maximum grO\dh 
during the season of the high intensity 
storms. A perennial with a creeping habit 
is preferable to an upright annual species . 
To ensure a maximum grass coYer it is 
necessan· to fence off the "·aterwa,. from 
stock arid rabbits. as most of the grasses 
used on ,,·atennlys are palatable. 

In most cases it wi ll be found necessary 
to construct the waten\·ay se\·eral months 
before the banks. so that the g rass will be 
established sufficiently to enable water to 
be turned into the waterway immediately 
the banks are built. If, lwwe\ er, it becomes 
necessary to make the waterway at the same 
time as the banks a temporary outlet down 
the side of the \Yaterway \vi!! have to Le 
provided . with the bank finishing a few 
Yards short of the waterway. This mav 
~·esult in the formation of a gt1lly which ca;1 

be tilled when the banks are joined to the 
,,·atenYay. 

Fig. I .- Failure to provide a waterway for the disposal of water from the baAks caused this rnajnr 
g ully and the extension back alo i'lg the bank chan nel. 

BANKS. 
Although sen-ing a different purpose in 

a soil conservation scheme, graded, diver
siOIJ and absorption bank~ are similar in 
thci r construction and will therefore be 
dealt ,,·ith together. 

lJcsi.r;n.-Here again , as ,,·ith all erosiOn 
control 111easures, design is of prime import
ance. Such factors as incorrect fa ll of the 
bank . in sufficient number or capacity of 
banks. and uncontrolled run-off from higher 
ground. all decrease the effectiveness of the 
,,·o rk s and lead to th e ultimate Lreaking 
down u [ the whole sys tem Ly overlapping. 
\\·ith resultant damage to the other banks 
and the country belO\,. them. \ compre
hensi,·e article on the design of banks 
appears in Y ol. 2 , ~o . 3. of th is Journal. 

J'erhaps th e g rea test si ngle er ror. made 
by landholders in combating so il eros1on 011 
their properties is that of bui lding ba i_Jl~s 
without taking levels. It is extremely diffi
cult to tell with the naked eye ,,·hich ,,·ay a 
lin e falls. and it is ,·irtually imposs ible to 
p eg a lin e ,,·ith a specitic tall without ~he 
<:ud of ·ome levell ing deYice. Banks which 
are put in on levels determined by eye are 
doo n1 eu to failure . 

. -- ·- -- --

The grade of a drainage bank wi ll depend 
on everal factors but in most cases it should 
not · exceed 7 inches in IOO feet . At in
neasecl grades there is a serious risk of a 
g ully forming along the channel of the bank 
as illustrated in Fig. 2. Also, if there is 
in suffic ient fall along a graded bank there 
is a likelihood of siltation occurring and 
reducing the eftectiYe height of the bank. 
The Ao,,· of the water along the bank should 
not be fast enough to cut a gully. nor slow 
enough to cause excessiYe deposition of . il t. 

.-\n insufficient number of banks. and a lso 
banks which are too small to handle the 
anticipated run-off, have an obvious, but 
d isastrous resul t. In both cases the amount 
of \\·ater co ll ected is rr reater than their 

b 'I'l capacity and overtopping will occur. 1e 
con -t ruction of banks \\' hich are too long 
produces a similar result. It is generally 
advised that graded banks should be I_JO 
longer than 30 chains unless these are bt11lt 
at lo,,·er Yertical intervals than is usual or 
,,·ith \· ery large cross-sectional area. 

l.Jncontrolled run-oft from higher country 
can ha,·e serious consequences on s?il con
servation programmes if no attempt 1s made 
to control it. In a la rge percentag~ of . cases 
,,·here erosion cont rol schemes are mstituted 

Fi.f?. ~ .-Thi; g-ully formed in the bank chanu el because of e xcessive grade'. 
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Fig. 4.-The damage to thi~ absorption bank was ?ause_d by ~e water se~ping through the bank, 

where it crossed a gully and eventually undermmed 1t. Th1s could have been prevented lf 


the gully fill had been properly packed . 


it becomes necessary to control the run-off 
from land above the area to be controlled. 
This land may be steep, rocky or timbered 
country where absorption banks cannot be 
used, or it may be cultivation or grazing 
land held by an unco-operative farmer. In 
these cases the run-off can only be con
trolled on the landholder's own property by 
a large diversion bank or series of diversion 
banks. A problem of this nature was 

..... ' 

' ' ' ' 

Fig. 3 .-Sk~tch showing method of co11trolling run-off from steep country to protect a system 
of graded banks at Torybum Demonstration, near Gunnedah. 

This design enabled the full body of water 
to be handled without danger of overloading 
the works as each bank caught the run-off 
for only a portion of its length (about 500 
feet) and was proteCted for the remainder 

·of its length by the bank immediately above 
it. 

\Vhere the size of the catchment does not 
warrant a scheme of the size outlined above, 
satisfactory results may be obtained by con
structing one large diversion bank with a 
suitable outlet, to carry off the excessive 
run-off. Here again design is important 

to ensure that the banks are capable of 
handling the anticipated flow. Otherwis€ 
the success of the whole scheme is jeopar
dised, as a break in this top protective bank 
would most certainly break the graded banks 
below it and cut a deep gully through the 
paddock. 

Construction.-Banks can be constructed 
with a variety af implements ranging from 
a plough to a bulldozer but in all cases care 
must be exercised if they are to do their 
work effectively. 

encountered at " Toryburn" Demonstration 
near Gunnedah. A large, steep, roc;ky hill 
immediately behind the area to be banked 
was responsible for a high rate of run-off . 
To prevent this large body of water from 
damaging the lower graded banks, a series 
of diversion-absorption banks were built 
between the cultivation and the hill as 
illustrated in Fig. 3· 

Oi1Ce the banks are surveyed, they should 
be constructed on the surveyed line. Any 
deviation up or down the slope will result 
in a considerable variation in the effective 
height of the bank and will increase the 
risk of damage from overtopping. To ensure 
that no error has been made in the con
struction of the bank. it is advisable to 
check both the channei and the bank with 
a levelling instrument after their completion . 
This will show up any irregularities which 
can be corrected before damage can occur . 

\Vhere a soil conservation scheme involves 
the construction of a series of banks, the 
banks must be built in order from the top. 
Beginning with the top diversion bank at 
the head of. the catchment area, the banks 
are then constructed in descending order 
down the slope. If the reverse procedure 
is adopted, i.e., the bottom bank built first, 
serious damage can be caused if a storm 
interrupts the work, because each bank is 
designed to cope with only a portion of the 
water from the area, whereas. in the latter 
case, it will receive the entire run-off. 

Where it is necessary to construct banks 
across gullies, particular care should be 
taken in filling the gullies. The fill must be 
packed in well and should extend for several 
feet above and below the banlc If this is 
not done, it will be found that the water 
will seep through the l~sely packed ea~th 
and eventually undermme the bank wtth 
serious results to the lower banks. 

Consideration must be given to the fact 
that banks. whether constructed with a 
grader or bulldozer. _w_ill settle. down to ~ 
lower height than ongmall.y butlt: i\J.Io_w
ance should be made for thts settltng w~tch 
at times will result in a reduction of hetght 
by as much as r 5 to 20 per cent . of the 
constructed size. Thus, to ~e safe. a b~nk 
should be given additional freeboard, equtva
lent to 25 per cent. of the depth of fill . 

These remarks on settling of new!~ moved 
earth apply to a greater extent to. silt tral?s 
and dams, as the amount of sot! ~sed ts 
much larger. The damage to the stl~ trap 
shown in Fig. 5 was due to the settltng of 



the n·all. which reduced the safe ty margin 
from 3 feet 8 inches to 4 inches in a matter 
of weeks. T his was, of course, insuffic ient 
to cope with the heavy rains which followed. 

_Vainteuance.-:\nother factor to be 
conside red is ma in tenance of soil conserva
tion works. It often happens that after the 
banks are installed, a certain amount of 
silt ,,·ill co llect in the bank channels over a 
period of time. T his si lt lowers the effec
tive height of the bank and must be cleaned 
out with a g rader, plough, scoop or other 
implement when req ui red. Under certain 
conditions it may be necessa ry to carry out 
maintenance every yea r or even less, but 
norma lly with correc tly designed banks and 
proper land use, it will not be necessary 
more often than once every tn·o or three 
years. 

tock particula rly sheep. wi ll often be 
responsible fo r cutting tracks across the 
banks (particularly newly constructed 
banks ), thus destroying their effectiveness 

by reducing the height of the banks at these 
points. T he \rater which runs down a 
sheep pad will carry a g reater amount of 
si lt, which is deposited in the channel of 
the bank immediately below. Because of 
the higher chann el and the lower bank there 
is then a danger of the bank over topping. 
Regular main tenance will minimise th e 
danger o£ any damage res ult ing fro m a 
broken bank. 

GULLY CONTROL. 

\ common yet unwi se pract ice is tha t of 
ploughing in small g ulli es which result after 
a heav \· storm . Fa rmers who thu s emula te 
the ostr ich by burying their heads to th e 
n·a rning signs of nature are only postpon ing 
the day when their paddocks will become 
seriously damaged . No matte r how well 
these gullies or rill s a re fi ll ed, there w ill 
always be a depression which w ill co llect 
a greater amount of water at each storm to 
wash out the ploughed- in so il un less th e 

Fig. j.- A badly-d esign cl sil t lra p . Se ttling o f the wa ll Ca l/l sed tluc w,tt e r to Ao11· o ver t ltc top 
u f rh c wall in·s t c·a cl o f thro11gh tht· o utl C't . 

os 

Aow is cnntrollc(. E,·cntua ll y deep gullies 
"· ill develop 11· hi ch cann ot he crossed " ·ith 
farmin g implements or fil led "·ithout the 
use of heavy eq u i pm en t. 

. \~Vh~n t hese small rill s appea r. it is an 
mcltc_atton that remed ial measures are 
requ tred. T his may mean a chanrre in land 
use or th e in , ta ll ation of banks"' or both 
lJ_ut t he amount of "·ater Ao\\' ing do\\·n t il es~ 
rt ll s must be reduced before effect ive con
trol can be obtained . 

\ ~ here it is in tended tu recla im exist ing 
gul lies . th e most commm cont ro l measure is 
the buil diPg 11! small :-:o il -sav in n· clams in 
the g ulli es. T hese may he mad~ of stra\\·, 
brush . \\'ire nett ing. t intber . stone. ea rth o1: 

co_ncrete . hut itt a ll cases ca re must be taken 
wt_t h their insta ll at ion. [Vlany structures of 
tht s nature can be ·een tanclina a 
n:emoria ls 11f i_t:co rrec t des ign or con ~tru c
t t ~n or iluth. I he \\·a ter has either uncler
~n mecl t hem or cut a roun d either s ide leav
lllg_ them sta nd ing in the miclcl le of the rrully 
cnt trely useless. "' 

* 


T he structure · hould be bui lt cm firm 
ground and must be embedded well into the 
side of the gul ly. T he overAo" · must be of 
su ffic ient size to cope \rith the anticipated 
Aow and an ap ron of suitable material on 
the downstream side of the clam ''"ill pre
vent undermining . 

After the construction of the so il-savin o
dams, stab il isat ion of the gully can be 
hastened by planting grasses or trees along 
the sides and in the bed of the gully. 

CONCLUSION. 

It w ill he seen that there are many pit
fa lls to be guarded against when unclertak
inrr the conservation of soil. .L-1 n·e er . a 
gr~at dea l of technical advice and practi~al 
assi stance is now ava ilable in m st dt s
t ri cts of New South \~Ta les and there is no . 
reason why the landholder should _not be 
able to do a o-reat deal towards a nng h,;; 
soi l, which, after all , is his principal asset. 

* * 
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