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THE PERTILIZER FACTOR TN PINUS PINASTIR AILIT.

WESTIRN AUSTRALIA,

The current pine working plan for “/estern
Australis aims to establish up to 200,000 acres of pine
plantation (3). OFf this area, less than 50,000 acres
of suitable soil is avesilable for planting the desirable,
Tast growing Rirpus radists. The remaining 150,000 acres
of the estimate largely covers sandy asreas which are
suitable only to the more tolerant but slower growing
Pinus pinasiter.

To date 17,000 azcres of this gspecies have been
established under plantation conditions, mainly in the
“Tanneroe Division at Gnangara, some 20 miles norih-east
of Perth. The oldest typicel staends in this Division are
30 years of age. Presgent mansgement infommation indicates
that the rotation period for these plantations will be
60 years.

The Site

Sites proposed for future Pinus vinaster
establishment in Wegstern Australis are confined mainly
to the Swan Coastal Plain in 2 zone ranging from the Moore
River in the nerith to Busselton in the south. Over this
area a relisable, reasonably uniforn rainfsll of 25 - 35
inches falls; meinly during the four months of ¥ay to
Avgust. Summers are hot and dry.

The soils are sandy in nature and represent
the remaining infertile portions of the Plain, which have
not been cleared and utilised for asgriculitursl purposes.

Plantation sit es are located vithin two distinct
geomorphlc systems.

A. The Spearwood Dunes System (6) ~ this system is
separated from the coast by & narrow undeveloped
littoral zone and constitutes the western extent
of plentation establishment. In its westcrn mergin
the system consists of the Cottesloe soil asscociastion
(1) with shallow yellow snd brown neutral sands over-—
lying seolinite. In many pleces limestone is exposed
at the surface. The ecasbern portion of the systenm,
the Karrcakatta asscciation (1), is a series of sandy
dunes reaching elevations of some 200 feet with soils
consigting of leached, yellow and brown sands OoVer-
iying limestone at depth,



Portiecns of Somerville, Stirling, Pinjer and
Myalup plantaticons are sited on soils of %the
farrakatte and Cottesloe associstions.

B. The Bassendeon Duncs System (6) — The older Bassen-
X dean Duncs lic immedistely te the cast of the
Spearwood Dunes. They occupy 2 far greatcer land
area and often the two systems are separated v s
. narrow line of dralnapge depressiocons. The Bassen—
dean System consists of deep grey sands in the
form of duncs with maximum 16V8b10 15 over 200
feet. Dunc soils are mainly humus podsols
consisting of 3 tec 12 fceet of leached srey sands
overlyling an orgenic or iron hard pan. These
soils are highly lcached and poor in plant nutricnts.
(1).
Gnangara, Collicr, Ccolilup and perts of Fyalup
and Scemerville plantations a2re gifted within the
Bassendean Dunes System on the Bassendesn soil
association (1).

The sands of Ooth.35 stems have an exceptionally
low fertility stotus from the viewpoints of cation
exchange capacity cnd percentaoges of tho major plant
nutrients.
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The better pinc stands have been vstablished
on the semi~flat orcas between the dunes. Pine guality
Talls off noticeably procecding upwards onto the high
dqunes.

The Need for Fertilizoers

Succossful pinaster vlantation establishment
on the sands of the Swan Coastal Plain cannot be cccomplishaed
without the use of nutriftion amcndments at time of olanting
(10).

Followlng this initlal trcatment, stand developmont
is generally sound.e In certain aress, however, stand
deeline or dcgrade (11, 7)  has boen found to develon
between the ages of 10 and 30 years.

Degrode is a rosult of soll nutricent doeficiconecies
i and roccent WOfn.hm- shovn that phosphate, nitrogen and zinc
treatments org necessary to restore degraded stands to vigour

, two fortilizer treatments
¢ Pinus vincstor vlentations
ycars, the mid-point of the

Once and, in somye cose
arc therefore ncecossary to monog
successfulily up to the age of 3
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estimated rotoation.

Fertilizer Reguircenoents

(2) Phosphate Fertilizers - Phosphate troatments are
necessary at time of planting to cnsure satisfactory
pine estoblishment on the grey sonds of the Bassen-—
deoann assecclotion., Basol applicatlons within a 12
inch radius of the transplandt provide the ontimum
cffcet (10) and concentrations of 2 ogze. of cither
supecrphosphate or ground reock phosphote ver froe,
are nmost satisfactery for gencrel usc.

f the yeliow and trown Limastone
sen Cottesloo and Harraiatta
nhate is now COdlde at time of

Lne or original high soil P2 5 arc
bors.
Cn restricted arceaes within cstablished plantations
the offcet of the time of planting fertilizing
hos been found to fade after o porled of carli;
satisfactory growth. Sccond applicetions of suncr-—
phosphaty, broadeast, on the ﬁqSJltcnt degraded
stands, producc mo fLud growth roesponscs.
Optimuwmn supvrphosphotc COPCLﬁLf“UlOﬂSg to rchobilit-
ate dograds, oppeor to boe betwoen 4 and § ewt. por
acre,; broadceast. After L evt. tho £ diminishing
reiurns, oporates to C¢xceess. AvVerago sl arca
PCEPONSCS, over the eontrel, for apallc tions of
1

iy 8, ond 20 cwt. 01 sapurunosonubb per ceorc tested,
were found to be 2.6%, 3.4% ond L.2% rospectively
{Teble 1). This rcprcobnu - 0.7%, O.l% ond 0.2%
inercease per unit cwi. of supservhosvhotc odded.

[43]

Supering of concentrotione grecter thon b - & ewte.
por cere is not worronbed, os of thls level supcr-
phosphate in mixturse with nitrogen or minor cliciments
7l Dro > for grecver ond more consistont

1 with the continued use of phosphote

and I1).

rrs thet 5 evwt. of supcrohnosphate
ry vaolue to employ in feyiilizer mix-

Rock phosphate has only recently been proved o
substitute for supcrphosphatc at time of planting
and furthcr trials are roouired beforce it can e
considercd Tor gencral prescription. Rock phos-—
phalte has cpparcent advantoges over superphosphate
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3, 5% zinc sulphatc sproy 7 + 9 {o5
o 1 cwb. zinc sulphatc solid per acrc 7 5,6 6.8
5 ¢ cwhb. zine sulphete solid por aecrc 7 5.1 5
6. Iy ewt. supcrphosphatc por cerc 7 5.9 742
e 8 cwt. supcrphosphate per acro h 7 Te2 8.0
8. 20 cwt. sUpCrphosphatc per acre } 7 7.6 5.8
9. | 9 glements combincd i 7 5.3 6uli
1C. Control - untreotod 7 5.3 L6

11 2 cwhe cmmonium suipiate + 5 cwi. su f P

porphosphate per acrc ( 7 9,6 e

12. L ewte blood and bone poer cere 5.9 .

13.

L ewt. pyrites slag 5 cwls. suplr-—

phosphate per acre




TLABLE IT — FRECUENCY OF RESPONSE TO STLNDRD TRELTHINTS TOR
SHORT AND MEDIUM PERIODS
Treat- Compartmnent Response Designate
gont 118 | 26| | 27| 2 06 291 71 16 | 30 TOTALS
116 1) 6l 1y 6 1 1i64) 116 6 11 6 6511 year | 6 yeors
1. + 0 2/10 3/9
. . N 0 /10 5/9
3 + R Y + + + 0 6/10 7/9
L. . N N + 0 6/10 5/9
5. + + +H o+ + + 5/10 3/10
o, N + + + + I./10 7/10
7. Pborb o+ o+ o+ + + 7/10 8/9
8. + +| + + + +1 4 + 7/10 7/10
F + + A+ + +1 o+ + 3/10 7/10
10,
11, + ERNE JTE QN E N TR B R Ry + +] + |+ 10/10 10/10
i2. + 1+ N RS R + + +1 O] + 5/10 6/9
134 + + ]+ +o+ o+ + 4 o+ H ] 01 «+ 7/10 7/9
Totalas =2 bd fwd 2 |t _Of_6110 10 (2t 4t 8i{l2 4t 51 6110 |5 _65 )
" T2 2l fl2gle 12 12t e 12 112 |12 12112 121123110112 17 120 113
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Nitrogenous Fer tllibeo - Prior to 1852
no indicotion that nitrogen wos on import:
deficicney elemcnt undcr locol nine plants
conditions. Hixed fertilizer trinls cr leC@ oub
between 1933~1950 gencrally provided no bencfit

over phosphatic fertilizors uscd clonc (10).

o

Young, working with Pinus toedg ond Rinus ¢lliobtll
under “uecnsland conditions, hos reported dotri-
mental cffects for nitrogen cithoer uscd clone os
ammonium sulphate or in mixturce with phosphatic
fertilizers (13). 4mericon ond British workers
report fovourable cffceets of nitrogencus fertilizors
in pinc nutrition.

On sondy scils in crn Au 1iz, nitrogcenous
materiails have o itc ploce in pl ~ntotion
fertilizing. In conjunciion with phosphctic for-
tilizers. commoniuvm sulphote gives o degrec of
improvement, in sitonds of sibscqucnt degrode, Doyond
that obtoincd with Dbospﬂ vte clonc ond ot moro
favourable treotment COoboo Loyton (5) reports

gimilor clircumstances in hC“tulﬁﬂd pine plonitations
in Greot Britaoin., Nitrosen deficicnecics only show
up later in the rototion following initial phosphato
treatments.

Avorage growbth rceeponscs eobltoined for fertilizer
trlh*s over scven degreded sitos, 2s set out in
able I, show thot o treziment of 2 cwlt. of ammonium
sulphatce plus 5 cwi. of supcrphosphote produces on
cverage response of 5k. This is supcrior to 211
other trectmonts tested. Toble I1 whiech records vhe
J_ )

frogucneics of treotm

&
¢ SPONScs over o rango of
10 different sites fOf
3
S

nt rc

ther shows thet this NWP.
tent in its ilncromoent over
it

s 1 - . S|
s btestod.

mixture is morce consi
+ g [y I e
tho ;‘:,ul’luf‘é‘,l TOancge o

It is obvious Hthot WN.P. mixturces ~rce supcrior o
streoight P. opplication in subsccouent fertilizer
work. The few cost snalyscs ovaileoble indicate

thet the ¥,2. treotment is cconomiecsl from the vicw—
point of improvced stumpoge voluls.

Potossiaum Fertilizers - Potogssium haos only boon
tested on o limited scale in Uestorn Austrolicn pin
nutrition work. Roeent itricls incorporotced 1 c‘t° 01
potassium sulphate with 1 cvwit, of OuoufonoognLub and
seven othor clements (Trootment 9. Results orc not
very promising and in certoin instonces nccedlo
burning is ottributced fto this troeatmont.
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Potassium has besn

n Tound beneficigl 1n America
(l,12), while British workers (14) report detrimen-—
tal effects Ffor this nutrient. Rossiter (9) has
shown the necessity of potassium to pasture zZrowih
on sernds of the Swan Coastal Plain and it is
considered that votassium sulphate at the C.5 and
1.0 ewt. level, in mizxture with the standard ¥.T,
treatment, is worthy of future plantation trial.

{da) Zinc Sulvhete -~ Zinc can be
in pinaster nutrition on all s
Coastal Pleain tested by plantati
acre sample plots.

a deficient elsesment
ndas of the Swan
ons

ti or small 0.1

mestone cands of the coast tal Cottesloe and
harra;a a aSSOClaulons, zine may be deficient at
time of planting or within a few years afier
planting. This deficiency can be corrccted by &
2%% zinc sulphate Foliage soray.

c
CJ’}
cl
m
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njar and Hcorg¢ River on
: that zine nmay replace
5 time of planting else-
whers. SuocﬁDHOSUQaue plug zix spray treatments on these
sites have ne effect further ithan zine spray alone in the
initial establishment stege and in certain instances,
superphosphate trecatments “had no sdvantage over the
untrestsd control. Here zine was the only neccssary
addition for cestabvlishment.

On the typical grey sends of tho Bassendean
association, zinc is not a deficicney slement in the early
vears of establishment. In areas of subseguent degrade
zine is a deficiency celement, and way be romedied with a
5% zine sulphate foliagce spray.

Of three spray trcatments and two soil applicatio
tested in degradced stands at CGnangara {Tablie T), the 5%
zZinge Sblﬁhatu spray has given tho maximum average stand
rCBSDONEC Teble IT also shows that the 5% spray is the
mo st con81ste nt of the Tive zinc tecatments toestoed.

It ig of intercst that a soil application of
2 cwt. of zine sulphatce solid broadcast por acrce sppears
t a a toxic offcet on pine zrowih.

Several tests cerricd out with zine spray in
conjunction with phosphatc treatmenis on dograded sites of
the Passendcan sssociation have rogistored rosponscs far
shove those of gimilar zine or phosphate treatmonts cmploye
alonw. Resulis obtalincd in unc scoond year &
cated were 3.5% Tor itreatments

:jal]_'t.h. 1 "ftc O_L

fter treatment

5



sunernhogvhate DWUD a 2%% zine spray as comparcd with
0%, 2.8%, snd 3,60 responscs for the 5% zinc soray,

¢ cwbe of superphosphate and 5 cwt. of suptrphosphate
pilus 2 cwt. of ammonium sulphatec trestments reepectively.
Insufficient plots have been esitablished to confidently
state what will be the average trond over sil dograded
sites for this combined, inexponsive troatment.

Commercial Pyrites 3lags

Excellent rosults hove been obtaincd on dograded
sites with a trcatment of 5 cwt. of supcrphosphatce and
L cwts. of pyrites slag. In relstive trials with other
treatments this combination has given a responsc sceond
only to the combincd N.P, mixturc of supcrphosphatc and
emmonium sulphetc (Tables I and II).

Analysis of tho sleg roveals sceveral minor
glements to Whicb the incresscd offect could bhe abtiributod.
7]

Zine (1l.24% as zinc oxide) has elrcady boon discusscd.
Copper {2.05% as copper oxidc) has beon found noecssary
for pasturs growth on thesc soils (9) whilc Mengancsa
(0.0?% as mgnganbsc QloYst) wags on early suspeet ¢lement
in estcrn Australian pinc nutrition work (10). Sulphur
(1.90% as sulphate and O, b5ﬁ cs sulphidc) is o furthcr
congtitucnt which has dbecn Tound 1mp0ftani in pasturc
establishment in Australia.

Pyrites slag, containing 90% of silica and
ferric oxide, is o very unwicldy vehicle for adding minor
clements, and controllod pot trials arc rcegulred te definc
the important constitucnts for usc in morce cconomical
fervilizer mixturcs.

Hode of Application of Amendments.

aratc application methods have beon
ound nc¢cessary in pinaster fertilizer practice.

Fal
L

A+

AT time of planting, basal plications of supcr-
phosphsetc or ground rock phosphatc aro ‘cc¢UUAf" to initiate
growth., Broadcasting is cssenticl for applicaiions in
stands older than 3 ycers, if foertilizer trocciments are to

b effectlve. Zine is applicd most satisfactorily as a
foliagc spray.

Three scparatc Tactors oporate on the site to
dotermine the placement of soll fertilizors.
1. The poor nutricnt fixing capacity of the surface sands.
2. A climatce and soll typce which favour ropid lcaching.

5. The ratc of root devclopment of Pinus vpinastor.
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Hutrient fixing capacity ~ The grey surface soils

of the Bassendean associotion have very 1little Ffince
froetion; in some instances the cosrsce send percentage
is as high as 96% (10). Cation cxechenge capacity of
thcse 1ayers is directly corrclated with their orgsnic
content, ¢ value which is in the Viciﬁltf of 2.0%

3 . AN - Pnr. S - - AL o~ e e ole
in the SufigCL © inches and as low zs 0.3% at = deoth

of 36 inches.

ith such o restricted ebility to f£ix cpplied eations,
fertilizers added to these soils are wide open %o

loaching.

Leaening - The coarse nature of the soils ond provail-
g climatic conditions favour rapid leoching down the
ofile. Ploughing prior to plenting, to rocduce scrub

mpetition, would zlso tend to zid 1eaching,

in
DI
com

Superphosphate applicd at timce of planting st thc

rote of 2 oz. per plant, within =2 12 inch radius of

thb transplont stom, mry e leached from the surfaco

& inch soil layer vlthiﬂ o months of the dote of
application, (Scc Table III) end from the surface 3 foot
laycr within 12 months of application.

RESIDUAL ERPECT 07 BABAL APPLICATION
o SUPERPHOSPDAT: I PLEBER AT
GNAN
P205 IN SURFACH 6V $S0IL i/YER IN PARTS PER MILLION
Samplc) ALugusi Scpioember November Seoember
i 33.2 110.5 55.8 21l.4
2 57.2 5.2 203%.8 20.8
3 56.8 128.5 127.8 3.8
L 3.5 13242 83.8 16.0
5 l.2 91l.7 153.0 17.1
6 66.8 100.6 110.0 L1s3
7 £1.9 268.2 838.8 50,9
8 5304 257.3 171.3 L2.5
9 63.5 15445 85.3 592
10 5.0 163 81l.6 2943
11 89,2 162.8 118.8 38.9
12 3.8 28749 157.8 0.3
MEAN 5.6 160.5 120.6 3561




TABLE IV

— RETENTION OF APPLTILD SUPHRPHOSPHATE

IX

HE T R0WELS

UNDER GNANGARA PLANIATION CONDITION3

A = DPLAT TYPE
at . .
e Control 1934-11 1933-37 1933-L9 1949 1950
P?O5 Values in Parts per Million
Repli- i i ! £ i i i i 3 :
cat?ons. 0-6% 1 36 06" | 36 0-6"1 3671 0-6 36" O-67 | 367 C~6”‘ 367
1 16 8 3L 12 7 9 E10) 11 24 - 38 5
2. 20 10 26 15 22 6 31 20 18 2 L2 | 13
K 14 6 Lo 13 17 6 kN z0 9 2 Ls {19
I‘leal’l P205 17-5 840 33@3 1343 :18-6 ?-O 3500 21:;0 17.0 1-3 L}--I QO 3.216
Total sup- I o )
cr fpplied. Wil le oz. 6 oz, 16 oz. 2 0% _ 2 0%,
gi;ﬁled’ 19/1/51 16/2/52 19/1/51 16/2/52 19/1/51]  1/1/51
B o=~ TOP 0O HIDIUNM DUNH
Date Control 1933-37|  1933-L9 19049 E0
Aponlied - 200 LS 5 =1} 3 LOF _
PZOS Valueg in Parts per Million
Repli- _Gri 7 Gii _GH £ _Enb zgu 1 :}' £ i G i
cotiong. 0-6 36 0-6 26 0-6 26 06" %6 06 671 =6 36
La 20 ¢ 27 11 18 & 25 11 57 14
2 28 10 21 15 2l 1l 29 10 £ Tef
A 18 7 20 19 23 12 26 16 57 17,
MBBH Ii205 22.0 8.3 2306 :}.500 21:6 10n3 26.6 1203 6.—' Yo 1__’) on
Total su- . - , '
vor foplisd Nil. 6 0z 16 oz. 2 0% 2 0%
Date B )
Sampled 16/2/52 16/2/52 16/2/52 16/2/52 15/2/52




Analyses to determing the rosidugl P05 valucs
resulting from freguent superphosphate drcssin;s
within tne plantation have ShOJn that within 12
months of the cessation of fortilizstion, Pols

velues in the surface 36 inches soil layer arc

eimost back to normsl. (Table IV).

Root Devglooment of Pinus pinastcr - For the first 6
months after planting, pinaster roots arc restricted
tc a soil cube of approximsibe maximum cdge 12 inches.
in & ) yecar old rlantatlon at 7 foot spascing, roots
may, however, extend over a radius of 21 Foot Trom

the parent plypt (2}.

Fertilizer employed at time of planting must bo

applicd tasslly within a radius of 12 inchos from

the transplent if it is to De effcetive before leaching
removes the soluble Pp05 out of range of the restricted
root system. 2-oz. of superphosphate per ires (epprox
1 ewt. / acrc at 7' x 7Y spacing) is optimum under such

conditions. (10).

It is not practical to broadcast superphosphate at
time of planting under prevalling conditions. Dx-
cessively high coneabrations of approximatcly 20 cwi,
per acrce are regulrcd to g@lve the optimum, transitory,
surfaca L205 vaiucs of 150 parts per miliion. The
majority of this broadcast material would Lo lost
through lcaching before root oxtension could vwhilize
it, and the only offeet the applicd P205 between the
rows may have 1s to c¢ncouregse ¢xcessivoe woeed growbh.
In stands older than 3 years, where the fecding roots
arg fully utilizing the surface soil layors, basal
fertilizor cpplications arc only able to foeod the
limited root arce immedistely adjacent to the pin

; inc
stems. Under thesce conditions, broadcast dressing
et much rceduccd concuntrations, adeguately suppl
entirc surface root arca of the site.

This pattern of fertilizing appliess to sites whore
leaching is an excossive factor. In “ucensland plantations
whers 1hb coplicd nu tfl&ﬂbu arc fized in tho surface soil
loycrs (7) thore is possibly no greot advantage in
utilizing basal trestments. This should also hold truc
for plQUS pinggtor and Pinus radists plantations cstablishod
on the more fertilec seils of Yestern Ausitralia.

iith reogord to folisge sprays, bosts at prosent

5ts
under way indicate that ﬂﬁlﬁﬂbf phosphatc nor nitrogenous
5

nutricnts can be effectively applicd fo ping

by thils method.
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Zinc deficicncics can be v1f00u1vb1y remedicd by folleage
sprays, stem injcctions or goil trostments. The foliage
applicstion has proved the most sconeomical and ¢fficicnt.

Conclugsion
sxpericnce to dotc indicstcs that fertilizer
programmes must play an importani part in the manogement
of Pinug pinegter plantations on the Swan Coastal Plain.
This has elways been realized. It is sufficicnt to say
that rcescarch indicoics that fertilizer treatmoents will be
practical and cconomical over larsce arcos of sandplain

plantations.

Forest Tortilizing must not bo 00281QL33Q 288
Teoture rostrictoed to merginal sitos op
affercstotion. Wutrition should now Lo
o port of 211 productive forcstry as tho
practices of thinning, pruning and firc pfOprblOﬂ it
susteined yicld managoement is to be achicvad. Eonnic
clcarly states the position when commenting on the upsct
of tho natural fertility baolance of foraests by romoving
nutricents bound up in log matcerisl Y...... the only

alternative to diminishing timbor productivity is the
govelopment of DL1v1cul*“fﬁl methods which hove, at lcecast,
2s thelir bosls, the replonishment from cxbtrancous sourecs
of the nuitricnts rcmoved via timber crops; and althougb
to the forcstoer this may scom o novel, roevolutionary and
perhaps impessible principle, it must be romembered thaot
it is the one which has been the basis of sound husbandry
and 8ll lasting Fforms of agriculturc. (7).

3

~
[£3]

In forcstry, thinning procticces and the oddi
of so0il fertilizcers have the same function. They must
considered in conjunction with cach other.e There 1s &
1imit to the cztent to which satisfactory stand growth

ay e maintaincd through progressive thinning. There is
:180 & limit Teo which nutrition Qmpndmunto con be added
to the site fo support vigorous growth., The desirabdle
nalonce beétween thoe two practices can only be detormined
Trom further investigaetion into the nudricnt roguircmaonts,
nutricent uptakc and nutricnt removel in managed forcsts.
Studics into the sconomics of thinning and f“PtlllalnF
gchoedules will determing our futurce forest practice in
accordance with the nutrition findings.
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