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FOREWORD.

FrETvevvrrrsanpivErs

Although the major activities of the orests Department
of Western Australia since its establishment twenty years
ago have been directed towards the protection and re-
habilitation of the valuable indigenous hardwood forests
of Jarrah and Karni, other phases of forest production
have received considerable attention. Among these has
been the establishment of plantations of pines with the
object of supplying local softwood requirements, and, in
the course of this work, efforts have been made to deve]op
a technique which will enable areas of waste land in prox-
ity to the larger centres of population to be used for this
purpose. The successes which have been achieved in
establishing healthy plantations of great promise on the
poor soils available have been due in a large measure to
an intensive study of problems of pme growth, the more
mmportant of which are dealt with in this report.

It s proposed that this publication form the first of a
series of technical papers dealing with the scientific inves.-
tigations which have been carried out and are still proceed-
Ing as an essential part of our extensive reforestation pro-
gramme.

J. C. WILLCOCK,

Premier and Minister for F orests,

Perth, 14th March, 1938.



SUMMARY.

With the objeet of providing or fuinre local requirements of soltwood timber
in Western Anstralia, the Government has plinted 11,400 weves of pines during
the past 15 vears in 16 diflerent centres, The majority of these Plantalions,
tonsisting of P. vadiata and P pinaster, have shown rapid and uniform growth,

In eommion with all plantations of exotie coniters in Aunstralin, cerfain arcas
of Irregular and abuormal growth have idleveloped. With a view to discovering
possible remedial measuves and to avoid further planting on sites nol likely to
give satisfactory resuits, a detailed study has been made of the factors affeeting
the growth of pines in plantations, and numerons experiments carvied out.  Thig
publication is m the nature of a progress report on the main aspeets of the work.

The geology and woils of the region conesrnad are briefly deseribed. Fmphasis
is placed on the importanee of detailed soil survey hused on the whole xoil profile
as a first step in the study of plantation problems, and on  vivgin soils close
corvelation has heen estublished Letween soil type and pine growth,  Anomalies
due to sife changes following intensive eultivation and pasture establishment arve

dizeussed.

The depth, physieal propertios and moislure-retaining eapacities of soils have
been found to be of very minor importanee in determining the suitability of sites
for the growth of either I, radiaty or pinaster, but the investizalions have shown
that P. radiata requives a soil containing a eonsiderably higher percentage of

essential plant nutrients than is needed for the suecesstul growlh of I'. pinaster.

The paramount importance of the fertility factor in delermining the valne of
soils for different pines is postulated and the P2, confent of Weslern Australian
solls is stated to be a valuable indicater of the suitahility of different soil types
for . radiata and P. pinaster respeetively, provided such seils have not been
intensively developed for pasture or erop pPuUrposes.

Remedial measures to restore to normal growth areas of young pine affected
by varions disorders ave described and disenssed. The most important corrective
treatents applieable to the pine crop on a large seale are oultivation, the
application of dressings of superphosphate at the time of and after planting, and

spraying very voung pines with a wolution of zine salfs,
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PINE NUTRITION

An Account of Investigations and Experiments in
connection with the Growth of Exotic Conifers
in Western Australian Plantations.

Chapter 1,
INTRODUCTICHN.

In Western Australin the principal Torests of  comuereial importanee  ave
focated ir the sonth-western portion of the State, i this region a continental
Dlalean with an elevation of 1,600 te Lol Feet extending from the eentre of the
continent continues praciically to the senbonrd. The lanlt searp which marks
the western edee of this platean has hecoms muel voumded  and worn, and is
disseeted hy the many shorl vivers which fow through warrow  valleys hefore
entering the plain helow., This eroded esearpiment parvallel {o the ecoast line is
known as the Darling Range.

The geological formatlion of this Range, on whieh the good gquality forests
of Jurrah and Karvi ave situaied, ix lgneous, heing composed of granite and ENCINY,
Dykes of baste rock secur thronghout and give vise to the more lertile soil condi-
tions found in certain loealities. The characteristic Teature of the Range, how-
ever, I heavy lateritie capping which oceurs gencrally and is present in every
stage from cemented boulder formations to heavy secumulations of rounded gravel
or disintegrated pisolotic laterite.

A constal plain some 20 to 30 miles wide, on which the eapital city of Perth
is situated, extends from the foothills of the Davling Range to the Indian Ogean,
On the seaward side thiz plain is eharacterised by extensive sand dunes.  Some
of these have long sinee heen fixed hy vegetation and now support in many places
forests of some economic value. Along the sheve line more vecent dunes have
invaded the older formations. Qeewrring sporadieally at varyving depths in ilo
dunes is a voek formation kuown loeally us coastal limestone. It is of acolian
origin, having resulted from o consolidation of lime-hearing sands, and there 15 a
wide variation in the proportion of lime and sand. Ouw the inland side of the
plain ocenr extensive heds of delvital material from the peneplain above, partly
tonsolidated as sandstone and shales. These have given vise Lo the elay fats and
sandy vidges of the eastern [rings of the plain.

The fault responsihle for the fermation of {he Darling Range does not extend
to the extreme soufl-west corner of the continent, wheve a trongh fault 20 to 30
miles in width oceurs, leavine a narvow outlier of the main platean extending from
Cape Naturaliste to the Leenwin., A fringe of ealeareous sandstone of similar
origin fo that deseribed above has been formed above sea level on the surlaee of
the granite faeing 1he sea.
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EXAMPLES OF NORMAL STANDS ON GOOD SITES.

P.oradiala.
Age T4 years. ITeight 75 feet.
Present atocking 350 per acre.
Present volume O3, 4,000 cubie feet.
Removed as thinnings 2,000 cubie foct,

Planted 7t x Tft,

Grovstones Plantation, Mundaring Division.

el = S ——

= -
.

. pinaster,

Meight 26 feet.  Planted 7t x 7t

Age 11 years,
Collier Plantation, Metropolitun Division,

Total volume (.13,

1,025 eubie feet
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The elimate s ahaeaclerised by o vegular winter rainfall spread over the cooler
wonths fronr Apeil 1o September, with ouly oecasional rain <t during the
sumener.  In the (\U’l“qnp south-western section the average annnal minfall reaches
in places o maximum of 66 jnuches, hut it diminishes vapidly frem the coast (o the
wterior.  The climate is equable omd severe frosts are rare cven mouidwinter.

The hest of the jllt“‘"(‘tll'ﬂﬁ havdwood Torests ave Fond in the reglon between
the 35-ineh and 60-inel iwohvels. Within this veion ol mederately g and
vegitlay windier rainfall t}m‘v dre extensive areas on which the indigenons Fuealyi
forests. although of considerable heivh growth, are ol {ow eonmnercial value and,
with The ohjeet of supplving as fae oas ]mulr(aln]v futnee loeal requirementds ol
soltwood Linher, Targe areas heve hoen eleared and plantations of pine eatablished
Ly the Forests Departmend as an adjunet o ir« extensive refovestation operations

the valuahle bardwoeod fovests.  For some years past pine-plantine has heen
restricted to Tess than LOGO aeves per annam, and the gren of efective plantations
estublished 1o date 12 17,400 geres, consisting of 3574 acres of Pinos radiata,
1582 acies of PLopinaster, and 414 acres of other species of conifers.

The developient of single trees amd rows of pines planied ¢ Farms  and
ovchervds for shade and windbreak purposes has shown tha', ¢linatic .1]]\, the region
s well =nited 1o the growth of @ number of coniferous spceles, et wnong which
are Pinus vadiata and P pinaster. Geneeal experience throughont Australia has
shuwn that P, pinaster = move adaprable with reeard 1o s0il conditions than I
vadiata, amd therelore the Lailer sjccies has heen given the henefit of the hetter
a0ils available for alforestation s poses,

Other pines tried include 10 halepensis, 12 canariensis, P. Couwlieri, I
murieats, P, Lamberiiana, T, Jeitreyi, 12, pondevosi, I patula, 12 Jarico, 72 longi-
folia, T, vigidn, T elausa, . Torrevann, 1. deusiflova, P, Massonfana, | . Tachuen-
sis, T ostrobus, P Banksdana, . svlvesteis, T celtinata, 12, tacda, D, [lnllmn'ia ansl
P.oocavibaca,  OF (hese 4he only species, apart from 17, radiata and P, mnasier,
which =0 Tay shows any mromise of making g sfand on a variety of soil types nnder
ovdinary planfation conditions hitherlo existine i< Pinus earibaen,

In the south-west of Western Anstralix the evowth of pine stands o seleeted
sites Is very ecod, Tradiata reachine @ height of 100 feet in fiffeen vears, Volumes
up fo 7,500 cubic feet per acve over hark in stands plauted st 8 feot I)y 8 [eot
have heen vecorded in the same peviod. The v apid growth made hy T, vadiata and
the qualily of its timher make it a very \.mmh]p {ree 1 a eonntry so defieiont in
softwood. ]

Twenty vears ago the opinion was held gencrnlly thronehont Ausitalia that
the demands of Monterey Pue upon the physteal and chemienl composition of
the soil could he veadily satisfied Ly the poorest of soils. This mistaken ideq wis
fargely vesponsible for the establishiment of plantolions i most States of the Com-
monwenaltl on eonstal sands which were gseless [op any othor purpose. and the
testlls Tave been generally umsatisfaciory.

Move veeently mauy foreslers have postulated ihal the vhysical chavacters,
moisture-holding capueiry, =oil depth and case of root penetration in heava sub-
soilz weve the important considerations to be studied, while minority  have
stressed the importance of Toctors affeciing soil fertility inehiding questions of the
presenee and avatkability in salficient qoaatities o essential nal pients,

Awstralian Loresters. in consideving  problems of pitie extablishinent, have
tended 1o overlook the intensive measnres found necessary to seeve the satigfuclor v
growth of plantations on the coastal sunds oi come Western B uropean countries,
the moorlands and heaths of Fngland, and the poor soils of Central Fnrope, This
is understandable when it is realized that, with few exceplions, the pine erop in
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Australin has been planted on sites which are known te have carried forvests of
Euealypts,  In very many instanees the Fnealypts weve trees of considerable
height erowth, althongh the fimber they produced muay have heen of litile or no
commeveinl value,  Experience in Western Anstralin has shown that the height
erowth of the indigenons Fuealypt erop is a most wneliable index to the value
Fixanmples of unsatsfactory pine
erowlh are to he seen in experimontal plots and arboreta on sites which earvied

of anv site (or the growth of exotie conifers.

indigenous forests of varions speeies, mneluding Tarrah-Mavr pssociations ranging:
fram 80 to 120 feet in heivhl and Karvi-Marri associations from 130 (o 250 feet in
height, Tt ig interesting to note that these sites; although giving ouly indilferent
reslis when planted with exotic conifers, appear to be well suited (o the growth of
other Euealvpts not endemie 1o Western Australia. Experimental plots of speties
smeh as Buealvptog Alucelleviana, I pilalardy, K. mierocorys, 1. saligna, and
L. resinifera have shown extremely rapid and healthy development in contrast to
the indifferent growth of plnes on adjoining plots.

Tn the conversion of the Kuealypt forest to pines the treatment preparatorvy
fo plantivg hasx heen limited, ov the most part, to elear felling Followed by hurn-
ing of the fallen debvis.  Tu tlos process the ground llova is hwmt back Lo the
ground wid the smaller limiby of the felled trees arve disposed of, hnt the larger
hranehes and logs remain on the plenting site, The high cost of removal ol the
logs to permit plowghing has led to the general practice off planting without enlti-
vation other thas o siuall amennt of hand-digeme around the actual planting spots.

Despite (he good growth made by Pinus radiata as ornamental aud shelter
ivees around homesteads and en pastures iu Southern Austvalia, Toresters in many
instanees have heen unahle to seeure satisfaciory growlh in the same localities
under plantation conditions. [ some ol the plantations a yellow ehlovotie condi-
tion has developed in the carly vears. This has ocewrred frequently on soils which
ave besn judeed on agrenliuval standavds the equal of these alveady supporting
satislactory pines of the sue speeies singly or i greups in the some localil
Such disorder-may not affeet the whele o o plantation, buf more often ovenrs
sporadically in patvhes of varying extent.

On extensive areas of planiation in all parts of the Covtmonwealth where the
apowlh of the pines Is nvsabi=faetory, very little attention has been given in the
past fo possible vemedianl measures. Onmany wifes theve ocenrs a0 gradual dm-
provement in Pinws radiala stands, which in theie early stages showed alarming
symploms and withoul any special freatment grow on to form fair-quality erops.
This 1% one of (he most inferesting features of certain plantations, bat muforton-
ately there are ofliers in whicl: the piues fail to recover and the extent of these
failures is suflicient to make a comprehensive study of the bebaviowr of  pine
stands on different siles one of the most important econeniie problems in Ansfralian
forestry foday. ' ’

Constderalile attention has been given Lo all aspects of the problem for a
pmmber ol vears o Western Anstralian plantations and, as a resully the improve-
moent ol unsatisfetory arveas by various eovrective  freatments involving  sueh
measures s cwlivation, the pse ol fertilisers, spraying with zine solution, ete,
has now in this State a constderable hackemund of acecomplishiment. A hrief
surmnary of the wark done to Marely, 1936, appeared in “Australian Forestiy,”
Vol T., No. 1. enlitled “Plant Nutvients and Pine Growth,” by Keasell and Stoate.
This report deals move Tutly with developments up to the end of 937

It will he many years before the vorreelness of deduetions made from certain
experinental dala new available can be {ully established and before the fnal fest
of finaneial results of treatment undertaken can bhe applicd 1o the plantations.
Experiments 1aid down during past years will continue to he assessed periodieally,
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and further woil is vreposed to clarily many points which are stil] ohscure, par-
ticulairly (uestions refating to the cffvel on the pite eron ol comhinations of
various ireatments, T he conrse ol these studies of pathologienl :ha-n(munll.
information is being obtained ou maiy olher ashects of plantation work whieh iz

adtding to o total knowledee” of the silvieultural eham acterislics of pine spoeies

which are of oreal importanee in Anstralian Torestry praciiee.  For ox wmple, in
the conrse of these experinents, aftention has heen foenssed repeatec dly on the
mportance of weial strain in rel: tion to hule forn, hranehi g habits, ](h]‘w{rlll((’ to

insect attaek, root and shoot ilevelopment, periodicity of vrowth, and hark and
reedlo shed,

Chapter II.
TYPES OF IRREGULAR GROWTH.

Thronehout these firvestioations aftetition has heen divected 1o (he study of
pme stands rather f than individual {rees. Owing possibly o climatio conditions
Pive plantations in Western Awstralin are remarkably {ree Trom diseasod

conii-
fons whieh e he diveetly aseribed 1o any

fungas o wseet attack.  Chermes
ocenes Lo limiled exteud on Pinns |)i11‘:~'lv1‘ bui most trees resover withont show-
g any seriots cffecls. Iy praciically all cases where parts of plantations ave
found to be in an on! wealthy condition, i \\uu]li appear that the primary canse ean
be attributed (o some |)1]\HH]]U‘>I(“I| npset,

Asa Brst step towards the recounition of spreilie disorders, the morphological
characteristivs of the abuornal fenbures of growth oxhibited by stands in oan
mhealthy condition have heen deseribod. Eaeh set of deseriptions  deals with
menthers of a stand growing oi the sune site, Tuosome Tnstaneos considerahle
viriation extsts i the exlent 1o which symptonts are shaved by all members of the
gland, and it is dificult (o decide how Far thess differences
set of cansative faetors.  The heliod that i the majority of % such variations
nay he atteibuted to diferent intensitics or different phases of a =ingle disovder
s osupported by the fact that, where o vespotse 1ooa eiven Grealment has been
obtained now staind wrvwing nnder uniform site conditions, il sbhnormalities
growth have disappeared,

are due to the sane

ol
The (mnmml\\' alth Fovestry Buren, Canberrs, has aidertalen an anatomical
stidy ot the oreaus of noral pines, diseased pines and pines which have heen
vestored to norumml erowth, by vemedial treatmeni, u g lengthy commuuication o
the subject Gopublishedy, v O K. Carter has drawn

attention to o eerlain
peeuliarifies of leat stietare in alloeiod pilLes

and to varviations in starell content.
Although many differences may be noted in making detailed deseriptions of
smptoms of disorders ocervving in stauds of hulh Povadinta and PP pinaster in
ditfevent localities, or on different $1Tes

e the same Joealitv. it has been fonud
conveniont fo gronps (yvpes

oft Drregiiar growih having certain eharacteristies in
cotmon inte a few hroad elnsses wnder deseriptive nanes.

Loeal varintions within these browd classos are referved to by the nawe of
the plantation on which the conditions ocent. 1 wonld o ppear that 1o ood -
pose is to he served by setting uuf these Jocul variations in delail, andd, inconse-

quence. only the main dasses of plantation sicknosses are desevibed in g weneval
way hereunder.
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The age aud size of pine slands when symptoms of cerlain disorders become
upparent arve greatly infineneed by the trealment the =ite has reecived prior Lo
planting.  The prior establishment of pasture ov thorough plonghing  hefore
planting will assist early growth ol the pine stand to an extent that disorders
aanally assoeiated with a n(n‘rwuhn' goil Type may not develop until many years
Jaier than anficipated, or may never show up.

Congidernble ¢hatees in ihe eolony of the lolage with the sedasons s a chavae-
toristic of pine stands which are not i a completelv normal and healthy condition,
Tn Western Australia imprevements in the generval eolonr ol I the needles talke plaee
during the late winter and early summer, Aboul the ewd of January the appear-
ance of ceviain stauds will begin Lo deteriorate, wnd “vellowing” and similar dls
arders will show up [o the greatest extent durine the months o Apyil to July.

Pinus radiata.

In every st of PP wadiala, ineluding those avowine under the most favowr-
able eonditions, a close examination will ghow # pereentage” of Trees of had form.
T, an extent his will be feund fo be due to the death ot the leading shool of poor
form frees at different stages in the development of the stand,  Althoneh this may
happen to 10 per eent. o1 nore of the trees, the condition of rhe atand as a whole
confinnes sabsfaciorv, and such minor complaints of individual frees are nof
Shiended to come within the seone of the disorders of the stand veferred to heve-

uider.

T —Raseifing.

This name is applicd to o disorder oy group of disorders whiel develop in
VETY vuuny planl'ltumk Tanedingely follawing plauling, growth is healthy and
vigorous.  The first signs of disorder beeotne evident at ihe end off the Frst grow-
ing season, althongh it mway ot develop fo a serious extent unti! two or thiee yvears
later, Ty affected frees there is n marked veduetion in the amennt of
feliago, and hoth side hranehes and soadles are mneh shorter than normal. The
suort side hranehes 1 ffml w less in Jength tend (o stand at an seate angle with
the main ~lem. The needles are generally under 2 inches 0 leneth and the foliagd
s seanfv, owing lo the shedding durine early winter months of net only all the
previoas seasein’s needles Tt alen of the first Comned ar lower needles of the ear-
rent zen<on's wrowth. The brauches thus heeome hare exeept for a bunch of
folinge around ihe Teading shoot of the main sten, and the terminal hods of the
short side branehes. T extreme eases, the side branches die alicr developing to
a length of two to lhree inches only :mtl the tree hecames deveid of needles exeent
Tor a tuft three to four inches in depth at the top ol the main slem.  The eencral
appearance of the stand 12 chioy nite and the (()]mlr of the necdles varies from a
moderstely good wreen to a bright vellow, The individual needles are not irre-
gularls variegated oy mottled hut chade off to move intense vellow or even brown
colonr fowards the tip. At eortain seasons tofts of dead needles  immediately
helow the main or side ferminal huds give a P]ld!ul(' {eristic reddish brown eolour lo

aftected patelios of pines,

Qome pines make no leight arowil and vy very few grecn needles after the
condition first develops, while other pines i elose proximity may show mealy

n(mn:ll height growth, colomr and general development.  All Antermediate stuges

hatween ihese extremes tend to oeenr sealt tered over ihe whole of the aflected area.

Many alleeted pires may continne fo grow for a considesable period of years
Farrying intts ol short stil ¢ peedles around the terminal Imd ef the leading shoot
and at the end of olherwise have hranehes.
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The disorder as a whele may be deseribod as alarming stagnation and mal-
formation ocenrring in a lavge propoevtion ol very voung pines following healthy
geowth for at least twelve months alter planting.  The condition appenrs to he
peealinr to o few lacalitios and iy these to areas newly cleared, on which the pines
have been planied in the winter Following the “hurn.”

L—Yellowing,

This wame, which has heen adopted to deseribe o general eoudition of unthyitti-
ness noearly Jife, appears 1o be the fist Phase ¢f two very different cotplaints.
Further knowledee may vender i possible te distinguizh bhetween the two  condi-
Lienis, buf at present, on the symptoms apparent in the stand it=ell, we are nol able
o decide whether {he condition knov ws “NYellowing” will develop inio one or
otiier of the disorders deseribed hevennder as Dhend Top™ and = Thin

Crown.”
Towards (he end of any <wumer duving the fivst few venvs aller planting

youny
stands ol Pooradialn may slow o general deterioration in eolonr of the fol
When fivst noticed the eondition ny he eonfined 1o vell
which will tend to disappear in the Tollowme wintep
sevions form the following snmmier.

lage.
owing ol needle Tips,
only to reappear iuoa move
L addition to e eotonr change, seneral
signs of nnthriltiness may be noted thponghont 1he portion of the plantation
alfected: lieight  orowth iz below normal, the Tolivge hecomes sparse and  the
needles shorter. As the eondition de clops, the whole area varies hetween g pale
green colont 1n spring and early sunnner (o a eharecloristip vellow i date sumner
and autmun months. Only two seasons’ needles, andd, Tnnoextreme eases, only
oie season’s needlos, are vetained on the teee.

The reduced height growth, comparatively short wide hrauches, am ST
follage all contribate to proloneed delay in forming canopy, with 1he result 1hat
the hoftom branehes fend to rewain alive for mueh lonver than i normal stands,

Stands affected by Yellowing are vecomnised as being wenerally onthrilfty in
growth and poor in eolour, Thraetieally all treey ave alleeted, but dead tops are rarve
and there is no sericus mallornation appaveni in individual Lrees,

B—Lead Top,

In cerfain stands where P opadiata has heent planted on very inferior sites,
the condition desevibed above us Yellowing steadily heconres move acute aned passes
mio the condition of eomplete stagnation known as = Dead Top.™  Thix davelap-
ment oecuars wstially between the =ixth and fileenth vears alter plantine, when
the average height of the staud is between 13 and 30 fool, A characteristic foulnre
shared by many trees is the mulliplieation s welatively arenter developuent of
the secondary heanch systen. producing trees of shrah-dike appearance wilh a
central dead shoot. The needles developed on the upper hranches of hadly alfeeted
frees are extremely short. Gdd feees may send ont o new leader, but the Lerninal
bud will generally die after one or two seasons’ growlll,  Arveas in ihis condition
must he regarded as complete tailares, and no instanees of any general recovery
with e withont treatment have heen roconded, althougl odd trees may continne
to develop for a period of venrs,

4 —Thin Crown.

In contrast to acute forms of Yellowing en sub-mareinal soils which develop
into Dead Top, other areas on somewhat hetler woils whivh develonr Yellowine ta
an alarming extent may vecover and form stands which wiil vield o ennsiderabli
volume of marketable log Goiber, At some staoe- -wstally Botween the tenth and
fifteenth vears, when the stand is 23 to 35 feel high—a considerable improvement
is noted in the colowr and density of the Folinge, The annial heizht growlls -
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ereases and, as the eanopy Jmproves, the general condition of the stand hecowmes
more normal.  As the name lmplies, the density of the erown does not compare
with average trees in a normal stand, and it is prohable that on such sites the
physieal retation of the erop will prove to be shorl. It the eapacity of a site to
nminiain a erop in a condition of “Thin Crown™ can be established when the planta-
fion i= voung, artifieial aids fo assist gvowth wmeay prove a sowwud investment.

S —Pic-buek.

Thix is u disorder whieh oecurs usually between 4 and § years of age.  If is,
perhaps, best deseribed a5 a complainl of early vears which passes off to leave
permanent bole waltormation of some memhers of the stand hnt, in many instances,
sulficient trees of wood shape remain to form a sabisfactory forest,

After fairly nomal grewtlh and good colowr in the early vears, the leading
shoot and sometines the apper whotl of hranches of o munber of trees die back.
The lower branches continue to earry o heavy eanopy of normal needles of good
colour.  Subseguently many die-back (vees develop a new leader and again grow
vigoreusly wd some form sstisfactory erop trees, particnlarly where the “Die-
back™” oceurved at o low height. A proportion of the trees in the stand show norma!
development throuzhoent,

This disorder is very restricted in oceurrence m Western Australian planta-
tions. It is, however, very dizstinetive, A feaiuve is that good stands may vesult
at 12 ov 13 vears of age, despile the Faet that the symptoms al 4 {o 8 years may
have heen alarming. :

G—_Lutiimn Drown-tog,

This, as the name implies, 1= a condition appearing in aufnmn in stands of
any age after ennopy is formed. The inlercalary growth which is frequently made
at this time of the vear resnlls in an clonzation of the leader.  Tn some years
the needles earied on the lop fool or so of the leading shoot may die, resulting in
a hrown-lop appearance of a varving proportion of (rees. This short top seetion
of the leader may be killed, or may continue growth with the early rains and be-
come ¢lothed in green needles except for the ghort length which suffered the autamn
clieek,

Tt ix possible that Autumn Brown-tep Is elosely related to the eondition de-
serihed as DHe-lack, hut in the present state of our knowledge it is considered desir-
able to wive the complaints separate names,  They shave the important character-
istic thar the folinge below the affected top sections retains a good colour buf,
whereas Dhe-baek way seriously affeet a large proportion of young trees during
one or [wo growing segsons and nol veappear, Antumn Brown-ton is & condition
which may ocewr vepeatedly in older stands, A further important distinetion is
that in Autwun Brown-top only the leading shool loses its colowr and it is seldom,
even i1 severe eases, thal the top whovl of bhranches iz affected.

T—-Needle I'usion.

Feor some unknown  reason, lhis  disorder in  which the needles on
the dwarf shoots do not separate is very vare in Western Australia, althongh
comparatively commen in many pacts of the Fagtern States. A deseription of the
eondition and of its oecurrense throughout Australia, by Ludbrook, has recently
Leen published as Pamphlet No. 72 of the Commonwealth Couneil fox Seientifio
and Tndustrial Besearch.
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P pinusier.

Although many varinHons ocenr in Punetional sorders of Pinns piusster, it
s nol ensy to draw any very definite line hetween the ronditions oceerrine in dif-
ferent loeabties,

The genevie name of “Short Needle™ s boea adopred i Western Anstvalia
for a disorder of widesprend veemrenee o) extremely poor =oil<. In the majoriiy
of cases the [irs syaptont of A disorder nmy be neficed 1 the yellowing ol the
Foliage towards the end of the fiyst simnmer atfer planting. This diseoloration may
disappesr in the Following St
Form, following which the pine

to reappear the next suniner g more acente
Assinmes e appearatee of general o Fiiness.
The needies are vors muels <horter thay normal, s, in hadd enses. only the crrvent
season’s needles are vetained. 1y consequence e iz amd the exteeaely short
annual shoots, tho piae develops an appenraiee o have linbs with smoall fubte of
needles af ihe ends of the hranehes.

Short Needle in 1L pinaster may be divided to three inportant il olnsses,

1
eie i whiel the pine stagnates carfy when 1800, 1o 6. i heighty losing all foliage

exeept o Tew needles at the tips of (e upperost whorl of branchies, o0 <econd iu
which the pine continues to erow =lowly moa stunted eondition without any

=1L
ol dead tops appearing, wnd o thivd in which stunted growth = assoctatod with a
preportion of dead tops, though the lenath of leader killed is quite short, homg

vestrivied genexally 1o 2 Few inches of he L1}

Chapter 3.

GEQLOGY ANID» SOILS,

A eavelnl examination of made on
all plantation areas io decide 1n the Hrst instanee the species to e planted.  On
those plantations where aress of unsatislactory growth have acenrred,
survey work has been intensilied in an endeaveur Lo corvelate the behuvionr of
the pines with soil type and {0 provide n proper basis for Ferdiliser CXPOriments
ond dield trials of & sindlar nature, Marked difference i responses to trealnients
of various kinds has been noted on elosely velated soil fypes wi
have a very similar appearane,

geological conditions and soils hye heen

soil

el superticially
Oue weneral observation Cereing from fhe
worlh varried ourt is tle pavamonnt mporianee ol o detailed soll srvey acearding
Lo 1he swhole soi 1valile as a basis for any investigations of plantation ]):'ul)lvm;.

In nddition 1o the mumerons meelianical analyses which wve reguired us a
hasis Tor this work, partinl chemicnl anatlyses have been made of a areat number
ol Tmportant woil 1ypes, and these in the first instance appoared 1o have value
to indienie only that the majordy of woils availalie for plantation purpoges
contalned a very low pereentage of the main recognised  plant nutrients, g
was ouly after the work had Leen in progress Lov a eonsidevable time thai an
attempl was made to schedule and compare these chemical analyvses from a
number of plantations on which the pines had renehed an age whic)) Tave =ome
reliable indieation of {heip I'(:hi]l()]]S(' to the site, with the vesult gt it has proved
posgible to esiabliszh scine eorralation hetween the fiinres supplicd by the analyst
and pine growith.  As explained Tater in (his chapter, the phosphate (.00 eon-
tent of soils of the South-West premises to provide a most valuable hid
of the value of vavions woil types for the growth of 17,

leator
radiata and T, pinaster
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respectively, and to give a lead 1o the responges 1o be antieipated from culliva-
fion with or without the use of fertilisers in restoving Dackward arveas.lo norual
growth, .

Tefore proceeding to briefly deseribe tie coologieal Tormation and soil con-
ditions in fhe lwo main regions, it is desivable to point out thal the portion of
the Austeaiion Continent dealt with is a very old Jand miass, the seils of whieh
have been exposed to weathering and leaehing throvghont long evalogical cras,
amd this faet, associaled with the comparatively low mineral eontent of the
exlensive masses ol granite which underlies nemly the whole avea, Is vespunsible
for the oeenrrence over very large aveas of solls low in veeognized plant nntrieuls

aceording to aceepted agrvieultural standavds.

The Darling Funge. )

The underlving roek of the arting Range is essentinlly Preeambnian granite
which exhibits both nassive and gieissie charneteristies.  Narrow dykes ol doler-
fte are numeraus in this mass. Associaled witll ihe cecwrvence ol the infrusive
The whole has been eovered by a comparaiively
1 gix Lo eight feet in thickness.
he surface and as o hardpan

material ave zones of sheaing.
thiek deposit of laterite which in places wmay reacl
The laterite ceenrs Loth as heavy enlerops en t
Formation overlaid by several Teet ol ronstone eravel,

Thpse soils may be veadily geowped on (e hisis of geolowieal ovizin, prinary
tenns 1ocks being generally of heavier texture than those

<oils associnted wilh iy
! The surfuee soils ave for the most part

of the lateritie and a
sandy Toams and eontain u

Qpils of the hasie assoeiat
fops of ridges, or on the upper slopes,
They ave veadily Gistinguished by the

1
Invial sroups.
High pereentage of coavse =antl.

jon oeenr in comparalively naryow
Deing assoeiated with navvow hazie dvkes.
choeolate-hrown fo red-hrown eolony of

bhands on the

the suvlace soi's

The eranitie serics is nsually asspciated wilh vock outerops and consists of
oritty vellow-hrown aands and sandy leans. A charneleristie foatnre is
| gives vise to sandy eliy lonms and vellow gritly
of the snifuce soils by laterite gravel
immediately below oulerops of these

coavse,
the nnderlving aeil granite whicl
clays in ibe lower hovizons. Confamination
or by basie material may oceur in areas lving
rocks,

The most extensive formation of the latevite tavpe 3s to be found on the ridee
tops, where if vepresents the yemnant of 1he laterite plateaw, while small areas
oceupy an intermediate position om the slopes, Vory heavy faterite gravel (60-
0% ) crmmoniy ocenrs in vellow-vown sands o Hohier sandy loams, which beeon
slightly beavier at depil to everlie o heavy laterite hardpan,  Where laterife rock
onferops it appears Lo be merely an exposed and wenthered form of the cemented
laterite hardpan,

The alinvials ave generally very
ph: althongh, in seme eases, A tendeney to

g lare ond reveal only slight ebanges in
texture with de wardg a profile develop-
ment s apparent.

Tu the Darling
basic roeks, dolerites of the Darling !
gneisie granile. Growth ot least in the early stages of 1l
on the granitie seil types and most alluvials, except on the hanks of streams. On
the lateritie soils development i+ in most eases eXtremely poor

Ranges pine growth 15 very goad on o1l derived from the more
tange type and basie seerezations ol the
woglands s nusatistactory

The Coustal Plain,

(teologically the conslal plain is of the Camozele Sevies with sauds of recent

and ftertiary orivin on 118 sonward edge. Tl iz in these sands that the planiations

of ihe eounstal plain ave situated.

The s0ils are essentially of dune formation inter-

spersed
coaxstal
They d
of smai
three
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spovsed with flars elimraetorised Ivoan indnrated  eolfeebrown )
constal soils are

peizon. The
ve codrie sands ol grey or vellow and =ometines brown colonr,
They do nol reven] any delirite proiile hui fregquentls jnelwle al depth thim Javers
of ainall pebbles of comentod sand of deen vellow eolonr, They fali

fall naturally into

tiree main groupes: —

T =and videes or sand dunes. Tlhose cotsls) eesenlialiv

Yool medinm
to coarse sands of erey or yellow and sometimes hrown colone The brown
sunds contain nieh ilmenite and zivenn, i the more northerly plantations
I the vieinity ol Peetin, te onistanding feature is 1he very  hinh coaese
sand fraction, which in the smfaee =oils reaches GGes .

200 IMlats hetween fhe dues, Most Prequently these e composed of
grey to dark orey eoarse wands overiving an induwrated eoffec-brown horizon
known loeally as “eoffec-rock,” which ruiber closely rescribios the Alos of
the Lindes, Franee, The boeds, which ovee ul shallow lopths of £ to 7 ety
are sometinmes of 15 inelies in thiskness. In some plantationss the more
tpdead endfee vock i replaced by an Donestalied sandsione with o swalt
amennt ol eoffec-colonved comentine mater

B Limesteme Bills and sanids overlying limedones at shallow depthn

The limestone s veneta’ly a0 rocic Tormation ol sea sand  cemented
into g cempael orock  with earbonaie of e, and s ol acolian
o It occtrs i the form ol small pebhiles to hoalders, Soulstimes the
fime-hearing ands have tormed comparatively ligh hills v which the Hme-
slone oecurs as floaters in hrown sinlaee sands, while, b other cases, the
Ihneslonte may he covered by wands of several fect in depth. These aree
chavactevistically brown sands overlving varving  slades  of

veltlow  or
vellowish-res wouls passing to Thnestone,

Chembval Lealises,

The plant netdeals of the plantation solls of Weslemn Anstralia are low
aceording Lo agrienlroval standarde. A cons<idernhie numher of partial Jhemien?
analyses have heen made by the Government Chemien| Labovatory, Perth, iy con-
Jjunetion with soil sirveys underlaken by the Foresis Departinent, Owing to fthe
small quantities of eerviain important elements present in many of the sof it
has been neeessary to develon a special teehnitgue of analvsis which UIVes an aecravy
of parts per million. -

From a caveful study of a JTarge nwnber of g
zons the phosphorns, nivogen, caleimn and

s giving for dilfevent hori-
polassiim present the value of the
phosphate (P00 Fonres as on indiestor L tmerged,
usetul lTead miglnt he obinined [vom these flenres wis delayed owing fo apparent
dnomalics which were Tater traced 1o areas which had been vrevionsly yaed
for agricullural or vrehard pirposes. On cortain of these areas, cenerally 1';'f‘('1'}'('¢l'
fo as Fold enltivations,” the carly developinent of the pine erop has heen very mneh
betfer than the growth of piues nlanted on the sute =0il tvpe inimediately l_‘uilowing
the removal ol the Fuealypt siand Ly the u=nal «Joarine nethods explained vlnv\\'hv]';"-
in thiy publieation. In some nstutces Lhe elfoel ol thix site change hroneht ahont
by firming practices is sulficiend to eouhle good stands to be wrown on soils whicl
asing the 12O, content as an indicator, would appear hopcless,

The vealization 1hat HAThY

Iy
The further
investication ol this problem offers stope [or u very inferestine pescarel, Project,
in the following tahles tvpical analyses e given of g munber of soils with
notes on the development of the pine erep which Lax heen planted on theny, All
are soils From whieh the indivenous forest wus cloaved imwediately prior to [lant-
ng. Some ave soils on which extensive avens of pine have been estahlished, oilers
are carrying only experimenial plots of a Few aetos in extent, hut in al] emsee Lhee
pines are arowing under ordinary plantation condifions, '
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From the above tabies it will Le =een thai the PO Heures are consislently
higher tor the suils eu which the condition of the pine evop is deseribed as wood,
In the case of P.oradiata, the line of demarestion helween the PO content ot
safi=factory and wnsati=lfactory Siles apppears sonewhat Tess delinite than in the ense
of P. piuaster.

Lis using the MO, fignre in praciice the pereentage present i the surbace soll
i tuken as an iudicator unless the A, horizon i less than b inehes, when releronee
is made o the corresnonding fignre for the sub-sartace a1l When the surface or
sub-surface zoil has a 2,0, content a

ppronehing the fionre pogavded ax o made Bl
ling Benres 1all off with dnereasing depih hegonies

the rate at which the correspane
nnportant. .

As g senerdl guide i conzidering alforostation proposals aud problens the
{ollowing standards have been lentatively adopled :—

Fon . RADLVE LA PO COXTENT OF 400 PARTS PER MUILLION
1S REQUIRLD 1IN THE SURFACE AND SUDSURFACE SO 304
DARTS PER MILLION MAY BE SATIREACTORY TF THIS CONTENT I
AMAINTAINED FOR A DEPTH OF TWO To THRFR FERT.

R L PINASTER o DO CONTENT OF NOT LESS THAN 188 PARTS
PER MILLION I8 REQUILRND [N TILE SURFACK AND SUDB-SURFACK
SOLLS,

I this conneetion it would appear desirable To stress the following poinls:—
| !

(n) The 100, confent s smgaested as an indicator feare only and it = not
intended 1o imply that the ameunt of phesphorus present in the soil i3 i itsell
the Tonitine factor alfecting the development of ihe pine sand.

ihi The PO, eontent ceases to be uwseful indicator A the caze of  arveas
which have heen cultivated previously for agrieultural purpeses. L other words,
by means not properly understood, the Portility of any sife ean e nereazed by
moihods <neh s intensive cultivation withvul any corresponiding inerease in lhe
15,03 Hewre obtained hy aualysis,

{¢) The stands ou which {hese observations are hased are {or the most par
very voung, OF the 1T areas on which work has heen earried out, ouly two carey
plantations older than 13 years.

(A1 It iz not =uewested that Hgures <howing the phosphate content of =oils in

othor countrivs will serve as an indieator in a shuilar manner.

Aalyses available of seils of other countries show tlat even those classed as
poor heath soils in England and Karope have o .0, eonfenl approaching the best
of the soils tabnlated above, and the following extract from Comber (Yy provides
an interesting commentary on the very low phosphorns content of Wealern Aus-
tralinn plantation soils: —

“The amonnt of phesphorus preaent in =oflz varies very mnehs 115

per eent, (1300 parts per million} indieates the ordey of the amount ot

1,0, econmonly found in average loams, Sowe chalk soils, as 1= to be ex-

poeted from theiv origing contain higher wmounts (0.2-0.3 per cent) n

very infertile aveas the pereentage may fall to something i the third
decimal place.”

() ffAn Intvoduetion o ihe Scientifie Study of the Soil,”” by Norman M. Comber

(Bdward Arnold & Co., London, 18323,
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Chapter 4.
OTHER SITE AND GROWTH FACTORS INVESTIGATED

Mention has bheon wade aly sily ol n numbier of faclors affes efing weil and
sabsoil conditions, (he presenve or absence of whicl has heen addvanend [rem time
L time e esplain 1he lailume whieh  oeeny spocndieally inothe plantations o
Sonthern Anstralin,  The e envebully these problems of Dreegalar growth are
vestigated the mers apparent does it heeome that ne sinely reason s likely fo
explain the enose of satslactory orowih gvep o wide veglon, espite the
extrenie complexity ol (he faefora involved whicl sy render o Ml winderstanding
Far  distant, the restlig alrendy ohinined UiVe reason fo hepe that e pivieal

mvestigations may lead iy g nwnher ol enses fo the deeneer ol comparatively
simple rewedinl mensures,

)

C'ttia pyy,

The history of the developnent of o number off Nustralian plantations shows
that care should he taken to avord whol f'\rl](’ condenmation oi' Tand ag unsmifahle

foltowing unsatisf: actory eavly orowtl of Pines.

A noflecable featuee of the development o 17 padiata stands o Wesiern
tralia 15 1he dmprovement iy vigonr of «lands o ((‘rhuu vites when eanopy is
Tormed, coutrasting with the impoverished condition of the comparatively widely
spaced pines in their early vears,

Many other indanees enn he quoted of vemarkalle tnprovement in o the
condlition wnd erowih of pine stands in differoen: prarts of Australin when they
have flually talen ful) possession ot the site, Farmed snopy and supproessed the

Ve Yegetation.

Suweh examples diveet altention to the need Lor

canfion in deciding the treat-
ment whicl should be oiven 1o plantalions in

a Thin Crown condition.  An il
congidered dinwnosis iy lead (o the suegestion thar thinning &= needed, whereas
a eareful study of the past wrowth of the <tand will show thai the reverse 15 the
case o and that eanopy iy being  established alter a long stvugele, with definite
mprovement in the generyl vigonr of the pines.

The use ol sheltsr or pever erops, which are removed when the more viluable
speeies they are designed to assist, ave abent in Form ennoPy i owell known  in
Furepean practice. shelter given by the fas j"l'::\\'inw Acavia prenantha sown at
time of planing 1he pines and by natnral Fuealyvpi mmnr*v which ix euconraged
where not u\cﬂinmmm a piug, is helloved to have resuliod | nodmproved erowlh of
I vadiate in cortain Toea) plantations, :

Soil Moistiore,

Tu a Lew dsolated enses exiensiv ¢ clenving of the indigenons {ree growth prior
& pine planting opevations has enased 2 wis ‘¢ i the subsoil waterdtable dari ing the
winter months und, as o vesull, small aveas of plants on |

ow-1ving ground have
been adversely affected.

FExcess of ground water is «aldom a problent in this region of Jow summer
rainfall, but there s alwave the ])()-.sll)lht\ that drvought conditi

tons may have an
important influence en the health and erowth

of plantations of exofie conifers,
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There is awple evidenee in muny inland centres in Sonthern Anstralia that
both T, radiata and P. pinaster are remarkably dromght-resistant species and that
they can be grown aneeesstully on suilable soils with an annnal winter vaintall as
Jow ms 22 inehes. - On (e other hand, the better orawth of pines in valleys and
depressions en cerfain plantation: haw led to the sngeestion that these sites are
1 drains into them, associated with
1t is evident,

hetter suited on aecount of the wmoisture whiel
fhe hebfer moisture-retaining eapacity ot the anh-soils of sueb <tes
onditions may lead Lo vaviation in soil types and conse-

however, that these =ame ¢
hettor growth is equally

guently in seil fertilily, and this explanation of ihe
plaungihle,

T examining portions of plantatien: where prowth is nnstlsfactory, ihe soil
faclor has been enrcfully eonsidered in each inglauee, but attempts to
sorrelate areis of abnormal growth with contour, «0i! depth, depth to free water
Tevel o1 moist soil in sumier. have W given megaiive results. Inomany parts of
the South-West of Western Australin the underground waler fo be cbtained by
ginking wells s lighly minevalized, but it has not proved possible Lo associate
any type of Dead Top or Phie-back in pines with flnetnations known 1o occur in the
Jevel of the subwoil watoep-tahle, whether sueh waler iz fresh ov hrackish,

rolstnre

Cledring Hellods.
Ty assess the effeet of any of the wethods nsed in the past to rvemove the
Fuealypt evop before planting fhe pines 1s a diffienlt matler. On reasonably fer-

tile land, clear Jelling Followad by intense cleaving fives appenrs lo have little effeet
on the subsequent growth of any pige erop planted.  On certain poorver soil types
thepe i reason Lo suspeet that heavy hurns i the courze of clearing operations
e fhe eanse of temporary site changes which afferi the pine crop in its yery

may
to the development of funetional disorders such as Rosctting.

early vears, leading
(On many plantations places wh
are distingaishable for many years

wre heaps of lop debiis or logs liave been burnt
hoth by variations in pine growih and by exam-
ination of sweface soil conditions. 1 1= remarkable low many years clapse before
grass or other undergrowth bhecames extahlished on these ash beds, althongh, if
theve ave seed trees on or around the area purnt, Eacaddypt regeneration will de-
velop freely on thenl

Generally gpeaking, the growlh of young pines on or aronnd “ashbeds” tends
to be faster and betler than the general avevage of the plantation.

On the other hand, in certain plantations where the general effeet of ash beds
is to give inere: sed growth, instrnees are to be scen where chilorosis or malforma-
tion of the voung ines ocears first amony these faster grown speeimens.  The
malformations fivst apparent on the seemingly strong pines on ash heds may within

fwelve months beeome evident on adjacent areas.

Postures.

\Fith miner exeepiions the forest rections of the South-West of Western Aus-
fralin have o ground Hora eomposed of woody perenmialy and chavacterized by an
absenee of gn‘zisﬂos. As Fuealypt forest eonditions ave replaced by eondillons which
favonr the growth of clovers and erasses, some subtle changes take place which
vender the site more suitable for the growth of pines.

Adjscent to compartments on Pa rdelup plantation which, following initial good
growth for twelve lo wventy-fonr months, shewed seripus disorders, an interesling
experiment has been enrried out by planting plots of P, radiata on established pas-
e on the same soil 1vpe. Pines from the same nursery were planted in the same
cleared Tand in five slages of pastare development.  Paddocks on

year on reeently
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which pasture had heen estahlished by Lopdressing with superpliosphnie and sow-
e with sced of elovers gyl ot

sees i, twey threes fowr and five veaps previonsly
were selected. Tooall dnstanees o Nounz pines, alfer fonr vears, show VOO0
anel healths wrowth withon Aty siuns of chilovosis,

Whatever the expluuation may e minerons ohseryilions support this eon-
elusion that wny Jand whieh hiw vitee beer well eleayed and enltivated, whether foy
areliard crop o pasture prrpose=cmay he expested 1o Gy el bolter stands
ol Bines than simibir <oil Lrpes newly eleared by chopping down the Fuealypt erop
el burnine the debris, 1y g literesting to poie that this =imie disstie clearing
froatizent dues 1oL appear i o mstances adversely to alfect the site Tor the
growth of FEuealyvpls, whether Phmted o spwn.

As o nethod or lastentng the developnneni ol erass conditions leading to het-
fer pine growtl, grazing by daivy cattle las by cleonrazed wherever possibla
n young plantations,  Serb cattle witl 1o rerve the sane purpose, g- they o
Halle (o canse vonsiderable damage by browsing the youne PN,

f\'ﬂ'f,lw‘r;f'u Cuele,

The hetter growth of pines planted o old pastures, catlle camps and alone
cultivatetl Hrebroals stigoeated that consideralle advaniace might geere From
mensures desioned to inerease the nitvogen content of the <oi], It has heen fonned
diffienlt 1o establich soiline erops of Tupins ol subicranean clover without lieavy
dressines ol aritfieinl fevt; xers, and no conclnsive results have boen obtatned From
these attermpts,  The naineal spread ol the Blne Lapio (Lupinus vavius) ot 8tie
Fnge has nat inproved growih Bevond that shown on ergssed L and has adversely
altected survival of pines during the st snmniwer to 4 serione extent.

The mitrogen exele ol the soil Lus been sugeested by some workers as o Pos-
sible general index of pulential =oil ferrilityv, A study was conducted al twe
centres, Myalup gnd Applecross, of ihe nitrogen evele in constal saidplain planta-
tion solls with specinl velerence to late aulamn vellowing of pines.  The residual
available nitvogen in the =oil in 1he formn of uilrate was determined 2t infervals
of =ix weeks.  Sawples were taken at depth of 0in-6in. and Bun-30in, from
virgin Muealvpt (orest, plonghed Tand, stands of aood colonr and stands of OO
eolonr. The results showed 1o oveat differences It the nitrogen content in he
separate conditions sindicd on ihe <ame soil fvpes iy eaeh plantation and the low
coutent indieales the extieme poorness of the soil types auder observation,  The
maximnm nitrate supply in the =urface sofl {0in-8in.) i from 18 to 10 parks por
million and gecurs helween Janmary and April, During the peak period the nitrate
supply in the vivgin forest slightly exceods that on which pines of good colonr were
growing hy irem 1 to 3 parts per million, From April (o Deconber (ho supply
m the swrfoee soll (0in-Giny varvies from 3 (o 12 parts per million and duing
this period the aupply in soils supporting the gowd coloar pines exeeods that in
the virgin fovest by from 1 to 5 parts prer million.

Andalyses of Ash af DPhies.

Another line of mvestigation followed has heen o chemiea] ("xuminutiou ot ihe
ash of leaves, hark and wood of healthy and unhealthy trees, Speciinens were
obtained from Pavidelunp where aveas of T vadiaty plantations have developed very
nphealthy symptoms in enrly Years, owing appavently ro serious melabolje disturh-
anees, while pn similar woil fypes on adjoining farms, single speeimens and wind-
breaks of ihe sane specics, have arown very well indeed, These comparative
anal showed no striking or consistent differences in the pereentage of the follow-
ing linium'ul_&s praseul in the ash, viz, Lime ((a0), Magnesin (Mg0), Potash

L . 00



(W00, Phosphate (1,0, Manganese  (Mni. Only o e ease of  sodinm

did there appemr to he any velation Between Lhe pereentage present in the ash
and the condition ol the pine The soda feures vared from 1.02% to 4.30%,
being consistently higher in the needles from well grown speelmens. No {urther
work bas been done on this aspeet apart from fFew analyses of soda conteut of
hewdihy 1 radiata needles from other Toealitios which showed considerahle diver-
genee trom the Pardelup liguves.

Attempts bave been made by the Government Chemieal Laboratory e trace
possible excesses or deficicney of elenments o ithe ash by gpectrographic methods,
mpeetiographic analy=is of the ash of needles Jron healthy trees, wine sprayed tre
o the same year's planting and the same
pesitls ip parts per million: Zive 10:5:1,
hiv exaiina-

1

anid unhealthy trees, 3 years of uge |
soil type at Sticding gave the Followling
Manuanese (by chemieal anlavses. alter deteetion hy the spectrograp

fion) 2. 10%¢ ) J3156:0., 300,

M pyeorehiza.

Tnyestigations into the cause ol Tailure of pine seedlings in new nurseries
the years 124 to 1920 led Lo certain conclnsions concerning & missing
lars of which were published in the Fanpive Fovestry
vistis— T he Depen-

during
biologieal Tactoy partien
Journal Vol 6, No. 1, 1927, in an articte entitled “*Hoil Orga

dence ol Certain Mine Specles ona Biological Soil Facelor™ (Wessell).

Following thiz work all new mursevy sites wore inoendated by the applieation
of a dvessing of seil takew from under the trees in established plantations which
fad formed vanepy, and lavge quantities of the <lime hall fruetifieations of Rhlzo-
povon luteolis weve wsedd For the same purpose. i ihis way the fungus popila-
Gion of the soil was rapidly huilt up to o satistactory exvent, as shown by the
# pursery stock and the presence of swollen root halvs exhi-

Daproved growth o
formalion assoeinted with myeorrhizal inteetion

biting the charaeteristic coralline
of the pine voot system.

N ditfenlty has ever heen pxpericneed 1 conveying Lhe infeetion From Lhe
nurzery beds to the planting site which i rapidly infeeted by the Liyphae and
o Uhe routs of the pie. In early investigations in
developanent of pines soon aftery planting,
hility of disorders avi<ing from the
Thi= explanalion

sipoeulated zoil adhorny
“eonueeiion with the unsatislactory
aiven tu the poss
lingus to develop satiainetorily.
fhe primary eanse ot diserdaers sueh

pavricular atfentipn was
Failure of ihe myeorrhizal
dismissed in considuring
as Rosetting, bt i6oin very dillienlt fo trace the assoeintion of fungl with pine
1 conditlons nn Ay hasis ainine at quantitative measuremners,
L teehaique possible only oo well erquipped

canmot De Jghily

yoots nnder fel
and, even
and generously stniled

it praetieable, invelves
experimental sfalion.
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Chapter 5,

CORRECTIVE TREATMENTS AND GROWTH
RESPONSES.

A considerable period of years st

clap=c hefore vesponse to corresiive
treatments can he @iven in

tevins of merveased wean annnal merements, and in
work referred 1o hereunder initidl resaibs must ol
Becessity be based on observations ol Ineronsed vigour al the teees coupled with

a restoration ol normal colonr, needle lenetlc and habit of wvrowih,

mueh ol the experimenial

Whether or not an nprovement in viconr will last long enougl to yesult
L the development of o warkerah le =tand with or wiihout tml]lm freatment has
yel o be determined n the nujerily of enses

The liest indication of a response lo treatmenl nsually s
chiange Tollowed by inereased lenuth
ghoots

2 needle colonr
of new needles and inereased length of new

The development ol a prominent leadling shoot and hark splitfing, bavk
shed, uud Lark eolour chanee resulting from Tast diameter growih beeome notiee-
able at a Inter stage.

New needles and shoots ave daveloped en masse vnee novear hetween June
aid Deecmber, althoueh some shoot extension threngh interealary gvowih takes
place and some needles may be prodoced in the oilier viomi e, Nortnally needles
are refained on a tree For {hre vears hefore being enst,

Colonr change may beeome apparent as carly as three weeks after treat-
ment when alterntion or decpening ol the solomr of the cirrent season s needles
may take place. Nooehange i length of neodles or shool atready developed
Grenrs and tnerensed Jeuzth of Uiese paris refers o e langer needles and shoots
predeced in subsequent seasons, These inereased lengths hoth vesualt 17]1'i1i1;':‘[(=\\'
I greater folinge production sinee more dwart hools are produced ou fhe longer
shoots, Wheve a svmpront of disowder is an carly shedding of needles a thid
Factor, the vertention of three seaszons needles, aperafes to inercase crown
density,

Witen an unthrifty pine with short needies i= stim ilated by superphosphates
large veedles ave produced i the spring following » pplication of the fertiliser, hut
the shoot s short, resulting in hall 5 dozen to twenty dwart shoots on eaeh braneh
ov leader. In the following spring, preovided the stinmlus continnes or anotber
application of mamre is given, shuots and needles of noreal length are borne and
after two more growing seasons the phine will have it thice seis of normal shouts
and needles. Ilenee fony vears st elapee from the tine of flrst applieation of
fertiliser Defore the pine can he browelt (o a4 he althy vigorous mndmon, and it
may then he necessary to wait tor o rther period before the stimnlus is full;
veflected in terms of davictor linerement.

Zime and phosphorus, the fwo elenients which huve caused <neh striking colonr

changes, produce ditferent shades of croon. Fine develops in PP, vadiata u vich
dark green and in Poopinaster o blue or stoel vroan, The e of phosphorns, an

the other hand, vesults Inoa light or golden green in hoth SPHACLS,

Thix =hade
dilference s wove noticeable in P. pinaster than in I, radiata,

Where the unihvifty pives ave vellow the calowr change (o 1 vreon s very
obviously an improvement, but in eases where unrlmﬂy P pinaster s retained
a deep ercen eolowr the use of phosphute miay m spring appeny to have had an
adverse etfeet owing to the development of the (]mm(rvnslw llehter golden oreen
eolonr of a phosphate response referred fo above,
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The eifeets indieated by general vigounr, needle fength and eolour and density
of foliage may be very ﬁf!ll\UH? qudllmtlv ely and readily measnrable in terms of
needle and shoot length, and sometimes in voung pines of total height. Many of
the unsatisfactory paiches of pine, despile their eblovotic and unthvifty condition,
continne to make height and dimmeter inevement which, though helow nermal, is
still eonsiderable.  This neeessitates wider niarpins than wight be thought necessary
when using suell wmeaswrenents tor differences lo hecome signilicant. In fack the
erowtl contitmed to be made by some ol the stads of 1 vadinto afleeted by Thin
Crown which attein o helght of 30 feet, and a volume of 3 000 cubie feet over harlk
yedrs, isoan interesting Leatnre of their behavienr, A very nueh

per acrve at 20 w
higher volume of timher is produced than would be expected from the general un-
thrifty appearance of the stand.

Diffieulties are met with also in determining the ellect:
factor, for exawple of added nitrogen or pole wsly, &nee Hw response 1o phogphate
nay he so wlviking as to mask the possible benefielal effects of other plant nutrients

a second or thied

uzed in addition.
The treatments which bave hoen productive of benelieial results are:-

1. Cultivation. - .

The improved growth in the euter row of frees along so many ﬁu]fi\'zll(’{ fre-
hreaks in Sounthern Aunstralia bas drawn aUention to the |l()'-ﬁ|}]l}1T\ ol the bene-
ficial effeet of enlfivation on pines, Break or vdge trees have the advantage vot
only of addifional space hut also of repeated cultivation from the time of estab-
Lishient,  Culitvadion may exercise an importany influenee on such diverse factors
ax sail water content, soil ith, erumh strnetuve, activity of micro-organisms, pro-
cosses of nitrate formation and many others,

The eulive absence of odge cffeet along fivebreaks o some comparvtments of
the plantations of the coastal sands jn Western Awstealia showed soll type may
camse o miarked variation in the response of pines to eulfivation.

Dlonghing is done with two-dise stmop-Jump ploughs to depth of 10 to 12
inches.  Mulii-dive plonghs cannot he opevated eficiently ou the stump infested
plantation arveas. The oiw in ploughing Iy that it should he thorough enough toe
eradicate serub and give a hare Tallow.

Cultivation of the ground by ploughing brior to planting has increased
survivals in the Arst snmmer, bringing abont an almosé complete “lake”  Where
satisfactory establishiwent, due largely Lo severily of serub competition, iz partici-
lavly difficult, plonghing prior to plunting has heen ineluded as standad practiee
{o ald establishimert,

Cultivation has heen found also te stinmlate development subsequent o
planting, particularly alter the Hrst sunmer. As an indieation ol the inereased
orowth on ploughed land the foliowing measurements of Do vadiata, 1935, taken

two years atter planting, ave given:—

Avernge helght on plonghod lapd . .. 43,5 iuches,
Average heieht on unplonghed land . .. 334 inches.
1 o= 0L

I some plantations the improvement due to prior pleughing ig merely
transitory and a chlorolie condition may develop a few years ufler planting.

The benefidial influenee of enltivation for PP, radiata has been shown most
elearly on the lateritie soils of the Durling Range of which the O, content is of
the order of 100 to 200 parts per million, and for P, pinaster on those sandplain
soils which have a 12,0, content of 15 to 20 parts per million  These soils ae
vegurded as marginal for the speeies coneerned, When iried ag a remedial measure
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in the ease of pines established for some years on sueh sites withoul enftivalion,
and alvendy showing svmptoms ol un=alislactory crowth, thorough eultivation
repealed several times has vesulled I some Tnprovement Il bas not restoved the
{rees to normal growtl

The term “subsequent exitivation™ is nsed to refer Lo the practiee of caltivaling
ov ploughing hetween the rows of pines dnrving the peried belween time of planting
and the development of full canepy, In conjunetion with other vemedial measuves
such ax the applieation of phosphate und the nse of wiue, subseqaent enltivation has
Leen used with some mensure of suecoss in (his Siate on the poovest soils, bul no
further planting is heing careied out on these soil types.

In plantations where subsequent cullivation is considered desivable, provision
chowd he mmde al the time of planting to lay out the rows of piines in sneh o
manter ds Lo Facilitate ploughing operntions. The cost ol plovweling is not, in
itsell, excessive, heing nsually from s 1o £1 per acre, bhut the cost of preparation
by the removal of a1l logs remaining frone (e Tuealypt Torest niay oltew he pro-
hilidtive.

20 Fertilisers.
The inereased growth o pines o tash hed=™ oy areas on which linths and logs,
cather than Uhe soaller hranches, of Lvees had heen burnt, indicated a possible efleet
of some fertiliser, in addition fo the veeognised offeel of beat on the soll partieles,
suil micro-fauna, eradication ol serub, ete,
The following example gives some measurenients of comparative growth of
1, pinaster on the Wonnernp Sand, o zoil type on which this specles lias shown
pnilormly satistactory growth:— g
Tleight at 3 vears of age:
On ash Dbeds
Not on ash beds ...

36.23

2485

+ 896 inchea | o
+ 604 in.clws}] = .0l

(rths at 11 vears of age on another compartiment:

On ash beds e 1832 dnches oy
Not on ash beds 10.21 inches o

The nsh of several Buealypls was examined with o view fo determiming @ con-
hitnent of the ash possibly responsible for the Faster growth rate. An analysis of
the ash of the Toart (Fuealyplos oomphacephala)  which, with Peppermint
{Aeonix flexuosal, forns ihe climas nssceiation wi The Wonnerup Sand gave the
following pereentages datai—-

SAMPLES DRIED AT 1157 (.

Maio Trunk. | Yonng Trec. “ Branch.
Carbon ... 0.12 .07 G.12
Haned . i L (1.735 0.23 0.12
Silica .84 0.37 0.14
lron Oxide and Alumina, e, Oy ALO, 1.90 0.62 (.34
Lime, CaO . 54,48 46,006 38,49
Magnesia, MgO 3.0 .83
Manganese Oxide, MnO L.53 1,39
Phosphoric Acid, 1,05 1.65 1.20
Sulphuric Oxide, 50, 1.12 116
Soda, Na,0O .. " . 2,03 3.68
Potash, K,0 ... i : 696 .43
€0, Ol and loss /8 7 ; 3334 33.382
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Following {his analysis it was recommendoed 1 hal suiphale of petash and Thne
he applied as a fertilisew, but in the case of both yveung Tuarr and young pines the
rosults were negalive, A dressing of Lwn pounds of dry wood ash per free has not
Lad any hencticlal elfect on P pluaster {ransplants in Ludlow plantation,

T an endeavonr to determine whether the healing of » =oil 1= alone vesponsible
£or the hatter vesults on ash beds, a serios of experiments were earried out in 1435n
and 1936, Wood fires were Lept Buarning for four lours in tron drims 2P .
in diamdter, DMines were latoer plaam Wl on these spots while the ashom the deas was

spread avound anolher set of pines as a second treatment. Neither of these freat-
mvnl« stimulated growth hevond that shown by pines pl mied on ordinary gronnid,
a coudition whieh i a sharp rontvast to the inereased vigonr of pines on Cash heds”
eaused by the hurning Togs or crowns of frees. The spots subjected to heat alone,
Lowever, showed Hke the ash beds™ u higher pereentage of “takes .7 due prohably
Lo the absence of grass :_:fnnpcfﬁi(;n Fer o fow yers affer planting. These rezults
contirined similar tesls earvied oub a few vewrs carlier with Tumt seedlings. The
soil beneath “ash-heds™ forned hy lnilmnﬂ of heaps of logs resulting frow Telling
of the imdizenous Koealvpl Tovesl s however, subjeeted to leat in =one eases for
two or three davs, and o thick covering of ashes may vesulf from the vning of
the dehris, The eveation of parallel condition= is ol practieablo i an experiment
of the type deseribed,

tat DPho~phate.

It is generally voeognised thal the soils  Qomthern Ausiralia exlitbit a low
phogphate eoutent, amd it was ¢ ansidered by the writers that the vesponse to super-
phosphate shown by agricuitoral mind horticulfural erops provided a lead worth
testing in silviendtural pra yetice, particwlavly i relation to the arowth of exotie
conifers.

Phosphate has heen applied ¢hielly in the form of acid superphosphate, which
iz the st.mdud wannre of awvieultmral praclice, and i® also cheaper than other
Portilisers containing phosphate, such as blood  and home manmve and  hasie
phospbate.  The ordinary  commercial grade of superphesphate nsed  conlaing
L0, (2059 waler soluble).

Tn ovder to establish which eonstiluent of saperphosphate was res) ponsible for
1he improved growih of pines, speeial experiments were eondueied on two planta-
tions with dicealeie phosphate, aypsum, caleium vhloride, and di-bydrogen sodimn
phosphate.  Mono- ealele phosphate was unobtainable. 1t was shown thal of the
warions major cougtiluents of superphosphate it iz the watev-soluble phesphate
which ix respousible for its beneficial effects. '

Tesults ohtained on different soil tvpes kave heen by no means anilorm, and i
15 dilfienlt to understand  why Yehl dressings of superphosphate on poox aand
should give remavkable vesulls on ane planfation, w hile very much heavier applica-
{long are necegsary Lo secnre similar results on another plantation on which the
soils acenrding to analylical resulls should be equal or even wuvh hetter.

Tu view of the possibility of the change of the water- solable Torm of phosphate
into inseluble forms sueh as iron and aluminium 3 h(“-q‘lmiv trials were made with
speein] mixtures to overcome this. Dasie phnsphato i which the greater part of
the mono-ealeie phosphate has heen changed to the diea aleie or non-water—solable form
by the addition of 15 parts of slsked lime to 100 parts of superphospliate, was nsed,
Quperphosphate was mixed with moluszes,  No indications were obtained of any
advantages possessed by these mixtures over the ordinary eommereial grade of

weid superphosphate.
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SUPERPITOSPHATE RESPONSES—P. PINASTER.

T pinaster on poor constal sand pain, Gnangara Plantation,
Plouwghed and plauted 1933, Treatwent uniform exeept that rows of tall ploes on left
|' given «dressings of superphosphate at vate of one cwt, per acre in L8933, 1935, and 1937.
Rows of wmwanured pines on right burely discernible in photograph, exeept specimen

marked by hat.

Metropolitan  Division.

Needles of 7. pinaster from 12-vewr old pines affeeted with ““short needle,”” Coolilup
Plantation.
(1) and (2) show needles of normal colonr and length produeed on the end of hranchlets
12 maonths after the application of superpliosphate at the rate of 1 ewt, per aere.
(3) Continued development of short needles on branchlets of Ceontrol?

.

pines,
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Another factor requiring investigation was the time ot application, 1L
applied in the peviod of heaviest raintall or to water-logeed soil, the whole of
_the phosphate is quickly disselved, perbaps hastening, it anght be thought, the
chemieal ehange to the insoluble forws. Un woll drained soils, ov in pevieds of
lght rainfall, & superphosphate particle might be supposed to be vot completely
dissolved, the inner portion heing vetained in a state of balance with an external
solution in the form of & [lm whicl ig available to the pines. For these veasons
irinls were made with the applieation of fractional quantities of superphosphate
at regnlar fortnightly and monthly intervals, makmg in the ageregate a dressing
equal te & single beavy applicabion at one time. T all cuses a better vesnlt
wae sacured from the heavy dressing at the one fime than from the frequently

repeated applicalions.

The Lest time of application appesrs to he the winter in the months of
July and Angust. ‘

Superplhiosphate must he applied elose around the base of the tree. Crateusly
enough fhere is no side-effeet apparent for smne years. It is known that in 2
plantation ol 1% pinaster with 7tl. spacing the rools of threc-vear-old trecs have
a spread of up to 21 feet, yet superplwosphate applicd to one row ot trees does
nol affect those in the next row seven feet awa DGroadeasl mannrings of 8 ewi.
per aere al Coolilnp on plots of 17 pinaster grown from hroadenst sowings pPro-
duced striking vesponses which ecased alwaptly on the borders of the plots and
did not affeet trees three leet outside those horders.

In most plantations, however, 2 oradual improvement in the adjoining frees
takes place after an inlerval of fwo years and at four vears after tveatment
three outside rows ol TP spacing will show an improvement in vigour. On the
other hand a ease is known with 14, spacing of no side effeet after vepeated
applieations lor Tour yvears.

Toad and hone has, on some soil types, prodneed responses eqnal to, though
rever excecding, Lhose Trom superphosphate, but has often failed to cause a
stimalus where superphosphate hag been cuccosetul.  On aceount of its high
cosl it is not nsed For general application.

A response fo superphosphate applied in August may be ohserved within
six woeks,  In enly one planfation is there o delaved action wilh superphosphate
and the reason for 1his is nel known. AL Pardelup dressings of one to 20 ewt
per acre have ne effect on T sadiata in the fiesl venr afrer application, bui ene
ewt. por acre produces 1 marked vesponse i the second year

Snperphos:hate has heen w=ed in most plantations of the State and vn a
wreat wany soil types and ages and cunditions of erops. The results of only a
Few tvpleal cases can he given here.

P, pinaster.

It i with {his speeies that Lie most striking vesnlis from superphosphafie
bave heen obtained.  On the sands novth of Perth, at Guoangarva, 1. pinaster
without ferlilisey slagnates at a helght of 18 iuches to theee feet according to
soil tvpe.  With light dressings of =uperphesplute vepeated al intervals of two
to three vears slands of thiz pine have now veaehed o mean heigh of 27 feet,
and are i vieorous condition, at 11 years.

Tgrther sonih on the coast al Myalup, this pine has been restored 1o healthy
condition after slagnating af a height of four to five feet Lor 10 vears.
enough, dressings of lwo 1o Pour ewis, per acre ave required for staguanl pines
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at Myalup on soils with o 170, eantent a= low as 1wo or ihree narts per mitlion,
whereas, on sands with the same low content af Cnangara, one ewl, dressings
produce a striking response.

Tnonew plantings on the constal sandplain it s new =tandawd practice (o apply
dressings of one to two ewts of superphospliate ot ime of planiine. The forliliser
ig distribmied along (he shallow forows inowhieh the Jines are planted, and the
quantity per aere within the above Tmits s varied with the soil txpe.  Further
aressings at the 1ate of one ¢t per aere have heen anplied v hroadeasting at
mtervals of three years up to the ninth vear. when canopy s formed, but the most
desivable. practice for pach =0l type 15 being worked ont by extensive series of
sample plots. On conpentments which have suTered no eheek in erowth, no
afvantae has heen oained hy the use of dressings preater than (wo ewls per aere.

Ou w0l with o PO content o 200 parts per million, whiel inelnde inany
of the lateritic soils and eertain of the coustal smds in the extreme Sonth-West,
Poopinaster forms satisfaetory siands withont fertilisers. Tt 52 a chavaelevistic
ol thiz specles on these soi
No improvement in rafe of

s that growth in the rarly vears is comparatively slow,
arowth, or appearance o the pine has heen effeetod by
applications of snverphosphate on these <oils in quanlitios as hieh as 24 ewis,
Per fere.

P. radiata.

With the excopiion of smal experimental plois no 1% radiata has heen planted
on eoastal sands towards the novihern end of the Coastal Platn in Western Ans-
talia davine the past 20 veavs, Fertiliser experiments on these small plots have
shown P.oradinta will show Dmpoviang responses 1o dressings of superphosphate on
these ponrer coastal sands.

On the better sands in the extrente South-West, with a PO, eontent of the
ovider ol 200 parts poer million, and on the Pardelap soils with a similae phosphate
confent, Poovadinta as shown some vespoises o superphosphate which, when
applied at fine of planting, has prevented the development of Rosettine. 11 s
only b Pavdelup, however, that this fevtiliser has lind any effest in improving the
conilition of voxetted pines,  As explained elsewhere zine 1= used fo restore 1oselferd
pines to a noroual condition.

On mosi of the Tateritie soilz of the Darling Ravege which have « .0 content
of the ovder of 200 pavts por willion, sed vefably st Mundaving, we vesponse s
shown by I radiota to heavy dressings of saperpliosphate, of npp to 24 ewl. per
acre, when applied to stand= <howing Vellowing.

Tineease has the nse of this fertiliser et been adopiod as standard practice
it eonneelion with aveas planted o1 Lo be planted with Pinus wadiafa in Western
Australia.

(hy N.PK. Wiatures. .

Mixtures with phosphate, potash and uitrogen ave prepared as complete
(NP & Koooand incomplete (N, & P mamires by the fertiliser  companies.
There are o number of combinations containing these three olenents which ave
wade wp oo ordinaes proprictaes mixtures and known ns o potato  manures,
erehard  mmitves,  super and o ammonia mistaves,  cle. Trials  have  heen
wade with these, in view of the possibility that the pines may he unabie to iake
advantage of one parifeular plant nutrient heeanse another clement is lacking,
In order to f1v another qualily of mitrogen, special mannres have hoen applied
tsing nitrate of soda, sines the propdetary wixture contains nifrogen only in the
form ot sulphate of ammonia.  The use of ha

- phosphnte i these compound

.
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fertilisers introduced another varialion.  In no instanees have positive vesalts yeb
heen obtained of an improvement on the resnlts that would have acerued from
using by itself the superphosphate contained i the mixture.

Both nitrate nitrogen and anpnonia nitrogen have had a deleterions effeel
on ymary stauds of P, radiata ou the poorer coastal sands.

Minor Elements,
Pathologieal conditions associated with a defiiency of the so-called mwinor
clements in the nutrient supply ave now known as soil deficieney discases,

Tarallel with the experiments with the major nutrient elemenis and culivation,
experiments to test the eficet of the addition of the minor elements were initiated.

Three methods of treatment fave heen msed {a) by spraving or pouring a
solution on the foliage and Hwbs: (h) hy application in solifion o1 as a solid
to the ground avound the plant; (¢} by injeetion in =olution or as a solid into
the plant ilself.  The injection method which is not practicable on the large seale
in silvieultural practice has heen used {or digenosiic purposes only,

Ififieen elements, namely Zine, Copper, Nickel, Cobalt, Manganese, Tromn,
Magnesimn, Boron, Chromiwn, Cadminm, lodine, Sulplne, Sedim, Arsenie and
Molvhdentmmn, 1 water soluble salts have heen used 1n o muanber of plantafions.

Posilive vesults have been obtained with Zine and Niekel in the form ol sprays,
and with Zine applied as a solid to the ground avound the free.

It is of interest that phosphate which produees saeh strikinge resulfs as an
ovdlinary Tertiliser has had no offeet when sprayed on the Toliage.

[n the early experiments chemieally pure Chlovide ol Zine was used in a 1%
solution as a spray, bul subsequently, for general applieation as a practical treat-
ment, commereial zine sulphate has been sobstituted, Zine ehlovide waz nsed in
the anbvdreus Form eontaining 5% of Zine.  Commerelal Zine Sulplaie aboui
0355 pure is obtainable with 3,5 and 7 moleenles of water. The forin used was
ZnSO, 7 ILG condaining apprroximately 336 Zlne. Thus Li%e Zine Chleride solu-

{1 1= the equivalent of 2'5¢ Zine Sulphate.
I

A slag or residue from the Superphosphate works and compused of approxi-
mately lron Oxide 600, Silien 2047, Zine Sulphate varying from 1 to 10% and
Copper Sulphate 1o 109 has eaused colonr vesponses Prom dressings of 7 Ths aaud
upwards per tree

It appears that Zine Chlovide and Zine Sulphate are equally effeetive pro-
vided the same amonnt of metallie zine 18 nsed. The results obiained trom apply-
ing Zine Salphate as g =solid have heen conflicting, The action of Zlne in the =olid
form appedis Lo be o oslow one except where comparatively heavy dressings are
wsed. On the eoastal sands o winimuom of 4 ourees per tree for frees of 3-4 feef
in height s necossary Lo produce a stimulas in the first year, buf theve ave indiea-
tiona pow that L oz per {ree gives o similar stimulus in the seeond vear. Quantities
of 1 b, per tree and npwirds were required to stimulate growth in the st vear
on one lateritic soil and uo respoize (o smaller gquantities on this so1l has vet heen
noted. On secount of cost of the sall, approximately 6= per ewt,, the application
of Zine in the =olid form s impracticable. The noteworthy character of the ve-
sposse here s thar nulike the helavioar of Superphosphate there is 2 marked side
elfact with Zine aud trees under 10 feet in height situaied 21 Feet away from the
treated pine have benefited immediately.  The effect is muel more prononneed ou

tlie side of the tree neavest the point of application of the salt.
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ZINC RESPONSES—-1°, RADIATA,

Pooradiata, Boranup Plutation. 3 vears after planting
1 5z ) n T e N M. A . : . T o 2 q
\)1) Pine showing reeovery six months after spraving with 14 solution of Zine Chloride,
Before treatment, the description and measwrements of this ing eorresponded very
T ”(-1('lsoly \\'1“th HIVD control pine in the sdoining photograp.
(2) “*Countrol”” badly affected by Rosetting.

o oradiata, Stivling Plantation, 14 vears alter planting.
(1) Plne on left treated with 1% solutinn of Zine sulphate  in February, 1936
! Quaniity applicd L4 pint, Photographed Junuvary, 1938 Height 8% dnehes,
(2) Cunh'nll, showintg  Rosetting on right, similav in size and  econdition at time Zige
selution applied in 1036, Photograpled January, 1538, Height 22 inches
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Nickel has heen used as a chemivally pure chiloride in 19 and 2149 solulions

asaspray. [ October, 19335, one half pinl of 12 solution did vot demage the needles
bul produced by January, 1936, a striking eolenr vesponze which was, howevey,
quite transitory aud had disappeared three months later. I Oetober, 1936, one
half pint of 2445 solution killed most ol the needles hut eaused later a colonr
change (o normal green with the development of some new season's necdles of
normal length, This effeet was still prononnced at Janvary, 1938, 1'sed in com-
bination with ferrous salphate the effest was not so striking.

Zine has widoubfedly produced meve speclaenlar resulis than any other cor-
This is due (o s quick action in reclothing with green needles

reclive trealment.
wrp eontrasts  with

{the mosl misshanen and  vellowed pines, providins aueh sl
adjoining nntreated pines,

Tis importance in silvienttueal practice i due to two canses:

(8) [ts quick action in producing healithy growth in the mosl ahnormnal
YIS ;

(b The cheapness of the freatmont. Costs have ranged from 4= per acee
including the cost of the zine sally in the ease of very small pines,
using three fluid ownces of 1% solnfion per ivee, To £1 per acre for

pines of 1welve feet i heieht, nging half » pinl of 247 solufion pev
trea.
Zine cannot, however, he used on lrees which are too tall Lo be veached with
@ spray, as the eost of appliealion of a zine fertiliser 31 the ordinary way is pro-
Tibitive unless very small amonnts of solid ave found io be sufficient.

T*. radiata,

Spraving with zine sulphute has
venting the development of. and covrree
tine™ on the sands with a 1.0, conlent o
s0ils in the extreme South-West,
Vellowing or Dead Top oo the laleritie soils, with a simi-
Range, have shown no response

Leen adopted as standavd praclive in pre-
ting in the 2 to d-xvear-old stands, “Roset-
200 part= per million, and on the Intevitic

Stands alfeeied with
Tar phosphate eontent at Mundaring, in the Dacling
fo wine.

An interesting analogy 1o these vesuliz s contained i the following extract
fromm an artiele on “Zine as s Nubeient for Plants™ by W. IL Chandler, whieh
appeared n Vol 9%, No. 4 of the = solanieal (Gazelte,”” TU88:—"1 iz interesting
that the most dependable symploms (of zne defieienexy ] on decidnons frees ave

e rescttes of stally =tT. neavly sessile leaves n the fivst {msh of growth in spring.”

. ponaster.

Spraving with zine =ulphate lins produced <ome remarkable vespotses onomar-
sinal soils with phosphate contents Below S50 pares per million at Pardelup, and
o sub-mareinal coastal slands at Myalup, [1 hoth these centres dead-tops are

an impertant symplont of the Short Needle disorvder.

1t i cwrons that zine has had no effect In alleviating Short Needle disorders
on sub-marginal sands ai Cooliloy, though in tiis plantation, as at dMyalap, supes-
phosphate has an wportant vostorative aclion.  Dead tops, however, whiclt aie
5o provalent ab Myalap, do not oeedr s a symptom of the Short-Needle condifion

at Coolilup.
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Chapter 6.

GENERAL DISCUSSION OF CONCLUSIONS AND THEIR
PRACTICAL APPLICATION.

Althongl the fnvestieation and ex wrintents dealt with in this publieation
: g
bave been in progress for more than ten years, a greal deal more work

renaing
te be done hefore any elaim ean be made 1o a ful

i understanding of the probilens
of pine growth v Western Anstralian planttations. Views expressed are in the
natire of tentative conelusions which may have ta he modified from vear to year
as Lhe results of forther measiroments gl experinents hecome available, bt a
stage has heen renched when it is possible {6 narrow dowu the lines of investi-
gattons and to desion experiments with the objeet of obtaining, in a miminum of
time, data of practical value in lavge seale pluntation work.

Gn reasonahly fertile tovest soils the problems of nnsatislaclory pine growtl
diseussed in this publieation do not avise. 1t 15, however, seldom that gowd qoality
soils are available for plantation purposcs, and the forestor is called
for pine planting inferior soils rejected for neviculiuve. The poj
Hon cwrent in Australia (hat pioes prefer ooy s0lls dies hard

upon 1o use
wlar miseoncep-
awd 1 oprevious
papers and reports the authors have pointei-oui the doubttul ceonmny of exyrend-
ing public tunds tn scoking to evow seitwood plantations on extremely poor soils.
Tt s desived fo <iress asain this viewpoint. AL the saue time it is HeECssaly fo
consider earefully what measures, i any, «n he adopied to improve the eendi-
tion of plantations which have alveady been extahlished on infevier wils.  Another
allisd problem worlhy of carefnl investiguton is the possibility of establishing
steeesstul softwood plantations on qrens of poor waxte land n proximity to large
centves of population. This may he vendored possible hy the adeption of an
improved technique in the estublishment and tending of plantations wiiel takes
full advantage of modern seientific developments sueh as the cheap produeiion of
artifietal fertiiisers.

1. Seil Maping.

As o hasts for the investigation ol problems of the ervowth of pine stands in
auy loeality, a detailed soil survey based on the whole soil profile liss heen Tound
essential. This work is necessaey aniso hefore any feld experiments in conneetion
with possible vemedial weasuves can be undertaken,

The study of the soil in sitn iz » comparatively new science in fwhich few
Toresters have had o thovongh training. [ is tmportant that the iield wovk, par-
teularly in the early stages, be =upported and  eheeked by & laree numher of
mocharnieal analyses eariied ont T a ehemieal laboratory on standaed lies. Until
the prineipal soil types have heen dlassified and deseribod v cach ]

oelity, the
services of o trained pedologist to supervise the work will he Tound very desivablo.

I Western Austrafin a elose corvelation has heen established beiween pine
growth and soll types in each vlanlation where detniled soil sirveys have heen
made.  Some difficulty in reconciling the early develapment of pine stands with
the growth Lo be expeeted on eertnin soil t ney e antieipated where planta-
tions ave been egtablished ou shandoned or repurehased B lands, This s due to
ihe better development of younu pines on all lung which has been infensively enlti-
vated or eonverted {o elover and grass pasime for a period of veurs prior {o
planting.
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Apart trow the generalisation that soils devived from basie vocks or husic
seoregations in granifes and gneisses are of better quality and ey the  hest
sands of pive, it has vot been found posible in Western Anstralia to assoclate
the orowth of (he pine crop with the meehanieal condition vr depih of the soil
or sueh Faelors as meisture-retaining eapaeity ol soil op subsoit or deplh to free
waber level.

[ soil =urvey work in Western Australian plantations a detailed Tist of plants
peerting on each soil tope has been made. To o lnited extent it bas heen pos-
sille to make use of cevtain smembers of e eround flora consisting off perennial
woody shrths ns plant indientors of the disivibution amd bowwdaries of distinet
gronps ol soil tvpes. To date no plant indiators have proved suffieiently relinhie
1o e used as substititles Tor the more laborious methods of systematically travers-
ing (e ares alone parallel Hnes and sinking test holes at frognent intervals. Fop
Aotailed snil surveys of plantations in provide @ hasis for experimental work it has
Been towd veressary looron lines theee ehains apact awd to sink fesi holes
dervals of theee ehains alone each Jine.

20 Kol Ferdility.

Wilth few exeeptions the soils available to date for pine-planting purposes
i Westernn Anstralin are all regarded as low in plant nutrients according to
aceepted agricnlinval standards, and this has heen borie ont by numerons partial
chenienl analyses which lave been made.

By compnring o lavge namber of analyses of ol earrying pines and
eliminating frow the sehedules soils whieh have been wsed inlensively for pusture,
farming or orehard purposes, hetore being planted, the conelusion has heen reached
that the 12,0, coutent may be used ax s valuable indicator in the vase of these so-
called vivein soils.

The fignre representine 1he P4 content 1= regavded we an indieator of com-
parative fertility and when used in this way the vesulls oblamed have supporled
the contentions based on mpmerous observations thronghowt Austealia, firstly that
I, vadiata requives a sofl richer in essential plant natrients than Po pinaster, and,
secondly, that there ave soils in Mustralin too poor oven for the growth of P
pinaster without artifieinl aids

T addition to serving as an indieator of the soils in Western Australia which
miay he expeceted foowrow novial evops of Poovadiata and Popinaster respeciively,
the PO comtent foure ean be ased as an indieator i plantations saffering From
variows Lypes of irregnlar growth of the probability of securing satisfactory mowth
foilowing various vemedial treafwents, Ax explained later, the PO, content is a
fairty relinble index of the vesponse that may  he expected Lo enlfivation on
marginal soils, but in the present state of our knowledge 1t 15 not possible to fore-

t

gast the response which will vesull from any applieation of forrilisers u respect
to eifher composition or gnandity.

T the tollowing mbule statement an attempt is made 1o indicate the Jines on
which it Is proposed 1o ase data obtained from partial ehemieal analyses of soils
rather than te establish final standovids. A< =0l suvveys in planlalions ave ex
fended and additional areas veaeh an age when the pines are old enongh o give o
elinble indication of their futuee development, move Goures are heeoming avadl
“uble which will enable the horder-line between the ¢lasszes to he determined with
oveater certuinty. AT the same time it g uecessary Lo recognise thal other Tactors

may have an importast influeace on hovder-fine seils, and, i consequenee, no sharp

line ¢x
nature,
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Rite in,0, Content ‘

3 - Conddition of Pine Stand.
Class. {Parts per million). | '
i ' ' :
A Over 400 S Good normal growth,
I3 150400 : Growih irregulay without special treatment.
| Ui 1040 Growth very unsatisfactory,  responses  to treatment  only
tragEt oy
For I pinaster.
=ik Bah, Cintend ; o o :
e ] I"art . | Condition of Pine Stand.,
A arts per ol Hoe |
A Ul 1008 Jod mormal geowth.
h 20 to 150 o Growtn frregubar without special treatment in early years.
{ Under 26 oo | Growth very stunted without conlinuons treatment.

The PO, figures quoted are For stiface and suh-surface soils. High phosphaie
figures iy shallow A, horizons may prove very misleading, and sub-surface soils are
used i these cazes. In solls approaching the limits for the elass the rate al which
the PO, content decrenses with depth heeowes important.  1f the gradient is steep
the site should be viewed with suspicion. T the Talling off is very gradual, the site
may oive resulis approachine that expected from the higher elass. In Western
Australia the height growth of the indigenons FKuealyst evop is not a nsetud indica-
tor of comparative feviility or of the value of a site for the growth of plues.

3. Hstablishiment and Tending Methods,

Clearing, establishment and tendme methods have very hittle imllaence on the
general health of the pine ¢rop planted on good quality soils referved to m the
previous seetlon as “A7 Class sites. On ol sueh siles anitorinly cood erowth may
he confidently anticipated.  The difficulty in the past has been to recognise sites
of satisfactory quality for pine planting prior to the commeneenment of planting
operations and, as previously expluined, the height and general development of the
indigeneus Lucalypt forest has proved valueless as nn o indieator in Western
Auslralia.

[ practieally all plantations establizhed throvghont Awstraliz 25 to 30 vears
ago or earlier, the land was imtensively clearved at great expense and thoronghly
plonghed.  As an csonomy measnre this practice was generally discontinned and
extensive areas ol pines have since heen established sueeessfuliy amd are growing
intg valaable forests.  Other plantations en marginal or sub-mareinal soils in every
State of the Commonwealth have shown, in whole or in part, very nnsatisfactory
development, and, apart from recent work in Western Anstralia, the general prac-
tice has been to leave those stands to struegle on in an unthrifty condition or to
stagnate as the case may be
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to realise that there ave quh-marginal sites comng within ¢ Class
on page 11 on which some pesponse WAy 1o obtained. but, despile any
which may be given o the youny pines, the Land may prove fou poor to cavry the
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{a) Cultivation.
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(b} Superphosphate.

The remarkable growih respronses ohtained by the application of comparatively
light dressings of superphospliate to young stands of . pinaster cstablished on hoth
“BY and “C7 class siteg has openced up a big feld of investization into the possi-
hilities of the estahlishinent of plantations of this species on poor coastal sands.
Dressings of 1 cwl. of superphosphate per aere repeafed at two or threc-year
intervals have stimulated the growth of Pinus pinaster o attain an average height
of 27 feet 1n eleven years on sites on which stagnation would ocear at three o five
feet without arvtifivial aid, These fertilised stands show heallhy vormal growth with
good erowns, and are now forming heavy canopy.  Where stagnation was reached
hefure remedial measures were nndertaken, heavy dressings of 4 ewt, per aere have
heen necessary to prodouee 2 stimulus on gome sites, although on others 1 ewl. per
ve has proved sufficient. Up fo the present it has not proved possible by an
examination ot the physical o ehemieal properties ol soils coming within “B” or
S0 elasses referced fo o po 41 to determine the growth vespouses which might
be expected Trom the application of superphosvhate in varving amounts with or
without eultivation, and experiments are necessary on each soil type before treat-
mwent is undertaken,

On plantations on the eoastal sandplains, with the exeeplion of a few of the
hest soil types, 1t 1s standard practice to apply dressings of superphosphate at the
time of planting I, pinaster. The fertilizer is distribufed by a specially adapted
drill along shallow furrows in which the youny pines arve planted, the quantity
wsed varving from ene to two ewts per acre with the sile. Pending the rvesults of
experiments now in progress, the need for subseguent applieations of snperphos-
phate is determined hy chgervations of the general vigonr of the young pines, and,
i particular, by the length and colour of the needles.  As a geneval rule, it has
heen found that, even on the poeorer soil (ypes, dressings of one ewt. per aere
broadeast al intervals of not less than three years are sufficlent to mainiain
novmal vigorons growth up to the time eanopy is formed in the ninth or tenth yvear.

Superphosphate delivered on West Australian planiations costs approximately
35, per ewt, and the cost of application at any sfage np to the thne eanopy is
formed anmonuts to approximately 3s. lo 45 per acre according to the gnantity
applied.

Wheve P. radiata has been planted on marginal and zabmarveinal soils, appli-
cations of superphosphiate have vot given the smme promisine rvesults as in the case
of the P. pinaster plantations referred to above. On only ane plantation has super-
phosphale shown promise as a usefnl remedial treatment for a disorder of P,
tadinta, namely n restoring to wormal growth Rosetted pines ot Pardelup. Some
temporary growlh responges have heen noted when superphosphate has heen applied
to voung P. radiata planted experimenially on poor eoastal sand, but no improve-
ment has heen bronght about by this fert:lizer when applied to stands in the Darling
Kanges affectad by Yellowine.

In general it can be stated that, despite extensive experiments using super-
phosphiate alone and in combinstion with other treatments, no practical ceonomisal
method has been fonnd ol stimulating the growth of P, radiata planted on “(7
class sites to a stage when the plantations will produee saleable timber,

(e} Zine.
Zine applied as a weak zolution of zine sulvhate haz heen suecessfal on throee

plantations in restoring voung I, radiata soffering from Roselting to normal needle
eolour and growth.  Having vecovered from Rosetting, the Turther growth of the
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stands depends on the quality of the sife.  On compuratively satisfactory :
approaching the upper limil of “I3 class, the plantalions may then develop in a
vormal manner, bul on poorer soills Yellowine, [ead Top, or olher types of
irvegnlar growlh may ocewr unless the pines ean be assisted by the nse of fertilisers
or eultivation.

In stands of [, pinaster zine, wheve effective ns it is notably wilh “Short
Needie” with dead top, has a quicker action than snperphosphate in vestoring a
severcly malformed tvee to a vigorous eowdition, On some soils zine, superphos-
phate, and enltivation have heen found equally effective when nsed separately, but
the hest treatment to use o1 the best combination of fthese freatments ¢an not be
determined until the duration of the response to a given treatment is known,

Zing spray Is applied by the use of ovehavd fvpe packsprayvs eavried ow the
cperator’s back and helding approximalely four gnllons of solution. The treatment
should be carried ouf in the antumn and winter months and the quantity necessary
for cach tree depends on the age of the plantation, the cost varving trom ds, to
£1 per acre.

The development of Rosetting can be prevented by the application of zina
spray 12 months after planting, on siles on which experience on adjoining arveas
indicates that this condition will develop unless treatment is given.

It s interesting to note that dressings of suverphosphaie have been found lo
aive some growth responses on all siles where zine has heen effeetive in restoring
normal growth, altheuzh the phosphate responses sometimes take mueh longer to
appear and are less spectacular than that obtained by the applieation of zine spray.
On the other hand, there are sites on which Plous pinaster responds to super-
phosphute applications where zine has given no results,

4. Strain.

There are many tvpes of P, radiata with different habits of growth, and work
15 urgenlly requicved to determine the extent to which desirable forms breed true
to type.  In practieally oll voune stands of this species the proportion of poor
form, hesvily branched tfrees is relatively bigh and this is an haportant Faetor
inflnencing the number of trees found desirable to plant per acre. With mproved
methods of seed seleetion it is probable that wider spacing could he adopted with
advantage o many sites leading to savings in establishment costs and ellminating
the need lov early anproefitable thinning.

Varictics of 7. pinasfer in different parts of Fivope have been deseribed by
a nwunher of authors, and planutations grown from seeds [rom different regions are
te be seen m Australia and South Afriea. Theve is a remarkable difference belween
the form aud height erowth of extrene types of this species, and seed supplies
chinined trom a French sowree between 1018 and 1925 have heen responsible for
the estabilshment of 2 very inferior strain in enrtain Western Angtralian planta-
tions, Tt is impertant that workers studyving the prowth of this species in planta-
tiens shomld be abie fo distinguish these strains i order to avoid incorveet
deductions arvising from confusion hetween the eifects of strain on vate and habit
of growll and the effeely ot =il tvpe and treatment.
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