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ABSTRACT

. Seed extraction‘from serotinous lodgepole pine cones

(Pinus contorta var. latifolia Englem.) was investigated to

identify the physical properties and characteristics which
affect seed extraction by both conventional kiln drying
4techniquesvand by mechanical means. This informatidn provided
" a basis for systematic design of specific processing tools:
forxa portable continuoﬁs flow mechanical seed extraction
system.

‘v Coné scale deflection was characterized and its
 effect on seed release is reported. The effect of moisture
content upon scale sﬁress relaxation during storage énd.sub—
sequent reduction in seed release is discussed.

'Flash heating of cones in hot water and hot gas
was found £o effectively release serétinous seals without
incurring thermal seed damage.

- Two éontinuous flow-flash heating seal breaking
' . tools were designed and tested. A flame seal breaker proved
most éuitable for commercial opérétion, and this tool was
" calibrated for use on both young and weétheréd cones.

'Mechanical seed éxtraction by cone core removal
was‘effective, but asymmetrical cones prevented accurate

core boring;-thus resulting in considerable seed destruction.




ii.

. Seed extraction by threshing'also‘was effective.. Testiné of
firét ana second genefation threshing tools was carried out

oh lodgepole pine, Douglas fir, white. spruce and western

- hémlock. Further study is recommended to identify the optimum
values of the many.biologicél variables, machine variébles

_and operating conditions which affect cone threshing.
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CXiii.
TERMINOLOGY

ABAXIAL - pertaining to the region of an object remote from
" its central axis.

"ADAXIAL - pertalnlng to that region of an object at or near
Citse central axis.

APOPHYSIS - the prominent portion or externally visible tlp
reglon of a cone scale.

- BIOT NUMBER -~ dlmen51on1ess heat transfer functlon, relating
the ratio of internal to external thermal resistance.

'CASE HARDENING - the process of imparting hard, brittle
, characteristics to the outher surface of an item, as
in the carburizing and quenchlng of steel. Term
- also used to describe development of re51dual
‘stresses in wood after klln drylng.

'CELLULOSE MICROFIBRILS - fibrils of cellulose ex1st1ng in the

' cell walls of plant material, and being largely
responsible for the form ‘and structural mechanlcs
of the cell. B

CONE AXIS - the central axis of the conical'profile describing
the outer surface of the conifer cones under study.

CONE CORE AXIS - the central axis of the conlcal profile
describing the woody structure of a conifer cone-
to which the scales -are attached.

CONE SCALE DEFLECTION ANGLE - the angle through which a cone
scale deflects from its closed position during
drying. The angle is measured at the tip of the
scale. The average maximum scale deflection angle
/for a cone is the average of the angles of a number
‘of scales which are located in a band around the
cone at a point where scale deflection is greatest.

CYLINDER AND CONCAVE ASSEMBLY - a seed extracting tool used to
separate agricultural seeds from the seed supporting -
~portion of plants. The apparatus consists of a
~revolving cylinder having a number of transverse
rub-bars and a stationary member, between which the
seed containing material is passed during threshing.



xiv.

-EQUILIBRIUM MOISTURE CONTENT - that moisture content of a
hygroscopic material at which the moisture within
that material is in equlllbrlum w1th the moisture
in the surrounding air. :

EXTRACTION (SEED) - the removal of seeds from the cones of .
conifer trees. . - o

'FLASH HEATING - the brief exposure of serotinous cones to
very high temperatures for the purpose of melting
the resinous bond holdlng the cone scales in a
closed position.

FOURIER NUMBER - dimensionless heat transfer function relating
- the thermal diffusivity and heat transfer time to
- body geometry. .

.~GERMINATION PERCENT - percent of a given number of seeds
producing normal germinants within a given period
of time under optimum conditions. May be expressed -

as a percentage of total seed, or as a percentage
of filled seed.

GERMINATIVE CAPACITY -~ the percent of seeds in a given sample.
producing normal germinants, irrespective of time.
Usually considered to be the total of germinated _
seed plus all ungerminated seeds Stlll sound at the
end of the test period. :

HYGROSCOPIC - pertalnlng to the ablllty of a materlal to
imbibe water from the atmosphere. - ’

MECHANICAL SEED DAMAGE - damage caused by the occurrence of
stresses in a seed which exceed . the yleld strength
of the tissues ‘involved.

MOISTURE CONTENT - the amount of water retained by a hygro-
scopic material, expressed as a percentage, by
weight of the total dry matter of the material (dry
basis) or of the total dry matter plus water (wet
basis). .

NORMAL GERMINANT - germinant whose structures appear normal
once its development has produced a radlcle equal
“in length to that of the seed. :

“PEDUNCLE - the woody connective structure which attaches a
' cone to the tree branch. »



XV.

RELATIVE HUMIDITY - the ratio, expressed as a percentage, of -

' the partial pressure of water vapor of an air-vapor
mixture to the pressure of saturated water vapor . at
the same dry bulb temperature.

RHEOLOGY - the study of the mechanical propertles of materlals
which result in deformation and flow ef a materlal

SCLERENCHYMA - that tissue within plant structure whose
' primary role is to provide strength and mechanical
support for the plant body.

SEAL BREAKING - the breaking of the resinous oonds which seal
the scales of serotinous conifer cones in a closed
pOSltlon.

SEROTINY - a term used to descrlbe the condltlon of conlfer
cones in which the scales are sealed in a closed
- position by a resinous bond between the overlapping
surfaces. Cones having this characterlstlc are
referred to as "serotinous cones" or "closed cones".

SHORE HARDNESS - an index indicating the hardness, or
- ' resistance to penetration of a material. Determined
by measuring the rebound of a diamond tipped tool
which is dropped onto the surface to be evaluated.

- STRESS RELAXATION - the decay of stress with time when a
material is subjected to a constant strain.

‘THERMAL CONDUCTIVITY - a coefficient expressing a proportlon—
ality between heat flux and temperature gradient
.within a media which transmits thermal energy by
conductlon.

THERMAL DIFFUSIVITY -~ a heat transfer parameter deflnlng the
ratio of the thermal conductivity to the thermal
;capacitance of a material.

- THERMAL SEAL BREAKING - the opening, or breaklng of the’f
serotinous bond on sealed cones by the - appllcatlon
of heat.

- TOOL - the specific operational device which performs the
basic function in a process or machine.

TRANSIENT HEAT FLOW - unsteady heat flow during the transi-
tional period before and after steady state heat
flow. -
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UMBO - the central protuberance or spike on the abaxial side
of the tip of the cone scale of certain conlfer
spec1es.

-UNIT SURFACE CONDUCTANCE - the heat transfer coeff1c1ent _
: combining the effects of heat flow by convection
and radiation between a surface and a fluid.

VAPOR PRESSURE DIFFERENTIAL - the difference between the
vapor pressure of water contained in a material at
a given temperature and the partlal vapor pressure-'
ex15t1ng in surrounding air.

" VIABILITY ~ the percentage of a group of seeds expected to
be capable of producing normal germinants under
optimum conditions. , :

VISCO ELASTIC MATERIAL - a material displaying liquid- like
- and solid-like characteristics which result in
the stress-strain relationship within the material-
being dependent upon the rate of deformation.

WET BULB TEMPERATURE -~ for practical purposes is considered
to be the adiabatic saturation temperature of
‘water in the air. It is the lowest temperature
indicated by a moistened thermometer when evapora-
tion takes place in a current of air.
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I.  INTRODUCTION

. 'Present techniques for the coliection’and extractioh
of conifer seeds for reforestation are expensivevand time
‘consumlng due to the exten51ve use of manual operatlons. The.
transporting of bulky seed bearlng cones over long dlstances
to central. extractories further adds to the high cost of the
seed. | |

Conventional conifer seed extractorles take the
. form of large permanent installations in wh1ch cones are kllﬁ.
~dried, and extracted by_tumbling. The capac1ty_of these
extractories is limited due to the time required fer4kiln
treatment. Thus the large capital and operating cests of -
such installations must be absorbed by a relatively small
_quantity of extracted seed.

It is apparent.that‘extractioh costs can be,reduced'
by the use of an efficient, 'eontinuous flow ﬁechahieal |
extractlon system, and that shlpplng costs can be reduced by
‘operating the extractor at reglonal cone collection statlons.
Further, it is probable that a portable mechanical extraction
.system for conifer seed can be developed through the adap-
.tation_of‘thevprinciple_of threshing, as 1is used for extraction
of agricuitural_eeeds.. ' | | |

. The adaptation of‘threshing to conifer eeed extracf*
" tion appears simple for the soft-coned species. Threshihgf‘

of the hard-coned spec1es may be more dlfflcult whlle the



2.

.greétest challenge would appear tb‘be thé e#traction of the -
'hard;coned species,-having serotinous scale seals,'Which.bond
the cohe scales together in a éloséd positibh. ‘To be suitable
for use in British Columbia, a mechanical seed éxtraction |
7system must be capable of handling all three types of coneé.
It is also apparent that a threshing system Which can dpératé
successfully on the hard-coned group, can be adjusted to..
operate on the other types of cones.

'_ For this reason, the investigation of“the méchanical
extractibn of éonifer seeds dealt with in this report hasl

been largely confined to lodgepole pine (Pinus contorta var.

latifolia Englem). This species falls in the difficult to
extract group, and constitutes a significant portion of the
cone crop harvested for reforestation purposes  in the Pacific

.Northwest.



II. CURRENT SEED_EXTRACTION'TECHNIQUES

Virtually all conifer seedvextraction systeﬁs'
.currently in use-operate on the principle of»kiln drying and
tumbling. Drying of the cones causes the‘outward deflection
of the cone scales, while the tumbling treatmentvshakes the
seeds free after scale defiection has taken place.

Kiln extractories are generally large, permanent
installations . and may be classified into the two.following:
forms: (i) Separate’drying and tumbling, where the cones are
‘dried in thln layers on statlonary racks in the kiln and |
tumbling is performed after the drying treatment (11) Com~
bined drying and tumbling, where the cones are,tumbled.during'
kiln treatment. | | |

Processing of the cones is strictly on a batch basis
in systems using separate operations, While syétems using
simultaneous treatment may operate either on a batch.basis,_
~or on a continuous flow basis where the cones.pass through
the syStem at a steadyArate.

/Kiln‘temperatures and treatment duration are con-
trolled according to the cone species. ‘In.some installations,
steam, or water mist, is injected‘into‘the4kiln in order.to
.reduce the rapid cone drying rate caused by the high dry bulb o

air temperatures.



without regard for'edonomic,considefationé, thé_’
kilnatumbliﬁg extractiQn.syétem is effective in extracting
the_seeds of the soft-coned species. . The use of this techniqué
for the extraction of seeds of the hard~coned species has béen.'
less satisfactory; This is due chiefly to the reduced seed -
viability believed £o be caused by the high kiln temperatures.l
- required to ﬁnseal the cones, and the poor reCOVery_of seeds
caused by £he incompléte.cone scale.deflecﬁion freqﬁently
ehcountered; -

Aithdﬁgh'many repofts outline'in détail the design
and operation of kiln extraction systems (7,9, 41{ 43)* |
'little conclusive information is available on the téchniques' 
for and the'fa¢tors affecting seed extraction of.serotihous
cones.

The use of high temperature kilns for cénifer éeed
 extraction was outlined in l94l‘by Rietz (41).- He recommended_l
a drying sdhedule using the highest temperature!whibh the |
green cones gan:withStand;iandjtheélowest relativé“
humidity that will dry the seeds to the desired Storage_moisture
content within the desired dryinélperiod.. He reported that
né kiln temperature of 170°F (76;7OC).and a.relative humidity

~of 30% had been found safe for jack pine (Pinus banksiana)

.cones when treated for 5 to 6 houré.

* Numbers in parentheses refer to references listed in
the Literature Cited. :



Baldwiﬁ (7) in 1942 indicated that there is an
optimum moisture content of ‘seeds for both storage and resie—
tance to elevated temperatures, and recommended the lowest
-drying temperature and‘the shortest treatment time whioh will
yield satisfactory seed'release by the cones. He also
described se#eral designs for'kiln'drying-and extracting
equipment, but noted that there was considereble latitude in -
the'range of drying conditions recommended for optimum seed
extraction. |

Edwards . (18) in 1955 recommended a klln treatment
for extraction of lodgepole pine of 6 to 8 hours at a tempera-
ture of 140°F - (60 C) |

Kiln temperatures as high as '160° F (71°¢) for
serotinous cones were reported in 1971 by Schubert (43).'iHe
noted, however, that temperatures_ZOo to 30° lower would be
used for'initiel drying of damp coneslbefore the'higher |
temperatures are applied to complete cone openlng ,

Wang (47) 1973, reported that seeds are commerc1ally B
extracted from lodgepole plne cones after a 16 hour treatment
et 60°C. He also reported that rewettiog and additional kiln
drying of such cones resulted in further seeds being removed
- from the cones, but that these had a reduced germinability as
compared with the seeds from the first kiln treatment. |

| Pitkin (39) in 1961 reported the development of

a combination kiln and extractor in which the cones were



tuﬁbled during the kiln drying procéss., The'adVantage of
this combination ié that the seeds are removed from the
elevated temperature of.the kiln as soén as'theY'afe reieased
by the cone, hence receive a less severe heat treatment
without reducing the quantity of séed recovered.~ 

Nyborg and Brisbin (37) in 1973 investigated the
heat transfer mechanism of the flash heating of.lodgepole
pine cones. Their report expressed concern for reduction inA'ﬁ
‘viability due to thermal seed damage»during kiln treatments.
They proposed a technique of flash heating of serotinous cones
whereby the resinous bond could be broken by meltipg;_without
exposing the seeds to high temperatures. Experimeﬁtal results
‘confirmed that the céne scales of iodgepole pine cones can be
‘released by exposure of the cones to air at approximately
»3000F (149°C) for_a period of approximately 15 seconds.
Furthermore; they found £hat the temperature of the seeds in
cones so treated was raised by~approximately-150F (8°C)‘above

the pre-treatment temperatures of the cones.



IITI. OBJECTIVE

The object of this project waS'fo investigate
~alternate methods of conifer seed extraction énd modifica-
tions to existing seed extraction techniques. 'Because'of'the
added difficulties of extracting seed from serotinoué éones,
and the goal of achieving a mechanical extraction_sysﬁem
capable of handling all species, particulér emphasis was
'placed on the extraction of lodgepolé pine.
The.specific areas of investigation of this

project are asifdllows:

“A. To inVestigate the physical and mechanical properties

of the cones of Pinus contorta Var, 1atifolia

.Englem, (lodgepolé piné) for the purpose of
identifying: | |
(i) the factors which_influénce seed.ethaction
erm serotinous cones;
(ii). the factors which affect seal reléaée in
~serotinous cones; |
(iii) the effect of various cone tréatment
techniques on seed viébility.
B. T6 design,'fabricate and test the principal_componenté
of a portable continuousiflow mechanical seed

extraction system.



IV. SYSTEMATIC DESIGN PROCEDURE

The design and developﬁent proCedure uéed iﬁ this‘
study follows that used by Persson (38) and Nyborg and Shikazé
(36), and takes the form of a‘systematié procedure oriented
toward the design and tesfing of a_machine system td handlé"
bioldgical.materialsg The steps of this procedure are out—
lined schematically in Figure 1. |

The systematic procedure is initially carried out
at two levels. In the first level:of-analyéis, flow charts
'(Figﬁre 2) of pbssible sequences of operation between the
" initial and final conditions of the product are constructed. 
The most appropriate sequence is then selected on the basis
of egonomic considerations, mechanical limitations of machine
- and product, and other pertinent critéria. In the second
phase of the procedure, each individual treatment device; or
"tool" is analyzed in terms of its function and 6perating
: principle. . The input conditions, output conditions and operaé‘
tional requirements of each tool in the process are determined
and preliminary tool analysis is.undertaken.. |

In most deéign projects involving the processing of
biological materials, complete infdrmation on the physical-
and mechanical properties of the product is not available. |
The}third step in this procedure is therefore the determina—
~tion of the engineeringxproperties necessary tb complete the
tool analysis. This allows the mathematical modeiS'Of the

individual tools of the process to be éompleted.



ANALYSIS OF PROCESS

ANALYSTS OF TOOLS

Y

ANALYSIS OF PRODUCT —

MATHEMATICAL MODELS OF TOOLS

\

DESIGN AND TESTING OF TOOLS

Y

< DESTGN OF CONTROL AND POWER

Y

SYNTHESIS OF MACHINE

y

" EVALUATION OF MACHINE

Figure 1. Steps in systematic design procedure.
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INITIAL CONDITION FINAL, CONDITION

> TOOL 1 —> TOOL 2 {—>1 TOOL 3

> TOoOL 8 F—>> TOOL 9 t——>>] TOOL 10 >

- Figure 2. - Defining the alternative processes .

The fourth stepiin the prdcedure_in&olVes the
design, fabricétion, testingvand calibration of the'individual
tbols of the proposed méchine system. This step includes the
prbgressive redesigning of individual tools for optimization

~of tool performance as.is found nécessary by the testing
‘procedures. |
 The final step iﬁvolves the incorporation of ﬁhe
individual tools into the machine, and pfdviding the control 
‘ﬁechanisms and power systems appropriate to-thevoperational' -
reéuirements‘and material‘properties. The‘machihe iékthen
. field tested to evaluate its fﬁnctiohal performance and

durability.
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The research project outlined ih this report was
undertaken following this general design'procedﬁre;' Although )
- the magnitude of the develdpment'of a completé.conifer éeéd_
extraction system capable of héndling éerotinous qdnés is
beyond ‘the scope of this research project, the investigaﬁionsl
and development work reported here were organized acco:éing
to the outlined procedure. |

The major portion of the work dealt with»in:this  .
report, therefore, deals with ihe—invest;gatién_of the
physical and mechanical properties of lodgepole pine cones
which-affect mechanical'seed extraction.. The machine design 
work is limited to the development of a continuous flow tool-
for breaking the serotinous cone scale seéls; and'a'continuous
flow tool for mechanical extraction.of‘seeds from therunsealed

cones.
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V. COMPARISON OF KILN AND MECHANICAL EXTRACTIO\I
SYSTEMS

As noted earlier, the procuremeﬁf of tree seed for
‘reforestation purposes is expensive, due in part,.to‘the large -
“number of manual operations emplbyed.- A,considerabie-improve—
ment in the efficiency of handling and processing of éonés
.after they reach the regional cone collection station can be
achieved through a modest level ofvmechanization;

| - A comparison of the unit operations of a kiln
extractioh system using Separate drying'and tuﬁbling treatménts'
to those of‘a continuous flow mechanical seed extfaction system .
is shown in>Figure.3; The comparison is based on steps- |
‘involved in converting seed filled cones at the regionai
collection étation-into semi cleaned seeds at ﬁhé nursery.

The most notable characteristic of the kiln extrac-
“ting syétem shown, is the large number of times which the cones
must be handled, most of whichAaré_manually{performed. Kiln
extraction Varies.greatly from mechanical extréctibn becausei'
~of the length of the waiting period réquired for
drying,}Whgch commonly runs from 12 to 24 hours per bétch.

The cost of kiln extracted seed is further raised
by the cost of transportlng large gquantities of bulky material
from the collection statlons to the extractory, as well as by
the large-capltal investment in storage and proce551ng facili-

e
ties required for this type of operation.
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A portable mechanical extraction'system such as’ the
one'ekemplified in Figure 3 differs from kiin extraction
systems in both its operating location and its method of
operatlon. In this case, seed extraction is carrled out at
the fegional cone collectlon‘statlons, and only the semi-
oleaned seeds arevtransported from.that point.

The.most notable‘feature of a contihuous'flow 
mechanical extraction system is its high production capacity.
The ability to process cones on a continuous flow basis enables
_thls relatlvely small portable plece of equlpment to have a |
production capacity equlvalent to a large commerc1al extractory
It is anticipated that a portable cone thresher could have a
capacify in £he order of one.bushel'of cones per mihute.

| The continuous flow procesSino_performed by the
system makes it particularly suited to automated materials
"handling systems Which.éreatly reduce the manual labour require—-
ment. | | | |

The magnitude of the savings in traﬁsportation
costs achieved by extraction of seed at regionel depots is
exempllfled in that fact that approx1mately 220 pounds of

lodgepole plne cones yleld one pound of seeds.



KILN EXTRACTION o MECHANICAL EXTRACTION
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. | CoNVEY CONES

LOAD TRUCK - ' TO EXTRACTOR

TRANSPORT CONES S METER INTO
TO EXTRACTORY » | " EXTRACTOR
'UNLOAD TRUCK . . . EXTRACT
STORE CONES s CLEAN

' TRANSPORT SEEDS
CONVEY TO KILN 70 NURSERY

I

SPREAD ON 1 - (:::::)
DRYING_RACKS » ' - : -

DRY CONES

CONVEY TO _ » . . ‘ _
TUMBLER ok Initial conditions ~-- cones

| . at regional depot
METER INTO . | T . A
TUMBLER . **  Pinal conditions —-- clean

| : seeds at nursery

EXTRACT

I

CLEAN

TRANSPORT SEEDS
TO NURSERY

Figure 3. Flow charts comparing separate kiln drying and -
. tumbling extraction to mobile mechanical extraction.



"PART ONE

PHYSICAL

PROPERTTIES

0]

LODGEUPOLE P INE CONES:-




16.

Vi PHYSICAL PROPERTIES AND CHARACTERISTICS WHICH AFFECT
MECHANIZATION OF SEED EXTRACTION .

Over the past fifty years-reforestationlih.North
America has‘grown from a few isolated plantations.to'a point
Qhere many millions of dollars are spent on reforestation each
year in British Columbia alone..

During this time.a wealth of knowledge.has‘been..
gained in the techniques for and factors_affecting the produc-
tion of conifer seedllngs for reforestation purposes. Oﬁly a
.small guantity of information has, however, been reported on
the factors which 1nf1uence seed extraction and the quallty
of recovered seed (35).

| A review of the literature dealing with the
properties and characteristics Which.affect.the extraction of

lodgepole plne is summarlzed

1. Frultlng

The female seed bearinglcones:of lodgepoie.pine
require two years to develop to ﬁaturity. ‘In the firstiyear
the flower is developed, and pollination takes place, while
the development of the ovary begins in the second year.‘.By'
the fall of the»second year, maturation of the cones and
their seeds has_been completed (44). | |

| The opening of the cones at this time and the re-

sulting dispersal of seed is dependent upon the presence of



17,

serotinbus seals on the cone scalese(lZ).' Unsealed or non-
serotinous cones open according to their moisture_coﬁtent and
dispense most of their seed immediately thle sealed cones
remain on the tree, and can retain their seeds-forimany years
with little reduction in seed viability (i, 14, 155,

| The magnitude of annual seed ctobs‘of Lodgepole
pine is highly variable, but the'abilify to_retain.viable-
seeds in serotinous'cones.on the tree ensﬁres'thatva soufceﬁ
of seed is availeble at all times for cone~haivestin§ or for
netural regeneration. The number of cones on a méture tree
varies from a few hﬁndred to a few thousand'(IG), and the -
average number of seeds per cone is frequently.in excess of -
- forty seeds (12).

2. Serotinous Cone Scale Seals

Lotan (29) reperted that the term "serotinous" ie
used ﬁo define thecondition of the cones of-eertain cenifer
species on.whid1the scales are bonded together by‘a resiﬁous_
seal located near the tip of the scales. The term is derived
from the Latin serus, meaning late; aﬁdvrefefs‘to the fact
that the bonding of the scale'occurs_late ie,the'develoément'
of the cones, j?st prior to the full maturation. |

- This characteristic is-reported'(8,46) to;oécur'in

several speCies of Pinus, including: Pinus contorta,
P. banksiana, P. serotina, P. rigida, P. radiata, P. clausa,

and P. attenuata.
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The serotinous characteristic varies withiﬁ
lodgepole pine not only with geographic locatioh and variety,’
but also with frees within a stand and from coﬁé to coﬁe on
a tfee (29). Crossley (14)'reported_that oéen or non— 
serotinous cones ielease some of their seeds in alﬁost every
month of ﬂmfyear, while the serotinous‘cones réquire’exposure
to high temperatures in order to break the Seals and initiate»
seed dispersal. B |

This charaéteristic plays a major roie.in the
rapid regeneration éf l.odgepole pine in areaé which have been
ravaged by wild fire. In this case,vthe‘heat of the fire
breaks the seals of the cones and thosevwhich afe-not_consumed,
open and release a bountiful sﬁpply of éeed after.the fire
has éassed.(295. | \

Lotan (29), in 1970, studied'the characteriétics of
.serotinous and non-serotinous lodgepole pine cones in order
to identify the factors thch determine.whether or not the
'cones will be sealed. Both chemical ana anatomical énalyses
failed to identify the controlling factor. His work did,
however, rule-out the possibility of the scale seals being
broken by the.flexural forces of the cone scalés.“.He detefmined.
thét the force required to'breék typical serotinous bopds is
approximately thifty times the flexural strength of the scales."
| The opening of sealed.cones by.raising the cone
temperature was reported in 1910 by Clements (12) who"

indicated that seal breaking took place at £emperatures of
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45°C to 50 °c.

Cameron (ll) in ‘1953 measured the temperature at
which six cones of}lodgepole ‘pine opened in a water bath and
found a range from 44.5°C to 49°C, with a mean valuevof_45.3°c.
~He also measured the melting tempetature of an ether extraction
of material removed from the bohd area of cone scales and
obtained melting temperatures of'459C and 46°C for the two tests.

'Thoﬁpson (45) found, in 1969, that 140°F (60°C)
was the lowest temperature at which all eone ecales ef lodgepole
~ pine would open.

Crossley (13) in 1956 studied the 6pening of-ledge-‘r
pole pinevcones under the influence of solar radiation.  He
found that air temperatures up to 3.5 feet above the ground
of 80°F (26.7°C) could result in sufficient heating to break
serotinous seals provided that direct suniight or reflected
radiation from some nearby surface could add additional heat.

| Special treatment'of serotinous cones to Break the :
resinous bond of the scales has been proposed in a few inetances.’
Hebb (24) in 1954, reported complete opening of the cones of
. pond pine.after a sackful of the cones were placed ih a tank
of boiling water for “a moment". The effect on seed viability
was not’repefted.

Meseman (32) in 1973, reported imprbved seed
recovery from jack pine and certaln other spec1es by submerging
the cones in a solution consisting of one part Javex (hypo—h
chlorite bleaching solution) to 20 parts water. The solution»_

was held at a temperature of 150°F (65.5°C) and cones were
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treated for 1 to 2 minutes, after.which they wefe dfied at
145°F fof 6 to 12 hours. No reference wes made to the effect
of this treaﬁment on seed viability. |
Beaufait (10) in 1960 studied the effects of hlgh

emperatures on the cones and seeds of jack pine. He found
that cones opened in a matter of seconds when placed in an
even at temperatures ué to 1300°F (704°C). ‘_

| Nyborg and Brisbin (37) in 1974, evaluated the

thermal grédient within lodgepole pine coﬁes briefly heated by~ 
a blast of hot air. They found that 15 seconds of treaﬁment
was required to break the seals of cones subjected to as air
blast of 312°F'(155°C), and-that the temperature rise of the
seeds at- the tlme of seal release was 14°F (7. 8 °c)y. a
mathematical transient heat flow analy51s 1nd1cated that seed
temperatures for such treatments could be falrly accurately
" estimated.. |

3. Scale‘Openlng Mechanlsm

The opening mechanism of the scales of conlfer cones, .
-and the relationship between scale deflection and cone moisture i
content has been discussed in the literaturelof several
investigators (17, 19, 21, 26, 33). Although these reports
‘have dealt with several species, none have dealﬁ specifically
with lodgepoie pine. A -

Harlow, Cote and Day (21); in'i964; studied'the.
cell structure of the cone scale.tissﬁe of five species of pine,
and reported that cone.scales_are made up of two-distiﬁet layers.

The inner or abaxial layer is made up of wood fibres which
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. extend from the céne.axis,-while £he outé: or'ada#ialAlayer is
made up of éhort rectangular thick walled ceils. - They found
that during:drying, the fibrous tissue displayed negligiblé
lengthwise shrinkage, while the_oqter tissue shrank, upon
drying, from 10 to 36.percent,.depending upon thevspecies.

A comprehensive study of this ﬁechanism :

was conducted by Allen and Wardrop (3) in 1964, and dealt with

the opening and shedding of female cones of'Pinus radiata. In

- order toexplain the hygroscopic mechanism of the adaxial..

: véscular tissue and the abaxial sclerenchyma tissﬁe df.the.cqne

. séale,'they studied these tissueé by means_of_electfon
-microscopy. 'They found that in the'vascular_tiséues,_the‘_‘.
cellulose microfibrils, which make up the strdctﬁralAportién-of
the:cell wallé, are oriented‘largely in line with the.longif.i
tudinal axis of fhe scale. In the sclerenchyma tiésués,.however;"
the majority ofhthe microfibrils of the individual cells are
oriented-paraliei to the transverse axis of the}Scales."They
reportea that since'shrinkagé df cell wall material is greaﬁesﬁ.
_in adirectionperpendicular to the diréctidn of‘microfibril'
orientation, the differential shrinkage durihé-arying' of the
two layers of cohe scales can be explained in térms,of_thé :

- predominaﬁt orientation of tﬁe microfibrils within these fwo
-_tissues.  The longitudiﬁal.shrinkége-during.dryingbéf the
vascular tissue of the cone scales measured in this investiga— 

.tion was reported'to'be 1.5%, while that of the sclerenchYma
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tissue of the same scales was found to be 15%.

4. Cone Opening at Maturity

The opening of the seed bearing»cones of most
conifer species _'is .. attributed to‘the.differential.shrinkace
between the adaxial vascular tissue and the abaxialvsclerenchyma
of the cone scale (3, 21, 30). | , ) .'

| Allen and Wardrop (3),‘in 1964;'studied the‘
physiology of cone maturation and opening;and'the subsequent*'

- shedding of the scales. They defined four stages'in the

maturation of the cones of Plnus radiata, end examined the
anatomy of the cones in each stege._ |

They found that until the development of the cone
was complete the moisture content of fruiting cones was
established by the water economy of.the3overall,tree. ‘Upon.
maturation, however, a barrier of resin develops in the tissne.‘
at the‘base of the‘cone peduncle which inhibits the movement
of moisture from the branch into‘the cone.‘_Thie'isolation of.
‘the cone from its<source of moisture leavee the cone to be
'dependent upon atmospheric conditions for the establlshment‘of
its moisture content. | N

5. Resistance to Thermal Damage

Although many references (2, 7; 10,'13, 41, 47)
have been made throughout . the.literature regarding the maximum
temperature Whicn conifer_seeds can tolerate, litﬁle_detail»
has been proVided With respect to the typeand.duration of the

- treatment referred to. Additionally,-researchers have shown .
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little concurrence on the.safe limit fot high'temperature'
treatment of seeds. Most authors dealing'with.this,aspeet
have cited'a single“mortality temperature forx |
various species,withnno refefence to seed moisture.eentent or
duration of high temperature treatment. Research on aéricul—
tural seeds has snown, however, that the lethal temperature‘
for seeds is dependent upon both moistnre content andnduratien .
‘of heating.

| Allen (2) in 1957 reported that unglas fir seed
whkﬂlhad been precured showed no.ill,effect when.kiln dried...
. at-l22°F (SOOC) but at 140°F (GOOC) losses in viebility of 20%
or more were observed. Immature cones showed_heavy,losses 
when dried at.1220F after precuring, and at_lO4oF (4QOC) when
placed into the kiln in a green state. | | | |

| Woodforde and Lawtenb(52) found in 1965 that treat-
:ments of one hour duration at temperatures ae'low as 47°c o
initiated depression of the*germinatien of carrot'seeds; jThis 
threshold temperature was reported to be~slightlyﬂraised'ae~
_seed m01sture content was reduced to approx1mately 12% |

| Beaufait (10) in 1960 studied high temperature

tteatment for the purpose of breaking the serotinous seals of: :
jack pine cones. = He reported that-when cones were tteated'-
at 1300°F (7O4OC) the seeds in cones which ignited did not'
femain viable but that the seeds in cenes which did not'ignite

exhibited very little reduction in germinative capacity.
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Watson (48) in 1965 studiedbthe‘heating of whéaﬁ.
in'sealed.containers. He found that.ajtempefature_éf l4OOF
_(6OOC) for 6 hrs caused‘complete losé of viability if.moisture
content was‘abové 15% w-b.)»but if the_moisture»coﬁtent'was
less than 9%, a temperatur% of 1400F for 10 hours gaused no
reduction in germination.

‘Contihuing this work in 1970, Watson.(49) reporﬁed
that the rate of loss of germination capacity was a logarithmic

ﬁxxiimiof_time, and that the reduction was at é:SlOW rate in
the initial phase of treatment, and took on a moreTrapid rate” 
after a period of treatment. Thevrate of'loss of germinatioh 
capacity and the time to initiate rapid reduction of germination
capacity was found t§ be dependenﬁ.uponréeed mOiéture céntent;
énd treatmeﬁt temperaﬁqre.  He 'confirmed this.relationship-by
‘replotting data reported by other investigators usinngther'
seed species. He also clarified the fact that_thé‘concépt of
- a "killing temperature" and “initiation of damage" are ill |
defined terms which did not reflect the time¥£emperature
‘relationshib of the loss of viability of sceds.

6. Resistance to Mechanical Damage

\Mechanical-damagerin seeds is repbrted_bnyohseniﬁ
(34) to be due either to externallforces'uﬁder_static or |
dynamic cbnditiéns or to internal forces caﬁsed by»chahges_‘
in moisture or temperature. The forces of external origin -

which cause damage to seeds generally arise from the various
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handling:treatments employed in the harveétiﬁg,'separating and
cleaning procesées. |

iDamage from external~forces‘which results in iosg .
of viability occurs either in the form of abréSion éf the seed
coat during handling, or aﬁ_ruéture of the seed coét'and/or
the internal seed structure by excessivé'stfesses; These
forces may be either static or dynamic. | |

The ability of seeds to resiSt'mechanicalbdamage :'
has been shown (34) to be very dependent upon moisture.conteﬁt.
Each seed species has an optimum moiéture'content'for_handling.
Above»the optimum, the seeds are soft and easily incur plastic
vdeformation, while below the'optimum the seeds aré hard and . |
incur brittle failure. Gregg et al. (20) indicéte.fhat this
optimum moisture content lies between 10 and 16 percent_wet_:
basis for most seeds. |

Mohsenin also reported that the_mechanicai'strength
of biological materials, and hence the.reéistance.to mechanical
damage, is up to five times greater undef dyﬁamic loading than
it is under static loading conditions. . | |

The main source of mechanical'damége ihcufred by
forest tree seeds which are kiln extracted is from‘the'action.
of the_dewinging ﬁreatment (17). This is most severe on thésé-”
species whose seed wings are- an integral pért of the seed coat.

Mechanical damage may alsQ be incurred during other treatments,
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including extraction by tumbling and mo$t othér.cleéning’ 
operations. | | | |
. The susceptibility to ﬁechanical damagé of seeds .
still contained in their cones was invesfigatea in 1958 by
~

Lyle and Gilmore (31) who worked with ripe cones of 1oblolly

pine (Pinus taeda). They found that as long as seeds remained

in their original positioninside cones, any.action short-of
crushing the cones did not affect the gefmination‘percent oi-the
seeds.

The:susceptibility to‘mechanical damage ofvseeds
extractéd by threshing is re?orted by Bainer et al (6)'to be
a function of the seed moisture content, the peripheral
‘threshing cylinder speed, and the configﬁration and adjustment
of the cylinder'and concaveSl:inDamggefisﬂlowest
vat low cylinder speeds, but the threshing effectiveness is
élso reduced at lowef,speeds.' They also state»that-there ,‘
appears to be an optiﬁum rub-bar and concave configufation for
each species,and that the use of rubber covered surfaces |
vreauces the.amount of seed damage under a given‘set of

conditions.

7. Stress Relaxation of Cone Scales

Baldwin (7) in 1942 described the poorjrelease bf
seeds of some cones whiqh is caused by inadequate_coﬁe.scale~
défléction during kiln drying. He reported.that_this condition

is most prevalent in serotinous cones which have dried prior
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to kiln extraétion, and térmed the condition “cése.hardening".
To.improve seed yield of these éonés he recommendéd that they |
‘be-soaked in water, then dried onc¢e more in the kiln, |
The term "case hardening" as used iﬁ the above
'cbntext is not compatible with the use of this term in describ-
ing the surface hardening treétment 6f metal componehts or the
develophent of residual stresses witﬁin wood .during drying.
(34). The condition described by Baldwin and otﬁers (29, -
32, 47) is more accurately identified as aﬁcondition'éagsed
by stress relaxation in the cone scales. ‘Stress rélaxation
is defined (34) as the process whereby stresses in a material
subjected to a constant strain>or défdrmation undergo a decay
with timé. | R N

The classical study of rheology indi¢ates-that.
streés relaxation. takes place'only in viscoelaétic materials_
and that virtually all biological’materialsvfall into"thisv -
classification. -

" The précess éf stress relaxation in £he.scales of
serotinous cones takes place whilgbthe cones have.a'low
moisture céntent which causes sfresses within the scales.
These streséés act to-open the scales,,but becaﬁse Qf'the
serotinous bond the'écales are held in the'closed.pdsition and
hence remain in a stressed’condition. ‘Whiie cones‘afe held in

this stressed condition, the cone scale material deforms and
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the scale deflecting stresses diminish within the_scale. lThe
result of this process ie that eones.whose scale tissue hae_
undergone a stress relaxation are unable to deflect outward
to their full extend after the seals are bquen.v

8. Thermal Properties

The thermal properties ef the.eonesrqf Pinus
banksiana were investigated in 1961 by Lee and Beaufait (28);
'Their work was carried out on young cones one and two.years
" old, and on old cones over three years old, which had a
moisture content of 6% t+ 1% wet basis. |

Using a cylindrical shell ana1y51s, they found the
thermal conductivity of young and old cones to be respectively,
0.123 and 0.114 BTU's per hour, foot, degree F. stng a thin
plate aﬁalysis, the thermal éonductivity»of young cones was.
‘found to be 0.113. The thermal diffusivity of yodng and old
cones was found to be 0.0073 and 0.0090-square feet,per hour"
respectively. | o

| The heat transfer analysis carried out~ih'1973'by

- Nyborg and Brisbin (37) on the flash heating of lodgepole.
pine cones was done using a thermal conductiﬁity ef 0.07
-BTU'sjper hour; foet, degree F, and a thermal diffusivity of
0.005 square feetvper hour. The temperature of'eeeds during
flash heating determined by this analysis Was founa'tol. |

correlate well with measured seed temperatures.
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9. Drying Rate

The kiln treatment of.serotinous cones'serves.two -
functions, namely to break the resinoqubohagahd to dry the
cone. scales to cause their outward deflection'and.the'release
Qf‘the seeds. | |

As reported in Chapter Ii, kiln femperatures ih
excess of 140°F (GOOC)'are ffeéuently used for the extractioh
of serotinous‘cones,‘while temperaturés.up to this.valué aré,
used for non-serotinous cones. In addition to elevated.dry
bulb temperatures; the wet bulb temperature of kiln air is
frequently elevated by the injectioh of steam or water mist
(41, 47) . |

The elevation of thevdry bulb temperaturé to é
poiht which effects seal breakage is a necessary step in |
seed'extraction by the conventional kilnatumblei method.
dnce seal breakage has béen achieved, howevef,_temperatures
in the order of 140°F are no longer required because satis-
factory cone drying can be achieved at much iower temperatures;

The pracfice'of addiﬁg water ﬁapor to,the'kiln’air
in order to reduce the drying rate from that established by
the heated kilﬁ'air is inconsistent with effeétive drying,
seed Quality and ene?gyleconomy.

A stuay of the mass trahéfer process whereby'water
is moved from a hygroscopic'material into the air (25, 40)
reveals that the drying rate is solely dependent ﬁpqn the
:,magnitude of the vapor pressure differential between the wet

material and the immediately adjacent air. 1In other words,
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the drying ofbcehes is dependent upon the7diffefential in
vapor pressure between the water withih the material and the
Qapor pressure of the air in the bounaary layer sﬁrrounding
the wet cone surface. The effect of injecting water vapor
into the kiln air is to increase the vapor p:essureain'the a
beundary layer adjacent to the cones. The same effect can be
aehieved either by reducing the velocity of air over the cenes,
which reduces the vapor ptessure_gradienﬁ at the surface of :
tﬁe cones or by reducingvthe dry bulb temperature of the aif
in the kiln. The latter is clea?ly more desirable because_
it reduces the danger of thermal damage to the seed, and
aiso reduces the gquantity of heat required.

it can be seen that the most suitable cone'drying
process is'achieved by keeping the wet bulb temperature low,
'the;air circulatioh rate high, and by.minimal-raisiﬁé-of the
dfy bulb temperature ef the kiln air. . These conditions can
be achieved by eliminating the injection of water;'increasing
the rate of air exchange, and by raising the dry bulb tempera— N
.ture only suff1c1ently to prov1de an acceptable rate of drying.

In the case of serotinous cones, the breaking of

the seals prlor to kiln treatment ellmlnates the need for

"_hlgh temperatures w1th1n the kiln. Alternatlvely, the dry

bulb temperature of the kiln can be lowered.as soon as seal
breaking is achieved so that excessive drying rates and the

resulting seed damage are avoided.
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VII. PRELIMINARY INVESTIGATIONS

A nnmber of preliminary tests were carried eut on
lOdgepele pine cones in order to determine certain basic
physical properties and characteristics. -These data were
utilized in the develoément of'subsequent testing programs
‘and procedures. These prellmlnary studles are discussed
) 1nd1V1dually below.

1. 1Identification and Description of Cones:

All tests were conducted on cones of interior

were identified by the British Columbia Forest Serv1ce seed
lot cla551f1catlon as Nelson 3-3.

‘The cones were obtained from a commerc1ally harves-

ted seed lot and thus were a representative sample of the type =

of cones of this species which would be processed by a
commercial seed extractory.

- The cones varied in length from approXimately
0.75 in (1. 9 cm) to 2 in (5.1 cm) and had an overall conical
profile varylng between approx1mately 25 and 65 degrees. -Tne
appearance of the cones was consistent with the graphic
descrlptlon presented in the B.C.F.S. lodgepole pine cone
collectlng gulde (4) o | |

A cross- sectlenal v1ew of threevtyplcal cones is

shown in Figure 4, and. the locatlon of the serotinous cone
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scale seals is identified. Figure 5 shows a view of the

adaxial and abaxial surfaces of typical cone scales.

2. 'Preparation’of'Material'

The cénes used for-all‘tests Were.éoliected dufing‘_
the fall of 1973, and were dried on outdoor racks to a moistufe
content of approximately‘25% wet basis. The coheé were then
mixed to ensufe_ﬁniformity of samples.for-subsequent'testing.

The mixing techniquefconsistéd of léyering approxi-
‘mately 15 bushels of cones into a large pile. and shovellihg |
them‘over into a new pile by lifting cones from fhe side of.-
the origiﬁal pile and layering them across the tép of the new
pile. This layeriﬁg process was repeated seven times; after.
which, cones meeting the Class 1 specifications of the B.C.
Forest ServiceiLodgepole Pine Cone.CollectinQ Guide (4) were
sdrtedvoﬁt.. Class 1 cones consist of thbse.éonés maturing in
the yéar of harvest; and having all scales sealed;vahe cones
for subSequent'testing were then placed inisealed containers
and stored at 34°F (1°C). |

-3. Degree of

The degree of serotiny of thejcones'under'Study was
determined_at the time of cone.sorting by selecting.a sample-
of the cones and classifying them accordiﬁg-td théif‘condition
of serotiny;‘ These cones were grouped into;_(ii‘cbheé ha#ing

all of their scales open, (ii) cones having a portion of their



Figure 4. Cross section of typical cones
showing location of serotinous
seals.

Figure 5. Location of serotinous seals on
abaxial (above) and adaxial
surfaces of typical cone scales.
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scales open, and’(iii) cones haviﬁg‘all‘their_scaies sealed in
the closed positioﬁ. A group of typical partially opened coneé is
shown ,in Figure 6.- | |

Of the 425 cones in the sample evaluated, theﬁper—lv

~ centage of cones falling.into each group was fodnd,to be as

follows:
(1) Cones fully unsealed | - 2.2%
(ii) _ Cones partiallY'unsealed - 1.2%
(iii) .Cones fully séaied.A' S 96;6%

The cones used for all subsequent testing in this
project were presorted and only completely sealed cones were
 studied.

4. Viability of Seeds by Location in the Cone

To identify the viability of seeds from_ﬁntreated
cones, a control group of 100 cones was manually opeﬁed to :
extraét‘and count all seeds in the cones.
| The extraction was accomplished.by remoVing
individual scales from the cones using.sideecutting'piiers as
shown in Figure 7. As each scale was broken free of the |
- serotinous seal and peeled back, the seeds thus exposed'were.
collected for testing. | o

| During the-extractioh process the.seeds were
separated into three groups, according to their position»in
the cone. The three groups were (i) those seéds Originating
toward the base or peduncle endAbf the cone,'(ii)'those

originating in the,centralvportion_of the seed bearing tegion



Figure 6. Typical partially opened cones
from commercially collected
cone lots.

Figure 7. Technieque for manual opening
of sealed cones.
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of the cone, and (iii) those originating near the tip of the
cone. The division point between groupévwas arbitrarily'chosén_
to pro&idé proportions of the total seed quantitiés of apprdxi—
mately 25%, SO% and 25% respectively. The number bf seeds from
each cone going into.the.threeAgroups was recbrdéd and is |
‘reported in Table a-1%" in the Appendix. |

| The viability of seeds from each of these'groups'
was subsequently determined, and the germination percént for each
'group was obtained. .These data are shdwn in Tab;eil.

The results of this test indicate that a sliéhtly

‘higher percentage of seeds at the extremities:of’the-seed |
bearing region'of theée[cones arevempty, but filled seed,sho&
essentially the same germination;peréent in the‘three-regions of

the cones. :
TABLE 1. A SEED VIABILITY BY LOCATION IN CONE

Lower Mid Tip : Total
Total Seeds 592 1076 724 2392
% of Seeds Filled | 83.0%  88.0%  79.3% 84.1%
Number of Filled Seeds 491 . 947 574 - 2012
% Filled Seed Producing '_ o o '
Normal Germinants 91.2% - 90.9% - 91.6% - 91.1%"
Number of Viable Seeds 448 861 526 1835
‘% Total Seed Producing - ._: [
Normal Germinants © 75.5% 80.0% 72.6% . 76.7%

Number of Viable Seeds/Cone 4.5 : 8.6 5.3 . 18.4

Weighted Average Germination
Percent for Total Sample -- 91.2% for zilled Seed
-~ -— 76.6% for Total Seed

*. Tables whose numbers are prefixed by the letter A appear in
Appendix A. : :
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5. Viability of Seeds with Respect to Ease of Extraction

The relationship between the viability of ﬁodgepble
pine seeds and the ease of theit extraction after seal breaking
waé investigated. The purpose of this was to determine whether
or not the more difficult to remove seeds ha& a lower.viabilityf.

than the easily extracted seeds.

In this test, approximately tﬁo hundred class 1
cones were removed from storage at.34°F'(lQC) and wére'imhersed
for thirty seconds in water haviné a température of 205°F
(960C). The cones were then dried at room temperature for
four aayé aﬁd manually extracted.

>Each cone was individually treéted to extract
first thejeasily removed seeds;then'the difficult to extract
"seeds. Those ééeds which were removed ftom their conevby‘five
light taps on the tip end of the openfqone, while it was held
with the scéles opéning downwards, were considered to be éasily
extracted seeds. Those seeds remaining'ih the cones.after.this-
treatment were éonsidered to be difficult-to-extract seeds,
and were recovered by manually dissecting the cones by
individually tearing the scales frOm:the coné'to free'thett
.seeds. w |
| The light tapping treatment'usea in this test
extracted approximately three;quarters of the total seed con?
tained by the cones. The seeds rémaining in the cones after

the tapping treatment were found to be mainly concentrated in



38.

the lower or basal end of tﬁe seed bearing :egion.of thebcbnés. N
The_resulfs.of thiS'test, as shown iﬁITable II
indicate that the easy-to-extract seeds of Lodgepole pine have
a higher percentage. of filled seed, and a slightly higher
germination percent cf the filled éeeds. TheIf&Cf that thé less
easily extracted seeds have a.lowervportion of filled seeds
concurs with the observation that these seeds tendftq be con—-
cehtrated in the lower region of‘thé cones wheré‘the previous 
test found a higher portion of empty seeds. -

TABLE II GERMINATION PERCENT FOR EASE OF EXTRACTION TEST

$ of Filled % Germination % Germination

Seeds in of filled of
Sample ' Seeds - © . Total Seeds
Easily Extracted . . _ : _
Seed - 83.8 ’ 98.7 - 82.7
Difficult to : ‘
"Extract Seed 70.1 93,2 : 65.3

6. Viability of Kiln Treated Seeds

In o;der to assess the seﬁsitivity 6f‘Loagépole éine
seed to thefmal damage during conventional kiln extraction, -
ﬁiability tests were carried out on seeds recovered-from'coﬁés
treated for various periods in a constant temperature oven.

A temperature ofAl400F + 3O>(600C + 1.59 cofres—,
éonding to temperatures Commonly used for the kiln exﬁréction 
- of serotinous coneé,‘waé used er this'preliminary investigation.‘
Groups of cones héving an initial.moistﬁre‘cohtent of 23% w.b.

were oven treated for periods ranging from 4 to 72'hrs._-
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The germination percent of.thesé groups are tébulated'»
in Table A-2 in Appendix A, and the plof of viability against |
treatment time is shown in Figure 8. | |

The results of this test'indicaté ﬁhat seed germina- |
tion percdnt is not éppreciébiy reduced by drying cones from |
a moisture content of 25% wet basis in a non—circulatingfoven‘

for periods up to 72 hours.

100 -

o - . _ T~
o
0. 80 ¢~
M
] L
Q,
o
O 60F
-
e
s 0
g 40
g
)
O
20 |
i l 1 L 1 } N | \ L
20 40 60 . 80 _ ioo

Treatment Time Hrs..

Figure 8. Curve of germination percent with treatment
time for cones dried in a 140°F (60°C) oven.
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7. Moisture Content

All cone moisture content.determinaﬁions made
throughout thié investigation were carried,out'according>to,
the method of analysis for plant materials recommended by the:
Association of Agricultural Chemists 15), whéré‘the samplés
were dried for two hours at a temperafure of 135°%.

NbiéﬂnE' contents are reported on a Qet bésis, which

is determined by weight according:to the following equation:

Moisture
Dry Matter + Moisture

Moisture Content (wet basis) = x.loo%;,

' The average overall moisture contén£ of cones
‘vreceived for testing was approximately 25% wet basis. These
cones were immediately stored in sealed containers, hence ali
subsequent tests were conducted on cones whose initial moisture

content wasxery close to this value.
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- VIII. INVESTIGATIONS CONDUCTED ON PHYSICAL PROPERTIES OF CONES

Eight‘investigations were condﬁdted to detefmihe
the physical propeities and characterisfics considered to be
influential in the extraction of lodgepole pine4cones.v These:
are detailéd individually below. | |

1. Equilibrium Moisture Content of Cones

- The equilibrium moisture content duri#g drying was
determined at several points over a range of relative humidi—
tiés from 11;3% to 100%. Determinatidps were made by placing
a numbér of cones over saturated salt sdlution;-in séaled
containers'(Figure 9) and allowing them to stand at room_
temperature for thirty days to achieve equilib;ium. |

The specific salts used and the reported equilibfium
-~ relative humidity for each (50) are as follows:
Barium chloride‘90.2% N |
Ammonium chloride 78%.
Ammonium.nitrate 61%
Sodium iodide 39%
Potassium acetate 23%
Lithium chloride 11.3%.
Distilled water was used td establish a relative‘humidity.of
100%. . |
Prior to being placed in the sealéd:chambérs,'thé
serotinous seals were broken by immersing the cones in boiling
~water for approximately 20 sedonds. Thié allowed the cdnes to
'open,»thus exposing a greater surface area, and permitting a

more rapid exchange of moisture.
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Figure 9. Containers for equilibrium moisture content
' determination.

The equilibrium moisture content of cones during
drying is shown in Table A-3 in the Appendix and is plotted
in Figure 10 below. The range of values determined, and the
shape of the drying curve for these cones is typical of most

biological materials.
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Figure 10. Equilibrium moisture content during drying
of lodgepole pine cones.
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2. Melting Point Determination for Serotinous Bonds

The breaking of the resinous bond holding serotinous
cones closed is essentiai for seed extraction.' Conventionai.v
extraction requires.kiln temperatures sufficiently high tb'
cause melting of the bond material, but‘not so high as to cause
damage to the seeds. |

The melting pcint temperature of the serotinous
seals of 1odgepolevpine cones} assumed to be the temperature.
at Wthh scale separatlon takes place, was determlned . Young
cones, harvested in the year in which they matured and
weathered cones several years old were studied.

Cones to be tested were cut in two by sawing the
cones axially. One part of each cone was:placed in a clOsed
glass jar which was immersed in a constant tem?eraturegwater
- bath, asIShown invFigﬁre 11. 'Sixty cones frcmfeach age class‘;h_
were tested. | | |

. The cone halves were allowed.to‘reach equilibrium '
temperature With'the bath water, and were indiVidually examined
to detect scale separation. Cone halves which had undergcne
seal separation on the majority of the scales'invthe seed
bearing region were ccnsidered to have reached the seal melting
-temperature and were removed and counted The jars contalnlng
the cones were then returned to the bath and the temperature
was increased by approximately 0.5°C. This process was |
carried’out on three to four hour intervalsdfcr.the'durationA

of the tests.
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Figure 11. Apparatus for determina-
tion of seal melting
temperatures.

The number of cones whose scales were released
at each test temperature is shown in Table A-4. The results
of these tests indicate a relatively wide range of tempera-
tures over which the seals are broken. The mean temperature
at which new cones opened was found to be 52.5°C with a
standard deviation of + 5.7°C. The mean temperature at which
old cones opened was found to be 54.5°C with a standard

deviation of + 5.8°C.
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3. Scale Deflection Angle vs. Moisture Content

The relationship between moisture contentvana the i
angle of cone scale deflection after.cone'opening was studied
by evaluating the maximum scale deflection angles on individual
cones. The cone scale éngleé Were_measured,by opticaily
observing the angular orientation of a referéncevplane cut into
the tip of the cone scales prior to seal breakage.’ The refer-
ence plahe was.made by grinding a flat surface on‘ﬁhelumbo
of each scale to be measured.

Cones to be studied were fiﬁted with aﬁ alignment
pin which was inserted into a small hole drilled into the
cone core. This pin served as the'angular reference for both-
the éutting of the flat surface on the.sealed‘conés, and the
- measuring of the scale déflection angle of_the.opened.cénes..
Figure 12 shows typical-coneS-preparéd in this way,.both |
vbefore and after scale deflection. | o

The flat sﬁrféce on the_écale umbos used for
detecting.scale deflection was cut by means of a table saw
fitted with a side cutting grinding wheel; During cutting,“
the alignment pin was heid.parallel to the guttinngace by ‘

a machine tool holder. The umbo of all suitable 3caleé |
located around the mid point of the conés-under stﬁdy Weren ;
surfaced in this manner. | |

The apparatus.used tovmeasure'scalevangies is

shown in Figure 14 and consists of a mddified drafting'machine
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Figure 12. Cones prepared for

: Figure 13. Alignm £
scale deflection tgure lign en? ol
cross hair with
measurement before
. ground scale
and after opening.
surface.

Figure 14. Apparatus for measuring cone scale
deflection angles.
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and a binoéulaf micrbscope. Thé scale of the dfafting ﬁéchine
_ié replaced with a "vee—blockf’Ciamp:which'grips théralignment
pin and orients the axis of tﬁe coné parallel to the cross
hair of the microscépe when the drafting hachine head @as in
the zero position. Scale angles are read from.the drafting
machine vernier after the head and the attached‘coné are
rotated to orient the edge view of thevground.surfaCe of

each scale, parallel to the microscope cross hair,-as‘shown'
in Figure 13. Scale deflection angles can, in this way, be
measured to_the_neares£ degree.

The datum reported to represent each cone in this
study was the average deflection angle of the five to nine
scales having the_greatesf»deflection_on that cone} The
scales measured for this purpose were chosen after the céneé‘_
opened, and were located in a band aroﬁnd the cone_neaf its
midpoint. Groups of sixteen copés were ﬁsed;forveach test. -

 Cones forvscale angle measurement were removed
.from storage and thei; seals broken by hot Water,treatment.f
:By the method described in Sec£i6n_l, above, they were then
bréught to the wet basis equilibrium moisture contents shown
_ in Table III. |

The maximum scale deflection data for cohes at
each moisture conteﬁt are shown in Tables A-5 to Afll.‘ These :

are summarized in Table III, and plotted in Figure 15.
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From Figure 15 it is apparehtvthat the onset of
.scale.deflection of open lodgepole pine cones occurs as the :
wet basis moisture content is reduced below approximately 25%.
Sealed cones in £his moisture range.acquire stresses which

tend to open the scales.

TABLE III. SCALE DEFLECTION ANGLE AT VARIOUS CONE
| A .. MOISTURE. CONTENTS :

Equilibrium Moisture : Average Maximum Cone Scale

Content, Wet Basis. ‘Deflection Angle
28.3% | 0°
21.2% | | - 8.5° + 3.8°
17.4% | 7 31.7° & 7.8°%
13.5% | | . 50.0° + 9.4°
9.5% ' _  62.69 + 11.5°
7.5% ‘ - 71.8° + 12.8°
4.8% . o 86.6° + 13.1°
Oven Dry L - 97.0° + 15.7°
% 100 R3 Rl - Stress felaxed cones
Q
v R2, R3 - Stress relaxed cones .
> 80 after rewetting
g .
o 60
—
g
_ 40
Q
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Figure 15. Maximum scale angle vs. equilibrium moisture
content for non-stress relaxed cones. '
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4, Scale Deflection Angles of Stress Relaxed Cones;

Stress rélaxation occurs in the SCalés7of sealed
serotinbus cones while the cones are at a moistureicbntent
which would cause outward scale déflectioh if the serotinous
seals did not restrain such movement. This occurs in lodge-
pole pine cones at moisture contents below approximately 25%
wet basis. |

The degree to which cone scale deflection is
impairedvby stress relaxation is illustratéd in Figure 16. .
The cones shown weré stored for one month at_the moisture
contenfs noted, and after their seals were released by hot
'air, they were brought to é moisture content of approximately
102 wet basis. |
| The cross sectional view of stress relaxed and
non-stress relaxed cones showh in Figure 17 indicates the
form of scale flexure and thé width of the seédvexiting péth
- for cones in both conditions._‘ o | |

The effect of stress relaxation on scale deflec~
tion was investigéted by studying cones whose scales were
kept in a stressed condition for a period of one‘month.'

lvFor this study, cones were préparéd for scalé'angle
measurement as described above, but the serotinous seals were -
Vnot broken until the end of the stress relaxation period. A

test group of twenty cones was allowed to dry to approximately
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8% //Z 7 ¢g£ir 25% 287 319

Figure 16. Cones showing typical degree of
opening when unsealed and brought
to 10% M.C. after one month of
storage at indicated moisture
contents.

A

Stress Relaxed Not Stress Relaxed

Figure 17. Cross section of typical open stress relaxed
and non-stress relaxed cones.
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10% moisture content, wet basis, and was stored for one

month at this moisﬁure-content3 The coﬁes were then treated
AWith hot.air to break the scales, and were aliowed'to stand

fof four days during which scale aeflection took place. Tbe 
maximﬁm scale deflection angles were.measured, ahd the moistﬁré
content determined.

In order to deterﬁine the permanénce of the
reduction in scale deflection caused by stress relaxation, an
attempt was made to revive the scale flexing ability of the
cones'described above. The cones were soaked in water for '
‘six hours and were allowed to dry to a moisture.conﬁent.close
to that of the earlier test. The méximum scale deflectibn'
angles were again measured, and the moisture cOnteht-determined,

Finally, the éffect of stress relaxation oﬁ scalé
deflection and its elimination by rewetting, was evaluated'i
at the oven dry condition.  The cones from the above two
treatments were subsequently oven dried at 105°cC, andvthe_fv
scale angles once more_measured.,

| The scale deflectionzdata for the abové three
- treatments are reported in Tables A-12, A—l3;‘and A-14
respectively. o |

The mean value of.ﬁaximum scalefdeflection of the
stress relaxed'cbnes was found to be'20.3o at a moisture con-

tent of 9.9% wet basis. This compares to deflection of
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aPProximafely'GOO for cones at the sameﬁmoisture:cdnfenﬁ but
which did not undergo stress relaxation.: B
The effect of rewetting these stress reiaXédbcdnes
was to permit them to deflect to an average anglé of 62;60 ,‘
when they Qere redried to a moisture content of,ll;l% wet
basis. Wheh these cones were dried to an oven dry_coﬁdition,'
the average deflection angle was fdund‘to be.93,6°. These
results are.plotted in Figure 15 as points.Rl;.Rz; and R3 .
.réspectively. From thié; if is apparent that stress relaxa--
tion reduces fhe opening ability-Of.sealed_lodgepole pine
cones; and that the opening ability can be almdst_completely

restored by rewetting of the affected cones.

As discussed earlier, the degree of cone scale
defiection influences the percentage of_seedé which can bé'f
"extracted ffom cones by tumbling. This‘rélétionship was
evaluated by extracting the free seeds from a group of COnesi
~at several moisture levels during their drying,and idenify—'
ing the mean scale deflection angle at each point.

A group of twenty cones was removed from storage
and prepared-for scale angle measurement as desdribed.above,
They Were then treated with hot air to reléaée the resihous

seals, and were allowed to partially dry under room conditions.
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The seeds Were then extracﬁed by tapping the invérted’coneé_
five times into a tray, and the cone scale deflection»angles '-‘H
were immediately meésured. This process was repeéted atAfQur
moisture contents. The final measuremehts-were.made on oven_'
dry éones,fand the femainiﬁg seeds were removed frdmkthe cones.
The maximm cone scale deflection data, andvthé
numbér of éeeds recovered at eéch point érevréportéd in Tables
A—lS, to A-18. _ |
The results of this test are plotted in Figu£e 18
which shows. the cumulative_percentage‘of total_seedleasilyb
extracted'against the.maximum scaie anglé. Froﬁ this plot,
it can be seen that maximum scale angles'éf approximately 100°

are required in order to achieve complete seed extraction by a

mild tumbling‘treatment.

100 -
"8 B
80 |-
g
H 5
A e L
0 40 |
fg’ I
520 |
[aT]
1 | L | IA.L.I 'IL 1 ni
- 20 40 60 80 . 100

Cone Scale Angle (Degrees)

Figure 18. - Seed extraction vs. cone scale angle.:
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6. Hot Water Seal Breaking

The breaking of sefotinous scale seélsléf lodgepoie
 pine cones by means of momentarily immersing the cones in hot
water was investigated from two points of'view.' These Were
(i) the efféétiveness in achieving seal breakage, and (ii) the
extent of thermél damage to thé'seéds as revealed by reduced
seed viability.

| Hot water immersion was carried out‘by Submerging'

groups of one hundred cones,“contéined in a:mesh basket, in
water héated in a steam kettle. The baéket, éhown.in Figure
.19 was covered. so that.the cones were forced dowﬁ.into.the .
water for complete immersion. CohtinuouS'vaemenﬁ of the
submerged basket ensured fhat.the cones were surrounded by
watér ét tank'témperature. |

At the end of the specified treatment time, the
cones were lifted from‘the water and immediately spilled onto -
a draining rack. The cones were dried in individual mesh
bottom dryiﬁg racks (Figure 20) in an air condiﬁioned room
which was held at 72°F (22.2°C) and having a rélative humidity
ranging between 44% éndv56%. Drying was aided‘by the use of
a circulating fan which moved the air over the drying racks.

All tests wére carried out‘using‘water at a
tempefature of'205°F.i 2o (96.10Ci lo); énd immersion time.
was varied from 10 to 120 seconds. Thé initial'tempéfature

of the cones was 34°F'(10C) and the initial cone moisture
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Figure 19.

Hot water immersion
apparatus.

Figure 20. Cone drying racks.
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content’for.these tests was 25% i 3%,'wet basis;

‘After drying.until ﬁhe degree of séal breaking. on
each cone was clearly evident by the open or'ciosed position
of the cone scalee, the cones were sorted into the.following_
classifications:. | | | |
(i) Fully opened -- cones in which all scale seals in the

_seed bearing region of the cohe.were broken;

(ii) Partially opened -- cones on which only a‘portion'efe

the scales in the seed bearing region were broken.
(iii) Fully cloeed -= cones on which no scale seals in the‘..

seed:bearing region of the coneewere broken.

All seeds from opened cones were subsequently extrac-
ted firet by tappiné, then byfmanually removing the scales in the
manner described earlier in this report. |

Germination tests were eohducted 6n seeds from each
gfoup, and thelviability was'reported;as the percentage of
filled seeas producing normal germinants. The data used for
i:he control in this. testwére those reported in Sec.:ti'on VII (4)
of this reportwhich indicated a viability of 91.2% of the
filled-seeds producing normal germinants. | |

The results of the cone opening tests and the
viability>ef the seeds so treated are shoanin Tabie'IV.

From Table IV it can_be'seen that immersien times
of 20 seconds, or more resulted in over 90% of the eoneS'

being completely unsealed. Longer treatment of cones did not
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TABLE IV. EFFECT OF HOT WATER IMMERSION ON CONE OPENING
AND SEED VIABILITY

Immersion Cones : Cones , Cones Seed
Time Fully Partially . - Fully %
Seconds " Closed : Opened Opened Viability
10 35 33 32 . 95.2%
15 - 15 28 57 . 96.8% .
20 2 8 u 90 98.2%
25 o2 -5 93 97.0%
27.5 2 | S 8 97.5%
30 | 2 g 94 98.0%
40 - 2 3 95 97.5%
60 1 2 97 © 90.0%
120 : 0o .0 .. 100 o 02

* Expressed as % of filled seed producing normal germinants

IMMERSION CONDITIONS:

205%F '+ 2°F (96.1°% # 1°%)

‘Initial Cone Temperature . 34°F o _(lOC)

Water Temperature

Initial Cone Moisture Content: 25% % 2% (w.b.)
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significantly improve seal bréakage without incurring a
reduction in_viability.'

From Table IV, if can also be seen that‘the séed
viability showed no appréciable deviation from'that'of_the.v»
controi group for all treatﬁents up to 40 séconds‘in‘dufa-_ 
tion. The viability was slightly lower for those cones which
received a 60 second treatment} but immersion of sealéd cbnes
in 205°F water for 120 seconds resulted in complete seed -
mortality.v | | | |

7. Flame Treatment Seal Breaking

The;breaking'of the serotinous seals by‘paSSing_
cones through an open flame was investigated. As in tﬁe»caéé
of hot water immersion treatment, flame treating was Studiedv
from the point of view of seal breaking effectiveness and '
thermal seed'damage. | |

v The apparatus shown in Figure 21 was constructed:"
to fiame treat cones by causing them to tumble down an
‘inclined tube into which a flame was introduced. The épparatus -
consisted of a foﬁr‘inch diameter insulated tube which was -
inclined at angles between thirty and forty degrees. A:feédv :
chute dirécted manually metered conés_into the upper end Of‘
thé tube and a.collecﬁing screen gathered the cones as they
emerged from the lower end. Heat-was supplied by a pfopéne 
torch which was oriented to direct its fiame into'thé.léwer_

end. of the tube.
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Temperatures w1thin the tube were‘controlled by
maintaining a constant gas pressure of the fuel being
delivered to the torch. The temperature of the tube at a
point_sixvfeet from the lower end was monitored with an
iron-constantan thermocouple to ensure nniformity Of treat-~
ment conditions. The range of temperatures at this pOint.

- during the various treatments was from QOOOF (4820C).to
1350°F (732°C). | -

Treatment duration was-contrelled by Varying'the
tube length between fifteen and thirty feet byithe,addition.
or removal of pipe sections, and also by.varying the angle.
of inclination of the tube. Treatment timesvfrom four to
twelve seconds were used. )

After the flame treatment the cones were allowed
'to cool.and placed on mesh bottomed racks to air dry. After
reach1ng<approx1mately 10% moisture content;.the cones were
evaluated in the same manner as were the hot water immersed
cones.as described in the previous section.of.thisrreport,

Testing was carried out‘on groups‘of 100 cones_
which had an initial moisture content of 25% # 2% wet basis,_i
and had an initial'temperature of 34OF'(l°C).

"~ The results of the cone openinq tests and‘ther
Vlablllty of the seeds treated in the flame tube are presen—
ted in Table V. From the table, 1t can be seen that the

‘degree of cone 0pen1ng achieved increased with 1ncreaSing
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Figure 21. Flame treating apparatus.

flame treatment intensity, and that complete seal breaking was
accomplished by a treatment at 6.5 seconds at a reference
temperature of 1280°F (693°C).

From the table, it can also be seen that the seed
viability did not suffer an appreciable reduction by flame
treatment severe enough to effect complete seal breakage.

8. Effect of Moisture Content on Seal Breaking Effectiveness

Experience from the above flash heating tests

suggests that cone moisture content influences the effectiveness
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TABLE V. EFFECT OF FLAME TREATMENT ON CONE OPENING
: AND SEED VIABILITY '

Average Flame Cones Cones Cones - . Seed
Treatment Tube Fully Partially Fully : *
Time Reference Closed Opened Opened  ~Viability
Seconds Temp. OF
4.5 1155 75 12 13 e
5.0 1280 - 66 . 16 18 93.9%
5.5 1195 28 24 48 97.3%
7.5 1160 3 10 55 98.0%
5.1 1345 8 15 77 - 95.6%
6.5 1252 0 6 94  94.9%
6.5 1280 -0 0 100 93.4%

* Expressed as % of filled seeds producing normal germinants

** Insufficiemnt seedsreleased for viability determination

TREATMENT CONDITIONS:
Initial Cone Temperature : 34°% (1°)

Initial Cone Moisture Content: 25%'1 2% (w.b.)
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of heat treatment fer the'pﬁrpose of breakingvserotihous cone
scale seals. |

~ The mechanism believed to cause this effeet:was
the degree ofvstress within thevcene scales tending to deflect‘
the_scales outward which is present in'the sceles'et'the-time_‘“
the resinous sealing material is melted The effectlof'such
stresses at this time would be to sprlng the scales sllghtly
apart while the resinous seal is melted. The result of this
would be that upon resolidification of the resin, the bond |
surfaces would ne longer be in contact with‘each other,tand
hence the resin could not re-bond them.

Thlsp i@nomenon was 1nvestlgated by evaluatlng the
effectiveness of a specific seal breaklng treatment on cones:
at different moisture contents, thus-ha&ing‘different levels
~of scale deflecting stress. | |

Three groups of 100 cones were prepared for seal’
breaking asAfollows:_ one éroup was seeked in watet for 24
hours to raise the moisture content above 30% wet ba31s, the
second group was dried at room temperature to a m01sture con-
tent of approx1mately 10% wet basis, and the third group was
treated as they ceme from storage atvapproximately 25% M.C.
wet basis. | | | |

Each group of.cdnes was breught to a temperature
of 34°%F (1) ahd was immersed for 27.5 seconds in water at
205°F (96.10C). After drying at room temperature,lthe cones
were classified iﬁto the three categories‘of,cone opehing

described in earlier tests.
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The results of this test are shown in Table VI
and indicate that seal breakage effectiveness for_a given
heat treatment increases with a»decrease;in cone moisture

content.

TABLE VI. SEAL BREAKING RESULTS AT THREE MOISTURE CONTENTS

1. Cones heat treated at moisture content in excess of
. 30% wet basis:

Fully opened | | . o _32%

Partially opened v ] o | 54%

- Closed | _ o o ‘ .14%
2. Cones heat treated at moisture contént of approx1—

mately 25% wet basis:

Fully opened o : ' 89%

(Xe)
oo

‘Partially opened

[\
oo

Ciosed

3. Cones heat treated at m01sture content of approxi-:
' ‘mately 10% wet basis: : :

'~ Fully opened - ' S 983

N
0o

Partially opened

Closed

O
oo
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IX. PROPOSED MECHANICAL EXTRACTION SYSTEM

The second phase of this project iﬁVoives the
systematic design, fabrication, and testing of a mechanical
conifer seed extraction system. The proposed system consists
of a portable machine which operates at the regional seed;
collection stations to mechanically.separate seeds from
cones on a continuous flow basis.

The purpose of this system is to provide_a‘ﬁoré
- efficient and economical means of conifer seed extraction
which requires a lower labour input and whiqh eliminates the
transportation of large quantities of waste cone material to
- central extractories. The.operating principlebof this
system was described in Chapter V and.flow charts comparihg
it with a convéntional kiln extraction system were presented;
| The successful de&elOpment of the proposéd extrac¥
tion equipment is dependent upon the_achievement of.a number
- of specific operational requirements, as listed below:.

(a) Must provide a high seed recovery rate with minimum
seed damégé.
(b) Must be capable of extracting seed from both serotinous 
and non-serotinous cones. | )
_(c) Must be capable of operating satisfactorily‘on cones
dver a reasonable range.of moisture content.
(d) Must pfovide a prodUCtion_raté‘commensurate with the

economic operation of the system.
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(e) Must operate with a.minimum manpower input.‘
(£) Must be easily t:anspdrted dn a light duty trﬁck.
(g) Must be easily set up andvtakén down at each operating
site. | | : | | |
(h) Must have a simplé, durable desién so that breakdoﬁns
| are minimized and,the‘machine'is easy to service
in the field. |
The findings of the prelimiﬁary ihveéfigations of
the physical properties of'lodgepole pinevCones, as:préViously_
discussed, indicate that the serotinous scéle‘Seais of this
species can be easily broken by flash heating,'With little
damage to the seeds. The breaking of serotinous seals prior
to mechanical extraction will undoubﬁedly reduée'thev .
severity of the mechanical treatment required. to achiéve
full extraction, andihence will reduce the.likelihoodvof
mechanical seed damage.‘ "For this reason a thermal seél
breaking process was incldded.in the design of the proposed
mechanical extraction system. o |
The development of each of the two priméry tools
of thé proposed.extraction system is detailéd in the fbllowing,

sections of this report.
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4.X. DEVELOPMENT OF SEROTINOUS SEAL BREAKING TOOL

1. Preliminary Analysis

Experience from the study of the physical properties‘
of lodgep61e pine cones indicated that breaking the serotinouél
seals would significantly reduce the degree of severity of
treafment necessary to méchanically extract the seeds of Such
coneé. Additionally, the use of an effectivé séal.breaking
device can result in more efficient extraction of serotinous
‘cones using the conventional kiln extraction process. .

Study of the physical properties.of serotinous
cones also indicated that the bonds holding the cbné scaleé
. in a closed‘position can be broken by both mechanical fracture '
of the seal and by meiting of the resinous bonding.material.

A preliminary analysis of mechanical seal breaking
by crushing and thermal seal breaking_by flash heating is
‘outlined below. | .

(i) Crushing -- Mechanical fractufing of scaie
seals can be achieved by slightly crushing the cones thereby
caﬁsing the bonds to fail as a result of stresses»whichA'
exceed‘the.yield stress of the bond maferial; The deflection
of this crushing aétion nmust be applied evenly over -the length
of the tapered cone. Furthefmore, crushing must.be applied ‘

- at several points aroundvthe_periphery'of the cone and must
be carried out after thebcone has been driedvto avfairlyvlow
moisture content, in_order'to ensure the release of all cone

scales.
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The effécﬁiveneés of seal breaking by this method
was quantitatively'éﬁaluated by-crushing a number of cones
with a hydraulic press as shown in Figure 22. Cones having a
rahge of moisture contents were tested.  |

Seal breakage was achieved in‘all éoneé tested, .
but as cone moisture increased, the degree of deflecﬁiOn'
required to achieve seal breakage increased sharply. Cones
below approximately ld% M.C. wet basis were almost completely»‘
opened by a small deflection applied at two or three_points
aiound the cones. Cones.abovev20% M.C. wet basis; however,
required severe crushing, which probably damagea the seeds,;
in order'to‘open most of the scales.

The complexity of aﬁtomated equipment necessary
to orient individual cones ana provide this treatment at
several éngular positions, to the wide rangé,cone size and
profile which exists in commercially harvested ¢Ones renders
this operating principle unsuitable. Furthermore, the low
production rate inherent iﬂ a system which treats cones
individually, and the possibility of seed damage,.further
reduce the suitability of this method. - |

| (ii) Flash heatingA—- Breaking of sefotinoﬁs seals
by the application of»heat has traditionally been_the method
used for the purpose‘of‘extraéting‘seed from such cones. In
the past, this treatménﬁ has been employed during nérmal-kiln”

drying by the use of higher kiln temperatures.
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Figure 22. Seal breaking by crushing.

Flash heating of cones for the purpose of breaking
the seals of lodgepole pine cones was investigated in part one
of this report. Based on the information and experience
gained from that study, two prototype seal breaking tools were
fabricated for testing.

The prototype tools designed were a hot water
immersing device, and a flame treating device. Both of these
tools were designed for continuous flow operation and were
used to evaluate the suitability of their respective performance
for use in a portable mechanical conifer seed extraction system
and for use with present kiln extraction facilities.

The analysis, design and testing of these two
prototype flash heating tools is described below.

2. Heat Transfer Analysis of Flash Heated Cones

In order to evaluate the flash heating process of

cones, a heat transfer analysis was carried out to identify



the thermal gradients within flash heatedieones ahd the
resulting internal temperatures'duringvthe process.

The concept of flash heating with Very high tempera—
ttures for the purpese of seal breaking is based on the prihciple
that rapid heating of the outer region of the cone will achieve
melting of the resinous seal before the central regions‘which
cohtain the seeds are heated much above their initial tempera-~
ture. This situation is possible because of the relative | |
position of the seals and the seeds within the cone, and the
relatively low thermal conductivity of the cone scale tlssues.

f The maximum temperature to which the seeds are
'expdsedvis, however,‘attained after‘thehcones have been reﬁoved
from the heat source. .This occurs because the high’level of -
thermal energy present in the outer'regions‘of the cone at the
end of the heating period moves through the:cohe'to establish
‘equilibrium conditions. If the cones are subjected to cooling
immediately upon emerging from heat treatment,_ﬁuch of this
ehergy will bevdissipated to the surroundings,_se_that the
effect of the inward mo&ing wave of heat will hot cause
appreciabie further increase in the seed temperature;_"

A gquantitative analysis of this heat transfer pro-”
- .cess was carried out by,employing the teehniques used for
transient heat-flow in stationary systems which are heated by
convection, and which have high 1nternal temperature gradlents.
'These techniques are: outlined by Krelth (27), Rohsenow and

Choi (42).
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. The analysis consists. of definihg.the functionél_
relationshié. among a dimensionlesé'ratio.defining thef
.témperature gradient, a functiénal relationship aescribing'
tﬁe ratio of internal and external thermal resistances, and
a ratio relating time of heating to thermal energy velocity
in the material. Due to the complex nature Qf‘these'relation—‘
ships, analysis is carried out using graphical solutions which_"
“have been formulated for certain geometric Shapes under‘ideali
conditions of homogenity,vuniformity and aécuraﬁely.known
'material properties; o |

| ~The relationship of. these characteristics is given

by the following equation:

=
1
H

"

Y = 7 =f (Bi, Fo, T ). _ (1)

More specifically this is
' ’ "hL - at

Yy = £ (k' 21 - B o (2)
_ L S ‘ .
where: Y = dimensionless ratio df the chahge of

internal energy due to heating, with .
relation to the stored internal energy.

T = temperature of any point at time t.
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T, = temperature-of_surrounding fluid.

To = 1initial temperature of body |

h = unit surface conductance of body

L = cherecteristic dimension of bbdy (radiﬁs)

k = thermal conductivity»of metefial of.body

a = .thermel diffusivity of materialeof body

t = time measured from begihnihg.of process_

X . = 'dlmen51on of length locatlng the p01nt
under study :

Bi = Biot number, dimensionless heat transfer
ratio- ' » : :

Fo = Fourier number, dimehsieniese time ratie.

Graphical solutione to these relationships have been
prepared fer ideal shapes, including sphere, infihite siabs, |
infinite cylinders, semi_infinite slabs, etc.'(27, 42y,

In order to apply this'ﬁechnique to the flash heating
of ccnes the fbllowihgvassumptions are made: | |
| - Sealed cones can be analyzed as an infinitev

cylinder having a diemeter equal to that of
the cone at the point undef'study. |

- Sealed COneS'are homogeneous having uhiform

phy51cal propertles w1th1n ‘the region of'the-
cone under study.

- The heat of fusion of the resinous seal is.v-

negligible.
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~— The film coefficient (unit éurfaée conductances) - -
remains constant.
-~ The fluid, into Which the cones are immersed
maintains a constant teﬁperature. |
- Heat is transmitted to tﬁe cbnes by con&ection
only. .
The heat transfer analy51s carried out was based on
‘the average dimensional data taken from a number of cones con-
sidered to represent the typlcal size and shape of conesifrom
fhe cone lot under study. The data usedaﬁelisted below and-
:showﬁ in Figure 23.

Cone length 1.65 in, (4.2 cm)

Maximum diameter .70 in. (1.8 cm) v

Diameter at top of seed bearing region .42 in. (1.1 cm)"
Diameter at base of seed bearing région .704in. (1.8 cm)
Seal depth .060" in. (0.15 cm) ' :

Depth of seed .140°"in. (0.36 cm)

r . r

% o . o b s :
Seal . Radius Radius -  Radius .
of . ~ of of
Seed Cone _Seal Seed
—— Iocation 1 .21 in, .15 in. .07 in,
Iocation 2 .35 in, © .29 in - .2l'in,

o

~ Figure 23. Dinensional data of cone for heat transfer analysis.




74.

The thermal properties for cones used for this 
analysis was that reported by Lee and Beaufait (28) for young

cones of Pinus banksiana, and are as follows:

0.123 BTU/hr ££2

Il

Thermal conductivity k F°
Thermal diffusivity = 0.0073 ft?/hr. |

The unit surface conductance for cones in hot water and hoﬁ

gas, based on typical values for comparab1e conditions (42),

was assumed to.be,‘respectively, lOO'BTU/hr ft2

FO, and
20 BTU/hr ££% FO,

Calculatibns were carried out to determine the
time required to raise the temperature of the material at the
- resinous seal to its melting point, which.was earlier_determined
" to be 52.5°C (126°F). |

The first series of éalculations was‘made to
identify the conditioﬁs when newly_maturéd cones are flash
heated from an initial temperature of 34°F (loc) by immersion
in water at 205°F (96.1°C).

| Using dimensional data for conditions at the.tip
of the seed bearing'region of the cone, the calculationé are

as follows:.

1k 123 X 12

Bi ~ Rr_ - 100 X .21 ~ 070
_ 'SQ 150 ,
Position. ratio, r, = U210 = .714
T -
CTasm T I

=~ 126 - 205 _
T, ~ Te T34 - 205

.462

From the'graphical solutions (27, 42) for heat transfer
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in an infinite cylinder, a Fourier Number of .14 is idéntified

This, in turn, enables the Calculation of the immersion time t

required to bring the seals to the melting temperature.

r 2 F o 2
t = 2 _° - .21 X .14 4000 00

) . .0073 X 144
21.1 seconds

The temperature to which seeds located at the tipgof
the seed bearing region would be heated after 21.1 seconds

. treatment is determined as follows:

it

Position ratio for seeds, ;E = L%%% = .333.
o = * _

Uéing the curves of the graphical Solution bf heaf’ ,
transfer in an infinite cylinder again, andthese data indicate;{'
a'temperéﬁure fatio of .78. From this, the seed‘temperatﬁre _
is found to be:. | | |

T(seed) .78 (To - _T“")TTOO

.78 (34 - 205) + 205 = 71.6%F (22.0%).

Using the same analysis,'calculations,were_carried.-'
out to determine the time required to melt the seals at the
lower or pedunclé end of the seed bearing region of the cone.

These are shown below:

1 k  _ .123 X 12 _ . ..
BT ~ Rr, T To0x .35 ~ -042
r .
o .29 _
2 = 2 = .83
o .
Ty = .
(.35™) _ 126 =205 _ . o

T -~ 7 T . T34 - 205
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The graphical heat transfer data indicate~.a Fouiief;
Number of .09. | |

The tiﬁe to bring the seals in this regidn‘tb the
meiting temperature is: | B

2
t =% Fo_ .35% x .09
a L0073 X 144

= .0105 hrs = 37.7 seconds
The temperature of seeds at this location at the end

of 37.7 seconds is found as follows:

_r(seed) _ =21

r .35 -6
(8]

This indicates a'temperature rétio;of5.70 which
gives a seed temperature TS of:

Tigeq = 70 (T, - T.) + T,

.70 (34 - 205) + 205 = 85.3°F = (29.6°C).

As a resulﬁ of the longer time required to melt the
seals in the lower region- of the cone, the temperature of 
seeds'in_the-fip region of the cone will be heated abové the
temperature previously calculated. The temperature of seeds

/ ' :

in the tip region after treatment for 37.7 seconds is fbund

‘as follows:

1

Bi

r
s _ .070 _ .

= 37 < <333
o) : v .

F _ ot - 0073 X 37.7 X 144 _ 249
o} 2 2

r .217 X 3600
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This indicates a temperature ratio of .42 which, in

turn, gives a seed temperature of:

o ap - o o
T(seed) = .42 (34 205) + 205 133.2°F (56.2°C)

A second series of calculations was carried out to
determine the same seed temperatures under the conditions of
flash heating in air at 1000°F (538°¢).

These calculations are shown below:

X .123 X 12

1 = = 51
BT T H T - T 20 X .21 f35;
Position ratio ro _.150 _
_s = 150 = .714
r . .210 .
o A .
T(.15") " T =. 126 - 1000 .907

Data from the references indicate a Fourier Number

of .070. This, in turn, gives a treatment time of:

r 2 2 ' o
_ o) o _ .21 X .070 _
t o= %52 - fyxlag = 00294 hrs

= 10.6 seconds
Seed temperature at this point is calculated as .
follows:
Position ratio r
' s - :070 _ .333.

:O .210

The graphical data indicate a temperature ratio of

.97 which, in'turn, gives a seed temperature of:
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_ ' _ : . o Q..
Tseed = .97 (34 1000) + 1000 = 63.0°F (17.2°C)

The time to bring the seals in the lower reglon of
the cone to the melting temperature is calculated in a 51mllar

fashion:

k _ _ .123 x 12

1 - _
Bi -~ h r, 20 X .35 -21
‘r
r_o" = °—2—§. '=v .83
©
T(.35") " To 126 - 1000 _ 907
T - T, 34 = 1000 .

This indicates a Fouriér. Number of .04, which gives

a seal breaking time t of:
. _ | 5 , ;
e oo Fo _ .25% x .04 _

T o ‘ .0073 X 144

.0046 hrs .
= -16.7 seconds.

- The temperature of seeds at this point after 16.7

seconds of_treatment is found by the following:

= .21, -2 = 6, F = .04
r _ _ o

mra
'—J.

(o}

and from this the temperature ratio. is .96, thus:

o _ o o, o
Tseed = .96»(34. 1000) + 1000 = 72.6"F (22.6 C)

The temperature of seeds in the. tip region of the
cone after the 16.7 seconds of treatment requlred to melt the

‘seals in the lower region of the cone is 51m11arly determlned

- as follows:
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r
1 _ S -
BT = -351, — = .333
O .
at 0073 X 144 X 16.7
F = —— = = . - -
o r 2 .21 X 3600 -023
_ o , _

~From this the temperature ratio is .92 which gives a seed

temperature of:

_ _ . :o o)
Tseed = .92 (34 -~ 1900) + 1000 = 111.3F (44.1 C

_Tréatmentltimés.calculated by the above analyses
correspond well‘with the treatment times théh_weie determined
’experiméntally énd repofted in Part One'of this report;
Calculated seed temperatures are in the general range of
temperatures measured by Nybdrg and Brisbin‘(37).

| The above calculations.indicate the sditability
of flash heating for seal breaking of serotinous cones. 1In
all probability, the actual heating of seeds in the cones
would be less severe than that predicted by these calculations
for the reasons outiined below.

.‘ It was assumed that cones are homogeneoﬁs'through—_

out, when in fact théy are not. Most seeds of'lodgepole pine
- are covered within the cone by three or four scales, lying one
over the other. Thus the seeds are not sheltered from externalv'; '
heat by a uniform layef of woody tissue, but byvthree:or four -

layers, each separated by an air:gap.v The overall'thefmal
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conductance between the seed énd the coﬁeisurfacé_would there-
fore be lowér thaﬁ that used in the éalculations, hence the
actual seed temperatures‘would be lower than thevcaléﬁlated
valués. |

It was also aésumediin the'case of fléme héaﬁing |
" that heat was imparted to the surface of the cones by convec-
tion only, while in fact, heat is transmitﬁed‘by radiation as
well. The iesult of this additional heat. transfer would‘be'
to cause a more rapid transfer bf,thermal energy ﬁo the surféce
of the cone, which, in turn, would cause a sfeeper température-
gradient within the cone. The éétual seed temperature would
therefore be further reduced from the calculated values atvthe
time of seél melting.'

The temperatures and heaf-treatﬁeﬁt timeé deﬁermined
above are considered to be well within the acceptableblimits
for a continuous flow system and fof freedom from thermai |
damage to the seeds. The process of flaSh'heating can'thérefore:
be considered to be an acéeptable and efficiént-method of |

breaking the serotinous seals of Lodgepole pine cones.

13. .Hot-Water‘Immersion Tool
A prototype hot water immersion tool was désiéned'
.aﬁd_fabricated in order to evaluate this prbcess f6r thermal
seal bréaking of serotinous cones.‘ o
| The operational requirementé of a seal breakiﬁg_tool

suitable for operation in conjunction with a mechanical seed -
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extraction system or for use with cngentional.kilh:extraction
~are listed below. . | |

- Operate on a continuous basis.

- Possess adequate.production capacity;

; Be portable. |

- Opérate with a minimum of labour inpr..

- Exhibit efficient fuel utilization.

- Be adjustable in treatment duration;

The hot water immersioh tool'was desigﬁed to_accdmmo-
date the various characteristics and properties_of the cones
which were determihed in part one of this.report. In this
respect, the range of water temperature andvtreatmeht'times A
at which this tool could operate was desighed fo-coincide With
the optimum conditions determinéd‘by the immersion;tests;_ The"
design included the ability to handle both.sealed aﬁd.ﬁnsealed
cones, and:thermal damageifromAexcessive_ﬁreatment was~ayértea
by the incluéion of a positive transport capability.of thé
immersing tool. |

The design of the immersion toolréhosenffor fabfica—‘
‘tion consists of a revolving drum ha&ing several |
compartments around its periphery and which is:partially  (,-
immersed in a tank of heated water. _Thé cones are fed into
these cbmpartments just above the water line,.and as ;the drum 
revolves, the cones are carried down into the Water. Thé
buoyancy of the cones holds them up against the wail of_the

compartments, during submergence. As each compartment emerges
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from £he water an eleveting chute sﬁpports the cones until:they _*
are lifted to a point where they are dumped into the delivery'
chute. | |

A feed hoéper and a metering device was elso incere
porated into the design of the experimental apparatus in order
‘to identify the performance characteristies of the tool'under
continuoﬁs flow operatien. |

The immersing drum is electrically'powered ahd is
driven by a variable speed dfive mechanism. Immersion time
is controlled by adjuéting the speed at which the immersion
wheel is driven. The feed auger is chain dfiven by.a separate
motor; | o -

Water in the tank is mainteinedeat a uniform
temperature by electfical heating elements, while the temperature
is monitored by a thermocouple located near the-centre of the
tenk.. The exposed surfaces Qf the tank are insuiated'and an
.enclosing chamber covers the upper fegidn of the revolving
drum in order to reduce evaporative cooling. |

The prototype hot water immersion'tool’is shown with
its‘insuiatihg drum cover removed in Eigures 24_and.25;

Extensive testing was carried out on the immersion
seal breaking device, both in the 1aboratory and under condif
tions existing at a typidal commercial-seed'extractioh élant.

A qualitetive evaluetion of this prototype seal breaking
tool identified the following points: |
- Avhot Waﬁer immersing teel is ah'effective'deViee-

for the breaking of scale Seal‘of serotinous



Figure 24.

Prototype hot water seal breaking
tool.

Figure 25.

View of seal breaker showing
heating and drive mechanisms.
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cones.

Cones whose seals are broken with hot water réquire
a moderate drying procéss before other phases
~of either mechanical or kiln extraction can

effectively be carried ocut.

The energy requirement of this type of seal breaking
| téol is high due to evaporative coolingbof o
the machine éomponents and the loss of hot‘ :
liquid. |

Cones having a moisture content in excess of 25%

w.b. pose operational probiems due to their
tendency to sink in the heating water.
- A hof water seal brééking todl has a lbng start up">
| time due to the large mass of water and
components which operate’at;elevatéd_tempera—
f tﬁres._, | | .
Problems of ffeezihg exist during éhutdoWn'when'a
hot water seal breaking tool is_used in én‘ﬁnheated iocation :
during winter operation._ |
| The results of thebaboﬁe evaluation indicaﬁe'that ai’
hot water immersiné dévice performs effectively as a continuous
flow serotinous seal breaking tool, but thét thié type of tool
has a number of disadvantageé which reduéé_ité suiﬁability férr
commercial operation. .

4. Flame Treating Tool .

The designing and fabrication of an alternate seal
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breaking tool, which flash heats cones in a-flame;;was under-
taken as an alternative to the hot water immersion tool.

The operational.requirements,stated for~the hot water
seal breaker, above, apply to the design of the flame treating
tool as_well._ The information on the physical-properties'and'
vcharacteristics of serotinous cones, which was determlned_in
part one of this report, was similarly utilized in the deSLgn f
of this tool. | |

The operating principle‘of the flame treating seal"
breaker is that of tumbling the cones within a‘horizontal'tube L
into which a flame is introduced. o

- The design of this prototype flash heater.is based
on a 10 inch diameter tube, 30 inches in length; inside-of
which is a four turn single pitch auger flight. The three inch
-flight'is attached to the wall of the tube,.and flame deflecting
- baffles are located at several points along the fllght and
extended into the region of the tube axis. The purpose of the
auger. fllght is to transport the cones through the tube as it
rotates.

The ends of the tube are capped w1th 14 inch dlameter
‘end plates which support the tube by restlng on the drive
pulleys. At the centre of the plate on the inlet end of the
tube is 3 inch diameter hole through which the cones are fed
into the.tube, and exhaust gases escape. The plate on the |
exit end of the tube has a similar hole_through'which the flameih

is introduced, but which is extended at one point‘to the
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circumfefence of’the tube to provide a-discherge port for
treated cones as shown in Figure 26. - | . |

The flame tube is supported by four dr1V1ng pulleys .
which are attached to two powered shafts held in bearings .
attached to the frame at either side of the tube. These shafts
are diven by a variable‘speed electric motor thus permitting |
the drum to be rotated at all speeds o?er a range from:teh
seconds per revolution to one second per-revolutibn;; in this
way treatment time'can.be controlled over-e fange frem.foure
to forty seconds. | |

Cones to be treated ere meteredAout of the_feedi
hopper by en auger and are directed into the fiash heating tooi.
'.by a chute. The cones are propelled through the flame tube 3
as they tumble against the spiral flight inside the revolving -
tube. The tumbling action also sefves to ensure that all
surfaces of the cones receive uniform ex?oSure to the hot.'
surface of the tube and the hot gases from the flame. Treated
cones are dlscharged from the tube 1nto a dlscharge chute
which carries them to a conveyor or suitable container.

.Heat is.supplied to the tool by a.190,000 BTU perr
hour pfopane torch which delivers its flame directlytinto the
.treating-tube. Temperatures within the flash heater are monitored
- by the use of a thermocoﬁple_ldcated just inside the cone inlet _t
‘port where the exhaust gases are discharged. This ie shown‘in‘the‘

detail of Figure 27. The drum temperature is chtrelled by



Detail of torch and
discharge chute.
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Figure 26. Prototype flame treating seal breaker.

Detail of thermo-
couple location
in exhaust port.

Figure 27. View of

seal breaker showing drive mechanism.
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'regulating the pressure of fuel delivered to the nozzle. Heat‘
loss is reduced by a layer of asbestos insulation on the outer
‘surface‘of the treating tube. .

Prellminary testing was carried out under}laboratory
conditions to identify.the operating.characteristics of the
flame treating seal breaker. | |

| Thedeﬁfect.of fuel pressure on'temperature of gas in
the tube, as measured at the exhaust port, wasastudied. The
curve of gas temperature in terms of fuel pressure for the |
prototype tool is plotted in Flgure 28

The effect of treatment time oniseed v1ab111ty of
cones hav1ng a moisture content of 12.5% wet ba51s, and an
j;nltlal temperature of 34 °r (1 C)vwas‘determlned for an opera—
.ting temperature of lOOOOF-(5380C) : The v1ablllty, expressed
as the percentage of fllled seeds produ01ng normal germinants,
. of seeds from cones treated for periods up to lOO‘secondS-isV”:
plotted in Figure 29..

The results of the qualitative evalﬁation of the
performance of this prototype flash heating tool 1nd1cate the
follow1ng conclu51ons

- A flame treating tool provides‘an‘effective'and

Versatile method of flash peating serotinousvk
cones for the purpose of seal breaking. |

- A flame'treating tool for seal’breaking has a

number of advantages over the hot water tool.
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flame treating seal breaker.
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 These.are: lower'&eiéht, quicker startup,' 
no cone drying required, n§ Cohés‘lost during
treatment,. more efficient heat utilization.‘ }
-  The fire hazard posed by a flame treatiﬁg tool is
low, particularly if needles and pther | | |
material are scalped from the cones priof to
treatment. . Under normal operating conditions
cones are not ignited by the‘treatment, and
only when treatment time is more th;n'ZS.to>
30 secoﬁds does the pitch on heavily coated
coneé become ignited. Such flames quickly
extinguish themselves upon émerging from the
treatment tube. | |

5. Calibration of Flame Treating Seal Breaker

In view of the satisfactory performance of flame
treating seal bfeaking tooi, detailea calibratibn of this tool
was undertaken for the purpose of predicting the. optimum treat-
ment for specific cone coqditions.

The tool was calibratedfpvef a range of mdisture'.’
f'content-for~fresh}ciésétx-conés%and~for old:weatheréd class 
:~III<cone$;' |

All calibration was carried out with the'flame
treatef_operating under ambient température conditions'between

650F.and 700F_(180C'and 21OC). The gas temperature, as measuréd
at the exhaust port was maintained at lQOOOF * 2OOF_(S38°c,¢- |
11°¢) .- | | | |
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: The initial tehperatu;e of éll cones treatédIWas
34°F (loC), and the calibration tests were conducted on cones.
which had been conditioned to a number of moisture cohténts~
ranging from 9% to 32% wet basis. Groups of 100 cones from
each classification and moistﬁre content were prdcesséd by :
the’tool for treatment tihes of 5, 10, 15, 20, 25 and 30 |
seconds. | | | | |

After treatment, cones were dried aﬁ'rdoﬁ.tempera—
ture so'thaf the degree of seal breaking on each wés clearly"
evident by the open or closed position of the cone scales.
The cones were then sorted into the claésifications_of‘

(i) Fully unsealed, (ii) Partially_unsealed, and. (iii) Not .
unsealed, which have been reported earlier in thiéfrebort. |

The calibrétion daté from these tests’arevreported :
for young and weathered cones in Tables A-19 and A-20, |
respectively, ‘Cﬁryes showing the percent of cones'achievingf
full seal breakage in each of the two cone_classificatiéns,'

are shown in Figures 30 and 31.
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XI. DEVELOPMENT OF MECHANICAL CONIFER SEED EXTRACTING TOOL.

1. Alternativée Methods

The development of a_mechenical conifer‘seed extrac-
tion system is dependent upon the successful development of an
effective mechanical extraction tool. The function and
importance of this type of tool in the design and operation_
of a portable conifer seed extraction system was discussed in
- Chapters I and V of this report.

Three alternative operatlng pr1nc1ples were proposed
for  the de31gn of the extraction tool under con51deratlon.
These are: '(i) the removal by abrasion of the. outer regions
of the cone SCaies and a reduced kiln treatment.for seed |
extraction, (ii) the removal by boring or drillingpof the
central woody core of_the cones which would reduce the cones
to a mass of free scales mixed with the seed, (iii) the
threshlng of entire cones in a manner 51mllar to that used
for agrlcultural crops.

In each of the above processes, the function of the
extraction tool is to release the seeds from their position
within the cone. A subsequent tool is.required to'perform.
the task of separating'the Seed from the cone debris. Each -
of these processes must also be supplemented with heat treatment.'
Process (1) requires a kiln drying treatment and subsequent

tumbling extraction, and process (ii) requires a heat-treatlng
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‘process to break‘the serotinous seals after‘béring, and
process (iii) appears to'require a hea£ treatment ﬁo'break-
the serotinous bonds prior to threshing.

Each of the above extraction methods was evaluated
by preliminary testing. The most promising extraction tool
was developed into a first and a second generation prétotype‘
each of which was sﬁbjected ﬁo extenéive testing.

2. Extraction by'Cone Abrasion

The treatment of conifer cones by abrading.the cohe
scéles to remove the buter portion and the serotinous bond
region is not intended td achieve seed extraction in itself,
but is proposed as a means to reduce kiin treatment and to
speed the conventional kiln extraction process.

The abrasion tool used to evaluate this éoncept‘is
shoWn‘in Figure 32; and conéists of a stationary.andva'rotating.'
"concave disk mounted one above the other on a common -axis.

Cones are introduced between the.diéks through a
hole at the centre of the étationary disk. As the'outer portion
of the cone scales are abraded away, the cones moVe‘radially
outward from the centre of the two concave surfaces. When the
cones are reduced to a size determihed by the distance between’
the disks at their periphery, the cones are diséharged radially
from between the disks.

After treatment by this tool, the seeds are extracted

from the remaining cone material by the conventional kiln
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Figure 32. Cone abrasion tool.

extraction process. BAbraded cones do not, however, require as
long a drying time, and the high temperatures used for seal
breaking are also unnecessary.

Preliminary investigation of this technique indicated
that this tool did not meet the operational requirements of
the proposed mechanical conifer seed extracting tool. This
failure was due to the fact that after treatment, cones still
required a certain period of drying, followed by a tumbling or
vibration process in order to extract the seeds. Also, the
reduction in kiln treatment achieved did not appear to outweigh
the extra handling required to abrade the cones pfior to dryihg.
Additionally,the successful development of. the flame treating
flash heater for breaking the seals of serotinous cones further

reduced the utility of this tool.
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3. Extraction by Core Boring

The lunctlon of a core borlng extractlng tool is to
remove the woody core from sealed serotlnous cones. The purpose'
of the removal of the core is to remove the structure to whlch
all cone scales are attached, thereby causing the cone scales:
to have no means of remaining attached to one another once the
‘serotinous seals are released.

| When the seals are broken bylcrnshing_or flash

heating, boredoones are reduced to an aCcumulation.of lndividualo
cone scales, amongst which the seeds_are mixed.‘ Separation}of
the seeds from the cone scale debris would be effected by con-
ventional scalping'and seed cleaning techniques. |

| The fea51b111ty of this technique was flrst investi-
_gated by analyzing the geometry of a sample of lodgepole pine.
cones. A group of cones was studied to determine the rangev"
" of variability of a number of geometric variables which‘would
charactetize the shape and size of'cones.e TheSe_Variables-were '
,determined by measuring a group of coneS‘which had‘been cut
»thtough the longitudinal axis to provide a cross sectional view
as is shown in Figuré 34. These data were required in order to
identify the shape and size of both the cuttlng tool and the
holding tool, as well as the relatlve pos1tlon of each at the
'deepest}point of the core removing operation |

The cone variables which were-studied are.identified_
schematically in Figure 33, and are reported in_Table.AfZl.

' The data of Table A-21 are summarized in.Table VII

'which also shows the simple correlation coefficients among the
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‘geometric veriables under study.

| From the data, it is evident that there is-a larée'.
range.in cone:prefile angles (8) and cere profile angles (@)
.within a given seed lot. This, elong'with'the‘wide range.of
‘cone dimensions indicates that a large numbef of.bofing toole
and eutting'depths are required to remove thevcore of all>cones
Without.damaging the nearby seeds. The'low1degree of symmetry
in the cones further hinders the mechanization ofrthis operation.
The correlation coefficients of Table VII elso indicate'_that
there is no simple combination of these variables which onld.

reduce the complexity of the mechahizing of this operation;

Figure 33. Geometrlc variables of cones influencing seed
extraction by removal of cone core.
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SIMPLE CORRELATION AMONG VARIABLES OF CONE GEOMETRY

TABLE VII.
(Sample Size - 60 Cones)
Cone Cone Core Core Tip Core Axis Core Core
~ Length Angle Angle to to Axis Edge
- L 2) ¢g . Core Apex Cone Ax1s Mlsallgnr - to
in, ' B o a_ ment - Seed
in. B~ C in.
Mean Value 1.396 37.9‘ 25.5 - .966 6.9 4.0 - - .034
Std. Dev. £.245 $11.4 8.4 = +.301 +4.1 £9.4  £.011
Cone Length 1.00
Cone Angle -.32 1.00
‘Core Angle  -.25 .57 1.00
Tip to Apex .57 ~71 =36 1.00
Core to Cone
Axis .24 .20 .35 -.02 1.00
Core Axis : o
Misalign. .22 .08 -.02 -.02 .15 1.00
" Core Edge I '
to Seed .07 -.05 .05 .8 -.20 - -.07 1.00

. Preliminary 1nvest1gatlon of the operatlng characterls—

tics of a core remov1ng tool was carrled out by drllllng the

core region of several groups of cones u51ng a number of tapered

cutting tools.

This was done by operating the cutters in a

lathe, and holding individual cones in the lathe chuck as shown

in Figure 35.

In the cutting process, a tool was chosen having a

‘profile angle considered to be near to that of the apex of the

cone core and it was guided to cut as close as possible to-the'



100.-

centre of the cone core axis. The tool was.stopped‘when it
reached the p01nt estimated to be the tip of the core tissue.
The cones, which at thlS p01nt were still held together by the
'serotinous seals, were then removed from the chuck jaws. for
evaluation. |

The effectiveness of this core boring proCess_was
evalauted by inspecting sealed cones which»were<cut-through the
central axis, as shown in Figure 36, and by inspecting these -
cone-halves after they received thermal seal breaklng as shown
in Figure 37.

The-attempts to remove cone cores by boring resulted'
1n’v1rtually no cones being completely reduced to free scales
'Without a Signiflcant portion of the seeds being destroyed 1n‘.
the»process. The cutter achieved complete_core,removal_only'
"in the symmetrical cones, and in cones which were bored with a
vw1de angled cutting tool In the symmetrical cones the tool
angle and depth of cut were the factors controlling seed damage,
while the use of the wide angle tool removed the core and part
of the scale tissue taking with,it a»large portion of the;-
seeds. o

The biggest ‘problem in core removal was, however, the
alignment of the cutter with the core axis of the large number
iof asymmetrical cones which occur - in this speécies. In this
case, even the proper tool angle and cutting depth didlnot
achieve.complete core removal, and frequently deStroYed a portion

of the seeds. The incomplete removal of the core resulted
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Figure 34. Cross section of typical cones
showing degree of asymmetry.

Figure 35. Core boring tool.

Figure 36. Cross section Figure37. Bored and un-
of bored cones. sealed cones.
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in only partlal rragmentatlon ofvthe coﬁe and hence partlal
seed release after seal breaklng. This condlt;on is shown in
Figure 37.

| The qualitative evalﬁation,of seed exttaction of
sealed Lodgepole pinebcones by removing the cone eOres indicates -
the following conclusions: |

- Seed extraction can be achieved by removal of .
the core tlssue of cones, but thlS technlqueb
does not lend itself to the deslgn of a |
simple portable seed extraction:system.eif

~ The wide range of cone shape and size found inv
commercially collected cones‘necessitates'”
pre-sorting of the cones to eﬁsurelthet.all_
cones are bored by a suitable cutter and. to
the appropriate depth.vThis_is_ﬁecessary in
order to achieve complete scale separation-.
and to minimize seed destructien.

- Thermal breaking of the setotinous seals of cones
cannot be performed prior to boring as the
cone would disintegrate during boring,
causing damage to the seeds. During seal
breaking;after borinQ)the'basai:end.of cones
must be protected frOm‘the heat so that the_,f
seeds are not exposed to hlgh temperatures
through the bore holes. Thus cones cannot

be flash heated_whlle tumbling, but must be :‘
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treated while oriented to protect the baSai
region of the cone.

— The complexity of an automated machine system
capable of meeting the abeVe criteria would
result in prohibitive'initial:end'operating
costs.

- The production rate of an extraCtionbsyetem ,

: employing this type of extraction tool would
be low, due to the necessity of tfeating'
cones individuélly._.It is estimated that a
highly automated systeﬁ ef this £ype.eou1d
handle from 20‘to.30 cones per toel,_per
minute. |

4. Extraction by Threshing

(i) Analysis

The extraction of conifer seeds by threshlng is pro-
- posed as an adaption of the technlque which has long been used |
to extract seeds from agrlcultural crops. The extraction of
seed by threshing involves the manipulation of seed bearing
material between a revolving threehing cylinder»and{'a set'of
stationary_separating concaves or grates. The free seeds are
then separated from.the other material‘by a'sﬁbseqdent'mechaniSm
which, in  most eases,is an airescreeh seed'eleaner.

The layout of a typical agricultural.threshing"

‘system is shown schematicallyein Figure 38. - The diaéram_shows,_
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both the extracting tool and the seed separatingvtdol whiéh are
combined into what is traditionally termed a threshing machine.

The fﬁnction of the cylinder aﬁd concaves extracting 
tool in a threshing,machiﬁe is to free the seeds from their  ,
;ttachment to and/or location in the protective>plaﬁt,ti$sﬁe.
The function of the separating tool is to separate the oﬁtput .
of the extracting tool into: (i) coarse materiallwhich is
discharged directly; (ii) partially threéhed ﬁatefial which
is returned to the entrance of the extracting tool for re- |
threshing; (iii)ifine material smaller in size than the séedé,'
and (iv) seeds cbmbined with a quantity of debrisléimilar to 
the seéds. |

The operation of a conifer seed thfesher would be:

very similar to that described above. EXtraction'of.serotinousAj

Deceleratlon

e
Scdqer__ : {A“ _ .

Cylinder K\\
Comxnes—//,

Seed Pan

Figure 38. Schematic diagram of threshing machine.
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cones, using this system, would include a seal breaking opera-
tlon prior to threshlng, whlle the soft-cone spe01es would be_
fed directly into the threshing tool.

The variables 1nvolved in the analy81s of cyllnder— o
concave seed extracting tools 1nclude _Cyllnder velocity,
’cylinder to concave clearance, type of material to be extractéd,
moisture contént'of material; arc lengtﬂ'of concave,_con—
figuration, number, and material of cylinder rub bars, type‘and
size of concave surfaces, feed rate and veloc1ty, type and
location of deceleratlon surfaces. The analysis of many of
these variables is empiricalf and all of them‘ihvolve a degree
of subjective evaluation. - | - )

Although-little is known of the use of this method
of extraction for conifer seeds, a vast quantity of-information
has béen publishedion the extraction of'agficultﬁ:al seeds.by
threshing.' Obviously much of this has dealt with.the claséical'
threshing of grain crops, but equally significant is tﬁe
literature dealing with the threshing of other cfops. rThe
seeds for both consumption and‘replanting'of'virtually evefy
'agricultural crop with the.exception'of'fruit crops is
presently extracted by means of a conventlonal cylinder and
concaves threshing mechanlsm

A partial list of}the crops whose seeds-afe extfacteda
by threshing (51) is: . yéereal grains,'corn, peas; béans;
rice, Clover,‘timothy, alfalfa, rape,:flax, carfots,.lettﬁce;

turnips.



-106.

Bainer et al. (6) descrlbed the extractlon process
of a threshing cylinder as one dependlng upon impact of the
cylinder bar upon the seed containing capsule which results
1n the shattering of the capsule and the freelng of the seed
from the protectlve covering material. Further threshing is
obtained by.the‘rubbing action as the material is accelerated
and passec through the clearance between-the cylinder'and the
concave.’ o o

- The effectiveness of threshing:is stated (6) to be

a function of ‘the following: cylinder speed, concave clearance,
cylinder- concave design, type of crop, moisture content of
crop, and rate of feed of material. '_For each crop, there is
an optimum point for each of these variables which will result
in a maximum seed recovery and minimum seed damage.

| Hawthorne and Pollard (23) in 1954 descrlbed the
constructlon of an all purpose cyllnder and concave threshlng
tool which was capable of extracting the seeds of a wide range
of Vegetable, flower and grain crops. The thresher is designed
- with ruhber covered raspbars and concaves,;and the speed and
concaves positicn are easily adjustabie to operate over a wide
range of settings. ” |

The removal of the seeds from the cone debrls dls—
charged from the thresher 1nvolves the use of a cleanlng tool
in the flow path of the extraction systems. A wide range of

tools for this function are commercially'available (22) and
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are readlly adaptable to the proposed conifer seed extractlonA
'system

(ii) First prototype tool

A prototype cone threshing tool was designed for
laboratory investigation of the extraction of conlfer seeds
by threshlng.

The key components of the prototype extractlng
tool are the threshlng cyllnder and concaves which are shown |
in Figure 39. The cylinder is six inches 1n_w1dth, and has
six one-inch high rub—bars mounted'on its periphery. The
diameter of the cylinder ﬁeasured at the top ofvthe rub-bars
is ten inches. The concave set is.constructed of %" x 1v
steel bars mounted at 7/8" spacing over an arc of ahproximately'
lSOO of the cylinder. The 3/16" retalnlng rods running through
the length of the concaves are spaced at: 3/8" intervals. -
During fabrication, all concave parts were welded_into e single
 assembled unit. | |

These components are mounted in a frame as shown
in Figure 40, and the plenum chamber in Figure 41 was édded to
~provide a means to collect the'material coning‘off the cylinder.
-This chamber holds a manually operated scalping sieve which
separétes partially threshed cones for their return;to the
input and further treatment. Threshed material passing through
the cylinder was collected below the scalping 51eve,-whlle that

pa551ng through the concaves was collected in a separate pan.

- The assembled prototype cone thresher is shown in Figure 42.
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Figure 39. Cylinder and concaves of threshing
= ool I

Figure 40. Cylinder and
concaves installed
in frame.

Figure 41. Threshing tool with
plenum chamber.
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The threshing eylinder is belt driven and is
- powered by a variabie speed electric motor whichris capable
of driving the cylinder’at'peripheral speeds up toe8000 feet
per ‘minute (2438 meters per minute) .
| A unlform feed rate for test batc ies is provided
by.an inclined feed chute and hopper. Unlformity of flow is
achieved by a feed gate and a pneumatic ball vibrator mounted
below the‘delivery trough as shown in Figure 42. -
(iii) = Testing |
For reasons discussed earlier, testing oftthe-first o
generation prototype cone threshing tool was confined to
lodgepole pine cones ‘whose cone scales had been prev10usly
released by flash heat treating. Groups of approx1mately lOO
cones having moisture contents of 8.5,.12.8, 15.8, 19.9
percent were threshed using‘sylinder speeds of 1800, 2300;
© 2800, 3300,'3800, and‘4300 feet per minute (548, 701, 854,_
1006, 1158;-and‘l310.meters per minute) respectively. .
| Because only partial threshing is usually achieVed‘é
in each pass through the extractlng tool the cone fragments
retalned on the scalplng sieve were returned to be rethreshed
in the same manner as the tailings from an agricultural
thresher. For this series of tests, the material.was returned:
as necessary, up to a total of five passes threugh the cylinder..
At high speeds this treatment was sufficient to completely
reduce the cenes in two or three passes, but at low speeds,':

some seeds still remained unextracted within cone particles.
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Figure 42. Assembled prototype cone
thresher.

Figure 43. Scalping sieve with
partially threshed cones.

Figure 44. Partially threshed cones
after two passes with cylinder
speed of 2000 ft./min.




111,

The condition of partially threshed cones is
exemplified in Figure 44 which shows cone fragments from 20.
cones retained by the scalping sieve after two passes ata
cylinder speed of 2060 ft/min. Figure 45 shows typical material
passing through the sieve under the same conditions. |

After extraction, the mixture of cone dehris and
seeds was separated using the'air—screen cleaner shown in h
Figure 46. In the first cleaning treatment, the large partlcles.
were scalped u31ng a number 11 round hole sieve with no air flow.w
The remaining seed m;xture was processed again using a number 8
round hole sieve and a number 6 X 27 screen. ‘The’final material'
‘was then hand sorted using a spatula and smooth table surface
to separate those seeds which showed no v1s1ble mechanlcal f
damage from the damaged seed as shown in Flgure 47

‘The sound seeds from each test were welghed after
drylng, and sample counts taken to determine the number of -
seeds recovered from each group of cones. All cone material
from each test was also retained, dried and welghed for .
calculatlon purposes. | |

Germination tests were theniconducted,On:represen—
tative samples of unstratified.seeds from each_test; _The |
germinationpercent wasreportedas1ﬂEpercentage of total seeds
produc1ng normal germinants having radicles at least tw1ce the
'length of the seed |

Cones in the control group were extracted by flash_

.heatlng to break the seals, drylng for several days at room '
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Figure 45. Material passing through
scalping sieve.

Figure 46. Air-screen seed
cleaner.

Figure 47. Typical damaged and apparently undamaged seeds
extracted by threshing.
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.'témperature and:shaking’in a mesh botﬁomedlcontaiﬁer. Seeds in
the control group were treated by passing thém throﬁgﬁrthe'aif—
screen seed cleaner in order to;eliminate variability céuséd by.
cieaning. | . |

Theidata'obtained from the above testing aré‘reported
in Table A-22. Analysis was carfied out to detgrmine the
averagecnumber of viable seedsvcohtained in éach_cone, and>
the expected number of viable seeds recovered by>each,threshing
treatment at each moisture content. The'differenée in these two
numbers represents the sum of the number-of,seeds rémaining‘in
the éone fragments after five passes‘and ﬁhe number of seeds
damaged in the extraction process. From this, the'peréentage
of viable seeds recovered by the prdtotype'thfeéher at the bne'
setting of thresher variables was determined'and.is reported
~as the recovery rate.

The recovery rate determihed for the_various
moisture contents and operating spéeds are shown in Table A-22
and are plotted in Eigure 48. vThe resuits'of this first éeries
of tests indicate that the ﬁnbroken seed extraction rate was
reasonably high, but that internal mechahiéal damage greatly
reduced the viable seed recovéry‘rate.' The fact that some
" seeds remained in éone frageménts at the end‘of\five passes,
also réduced ﬁhe.oveiall recovery rate. This-facto; is
particularly imporﬁant - at low speeds Qhéfe‘both theﬁdegree  .

of extraction per pass and the degree of seed damage is low.
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Figure 48. . Viable seed recovery rate an lodgepole pine
' for first prototype thresher..

‘Figure 48 also showsthat«viable seed recovery is
highest at the lower cyllnder speeds, where the 1mpact forcesp
are low. The best m01sture content for extractlon appears
to be in the range of 12 to 20 percent wet basis.

Although the recovery rates of these tests on the
flrst prototype cone threshlng tool are low, much 1nformatlon
was galned‘concernlng;the design and performance of th;s type
of tool. _ S ’ - J |

The results of these tests and the experience
gained from them indicate that further developmental work on
this extraction tool can result in higher seed:recovery rates
and ﬁuch lower seed'damage.. TheAfact that the'functional,

operation of this prototype meets all the other Operational
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requirements necessary for a portable mechanical conifer seed
extraction tool holds similar promise of the successful
development of the proposed extraction system.

(iv) Second generation prototype

Based on the information'gained froﬁ the abcve
tests, a number of modifications were carrled out on the
de31gn of the original prototype threshlng tool The chief
goal of these modlflcaticns was the reduction of damage.to"
extracted seeds by their impact with.the internal contact areas
of the thresher. | -

This seed protectlon was prov1ded by the installa-
tion of cushioning materlal on all 1nternal surfaces coming
in contact with the threshed seeds.  For this purpose, the
inner surfaces of the top plate and feed-end plate; as shown -
in Figure 49, were covered with asone—eighth.inch thick layer
of natural‘rubber having a Shore hardness of 40 to 45. The
leading surfaces of the.cylinder rub bars were covered with
natural rubber having a Shore hardness of 70. A vuicanizingb
process was used to bond all rubber to the surfaces they |
covered | | |

The cushionihg, shown in Figure.SO,‘was applied.
“to the concaves assembly by dipping the componentiin a vinyl‘.
plastisol material, and curing to a Shore hardness cf‘70 to 75.

| A cylinder stripper bar, which‘was rubber coated,

was also added to reduce the recirculation of material around
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Figure 49. Internal components
showing location of
cushioning material.

Figure 50. Detail of cushion
material on concaves.

Figure 51. Location of decelera-
tion curtain in plenum
chamber.
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the cylinder. This is also. shown in Fignre 49.

A rubber decleration curtain was added to the
housing so as to intercept the path of material exiting»from :
between the cylinder and concaves. Thie durtain, shown in
Figure 51, is hung justefo the rear of the stripping bar,'and"
acts to slow the high velocity material, and drop it onto |
the scalping aieve.~ |

(v)'Testing

Upon completion of the modifications ouﬁlined above, -
the performance of this second generation threshing toolIWas‘"
tested. A modified testing procedure was used £o take
advantage of experience gained in the earlier £este.‘

Tests were conducted on cones at 15% and 20%
noisture content, corresponding to the moisture range which':
produced ﬁhe highest recovery rates in the earlier tests.
Based on the finding that the peak recovery is at the low
‘end of the operating speed range, operating speeds of 1600,
2000, 2400 and 2800 feet per minute (487, 609, 732, and 853v3a
meters per minute ) respectively, were chosen for the secondbb
series of tests. Groups of lOO cones were used for‘each tesf._

In order to ensure complete extraction all cene‘
fragmente were recycled through the thresher until complete
threshing was achieved. In the‘case of the loW‘speed‘treat—'
ment, upﬁards of fifteen passes were required in order to

.reduce the last few cone fragments.
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Separatlon of . the seeds from the cone debrls was

carried out under the same condltlons as the earller tests.
In the final cleaning, the hand sorting was" replaced by pa551ng
the materlal over a manually oscillated cloth covered surface
which was sllghtly 1ncllned In thlS process the smooth round‘
seeds ‘travelled down the- 1nc11ne sooner than the cone fragments,
and the latterwereremoved from the cloth by vacuum. After all
debris and obviously damaged seeds were removed'fromvthe samples(
the seeds were counted on an electronic seed counter; |
| In order to account for seeds which may have been
lost during the cleaning process, seeds from the_control7group
- were mixed with the debris from one group'Of threshed cones,b-
and were re-separated using the same treatment given'the'
threshed seeds. -

Germination tests Were carried_out_on seeds_and the
germination,gercents-were correlated to give the number'of_viable
seeds‘per cone, recovered by’the extracting tool. ‘.‘

‘The results of these tests arevtabulated in Table
A-23 and the recoveryvrates are plotted against peripheral tooli
speed in Figure 52. | |

From the figure it can be ‘seen that maXimumvrecovery
rate for Lodgepole pine is much higher for the second generation .
thresher than it was for the.firSt'prototype."The better»offthe
two moisture contents tested in the.rubberized thresher is

clearly shown to be the 15.5% value. The optimum»cylinder speed=
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for the conditions tested is in the range of 2000 ft per

minute.

These figures for optimum'moisture.¢ontent and chin—

der speed correspond well with those determined in the earlier

series of tests.

Figure 52.
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Thé results of these tests show a marked improvement
in the seed recovery rate Qf the thrésher'byfthe modification .
~of only one 6f_the many variables which affect the performance
- of such a machine. It is therefore apparent that additional
developmental work with this and other variabies which éffectg
thréshing effectiveness can be expected.to_result in further .
improvements in-the rate 6f viable seedvrecoveryvfrom'conifér
seed threshing tools.

A further test was carried out on the second proto-
type in order to assess the degree of seed extraction
achieved with successive passes through the threshing tbol;»“"

For this test, a group ofleO éoneé was studied-v
under the.optimum threshing conditions of 15.0%'moisture con-
tent, and a cylinder speed of 2000 ft/min as détermined earlier.
The cones were passed'through the thresher, and the seeds
passing through the concaves and through the scalpipé sieve
were collected. The unthreshed cones and cone fragments were
then rethreshed nine times and the seeds'Were collected ffom
- each regién of the threshér after each pass. |

:The nﬁmber of seeds from each regioﬁ éfter each‘v
pass was recorded, and germination Percents aetermined.for each
_gioup. -From.the data, the number of viable seeds recoveredb
~ from the concaves and from the écalper_sieve.after each pass
was detérmined, and is reported in Tables A-24 and A-25. |
Cumulative curves showing the portion of totai viable seeds

recovered through the concaves and through the sieve, for eadh 
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~ successive pass, are plotted in Figufe.sj.
These curves shéw that.less than half of the seeds
..are recovered through the concaves, and thét approximately 95%
of the viable seeds recovered are extracted in the first four -
passes through the thresher.

The data of Tables A-24 and A25 also show that the
viability rate of seeds extracted in é certain pasé is not

'significantly reduced by successive passes through the thresher.
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' Figure 53. Accumulated viable seed recovery from cones at
15% moisture content threshed at a cyllnder

speed of 2000 ft/minute.
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(vi) Threshing Performance on Other Species -
The performance of the second generation threshingﬂ
‘tool was also evaluated by extracting cones of the follow1ng

species: Douglas fir (Pseudotsuga menziesii (erb ) Franco)),

white spruce (Picea glauca (Moench) Voss)),»and-western hemlock

(Tsuga‘heterophylla (Raf.) Sarg.)). ' These cones were identi-

fied by the B.C. Forest Service seed thenumbers as C7-2,
N7-3, and N22~5 respectively. | s
Tests were conducted on each species at £WO moisture
" contents. One moisture level was where_the?cones were jﬁst h
dry enough to shed seeds, the other, where:the cones were
wet enough to femain closed. The concaves ef fhe thfeshing.
‘tool was set at ene arbitrary,position'for the tests whlch
were carried out at five eylinder speeds. Partlally extracted’
cones were reprocessed'until threshing WAS‘complete.‘
Separation of the seeds from‘the-cone debris-was .
cerried out using the same techﬁiques as used for lodgepole .
pine above, except that sieve sizes appropriate to-eech'seed.
size were used. | | | |
Seeds in the control group were extracted by drying
and shaking in a mesh bottom contalner. These control seeds:
were mixed with the debris from a_grOup'of cohes and then re—‘
separated using the same techniques as'the threshed.seeds.
Germination tests wereveasried out on eech_group
of seeds, and the number of viable seeds recovered in.each_test

was determined. This was compared to the humber of viable seeds .
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recovered from the control group in order to determine the-percent'
recovery. | | | '
The data from the tests on flr, spruce and hemlocx
cones are shown in Tables .A-26, A-27 and A-28 respectlvely. :The |
: rates of recovery of viable seed for each Qroup of tests is |

plotted against cylinder speed in Figufe‘54,
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Figure 54. Seed recovery by threshlng of flr, spruce and
hemlock cones.
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The curves of Figure 54 indicate thatvthe'best seed
recovery rate for the particular condition of thresher'ﬁariables
used in these tests was achieved with Douglas‘fir-cones, at
11.5% moisture content. Unfortunately the results.of}the test
at this moisture conteht at a cylinoer speed of leOﬂft/minute ,
‘weredestroyed during cleaning. ' The curve did, however, indicate
a maximum seed recovery rate in excess of.80%._
| The maximum recovery rate achleved 1n spruce was.
slightlyvabove 40%, whlle that of hemlock was below 20% It is.
also ev1dent from the curves that the maximum recovery rate for
the particular thresher configuration and adjustment used in’
these tests was achieved at cylinder speeds betweenIZOOO and'3OOQ
feet per minute. | | R

The results of these tests indicate that satlsfactory
seed extractlon can be achieved by threshlng once the optlmum
condition of each of the many variables of‘machlne_parameters andﬂ

" biological material conditions are identified.
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XII CONCLUSIONS

The conclusions arising from the invéStigations
outlined in this report are listed in point'form below.’

1. Physical Properties of Lodgepole Pine Cones which
Affect Seed Extraction

- Seeds located in the extremities of theAseed beafing
region of lbdgepéle pine cones have a Slightly
highef percentage of empty seeds, but filled seeds
from allbregioné of the cones have esSentially.theA
éame germination percent. ‘ |

- Seeds whi¢h are easily extracted by tumbiing tend to
have a higher pbrtibn of filled seeds than‘thoée

which are more difficult to extract. -

- A decline in germination percent is initiated within 72

hours in seedé_of.wet-éones which ére slowiy dried-
in é non—circulating kiln at 1400F1(600C5.

- The equilibrium moisture content, duriﬁg‘drying, ofi‘
lodgepole pine cones has been determined'and.the‘
characteristic is consistent with that of other |
hygroscopic biological materials.

- The mean temperature at which the'seroﬁinous seals of

| yéung cbneé of ibdgepole pine are broken is |

O

52.51° ¢ 5.7 C. 01d weathered cones are opened

at a mean temperature of 54.500C_i 5,89C4
- The angle to which the scales of lodgepolé'piné cones

open upon drying, after seai breaking,'has been
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determinéd, and is approximately a linearlrelation—.

ship with cone moisture content in the range of

‘moisture content belpwv25% wet basis.

" - The scales of lodgepole pine cones ﬁndergova process 
of stress relaxation when they are_heid at mﬁisture_
contents below 25% wet basis while their scales ére
sealed in the closed position. Cones which.
experience this process suffer a reduction in the
angle to which their scales will open for any
given moisture conteﬁt after their seals are broken.

- Coneé.which have undergone a sﬁress relaxation process
can recover most of their_scale‘deflecting ability
if‘theif moisture content is raised to a high leveli
before redrying. |

- The portion of total seeds contained by cones Which can
be easily extrécted by ﬁumbling'increasesbat é
diminishiné rate as the éngle of scale défléction‘
is increased beYond 600>by'drying‘

- The serotinous seal of 1odgepolé pine conéé.can be
broken byﬂflashAheating in eithér.hot water, or
in a flame, withouf causing a reduction in seed -
viability. -

- Completé.seal breakage can be achieved with a mild
heat tréatment if the coneé'are‘at é moisture
content>below 25% wet basis, so that séale flexingv

stresses separate the scales when the sealing

material is melted..
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‘Development of Seal Breaking Tool

- Mechanical seal breaking can be'achieved byvamcrushing,'
process, but this technique does not lend'itse1f |
to continuous flow commercial operation.

— Thermal seal breaking by fiash heating cones‘is an
effective method of opening ﬁones which lends‘
itself to continuoué_flow commercial- operation.
Seed températures within cones so treated can be .-

| predictéd with reasonable accuracy. . |

- A continuous flow hot water flash heating tool for.
seal breaking was deVeloped'éndvfound'to.operété
effectively, but had certain disadvantéges.
which reduce its suitability for commercial
operation.

'— A continuous flow flame treating flash heatingvtbol‘
for seal breaking was developed and_found_to  |
oéeréte effectively. This device was the'moét .
suitable tool found for opening serotinous cones
under commercial operating conditions and was
calibréted over a range of moisture contents for

two classes of lodgepole piné cones.

- Mechanical abrasion of the outer portion of serotinous

-cones will reduce kiln treatment for seed extraction
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purpbses, but does not appeér suitabie as a toél
for commercial operation. |
- Seed extraction by the removal of the’COre'of serotinous
_cones is an effective alternative; bﬁt thé‘high -
‘degree of asymmetry of the cones of lodgepole pihe.
causes extensive seed damage when‘thevcore boring
:tool cuts beyond the woody core.  This occurs when
the boring tool, which can automaticaliy'align,
itself only with the axis of the exte:nal'cone f
profile, is operated.on cones whose woody core is
-not concentric with the external cone profile.
- The exﬁraction of conifer seed by threshihg is an
acceptable alternative in,terms’bf the design of»"
a mechanized seed handling system.: A fifst”and*
second generation conifer threshingvtool‘was‘ o
developed and tested. With a limited degree of..
optimization of machine Variables,bviablefséed |
recovery.rates as high as 44%.we£e achieved With_
this‘tooi on unsealed lodgepole pine cones.
Further developmental work on this tool can be
expected to raise this figure significantly._‘
- Preliminary tests performed with this prototype
- threshing tool on cones of‘Douglas'fir,;thte

spruce and western hemlock, indicate that the
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optimum condition of the‘many machine and material
'”variabies which affect threshing‘must be determined.

for each individual species.
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XIII ~  RECOMMENDATIONS

Recommendations for‘the aéplication of the findings
of ‘this investigation to the commercial seed extraction of” 
the serotinous conifer species, as weil.as general comments
on the development of a mechanized conifér seed extraction
system are listed below:

,-; Serotinous cones which are td'be extfacted by kiln -
drying .and tumblihg should be_étored ét low |
'temperatures,at a moisture.content‘of approximately' 
25% wet bésis in qrder to minimize the occurrence |
of sﬁress rélaxétion in thé éone scaies.

- :Non—SerotinQus cones which_aré to-bé_ki1n extracted '
should not ke allowed to dry beldw épproximately

25% unless they are in containers which pérmitxfree

~deflection of ﬁhe-scales. This is because stress |
relaxation»occﬁrs in non—éerotinous.cones which’_ﬂ
are dried,ibut whosevcone‘scales are'prevented

-, from deflectiﬁg fully.

"—' ft'is recommendedvthat fﬁrther work be cérried 6ut
£6 complete the developﬁent éf the_design of a
flahe treatingvflash_heater for the seal breaking
of serotinous cones. This machine will be'a‘

valuable tooi fo:'seal breaking prior tb conven-

tional kiln treatment, as well as fdr'future L
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develcpment of a méchanized,conifer.Seed éxtraction
_system; | |
The folloWing'design,feéture§ afé recommehded‘for
inclusion in the design of_Subsequent machineég
® Longer flame tube having larger diametefzand:
at least double run cdnveying flights.
~® Hopper feeding and metering system‘based on
vibration;' |
@ Double enclosure.over_flame,tube‘to reduce
heat losses: |
It is recommended.that further,sfudy be carried out
to ‘determine the opfimum conditioﬁs of the machine
and material variables which affect thé_thréshing
of'cOnes; v‘ |
The following parémeters are,sﬁggested_as possible
avenues to improved threshing performance. | |
® A study of cone and seed morphology and physiology
to identify the characteristicé of,land'ﬁeans-
- to reduce mechanical seedbdamage.
@ The utilization of a larger’threshing cylinder
.diamete:, and the resultiné_g:eater concave
lehgth. | - B | B
® Experimentatioh with.shorter, clOser'spéced.f
cylinder rub-bars, including spike toothj'

cylinder and concaves.
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® Experimentation with alternate concave designs,
-and settings.
® Investigation of air assisted transport of

seeds out of the area of the cylinder.
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TABLE A-1. NUMBER OF SEEDS PER CONE, BY LOCATION

Basal Central Upper Total Basal Central Upper - Total

Region Region Region Seeds/Cone Region Region = Region Seeds/Cone
4 8 7 19 17 15 21 53
0 5 2 7 10 14 6 30
s 5 14 3 4 18 35
8 14 6 28 7 0. 7 2
11 16 6 33 3 4 2 9
9 17 12 38 8 14 e 26
16 8 7 31 5 121 18
10 5 21 4 11 - 5 20
9 6 24 8 4 12 . 34
10 5 20 6 8 4 18
. 12 6 22 1 12 4 17 .
11 12 3 26 9 13 3 25
4 10 2 16 1 12 2 15
13 . 16 10 39 3 13 6 22
2 s 7 14 13 11 . 28
13 13 9 35 o 13 10 32
6 15 4 25 5 13 8 26
5 4 17 0 8 6 14
4 6 16 4 10 11 25
7 15 29 5 15 - 6 26
10 16 22 48 7 18 15 40
9 10 5 24 6 12 422
4 4 0 8 6 1 127
3 17 10 30 6 13 5 o
8 4 2 14 5 10 ¢ 3 18
4 6 17 7 11 9 77
5 6 2 13 7 14 - 10 31
7 15 11 33 5 15 1m - 3
8 11 6 25 5 6 3 . 14
6 11 13 30 5 11 13 29
3 10 6 19 16 23 25 64
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TABLE A-1 (Continued)

Basal Central Upper | Total Basal Central Upper : Totall

Region Region Region Seeds/Cone Region Region Region  Seeds/Cone
0 6 3 19 -7 9o 15 - 31
2 13 5 20 5 4 110

6 5 4 15 717 10 34
2 10 13 - 25 6 14 .4 24
4 10 23 10 22 11 43
2 3 13 4 8 17

10 12 10 32 2 _ -5 13
6 14 7 27 5 12 7 24
2 . 12 7 9 2 18
0 2 7 5 17 4 26

2 1 17 30 5 6 6 - 17
7 8 13 28 5 15 6 26
4 6 4 14 6 10 8 24

7 11 6 24 3 8 10 21
5 10. 6 21 7 13 3 23
6 10 8 24 9 11 3 .23

6 5 1 12 5 21 1 38
5 11 23 5 % 15 3
6 8 19 3 5 2 010
'TOTAL - 592 1076 724 2392
AVERAGE SEEDS PER CONE 5.9  10.8 . 7.2 23.9 -
PERCENT OF TOTAL SEEDS 258 453 305
GERMINATION § OF GROUP  91.2% 90.9%  91.6%

AVERAGE GERMINATION % OF ,
ALL SEEDS‘ 91.21%
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TABLE A-2 VIABILITY OF OVEN DRIED CONES

~‘Initial cone conditions 34°F (2°%), 23% MC (w.b.).
Oven temperature 1409F + 3% (6OOC t 1.5OC).

Open air movement by convection only.

‘Sample - Treatment , - - . Germination

. Number ‘ - Time in -~ g of Filled .
' Hours ' ' Seed
1 | - s - 87%_i
2 — | g - . 933
3 o 12 i - . 91s
4 . , 16 | o 92%
5 : 20 ez
6 S | 24 . | 94%
7 - 36 . - 953
8 | 48 97%
9 72 93%
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TABLE A-3  EQUILIBRIUM MOISTURE CONTENT (WET BASIS) OF CONES
: OVER SATURATED SALT SOLUTIONS AFTER 30 DAYS

Salt Distilled Barium Ammonium Ammonium Sodium Potassium Lithium

Solution Water Chloride Chloride Nitrate Iodide = Acetate Chloride
Equili- | | - | S
brium
RH. - v F
e 72°F 1005 90.2%  78.0%  61.05  39.0%  23.05  11.3%
27.88 22,14  17.89  13.21 - 9,51 - 7.70 4.67
27.81  21.95 16,93  13.55 9,59 7.28 . .4.96
27.97  20.58 - 17.66 13.61 . 9,91 - 7.5  4.81
26.35  21.29 17.87 13,13  9.80 - 7.56 4,85
INDIVIDUAL 29.79 20,51  17.46  13.50 9,64  7.39  4.84
| 20.89 2012 17.18 13,34 . 9.64 _ 7.43 . 4.60
CONE - 21.82  16.89 13,94  9.65  7.45  4.76
| 22.85  17.64 13,35  9.47 -7.21 - 4.71
MOISTURE - 20.95  16.82 13,55  9.50  7.33  4.92
| 120,92 16.80  13.45  9.54  7.59  4.86
CONTENTS 20,98 17.37 . 13,08  8.03  .7.32 -  4.87
| 20.73  17.53 13,62 9.74 . '7.38  5.01
21.35 17,59  13.09 9.21 . 7.36 - 4.60
21.44 . 17.44 13,64 - 10.18 7,27 . 4.78
21.68  17.96 = 13.43 = 9.52  7.78 4.72
20,72 ©13.78  9.48. . 7.56  4.98
Mean ‘ - S .
Equb'm 28.28%  21.23% 17.40% 13.45%  9.52%  7.45% °  4.81%

Moisture +1.35 +0.73 +0.39 +0.25 . +0.45 +0.16 o+
. . - - . A . %0.13
Content : ; : T .
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- TABLE A-4 CONE SCALE RELEASE TEMPERATURES
Bath  Number of  MNumber of Bath  Number of  Number of
Temp New Cones 0ld Cones Temp New Cones . Old Cones

oOC . "Opened Opened o Opened Opened

42.3 1 1 52.6 1 0
43.1 2 2 52.8 2 1
43.2 1 1 53.3 1 0
43.8 2 0 53.4 3 1
44.5 3 2 54.1 4 1
44.8 0 1 54.3 2 2
45.1 1 1 54.7 1 1
45.4 0 1 54.8 0 3
45.7 2 1 . 55.0 0 0
46.0 0 1 55.5 - 0 1
46.4 1 0 55.6 1 1
46.5 2 0 56.3 1 3
47.0 1 0 56.8 0 3
47.1 0 0 57.9 1. 0
47.7 0 2 57.5 0 4
48.3 0 0 57.6 0 1

- 48.4 0 0. '58.0 1 2
48.9 0 0 53,1 3 1
49.2 0 0 58.7 1 2
49.7 1 0 59.2 4 3 .
49.9 2 0 59.3 1 2.
50.5 2 1 - 59.7 1 2
50.6 0 0 1 60.1 0 2
51.0° 0 1 60.4 1 2
51.1 1 1 S 61.2 2 3
51.8° 0 0 61.6 1 1
51.9 5 1 62.5 1 1

Mean Temperature 52.51% - 54.50°%
Std. Deviation +5.7 °c 5.8 %

‘Number of Cones 60 - 60



TABLE A-5 | MAXTMUM CONE SCALE ANGLES OF CONES 21.2% M.C. (w.Db.)

(In'Degrées)‘

Cone

No. 1 203 4 5 6 7 8 9 1o 1 12 13 14 15 16
12 15.5 6.5 10 9 8.5 12 11 9 4 4 6 15 8 11
2 14 45 7 6 45 155 11 9 8.5 10 5  20.5 5.5 14.5
10 12 4 4.5 5.5 3 17 115 6 7 g8 20 8 13
8 8 6 352 2.5 10.5 12 4. 8.5 @ 185 7 11
85 955 2 5 55 9.0 9 4.5 4 7 g 19.5 8  13.5
9 9 4 7.5 4 2 8 g 9 10 3 0.5 . 18 7 115
9.5 14.5 -~ 7 5.5 4.5 10.5 'S( 11.5  10.5 9 6 fg' 16.5 8.5
Mean ' ' : . 5 o 8 : S
value 9.86 11.78 5,00 5.93 5.28 4,50 11.78 10,57 7.29  5.64 -~ 7.57 5.5 18.28 7.25 11.86
std. - : : S ’ v - | _ . o i j .,
Deviation ~  1.60 2.98 1.05 2.73 2,12 2.10 . 3,33 ~ 1.09 '3.18 . 2.46  2.09 0.71L 1.98 0.99 1.99

GYT



TABLE A-6 . MAXIMUM CONE SCALE ANGLES OF CONES AT 17.4% M.C. (w.b.)

(In Degrees)

Cone o ‘ : -
No. 1 2 3.4 ..5..6..7 .8 9 - 10 11 12 13 14 15
44.5 38 51,5 25 32 22 33,5 23 30 31 24 21 3 31
47 30 51 31,5 34.5 25 29 31 26,5 24.5 30  28.5 34 3
43.5 39.5 48.5 35 33 35 29.5 39 25,5 22 25 26 29" 27 g
45 30 47 35 42 32 235 31 245 22 17 26 % 22 26.5 &
45 39 54 33 34,5 24 34 34 24,5 30 28 21 E; 24 22 B
| 33 50,5 33 3 32 31 31 28 . 30.5 27.5 19.5  » 255 20.5 3
| 28 53 32 34 26 30 26 27 21 g 325 24y
Mean .. S - o . S ‘ . - A
Value -~ 45.00 33.93 50.78 33.50 35.14 28,00 30.08 31,29 26,50 26.57 24,07 23,28 28.71 27.36
std. |

CDeviation | 1.27- 4.83 2.43 1.50 3.27 4.93 3.81 4,78 2.17 3.94 4.14 3.46 4.96 3.55
| OVERALL AVERAGE SCALE DEFLECTION 31.73° + 7,78° |

9pT
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TABLE A-7 B MAXIMUM CONE SCALE ANGLES . QF CONES AT 13.5% M.C. (w.b.)

(In degrees)

- Cone

N. . 1 2 3 4 5 § 7 8 9 10 11 12 13 14 15 16
67 55 42 38 45 78 41  49.5 43 59,5 59 54 54 43,5
65 54  46.5 36.5 52 68 61  45.5 44  60.5 64  48.5 42 49.5
59 57 51 35 51 45.5 53 . 51.5 47 54 64 42 43 55
60 58.5 43 30 50 60 53 46 41  50.5 5L.5 35.5 44 445 Y
77 54 32 26 56.5 69 57 40 40  6l.5 54 47 g 38 | .E;
71 54 42 33 47 71 50,5 39 35 52 51,5 32 E; 36 >,
64.5 58 50 41 45 . 50 42 44 .59 51 38 33.5 'g
71.5 - v -
- T | g8 5
Mean v o . oV Z
Value .  66.85 55.78 43,78 34.21 49.42 65.25 52.21 44.78 42,0 56.71 56.5 42.42  41.5 48.12
std. S o o S | | |
Deviation 2.00 6.38 5.05 4.56 11.26 6.26 4.72 3.83 4.44 5,42 7.84 7.84  6.73 5.28

| OVERALL AVERAGE SCALE DEFLECTION 49,97° + 9.42°

BT



TARLE A-8

MAXIMUM CONE SCALE ANGLES OF CONES AT 9.5% M.C. (w.b.)

(In degrees)

» Deviation

No. 1 2 3 4 5 6 7 '8 9 1 U 12 13 14 15 16
74.5 70 58.5 6.85 49 58,5 89.5 75.5 65 52 45 75 49  65.5 62
48 57 62 88 57 59 72.5 65.5 70 58 355 64.5 50  68.5 6L.5
43 58 60 .76 52 68.5 63 6L 72 60.5 34 71 49  67.5 62.5
67 71 48 72.5 54 66 50.5 70 69.5 52 34 71.5 52 68 58
74.5  71.5 64 59.5 61 60 84 67 6l.5 33 66 54 56 64
.73 68 52,5 58.5 72.5 76 75 58 41 63 53 64
70 65 58.5 74 69 81.5 70
Mean . | - o | R : - -
Value 1 64.36 657858.59 76.25 54.64 60.25 68.86 72,99 69.64 57.00 37.08 72,31 51,17 65.59 61.60
Std. R o R o
13.2 6.1 6.2 8.4 3.8 3.0 12.4 8.2 3.13 41 48 82 21 4.7 2.2

' OVERALL AVERAGE SCALE DEFLECTION 62,57° + 11.5°

VA



TABLE A9 ' } MAXTMUM CONE SCALE ANGLES . OF CONES AT 7,5% M.C. (w.b.)

(In degrees)

Cone _ o ; ' o , : . : '
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
99.5 57.5 64.5 67 83 8 58 8L 104.5 74 725 515 63 65 57 56.5
102.5 66 64 79 6L 8 60 70 8  79.5 76 62 - 6L 69 57.5 70.5
94.5 59.5 72 88 48 8 62 7L 103 74 66.5 54 -~ 69 66 71.5 68
91 69 67  87.5 55 98 69 8.5 95 70 72 49 5 72 71 60.5
93.5 61 69.5 74 ° 58  88.5 69  77.5 102 59 75.5 49 - 64 71 63 75.5
89 59  69.5 69 59  99.5 78  76.5 73079 66 67 57
92 . 58 56  69.5  89.5 68 79 79 718 . 63 55
Value . 94.57 61.43 66.07 76.28 60.67 90.07 66.28 77.21 98.30 72.64 74.21 53.10 62.60 67.4263.14 64.67
std. - e - ~ S o .
Deviation 4.81 4.38 5.29 8.76 11.84 6.45 6.85 5.44 7,29 6.88 4.27 5.39  4.72 3.31 6.86 7.81

| OVERALL AVERAGE SCALE DEFLECTTON 71,79° + 12.82°

C6PT



TABLE A-10 . MAXTMUM CONE SCALE ANGLES OF CONES AT 4.8% M.C. (w.b.)

(In degrees)

Cone _ ‘ _ _ , : _ - | :
No. 1 2 3 4 5. 6 7 3 9 10 11 12 13 14 15 16
9l 106 72.5 79 79 94.5 88.5 68 74 97.5 94 114- 8L.5 87 85 80
83 122 77 105576 74.5 99 73  107.5 86.5 86  109.5 79.5 91 80 77
82.5 116.5 84 87 8 8 87 73 91 90.5 8.5 131  78.5 90.5 77 8l
93 117 84 84 80 955 8.5 70 94 8 9.5 95 7L 79 74 88.5
92 1215 81.5 89 76. 121  84.5 69 79 79.5 79.5 106.5 70  74.5 76 75
89.5 118 90 83 82.5 92.5 74.5 69 88 74 87.5 103.5 84.5 75.5 76 92
79.5 8 755 91 78 69 955 94 75 8.5 8  8l.5
Mean o Lo o SR - ‘ ' N _ ef _
valve . 88,50 116.83 81.21 §7.9378.7192.71 85.57 70.14 88,9286.9387,57 109,92 77.14 83.00 79.28 82.14
sta. R R o S o |
Deviation = 4.60 5.78° 5.62 8.47 2,94 14.76 7.91 2,03 11.81 8.41 6.00 12.14 5.38 6.84  4.96 6.07

. OVERALL AVERAGE SCALE DEFLECTION 86,59° + 13.09°

*0G6T



- MAXIMUM CONE SCALE ANGLE OF CONES OVEN DRY

MEAN SCALE ANGLE 97,02° + 15,68

L 6.35 11.47° 532 13.74 3.36 S.J1 6,29 11.49 8.82 4,27 5,83 7.49 5,90 5,08 4.9 538 7.3 S,

TABLE A-1ll
Con _ L ' ‘ ,
No. 1 2 3 4 5 6 7 8 9 10 11 - 12 13 14 15 . 16 17 18 19 .20
88.0 106.0 75.0 82.0 108.0 89.0 111.0 82.5 127.0 9.5 76,5 91.0 84.0 108.5 88.5 74.0 132.0 90.0 103.0 87.5
103.5 128.0 87.0 126.0 105.0 90.5 110.0 77.5 122,0 ~106.0 70.0 76,0 90.0 97.5 83.5 88.0 128.5 96.0 94.5 95.5
89.5 125.0 87.0 112.0 108.0 97.0 112,0 95.5 117.0 104.0 62.5 76.0 89.0 102,0 81.0 88.0 121.0 98.0 90.0 86.0
89.0 125.0 86.5 117.0 115,5 83.0 107.0 97,0 109,5 102,0 66.5 77.5 88.5 99.5 -81.5 84.0 117.0 101.0 107.0 93.0
- 84.5 107.0 -~ 87.0 113.0 107.0- 81.0 122.5 109.0 101.5 94,5 79,5 66.5 87.0 99,0 79.0 85.5 110.5 106.0 101.5 93.5
© . 87.5 101.0 76.5 112.0 107.0 85.0 123,0104,0 107.0 - 98.5 71,0 71,5 94.5 105.0 79.0 90.5 123,0 97.0 113.0 - 92:0
) 95.0 125.0 81.0 116.0 107.0 93.0 117,0 102.0 115.0 103.5 68.0 76.5 102.0 93.0 72.5 ' 83.0 127.0 93.5 109.0 88.0
Mean ' C ' ' . . . o . : : ‘
" Value 91,00 116.71 82.85 111,14 108,21 88,36 114,64 95.36 114,14 100,71 70.57 76.43 90,71 100.64 80,71 84,71 122.71 Y7.36 102.57 90.
Std, ' ' ’ : ' .
Deviation Is 8.1 3.

16T -



X MONTHS AT 11.2% M.C. (w.b,), UNSEALED AND DRIED TO 9.9% M.C.

TABLE A-12 MAXIMUM SCALE ANGLES OF CONES STORED SI
: : {Stress Relaxed Cones)

No. 1 3 S 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
22.0 13.0 14.0 © 20.0 17.5 18.5 19,5 20.0 23.0 14.5 20,0 22,5 24,5 24,5 29.0 25.0 18.0 18.0 17.0 29.5
21.0 13.0 13.0 19.5 15.0 18.5 23.0 - 17.5 20.0 14.0 20,0 20.0 22,5 25.0 24.0 27,0 .19.5 19.0 27.0 " 32.0
2.0 - 12.0 12.5 1.8 17.0 17.0 19.5 20.0 23,0 10,5 22,5 19,0 19,5 21,5 24.5 20.5 18.0 20.0 24.0 37.0
20.0 8.0 16.0 19.5 17.0 -17.0 23.0 20,0 23.5 14,0 23,0 16,5 19.0- 30.0 18,0 26,0 12,5 27.0 21.5 . 37.0
19.5 11.0 15.5 16.0 19,0 18.0 23.0 19,0 23,5 14,0 25,0 17.0 18,0 26.0 18.0 "26.0 13.0 25.0 21.5 36.5
20,0 12.0 16.0 15.0 19.0 18.0 20.5 23.0 25.0 14,0 24.0 18.0 17.5 27.0 18.0 24.0 1:4.0 22.5 20.5 33.0
20.0 11.5 19,5 16,0 19.0 18,0 17.5 23.0 28.0 21.0 21.0 14.0 30.5 19.5 32.5

18.00 24,0 21,0 - 15,0 24,5

 MEAN SCALE ANGLE 20,28° + 5.35°

tesT
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TABLE A-13 LMKIBRRISCALE ANGLES OF CONES STORED SIX MONTHS AT il 2° :
(w b.) UNSEALED, REWETTED AND DRIED TO 11.1% M C. Cw b.)
: (Stress Relaxed Cones) . :

Cone » : _ ‘

No. 1 35 .4 -5 6 7 - 8 9 10
52.0 61.0 57.0 53.0 62.5 66.0 64.0 .63.0"7576 ‘.58.0
51.5 65.0 58.0 54.5 63.0 _66.0.'61.0 7d.OV‘89.O 59.5
50.5 61.0 54.0 60.0 61,5 72.0 760.s‘f79.sj 88.5 -'53.5_:-'
53.0 61.0 57.0 60.0 65.5 61.5 62,5 gis.o:'83fo 55.0
51.5 64. 56.5 64.6 65.0 64.0 70.5 '§4;01 70.5 '.‘53.5
50,0 59.0 55.0 62.0 71,0 64.5 62.5 65.0 72.0  56.5
16,0 61. 4970 62.0 65.0 70.0 62;0'v62.$ -

MEAN SCALE ANGLE 62.

63° + 8,66°

64.0




TABLE A-14 ‘ MAXIMUM SCALE ANGLES OF CONES STORED SIX MONTHS AT 11,2% M.C, (w.b.) UNSEALED, REWETTED AND -DRIED TO OVEN DRY
' (Stress Relaxed Cones) *

Cone . ) S o : o
No. 1 -2 3 4 S 6 7 8 9 10 11 12 . 13 14 15 16 17 18 - 19 20
57.5 90.0 80.5 87.0 107.5 113,0 99,5 84,5 119,5 85,0 96,0 97.5 100.5 99,0 102.0 90.5 89.5 95.5 102.5 99.0
72.0 89.0 84.0 87,0 97.0 96.5 101.0 83,0 102,0 84,5 86,0 96.5 101.0 101,5 104.0 91,0 91.0 94.5 114.0 105.0
65.0 95,5 87.0 85.5 102.0 98,5 97.5 92,5 102.0 87,0 90,0 100,5° 97.5 96.5 94,5 87,0 87.5 92,0 113.0 102.0
66.0 86.5 86.0 83.5 92.0 91.5 85.0 92,0 95,5 89.0 88.0 99,5 98.5 105.5 96.5 85.5 88.5 87.0 122.0 106.0-
. 68.0 86.0 86.0 91.0 102.0 .104.0 79,5 106.0 96,0 88.0 84,0 102.0 100.5 100.5 100.0 92.0 85.5 86.5 114.0 103.0
‘64.0 86.0 79.5 89.5 . 96,0 98,5 850 99,5 96,5 89,0 81,0 102.0 100,5 100.¢ 108.0 90.0 -100.5 92.5 110.0 99.0
70.5 5 90.0 117.0 101.0

88.5 80.0 °85.5 96.0 108.0 99.0 .94.5 96,5 87.0 80,0 99.0 100.0 99,5 96.5 93,0 93,

© MEAN SCALE ANGLE 93.64° + 10,65°

*9ST



" TABLE A-15 : ' MAXIMUM CONE SCALE ANGLES FOR FIRST SEﬁD RELEASE TEST

gg?e . 1 2 3 4 . S5 6 7. 8 9 10 11 12 13 14 15 16 17‘ 18 19 20

50.0 36.0 47.0 35.0 33.0 42,0 42.5 46,5 37,0 27,0 34.5 31.0 69.0 51.5 42.5 3.5 39.0 $0.0 36.0 48.0
50.0 33.5 '43.0 29,0 36.0 38,0 '55.0 48,0 39.0 37.0 34.0. 32,0 76.0 55.0 40.5 37,5 44.5 47.0 33.5 49.5

49,5 41,0 41,0 30.0 30,0 37.5 50,0 41,5 37,5 43,0 34,0 32,0 75,0 57,5 37,5 37,5 45,5 47.0 36.5 $4.0
43.5 46.0 44.0 39.0 45.0 32,0 57,5 44,5 41,5 42,0 31,0 34,0 69,0 53.5 34.0.' 34,0 50.0 45,0 35,0 51,5
40,5 46.0 -45.0 35.0 34.0 38,0 45.0 46.0 36.0 40.0 31,0 36,0 67,0 .50.0 36,5 32.0 47.0 45,0 37.0 ‘51.5
45.0 46.0 42,0 33,0 37.0 36,0 '50.5 43,5 31,0 37,0 . 34.0 '31,0 67.0 41,0 355 35,0 49.0 40.0 29.0 53.5
45,0  45.0 42,0 29,0 33,0 39.5 47.5 52,0 39,5 37,0 32.0 33.0 47,5 41.5 38.0 34.0 46.5 39.0 42.5 46.0

MEAN SCALE ANGLE 42,00° + 9,20° -
Mumber of Seeds Released this Test - 226 v s
Cunulative number of Seeds Released 226 ’ : ' s
Cumilative percentage of total Seeds Released 50% '

65T .



TABLE A-16 MAXIMUM CONE SCALE ANGLES FOR SECOND SEED RELEASE TEST
Cone : . . . C .
No. 1 2 3 4 5 6 7 8 9. 10 11 12 13 14 15 16 17 18 19 20
62.5 60.5 54.0 42.0. 44,5 48,0 66,0 57,0 46,5 48,0 41,0 45,0 88,5 66.5 39,0 50.0 ' 66.5 60.0 . 52.0 73.5
" 69.5 58.5 56.0 38,5 41.5 49.5 80.0 70,0 46.5 47.0 38.0 48,0 77,5 65,5 56,0 52,0 80,5 46.0 65.0 S8.5
63.0 53.0 .62.0 47,0 44.0 52,0 79,0 60,0 45,0 45,0 41,0 44,5 74.5 54,5 52.0 53.0 74.5 57.0 50.0 72.5
71.5 45.0 65,0 39.5 45.0- 53,0 67,0 47.0 35,0 44,5 40.0 49.0 74,5 64.0 54.0 48.0 65.0 63.0 45.0 70.0
72.0 63.0 62.0 39.5 33.5 59.0 60.0 64.0 45,0 45.0 44.0 55,0 90.0 75.5 51,0 45.5 72.0 57.5 38.0 67.0
.70.0- 61.5 62.0 48.0 57.5 59.5 70.0 65.0 42.0 40.0 46.0 44,0 90.0 76.5 46,0 45,0 74.0 65.5. 48.0 71.0:
70.0 64.5 58.5 44,5 50.0 65.0 64,0 67,00 43,0 41.0 47,0 47,5 87.5 75.0 48.0 50.0 78,5 60.0 58.5 73.0
MEAN SCALE ANGLE 56.97° + 12,85°
Number of Sceds Released this Test ‘93
_ Cumlative number .of Seeds Released 319

" Cumulative percentage of total Seeds Released 70,3%

 +95T



MAXIMUM CONE SCALE ANGLES FOR THIRD SEED RELEASE TEST

TABLE A-17
Cone . o S )
No. 1 2 3 4 5 6 7 8 9 .10 11 12. 13 .- 14 15 16 17 18 19 - 20
89.0 76.0 84.5 58.0 54,0 59,5 94,0 71,0 60,0 $9.5 57,0 66,5 98,0 88,0 61.5 56,5 89.5 74.0 63.0 81.0
. 83.5 71,5 85.5 66.0 64.5 67.0 9.0 71,0 60,5 64,5 55,0 72,5 103,5 86.5 59,0 66,5 79.0 73.0 64.0 8.0
. 84,0 70.0 80.0 51,0 63,0 72,0 93,0 67,5 58,0 62,5 -54.0 74,0 89,6 90.0 60,0 65.5 85.5 "80.0 74,0 81.5
"88.0 74,5 86,0 62.0 60.0 77,0 84.5 76.5 61,0 59,0 50,0 74,0 87.6 82,5 65.0 67.0 86.0 75.0 62.5 84.0 -
88.5 77.0 72,0 60.0 61,0 82,0 84.5 73,0 57,0 54,5 52,5 77,0 93.5 93,5 55.0 64.0 84,5 75.0 63.0 79.5 -
78.0 75,0 80.0 58.0 68,0 73.5 91,0 74,0 54,0 56,0 .55,0 72,0 1050 91.0 56.5 .60.0 90.0 76.0 73.0 85.0
8.0 76.0 76.5 56.0 67.5 83,5 98,0 71.0 59.5 55,0 _' 62,0° 67,5 105.0 81,0 60.0 63.0. 89,5 72,0 81.0 84.0
. MEAN SCALE ANGLE 73,10° + 12,02°°
NLunber of Seeds Relcased this Test 65
Cumulative number of Sceds Released 384
84.8%

Cunulative percc_:ntéxge of total Seeds Released




TABLE A-18

MAXIMUM CONE SCALE ANGLES FOR FOURTH SEED RELEASE TEST

Cone - L : " C

No. 1 2 3 4 5 6 7. 8 9 10 11 12 13 14 15 16 17 18 19 20
120.5 112.0 7.0 73,0 83.0 97,5 117.5 950 87.0 95,0 91,0 99,0 124,0 119,0 88,0 B84.0 117.0 108.5 105.0 111.0°
122.0 110.5 109.0 87.5 81,0 95,5 1250 94.5 835 94,0 950 97,5 131,0124,0 99,0 101.0- 134.0 107.0° 115.5 113.0
122,0 109.5 109.0 85.0 89,0 106.0 126,0 87,0 83,0 91,0 91,0 99,0 126,0 113.5 96,5 98,5 138.0 107.0 105.0 112.0
115,0 101.5 100.0 85.5 92,0 118,0 126.0 109,0 88,0 84,0 86,5 103,0 117,0 114.0 89,0 92,5 138.0 104.0 101.0 113.0 -
122.5 99.5 112.0 83.0 91,0 124,5 124.0 96,0 850 90,5 81,0 116,0 121,0 117,0 93,5 85,0 126.0 104.5 102.0 108.0
122.0 -102.5 110.0 87,5 98,5 123.0 124,0 93,0 88,0 92,0 .91,0 116,0 126,0112.0 97.0 92,0 1150 101,5 91.5 102.0
122,0 89.0 93.0 89.5 84,0 107.0 0

97,0

108.0

103.0

124,0 89,0 84,0 100.0 85,0 104,0 125.0 124,0

' MEAN SCALE-ANGLE 103.86° + 13,60°
Number of Seeds Released this Test - . 69

" Cumulative mumber of Seeds Released . - - - . 453
Cunulative percentage of total Seeds Released 100%

115.0

107.

110.0

.°8ST
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TABLE A-19 DEGREE OF SEROTINOUS SEAL BREAKING IN CLASS I
(YOUNG) CONES BY FLAME TREATMENT

‘Sample Treatment Nurber Nurber Number

Number Time of Cones of Cones™ of Cones
- - . Remaining Partially . “Fully
Sealed Unsealed " Unsealed

8.26% MOISTURE CONTENT

1a 5 sec 62 22 16
1B 10 sec o 2 98
ic’ 15 sec | 0 0 100
1D 20 sec 0 -0 100
1E - 25sec 0 0 | 100
1F ‘ 30 sec - _ - o ‘TT -

10.7% MOISTURE CONTENT

2A 5 sec 71 18 11
2B 10 sec 3 12 - 85

2C - 15 sec 0 1 99

2D 20 sec 0 2 98
2E. . 25 sec 0 o 7 100

2F | 30 sec - - : -

16.71% MOISTURE CONTENT

3A 5 sec ¢ . 1 1
3B 10 sec o 26 65
3c 15 sec 1 5 Y
3D 20 sec 0 2 98"

3E 25 sec 0 0 100

3F ) 30 sec . - - - '“:' t T

20.73% MOISTURE CONTENT

47 5 sec 100 o - = 0
4B 10 sec - 63 12 25

- AC V: 15 sec 5 . ': 16 .79
4D 20 sec 0 o199
4E 25 sec 0 B 1 99
4F 30 sec 0 ' 0 - 100
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TABLE A-19 (Continued) '

Samﬂé Treatment Nurber : Number - - Number
Number . Time of Cones . . of Cones ~ . 'of Cones
' Remaining © Partially =~ Fully
Sealed Unsealed " Unsealed

21.78% MOISTURE CONTENT .

SA. 5 sec. = : - : “: -
58 10 sec 74 16 10
sc 15 sec 14 | 20 66
50 - 20see 1. . .8 el
56  25sec 0O . . .0 - 100
B 30 sec o o 100

. 25.13% MOISTURE CONTENT c
6A 5 sec ', - = _'u -
6B l0sec 95 . ... -1 . a
6c - 15 sec . 63 10 27
6D 20 sec 12 . 8 - 8o
6E 25 §e¢ 0 1 99
6F  30sec - 0O .0 100

| 27.82% MOISTURE CONTENT -
7A 5 'sec - - 7 :,_" -
7B 10 sec ‘ 100 ' -
7¢C 15 sec o 92 : L _
7D 20 sec 34 . 12 - 54
7JE 25 sec 3 s 92
7F 30 sec 0 .4 96

31.20% MOISTURE CONTENT |
8A . 5 sec - : ' - - o ',.-_
. loees i s e a e
8c 15 sec 97 3
8D 20 sec 61 - 100 . 29"
8E 25 sec 5 11 . 84
gF 30 sec 7 a4 gy




o 161.
TABLE 2A-20 DEGREE OF SEROTINOUS SEAL BREAKING IN CILASS 11T
WEATHERED CONES BY FLAME TREATMENT '

Sample - Treatment Nurber Nurber. = Nurber

Number Time of Cones - -of Cones '~ . of Cones
Remaining Partially " Fully
. Sealed . . Unsealed = Unsealed

- 8% MOISTURE CONTENT

10a 5 sec 24 | 23 53
10B 10 sec 0o - 92
10C 15 sec 0 1 .99
10D 20 sec 0 0 100
10E 25 sec 0 0 ‘100

10F 30 sec . e o

} " 11% MOISTURE CONTENT . S .
11a 5 sec 63 25 12

11B 10 sec .18 - 26 56
11c 15 sec 0 8 . 92
11D - 20 sec 0 1 99
“11E 25 sec 0 0 100

11F ' 30 sec

1
S
!

, +13% MOISTURE CONTENT o
12a 5 sec 86 o1 3

128 10 sec 22 38 a4

12¢ 15 sec 0 9 a9

12D 20 sec 0 2 98

C12E 25 sec 0 0 . 100 .
0 0

12F _ 30 sec »100

163 MOISTURE CONTENT

133 5 sec 95 |
13B 10 sec | 40 36 24
13C 15 sec 6 19 75
13D . 20 sec 1 11 88
13E 25 sec 0 6 94
13F 30 sec 0 1 99
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TABLE A-20 (Continued)
Sample Treatment Nurber | Number Number:
Nurber Time of Cones of  Cones of Cones
' Remaining - Partially . - Fully -
Sealed - - Unsealed -Unsealed
| | 19% MOISTURE CONTENT
14A 5 sec 96 - 4
14B 10 sec 68 25
14c 15 sec 8 20 72
14D 20 sec 0 6 94
14E 25 sec 0 96
14F 30 sec 0 99
22% MOISTURE CONTENT
157 5 sec - e -
15B 10 sec 92 - 0
15C 15 sec 49 28 23
15D 20 sec | 16 . 83
15E 25 sec 11 86
15F 30 sec 6 94
243% MOISTURE CONTENT
1l6a |5 sec ~ : - -
168 10 sec 90 7 3
16C 15 sec 53 o 32 15
16D 20 sec 18 80
16E - 25 sec 14 84
16F 30 sec 5 95
28% MOISTURE CONTENT
17a 5 sec - - -
178 10 sec 97 | | R
-17C 15 sec 90 - . 8 2
17D 20 sec 16 ' 28 56
17E 25 sec 12 24 64
17F 30 sec 3 | 15 82
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TABLE A-21 GEOMETRIC VARIABLES AFFECTIVG CORE BORING
OF LODGEPOLE PINE CONES.* -

Cone Overall Core Core Tip to Core Axis to Core Axis = Core Edge

Length Cone Angle Cone Apex Cone Axis ~ Misalign- to Seed

A - Angle B Angle . ment c
Inches ° Qo Inches L - g°  Inches
1.75 49 - 28 .73 11 .035
1.57 28 19 .99 4 - .030
1.67 39 21 .77 8 28 0 .035
1.42 33 - 22 .90 6 S .020
'1.27 35 18 .84 10 .035
1.51 32 28 .98 7 .025 -
1.70 43 26 .73 10 .035
1.52 36 17  ,98 4 . .040
1.42 40 15, .80 .8 10 L0300
1.37 = 25 14 1,21 0 ' . .045
1.42 36 22,98 7 . .025
1.35 34 25 1.00 1 . .035 _
1.38 35 21 .88 8 » S .035

S 1.26 39 30 .80 3 S8 - .030 .

©1.06 51 30 .59 7 L0300
1.08 57 . 39 . .77 2 S .035
1.63 49 32,78 7 26 - .030
1.71 50 22 .80 5 o .035

©1.17 61 37 .60 11 , , .030
1.45 52 27 1.00 9 | © T .050
1.01 37 20 1.05 0 . .030
1.63 57 44 72 14 20 . .045
1.43 26 13 - 1.28 3 | 040
1.31 43 31 .86 0 o o .040
1.51 27 19 1.22 5 o100 - 025
1.52 31 23 1.29 4 T I
1.58 24 23 . 1.26 6

.030

*

Geometric variables are defined in Figure 33.
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‘TABLE A-21 (Continued)

Cone Overall Core Core Tip to- ~Core Axis to Core Axis Core Edge
Length Cone Angle Cone Apex Cone Axis -~ Misalign- to Seed -

A Angle . B - Angle . ment C :
Inches &  ¢° Inches L 'Bo - Inches ..
2.03 27 24 - 1.77 12 o : .055
2.06 26 19 1.84 1z 25 050
1.58 31 23 1.26 13 .045
.30 52 27 67 1. 38 .085
1.31 30 38 1,12 18,035
1.38 36 24 .88 9 . L,03s
1.48 25 37 1.23 9 . . .035
1.37 21 32 .96 15 | 1,025
.96 47 32 48 7 025
1.18 50 42 .64 3 .035
1.15 64 32 .63 8 ,030
98 44 46 .75 5 L0400
1.39 31 15 .9 7 .020
1.46 24 27 1,37 7 030
1.51 - 19 17 1.83 1 . 7,035
1.19 . 26 20 .96 4 30 0 .025
113 32 12 .86 4 030
.92 57 28 .62 13 030
1.64 38 16 1.0 3 050
1.33 29 24 1.16 10 .040.
1.21 34 24 .94 6 .050 -
1.35 52 35 .84 10 _ 0 .035:
121 24 13 .69 0 . .040
1.396  37.9 25.5.  .966 6.9 - 4.0 . .034

£.24  #11.4  #8.4 +.30 $42 7 $9.4  +.011



TABLE A-22 RESULTS OF THRESHING TESTS ON LODGEPOLE PINE CONES
| (First Prototype)

Sample Cone - Cyl. Dry We. No, of  Wt. of Wt. of No. of Germ'n No.Viable

- No. M.C. Speed of Cone Cones  Whole Seeds/ Wwhole % - Seeds Recovery
twb ft/min - g, : Seed 100 Seeds . (of  Per Cone g *
. g.- Cones ¢g. Total)

4 8.5 1800 600.5 125.5° 1.3613 1.0847 489 = 36.5 - 1.43 8.3%
5 8.5 2300 535.5 111.9  1.7431 1.5577 439 38.9 - 1.53 9.1%
6 8.5 2800  515.6 107.8 '1.3513  1.2535 327 135.7 1.08 6.4%

7 8.5 3300 560.3 117.1 1.0600 .9488 256 - 36.1. .80 4.8%

7A 8.5 3800 536.1 - 112.0 1.2217 - '1.0908 321 - 17.0 .49 2.9%

78 ' 8.5‘ 4300 555.4 -116.0 7670 .6872 200 20.5 - .35 2.1%

8  12.8 1800 507.8 106.1 1.8859 1.7774 576 46.3 2.51 15.0%.

9 12.8 = 2300 535.5  111.9 1.8842 1.6838 636 42,7 2.43 o _14.5%
‘lO- -~ 12,8 2800 - 559.5 ©116.9 - 1.7392  1.4877 608 . 27.1 1.41 ' 8.4%
11 12.8 3300 480.2 100.4  1.9040 1,8964' 624 22,7 1.41 8.4%
11a - 12.8 - 3800  515.3 107.7 .9420 8746 340 'v25.3 | .80 8.4%

5 8 3.3%

11B . 12.8 4300 - 573, 119. .8600 7178 303 21.6 - .55

* Viable seeds recovered, expressed as'perééntage of viable seeds in control.

‘G9T



TABLE A-22 (Continued)

Sample Cone Cyl. Dry We. No. of Wt. of . Wt. of No. of  Germ'm No.Viable -~ .
No. M.C. Speed of Cone Cones Whole Seeds/ Whole ‘%  Seeds ~ Recovery
¢ wb ft/min q. o . Seed 100 Seeds (of Per Cone g *

. g.. Cones g. Total) ‘
12 15.8 1800  462.8 96.7  1.8370 1.899 587 38.7 2.34 14.0%
13 15.8 2300 521.9  109.0 2.4400 2.2385 831 - 26.7 2.04 - 12.2%
14 15.8 2800 593.5 ~  124.0 2.2008 1.7748 729 40.0 2.3512 14.0%
15 - 15.8 3300 633.6 '132.4 1.7022 1.2850 591 27.8 1.2¢ 7.4%
15A 15.8 3800 579.8 = 121.2 1.1171  .9217 380 28.3 .89 _ - 5.3%"
158 15.8 4300  588.7 = 123.0  1,5347 1.2477 575  23.3  1.09 . 6.5%
16 19.9 1800 590.4 . 123.4 2.0560 . = 1.6661 696 = 44.3 2.50 14.9%
17 ~19.9 2300 - 389.5 - 81.4 1.5541 1.9092 540 33.9 2.25 13.4%
18 19.9 2800  649.0 - 135.7 1.9288 1.4217 657  43.8  2.13 . 12.7%
19 . 19.9 3300 622.1  130.0  .9580 _ .7369 442 50.5 - 1.33 7.9%
19A 19.9 3800 562.1 117.5. 1.7557 - 1.4942 618 41,7 - 2.19 13.0%
CONTROL, w0 . 2129  gg.3% 19.01

'* Viable seeds recovered, expressed as a percentage of viable seeds in control.

-’991_ .
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TABLE A-23  LODGEPOLE PINE SEED RECOVERY FROM RUBBERIZED
THRESHER
(Second Prototype)
Test Cyl. Moisture No. . . % No. of -Germ. % ' No. _ .
No. OSpeed Content Seeds = Filled Filled (of. Good ° Recovery
ft/min % w.b. Recov- Seeds Filled Seeds = ¢ .
ered Seeds ) Recov-. .. .. ..
| | ) Becov-.
1 1600 15.5 1230 89 1094 61 668 - 39.8%
2 2000 15.5 1403 90 1263 - 59 745  44.4%
3 2400 15.5 1171 - 91 1066  49.5 527 31.4%
4 2800 15.5 1271 87 1106 55 608  36.2%
5 1600 20.0 970 95 922 40.5 373 22.2%
6 2000 20,0 978 94 919 41 377  22.43
7 2400 20.0 796 93 740 - 43 318 18.9% B
8 2800 20.0 758 89 675 30 202 12.0%
2074 91

- CONTROL

1887 - 89

1679

. *® Vlable seeds recovered expressed as a percentage of v1able:

seeds contained by control.
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TABLE A-24 LODGEPOLE PINE SEEDS RECOVERED THROUGH CONCAVES
' FROM 100 CONES '

Pass No.of Seeds % No. of

Germ.% . No. of = % of % Total
No. Recovered Filled Filled ( of Viable Viable Viable
’ Seeds  Filled Seeds ‘Recovered Recovered
Seed) Recovered - by f (Concaves
’ : concaves -. & Sieve)
1 297 91 . 270 46 124 26.8 13.2
2 569 .93 529 41 217 46.8 23.1
3 221 92 203 33 67 14.4 7.1
4 99 89 88 27 24 5.2 2.6
5 44 90 40 38 15 3.2 1.6
6 18 90 16 13 2 .4 .2
7 8 88 7 38 3 .6 .3
8 8 88 760 4 .8 .4
9 5 100 - 5 0 0 0 0
10 0 - - -
39.1s 456

TOTAL 1165

100.0% -

48.5%
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TABLE A-25 LODGEPOLE PINE SEEDS RECOVERED THROUGH SIEVE
: FROM 100 CONES : -
Pass No.of Seeds % .No. of Germ. & No. of 2 of "% Total
No. . Recovered Filled Filled (of Viable Viable Viable
- Seeds Filled Seeds Recovered Recovered
- Seeds) Recovered by Sieve  (Concaves
' ‘ & Sieve)
1 484 88 426 36 153 . 31.5 16.3
2 513 95 487 37 180 37.1 19.1
3 292 89 260 32 82 16.9 8.7
4 131 82 107 35 38 7.8 4.0
5 . 54 90 ~ 49 24 12 2.5 1.2
6 24 92 22 20 4 .8 .4
7 18 88 16 36 6 1.2 6
8 15 93 14 40 6 1.2 .6
9 9 100 9 33 3 .6 .3
10 4- 100 4 25 1 .2 .1
TOTAL 1394 34.8 - 485

100.0%

51.5%




TABLE A-26 | ~ DATA FROM THRESHING OF DOUGLAS FIR CONES

Cyl Cone Wt. of Wt. of No.Seeds Wt. of Wt. of No.of % "Germ.3 No.of

Speed M.C. Uncleaned Seed in Debris Clean Seeds Filled ¢ Viable Recovery '
ft/min % wb Seed Sample Sample in Seed Seed Filleq Seeds g *
. g. g. Sample 4. » Seed Recov- -
‘ _ : g. : - , ered

F-1 1500 11.5 . . SAMPLE DESTROYED . )

F-2 2500 11.5 7.1954 .3784 60  .0745 6.0118 953 66 35 220 82.73
F-3 3500  11.5 7.8325 . 4200 60 .1368 5.9081 844  55.5 22 103 38.7%
P-4 4500 11.5 6.0582  .4854 63  .2430 4.0312 524 40 22,5 47  17.7%

F-5 5500  11.5 3.7438 .3600 - 61  .1158  2.8326 480  63.5 13 39 14.7%

F-6 1500  24.3 7.9290 .4432 58 .2581 5.0109 655 80 16 84  31.6%

F-7 . 2500  24.3 7.9176 .4476 58 1562 5.8694 761 74 . 13 . 73 27.4%

F-8 3500  24.3 6.1868 .4466 55 .3186 3.6109 445 - 73 13 42 15.8%
P9 4500 24.3 4.5265°  .4346 54  .2500 2.8735 357 79 14 39 14.7%
‘F-10 5500 24.3 5.8110  .4328 58 . .3353 3.2907 436 73 7.5 - 23 8.6%

cowrROL S 1618  37.5  44% 266

‘Sample SiZé‘f 100 conés.

. * vViable seeds recovered expfessed as percentage of viable seeds contained by control

“0LT



TABLE A-27 - v | o ‘DATA FROM THRESHING OF WHITE SPRUCE CONES

Cyl. Cone Wt.of 'Wt.of No.of Wt. of Wt. of No.of % Geim.'%', No.Viable

Speed MC Unclean Seed Seeds Debris = Clean Seeds Filled of Filled Seeds ‘ﬁecovery
ft/min %(wb) Seed Sample in Sample in Sample Seed Seed - Seed - Recovered o x
g. g. . . 9. _ ‘ : '

S-1 1500  21.6 5.4552° .1259 67  .6394 4.1550 2211 79.5 29 510  24.6%
S-2 2500 21.6 6.2669 .1068 69 .0439 4.4316 2884 89.5 35 903 43.6%
S-3 3500  21.6 6.1492 .1412 87 1290 3.2134 1979  91.5 30 543 26.2%
S-4 4500 21.6 4.7788 .1353 _ 83 - 0716 3.1250 1917 88.5 34 577 27.9%
s-5 5500  21.6 4.3230 .1182 81 .1052  2.2873 1567 87.0 30 409 19.8%
$-6 1500 - 28.4 4.7324  .1672 90 .1010 2.9503 1588  89.0 23 325 - 15.7%
S-7 2500 28.4 4.9200 .0977 60 .0846 2.6368 1619 88.5 - 16 229  11.13
s-8 3500  28.4 6.5427 .1428 83  .1300 3.4248 1990 85.0 10 169  8.2%

S-9 4500 28.4 6.9434 .0993 61 .1078  3.3292 2045 86.0 . 20 352 17.0%
5-10 5500  28.4 4.6170 .1040 57 .1049 2.2085 1259 82.0 18 186 9.0%
CONTROL . 5.1928 .0350 - 50 - 7418 36.0%  77.5% 2069

Sample Size = 100 cones.

~ * Viable seeds recovered expressed as percentage'of'viable,Seeds éontained'by control

LT



TARLE A-28 - '~ DATA FROM THRESHING OF WESTERN HEMLOCK

Cyl, Cone Wt. of Wt. of No.of Wt. of WE. of No.of %  Cerm. &~ No.Viable

Speed MC Unclean Seed Seeds Debris Clean Seeds Filled of Filled Seeds Recovery -
ft/min %(wb) Seed = Sample in Sample in Sample Seed - Seed Seed % Recovered g * '
____g.: 9. d. 9. : ' - '
H-1 1500 24.4 1.2567 .0955 50 .0430 .8665 1173 87 19.5  198.1  9.8%
H-2 2500 24.4 1.4717 .1017 . 51 .0379 1.1119 1279 80 15 153 - 7.6%
H-3 3500 24.4 1.5130 . .1171 59 - .0242  1.2538 1052 88 7.5 - 69 3.4%
B-4 4500  24.4 1.5472 .1007 - 52  .0524 1.0176 946  78. 2.6 19° .9%
H-5 5500  24.4 1.7846  .1050 52 .0543 1.1763 768 85 6.0 39 1.9%
H-6 1500  30.4 2.2484 .1065 55,0500  1.5300 970 80 5.6 43 2.1%
H-7 2500  30.4 3.0877 .1120 56  .0696 1.9043 146 80 6.9 61 3.0%
H-8 3500  30.4 2.1250 ©.1318 65 .0611 1.4519 915 78 6.4 6 2.3%
H-9 ° 4500 _ 30.4 2.3137  .1000 55 .0610  1.4371 989 - 72.5 .7 5 .3%
B-10 5500  30.4 2.0070 .1191 = 63 1072 = 1.0562 664 = 82 - 3.7 20 1.0%
CONTROL  6.4946 1142 54 .0080  6.069 3029 - 79.5%  83.5% 2011

‘Sample Size = 200 cones.

% vyiable seeds recovered éxpresSed_as percentage of viable seeds contained by control-

LT
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