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FOREWORD.

In many countries the season to plant trees, the class of nursery stock
to use and the methods of planting and early tending which give the best
results, have been worked out on empirical lines over a long period of
time. . Western Australia is not in this fortunate position and the develop-
ment of both reforestation and afforestation projects on a large scale
within a comparatively short period of years has shown the difficulty of
translating forestry practices from one region to another, even when con-
ditions appear reasonably parallel, so that the need has arisen for a
critical examination of many phases of newly adopted practice.

In this publication is set out the results of one section of the investiga-~
tional “activities of the Department. Problems of an initial survival in
plantations have the one advantage over most forestry problems that
the final results of each series of experiments are available at the end
of 12 months or less. Nevertheless the repetition of each experiment
annually for a number of years has been found necessary to eliminate or
demonstrate, as the case may be, the effects of seasonal differences. For
this reason a number of experiments relating to factors which have been
shown to be of major importance are being continued, but it is considered
that the work has proceeded now for a sufficient number of years to
justify the publication of results.

The conclusions set out in the text deal with the results of treatments
on inibal survival only and the possible effects on later growth of methods .
which involve such questionable practice as bending the tap root or
bunching the root systems at time &f planting, although outside the scope
of this particular study, have not heen overlooked and will form the
subject of continued observation and measurement as the trees develop.

The experimental work recorded and summarised in this bulletin
has been carried out by field officers simultaneously with and in addition
to their routine activities and the officers concerned are deserving of
great commendation for the sustained interest they have shown in the
oft-times tedious work of laying out and assessing the very laree number
of field experiments involved,

S. L. KESSELL,

Conservator of Forests.

27th July, 1939.



Summary.

In common with most afforestation projeets, the planting of Pinus pinaster
on coastal sandplain in Western Australia gives rise to certain establishment
problems which relate principally to deaths oceurring hetween the time of plant-
ing and the next winter rains. Successive seasons have shown fluetuating per-
cenfages of failures in this period and intermittently these have heen sufficiently
kigh to warrant a eaveful investigation of the causes of sueh failures.

Experiments were confined to the widely separated Busselton {Stirling plan-
tation) and Metropolitan ( Gnangara plantation) distriets, hoth situated on the
coastal plain, the climate, topography, geology, vegetation and soil of which are
briefly described. Both plantations are located on the coastal sands which will
be used for the main soft wood planting in this State so that the conclusions
reached are applicable essentially for deep sznds under similar elimatie conditions.

Uniformity trials were made to determine the optinum size for experimental
plots.

From the information obtained iy the early simple experiments, it has been
Possible to design more efficient complex experiments fo provide estimates of
hoth direet and differential responses,

Accepted planting practice in general use was classed as o control or normal
treatment.

Components of planting technique fested were fime of planting, plant treat-
ment, plant setting, planting spot treatment, type of plalﬁing stock.

Many field trials were made and the results for each district are given,

It has been found that of the factors affecting general control of planfing
operations the important ave planting season, which is best restricted to the period
late June to the end of July; preparation of the ground by ploughing with
planting at the bottom of ¢ross furrows at Gnangara; subsequent or spring cul-
tivation around the planted pine hefore the 15th October at Stirling to eliminate
eompetition by grass and herbs in the ensuing summer.

Common faults to be avoided in ordinary planting technique are over short
ronf-pruring, shallow setting of the pine and exposure of the roots which should
he guarded against in sunny weather.

Factors investizated which do not appear to be of importance in planting in-
clude wrenching, heeling in, method of planting, dispersal of the roots and bag-
ging of the pines for transport to distant plantations providing the bundling is
well done. *



PINE ESTABLISHMENT

An Account of Experiments in connection with the
Initial Survival of Cluster Pine (Pinus pinaster)
in Western Australian Coasta] Plantations
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Chapter 1.
INTRODUCTORY,

There are vrobably few othey branches of sibvieuiture in whien the effeet of
faulty technigue is g0 cleariy an rapidly vevealed ag in pine planting.  Deaths
a5 a result of carelps. planting o1 a failyre of the voung pies, through ather
causes, (0 hecomne established in time to withstand 1he tomparatively severe
summer of Southery Australia, stand oyt in marked conirys with the hving
Plants,

The problems connected  with {hp formation of plantation. in Western
Australia 1may be yrouped wder three heads—

{a) Nursery Practice, iuvolyving iroculation of the amrsery wirh ihe

Heeessary fungus togetirer with the pse gof ineral ang oroasic

manures, inelndine composts, 1t v early shown (13 that for the

stecessful raising of plants in mseries, infeetion wit) g symbiotic

fungus areatly assisted.  (y the move fertile s0ils no dilfentty s
now expericiiced in growing plantine stoek, but on the inforiny ELHE:
a number of diserders have heey nvestignted ang experinents are
heing andertakes, with a Tariety of avtificial fertilisers  and
COmMPosts.

(b) Estahlishmen; prohlems relating to tle suceessTy] travsplanting of
the vonung trees into the plantation. These are mainly concerped
with the Planting season, inethods of Preparation of the planting
site, lifling and handling of the pines from the NUrsery, foostherp
with details of the actual planting techninne,

(¢) Growth problems relating to the suitability of the site for the growth
of the established pine, which inelude cultaral treatiments syef as
sultivation and the application of artificin) fertilizer,

Tn the Western Australian Forests Department, broblems of the frst grous
have been deal: with in 8 separate set of research projects, whije the resulte of

o
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work on the third group have already heen published as Bulletin 50 (2) of the De-
partment. The present publication is devoted to the second group. At the Sonthern
Forest Experiment Station, U.8.A. (3) the project is termed ‘‘Initial Survival®’
and is defined as that shown by the planted stoek after the ocenrrence of the
mortality more or less directly brought abont by the whole proeess of planting,
ineluding the environment chosen for the planted trees. 1t is usually best
measured at the end of the first growing season. A study of initial survival
should not inelude effect of epidemies, insect infestations, or droughts after the
planted trees are well established. The term used at the Lake Staies Forest
Experiment Station, T.8.A. (1) is “early survival.”’

In planting operations in Southern Australia one or wore of the following
factors have operated to wask the importanee of detalls of planting technique:—

(a) the use, as the wain planting stock, of Pinus radiata which establishes
itself readily on the better sites.

(b) the occurrence of cool summer conditions with oecasional rains in
many distriets where the plantations are situated.

(¢) the preparation of the planting site by plonghing.

(d) the crroneous acceptance of satisfactory stocking in plantations with
a high pereentage of initial deaths. This has been brought about
by failure to carry out a careful and systematie eount of survivals.

Survival of the young pines through the first summer following planting
usnally means cuccossful  establishment and the development of satisfactory
stands on those soils which ave favourable to the growth of the species. A few
deaths known as ‘‘winter deaths’” occur in July and August almost immediately
after planting.  Another period of failures is in the months of October and
November of early summer, but by far the greabest number of deatbs oceurs
in the mid-summer months of January and February. Light rains usually fall
in Mareh or April, but in the case of a long dry summer withont these rains
further deaths are suffered until the commencement of the winter rains in

mid-May.

In Western Australia only a small number of exolic species is suitable for
trial in the somewhat harsh climatic and poor soil conditions and of these Monterey
Pine (Pinus radiata) and Cluster Pine (Pinus pinaster) ave the two species used
in the main planting operations. Pinus radiata establishes itself readily on the
better quality sites to which it has been restricted in this State, but the percentage
of deaths tecorded with Pinus pinaster has frequently been high enough to
necessitate refilling. This is done when the percentage of failures is more than
15 per cent., or where, as more rarely happens, large blanks oceur.

The general practice adopted in any plantation is largely the result of obser-
vation of the effect of varioms faetors upon initial survival, plus in some eases,
small ext riments made at planting time to test the effect of some particular factor
in which variation may be considered advantageous. In some cases the results
of observation and experiment may not be recorded and moreover, erxoneous com-
elusions may be drawn from a test because of the lack of adequate experimental
control. As a result there is frequently a demnand for information on the effect
of the varions components of planting technique under a given get of eircumstances,
as well as the hasis for formulating any particular set of rules which may be
followed. AMuch of the demand is made as a result of past failures, Attention was
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fivst drawn to the imporianes of denth of setting, as a faetor affecting initial
saevival, by Carter (5).

The data here presented ave the vesults of the first seven vears' (June, 1832
to May, 1939) investigations into the establishment techuigque for Pinus pinaster
in Western Australia.

The munber and vaviability of the contributing factors made it obvious at
the outset that a study of simple effeets had to be the frst step as a prelude to a
long range policy of complex experiments under varving seasonsal influcnces;
and hence the study would be more productive of reward if regarded as a long-
term project rather than as & means to precipitate action in a desire to provide
immediate improvement in gencral planting technigne, This did not preelude the
amendment of existing practice, where desirahle, to conform with lessons learnt
in the ¢ourse of the trials. Subsequent results obfained as the projeet progressed
have horne ont the wisdom ot regarding the inilial results as tentative only.

Statistical control and analysis to measure aud desevibe the size and preecision
of a result is now so widely aecepted that it i not necessary here to justify insis-
tence upon the observance of this technique, instead of depending, as formerly,
npon the meve magnitude of the difference between vesults,

Though it may appear that a large scale operation provides ample justifica-
tion for the drawing of reliable inferences from the result, actually the information
is often incomplete or misleading. VWhile it iz generally accepted that a single
experimental result, without anunal verification, is deficient in reliability, it may
not be generally appreciated that apparent annual confirmations of a large scale
vesult in general field practice cannot be necepted s valid unless the conditions
operating are known to he identieal.

Investigations of the type desevibed in this Bulletin are not, however, intended
te replace fleld obscrvation hut to supplement it and to provide a means of

roving the velue of any assoeiation of Factors regarding which a confusion of-
iy g 3 g g

thought exists. A single result is attributable to a particnlar set of conditions
only and if it is remembered that this stndy involves a large and complex series
of cifects and inter-effeets it will be obvions that even a series of experiments earried
out under careful snpervision does not provide full information. Tt has heen
possible, however, definitely to prove the value or otherwise of certain doubtful
points.

Many results obtained have heen negafive, that Is, treatments frequently
suggested by observation as benefieial have heen found by experiment fo have
little effect. These results have, however, heen most valuable in clearing up
anomalies and together with the caveful record of seasonal and other pertinent
conditions surrounding each experiment, have provided indieations of further
lines of research.

The suthor is indebted. for their co-operation and assistance, to Messrs, D. H.
Perry, J. E. Watson and H. E. Dawson, Foresters, who controlled the planting
of the experiments and J, H, Harding, Statistical Cletk of the Forests Department,
who helped with the statistical reduetions and the preparation of the results.

The chemical and meehanical analvses quoted in thiz publication were made
by the Government (Chemienl Laboratory, Perth.
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Chapter 2.
LOCATION OF EXPERIMENTS.

The prineipal stimulus behind the inauguration of pine establishment experi-
mentation in Weslern Australia was the extension of the plantings with Pinus
pinaster on the saunds of the Coastal Plain where early experience with pine plant-
ing had shown that a comparatively high percentage of estahlishment failures
could be expested.

Pine planting in thiz State must of necessity be restricted to the temperate
region of winter rainfall in the South-¥West within which the natural forests oeceur.
The geological formations ave predominantly granite, though precambrian sedi-
ments ocenr in the south, while physiographically the provinee may be divided into
two major physical zones, the ercded cdge, known as the Darling Range, of the
cveat plateau of fhe interior and a narvew littoral strip on the seaward edge of
which are found sands of tertiary and recent origin.

Teakle (1) in his designation of the major soil zones of Western Australia has
recognized the forest arveas of the State as the zone of Grey, Yellow and Red pod-
colised soils of the temperate zelerophyll forests. Within this zone three soil regions
acenit, one of which is the Swan littoral region (Coastal Plain) of coasial sandhills
and inner clay fiats.

The soils of the Coastal Plain are essentially of dune formation interspersed
with fats characterized by an indurated eoffee-brown horvizon. Theyr are deep
coarse sandg of grev or vellow and sometimes hrown coiomr. They da nof reveal
any definite profile, but freguently include at depth, thin layers of small pehbles
of cemented sand of deep vellow colour. Some of the dunes are calearcous at
depth, acolian limestone having been formed by consolidation of wind-blown sands.

1t is on these coastal sands which hy aualysis are very low in the recognised
plant wutyients and ouite unsuitable for any other form of agrieultural develop-
ment, that the plantations of Cluster Pine have heen established.

The experiments were eoncentrated, for simphieily of control, in two widely
separated districts on the Coastal Plain, the Gnangara Plantation in the Metro-
politan Distriet and the Stirling Plantation in the Busselton Distriet, where com-
paratively larze scale planting operations bave been in progress.

The Gnangara Plantation, north of Perth, is an old sand dune formation
comnosed of & chain of more or less regnlar ridges up to 100 feet in height, separ-
ated from one ancilier by comparatively wide flats or vallevs. On these flats oceur
small areas of true swamp carryving water throughout the year. There are 1o
streams and the smface fHow through the plantation js not appreciable except in
TOPY Wet 2easons.

There are two main groups of soils:—

{a) Yand ridges or sand dunes. These consist essentially of very coarse
sands, grev and vellow in colour which ave frequently 60 feet deep.

The outstanding feature is the very high conrse sand fraction which,.

in the surface soils, commonly reaches 96 per cent.

{h) Flats, a feature of which is the ozeurrvence of an indurated coffee-brown
horizon known locally as “coffee roek.”  Found at depth of some
four feet from the surface this hed averages about fifteen inches in
thickness. This coffee rock rather closely vesembles in chemical eom-
position the “Alios” of the Landes, France. The surface soils are
grev to dark grey coarse sands.

e . —
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The Stirling Plantation in the Busselton District is situated at the southern
end of the Coastal Plain approximately 330 miles soulk of Perth, The topography
Is flat, but swamp and semi-swamyp conditions cecur. The soils are in all cages sands
of varying colour passing to Hmestone which lies under all soil fypes at depths of
from GO o 150 jnches. The hest soil type for the erowtl of pines ix the Wonremp
sand which is essentially a brown sand overlving a vellow sand at 50 inehes and
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passing through varying shades of yellow or greyisk yellow sands to limestone ab
150 inches. Chemieal analyses were as follows:—

| 1 4—30in.
N ‘08 02
KO e .01 01
PO woo e e 02 .02
pH G-4 6-2

The plantings in the two distriets provide conditions of two very different
types by reason of the variation in initial prepavation. In the Gnangara Planta-
tion the land is ploughed prior to planting while at Stirling the trees are planted
on unploughed ground among the litter of logs remaining after the felling and
burning of the indigenous hardwood forest. Also at Stirling, on the Wonnerup
Sand, Pinus pinaster is grown without the aid of artificial fertiliser while on the
Gnangara Sands the application of superphosphate is cssential (2).

At Gnangara planting operations have, with few excepiions, been restricted
to the flats between the dunes. These support a low forest association of Jarrah
(Kue. marginata), Marri (F. calophylla), Paperbark (Molaleuea Preissil) with
Banksia {Menziesii, ilicifolia, littoralis and grandis). Beneath is a sclerophyl-
lous ground flora of tall heath psammophilous shrubs comprised in the main of
Myrtaceac (Leptosperinoideac), Papilionaceae, Mimosaccae, Proteaceae, Cype-
racene, Restionaceae, Epacridaceac and Dilleniaeeae {Hibbertia). The sand
dunes represent a move adverse habitat ocupied by a selerophyllous formation of
Banksia (Proteaceae) of three speeies, with a scattered stocking of somewhat
taller Eue. todtiana. The ground flora of the two associations while consisting
of members of the same families differ ehiefly in regard to genera and species
though to some extent to frequency of species, Some plants which are indiea-
tions of the one association are either missing from or of rare oceurrence in the
second and conversely other plants comparafively unimportant in the one assume
prominence in the other. The most obvious factor responsible for the variafion
is the depth from the surface of the ground water-table.

The baring of the soil by thorough ploughing, as a method of removing
undesirable competition from the native sclerophyllous shrubs is entirely effective
in that an almost eomplete “take” in the planting is seeured. This is in contrast
with experience in some other countries where density of eover has an important
effect on survival, the “takes” on open sites being tewer than under the brush-
cover (4).

Before any planting can be commenced sufficient rain must fall to ensure
that the soil and subsoil are thoroughly moistened. On these sands, however, it is
found that where ploughing has been carried out a few months in advance of
planting operations the surface sand remains dry even though soaking rains have
been experienced. This dry surface sand must be removed to a depth of abouf
eight inches in order that the plants may be set in the moist sand. The cheapest
way to effect this is to plough deep furrows along the planting lines and to plant
the pine in the bottom of the furrows.

At Stirling is found a woodland assoeiation of Tuart (Eue. gomphocephala)
and Peppermint {Agonis flexuosa) with a short psammophilous undergrowth of
more soft-leaved and somewhat guceulent shrubs though through it are seattered
sclerophyllons plants. It consists for the most part of members of the families
Liliaceae, Mimosaceae, Papilionaceae, Dilleniaceae (Hibbertia), Restionacene and
Graminese. This association is being invaded to an extent by ehiefly exotic mem-
bers of the Gramineae and Geraniacese, the cutting of the Tuart forest, the burn-
ing of the bush and the influence of domestic grazing being no doubt the de-
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termining factors. Tulike Gnangara grass makes luxuriant growth with the pro-
tection of the site from grazing stock.

The most important of the natural factors which operale over the coastal
plain is perhaps the rather difficult climate which is char
tively long dry summer following winter rains,
is 35 inches and at Busselton 32 inches and o
in the months of November to March inclusive.

acterised by a compara-
The mean annnal rainfall at Pertn
uly occasional falls arc registered

PERTH (METROPOLITAYN DISTRICT).

Average Rainfall over 56 years {Poinis).

Mean Temperature over 37 years (Degrees F.).

o, Feli, | Mar. | Apl | May. | June. | July. | Aag. | Sept. | 0ot | Wow. | Do
Maximum,
84-0.| s | - #1:8.] 76-1 l 658 | 641 627|637 | 002 | w0 755 | &

Minimum.

| |
632 | Wbk | 614 | 57-3 1 526 | 405 | 47-9 | 482 402 526 | i6-H | 60-8
i |
Highest recorded temperature, 112-2°,
Lowest recorded temperature 34.2°,
BUSSELTOX,
Average Rainfall over 51 years (Points).
Jun | Feb. || Mar. | Apl. i May. | June. | July. | Aug. | Sept. | Qct. l Mow, | Dec. | Total.
N . I
41 | 4t} | ol 137 | 471 | 651 | 643 | 453 l 305 | 230 HE 52 | 3,203
i I
Mean Temperaiure over 24 years {Degrees F.),
Jum, Feb. | Mar. ‘vl Maw, | Juné Jil Aug. |- Bepl. | Wt | Nov. [ Dioe,
; It I Li— STl _I. .
Maximum.
|
Bl B2 785 73-2| 662 | 62-4 | 60-6 | 616|639 674 740 | 70.4
Mininuwm,
Wl 56:2 | 53-8 | 5046 | 48-2 | 46-0 | 446 | 45:2 | 46-0 | 484 51-3 | 3@

| |
Highest recorded temperature, 105-3°.
Lowest recorded temperature, 32-2°,
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The number of days during the wet season on which rain fell, together with
monthly total rainfall in points, in brackets, for the seven years under review,
are as follows:—

\ i ‘ |
Month. 1932, 119330 - 1434 189S 1936, | 1937 ‘ 1938.
!

{eneengard.

Juns { 16 {625)

{ 224636) 15 (1113} 15 (419) ' 15 (814) | 15 (897) | 14 (351)
July 20 (036) | 15 {(483) 13 (462) 0 25 (1057) 20 (466) | 11 (Z53) | 19 (539)
August ... 20 (6121 | 15 (567) | 14 {351) | 13 (4i7); 23 (877) 18 (680} | 19 (503)
September 300(138) 11 (323) | 20 (332) | I8 {367) | 10 {21y 12 (269) | 13 (352)

Stirliig.
June . |28 (837) 26 (10313 I8 {1142y 15 (673) 1 18 (T43) | 18 (923) | 21 (328}
July L9 (3411 | 20 (307) 1 19 (669) | 2% (103TY 23 (315) | 10 {441} 25 (782}
August 21 (4137 | 19 (444) 015 (414) | 14 (438) ¢ 24 (604 | 18 {579) 21 (46T)
September 15 (174) | 15 {306) 23 (352) 21 (378 M (2:32) 18 (237) | 14 (I81)

The general planting is carricd out in the season of the rains, which in West-
orn Anstralia includes the winter, extending from May to September. After the
commencement of the prolonged rains a period must elapse before the soil and
subsoil become thoroughly =oaked with water. Following planting, reasonably
regular rain over a period of four to eight weeks is apparently required to enable
the {rees to beeome suecesstully established before the long dry summer
commenees.

Tn gencral, therefore, planling has been restrieted to the period iate June to
early August, In exiveme years planting has heen unsuceesstul after July, while
in other vears it has been smecessful up to ecarly Sepiember.

As examination of the rainfall data for the four months June to September
for the seven years period under rveview shows that Busselton and Perth rainfall
characteristics differ in that the average number of rainy days for the four
months is 79 and 60 respeetively, while the average rainfall for the same period
is 20%4 and 23 respectively. Dusselton has a greater number of days on which
rain falls but a lower rainfall and it is in these four months that praetieally all
the difference between the two rainfalls is aceounted for. In the winter in either
ares rain seldom lasts for less than two days except for light passing showers
and definite breaks in the continuity of rainy weather are seldom less than three
days but may under certain conditions extend for much longer periods.

Usually July has a greater number of rainy days in both centres than June but
while it has a greater number at Busselton than August, it has fewer at Perth.
The total rainfall for July is greater than for August at hoth centres. The
advantage of July over August as a planting montb is not then due to the number
of rainy days, but is attvibutable, perhaps. partly to the grealer amount of
precipitation, partly to the greater rainfall following and partly to the disiribu-
tion of rainy and dry days.

June has a greater average precipitation than July or Angust at both ecntres.
The mumber of rainy davs is less than in July on either plantation, but while it is
loss &lso than Angust at Perth, this is not the case at Busselton. The low value
of June as a planting month is due perhaps in part to the fewer vainy days,
in part to the smaller amount of precipitation reeeived previously to soak the
ground and largely to the poover distribution of rainy days. Tong periods of
up to 10 days of dry weather oecur.
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The ahove characteristies have been vegarded fop (he average, EHach season
differs somewhat [rom thie average ang s0imetinies June jx g very good plunting
mouth while on oceasions July s unsatistactory, Ly Eveping a daily raumtall
graph and COMPATING it with (hose for previons seasois W reazonable Toreeust
can be niade on the incidence oF waiy and the Jdurazion or dry apells,

S g,

Usually beavy falls are experienced in June, byt frequently long periods
of up to 10 days of dry weather oceyr.

Generally speaking, if falls of under 100 points gre experienced the length
of dry spells i short, hut, when fails of 150-200 points veeur, dry spells of some
days follow. This i qualified by the tendency for equalisation within {he month,
that is, if the frst 10 days are wet, then the second g third 10 days may by
mainly dry. Sheuld the dry spell ocenr iy the second 10 days, the 1hirg is wet
Or viee versa. It would be wrong to use 10-day intervals as g definite rule ag
there is variation within them ang Some overlapping.

Barly continuous rains presage a long dry spell later, Any fine spell may
last up to 10 days if it oecurs in the zecond or thixg week, Lack of pain early
tends to indicate that the remainder of the moni) will he wet

The iecidence of dry spells iy greater when the previpus falls have heen
between 100 and 250 points than when under 100 points,

It iz hetter to plant at the commencement of rain (rain usually oceurs for
not less than twg days) or after any long drv spell.

Abnormal vears sonietimes oeeur in which the shovt dry spells unsnally ex-
Perienced are replaced by periods of medium to light wain beiween very heavy
talls,

July,

July vainfal appears to e largely inflienced by June conditions bhut
Zenerally rain has fallen carly in July  while tle incidence of dry spells i
nsually in the seeond, thivg and fourth wepek.

When June raing have been fight, July £als have Leen continuous, hut, with
the inerease in June rainfall, an iner asing gap of dry weather usnally appears
in mid July, thougl in exceptionally wet vears this may not oceur. The getnal
position of this dry weather varieg within the weeks nrentioned ahove,

If June is dry, July is continuonsly wet, If June is wet, mig July is usually
dry. These conditiong grade off with the intensity of June rainfall. [p abnormally
wet vears thig dry mid-July period may he bridged by light yain,

When June eonditions have Been dry, it is fairly safe to blant up til late
July, but with good June raing, planting is safest at the beginning of the fygt
July rains and after ihe fivst dry spell which will prebably he the main one,

Asgust,

The graph for this moath is mueh more regalar than the others, its
characteristie being medivm raip merging into a dry spell twhich usually gives
way to rain in the last two weeks and then a reenvrenee of dry weather.

The rainfell appears to be influenced by both the preceding monthe, Dry
spells of long dnration ocenr mainly in the middle of the month with oceasional
short dry spells af the beginning and end.

D ——
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If June and July ave dry, August will prebably be wet and the degree of
wetness will grade off to a winimum of about 14 days rain.,

Dry spells in late July do not continne hevend early August and with equal
rainfall distribution for June and July, a dry spell may be expected in mid
August. As for June and July, abuormally wel vears may ocent in which the dry
periods are reduced or even replaced by light rain.

Tt would be hetter to plant at the beginning of the first vains or after any
dry spell. The pesition would have to he judged from June-July fgures.

September.

Generally ramns in this month do not exceed %in. per day although they
may be freguent. Tn the years ander consideration, the number of days rain
has varied from 11 fo 23 and there is a tendency for frequent August rains to
be followed by very licht September falls. Where the peak period of August
rain oceurs late in the month, September usually experiences dry spells of up

to 10 days in the middle or late part of the month.

General Note.
In very wet vears. periods of medinm and licht rain noted above for tha

varous months may be replaced by heavy rain.

In Perth anv hreaks hetween rains are fairly definite, bui at Busselton, the

tendency is for heavy rain fo merge inle intermediate light rain or for any dry

spell to be of very short duratien.




Ty [N Sy e =y
T e Z 9 z * { M f . £ a2 & 2

£ — b= —1
s I 1
- Ji \ |
& | ! | ! S | _
_ = g e
_ 1] | . [
f d
= - = -
SNl e |
s NICHYS —

AHILBf EVIDF one b en - L&D
per B = == = =@po e
WL YAl = A FArip < ===

LS00NY ¥ ATNFENAT 804 SIVIG] FIVANIVY

_ To] AN ] I By Anp Kepy iy TEN gy i

>

|
I
|
|
3
i
|
|
!
|
|
|
I N

AdOrYZ4 DNO| v Hoa TIVANIY Y FDVHEAY ATHLNG

(S402487 15 ) NOLTISSAG S0PAuE ] i




Chapter 3.
UNIFORMITY TRIALS.

The samples from which the data are to he obtained must be suffielently large
to ensure reasonable uniformity among the individual plots.

Af the Southern Forest Experiment Station in U.B.A. (3) the plantation
layout was developed to fest each treatment by means of 100 frees, the total
number of trees in a study equalling 100 times the nmmber of treatments. Ths
trees are planted in four hlocks, each treatment in each block consisting of a row
of 25 frees.

In England, MacDtonald (7) stated that for most experimental work in the
establishment of forest plantations small units are sufficient; for example the
effect of artificial manures or of methods of planting can he demonstrated safely
on groups eontaining 30 to 50 trees. provided the treatments are replicated so
that the total inelndes not less than 200 trees.

The shape of plots may be of considerable imporfance in fleld experimenta-
tion. Christidis {8) observed that in agrienltural experiments the number of
observations rarvely, if ever, iz sufficiently large to allow full play to the laws of
chanee and thervefore the use of long wlots constifutes the only means of redue-
ing the effect of patched heterogenity. Convenience in working must not be
overlogked in considering shape and although a certain proportion of breadth
to length may he desirable on theorctical grounds, it may often be necessary to
adopt a different proportion on account of some other essential practical con-
sideration.

With a view to determining the optimum plet size, Uniformity Tuals were
made with Pinus pinaster inp the Gnangara plantaticn in Compartments 90 and
92 and in the Stirling Plantation in Compartment 0.

Long narrow plots consisting of a single row of pines have been used almost
pxelusively in the field trials hecause of the ease of working with single line units,
kut the inflaence of plot shape was tested in these uniformity trials by using
double lnes, plots of four lines in width and in one instance a squave plot.

The trial areas were divided into plots of one tree in width and five trees in
length and plots of the desired size were built up from these nnits. Spacing was
60t, x 67t Subdivizsion of the entive trial area into larger sections was employved
to provids hlocks for the eliminatinn of intev-block variance. The number of
plants used in the different trials vavied between 3,000 and 4.000 plants.

ai

The data used were taken from the standard planfing in the 1931 season,
with the restriction that enly ome day’s planting and one type of planting stock
were nsed in caeh ease, sinee vaviations in these factors are on a large seale and
would not affect equally all parts of the frial area as wounld variations in planting
performanee by different members of planting zangs, ete.

The standard deviation was determined for a number of different sizes of
plots.
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GNANGARA COMPT, 96.—ACTUAL AND THEORETICAL REDUGCTION OF THE
NTANDARD DEVIATION WITH INCREASE IN SIZE OF PLOT.

Standard Deviation as Percentage

. of Mean.
Nize of Plot. ’?‘““_”-I"U'd - . .
i Lreviation, i
Actuai, : Theoretical,

o line ., -39 734
_’3 line .. -501 344 32
23 square +848 347 3-2
30 dine . 1-532 3.1 2.3
T line ... 1-799 2. 1.9
160 line ... 2-307 3. 1.5

The standard deviations as a percentage of the mean are low; nevertheless,
the figure for a unit of five has heen halved by using a unit of 23, in which ease the
reduction heeanme almost the same as would he expected from theoretical con-
siderations.  The decrease in the standard error with use of 25 pines in a square
from that with 25 pines it a line is neglizible and with the plots of greater size
the decrease g extremely small and insufficient 1o justify their use.

GNANGARA COMPT. 92 —ACTUAL AND THEORETICAL REDUCTION OF THE
STANDARD DEVIATION WITH INCREASE IN STZE OF PLOT.

Standard Deviation as Percentage of

. . . Mean,
Size of Plot. -‘?t;mdn}"d Dievcin-
tion.
Actual, Theoretical.
3 line ... 43 .30
29 double Iine .. 1-169 G- 4.7
20 line 1-040 a4 47
40 line 1-51 40 3-3
30 Nine I-79 B0 2.4
60 line .., 1-71 209 27
80 four Iine 2-536 3-3 2:35
80 line 2-167 2.8 2.35

From the table it will he seen that the reduction of the standard deviation
{as pereentage of the mean} with increase in size of plot, does not ditfer greatly
from the theoretical rate of reduction,

The fable shows that the standard deviations as percentages of the mean zre
low, cxcept in the ease of the five unit and inerease in size of plot has effeetively
reduced this, so that with 4 unit of 20, the standard deviation is down to approxi-
mately five per cent.

The actuzl and theoretical pereentages conform fairly closely and the reduc-
tion brought about by inereasing the umit size is not appreciable beyond the
60 plot. Tt appears that a unit of 80 is close to the optimum size but, sinee the
standard deviation for a wnit of 20 is small, the inerease of aceuracy obtained by
using the 60 units does not appear to be sulficient tq Justify the additional planting
costs. The reduction of the standard error of the difference between {wo means to
abount five per cent would require eight replications of (5 line) plots;—

94 % 3 = 478 = 4-7
so that even this ean be reduced to a satisfactory size with a ressonable numbar
of replications.
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The Teason for the low standard deviation and low unit plol required at
Gnanegars is that the thorough ploughing given at the centre, nreparvatory to
= L e gz tlils S 3 g A
planting, results with normal techmique m: a 94 per cent. “take, which 15 very

high for Pinus pinaster.

STIRLING COMPT. 40—ACTUAL AXD THEOQRETICAL REDUCTION OF THE
STANDARD DEVIATION WITH INCREASE IN HiZE O PLOT.

Deviation

s Percentage of

Menn
| . o
Actusl i Theoveticad,

|

3 lina 231

29 o 124 1l

20 wing 12 11

40 e Ge) F

i o i

5% lue ;-

60 line ...
80 four line
80 ainzle line

RTINS g H
PR TR LR T Y

The vednetion o the standard devi
nnit size ix elearly effective. 11 iz nnusual
{heoretieal and 1n this case if 1= 3

Broughit about by inereasing the
w the semal redustions to exeecd the
hablv rortaitons. The vahies mest olosels
from practical considevalions, appears

o Te an cffoctive size, & muit of 30 was necessary to bring the slandard deviation
down to five per cent. Greater vav

on was experience:d at Stivling than was the
‘I o 41

s gt Goneava, hot this was to be expeeted ameng the nalive vegetatlon on ihe
unplonghed land, This variation has faced by improved planling

tecrhnicue developed fs o vesull of these experiments.
Trom these trials the line plots appear as effielent as those of other snape
and are being used in the Ineal experiments. A unit of 23 was no d

Gnanvara, while the wnit of 50 which had heen in use at Stirling wax continaed.

Chapter 4.
WMETHCD OF EXPERIMENT.

In the early stages of the study of pine establishment the experiments were
all of a simple type designed to detevmine the essential particulars for investiga-
tion. TFor each individual factor investigated a separate experiment was carried
out. Tu this manner the more important components were cmphasised, but, at
the same time, the invesiigatien vielded many conflieting or fragmentary answers
to the questious it was iniended lo solve. Progress along these lines, however,
made it possible o design and carry out much more efficient complex experiments
involving combinations of some of the faetors influencing pine establishment.

Tn the more recent work the aim in experimental design has been to plan the
experiment to yield both divect eflects and low order interactions (9). The infor-
mation obtainable from a few well-planned trials of this type is considerable. The
advantage of completeness is evident and is in conirast with the earlier work in
which only individual comparisons between treatments werc possible.
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In these complex trials use was made of various types of factorial design
in whieh several factors at different levels eould be tested separately and in ali
combinations in the same experiment. Factorial designs avoid unintelligible results
sometimes obtained from indiseriminate comnparisons of dissimilar ecombinations
of treatments which, withont some knowledge of the subject, might, at first sight,
appear desirable.

Since factorial designs inerease the number of treatments in proportion to
the factors and levels which are lested, bloek sizes of necessity inercase beyond
reasonable limits. This trouble was overeome by confounding and since inter-
aetions of high order have rarely heen significant these have usnally been saerificed
to retain full information on direet effects and low order interactions.

Numerous examples exist in agricultural literature of the application of the
principles of field experimentation but few are given in forestry papers (10). A
greatly increased understanding of the modern methods of feld trials as deseribed
by Fisher (11}, Yates (12), Wishart and Saunders (13), has resulted loeally as
the study progressed and it is realised that the earlier experiments at least, in
Western Australia, wonld have heen improved by more efficient designs.

At the ontset four replieations were adopted but these were later inereased
to six and cight.

Where the responses of » considerable number of different treatments had
to be studied at the one time, the Randomised Bloeck arrangement was employed
as it did not necessitate inereasing the number of replicates beyond the standard
adopted and in these eases avoided the move eumbersome Latin Square layont
that would have resulted. The confounding technique with Latin Squares was
not known until recently.

The unit of 25 adopted at the initiation of the experiments was inereased
to 50, but later reduced to 25 at Gnangara as a consequence of the results of the
uniformity trial there. As the pines are normally set in rows, the arrangement
of the trials as single ling experiments was adopted to facilitate control. Lines
were not shown from the uniformity trial to be more variable than plots of
other shapes.

It has been considered advisable to earry ocut the experiments under fleld
conditions with the normal field spacing of six feet by six feet, as the cultivation
effect produced by planting trees in elose spacing might become an important
factor which does not operate in the ordinary plantation. Ia 1934, in addition
to the ordinary field experiments an interesting comparison was made by estab-
lishing a similar series of experiments with close spacing at two-foot intervals
on a piece of well-cultivated land at the plautation headquarters. Although this
check has not heen extensively used, there does not appear to be any difference in
the resulis by comparison with the general planting on well-plonghed land in
this plantation.

A further advantage of carrying out the experiments under field conditions
is that the experimental area forms part of the eurrent year’s plantation and thus
does not represent a loss of ground or complete loss of expenditure.

An invariable feature in an experiment is that with the exception of the
treatment being studied, conditions thronghout the experiment must he the same.
" Minor variations are overcome hy proper replication, but any factor which has z
greater effect on the plants than the treaiment studied must he conirolled. Each
experiment, therefore, haz heen confined to the one soil type. Where the field
conditions, as far as ean be judged, arve vniform. the experiments have been
arranged in the form of a reetangle, or move ravely & square, with all {reatment
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rows commencing fromn a comwmon base-line, as this facilitates hoth control and
assessment.  In the larger trials, where the number of treatments has heen of the
order of fwelve or upwards, blocks have heen arranged in two rows for
greater compactness.  Where jt has become neeessary, in order to ohserve the
restriction te the one soit tvpe, the alignment of the bloeks has beeu altered or
they have been separated slighfly o fit a =oil type. the aim heing to reduce the
variability within bloeks as mueh as poszible and =0 nerease the chances of detee-
ting differences.

For ideniilieaticn, cornors have been mavked with dp. x4 posts carrying
the number of the experiment, A swell nmabersd stake. of abenut eighteen inches
length, inservibed with ihe treatment namber, has heen =cf at the beginning of
each row and balf-way down the row. thar is, with a unir of 30 plants, at nunbers
1 and 26. Corner pegs were painted, but black lumber crayon has heen found
sulticiently durable for the treatment siakes. It must not he overlooked that the
appearanee of the experimental site will be different, owinz to the growth of
gvass and serub, at the time of assessment and initial trouble in numbering rows
and half-way trees will greatly facilitate the counting.

Tn the earlier experiments a gang of four men was used for each experiment,
two of them being diggers and two planters, working in pairs ot one digger and
one planter. One pair slavted with the fivst plant of the fivst treatment, the other
pair half-way down the row at plant number 26 in the same treatment. Work
proceeded from bottom to top and left to right through the blocks so that any
variations duc to differenees in planters were ovenly distributed.

With the introduction of large complex experiments Tequiving as many as
3,200 plants, larger gangs had to be employed to complete the work on the one
day. Care was taken, however, that each bloek commenced was completed before
planting was started on the nest bloek, The planting pairs worked in the same
eonsecutive order thronghout and the first pair planted the first trealiment in each
bloek, ensuring that eacl pair, except where eoincidences occurred, planted a dif-
forent set of treatments in cach bleek. Before planting was commenead on an
experiment the bundles of stock from the various treatwents were unbundled and
hoeled  in suffieiontly  far apart to  aveid eonfusion, Each parcel of
heeled in plants was identified by & stake hearing the trealment number. This
procedure is standavd practice and its adoption aveided adverse treatment of
the remaining plants of a bundle which might have been opeued several times for
the extraction of a few plants. In the larger experiments which might ocenpy
the gang for a whole day, a decided change in weather wmight ocenr between the
planting of the first and last rows and it is necessary to distribute the change
evenly over the ireatments by planting by bloeks and not by pre-selected treat-
ments,

In gencral in the South-West, planting i restricted to late June, the month of
July and the fivst week in Angust, Experiments were commenced about three to
four days after the opening of the planting season when the gangs had setiled
down fo the work and while advantage might =il be taken of a wider choice
of planting stock.

Ovderly lavont is essential {or asseasment and to ensure regularity each plant
row was provided with sight sticks and each planter a measuring stick to mark
off the distanee between the trees in a row. A trec-counter, to check the number
of trees planted in each rvow and to move the sight sticks, was employed to assist
{he officer in charge of the experiment.

Tn observance of the condition that no modification other than the treat-
ment studied may he introduced, planting in each experiment other than such




25

special cases as “iime of planting™ has been done an the one day. Plants used
have been of the zame grade and seed ovigin, taken from the same nursery, lifted
on the same day and kept nnder exaetly similar conditions except in those trials
where variations in one of these factors has been investigated.

Comparisons have heer made in most lnstances with a control or normal trest-
ment.  For the purpose of these experiments the ordinary planting practice has
been taken as the normal treatment, Delnils of cach component of the technigue
are given in Chapter V. in the report of the investigation of the separate com-
ponents, but planting practiee consists essentially of the use of planting stock of
approximately {welve {12) inches in height, lifted from the nursery lines without
any prior treatment in the form of wrenehing or shoot pruning. The plants are
lifted in small numbers uniil bunches of 25 to 30 are obtained, graded by dis-
carding the small plants, root-pruned to eight (8) inches and then heeled in while
more are lifted to make a bandle of 200 for hageing for transport to the planting
site, where they ave planted on the day of lifting in pits opened in sandy soil with
a spade,

For each experiment a working plan was prepared setting out not only the
details of the treatments to be ineluded, but alse the avea of ground and the
number of plants of each stock or treatment to he msed, together with the list
of dates on which the varions actions were required. From the individnal working
plans a general working plan for the vear was drawn up to faeilitate contrel and
reduce the risk of error due to failure to provide adequate planting stock or failyre
to give a required treatment as ordered in advance of the planting date. Rando-
misation of the treatments, av the drawing of the treatment numbers was done at
the time of compilation of the plan.

Particulars of the weather an the day of plantine, or other treatment, con-
dition of planting stock, names of Manters and especially any variations from the
instructions in the working plan, were recorded by the officer in charge and the
record attached to the file bearing the plan,

In the assessment, the hehaviour of each individual tree was shown graphieally
in the fleld book in the velative position which it ocenpied in its partieular treat-
ment yow. For example, where assessment wae on survival, each living tree was
represented by a dot and each failure by 2 cross. In the carlier trials assessment
was made on 1st November as well as in May, after the autumn Tains, as it was
thought that variations in planting technigque, while causing “winter” deaths,
might not affect plants alive on 1st November. It was soon found, however, that
most of the various factors tested definitely eontributed to failures in late som-
mer and assessments are therefore now made on the survivals after the autumn
rains in the May following the planting season.



Chapter 5.
EXPERIMENTAL RESULTS.

The various components of planting technique expevimented with may be
readily grouped as follows:—
Seection 1. Time of Planting.
Section 2. Plant Treatment—
Shoot Topping, Root ‘Wrenching, Root Pruning, Hecling
in, Root Exposure, Handling Plants for Transport.
Section 3. Plant Setting— 3
Method of Planting, Exposure of Planting Hole, Depth of
Planting, Soil Firming.
Seetion 4. Planting Spot Treatment—
Hand Cultivation, Furrow Ploughing.

Seetion 3. Planting Steck.

In tabulating the results here each eomponent has first been dealt with
separately as a means of presenting the resulfs in a simple form.

SECTION 1—TIME O0F PLANTING.

The planting season on the coastal plain, which had always been recognised
as a comparatively brief one from late June to early August, has been discussed
in Chapter 2 Location of Tixperiments. In the course of this study, experiments
have been earried out to test the general assumptions regarding the most snitable
time of planting.

Resualts from these experiments have shown in some cases a gerious drop in
survivals as early as August 7th and in others no appreeiable loss up to as late
as September 4th. From the attached reeords tabulated in order of years the
position is clear and it iz obvious that the variation must be attributable to
some difference in seasonal or other conditions. Esamination from the point
of view of rainfall has shown that total fzures have a general relationship with
survivals, but by narrowing down to condifions immediately adjacent to the
planting date, some of the variations can be explained.

Stirling.
The time of planting experiments were eommenced in 1933, but prior fo
1035 were small, the dates tested being at monthly intervals,

_ In 1934 exceptionally heavy rain fell following the first planting date, 2nd
July, three inehes being recorded in the first seven days. A significant and
serious drop in ¢‘takes’’ oceurred on the second planting date, 6th August, which
may be attributable to the dry conditions experienced in that month, Planting
on 3rd September was significantly worse than n August.

In 1935 heavy rain was experienced up to June 20th and survivals from the
planting on 12th were high, the next planting on 26th was significantly worse
than 12th, and coincided with a rainless period. The next planting on 10¢th July
was better than 26th June and coineided with a period of heavy rain while on
94th July, the end of the heavy rain, equally good takes were obiained. Light
raing followed interspersed with dry spelis and a significantly worse take was
experienced on Aungust 7th and Z1st, while a patch of heavy rain at the end of
Aungust brought survivals from 4th September planting up slightly. 1835 was
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essentlally a year in whieh heavy rains fell in June and July with light to heavy
rains in Angust and even light raing in September,

In 1936 there was a steady grading off of survivals from 24th July onwards.
This year was notable for lack of really heavy rain and for long dry spells. The
most sustained rainfall was in Angust, but was light. Plantings in June and
July were not statistically diffezent, hut low in contrast with 1935 figures. A
big drop was experienced in August, statistieally there was no difference hetween
the late August and September plantings, although the early August planting
which was in the middle of the rainy period, was better than hoth September
dates, September was fairly dry.

In 1937 late Juune veceived heavy falls and fairly regular light to medinm
falls continued vight through 1ill October 20th. The rains in late September
were very light, however. July 22nd planting was statistically worse than June,
duly and carly Aungust planting, while September 16th was worse than all dates
up to 2nd September except July 22nd. Tt was uoticeable that both these poor
dates were dry days followed by little or 1o Tain, The last date, September
30th, was a complete failure and was also in a dry period.

In 1938 faivly regular Heht rains wers experienced in June, but the
characteristie heavy rains were absent. There was a break In vainfall in the
ird week while the last fen dovs vainfall averaged only four points.  July
rainfall ecmnienced on the seeond daz aund continued thronghout the month with
heavy falle in the third and fowrth week, These Tulls graded down at the end
of the fourth week. Ty spells were experienced in early and mid Auvgnst, Apart
frem these Sry peviods Auwenst vainfail was oF auyviking, above average, partieu-
larly in the last fortnigl Rain continmed (il the fvetr week in September,
after which three weeks of rainless weather oeenrred,

Planting was done in rainy periods, commensing on June 10th and ceasing
on 10th Angust. There was no difierende in swrvival vare for auy date. (enerally
the rainfall for this seuson was most favonrable and the mdications were that

a0 serious losses would have ocenrred until September.

The following table iz a summary of survival percentages for the time of

planting serics at Stirling for the sessons wnder consideration,

!
Seagon, Planting Date. | Survivals. l Planting Date. | Survivals,
% %
1934 2nd July ... 87 1937 24th June ... 93-5
6th August ... 37-3 8th July ... 94
3rd Scptember 36 22pd July ... 83-5
Sth August ... a3
1935 - 12th June ... 93-5 19th August ... 88-5
26th June ... 85 2nd September 89-5
10th July ... 92.5 16th September 78
24th July .., H 30th September 105
7th August ... 83
21st Angust ... 82 1 . 10th June ... 86-5
4th September 86 24th June ... 91-5
i5th July .. 90-5
L 26th June 82 10th August ... 85-0
10th July ... 83-5
24th July .. 78
7th August ... 37
21st August ... 41
4th Septembher 36-5
18th September 32



Gunongara.

At Gnangara the practice as already stated is to plant the pines in the bottom
of a plough furrew opened up along the planting line. In this way the dry suz-
face sand is avoided and the plant is set in moist sand. The provision of these
favourable conditions largely overcomes the disadvantage of short spells of dvy
weather in the planting season.

In 1034 there were several dry spells in June, but these weve broken by heavy
falls of from 1% to 2 inches in early, middle and late Jume. The frst field plant-
ing date, 2nd July, was rainless but was culy two days ajfer a fall of two inches
and was followed by almost eontinuous lizht rain. Swrvivals were high and signif-
cantly better than 18th July which was in the middle of a dry spell of a fort-
night. Heavy rains oeenrred in late July and cavly August, followed by regular
medinm to light rain ap till late September. Plantings on 15th August and 14th
September showed 9% per cent. survivals, that is, & complete vecovery from the
comparative failare on 15th Julx.

1 1035 June Tains were eomparatively light, hut unfortunately no dates were
fosted in lhis month. July, however. was almost continuously wet and 100 per
cent. takes was recorded for 12th. The next date, 19th August, was at the end
of a week’s rainless weather, but just prior o a period of light rain and further
dry weather. The takes dropped to 96 per cent. but the differenee was not sig-
nificant.  September experienced resular light showers but planfing on 20th
showed a very laree, sionificantly worse cureival than the other two dates. Puob-
ably miteh of this failure could be attributed to a rainless period of 16 days which
eotmnenced on A0th September.

1n 1936 early June vains were heavy but 8l to 16th was dry. Planting on
17:h June showed 08 per cent. takes and was in Hght rain and was Followed by
almcst eontinuous rain fo misd July where a break of three davs oeeurred. The next
date, 17th Jnly, was in thiz dvy period, but continuous light rain followed and
takes remained high. On 17th Angust takes dropped aund were significantly
worse than in June and July.  This was probably dne to rainless weather from
25:h Aughst to 10th SBeptember. A fwrther signifieant dvop in takes oecurved in
planting on 17th September, but thiz was in 2 period of dvy weather with occa-
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gional periods of light rain.

Tn 1937, June cxperieneed resniar heavy rains and 100 per cent, fakes
resulted [rom planting on 1ith. Althouzh there were several dry perieds in July,
plantizg on 20th coineided with a wet spell and 98 per cent. takes were obfained.
A drop in takes which approached significance was shown by planting on 19th
Angnst when planting was carviad ont on a dry day after a period of light rain
extending from 27th July. Fairly heavy falls were veceived heiween 21st and
20th Angust when the falls Tell awav 1o regular licht rain till mid September.
Planting on 16th September was en a wef dav but 19 days of practically rainless
weather followed and suvvivals were only 26 per cent,

The control of a ecomplex experiment planted on 25th Julv on & dry day just
after a rainy period produeced 39 per cent. takes.

Tn 1938 yeoular rains were experienced in June with several heavy fallz, The
last week was dry, but rains recommeneed on July 2nd and rontinned till the end
of the first week in September. when a fortnight of dry weather was cxperienced.
Short dry 1reriods oeenrred in late July and the first and third weeks in Angnst,

but these were of not more than fonr days duration.

Planting on 21st June and 18th July were slightly hstter than planting on
295 August, while the 15th September was worse than all other dafes. The Sep-
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tember date was in the long dry spell and although average October rains fell,
inelnding very heavy rain at the end of this month, the dry conditions were too
prolonged to be overcome by later rains.

Summary.

Planting in dry weather in June is usually harmful, but dry- conditions of
not more than two or three days' duration in July have no serious effect. This,
of course, is greatly affected by the distribution of the rainfall prior to the plant-
ing date. Later plantings may be suecessful if rains ave regular throngh August,
September and October, hut in view of this reguirement planting after July is
considered to be unsafe.  If a protracted dry spell oceurs in early September,
August planting may be effected and September planting fails even if regular
rain follows,

If 5 long dry period oceurs in late September or carly Oectober, September
plantings fail, but August takes are not seriously effected.

It appears that the ground may dry out in July bot favourable eonditions
can still he obtained hy avoiding this period and ntilising later rains for planting.
The following tabis iz a simmary of survival percentages for the time of plant-
ing series and controls of other experiments at Gnangara for the seasons under
consideration.

Season. ‘ Planting Date. ; Eurvival s Fiantine Tt S
I

1934— } % %
Arboretum 11th July ... 96 1820 17th June ... 98
7th August ... a8 15th July . 99
l4th September v6 17th August ... 85
Field Ind July ... 95 Fith September 45
18th July ... &5 30th July . a7

15th August ... 99
I4ch September 99 1405 o | 17th June ... 100
20tk July . 98
1935 12th July ... 100 19th Angust ... o3
19th August ... a6 16th September 26
20th September 36 20th July . 99

Ist August ... 98
105 2lst June ., 99
18th July ... 97
22nd August ... 86
15th September 30

SECTION 2—PLAXT TREATMENT.

Thke various treatments included in this group are treatments which are for
the most part given in the nursery and arve:—

(a} Shoot topping and pruning:
(b} Root wrenching:

'(c) Roof pruning;

(d) Heeling-in;

(e} Root exposure;

(f) Handling plants for transport.



(a} Sheot Topping.

Seedlings of Pinns pinastel in coastal novseries shinin a height of ahout twelve
(12} inches in the frst veay ang al the end of tie second year they reach helghts
of belween three and fonr feet. Decause of the hioh cost of handling the two-
vear stock, one-vVedd soedlings ave in genersl use o planiing opvmaiuﬁs‘ Where
a liwlght of perhaps ounly 3 or
T

seedlings ave stuared in {heiy first vear. atraining
= inchies i height have been msed in some
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effect of pruning to halt the Lol

1934 : There was no effeel of praning to haif the heig

1038 Pruning io hall heightl was detrimental.

{h) Root TWreaching.

Tn a number of wwvsevies in Australia an operation known as root-wrenching
has been earvied out with the object of pruning the deep and spreading rools to
induce a new development of short rootx which w ould nol he seriously broken in
lifting. Thiz epevation is hest dene Ly inserting a sharp spade on cach side of
the row of plants in such a masnes dat the tap reot i= eut § or 9 incbes below
the surface. If two men srve working o opposite gides of a vow one should be
slightly in advanee of the other. The effect of the operation is to prune the roots
without the shoek of litiing the planis. Without very careful supervision, the
rootz may be eut too short or mot at all,

Tn order fo test the effeet of wrenching a number of experiments have been

made,
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Stirling.,

In 1936 wrenching was carried out six weeks prior to planfing. In one
experiment there was no effeet of the treatment while in another the treatment
was found to he heneficial,

In 1937 wrenching was carried out four weeks prior to planting. In ome
experiment. there was no effect of the treatment, while in another the treatment
was henefieial

T 1938 there was no effeet of wrencling three (3), four (4). or seven (7)
wocks  before planting.

Gnangara.
In 1838 there was no effect of wrenching three (3) or four (4) weeks before
planting,

(¢) Ioot Pruning.

In normal practice, or that most clozely approximating general planting
practice, the plants ave lifted in bunches of 25 to 30, graded by discarding the
small plants and voot-pruned to approximately eight (8) inches length of tap
root, for a pine with a twelve-inch top. These buniehes arve then placed in a hole
and their roots eoveved with earth until 200 to 2530 plants are available for bagging
in wet jole sacking for trausport Lo the planting site, where they are transferred
to the planting travs.

Pinus pinaster seedlings develop an extensive root system as illustrated by
the following figures for one-year old plants:—

Radius of lateral roots .. .. .. 29 Inches.
Length of tap root g -
Height of plant 6,

Ag the cost of excavating holes large enough for such extensive root systems
15 too high, it has become general practice in this State to prune the tap roof
to o length of eight inches. Pruning 1z done by chopping on a wooden hlock.
Some varviation may be expected when dealing with large numbers of plants, but
cloge supervision to prevent earelessness minimises this.

There is a tendency in this process to remove all the tertiary and most of
the secondary roots of plants with widely ramified roct systems.

As eight-inch pruning was arbitrarily decided on for economic reasons, experi-
ments were designed to compare the effect of short pruning to four inches and the
uze of long roots of twelve inches, which, except for occasional long laterals, is
about the greatest leneth that can he lifted without excessive eost. For these
experiments a standard plant with approximately a twelve-ineh top, the nsual
one-year size, has been used thronghout hecanse it was realised that root lengths
must vary with the size of plant.

Stirling.
Tn 1934 in one expermment there was no effect of pruning to four inches and
eight inches apzinst the use of unpruned plants with twelve-inch roots.
In two other experiments in 1934 and one in 1933 there was no effeet of four
inches against eight-iuch pruning.
In 1938 pruning to four inches was detrimental, while there was no
difference between the full length of twelve inches and pruning to eight inches.

B - R e
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(rangura.

In 1034 experimenie similar to that at Stirling were done in the field and
arhoretuny and 10 buth cases fows-inel pruuing was worse than cight-ipeh and
no pruning with twelve-ineh roots.

In separale experiments in the years 1935, 1936, 1937 and 1938, pruning to
Fowr inekes wis worse than praning o sight-inch lengths.

(d) Ilecling In.

In planting operations some plants ave Jeft on the plantation overnight to
be available for the planting gangs at starting time in the morning before plants
san he lifted and transpovied theve frow the nursery. These plants are “‘heeled
in,” the ferm given to sandwiching the plants three or four deep 1n & narrow
treneh where thelr roots are compacted with moist earth.

At Stivling in separate experiments in the years 1933, 1934 and 1835 thero
was no effect of “heeling in” overnight by comparison with dircet planting on the
dav of Iifting.

At the same time it was decided to investigate the suggestion that “hecling in”
for longer periods of two fo four weeks has a hardening effeet on the planting
stocl and o benefieial effect on initial survival.

Stirfing contrast with planting on the day of Lfting.

Year, 2 weeks. 4 weels.
1033 .. Detrimental Not tested
1934 ... Nao effeer No effect
149353 .. XNo effect No effeet
- 1438 ... Beneticial Benefieial
1937 (2) ... eoe Xo effect Detrimental
by ... . XNot tested Detrimental
1438 . No effect No ellect

Gaapgara contrast with planting on the dav of Lifting,

Year. 2 wetks 4 weeks,

1931 ) No effect Detrimental
(b No effect Not tested

1035 No oftect of 3 weeks  No effect

(e} Taot Exzposure.

Ti Woestern Anstralia the plants ave cavefully bagged for transport and par-
Gienlar care is faken to avoid undue cxposure of the roots while lifting in the
nuesery and setting in the seld. Tt has been estimated that the various inter-
mittent exposares to which the roots of the plants are subjected between lifting
from the nursery and setting in the planting hole, amount to a total of ahout two
minutes. Careless workmen, however, may lengthen this period considerably. TIn
order to test the effeet of undue exposure hy workmen, plants have on Jifting,
been laid out experimentaliy on the ground, with the roofs exposed, for varying
periods of three to five minutes in hath qmll weather and hright sunshine. At the
end of a three-ninute exposure on & warnl sunng day in a light breeze the roots
ave sHehtly dried, the eolour changing from black to Jark grey-brown, but on a
clondy day no shange was noted. Actually such a three-minute exposure, in which
each plant is laid out separately on the cyound, should be more severe than seveyal
shovi exposures.

The cavefnl bageing of plants for franspovt in Western Australia is in
marked eontrast with the loose bundling of plants which is all that is necessary
on some Aunstralian plantations, The experiments were consequently designed to
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inciude tests of the possible effecis of exposure for comparatively long periods as
in transport of unpacked stock to the planting site

Stialing.
Year. Wikt bt il isia i LORRTELTRT
1834 . Sunny Not testad Not tested Detrimental | Worse Not testerl ‘ Worse
Cloudy Not tested Not testad No eilfect No effect Not tested | No effect
1935 .. | Sunny Not tested Detrimental l
1936 .. | Sunny Not tested Netrimental
1837 ... | Sunny No effect of 3 |
minutes  ex- i
nosure
1838 .. | Sunny No  difference
between  ex-
posures of 2, '
4, 6, aml s |
minutes |
Fnungara,
1833 .. | Sunny Not tested Not tested No effert Nu effect | I Detrimental
i Clondy Not tested Not tested ' Xo effect U XNo effect | I Na effect
1934 (a) = . No oeffert i Detrimental
M i Detrinzental ! :
1936 . Nor effect | — [
f No effect i | . . !
1037 . No etloct ok i
J N effert | i

(f) Handling Plants for Transport,

Plants to be transported by rail or road to distant plantations arve bundled in
lots of 200 to 250 and carvefully wrapped in jufe sacking as in general practice.
Frequently plants remain hagged for periods up to two days and a series of ex-
periments have heen carried out to test survivals from such transported plants,
in eontrast with those transplanted direet from the nursery on the day of liftine.

Bagging for Twe Days.

Stirling. GCenangare.
1933 Detrimentsl 1934 {a) Nop effect
1934 Ngo effect (h) No offect
1435 (a) Beneficial 1835 Beneficinl

(b) No effect

1936 Beneficial
1936 (a) No effect Beneficia

(h) No effect 1937 Beneficial
(¢) No effect 1938 Xo effect

1937 (a) Detrimental
{b) No effect
(e) No effect
(d) Beneficial

1938 No effect

Damage in Transit,

The possibility of damage to the roots by standing the bundles on the hard
floor of a railway truck and by rough handling of the roots in bagging has been
tested.



Stirling ouly.
1936 No effect of—
{a} Bianding the hundles
(b) Dropping the bundle roots downwards on to
height of three feef.
{e) Breaking the roots at s#ix inehes be
raols back along the stem.

on end on a hard floor for 2 days-
a hard floor from a

low the collar by bending the

1027 The same result was obtaived.

Watering Bundled Plais.

Tn view of the possibility of drving taking place while the plants are in the
hags, ov while “heeled it on the planting site after removal from the bags,
watering of the frees subjected fo the treatment hag been tried.

Tn 193G theve was no effect of—
{a) Submerging the bundies of plants in a t
from the aursery.
(h} Watering the plants in the feld hefore plantimg.
ants which were bagged for two days in
and “heeling in” on the planting
in 1937 the same results were

ank of water before despatch

The same treatments were given to pl
the intevval between despatel from the nmursery
gite. Again there waz Do response to treatment.
obtained from a similar expernnent.

QECTION 3.—PLANT SETTING.

In this group the {rveatments ineluded were those concerned with the actual
planting of young {rees in the field. They were:—

(a) Method of planting.

(h) Exposure of the planting hole.

{e) Depih of planting.

{d) Soil firming.

(e) Root dispersal in planting.

(2) Method of Planting.

Tn Western Australia pit planting is standard practice, that is the plant is

placed in a hole or pit exeavated hy means of a spade. Care is taken to set the
plant with {he tap root pointing vertically downwards but po particular atten-
tion is given to the nterals. Several otber methods have heen tested for reasons
of economy. The chief objection raised to these is the impossibility of ensuring
that the tap-rool is not hent from its vertieal position,

On Unploughed Land—XNotching.
The plant is =et in a noteh made by inserting a spade in the ground and then
moving it backwards and forwards from the vertical position.
At Stirling in each of the five vears, 1833, 1934, 1935, 1936 and 1937, there

were no significant differenees in the “takes.”

On Ploughed Lund.

The surface sand remains div to a depth of several inches during the first

winter after plonghing and in this dry sand notehing is not possible, For this

peason another opevatlon
partial exeavation 1
towards himgelf.  The operation may,

planting.

krnown as spear planting was developed. This is a
nade by the operator inserting the spade and dragging the soil
however, hecome nore costly than pit
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In deep furrows especially opened out on ploughed Tand to expose the moist
sub-surface sand, notching and wedging, an operation made with a wedge spade
of the same over-all dimensions of an ordinary spade, have heen tried, but even
under these conditions dry surface sand has heen troublesome,

At Gnangara in 1934 in two experiments there was no effect of these treat-
ments in comparison with pit-planting,

(b) Euposure of Plunting Hole,

In general planting care has alwayvs been taken to limit the exposure of
the planting hole and out-turned sand by planting within one hour of opening
the planting holes, as it was assumed that the drying of the s0il would he saffi-
cient in degree to harm the plants. In order to test wirether this cave is essential,
experilients have been made with & nmmber of different perinds of exposure.

Stirling.
In 1933 the longest exposure was between opening the hole one worning and
planting the following afternoon. There was no response fo treatment.

In each of the years 1934, 1935 and 1936, there was no effect of advance
holing extending up to two days,

Gnangara,
In 1933 there was no effect of exposure of the planting hole for two hours
on a sunny day.

In 1934, opening of the holes for two and four weeks were included in the
experiments, but there was ne response to treatment, Owing to the sand silting
in on drying, the holes were not open to the full depth for tle perviods planned
and in these long exposure (reatments it was necessary for the planters to
excavate some sand hefore setting the pines. ’

{e) Depth of Planting.

Normal planting practise formerly provided for sctting the plant at the
same depth at which it grew in the nursery.

In the early experiments shallow plarting setting of 1% inches below the
nursery level and deep planting settings of 114 inches and 3 inches above the
narsery level, were tested. Beeause these experiments showed no effeet of deep
planting a setting of 114 inches deeper than mursers level was adopted as general
plantation praetice. This provides for a reasonable variaiion by the planter and
still keeps the plant setting within the limits of nursery level and three inches
deep. The difficulty met with in keeping the plants from later falling over in
treatment combinations of shallow planting and short root pruning eaused the
shallow setting to be reduced to one (1) inch below the collar. For experimental
purposes a setting of six inches deep was arbitrarily infroduecd, but the eost of
excavating the deep holes required for this treatment renders it impracticable
in' ordinary planting.

Stirling.
1933 No difference between nursery level and threc inches deep planting.
1934 Using 114 inches shallow, 114 inches deep, and 3 inches deep, there was
no effect of treatment.
1835 There was a beneficial effect of 115 inches deep planting as compared
with 1 ineh shallow setting.
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,

1936 (a) There was 1o difterence between 114 inehes and 3 inches decp set-

ting, which were hoth better than 115 inches shallow planting.
(b} There was no difference hetween 115 inches and 5 inehes deep
planting.
1937 (a) There was no Jifference hetwoen 1l inches and 3 inches deep
planiing.

(h) Spme vesult as (a),

Gangara.
1933 There was no ditference between nuysery level, 13 inches and 3 inches
deep setling, which were all hetter than 144 inches shallow planting.
1034 The =ame yvesult wag obtained in a similar experiment.
1935, 1936, 1037 and 1928 Treep planting of 1t inches was belter than
1 inch shallow planting in each of these four years.

{dY Soi Firning.

T 1035 tamping of the soil by hand wien flling the planting hole was ewm-
pared with trampling the soil with the feet. There was no response to ireat-
ment.

(o) Rool Dispersdl.
Nirling.
Th 1938 du erder to test tie efe a7 varvions arvangewents ot the roots in
getnal planting, an experiment was maide with the tollpwing freafments:—
1. Normal plantivg.
9. Bending the voots at & depth of three inches into a position pavaliel
witly the =urface.
3 Planting with the lower halt of the reots donbled hack.
1. Twizting the yoots into a rope-like mass.
There was no effeet of trealment.
Tn the same vear the hending of the vants at a depth of fhree inches into
a j-osition paralicl with the snriaee was rested in another experiment. Again

(horee was no effeet of freatment.

SECTION +—PLANTING <POT TREATMENT.

Tn thiz group the fallowing treatments were jnvestigated:i—
i1} Hand eultivativn.
(i) Furrow plenghing,

(11 Iluiid Cultivation,
At @nangara the eronnd is thorouzlly ploughed, =o that no scrub or grass
develop in the fivsl season after planting. the sund remaining hare.

At Stirling planting = cared ouf on anploughed land and competition bv

i

grasgs and =ernb is of importance in its offect upon initial survival. TIn ovder to

elimiate this. enltivation has heen ipjed in two seasonsi—
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Season.

Autump Cultivation, Prior cultivation of the planting spot in autumn, some
six weeks before the holes ave opened out for planting.

Spring Cultivation. Suhsequent cultivation of the ground around the planted
pine in spring shout two months after planting.

This eultivation has been carried out over twa areas, one with eightcen inches
and one with three feet diameter, except in the early vears.

Stirling.

1832 18-inch spring enltivation was better than no cnltivation, 18-inch autumn
cultivation had no effect.

1833 The same result was obtained from a similar experiment.
1932 The same vesnlt was obtained.

1935 (a) 3-feet spring cultivation was better than 1S-inch spring cultivation,
which in turn was better than no cultivation. There was no effect
of autnimn cultivation of either area. i

(b) 18ineh autmmn ewlfivalion was hetter than no eultivation,

1936  Cultivation, rrespective of season, was hbetter than no cultivation, the
areater area heing the most effective. There was, however, no effeet
of seasen.

1937 (a) Spring culfivation was beneficial hut theve was no effect of area.
Autumn enltivation had no effect.

(b) Threefeet spring cultivation was betfer than 18-ineh spring, which
in tum was better thar ne cultivation. There was no effect of
antumn caltivation.

(¢) There was no difference hetween 1S-inch and 3-feet spring cultivation.
Autumn season was not tried.

(d) The same result as (e).

{e) 18-inch spring cultivation was hetter than ng eultivation.

Touls.

1937 (a) Two different tools, a grub-hoe and an ordinary garden hoe, were
found to give no difference when used in spring cultivation.

{h} The seme resnlt as (a).

Time of Spring Cultivation.

1937 (a) There was mo difference hetween cultivation on 15th September and
15th October.

(h) There was no difference between enltivation on 15th September and
15th Oectober, but both dates were better than 13th November.



(ii) Furrow Ploughing.

At Stirling opening up & plough furrew approximately cight inches deep
in the bottom of which the plants were set has been tried in comparison with
planting on the ordinary surface of the ground.

1935 TFurrow planting was better than surfaee planting.
1936 The same result was obtained,

1037 In this vear a double-furrow was ineluded as an additional treatment and
hoth furrow treatmenis were belter than surface planting.

SECTION 5—PLANTING STOCK.

One year seedlings have formed the bulk of the planting stock of Pinus
pinaster in Western Anstralia. The height attained by the seedlings in the
eleven months period, August to July, between sowing and lifting, approximates
twelve inches. The comparatively lafe sowing is made 1o avoid the nursery weeds
which develop freely in the wei months June ard July. Good nursery stock con-
tinues o grow very rapidly if left in the nursery lines and at the end: of the
second year some plants reach heights of between three and four feef. Because of
the increased cost of handling, the use of stock of this size is impracticable.
Lining out, or “transplanting,” at the end of ihe first ten to twelve months has
not heer found to produee appreeiably smaller two-vear stock.

Where rabbit damage is esperienced it 1s the practice in some States to use
two-year planting stock which suffers less severely from rabbit attack than the
smaller and less woody one-year plants. On the Coastal Plain of Western Aus-
tralia Tabbit damage has been of no consequence 50 far, though there are indica-
tions that the numbers of this pest ave increasing on the Stirling plantation:, .

Tt has been stated that the unsatisfactory development of nursery stoclk has
been one of the problems in afforestation work in this Stafe. Some of the seed-
lings, however, which show very poer orowth in the fivst year, not reaching heyond
three or four inches in height, continue their development in the gecond year o
form apparenily satisfactory planting stock of some Gfteen to eighteen inches
tall.

At Stirling a number of comparisons have been made with oneyear and
two-year stoek from diffevent nurseries. Though the comparisons were incomplefe
and the results conflieting, it does not appear likely that there will be any constant
advantage in using two-year stoek of the type available. Moreover, with the
improvement which is gradually hecoming apparent in these ecoastal nurseries,
uniformly satisfactory one-vear stock ean be expected and two-year stoek from
stunted one-year seedlings will no longer be produced. ‘

1932 Coolilup two-year seedlings were worse than one-year Coolilup, which
however were inferior to two-year Boranup.

1933 Coolilup two-year, Coolilup one-vear and Stirling two-year were worse
than one-year stock from three other nurseries.

1934 Stirling two-year seedlings were betfer than Stirling one-year and also
one-year stock from four other nurseries.

1936 Stirling and Wonnerup two-year seedlings were better than Wonnerup
one-year stock, but not Stirling one-year.

1938 Keenan two-year seedlings were better than Boranup one and fwo-year
plants, between which there was no difference, but which in furn were
Letter than Keenan one-year stoek.




Chapter 4.

DISCUSSION OF RESULTS.

In the seven-yvear Deriod under review, June 1932 May 1939, a large number
of fleld fiizls have heen made. A fairly complete deseription of the factors tried
has been given in describing the results of the experunents, so that it is only neces-
sary to draw attention to some of the wore important aspeets of the work and
to present the praetieal application of the study.

It is important that statistieal significanice does not reveal the practical impor-
tance of any difference; that ean only he judged by one with techniea] knowledge
of the forest planting operations to which the wmethods are applied. Nor does
the absence of significant differences mply that no difference cxists, but it does
indicate that the chances are as stated against the observed results heing different
in similar independent trials.

At the commencement of the study the factors then judged to be of importance
were included in the experiments. As the work progressed the importance of
other influential factors became apparent and a readjustment of ideas formed
from the early results was NeCessary.

This experimental work has directed attention to and afforded the opportunity
for detailed study of the hehaviour of pines ostablished in the general planting
carried on in the State plantations during the vears in which these experiments
have been made. The veeords obtained in this way confirm the eonclisions that
factors previously unrecognised and negleected have heen very important features
in the sueeessful establishment of the voung trees in their first year.

It has been stated that deaths of the planted pines oceur in three distinet
seasons, winter, early summer and late swmmer,

In the Gnangara plantation in July, 1937, in one sub-compartment of five
acres, an almosf complete early mortality occurved and within one week after
planting a lightening in colour was observed in 80 per cent. of the young pines.
In extreme cases pines assumed a straw eolour. These pines on being submitted
to the Government Chemical Laboratory for examination were found to contain
strong traces of arsenic. The arsenic was ultimately traced to the drums which
had heen used for watering the bundles of pines as they were brought from the
nursery. Arsenic is used for poisoning Christmas tree (Nugtsia floribunda), a
Pparasitic plant whose haustoria eut the roots of the voung pines.

In the Stirling Plantation in the same year a high pereentage of deaths, up
to B per cent., was noted in two sub-compariments in August, a month after
planting. These areas had rot heen previously inspected since planting and a
similar cause was then suspected. Chemieal analysis, however revealed no trace
of arsenic in the young plants.

The cause of death was not diseovered for some time, when it was found that
the only different treatment these pines had received was a Spring (September)
“lopping” in the nursery lines when they were 15-months-old seedlings.  The
actnal topping done in this instance was more severe than was intended, the
pruning taking place at a height of only five inches ahove the ground. Small
parcels of these seedlings from the same nuarsery established in two other planta-
tions similarly suffered a high percentage of winter deaths shortly after planting.

Experiments earried out in the 1937-38 season with “Spring” topped stock
have confirmed the harmful effect of this treatment.
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In the ordinary planting practice “refilling” is carried out when the “misses”
or deaths in the planting of the previous season exeoed 35 per cent. with a
six feet by six fect espacement or its equivalent. In 1936 in the Stirling planta-
tiop it was found that refilling was neces3ary in {hvee compariments, but not
in the other fowr planted in the 1935 winter. Six feet by six feel espace-
ment was nsed that year. The major variations in ihe general planting praetice
that season were planting stock from different purseries and of different seed
erigin, the plonghing before planting of some compartments hut nol others, different
dates of planting exfending over the month of July, the chanae tn the amonnt of
sunshine and rain on the zeparate days, the different gangs which vlanted differ-
ent parts of the plantation and fAnally the variation in time of Spring enitivation
which extended from the beginning of October to early November.

Exeept in the ease of Spring cultivaiion, plantings were eqpally suceesstul
and nmsaceesstul when roceiving opposite treatments All eompartments, however,
which were given Spring enliivarion after the 28th Octaber requived refilling.

Althongh jt has not always been done. the aim at Stirling has heen to com-

plete the Spring cultivation befere November. bat it was not natil 1937 that, n
view of the expervience of 10335, experiments were estnblished: fo fest the correet
ness of the accepted period. Subsequent cxperiments have shown that mid-Novem-
her cultivation was harmful by comparizon with mid-October. The effect of seazon

will, of eonrse, have a powerful influence {his connection.

Tn tabulating the results in Chapter 5 each eomponent has bheen dealt with
separately as a means of presenting the resnlts in a single infroduetory form.

Tt has alveady been explained, however, that while only single experiments
were possible in the early years, the information obtained from them permitted
the nse of more recent and morve efficient complex experinents, involving combina-
tions of several of the factors to be tested and designed to vield information on
interactions as well as divect effecis.

Intevactions of the highest order have rarely been significant and it was de-
cided to sacrilice the information devivable from them when pla nning recent trials
in which confounding was resorted to for the purpese of reduring block size.

The experimental vesults are Giscussed under the following headings:—
1. Taetors of importance in the control of establishment operations;
2. Tmportant conuncn faults in orvdinary planting technigues

5. Factors investigated which do not appear to be of impertance in influenc-
ing establishment.

1, TFactors GF [MPORTANCE IN CONTROL-

{a) Plantong Season or Plaating Dute.

Planting can he carvied ont during the winter raing in the months of June,
Jnlv and August. The Ave weeks period from late June to the end of July forms
the safest planting season. This iz borne out hy an examination of the weather
data and is supported by resulfs from the time of planting experiments. The dis-
tribution of the rainfall within the winter months, however, iz of great importanece
and althongh this general rule, based on averages, can be aiven for the best plant-
ing time, each season is in itself a separate problem and the period within which
establishment will e succeseful heeomes a matter of experience and interpretation
of ranfall trends. In some years planting has heen unsueeessful after July and
in other vears suceessful ub to early September. Turthermore, sinee moistness
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of the soil is an essential factor and as the surface sands on recently ploughed
areas dry very quickly, it becomes undesirable on sueh areas to risk loss by
planting in the prolonged periods of up to a weck or ten days of fine weather
which are sometimes experienced even in the mid-winter months.

(b) Preparation of the Ground.

Thorough ploughing, the specifications ineluding a nine inch minimum depth,
is necessary at QGnangara. In the first winter following ploughing the surface
sand which does not become compacted dries very quickly in short spells of three
or four days of fine sunny weather in the planting sesson. Planting in dry sand
causes winter deaths which become apparent in three to four weeks. Te over-
come this and ensure that the roots are set in moist sand, a deep furrow in which
the trees are planted is opened up along the planting lines which are placed at
right angles to the original ploughing.

At Stirling, ploughing is not essential and as the litter of logs and debris
from the felling of the native vegetation 1s not cleared up furrow ploughing is
impossible. The effect of spot-cultivation in autumn prior to planting was tried
as a means of preparing the ground, Most frequently there was no effect of this
treatment. On this plantation the sand beneath the ash bed resulting from the
burning of a bhig log frequently remains dry throughout the first planting season.
A planting line coinciding with such an ash-hed may show six or eight deaths in
a row. These failures showed np eclearly in the field book records of the early
experiments and in consequence the dry sand has been avoided in the more recent
trials by moving the planting spot a foot v two either way.

{¢) Spring or Subsequent Cultivation.
At Gnangara grass does not develop in the first year following ploughing.

At Stirling, however, a strong development of grass and eeds takes place
following the elear-felling of the indigenous timber. This growth is composed of a
few Gramineae (the most important of which are the introduced wild oat Avena
fatun) and speeies of Bromus, Stipa and Breeza and members of the families
Caryophyllaceae (the most important being the introduced wild pink Tuniea pro-
lifera), Geraniaceae, Compositae and Juncaceae.

The effect of cultivation in redueing failures was apparent from the first ox-
periments in 1932. This cultivation, which consisted of hoeing over a diameter of
eighteen inehes around the pine, was done in the spring following planting,

Spring enltivation, at a cost of eighteen shillings (18s.) per acre for
6ft. x 6ff. espacement, has been adopted as standard practice at this plantation.
Cultivation over a greater area, three feet diameter, has sometimes eaused
a significant increase in “takes,” but the practical value of the increase is not great
and does not justify the increased eost of the cultivation.

The time at which spring eultivation is earried out is important and recent
experiments indicate that spring eultivation should be completed by 15th Oetoher,
that is, before the grass begins to die naturally with the approach of summer
conditions.

With regard to tools, no difference in results was found between the grub-
hoe and garden hoe for use in the cultivation, though the garden hoe makes slightly
cheaper work,
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(d) Planting Stock

A number of strains of Cluster pine have been used in planting on the Coastal
Plain. These are Northern Landes, Southern Landes, Portuguese (Leiria), Esterel,
Corsican, South African (from salected stands) and a smalt parcel from seleeted
trees from Tunkurry plantation, New South Wales, With the exception of the
Soulh Afriean and Tunkurry, each has distinetive morphological characteristies
in the young stands.

Until 1935 the main plantings have been made with Southern Landes strain
and sinee that dafe South African has been used almost exclusively. The experi-
mental stock has been of the strain used in the general planting.

The possibility of variation i initial survival with strain has mnot been
tested and, in view of the desirability of using the better form and faster growing
Leiria strain as seed can be obtained, this possibility must not be overlooked.

With the improvement in nursery practice, satisfactory ome-year planting
stock of twelve to fifteen inehes in height can ‘be expeeted from all coastal
nurseries. This has been found to give good results in establishment and if left
for two vears in the nursery become too large.

9 Tip 1MpORTANT CoMMON FavLTs IN OrnINARY PLaxTing TECHNIQUE.
(a) Short Root Pruning.

In five experiments at Gnangara short root pruning to four inches fength has
been found harmful by comparison with pruning to the standard length of eight
inches. These standards have been used for a pine with a twelve to fiffeen inch
top.

The resnlts at Stirling have heen eontradictory, where owing fo the lesser
reliability of the earlier trials, further investigation is required.

Whenever pruning of the roots is ordered it is found that the length standard
of the workman gradually shortens from the length set and, to prevent this, a
measuring stick must be available for constant reference.

(b) Too Shallow Planting.

Except in two cases, one at Stirling and one at Gmangara, shallow planting
at 1 to 1% inches higher than the nursery level, has been found harmful. Plant-

ing at the nursery level has not been shown to differ from deeper settings of
114 inches and 3 inches whieh ir turn have not differed from each other.

Setting at 6 inches deeper than the nursery level has been found harmful in
one experiment, beneficial in another and to have had no effect in a third case.

Owing to the deeper planting hole required, an inereased depth of planting
is accompanied by increased eost of planting.

Workmen tend gradually to rveduce the depth of the planting hole and more
or less in comsequence the man setting the trees makes his planting more shallow
to suit the hole depth. A depth mark on the spade corrects this tendeney. A
fizxed depth is far from obtainable on the rough surface of the oground and it
appears that the planting position is satisfactory as long as the plant is not set
above the nursery level. To ensure this a depth of 114 inches below the nursery
level has been adopted as standard practice. This will allow a variation by work-
men of nearly 1l% inches each way without seriously affecting the survival.




With Pinus pinaster on the eoastal sands it h
cover the first whorl of branehes in order to ensure suffieient depth of setting.

ag heen found convenient to

. The deep seiting has not heen found to affect the vigour of Cluster pine in
this State, although attention has heen drawn te an effect of iin, deep setting on
Iong feaf and slash pine in the Sonthern States of U.8.A. where, however, shallow
setfing resulted in heavy mortaiity (14),

{e) Root Faxposure.

\

Exposure of the roots of Cluster Pine has been feund to be le

sg serions than
was expected.

On dayvs on which the sky was overcast with clonds, complete oxposure of
the roots for periods up to s1xty minates has not heen found usually to have any
effect, though in some instances exposure for 15 minutes was harmful.

for five minntes I most eases thongh this period was twice found to be detri-

In bright sunshine the plants have been capable of withstanding exposure
' mental.

Classification of the weather as fine ov cloudy, is, however, unsatisfactory

and probably relative humidity is an important factor,

As numerons short exposures are nevitable in lifting, transport and distri-
hution of the plants, care shonid be taken in sunny weather to keep the trees
covered ax mueh as possible to prevent undue exposure of the roots in

{rans-
ferenee from ihe plant carvier to the planting hole,

3. FacrTors INVESTIGATED WHICH DO NOT APPEAR TO BE OF [MPORTANCE

INFLUENCING ESTABLISHAMENT,
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Section 2—Plunt Treatment.
{i) Ruot Wrenching.

Ou the whole there is no effect of wrenching at various periods of three to
seven weeks hefore Iifting.

weeks before planting,

(iii) Heandling Plants for Transpore.

With the standard practice of wrapping bundles of about 200 plants in
thm'ough_ly wetted jute sacking, bagging for two days, as when transported by

(ii) Heeling In.
On the whole there is no effect of ‘“heeling in"” for periods of two and four
rail to a distant planting site, has not been detrimental.

Rongh handling of the plants, including hreakage of the roots, as might

Section 3—Plant Setiing.
{1} Method of Planting,

Pit planting has not been shown o sive hetter rvesults than the cheaper

oceur in transport, has had ne effect on survival,
Watering the bundled plants has caused no differences in “ftakes.”’
I uoteh planting.



{ii) Root Dispersal in Planting.

Bending all roots to ome side just below the collar so that they lie parallel
with the surface at shallow ¢epth, doubling the lower half of the roots back towards
the surface and twisting the roots into a rope-like mass, did not have any effect
in 1938 experiments. These treatments should be further tested.

(iii) Soil Firming.

In filling the planting bole, no ditference was found between firming by hand
and trampling in with the feet.

(iv) Exzposure of the Planting Hole.

Opening up the planting hole for periods of a few hours to two days, has
had 1o effert. Digging of holes longer in advance of planting is not practicable
owing to the sand gradually runping back on drying.

(v) Shoot Topping and Pruning.

Tt has been pointed out that Spring topping is highly detrimental. Awtumn
topping to reduce the size of two-year stock does not appear $o have any influ-
ence on survival, but its valwe in reducing costs is very small. Further experi-
ments arve necessary to determine whether or not shoot pruning at half height
is detrimental, but there does not appear to he any likelihood of gain by this
operation.

Seusons and Interactions.

Tnteractions have been fonnd sionificant n a comparatively few cases only
and in these eases may he dae fo some particular vagary of the weather about
that time, WWithout further information, it appears that with the faetors tested,
divect ofiects are the major factors affecting estahlishment while differential re-
gponses are comparatively unimportant.

Althongh some variability is noticeable in the factors the results of the
analyses have generally heen consistent in the range of seasons experienced in
the peried under review. Statiztical significance gives np measure of the practical
importance of these results and it has heen found that mueh greater numbers of
dealhs oceur in some treatments in one vear than in another, although the eontrols
with standard practice do not vary.

This is well illustrated in a scries of experiments of 2" design with lifting,
rpot-pruning and depth, each at two levels. Over the range of years 1935, 1936,
1037 and 1938, there was an effect of zeasen, the vear 1937 being worse than 1935,
which in furn was worse than the years 1936 and 1938, between which there were
no significant differences. In these vears the total percentages of “takes” in the
whole experiments were: 1935, 82 7co . 1036, 90.20h; 1937, 58.840: 1938, 93.29%:;
while the confrols were 970, 87, 99 and 955, vespectively. Tt is of interest
that the 1037 experiment was planted in a dry spell, the actual days of planting
and the four following days, being dry, while in 1935, a shorter dry spell was
experienced, one day following being dry.

The general analysis for effect of seasons showed depth and pruning to be
significant, while lifting and interactions wera not effective.

Trom the percentages shown gbove, it is obvious that the eonfrols, which
emhody both deep planting and nermal pruning, have not been affected by season
and therefore that the losses are due to the variations from normal procedure. Tt
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15 therefore safe to assume that departure from the normal procedure of deep
planting and normal pruning is liable to cause serious losses.

It should be realized that although season has been under consideration, a
critieal examination of the weather tends to show that under Western Australian
Coastal conditions it is more a matter of immediate planting weather than actual
seasonal effeat.

Conclusion.

With some factors variution has eceurred in the results, but this ean he
expected in tests in which experiments have heen vepeated o number of times
over a pericd of years. The general trend of the experiinental results have heen
taken to indicate the eonclusions arrived at.  As corroborative resnlts with the
factors tested have heen obtained in the two plantations used, a number of scasons
have been involved and the trials were couducted on o number of soil types over
the years of investigafion, it ean be assumed that the conelusions ave of general
applieation for the ranee of soils covered in the two plantations named.

An extension of the imvestigalions to the Leavier solls of the Darling Range
would be desirable to obtain information regavding the practicability of a uniform
technigne under all eonditions,
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