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available. The remaining 150,000 acles of the estimate largely covers sandy
areas of the Swan Coastal Ptain which are suitable oniy to the more tolerant
but slower growing Pinus pitLqster.

To date 21,000 acres of this species have been eFtablished under planta-
iion conditions mainly at cnangara in the Wanneloo Division some 20 miles
north-east of Perth. The oldest typical stands in this Division ale 30 yeals
of age. Present management information indicates that the lotat ion pel iod
for the pine on these sites will be 60 years.

Othel' sizeable plantations ol Pinus pin(rsIer esrablished on thc Coastal
Pla.in are Somelville and Coliier in the Per.th metlopolitan area, Myalup planta-
tion west of Ifarvey and Ludlow plantation near Busselton. Sample plots havc
also recently been established in the Yanchep and Moore River areas to ihe
north of Perth to determine the poteniial of these sites for the species.

As with all clop management ploblems on mar,ginal sandy areas, planta-
tion esiablishment on the Swan Coastal Plaln has shown that nutritional
factors are of prime importance. For 25 years the Forests Department ol
Western Australia has directed tesearch to determine the role which ferti-
lizcrs must play in the management of sandplain ptantations. The majolitt'
of this work has been on a field plot basis; i4 certain instances fully replicaterl.
trials provide confident data for remedial feltllizer plescriptions to be dra.wn
up. To date, however, opportunities to follow up the broad fleld wor-k witir
detailed and controlled laboratory Iesearch have been limited and nuch of the
inyestication still remains at a general reconnaissance leyel

The result of this activity is a. mass of useful fleld data applicable to
large areas of sandy soils and plantations not yet past the mid point of the
estimated rotation I)eriod. This information, to be of beneflt to futute !rr,o-
ject Dlanning in the nutrition fleld, is required in one comprehensive. cohesive
reDort.

In this r]aper a, summary of the general approach and findings of depar.t_
mental nutrition investigations with pizds pinaster on soils of the S[,an
Coastal Plain up to 1960, is urovided. The possible part that fertilizets may
play in correctinq nutrition disordels is discussed where possible.

SITES AVAILABLE FOR, PLANTING

Sites Droposed for future pinus pind,ster establishment in Western Austlalia
are confined mainly to the Swan Coastal plain in a zone ranging from the
Moore River in the north to Busselton in the south. Over much of this area
a reliable, reasonably uniform rainfall of 2b to 35 inches falls; mainly duling
the four months of May to August. Summers are hot and dry.

The soils are sandy in nature and tepresent the r.emaining infeltile por_
tions of the Plain, which have not been cleared and utilised for agricultural
purDoses.

Plantation sites are located within two distinct geomorphic sysrems.
A.-The Speq,ruood Dunes SAsteln (McArthul and Bettinay 1960).

The Spea rood Dunes system is separated from the coast by a narrow
undeveloped littoral zone and constitutes the western exient of plantation
establishment. In its western mat,gin the system consists of the Cottesloe
soil association (Bettinay. McArthur and lIingston 1959) with shallow yellow
and brown neutral sands over'lying aeolinite. fn many places limeslone rs
exposed at the sur,face. The eastern poltion ol the system, the Kaffakatta
Association, is a series of sandy dunes reachiug elevations of some 200 feet
with soils consisting of leached, yellow and brown sands overlying limestone
at depth.
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V eg eta.tion.
Under natural conditions the following majol vegetatlon types occur:-

(1) Poor banksia sct\lb (Banksia menzi$ii, B. a,ttelruatd, and B, rlaci-
loli ofte\\ lvith intermixed jalra,h (Euccttqptus ,natginato,) a,td
marli fZ. calophulld). Eucotuptus tgd,tiq,tua is a common associate
on the dunes and upright blackboys ( Xd,trthorrhoea prebsii, ate
common oI] the better banksia aleas.

This type extelds ovel the poorer parts of both dune systems
and is generally associated with deep grey surface holizons and
coffee rock or yellow sand at depths gleater thaD 10 feet in the
eastern section. It constitutes the poorest site quality for pine
glowth.

(2) Poor jarrah and marli forest with intermixed banksia understorey
is often found in the better areas. This type characteristically
has a friable cofiee rock or yellow sand horizon within 7 feet of
the surface and consiitutes the best site for pire growth.

(3) Trrari (E. goltupllocepllaIo) forest occurs on those soils of the
Spear"i{ood Dunes system where limestone occurs reasonably close
to the surface. Pine growth on this type often suffers severely
from drought unless heavy thinning is maintained. The shallower
phases ale useless for Pinw pinaater grovt,l.

(4) Paper bark ( Mela,Ieucd, pd,rDifl,ora) thickels occupy isolaied swampy
areas of the flats. This type, oJten too moist for pine establish-
ment in the first rotation, has in certain cases given rise to
nlst class stands of pine.

THE SPECIES

Pitlus pituaster is a native of southeln and south-weste{n Europe; France
and Poltugal in particular. under naiural conditions it is generally found
growing leasonably close to the coast on a variety of poorer soils.

Growth rates and tlee form ar'e inferior in relation to the majol com-
mercial pines of the world generally used fol afforestation. The species has,
however, a tolerance of infertile sandy soils and summer drcughts which makes
it important to forestly in countries with the Mediierranean climate and
poor soils available for affolestation,

Seed impoded to Western Australia displays marked variations due to
ditrer.ent, geographic origin (Hopkins 1960), At least four distinct races have
been sepalated in local plantations and of these, the Portuguese is the superior'
for local use. Since 1940 all seed used locally has been obiained from this
source,

Species trials carried out over the past 40 years have definitely established
t}laf Pi1L11s pindstet is the only softwood that can be seriously considered for
Ialge-scale plantation work on the sandy soils of the Swan coastal Plain.

EARLY NUTRITION INVESTIGATIONS

considerable exploratory \',/ork on Pi2t,9 pizasrer establishment carried
out within the period 1926 and 1933 proved that satisfactory strike and earlv
growth could not be achieved on the poorer, sandy soils of the swan coastal
Plain, without the addiiion of fertilizers at time of planting (Stoate 1950).
Both blood and bone and superphosphate produced satisfactory results but
as the former showed no superiority over the cheaper superphosphate, it was
not considered for general plantation use.
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RECENT NUTRITION INVESTIGATIONS

Since 1950, investigation i^Ia Pi.nus pi?rasrer nutriiion problems has mainly

concentrated on the plantation areas to the nortll of Perth. Work has aimed

to conflrm and explain early results and to continue investigations on the

us€ of fefiilizers as second or subsequent dressings in the older siands at

Gnangara. Trial nutrition plots on the previously uniested soils of the Pinjar,

Yanchep and Moore River areas have also been established

PHOSPHATIC FERTILIZERS AT TIME OF PLANTING

Regular observational trials instaUed up to 1959 have generally conflued

early nndings regarding the necessity of a phosphate application at time of
planiing for satisfactory Pinus pindster establlshment on sands of the Swan

coastal Plain. This rule holds hue for all sites on the BassendeaD association.

Without superphosphate at time of planting, establishment is a failure'

On limited areas of the Spearwood Dunes system where the sands may have

a limestone influence, it has been found that superphosphate is either nol

required due to relatively high initial P,O5 values (as in parts of Somerville

and Stirling Plantations) or that zinc replaces P:Or as the initial essential

fertilizer to be added (Moore River plots).

(l) Retention of Applied P2Os in the Soil

In 1951 a project was commenced to determine ihe lasting effect of

applied P,Os in the plantation soil.

siies that had receiYed phosphate a,pplications eiiher at time oJ planting,

or subsequently, were sampled in the 0 to 6 inch and 36 inch soil layers.

Residual P,O' values in parts per miuion \rtere deiermined for each sample'

Results of the chemical analyses for two major sites are set out in Table 2

TABI,E 2.

Retention of Applied Superphosphate in the Profile under Gnangara'
Plantaiion conditions.

A -FIat TaPe

tti oz.

16 /2/  52

P,O, Values in Parts Per' Million

36

5
t3
l9

0-6

38
42
43

36
in .

t
2

0-6

l8
s

36
in.

l l
20
32

o-ti

40
3 l

36
in.

I
6
6

0,6

I 7
22
t7

ra I o.,o' - t *
8 3 4

ro  26
6 4 0

Roplications

IIean PrOs

Total super a.pplied Ni,I

36

t2
t5
13

0-ti

l 8
20
1 4

12.6

2 oz.
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It is obyious that leaching alone may remove the applied PrO5 from the
sur{ace soll within a period of six months after applicatio!.

(2) The Use ol Rock Phospkclte.
Rock phosphate has proved superior to superphosphat€ as a means of

applying P'O5 to pine plantations in Queensland (Young 1948, Richards 1954).
In 1952 a replicated trial was established at Gnangara to determine whether
this material could satisfactorily replace superphosphate at time of planting

under the hea,vy leaching conditions of the Swan Coastal Plain.
Three treatments u/ere tested:-

(a) Two ounces of ground rock phosphate (36.6 per cent. P:Oi) applied
. basally at time of planting,

(b) One or.nce of ground rock phosphate + | oz. of superphosphate
(30.3 per cent. P'oi for mixture) applied basauy at time of
planting.

(c) Two ounces ol superphosphate (23.0 per cent. PsOi) applied
basally at time of plantlng. This is the normal prescription.

Controls for an adjacent hormone trial showed that a P,O5 application
was necessary on the particular site.

Table 4 sets out the results of the 1959 measurement ol ihe expeliment.

TABLE 4.

Mea.n heights fo! Phosphate Rock Experiment at Time of Planting.

Ilean Eeights in Feet (trnit 25 trees)

Trea,tment I Treatnent 2 Treatment 3

I
2
3
4
i

23.25
2 0 0
22.25
19 .0
22.0

22 .15
21  5
21,i5
22.5
24.25

2t 25
22 15
2D.15
22.0
24.5

2 I  . 3

Analyses of variance ca[ied out on these lesults and the previous data
for measurements one year after establishment proved-

(i) there was no signiflcanL difference between the survival percent-

ages for the three treatments;
(ii) there was no significant difierence in the height growth, up to

an age of ? years, for the three treatments.

SECOND OR SUBSEQUENT APPLICATION OF FER,TILIZER,S
In 1951, a series of disorders in the plantation at Gnangara caused

considerable concern and prompted intensified nuirition investigaiion. The
disorders were variable in nature (Stoate and Bednall 1953). The most
important, from the nutritlon viewpoint, is known as "rapid decline" and is
charactelised by a general fauing off in crown density, needle length, needle
colour and general iree vigour on celtain areas that initially developed
saiisfactorily. This condition is also reported by Richards (1954) for certain
older stands ol Pillus taedtL in Queensland.

2 2 6 22 .O
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t2J Braadcdst Superpllosphate Strips and' Plots'

Fudher to the "Wait and See Series" designed to determine the most

effective tertitizers io use in rehabilitating degraded stands' parallel $ork $as

"o--"rr""A in 1953 with ihe aim of providing the following information:-

(a) fne optimum stand age for fertilizel application and late of

response to treatment

(b) The area of plantaiion over which subsequent fertilizel tleat-

ments would be aPplicable'

Since 1953 continuous chain wide broadcast super strips have been laid

dowD to sample most ptantaiion areas at Gnangara' Four cwi of super-

til".nitrt" per acre is the stands'rd treatmeni applied Broadcasting is

iu""i^eO o"t 
- 
witft a Ferguson fedilizer spreader operating along orrtrows ai

2 chain iltervals.
I n t h e o l d e l p l a n t a t i o n a l ' e a s , 0 . l a c l e b l o a d c a s t s u p e l p l o t s i n i t i a l l y

replaced the continuous srrrps This practice has been discontinued as it

does not adequately cover the range of sites plesented in ihe wanneroo

Division.
fal tne Opiimum Time for subsequent Fefiilizer Application and rate of

Response:
Thec r i t i ca l s tandage , fo r second fe l t i l i ze rapp l i ca t i on ' va r i esw i t h the

site anO can only be diagnosed by the incidence of stand responses to the trial

superphosphate sirips.- 
The earliest age at which an appleciable response has been obtained to

oute, i. fo years. This particular site was poor and subjeci to waterloseing

itr *i"t"t. Super applied in May, 1958, produced an improYement in crown

colour and vigour whlch was clearly observed in october of that year'
---- 

iunf" ? seis out the results oJ needle length measuremenk car-r'ied out

on these conirol and treated areas 11 months after the date ol application of

4 c{rt. of superphGsphate.

TABIiE 7.

Superphosphate Effect on Needle l€ngth at Norlh Lne Poole' Gnangara'

Needte Lelgth ir Inches Number of
Sample-"

UeaFure{l
Mirrimllm

2 5
5 . 3

counts were also cauied out $iih samples taken over a wide area to

determine the average number of fascicle bundles laid down since treatment

attnouen the number of needle bundles on tt-\e treated trees was slightlv

nign"" thut the controls no emphasis is placed on this difference rmmediate

"";*tt "utpottt" is considered to be due solely io an increase in needle length

and improvement in needle colour
It can be stat€d that-

(i) ihe optimum time lor application of subsequent leriilizer treat-

ments can only be determined, at tbis stage, by observing stand

responses to diagnostic fer-tilizer sirips placed to sample the area

i :0,1

1 6
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(4) Stumpage Lehons.
In certain instances, sufficient replication of trials or coDfidence in results

lrom single plots has permitted detaited plot analyses which indicate the
fnancial aspects of subsequent feltilizer treatments to be carried our.

TABLE 9.
Stumpage Value hcrement from Fertilizer Treatment

A.-Portuguese. Planted, 1939. freatcd 28 / I /52

B.A.o.b. per -A.cre
Merch.

Mead Heigbt
Stumpage

Value (fl 5s. 3d.

1963 1959 M€rch. 1953
I Trees

Cnangere. Conpt. 18. Wethsrel.
Planted l0 ft. ! 6 ft. Unthinned.

' t rea, iment 
Valueper \nnum t3 2s.  +d.

Trea,tment Cost : fG 6s.

30

B,-Soutk Alrican. Planted, 1939. Treated 27/B/52

. : n a n s a r a .  \ \  F l h e r " l  B l o . k .  C u m p r . 2 6 .
PlaoGd r0 ft. x 6 ft. Unthinnedl

Tre:rtment Value per Annum : tl 3s. lod.
Treatment Cost

'  :  f  s . d . . t  s .  d . , t  s ,  d .
C ion t ro l  ; 7 .7  69 .0  . .  20  25  0  I  0  . . .
Tres,tnrent, jl3 7 I 98.2 30.r 20 29 3, .. 827 j B 0] 7 g 0

C.-Portuguese. Plq,nted, 1931. Thinned, 1952, Traated, 26/9/58

oorttol 99 3 120.5 ]
rreated 86 0 138.0 

I
Gnangara. lvetherel Block. Compt. 19 Treatment Value per Annum - J3 ?s. 10d.
Planted l0 ft. x 8 ft. Thinned to 210 stems. Trertment Cost - f,s

+ I load : 50 ctrt. ft.

Table 8 sets out the volume and stumpage returns obtained from fertilizer
treatments on three separaie sites. Stumpage values are based on a single
figure of 22l- per 50 cubic feet volume over bark. This was the average
1958 to 1959 stumpage rate at Gnangara for ? fi. logs to a minimum under
bar'k diameter of 4 inches. Data is based on three treated and three control
plots in the cases oi 9A and 98. Data in 9C is for a single 0.1 acle plot
and a surrounding control.

Treatment has proved economical in all three instances.
Apploximate treatment costs, calculated on the basis of broadcasting with

a Ferguson super spleader in the 1958 to 1959 nnancial yeal are as follows:-
4 cwt. superphosphate/acre : t3 10 0.
5 cwt. superphosphate/acre : €4 10 0.
B cwt. superphosphate/acre : f,6 12 0.

20 cwt. superphosphate /acte - t16 0 0.
5 cwt. of superphospha,te +

2 cwt. of ammonium sulphate : f,8 15 0 per acre,

: J6 6s.

1 8
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G, Stumpqge Retufns,
In certain instances, sufficient replication of tdals or confldence in results

from single plots has permitted detailed plot analyses wbich indicate the
financial aspects of subsequent fertilizer treatments to be carried ouL.

TABLE 9.
Stumpage Value Increment from Fertilier Treatment

A.-P ortugu%e. Pldnted, !939. lr eated, 28 / B / 52

B.A.o.b.  per - {cre

Gnangara,. Compt. 18. lvether€l.
Plant€d 10 ft, x 6 ft. Unthinned.

Treatment Yalue per Annum : i3 2s. 4d.
Trea,tment Cost : f6 6s.

Mear Height
Merch.

p€r ec.
(cub. {t.)

Stumpage
Ya,lue (Jl 5s. 3d.

per load)*

B.-South Alricd,n. Ptanted 1939. Treated, 21 /8/b2

alolltrot . i i7.7 69 0
Treat ent 53.; 98.2 s0. r

( ; ' ra,neara.  \ \ 'F iherFj  Block.  compt.  26.
PlanGd r0 ft. x 6 ft. Unthinned.

t c s . d . - q d . t s . d .
0  . .  0  I  . .

3 2  . . .  3 2 7  1 7  3  0 t  7  3  0
i

Trea,tment Yalue ?er Annum : tr 3s. 10d.

20 25
20 29

: J6 6s.

C.-Portusu$e. Planted, 1931. Thinned 1952. Tre,s,ted, 26/9/58

Lront.ol 9s.3 120.b .. ss 60 60 ]2,168 r,rorn; ri-udH A , 
t " a

T r e a t e d  . .  8 6 . 0  1 3 8 ' 0  . . . .  5 1  0 1  i  6 4  i t , 7 8 s  3 , 6 ? 5 3 9  5  5 8 0  t ?  0 2 0  r  2

c r . r n g a r a .  \ t c r b e l P l  B l . . k .  | - o m p l .  l 9  l r e a t n r e n i V o l u a p e r A n n u m  -  9 3  ? s .  I 0 d .
Planted l0 ft. x 8 ft. Thinned to 210 st€ms. Treatment Cost : 18

Treatment Cost

* r Ioad : 50 cub. ft.

Table B sets out the volume and stumpage returns obtained irom fertilizer.
tteatments on three separate sites. Stumpage values are based on a single
figure of 22l- per 50 cubic leet volume over bark. Ttris was the average
1958 to 1959 stumpage rate at Gnangara for ? fi. logs to a ulinimum under.
bark diameter of 4 inches. Data is based on three treated and three control
plots in the cases of 9A and 9B. Daia in 9C is for a single 0.1 acre plot
and a surrounding control.

Treatrnent has proved economical in all three instances.
Approximate treatment costs. calculated on the basis of broadcasting with

a Ferguson super spreader in the 1958 to 1959 nnancial year are as follows:-
4 cwt. superphosphaie/ aqe - t3 10 0.
5 cwt. superphosphate/acre - t4 10 0.
B cwt. superphosplra,tE/acte : fC 12 0.

20 cwt. superphospbale/ ade - t16 0 0.
5 cwt. oi superphosphs.te +

2 cwt. of ammonium sulphate - f,8 15 0 per acre.

1 8
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'2 '  Ni lrogenaus Fert| l i?ers.

Prior- to 1952 there was no indication that nitrogen was an important
deflciency element under local pine plantation conditions. Mixed leltilizer-
trials carded out between 1933 to 1950 generally provided no benefit over
phosphatic feltilizers used alone.

Young (1948), working with Pinus ta,ed,a and Pinus ertiortii under Queens-
land conditions, has repolted detrimental efiects for nitrogen eiiher used alone
as ammonium sulphate or in mixture with phosphatic fertilisers. American
and British workers repolt favourable effects oJ nitrogenous fertilisels in pine
nuiI.ition.

On sandy soils in Western Austlalia, nitrogenous materials have a definite
place in plantation fertilising. In conjunction with phosphaiic feltilisers,
ammorium sulphate gives a degree of improvement in siands of subsequent
deglade beyond that obtained with phosphate aloDe aDd at more favourable
tfeatment costs. Leyton (1958) reports similar circumstances in heathland
pine planiations in Greai Britain. Nitrogen deflciencies ollly show up lat€r'
in the rotation following initial phosphate tleatments.

Avelage glowth Iesponses obtained for fertiliser irials over seven degr'aded
sites. as set out in Table 6. show that a treatment of 2 cwt. of ammonium
sulphate plus 5 cwt. of superphosphate produces an average response of 5 pex
cent. This is superior to all othel treatmenl,s tested. Table 5, which recolds
the frequencies of tleatment lesponses over a range of 10 difierent sites,
further shows that this NP mixture is more consistent in its incremeni over
the general Iange of sjtes tested.

It is obvious that NP mixtures are superior io straight P application
in subsequent fertilizer work. The few cost analyses available indicate that
the NP tleatment is economical from ihe viewpoint of improved stumpage
values.

l3) Potassirlm Fertili?ers.

Potassium has only been tested on a limited scale in Western Australian
pine nutrition work. Recent trials incorporated 1 cwt. of potassium sulphate
with 1 cwt. of superphosphate and seven other elements (Treatment 9. Table
6). Results are not very promising and in certain instances needle burning
is attributed io this treatment.

Potassium has been found beneficial in Amedca, (Heiberg and White
1951, white 1956), while British workers (zehetmayr 1954) report deifimental
effects for this nutrient. Rossiter (1951) has shown the necessity of potas-

sium to pasture growth on sands of the Swan Coastal Plain €lnd it is considered
that potassium sulphate at the 0.5 and 1.0 cwt. per acre level, in mixture with
the standard NP treatment, is worthy of future plantation trial.

(4) Zinc Sulphate.

Zinc can be a deficient element in PirLus pi,n6ter nutrition on all sands
of the Swan Coastal Plain tested by plantations or small 0.1 acre sample
plots.

On the lirnestone sands of the coastal cottesloe and Kauakatta associa-
tions, zinc may be dencient at time of planting or within a, few years after
planting. This deficiency can be corrected by a 2+ pe( cent. zinc sulphate
lol iage spray.

Isolated iest areas at Pinjar and Moole River on the Limestone associaiions
indicate that zinc may replace the phosphate effect experienced at time of
planting elsewhere. Supelphosphate with zinc spray treatments on these sites
has no efiect further than zinc spray alone in the initlel establishment stage
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(1) The poor nutrient fixing capacitv of the surface sands.

(2) A climate and soil which faYour rapid leaching.

(3) The rate of root developme\t of Pinus pinaster'

(.D Nut/ient Fixirlg C4 pacita---'fhe grey sulface soils of the Bassend.an

association have very little fine Jraction; in some instances the coarse sand
percentage is as high as 96 per cent Cation exchange capacity of these

layers is directly correlated with their organlc content, a value which is in the

vicinity of 2.0 per cent. in the surface 6 inches and as low as 0'3 per cent.

at a depth of 36 inches.

(.D Ledchins.-Ihe coarse natute of the soils and plevailing climatic

conditions favour rapid leaching down the profile Ploughinc prior to plant-

ing, to reduce scrub competition, would also tend to aid leaching

Superphosphate applied at time of planting at the rate oJ 2 oz. per plani,

within a 12 inch radius oJ the transplant stem, may be leached from the

surface 6 inch soil layel within 6 months of the date of application (Table 3)

and from the surface 3 foot lavel within 12 months of application. Analyses

to determine the residual P,Oi values resulting from frequent superphosphate

ctressine;s within the plantation have shown that within 12 months of the

cessation of fertilization, PzOs values in the surlace 36 inches soil layer ale

almost back to normal (Table 2).

(3) Root Del)elopmetut ol Pinus pirLaster.-Fot the nrst 6 months after
planting, the pine roots are restricted to a soil cube of approximate maximrrm

edge 12 inches. In a 3 year old plantation at ? foot spacing, roots may, how-

ever, extend over a radius of 21 feet lrom the parent plant (Burbidge 1936)

Fertilizer employed at time of planiing must be applied basally within

a radius of 12 inches from the transplant if it is to be effective before leaching

removes the soluble PrO: out of range of the restricted root system. Two oz
of superphosphate per tree (approx. 1 cwt. per a$e ^L 1 ft. X ? ft. spacing)

is optimum under such condit ions (Stoate 1950).

It is not plactical to broadcast superphosphate at time ot planting undel
prevailing conditions. Excessively high concenirations of approximately 20

cwt. per acre are required to give the optimum, iransitory, surface P2O' values

ol 150 pafis per million. The majoritv of this broadcast material would be

lost through leaching before root extension could utilize it, and the only
effect the applied F,O5 between the rows may have is to encourage excesslve

weed growth.

In stands older than 3 years, where the feeding roots are fully utilizing the

surface soil layers, basal fertilizer applications ale only able to feed the

limited root area immediately adjacent to the pine stems. Under these con-
ditions, broadcast dressings, at much reduced concentrations, adequately supplv

the entire surface root area of the site.

This pattern of fertilizing applies to sites wher-e leaching is an excessivc

factor. In Queensland plantations where the applied nutrients are fixed in the

surface soil layer$ (Richards 1954) there is possibly no great advantage in

ufilizing basal treatments. This should also hold true for Pinus pin&ster ^nd

Pinus rad,kttq plantations established on the nore fertile soils of Westeln

Australia.

Zinc deficiencies can be effectively rernedied by foliage sprays, stem injec-

tions or soil treatments. The foliage application has proved the mosl economi-

cal and efficient.
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Data esttmdting the costs of inseci damage to plantations and natural
forests is available (Baker 1959, Bendict 1959). It indicates that if sound sus-
tained yield management is to be achieved, unhea.lihy stands, particularly in
single species plantations, should be broughl io full vigour as a preventative
measure from the eniomological viewpoint.

Fertilizing of these poor stands will also guarantee a higher recovery il
they are to be clear felled and replanted with Portuguese stock.

THE PR,ACTICAI, EXTENT OF SUBSEQT]ENT FEIiTILIZER
PlI,OGR,AMMES

No evidence is available at present to warrani the application of subse-
quent fertilizer treatments to the general plantation area. So Jar- it has only
been proved that treatment is efiective on sites subjecl to degrade.

It is felt that within the rotation pedod of 60 years, mosi areas of sand-
Flain plantations will require at least one subsequent feltilizer l,reatment
to maintain full vigour. Investigations being carried out on the rate ol
depletion of soil nutrients by the developing pine stand support this state-
ment. These incomplete investigations, ho!,'ever, also show that after a
period ol approximately 20 years under plantatio , there is a trend towards
the exadual build up of nutrients in the surface soil as a result of litter
decomposition (Hatch 1959). Heavie{ thinning practice may also oflset
the rutrient drain on the site by eliminating useless stems from the crop,
building up the soil organic content and reiulning Iitter nutrients early in
the rotat ion (Wright 195?).

The question of the practical extent of subsequent fertilizing practice
Inay be at present summed up by stating thai second applications of fertilizei-s
are only warranted on areas of known degrade. This can be accomplished
satisfactorily with a mechanical fertilizer spreader working along ouirows.

ItrINES OF F,ESEARCII

M.ljor lines of lesearch established or being considered wiih the species
under local conditions may be summarised as follows:-

(i) Largel and more confident field trials to determine the incidence
of degrade in existing stands.

(ii) Trials to test cheaper and more effective fertilizer materials.
Phosphate rock is an immediate possibility at present under trial.
Poiassium and calcium materials will be tested wherever present

ffeld plots do not cover them.

(iii) Pot trials and foliar analysis, coupled with detailed soil chemical
ana.lysis are avenues of research which will assist to explain the
basic nutlition pattern of the species on the site.

(iv) The factors r/hich decide the numelous and unerplainable site
quality variations within established plantations are at present
being investigated. Soil moisture studies and surface sand frac-
tionation tests may be impoltant in this direction.

(v) The efiect of thinning aDd pruning treatments in building up
the soil organic content and returning nutdents to the site
through accelerated titter decomposition is considered important.
Present trials wiil detelmine the optimum spacing for site utiliza-
tion throuchout a rotation. Work is also planned to determine
the feasibility of utilising pasture or a green crop to build up
soil structure and fertility before planting.
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