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WcsternAust ra i ianCoasta lP lan ta t ions , "Bu l le t in53of theFores tsDePar t -
ment of Westem Australia (1 ) It wa-" pointed out that the expcriments

*e.e con."ntrut"d for simpliciiy of controi in trvo u'idcly-separated districts

o" ttr" C..,tal Plain, the i]r,,.,,g.". Plantation in the Metropolitan District'

^r,a--tfr" Stltfi"g Plantation in the Busselton District, where comparatively

larse-scale plantrng operatrons have been in progress The climate'

i;;""g;;y, 
'g";i"gy: 

r eietation and soil of these plantation-s rvere- described

ifritJ"'rJ *""ff .i'Urriiot-ity Trials made to determine the optimum size

oi t lrc plot lor cxperimental purposes' end mcthods of t xper.iment rvith 'ome

;;;;:r i;;; oi ' ,t " '  fro""aut" 
'adopted. 

This report should l l ' 'q'e;e1p be recd

in conjunction rvith Bulletin 53'

Practically all the work has been done with Cluster pine (Pinus pin-

.rt".j, o"t i.ft is used for planting on the poor coastal sands extending south-

rrards from 20 miles north of Pcrth to Oape Leeuwtn'

T h e r e a s o n s f o r t h e u s e o f P i n u s p i n a s t e r i n t h i s c o a s t a l s a n d p l a n t i n g
^* irr"i, 

- 
"itrro"gh the sards art too poor- (one to five 

.parts 
per million of

fhorphur"; to sripport pine snnds unaided, Pinus Pina'tcr.makes very satrs-

i;;,;;-;" 't. i .o-; 'nt ,t i th the application of artjf icial ferl i l iser in thc form

.i.*i"-itl""il.,". o.tuit. of ihe nutitional studies are given in Bulletin

;b i;: . ;;Ji l;;qucnt unpublished rep.rts Pinus radia-ta' althotrgh growing

'-a"t ' irt"i" ;;;; i ;;"., i , oi p*" colour and is not l ikely to develop into a

;;ffi.","t1, .-p; "^."f, o" tire better Tuart sands' The author is indebted

i., aft"it 
'."-p^,-.tion 

and assistance to M€s-'rs' D' H' perry and H E'

Du.u,or,. Fo."rt"rr, who controlled the Planting exPeriments

PART II.: AIMS AND TRENDS IN THE STUDY.

The various steps taken in establishing plants in. thc field .have 
been

""u-ir,.a, and a considerable number of them experimented with' These

i""i.r, "i,ar"J included those rvhich, so far as was known, were considered

il J.i'W"tt""ce in planting in Southem Australia A number of planting

-"n".f. f.t"i," dealt with ihe supposed importance of root distribution' while

;;;;;l;;,1 ;';.tices hu'ne'incl"ded such steps as root wrenching or

"heeling in," bccause they mrgnt have an influencg on "takes" in the district

.on."rri"d. 
' 

Attention t'as first drarrn to the question of- depth by Carter

ii;;;i;J an advantage in deep over shallow setting in one experiment

in CarLtrerra.

From the outset it became apparcnt that some factor' other than the

or," "tpr.i-.n,"a with, was t"o'i"! d""tht rthich n'ere occuuing in the

ir",-ii.- ilt.g."* in tile study showed that, lvith mo'\t of the. e\pcriments

;;t";.;it"; ;:" .i^ply ,,o efiect of treatment, and, in gencrai' the expcri-

ments wer.e yielding ncgative results'

While a negative result is very valuable, there was a reluctance to re-

linquish time-hoinoured practice, and the experirnents \tere rePeated many

iii.r a "fiif""" doubi as far-as could posiibly be done Certain of these

iu"t-r. ",hi.tt did not appear from the experiments-to be of importance rn

planting technique, had long been regarded as influ€nctng the success or

t"
I
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ment before summer, etc., and hence w'ill be influenced by inherent qualities

such as immunity to disease, natural vigour, or habit of growth, which vary

among the individuals.

Death then may be regarded as a problem in plant physiology' involving'

fo, ""-p1", perhaps faihire to develop auxins,. a. function of which is to

i"i,l"t" .lti gro.u,i.. It could perhaps be avoided- by. the application of

srmthetic cheiicals to stimulate necessary plant development'

In Western Australia, on thc poor coastal sands, rvherc the use of sup<:r-

ohospate i" nece.siry for sati ' faitory continued developm'nt^of the pine'

i^ck of the arri6cial ferti l i icr doe' not affecl - 'urvival in tlre hrst summer'

which is thc subject of thc Present study'

Experiments are set dorvn in July, except rvith Time of Planting' and

"." ;.;;.J i; th. follo' '  ing Muy" aitet the commencemrnr .of 
th' hea'r

w i n t c r r . r i n " . D . a l h : o c c u r o r . e r r h e w h o ] e o [ t h a t p u r i o d i \ V I n I e r d e a l n : . ]
i"t"-J""t "it"t planting, spring. - 'umrnet, and then latel summer faiiures up

to the break of the dry season'

Thc use of statistical anal-r-ses ol all experimental results has becn ad'

hereJ to rigidly, I'he devclopnent and eitensi6n since the invcstigation

i l " . , "  i "  ig l i  o f  r l r ,  n r " thod o f  an ' r l f  i s  pa l t i cu la r l ;  i t t  regard  t "  the  usL '

" i i l , . t i r f  dc ' iq r r  "nd  c "n lour td ins '  I rJq  permi t led  a-  ' tudy  o f  the  in le rac l io r r

of factors. In irtany case" still' horlever, small esploratory- experrments are

- ^ a . l " , f t a f i r s t y c a l o l t c s t o f t l e \ v t r c a t m e n t s ' t o b e f o l l o u ' c d l a t e r b y
thc i r  incor |o r . t l i . ,n  in  t l t '  rno lc  cL 'mPlc \  dcs ign '

Tests for significancc prevcnt the acceptallce without qLre:tion of a result

*hi.[ i, -"r"fy"nighcr than another. Failurc to establish significance doc't

,roi t"."*u.ity' rn"a'n that no differcnce cxists' ot conversely that an estab-

iir["J."*r, must bo definite. It could still bc fortuitous. statistical signifi-

al""a i."i, ft."'""er, indicate that the chances are as stated against a difierent

fir.,dirre ,l,ri", sinilaI condition" The practical importance of- any diffe|cncc

l.;;;; i"J ;; ,t i t i ,t i"ut Lno*1edge of the forest planting operations

in rvhich the tlials have been made

P A R T  3 :
DXPERIN'IENTAL RESULTS.

he various compol.Ients of planting technique experimented rvith werc

grru;"d i;;; SJiit t iot sutrltin 53iand this grouping has been follow-cd

here.

Section 1. Time of Plantiug'

2. Plant Trcatment'
Shoot Toppiug, Root \{renching, Root-Pruning' Hecling

Irr, noot E*poi,,te, Handling Plants for TransPort' Method

of Lifting, Care of Plants at DumP'

3. Plant Setting.
Method of Planting, Dcpth of Planting' Soil Firming' Root

D i :Per5a l .  - \o th ing '
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xgmitting one low take ol 73.3/o, the only one under 94/c, the mean

became 98.2/o and the S.D. i 1.75.

Comparing rvet and dry Planting in tbe mouths of August and Sep-

tember:-

SEPTEMBER.

S.D. Dry. S.D. \vct. S.D. DrY S D'

13.98 95.3 'r 4.++ 58.+ + 34.11 77.6 + 2809

17.19 65.5 t r+.57 58.5 -r 27.'14 53.4 -+ 30.51

Combining these data, that is all dates aftcr 31st July-

Gnangara \\rET 82.192 S.D. -- 22 89 DRY B9'2t6 S D'

Stirl ing 71.7 a/o r  19.26 613c/a

AUGUST.
Wet.

Gnangara 89.25 -+-

Stirling 7+.3 -r

L 18.'!0

| 21.5r

There rvas great variation in both thc classes and vety lorv v:rlrrcs rvere

recorJed in.o-i irrstar'tce. for wet planting-' in August and Septr:mber'

The leason for previous insistcnce on the month of Jul.v rvas the desile

to take advantage oi the more or less continued lvet weather n'hich is

;"r;i; ;;p";i""'."d in this month, and to avoid drv-spells *hich ar-e thought

to be mo.e frequent in the months of June and August'

Drv spells do occur, however, in July, but at Stirling' of the nine low

percentlee^s rccorded unier B0J6 in July piantings over the-ye'rsr f ive rvcre

;;; ;;,;: ancl four ' 'ere wct dates. in J"ne,5 plentings yielded under B0fi '

ali of these onlY 1 uas a dry date'

At Gnangara, the lowest "takes" recorded in June rt'ere 96'ilt ot :t'

drl date and 96.8% on a lvet date.

Srcuox 2. PLANT TREATT'VIENT.

(a) Shoot Topping and Pruning rvere discussed in Bulletin 53' and

no advantage rvas gained in the ferv trials made'

(bt Root \4 renching.

lVrenching is the opcration of cutting the roots at B or 9 inches belorv

thc surface -ith t spade inserted on e"ih tidt of the nursery line The

""O".iyi"g idea was ihat a short fibrous, as opposed to -a deep spreading'

rr"1 tvt,& might be developed before the plants had -to be. lifted for plant-

ing. in el..,reri (1i) e>iperiments (including trvo at l{undaring) over the

v"?r", rvittt *."rr"hi,lg ui .'utin,.,s periods in advancc of planting' there had

6""n to "O".t in eig"ht, a bcneficial eff"ect in two, and a dctrimental eiTect

in one,

(c) Method of Lifting.

In order to avoid damaging the roots, great care is taken in ordinary

Dractice to excavate in front of each row a trench into which the plants arc
'thrown 

fonvard in liftinq This has been compared with the chcaper mcthod

of levering up or raising the plants somcl'hat with a spade ilserted on each
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-A. number of factors in the handling of plants between lifting and

planting have been tried. In combination with leaving the plants in bags

ind of "heeling in" the trees on the planting site were tested.
Ior two days instead of Planting on the same day, the effects of watering

The plants were rvatered on arrival at the Plantation and also on each
succeeding morning in the case of plants not planted on the same day.
Some rvere left in the bundle, others rvere "heeled in" with both a light and
heavy covering of earth, There rvere thus twelve treatmnts in a 2 x 2 x 3
design.

A combined analysis of the experiments planted in the years 1935-36-
37-38 showed no eflect of any treatment.

In five experiments at Gnangara, there was in three a beneficial effcct
of leaving the plants in the bundles for trvo days, while in the other trvo
there u'as no efiect of this treatment.

Because of the possibility of heating taking place in confining plants
in a closed space during transportJ bundles of plants rvere kept in a closed
44-gallon drum at Stirling for 4 days and 8 days without efiect on "takes."

No risc in temperature lvts recorded.

Tying the plants in bundles without bagging, for transport to the
planting site, rvas found to be a failure. Plants from both the. inside and
outside of the bundle gave a very much reduced "take" in comparison
with ordinary bagged plants.

The possibility of rough handling, such as damaging the roots in
transport by rail, rvas tested in experiments in tu'o years by dropping
thc bundlcs from a height of three feet on to a hard floor. There rvas
no effect of this treatment.

(I). Root Exposure.

In Westerrr Australia the plants are carefully bagged for transport
and particular care is taken to avoid undue exposure of the roots while
lifting in the nursery and setting in the field. It has been estimated that
the various intermittent exposures to which the roots of the plants are
subjected between lifting from the nursery and setting in the planting
holc amount to a total of about two minutes. Careless workmen, how-
cver', may lengthen this period considerably. In order to test the effect
of undue exposure by workmen, plants have, on lifting, been laid out
experimentally on the ground, with the roots exposed, for varying periods
of three to five minutes in both dull weather and bright sunshine. At
the end of a three-minute eif)osure on a warln sunny day in a light breeze
the roots are slightly dried, the colour changing fr.orn black to dark grey-
brou'n, but on a cloudy day no change was noted. Actually such a three-
mimrte exposure, in which each plant is laid out separately on the
ground, should be more severe than several short exposures in actual
handling.

The careful bagging of plants for transport in Westem Australia is
in narked contrast with the loose bundling of plants which is all that is
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In 1938 there was no efiect of treatment.

In 1939 the result was the same.

In 1940 bending the roots parallel with the surface at a depth of

three (3) inches below the ground was detrimental by comparison with

the other three between rrfiich there was no significant difierence'

In 19,11 there \ras no effect of treatment.

Thc experiment was not rePeated after 1941 because of the consistent

lack o{ effeit of trvisting, bending and bunching of the roots ignoring the

elfect of the shallorv setting treatment in 1940.

Hcight measurements taken in December, 1945, seven years after

planting in 1938, gave the following results:-

- t  rea tment  l .  1J .1  l r .
2. 15.4 It.
3. 14.6 ft.
4. 15.6 ft.

There rrere no significant dif{erences betlveen these means.

(c\ Soil Firming :
In an early cxperiment at Stirling in 1933, careful tamping of the

soil by hand *L"t.t fillittg the hole had been compared rvith trampling the

soil in rvith the feet and no difference rvas found.

At Stirling in 1942 and 1943, 6ve treatments nere compared -

(1) Filling the hole tith loose sand and then firrning with a single

press of the foot.

(2) Filling the hole rvith loose sand and then firrning by repeated

stamping with the foot.
(3) Carcful tamping by hand as the hole is f i l led.

(,!) Fil l ing the holc ir ith loose sand rvith no tamping or f irming.

(5) Notch planting.

Thcre rras no effect of treatment,

At Gnangara in i9!1 and 1942 ordinary planting was compared with

filling the. hole with loose sand $'ithout tramping or firming in any way, so

that rhe pines could be easily lifted from the sand after the Planting
There was no efiect of treatment in either year.

(dJ Plont;ng Depth I

Normal planting practice formerly provided for setting the plant at
thc s:rme depth at rlhich it grerv in the nursery'

The effect has been tried of various depths of setting, that is, ordinary
Ievel, 1l inches -shallorvcr or higher out of the ground and 1$ inches and
3 inches deeper than nursery level.

At Gnangara shallow setting was harmful by comParison with It
inches deep in five field experiments in successive years 1934-5-6-7-8.
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hole one moming and planting the follorving afternoon. There was no re-
sponse to treatment. In three later expeiiments there was no efiect of
advance holing extending up to two days.

At Gnangara holing two to four weeks in advance had no efiect, but
could not be applied in practice through the sand silting into the hoels.

{c) Fwrrow Ploughing:
At Stirling, opening up a plough furrorv approximately eight inches

deep in the bottom of rvhich the plants lvere set has been tried in com-
parison with planting on the ordinary surface of the ground.

Furrow ploughing was better than surface planting in thrce experi-
ments.

SECTIOI 5 - Planting Stock

In four experiments rvith tvpes of planting stock, they were graded
into dominants or tall plants from the edges of the beds, dominants within
the lincs, that is, ordinary planting stock, and, thirdly, very small sup-
pressed rejects, The only efiect rvas that the small rejects gave a poorer
take, almost a complete failure.

At Gnangara, there were no differences between Leiria and Landes
strains in the ordinary season up to early August, but on later planting
dates Landes stock gave a higher percentage of takes.

Results rlith planting stock from different nurseries have been verv
lariable.

Because of the satisfactory development and takes rvith one-year
seedlings, two-year stock, which is usually very large and costly to handle,
has not been persevered with,

Stock raised from large seed did not survive better than stock raised
from .mall :ecd in one experiment at Gnangala.

PART 4 - DISCU^'SIO"V OF THE RESULTS.

Experiments in pine establishment iyere commenced in 1932 and have
been continued each year since. Thus a series of experiments in 13 suc-
cessive years, 1932 - 1944 inclusive, the last being assessed in May, 1945,
have been concluded.

The objects in compiling this report are three-fold-

(l) the concise recording of the work done in the period under
review.

(2) the provision of a basis from which to plan further experi-
ments.

(3) the demonstration of factors which should be absorbed into
standard planting technique.

The complete series of experiments from the inception in 1932 rvill
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were over 80/o, and approxrmately 90/o fot the dry-weather plantings'

il;;;; *r""i "-i"tiii', ho*"""i, ut indicated bv the Standard Devia-

il'ir ..t".rtlll 
"ei 

Sii.ri"g tht mean "tukes" were much lower' and again

ther€ was great variation'

The supposed greater possibility of avoiding OZ 
:t1tj 

wasr,the reason

for avoiding June as a ptantrng month and concentrating on July'

At Stirling in June 4 days yielded under B0/o 'takes" and' of these'

""1"'i";-;-er; a"ut" at G"ui'gu'u the lowest "takes" recorded in June

*ri" A'Zq" on a dry date znd 96 87c on a wet date'

For July, of the "takes" rrnder 80/o at Stirling' they were equally wet

and dry.

Summarising this, June is equally as good.as July, for 
-planting 

at

b.,ht;;;;;;;-;'"j--siitil"g' Aueust i' '."ttuitublt at both centres' excePt

that the first rveek of that rn";;t-;i Gnangara has given results consist-

ently high enough for practical purposes'

May b:,i not been sumcienLll cxpcrimenrcd with'

F actor s alJ e ctin g Surttitt al'

Root Pruning'
Planting DePth'
Root ExPosure'
Grading of Planting Stock'

Cultivation.

rhe.onrv tu...: l:1xd.::.:TJffiT::';1.:'';3:,'n?;lio'il i}";:].ji:i
ht're. and onlY extrcmes ol tne:

Root Pruning,

Because of t l lc exten':rve root system deleloped by.a one-year seedling

on these coastal sands. a certain i"gt"e {)f root-Pruning is.-neccssary Io

rrermit vertical disposal of the roots" without expeneive txcavation of a

il;;: ;,;;;;I," ' , ' ' '  .Th" 
"u'on behind the decision ro,u"e a root lcnsth

o l  t  igh t  181 ,n .h" '  " ' , " l " ' t r t  i l ; t ;S  Prac t ice  was tha t r .about  9  to  10

i,,.r,"'. i,,n. -, * ::i' l:l:.,:*t ;T j: :i'.T^ffif 
"X' {#if, ':"0,"I

heara and, stony solls req'rrrs 
;; ;"il'"f the hole must be" 9| inches,

of eight (B) inches means thi

allowins for t] inches attp "tting't Variations around,the-main length

li .""i""'l' a"p,i' ;i.,::'l*",1.;'"T'li?jiJ:.*ili:' i[:'1,in*h:: tf:i;
ine hole. \Vorking lrom thrs
considered to be the t*o ""i."-ir, namely 4 _ inches, the exasgerated

ilii-"- .oo,l*girt trt"t "tisht bt opt"tta. with careles s-workmen' and

l'r';:i lr, ';; f.l i"tt rtngtt' 'ot root' excluding. a few long larrals' with

*',.il'"*,'-..i Ue lifted'from ,h. ,ro.r"ry, iithout excessive trenching

in advance.

At both centres in comparing length of roots of 4.inch"' I jnches

and 12 inches, in each case Jtl--i"' l"ttt""' deep-' -that.is' 
in planting holes

.i-sl-g+-r"J'r: i,,.h"' tt'p"tiiu"iy' lengths oi 8 inches were better than
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be necessary to be sure that the gleater depth would be warranted by

results,

Experimental work of the tyPc carried out in t. l l is- investigation is not

r"tit;;1;;"i;;-;uch a te"t. in su'h e*periments the workmen take a

i"";'t"t."",.J.r:;. t.;,.i *o,k. und allorv, in fact, very little variation around

a specified trealment or settrng.

Root ExPosure.
This factor was dealt rvith in Bulletin 53'

In cloudy rvcather', exposure: by laying the^^plants .out, 
individually

on the surfaie of the ground for peiiods'up to 60 mimr-tes.have had no

;ii";1.- sh;tt ""po..,r"r-.,p to 5 minutes ir bright sunshine had no efiect

i" f*" ""p"ti-"'"ts, but periods of 5 minutes' duration were harmful in

two others. The intermittent exposures in handling the plants from lift-

ir* t"'.",ii"g l" the Plantation aie estimated at not more than 2 minutes'

bui this factor might be further investigatcd'

(Jrading ol Planting Stock.

fhi" "'.t1' .rnull "oppr"s,"d seedlings in the- nursery lines' which are

utruuv. ."i".i"a in ordinary planting, u:ere found to give a.rnuch reduced
'tute" f:y comparison lvith thc dominant plants No dltlerences were

f..na "*."g tiese dominant plant' '  whether -they 
were from the edge

.o*.-oi tt.t""u"a.. tall big plantt t ' i th much development of secon ary

""|ir".. .t tne general lci'ei of plants from the inside rorvs r"hich form

che bulk of the Planting stock'

C ultiu atio rt .

Ar Gnangala the site is thoroughly ptoughed and. theu a Planting

furrow is opeined at right angles to the direction of ploughing'

At Stirling on unploughed laIrd, cultivation of the- spot prior to plant'

ir.,n h.d no "F"",, b,li cultivation over a radius of 9 inches around the

riLr'i" ""tri", two to three months after planting' was beneficial wher'

i".. 
' 
,rl.a.' inirt " cultivation ol a diameter of three feet gave still better

,"r"iir, ,rr" use of 18_inch cultivation has been adopted as producing suf-

n.i"r.rtiy gooa results lor gcntrai practice, and is' of course' very much

cheaper.

Plantilg in a plough furrorv at Stilling gave better results than plaJrt-

ins on the 
-'utfacc 

of the ground but rhii nece:)itrte' clst of clearing

"ri J ,ft"-a"U.i" of log- on- the ground to permit such p)oughitrg'

Bundling the Plants'

Tvine the plants in buldles and leaving the roots exposed u'ithout

"-ppi"S"i" i",i sacking -r'a' 
vcrl harmful by comparison lvith the stan-

a""i'mc"thod'of rolling thc bundies tightly in thoroughly rvetted jutc

sacking.

Factors uhich do not ap\ear to aflect Suraittal'

(a) Root urenching for pcriod-" up to 4 and 6 rveeks has had no

efiect.
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(f) Notching.

No advantage of the more costly Pit planting was found over notching

in eleven exPerrments.

lg) Soil Fbming.

It rvas formerly thought n€cessary to pack the 
,sand 

dorvn around

th" ;;.;r; pi."i-'g uv tfre pit methoi, ani the small tlee.was required'

i. i"-i"itf" fit*fv slt in the'ground' No advantage over filling the hole

i,,o."tu ,uiih 'and was found in five experiments'

(h) Shoot Burning or Topping prior to Plantiag'

The treatment had no efiect on survival except when- carried to an

ertreme, such as by rcmovtng more than half of the stem of the plant'

There can be little advantage in cutting off the toP half of the shoot

(rccpL io savc in lransport and carrying of very btg Planls'

li\ Erttosure of the PLanting Hole caused by opening up the holes

""",,;i d.":"i; .alur.." uua no effect on survival' but usually becomes

;;;;;;fi ;';;;;; sand s"bseq""ntlv running back into the holes'

(j1 Slze oJ Seed

Plants raised from graded large seed did not have better survival

results than stock from small seeds'

R.ishrer (4) stated that thc seedling producing the greatest inherent

' i*""; '" i; ' l ; t; ' ; ." lr.. iy ,. be a runt t iai originated from a vcry small

.""d, u, u giant from a large one'

PART V - CO,\'CI,US1O"\S.

The behaviour ol secdlings has been compared in exPeriments in which

the factors considered likely to have a bearing on establishment have beet

"r'6f.;"1i """i-fled, ir that, in each treatment, all factors excePt the one

being investigated have been kept constant'

Thc study has been largely productive of negative results Neverthe'

f"rr, tf.,".a 
'n"gu,ite 

.e.rllts olre oi considerable practical importance' Many

factors thought to be lurmrcal to cstablishment' or' on the other hand'

.i.ot ft"U*Ja influentia! in increa'ing- ruwival have been found to have

;;;;;,';"J theit elimination from ianting procedure has brought many

"fl".S"r. ' Except for extremes in treatmeni which would probably not

"tJi"l.ift be reached in practice, practically. no^ factor' if cultivation is

;;;;;] uu, rtua u"v 'g"tt on iuii"al in ihe first summer' some cul-

ii""i""'r. ""*.rary at both plantations' At Gnangara , 
ploughing is

uaopt"d, *hite at Stir-ling spring cultivation' to remove the grass from

;b,f,";;;..''d ;" ;oung tie",'has"been found beneficial' As far as nursery

,,; ;;;;";;t.i, o,,"ly the little "runts" rvhich would be.obviously dis-

"rrJ"a "" lifting ilave'given lower results than the sturdiest dominant

;;;;;'il;;?."f u"""t' It appears that no pruning of roots is neces-

ifiilil"il;"rio""r ot the 
^oid 

long laterals which develops in sand

nursenes'
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previously recordcd, found to be due to rvatering from a drum rvhich had

#;i;.ii' ;;;;""a arsenic, but no such cxplanation .could.bc 
found in

ii:";# ..*.:'i; ilk ;f ,,,""" in reueaiing in this. studv anv factor
.,,*;^;d ;;;Jif fo' ,,'"h failures led to tht belief that thev might be

.;;;".;;i';"-;;*; way with transport' Heating might have. occurred in

J;."d;;;" ' sJal".,;r plants have been-kept for eight davs.in an cmpty

l+?r."^i*ti-'.dt-" iii o" it rvithout efiect on survival in the field'

Thc pine can stand a considerabte amount of rough treatment' and

i, r#;*t';;;;"'a.t,t tt any plant in the field is not capable of anv

l!r*.[:""-"r"".irt"- *-'oittiu"tuLiJ to any variation' except extremes of

ilil";;;-i;;;: a p"ti'r 'ot"tio" or'tt'" problem mav.rest upon the

".L[ii.it**a of sclected trees by the eliminaiion of individuals rvithout

.".i"J- Gt.,*, characteristics iuftittt -;gttt be, determ,inable' Differcnces

between trees have been recognised in sirch characteristics, as habit'

[r.".ft 
'a"""i.p-"nt) 

rate of giowth, resistance to insects and fungi' aud

irri."- -i*rti U'., i"herent diffet1"c"s afiecting survival- in. thc field' An

.ii"-"i"?"'.i"at difi",""""' i" the "attt'nl vigour of plantin€! stock has

;;;;;- ';;;;i"d anv r'a-v i"- .,"r'i'n these mav bc detected in the

nufsery.

It i: po.siblc to havc overlookcd some simple fault rvhich has had

,, norverful influence in the lailures referrcd to ot in the variable rcsults

;,t i,Ldi;;, , i l""grt in"." t\\o cases may be in no *ay connected

Extensive field crperimentation l'itir tl-re tarious comPonents of plant-

i"" ;;:i;;"; 
'.""-. 

"ll'uuo;auulc in the studv' for it rvould be difhcuLt

to'' supplement it by laboratory n-ork'

In the early trials over-simplif ication by l imiting the numbcr of trcat-

*et'tr. ' i"-." ciperirncnt lettc"cd th" chances of arriving at uscful con-

clusions, and, in fact. in to'o" 
"to'"t, 

nullified the ^rvork 
Subsequently thc

u-sr: of factorial dcsigils \r1th ait to"tbi""tiol" of trcatmcnts broadened

il ;;. 
" 

RJP.tiuo"t of id""tit^l oipe rimcnts ̂ for. 
-"'--t:,1)'' :rnd molc

vieided concrcte "t-,at""" 'ut"t" tom"ttl'ut conflicting results have bccrl

l;;;d;;;;i', i', so..-'" ittttut""t' Interaction: rvere .frequcntl-v 
not sig-

nificant. partic'rlarlv tho5c oi thc higlter orders' and rvheri: thc'v did har-e
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