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I.NTHODUCTION 

Sinet> til(' advt'ut of til(' Civilian ('oIls!'l"Yatioil COl"PS the total !Uell 

plunted to t1'(,C'S on tHLtionnl fOI.'psts illlS inc1'l'fts('(1 substantially (fig. I), 
To pl'ovidt' th(' s('('dlillg's fOl" tbis ('xpund(,d l't'forestatioll prognull hilS 

JleeessitatNI the pstnblislunent of additional lluI'series throughout tilt', 
UllitNI SLates I1S well as tIl<' C'ulul'g'l>ml'nt of l1H1UY of tht, existing 
llurs(~ri{'s. Thps(' II ul'sel'irs req II iI'(' tl"(,Ill('\1ClolIS q lIn.n ti ti('s of seed 
('ompan>t\ with fOI'I1lt'J' dpmflIlds, pnrticllilll'ly of eonifC']' s('('d. To lll('('t. 
til(' d<'Inand for conif(,I' sepcl, incl'PlIsr'd VOltUl1l'S of ('OIll'S Wr')'(' pU\' 
chnsed from pl'ivatl' ('0IiC'('l cm,, unci ('. C. C, r'lIl'oli('l's WC'J"(' nS8igllPd to 
till' collpcLion of ('01\('8: 

I '['he author wishO$ to nckuowIeligu lile Rugge~lions tlf HoIr Thelen IlIIiI W, K, Loughhorough, ~'or""t 
Products Lttl)oruLory, ('oneerllin,r t.he dcsl/-!.l1 of the ('oue kiln ~lt~re dose'rihed. ~'urther iH.'knowledgmcut is 
nlluie ttl O~ \r. 'I'orgeson, Forest Produt'ts Lahoratory, IliuJ I. I. I>arit.'$ tlud K. R. Kinthnll, rormer (1C'e
np(loiutl't!S, for their fl~siswn'" In !.he rcsenrt'h studies; tn I I. I" :;hirIey liud It. II, BIyl he, Jr,. Lake Stales 
E'orest Rxpe.riment RtntiOJl, and p~ C. \\rukcley, ~outhcrJ1 Furest gxperimeut Hlntton, [or sllggestions in 
planning the eXllerimentnI stlldi~s; HI R, O. Hownsh, l,ycIick Nursery. nlllI J, 'I'. '" ny. W. W. Ashe Nursery.
for nssislHnce in operating the ex/.ructori,'~ lind eoIieCling I.h,· neId dutn 01) tI", seed studes: Illid to the super· 
visors or the ChiPI)(lWIl :-':ul.!ounI I,'oresl IInti tht' lII1ssi~siIlPi :-,:nt.ionnI I'on'sl$ for providhlK the cones used 
in the st.ud ies, 

2]t..Illilltuinecl hy tilt! U. R. Dopurtmonl. ,)( Ag:rj(·l1ltlln'lll ..\I',di~()nt \\~i!i., ill eoopcTUtiun wit.h t.he l1uh'ersity 
of Wiseon.in, 

:/S6135°.....j1--1 1 

http:Wiseon.in
http:dcsl/-!.l1


2 'I'ECHNLCAL BtITJIJE'I'IN ii:1, U, S, DF1P'I', OF AGRIGllTJ'I'URE 

Experience in handling this large volume of (,OIH'S indicated that 
mudifications in cone-chying methods werC' essen tial if seed was to be 
obtained soon after cone harvest, Solar drying was entirely too slow 
and Ul1certain ns n COl1C'-opC'ning process, Air-drying in cone storage 
sheds, a reasonably sn,Lisfactory PI'O(,(,SS for SOIll(' 81)(>ciC'8 if sC'ed is not 
iUlllll'dialeiy r('quirNI, WilS too slow II proc('ss for most sp<'ciC's, In 
nddition, genernl eXIWriencl' at ('xtraetillg plants hnd indicntl'd that 
the cones of some species, particularly jack pilH', ('nllllot bt' opelwel 
effectively at atmosphcric tcmperntures, 

Tlw cone-drying equipment then avnilnbh' wns generally of tlw 
convection type, ThesC' driers depend UpOIl tIH' l1atlll'alrise of hent(·d 
air through cones sprl'nd on trays plu.c('(1 din'etiy oyer the sourC(' of 
heat. Appnmtus of this t.ypC' is relatiY('ly cheflp, ensy to instnl! b~T 
ol'dinu,ry labor, and requil'l's no Nr{H'cinl U'C'hnicul ability to operntr, 
'I'IH' fire risk is, howryer, ('xtn'mdy high nnd udequntr tempprntm'C' 
('on(,ro1 is not g(,IH'!'nUy ohLninabl(l, ALthough tlw etLpneit.y of SOI11<' of 
tlll'S(' eOI1Y(ldion dri('rs wus fnil'ly largp, thp pl'Odlletion of s('('(1 in 
pOllnds pel' day wns comj):'\'fLtivPiy smnll, 

B('clws(' the Forest Products Labol'atory hns piollp('rt'd ill HlP dp8ign 
of kilns for dryin~ lumber, it was entrust('(1 with tlw job of dpsigning 
an ('fHcipnt. oonr J,;:iln, 'I'll(' dUlll problem was to design alllort' l'fricit'nt 
kiln find to d('tcrmilH' how this kiln should Jw OI)(>1'U,te<l to obtain high 
yields of uninjured s('Pcl in thr most ('('onomicnl mnnnpJ', The purpose 
of this bull(,tin is to describe the COllI' kiln d('si~lH'd by tIH'Lahomtol'Y, 
tO~l'the'f' with results of expl'l'inlPllts ('onductpd in ('oop('l'fttion with. 
thC' Lnkp Stutl'S and Houthl'l'Il Fort'st Ex]>('rinlPnt Statiom; to increns(' 
tht' l'ffieielwy of cOlw-kiln opt'l'ation, 

TIH' opening of conifrI' COlles to permit th(' release of seed is in most 
cnses primarily a matt('r of reducillg t 1e moisture content of the 
matlll'pd eOlleS, 'I'h(' COlles of loblolly, sinsh, sitol'tit'nf, longleaf, nnd 
eust('l'll whitl' pin(' l'e!tdil~T open I1S th(' ('011(' .noistul'(1 content is reduced, 
Ccrti1ill sJwt'ips, like> jack pinc and lodgepolp pine, ho\\,p\'('r, require 
dryill~ u.l d('vatpd tempel'H.llll'ps to obtnin good COI1<' opening, 

To reduct' COlle moistu['(' quiekly nnd t'fficit'ntly ne('('ssitntes tilr use 
of ns high 11 ll'11l1wmtUl'l' nnt! as Iowan atmospllPriC' humidity ns the 
s('cdcan withsttUld without injury, In designing cotH'-cLl'ying rquip
l1\('nt thrpp ('ssl'ntinls must therefor(' bt' pro\Ticied--heat for evnporating 
moist urp; air ('il'('uln.tion to ('ond ud the' lwat; nut! eOlltrol of both 
tl'IHIWl'ltturl' and 11tmosphpJ'i(' II ulllidi ty to pl'('\'en t inj 1I1'y to s('ed, 

TIll' l'l1tp of ('011(' dryin~ is ulso d('j)<'IHll'nt upon n, fourth faetor, till' 
(,OIlP its('lf. This, of ('OIll'S(" YII,ril's "'ith s1)('ei('s !tnd, within SlH'eips, 
with d(lg'l'(l{' of eOIH' ripPlll'SS; abo with til(' mUIUlf>r ill whieh till' ('olle 
wus ])('eC'ul'('(1 und L1H' timp tll!' ('011(' 11I1s bpl'n l';o::pos('d sill(,p ('olh'etion, 

An internul-l'ull killl p(,(H'idpd with trays and 01H'l'HU'd 011 tilPsnllH' 
gl'IlI'I'ul prineiples ilS hu.v(' b(,l'li SlI('('pssfully n.pplied in lUlllbl'l' drying 
lIl('pls tlH' fOJ'pgoing I'pquisil.ps of lUI efHeipnL COIl(> kiln, Thl' fnll pro
v~elC's forced circulntioll of wllrm nil' through tllP trays eontnining til!' 
moist cones, Positivt> cil'C'ulnLioll of ilir, cOll(\ition(·d tmel controlled 
ns to tempC'l'tltul'(1 and l'('lttLiv(' humidity, across In.YP1'S of moist eOlles 
provid(>s thl' tim'(' IlP('Pssm',V (lxt(,I'nui l'PqUil'(lllH'lIt.S of the drying 
pl'OepSS, Vl1l'iOIlS m:rangPIllPllts of nil'-moving pquiplllPnt, wiH'ther 

http:I'pquisil.ps
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~----------------------------------------------.-----

f931 - £f £t ~ 

f932-~ ~ ~ 

ft. = 10,000 Acres
(933 - ft. if if £t if if if 

1934  £t £t If If £t If if .il 

1935  ft. If .ft. If £t If if. ft. 4 if. if if if. ~ 

1936  ft. if. if. if. if. Ii- if. if. if. if. if. if. if. if. if. if. ft. if. £f. if. £f. ~ 

1937 -If £t £t 4 4 If If .ft. 4 If If If If £t If ~ 

FIGURE 1.-Total llntiollul-foresu urea planted during the calendar ycars 1931-37. 
(Each symb,)l rcprcRcIlts 10,000 acrps.) 

they be disk fans or centrifugal blowers, however, can be utilized to 
conform to limitations imposed by cone hanelling methods, building 
restrictions, or kiln capacity. 

GENERAl, PRINCIPLES OF FOREST PROJ)UCTS LABORATOHY CON,E KILN 

The C011l' kiln designed by tlw Forest ProdudsLaboratory is of 
the internal-fan t.ypl' o,nd is proyided with tnLYs. This kiln provides 
fa.! the automatic coutrol of temperature' ILnd relative humidity of 
the drying ittmosphere and permits largl' volumes of air to be circu
lated at uniform and fairly high velocities throughout the trays of 
cones. Steam is used for heating and hUlPidification. Steam heating 
is advocated because of the ei,lse with which temperature control can 
be gained through the use of reliable and commercially available 
control instruments. The maintenance of low rela,tive hmnidities in 
the kiln is accomplished by ventilation. 

The genernllayout of the kiln is shown in figure 2. The kiln walls 
and ceiling, in the form of panels, are attached to a supporting steel 
frame. This frame also supports the overhead fan equipment and 
heating coils. Two 24-inch disk fans are used, operating at 550 
r. p. m. and driven through V belts by means of two ~-hp. electric 
motors. The steam-heating coHs are located to give efficient heat 
transfer. They ,\='"~ :iUbdivided in order th~t the radiation can be 
varied to suit the neating demands and thus provide better tempera
ture control. A small blower mounted on top of the kiln exhausts 
air under positive control. Fresh au' is admitted into the kiln at 
the floor level. 

The temperature and relative humidity of the kiln are controlled 
with an electrically operated recorder-controller. The same instru
ment automatically controls the amount of au' yented by the exhaust, 
blower. 
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FlGUlm 2.-,-Layout of Forest Products Laboratory 

The wall Ilnd coilin~ panel;; Cltll be made of many different kinds 
of building IlutLerials including wood. Prefcmbly they should be 
moistureproof, fireproof, lLnd should possess 11 fail' amount of insula
tion. The panels arc bolted to the structural steel framework and a 
plastic cement makes all joints vaportight. 

The cones to be dried u.n' spread on wire-mesh trays that are placed 
on top of one anot.iwl" and Ilrc pilNI on It skid that is moved in and 
out of the kiln by means of a lift truck. The spacing between the 
trays (fig. 3) can be varied to suit the size of the eOGes; 2-inch spacing 
lugs are proyided for small cones likc jack pine or white and black 
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~---- 4'_0" ---......-I 4'-0" ---~ 

FRESH-AIR 
INTAKE

B 

illtcmul ('Olll' kiln: A, CrosH section; H, lungitudinal Hl'etion. 

sprucp; 3-illch lugs fol' 1'('«( 01' shortlpftf ]Jim'; and 4-ineh lugs for whitt' 
pine. I~nch skid ctlrries 33 trn.ys on n 2-inclt spueing, 22 trn,ys on 
ft 3-inch sptlcing, tLnd 1(3 tl't1.Ys on a 4-inch spacing. 'rhl' COlll' tl'tLyS 
ai'l' 3 by 4 fept in siz(' iLnd iLl'(' Ptlsily lllUldlt'd by two 1lH'1l. The kiln 
is long enough to nceoIllmodtLtp two skid loads of trn,ys. 

TlH' con(' kiln cnll bp locnll'd on tllt' ground £\001' 01' on the second 
Hoor of nn extrnetory building, depending on bow tIll' COIH' tmys ftrl' 
londed ftud how the cxtmctolT building is ftrmngNI. 

If steam is not iwnilabk n domestic boiler gcnerftting low-prpssure 
steam should be installed.· 

http:tl't1.Ys
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If clceLrien,} pOWl'l' iR nol ltVllill1hlP, l'ither a Rlllllll ~nR ('n~ine 
generator enn 1)(' lnstnllpd or HI(' fnns cltn hr' 0p(·rntl·d dir('cth' by n. 
gus (Ingin<', tlw samp engin(' operating n sl1lnll (tir cornprPRsm- fmpply
ing prl'RSllrl' for 1\,11 llir-opprn,tNI r(l('ordpl'-eonll'oll<'1'. 

JU 

" f •• : 
II 

___~f 


@ 
! 

/"rallHl, H, .1, i\[pt.al ('Oil!' ll'Uys dl'Hi~n('d for' adjllstltillt' spllcing; l1, tldjllstltble
spll('ilig devic(' prodllccs :L rigid Ht:wi; of tl'llYs that Cltll be rtricielilly hUlldled. 

http:i\[pt.al
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KILN INSTALLATION AND OPERATION 


The best means of explaining the functioning of the Forest Products 
Laboratory cone kiln is to describe actual instltllations at l'(1prC'senta
tive extractories. i1. new cone kiin is seldom erC'cted from scratch; 
instead it must frequently bC' adapted to existing extractory facili
ties, which, of COllI'SC, vmy greatly dcpl'uding 011 thl' spl'cil's of coups 
and volunw of seed required. A gl'IH'rnl speeification that will apply 
to each illdiyidual illstalln,tioll is thprl'forc llnattaillttbll'. 

OZ,\:ltK EXTHACTOHY 

The Ozttrk Extractory, Rllsspllvillc, Ark., is repn'sl'utatin' of til<' 
installation of a Fort'st ProduetsLttboratory ('011P kiln ill an (lxisting 
extractory. The l'xtmctory, which is und('1" the' SUI)l'lTision of officprs 
of the Ozark National Forpst, was originally built in 1933 t.o dry 
shortleaf pint' COlles. Till' originnl drip,r was of thl' cOl1vl'ctiol1 type 
employing a hot-air (Ul"l1IlCl' and woodl'l1 trays (fig. 4). TIl(' fUl'l1aee 
was located on the ground floor and thl' drying compartnH'nt on tit(' 
second floor in the central part of a two-story building. Two wings of 
tho building pro\'icLPd shelve's for tIll' storage' of 00!H'S. Tl](' preclll'pd. 
or Ilir-dried, coups Wl're carril'd in sucks to til(' sl'cond floor wll('re they 
were spl'l'nd on tmys and lotldl'd into thl' drying compnrtnwnt. Con
siderable l'l'hnndling of til<' tm.vs was IH'('(,SSal'.'- to obtain seed pro
duetion, sinc(' only til<' low('r tnt."s of (,OUl'S opl'I1pd ill tl. rPtlsollablp 
pl'riod of tinH'. TIll' dripd, OjJPll COll(,S wprl' n'tm'lll'd by ('hute to til(' 
grolUld floor for ~hnking. S('p<i-e\l'uning l'qllipmPllt was 1l1so locH,tr'd 
on the ground floor. 

High fir<' hazard and g('lloml luck of control of telllpl'rtltlll'l' ll'd to 
the ttbandonnll'll~ of this pqllipmpnt aft('r ollly ow' s('nson. It was 
replnced in 1935 with a Forest Products Laborntory COIll' kiln. Thp 
new kiln was sot up to dry an an'ragl' '-OI1ll1l(' of (i,OOO bushds of (,OIH'S 
per yenr with the cost of tIl<' p.q IIi plU('nt alllol"ti~('d OYl'J: It lO-."('ar 
ppriod, although thl' l'xpectl'd usdul lift' is at, lenst 20 yl'llrs. TIl<' bill 
of mntorinl was IlS follows: 
Steel (structural items and sheet IIletal) , 1,800 pound!' 
Asbestos ccment panels, 340 squlll'e feet 
Low-pressure steam boilpr-approximately 850 H<)uare' fcpt of radiation-with 

required accessorie" ineludin/! 1 wllter-lpvel controllel' and l;'u,fety feeder for 
boiler 

Steam-fitting requirementR (pipe' in approxilllatp length,;): 
-I-illch "teel pipe, 8 feet 
3-inch steel pipe, 30 feet 
2-inch stel'l pipe, -15 feet 
I-inch steel pipe, 410 feci 
N"ipples, T. elbow!', etc., for 1-, 2-, 3-, und -I-inch pipe 
Pipe covering for all but about 385 feet of I-inch pipl' 
1 2-inch motor-operated valvl' 
1 I-inch motor-operated valve 
15 hand valves (globe) 
3 air valves 
4 check val ves 

Screws, bolts. etc.: 
3'10 I/.\-inch lead head bolts 
160 lei-inch machilll' screws and bolts 
30 %o-inch lIIachine screw::; :tlld holt~ 
250 ~(-inch lI1achinl' ECreWi:i and bolts 
20 \~-illeh machine screws and bolts 
72 butt-head rivetfl 



8 l:. l-i. DEPT. OF ,.vlIUCl.'L'lTRE 

M:?575~ ~t)16JF 

FlGtTHl;; 4. Ol'i:dllal ('ollvl'elioli dripr for ~h()rtl(·nr pill!' (,OJIl'1' at till' Ozark 
Extractur,": .:1, Th!' dr,\'ill/-( t'()IIIP!lI'II1l~'I1(: U, til(' hoI-air flll'lltlCC. 
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Fan equipmeut: 
2 24-ineh disk fans 
4 ball-bearing pillow blocks 
2 V belts 
2 1":Hlp. electric motors 
2 I-inch br 44%-inch ground ~hafis 
2 sets of fittings for grf'tlsing h~urings 

Electric equipmcnt,: 
1 ~-hp. blower, 700 (OrM) 
1 electric recorder-controlle r 2-pen 
1 1lll1ster switch 
3 Illotor-E'tarting switches 
2 lllotor-revcrsiilg switches 
1 toggle-light switch . 
2 vaporproof lights 
Approximately 40 feet of .If-illeh rigid ('ollcjuit 

Door equipment: 
1 flush roller-strikf' door jo('k, capable' of hping opellPd from within or without 
3 12-ineh ball-bearing door hinge·s 
4 feet of soft, wool 
18 feet of extruded rubber heat-rt'::;istall! !("m;kpt 

Acccsf'ories: 
1 water-box fixture 
Sheet packing 
Twisted packing 
3 gallonii of kiln paint 
100 cone trays 
4 skids 
1 lift truck 

The new kihl is locatpd on thp ground floor in the central area of 
tll(' originul pxtructory building. The wall and ceiling punds of the 
kiln are mad!' of aslwstos t'enlPllt of high ['l'sistnl1ce' to fire. The door 
is constructpd of the sun1<' muterial, is Pusy-swinging, and is provided 
with a latch that can be' olwmtpd frolll tlip insidl' of the' kiln as well as 
thp outsidp. Gaskets of hNl,t-J'('sisting l'ubbpI' are llsf'd around the 
doorcnsing to pnwent len1mge of uir. The skid londs of dry cones 
(fig. 5) are hoisted by clevtl,toI' to tIl(' spcond floor wher(' the cone 
shaker and seeclclt'aning equipment il.l·(' located. Two skids of cones 
are placed in the compartment liS shown in the sketches of figU1'e 2, B. 

The hpating system in thp kiln is subdivided into tlU'(~p separate 
units so Mutt the radiation can be ndjusted to meet tIl(' heating require
ments with better tempel'fl,tu1't' control. The stefzm connections and 
valves to tIl(' three l)euting units are shown in figlll'P 6, A, with auto
matic motor-operated valv(' (a.) placed in il bypnss around the hand 
vaIn's. Steam can bp delivered to the coils without going through 
tIl(' control valve. Thp opening and closing of the lllotor-operated 
valve is controlled by the electric. r('col'der-controller. Tlus also 
controls operation of tIl(' blower on top of thp kiln whieh provides 
positive ventilution. One of the Lwo flLl1 motors and til(' drive ar
rangement are shown in figure' 6, A. 

'1'he returns from th(' heating ('oils llrt' shown on tlw extrt'lllC right 
of figure 6, B. Each return lim' is pro,-idpd with nn nil' vont. The 
lllotor-opernted valve in the ceutm' is on the stNl111-sprity line that 
provi'des vapor when thp relutivp humidity in tIl<' kiln is lower than 
that set on tIl(' l'ecorclPI'-controlh·l'. As this valv(' is also in n. bypass 
line, steam cun be introdm:ed into tIl<' kiln without actuating till' 
controls. 

:lSIU:Ui·· - ~J-·--2 
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Lights in vl1po1'-tigb t moun tings !LI'P pJ'Oyid('(1 withill the' kiln (fig, 
6, 0), The two thcrmnJ clements of thp l'pcorder-cont1'ollel', with n 
COllstltnt wlttcr-lf'vel fixtu1'p, Itr!' showlI mouut('(1 ill ttl(' center of the 
wall, 01H' of th(' ('/N1H'lIis llWllSlll'('S til(' dry-bulb t('mrH'I'aiul'(' of the' 
kiln ntmosphprl' and til(' othl'1', cO\'(,l'('d with n w('[ wiek. llll'HSUl'('S 

tll(' w('i-bulb t('mrH'I'n.lu]'(', TIll' d('p]'('ssion of til(' \\'('[ bulb nfl'o1'ds n 
ltH'nSUl'(' of LlH' I'plai,iy(' humidity of tb(' kiln nlmospIH']'('. The insLru
llH'lll to whieh tlH's(' pll'lIH'llis arC' C'ollllPct('d 1I0! onh- ]'('('o1'<ls thl' 
iempt'l'atul'Ps of tlH' pienwll is bu [ eon trois UH' dl'y-bulb 'nlld w('[-bulb 
tcmppmtUl'(, of til(' kiln atmosplH'l'l' OY('1' n rnng(' of ;jO° to ~WOo F, 

During thl' 1 935-3() SN\SOn mOI'(' than 19,000 bush('ls of COIH'S W('1'(' 

d1'ipd in this IH'W kiln. '1'h(' trnys W('1'1' pnch londpd with tbrN'-loUlths 
of n bushl'lof shorti('ltf pilH' ('on'l's, mnking' n kiln ehftrg(' of :37 bush(·ls.
A kiln i('mpPl'n.tul'1' of 1400 Ii', WIIS llsNI at as grC'at n w(,t-bulb dpp1'('s
sion ilS could 1)(' main tnillP(1. ShOttIpld' pill(' rOlH'S pn'(' U1'('(1 about 1 

M27604F 

"'WUIIE ii, ·Hkid load of ('olles ill win' ll'lWH leaving the kiln e.t the Ozark 
Exlractor'.\': 

http:t('mrH'I'n.lu
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FWUIm 6.-Constructioll detail;; of Ozark COliC kiln: .:1, Top, end, and side of 
kilu; H, rear view of kiln; C, interior wall of kiln. 

month required 8 hour;, of heating to produce satisfactory seed yields; 
cones precured :for more than a month required 6 hoUTs; and well 
air-dried cones required only 4 hours of heating. 

The modern automatic instruments with which the cone kiln is 
equipped made it possible to reduce the number of men required for 
operating the kiln to a minimum and to simplify their tasks greatly. 
In operation the kiln yielded more viable seeds PeT bushel of cones in 
less time and at a lower cost per pound of seed than the method orig
inally employed at the Ozark Extractory. 
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CASS LAKE AND (,:H1TTENUEN EX'l'J{ACTORY INSTALLATIONS 

The Forest. SelTiee extractory buildings at Cass Lakr, Minn., and 
Wellston, Mich., aI'(' similar in design (Hg. 7). The kiln installations 
un' identical, cach consisting oJ two Forest Products Laboratory conr 
kilns opemtpci independcll t of 01l('h other. OtheT\visr thr construction 
is the sumr us Lhu,l of tlw Ozark Extruetory. Thr two kilns are built 
as n sillglr st.ructUT(' scpllmted by fi partition wall (fig. 8). 

The cones fil"t' spread on thr k:iln trays in the cone-storn.gr shpds 
(fig. 9) after tll(' yolump of cones per tray has been roughly measured. 
Thp en tire' oppJ'U.tiotl is rapid--ou(' nULll loading the measure, tIl(' other 
spreading thl' COllPS, 11no both handling the trays. A lift truck is run 
in under the skid to transport. the loaded trn,ys to the extractory build
ing. A wood ru.mp connects the various cone-storage sheds with the 
extraetor.\' building nt th(' Cass Ll1k(' extractory (fig. 10). At the 
C'hittendrll extmctory, by utilizing n hillsidr loeation, only a small 
fill wns necessary to obtnill n. fnirly leyel COIlPJ"PU' rump from the con('
storage slwel to LlH' sreont! floor of tIl(' ('xtm~t()l"y building where the 
kilns a1"(' Iocakd(fig. 11). 

An I1dequn,te number oJ COlle trays and skids IU'P llvnihlblr so that 
t\,"0 or 1110],(' kiln charges a1"(' r('n.dy for thl' kilns n,t oJl times. The 
skids of load(,d CO!lr Lrnys [l.1"e bdd in 1,11(' extractor,)' building long 
e!lougll to allow thr conl's Lo b('come heated to the room tempemture 
b('[ore they al'(' pilL into the' kiln. 

Londing and lllllonding' or tIll' kilns fL1"r eusily and quickly accom
plish('d by lll('anS of skids nlHI lift trucks (fig. 12). Thl' fan and hen,ting 
l'«UiPllll'll! Ul"(' locn,(t'd o\'('l"lil'nd, thUf; leaving n fln.t. COI1Cl"l't(' floor and 
unohsLl'ucLPd wall HIHWl' for till' mo\ ('men L oJ thl' lift kueks in and 
out of LIH' killl. 

Thl' kilnf; an' hl'utpd by 1l1(,IUlS of HLealtl g"('ll('J"atpd at 15 pounds or 
less prpSSlIl'<' ill dOIlll'Htil' tYJl(' hoil(,l"s (fig. I :~). Dl'i('d sepcl-pxtmctcd 
cones lLrt' UHl'd for flH'J a l both l'xtrllcLol'ies; lpss than onr-third of 
thOSl' a vnilu bl(' arl' IH't'dNI. As sLeHm is used for humidification it 
was IH'c('ssn,I"Y to proddl' for n,u tomu.Li(' wu.tel'-lpyd eon trol in the 
boiler. Thl' conci(,l1saLP from thr steam coils ill the kilns is returned 
by grH.yity Lo the' boiler. 'YaLeI' pressure t),t the boiler water-level 
COli troller is mnilltniued by an electric pump. 

The superyisiof1 of those kilns may seem rathel' tecl1llical to the 
opCJ"H.tor not fami,liar with the equipment, but with experience he will 
find less teelmical supervision required than for the ordinary convec
tion drier. The dry-bulb (md wet;-bulb tempol'n,tures 1),1"(' set on the 
l'eeol'clCl"-controllel' to correspond witli whn,teyer temperature and 
t'pin,tivr humidity are required for a specific species of cones. The 
drying conditions of the kiln I),tmosphere 111'e thel'eufter etsablished 
ru{d con trolled bv the automn,tic recOJ"der-cont.roller instrument. 
The kiln charge is' pushecl ill, the fans are turned on, and the stellID 
ntlycs opened to obtain rapid heatj~Ig of the kiln charge. As the 
cones dry, less heat is required sO that the operator reduces the amount 
of radiation in the kiln in order to prevent exceeding the control set
tin". Experienced operators soon learn, from observing the movement 
of the recording dry-bulb tempemture pen, when and which stenm 
coils to shut off. 

http:cone-storn.gr
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M30445F 

FUWRl, 7.--Thc CaB~ Lakc Exlractol'.'·. Thl' cxtraetol',\' bllilding tLI tht> Chil
l end!']] 1':XIl'tu'( ()J'Y i~ (,f tlie ;;!LIll!' design. 

M294S2F 

FIGURE 8.--Ji'OI'CRt ProductR LaiJol'olol'V ('onl' kiln im;lttllcd at, thc Chittenden 
Extmctol',\', idcntical \\'ith Lhal nt CI1.~~ Lake. III OpCI'lLtion the londing Iwd 
unloading of (he t.\\'o unitR fin' HtaggPI'('(1 so that the laiJol' required for eonp 
shaking !tnd seed cleaning it; efficiently clllployed. 
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M30756F 

FIGURE 9.-Loading kiln trays with jack pine cones. 

M3O.t.(3F 

FIGURE lO.-Ramp leading to the extractory building at the Cass Lake Extractory. 
A skid of empty cone trays stands in front of the cone storage shed on the 
right. 



I", HI: \ 1 Tr{lt'l,i!j~ lund,·" !.il. ·,';1",'" rrl t~n' ,,\.II':lI'ttd', "'uldifH!. a f 'L.I' ('LI~~ 
It'lld"'t E,lnu'ltJr,\', 

'I'll!' C'ltill(,lIdl'll :lIul (':t~~ 1,:ll\l' ":\ll':iI't(ll'il'~ 11:1\1' hl'!'11 --1JI'('f'~~rldh' 
lIlallll('d Il'illt 1IIII --itifl~ Ill' I\\Il 111('11 :llld OIl!' --hi!'! or 1111'('(' lIlt'l\. Tlit' 
litl'f't'-IIl:l1l ,;ltifl i, tll'dillt1rily II--{'d dllrill!: IIII' dHyliIlIt' 1(1 t'nlt'lt III' 1111 

'l'l'd-<'il':Inill!: alld --(,t'd-I\t'i~hill~ 1'IIIltilll', '1'\\0 IIII'll nl'(' :Ihl!' 10 loud 
:I/Id IlIllnad tll(' kill! Inl\", --hal'd' (1)(. ('111)(", dl'l\ill~' :lilt! ,·11':111 "·l·d. 
HIld m:tilllnill ";1(':1111. Ullflflln!'il Ih!'.\' Ilal" \I'n liltl(· 1'1'1'" tilllt' 

Fir;! ,~t I:!. ,I. Tl,r' 'I.it! 1".111 "I ",>!iI' Int\' "aI, \", ,':I-Ih pOlli,',I"r 1'11,111'<1 I\Hil tJ. 
lifl q'uph.; H. a I~han!;! .. I I'a~!l'l'f; \yl!li, pilll l'cHI("" II! fbi' h.flJ; :l' ('i.I ...... L~lh(,. 
\'1111' 'liat tIl! li!.(/ll -\\)t'.L,·, ;lI,d fall -\\ill'llf" ai'" al't'l --lidt I,· UtI' 111H'nu"l' 
Iwar till: dll"l lal ('b 



h,'( HI-. J:l, :-;\(,11111 IlIIilo'\' !.I" :wel \1;t1!'I'-jltllll» II II\~tallalioll al th!' ('hitll'ntipil 
!';XII'll<'\o\'y, 

DE\ I,:I.()I'\IF\T (IF :-;CIII':Dl LI':~ F()f{ "'L\-IHn 1\(; C()\I':~ 

Th!' oplilllllill dl'yiltg' ,.wlll'dlll(, i~ tllut ('olllllilllltioll of Iplllp!'I'ntul'p, 
[,pinti\(' hlllllidit\" ral!' III' l'il'culntiolt, alld lilllC' ill th!' killl \\,hi('h \\'ill 
(l['odll('I·ltig'II ,\'i(;ld ... ,,1' vialll!' ,,('pt! al 10\\ ('Il~t. I{npiel dl'ying- of ('Oll('~, 
:t~ 1t:1~ 1)('1'11 tli"('II",(,d, 1'!'~I"t~ fJ'(till lllailll!'ll:Ill('(' of hig-II dl'y-hull> 
t(,IIIJll'l'atlll'('~,IO\\ \\pl-bulb 1(,IIlIH'1':1 I111'(,;0;, and IIig-il I'nt('~ of nil' ('il'(,lIl:l
lioll, Till' iJlI(,l'lltti I'n(,(·(lI''': or !lllli"!III'(' 11I1l\"('II1('111 ill tIll' ('OItP~ III:!\' 
iI1IIU('II('(' Ill(' tI(,g'I'!'!' III' (,,,I ('Ill 1(1 I'.lli('II Hdnll1tng-(' (':tIl hI' tn/;;('11 (if 
til!' tll',\ illg' ('lIlltiilioll", In dl'ying' ('''Il(,~, IlowI'\"('I', 111(' g-o\'Pt'ning 
fllt'tOl' i~ "1,('<1 \-inllilit,\' ;o;1'('d 'IlI:!lit." 11111:-;1 h(' Illnilltaill(,(!. ('(lilt·,., nrc 
1'l·lntivply PXIH'I!...;i, (' ('IIIIIP:ll'pd ",itlt 111(' ('0,,( of :-;('('<1 ('xtnl!'lioll :tilt! it 
i~ IIt P 1'(' fo 1'(' ('''~(,Jltinl tlwI JlOJl(' of tilt' cOlllaill(·d ~('l'd hp illjlll'pd, 

\\'ol'kin!! 0111 of Ill<' ~('It('dlll('", gi\'!,11 11(,1'(' ('nlaill,d nllt mily opl't'atioll 
of titl' killl, hllt :tl~(l :t d()~(' watch Oil Illnll\' nddi(iollnl fnd()f'~ tllal 
lllay lin \'1' :t i>!'Hl'illg'!lI1 ~('('d \i{:ilily, ~ll('it :l~'(IH' itandling :Illd ~t()I'ngp 
of tit(' ('()I\('~ 1)('1'01'(' nllrl nfll'l' killl dl'ying, nllt! rillnlly til(' actual ~()\\'illg
nlld gPl'lllililltioll of til<' ~(,I'd, 

Tfll' ('\'upol'n(ioll of' {'Oil(' IllOi:-;llIl't' I't'dt\('('~ Ill' d('pl'p~~(,~ tll(\ tClllP(,I'
ntlll'(' of thf' ('()ll('~ ((I II'~'" tittlll thai of (it(' dry-bulb I l'lllpl'l'n til I'l' of titl' 
kiln, Th('ol'p(il'nlly, titP illiti.al kiln 1(,11l/)('r:l(lIr'('~ ('nil 1)(' \'('I'Y itigll 
n:-; til(' l'Ynpol'lltioll of till' Illlli:-;tll\'(' 1'1'(1111 til(' ('()\\('t-- k('('p:-; till'lll ('(lol, 
11I'(lyit\l'd ~1If1ic-il'llt IlIoj"tll!'!' i~ :l\-nilabll' 1'01' 1'1'1'(' ('\':tPOl'lltioll, Thl' 
n('{ioll j:-; ... illlilur' to Ihnt or titt' \\ ie" Oil lit(' \l'pt-hulb tiH'I'1ll0IllP(PI', 
.b !'Ii(' 1':11(' of' ('\npOf'Htloll of Illoi~tlll'l' sl()\\~ ttp, til(' 1('Ill/H'rntUl'(' of 
tli(' ('UII(',., \\ill I'j,,(, lIlId til(' kiltl 1(,lIljlt'I'nlul'l' Illusl ill' IO\\('l'l'd to PI'('\'Plit 
,,<,Pt! ill.! II I',\', .\ ,.;('IH'ell/11' of d(,{,I'I':tsillg' tl'lIl/H'I'ntllr('~, nlthoug-It tltp
ol't'tiJ'nily ";(lulld ",!til(, 10\\ \\('(-I>ulb (l'lllpt'f'ntlll'e,., !In' llIaintailH'd ill 
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the kiln, is dungerous in that the seed is likely to be injured.a With a 
schedule of deCl'easing temperatures, the operator of the kiln is never 
certuin that all the cones hn,ve sufficient moisture to keep the cone 
temperature depressed and therefore he does lIot know j list when to 
drop the kiln temporntme, The constnnt-temperltture schedule hns 
therefore been adopted by most .A.met"ican opemtors ns the most 
expedient and is the type dealt with in this bulletin. 

The most convillcillg experimental procedme und the one lIsed for 
determining the kiln schedules described here is to hen.t the cones at 
variolls temperatures, obtain the released seed itHer different durations 
of honting, nnd test for seed viability. Cone treatments milde ill the 
kiln that is to be lIsed subsequently to dry the same species of cone 
eliminates nny experimontal considcmtion of the influence of different 
mtes of air cil'l"ulntion. 'rhe filldings, how('vl.'l', m'e stl'ietly limited 
to the kiln in which tlw eOlles WNI.' hented; 1'('COlIll11eIlcilttions ns to 
sehedules CO\" otlwl' kiln types l"unno( Iw IlIlldr. 

S"ECII';S ANI) SOUItC'~ OF CONES S'l'lll1IEn 

Cone-drying l'Xp('rillll~lIl.s dosignl'ci to detl'rmiIlI' drying conditions 
thnt would r('sul t in high yil'lds of \"inbh' SP(,d W(,l'!' mudl' Oil l'astl'rn 
whitt' piliP (Pinus stroblJ.s). jllck pill(' (P. b(LlI k . .;;ia IIa) , nnd n'd pilH' 
(P. reS'illos((,) COIH'8 ILt til(' CU88 LllkpiDxtrllctory, ('"ss Lttkt', ~linIl., 
and olllongll'tLf pilH' (P. /ialustris) (,OIH'S ILt tit!' \Y. \Y. AsIU' Extmctory, 
Brooklyn, :Miss. ' 

ConN'; of most sp(>ci('s Opt'll and n~l('ns(' their sl'l'd dlLring till' autlUuIl, 
Oonl' opl.'lling is partielLIII,dy rnpid if warm, dry will lis prl'\'lIil, To 
obtain sppcl in q unntiti('s it it; nec('sSllry to c:oIlN',t the coIll'S nJter thl' 
seed is mfttnrl' but before the COllOS IUINe stll,rtcd to 01)('11. Provisioll 
for aemtion in the stomgl.' of titl' moist gr(,(Hl COIH'S pn'v('nts henting 
and molding nnd iLt till' smllt' tin1l' allows thos(' cones to prpcmt' that 
htw(' not rip('IlC'C1 naturally on thl' tn't'S, 

EASTEHN WHITE L'JNE 

Although eastern whit,(, pilll' Conps nrC' often llir-driNL to eomplotl' 
opening, thl' opcmtiol1 I'Pq uirl's It mtlw}" long tinw, After some 
preliminary air-drying, however, tlwy can bt' kiln-dried in a compam
tively short time without dmnngl' to til<' contaiul'd SPNl. 

About 660 bushels of eastel"D whitt, pitH' COllt'S of the 1936 crop, 
collected on tIl<' OhipPl\Wll National Forest from trces of 9 to 12 inches 
in diamet('r, betw('('n August 24 nlld Scpt('mber 12, 1936, worl' iInmt'
diately sent to til(' l'xtrnc:tory, sprc-ad OIl precmillg trays, and placed 
in tIl(' COllI' stomgt' sl1('d, Till' l'xperilllentnl kiln runs were mad(' 
between October 10 nnd 22, 'rll(' IW(,I"Ilgt' moistUl"(, condition of til(' 
pl"tlCILr('d cOlles for tIlt' dUI"Iltion of tiLt' l'xpprinwnts WitS 36 pl'rcont, 

A qunntity of s(,pd rplpnsl'll durillg tile halldling of till'S!' pnL'tiuUy 
nir-dried COIlPS wns sn,\'1'{1 us lIormnlly nil'-dri('d sped, A smnpl(, was 
Sl'nl('d in it glllss jar filld stOIW\ ill n. room ttt. 40° Ii', Otlwr snmplps 

'3 '('OUlIEY, JAM!o:!i \\t. SKKDJ.sn .AND l'I.ANTINtllX Til ..: IJlt.-\('TtCJ.: Ot' t'OH}o;,sTltY; .A lIANl'Al~ t"OIl Till-: Gl1IU
ANCJo: 0.' YOltESTlt.y ~Tl!DKl'oiTSf ..'Oltlo:MTKItS. s-unst-:JtYMENI "'Qltfo~HT OWNEUSt _"SI> ...." tuum,",. 1·:«1. 2, rl~v'. 
Bn,l enl. hy Cla....nr'. F. Kor:;thm. r~)i (lP.. iIllls. New York lIml Lonolon. IU:lI. 
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were later heat-treated in thl' laboratory so that results of thl' COliC 
heat-treatillg method might b(' compnTed with a seed lwat-treating
procedure, 

JACK PINE 

Jack pine retains a high pcrCOllt of its cones on thl' tree unopened, 
TIl(' picked ripc COllCS must, til('rl'fol"(', be kiln dri('d to cfft'ct s('cd 
releas(·, 

COlles needed for ctLCh ('xpcruu(,lItal kiln l"t11l wel"(' tukell from a 
supply of 257 bushels of jaek pine COII(,S picked from mtl,tUl"P tre('s 9 to 
18 incIt(·s in diullwtor f('lIt'd in til(' B('nn District of thl' Chippewo 
N atiollal FOI'pst, botw(I('1I S<'ptt'mb!'r 3 Itl1(l 17, 19:36, .Jnek piliI' COlH'R 
('lUI Ill' b!llk-pilPd without, dIUllllg(', unlikp l'ilsj,prn whit!, pille, black 
sprucI" or white' sprtwp eonos, \\'hieh lllllSt he' sprpod Oil pn'curing 
trn.ys for storagl'., '['hn (,OIl{,R \\'1'1'(' th('rdorp stor'pd ill sneks, which 
wpr(' pih·d iii O[l(' eo I"IH' I' 0,' n ('olll'-stol'agf' slwd !Illtil 1H't'd!'d, TIH' 
(,XP(,j'illll'lItu.l kiln rum; W(,I'(' mad.. ill O('(ohl'I' I H;~ti, aftt'r thp ('OI1<'S had 
l.wen stc)!'('d for about 5 w(lt'ks, 'I'llI' H \'('mgt' moist.tll'l' (,Oil tnll t of 
thps(' COII('S waR 22 1)('1"(,(,11 t., 

S('('<./ Iwatillg-t,I'oating st!ldil's WI'I'I' 1I0t. mnliP h('('ltIIs(' Ilir-('xtmf't,l'd 
jnck pine s('('<1 wns not. lwniln.bk 

HEn PINE 

Rpd pinl' eOIH'S al'(' som('tinwH HLOrt·d in sarks, but, it. is bl'liev('d that 
this method of ('(lIIP st.omgt· is illj It['ious, '['Itt' con(ls arc' kllown to 
"easl'-hardpn" ill till' s!lcks, I'pquiring subnwl"sion of the con('s ill wn.tl'l" 
prior to kiln drying in 0("(11'1' to obtain good opl'lIing, On tho oth('r 
hn.nd, till' trayiug of (,OIH'S fol' stomgl' )'('([!Iin's ndditiollul eq UipllH'n t 
alld entnils l'phnndlillg, A comparison of tlt(· Illnrits of tIt(· storug(' of 
cones in sael~s and in trn.ys wns tlwl'dor(' nn ('ssf'ntinl ndditionitl pnrt
of this study, 

Aft(,l" lUI ttdl'qunt(· volunH' of (,OIl(,S of thc' 8('(,0Ild and third w('(,k of 
tIll' 1\)37 eoll('('tion 011 till' ChipP(··wi\, Nntiollul Forl'st hud nCC'llluulatl'd 
n.t tltn Cnss Ltlkp Extrn.ctoIY, tlwy werl', l'Ilndomlv 8ort('d in to titr('(' 
C'quul piiPs, 011(' wus illuni·di:tt({y hptl,t,-tn'ut('d, 'but the otlll'r two 
W(,I'(' 8C't Ilsici(' to 1)(' lIsNI for tilt' stomg(' phas(' of til(' study, TIll' 
IW(,rltgP 1ll0istUI'(' cont('nt. of til(' fr(,sh eOllos was 60 pl'r(,(,lIt; tltnt of thl' 
eOJws stol'pd ill sneks for 4 months, 42 POI'('('nt; Itnd that of tltp eOllPS 
stOl"('<I in tnLYs fol' 4 months, 27 IWI'C('nt, 

SOIll(' of till' gl'l'('11 ('()IH-S Wpl'P clri('d nt room tempN'atlll'C's (SO°B", 01' 
kss) to pl"Odu('(' s('('(1 thnt. ('ould b(' cOllsid('I'(·.d ns Iwing 1I0I'mu.Il'y ail' 
dripd, A SiWlplC' of this s('('<1 wns tlH')1 stol'C'd ill n. glnss jar in a mom 
at 4()O nlld sllilsl'f[IIl'lltl'y hl'll.t-tr('n,t,C'd in tit(' In.b()rn.tOl',~T, 

LONG LEA I' !>IN" 

'['he F()J'('st S(,ITicp Ol}('ratt'R four extl'll('tori('s hnving fOl'ced-nir 
circulation conI' driers to pro<iucp th(' slnsh, IOllgleuf, shlH'tlcnf, and 
loblolly R('c<i required by its southerll lIurs('l'i('s, 'I'll(' principnl 
species extracted iR IOllgleuf pin(' and n tcmpern.tall'e of I~Wo If, is 
lIsed ill the cone driel's, H higher temperatures could be used without 

http:lwniln.bk
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reducing the viability of the obtained seed, the drying rate of the 
cones would, of course, be speeded up and seed production thereby 
increased. .An experiment in the drying of longleaf ph"le cones to 
determine the influence of increased cone tempemtures on the ger
milltl,tive capacity of longleuf pine seed was uecordillgly mnde at the 
W. W . .Ashe Extrnetory in the fnIl of 1937. 

The longleaf pine cones were collected 011 the Lettf Rivet· unit of 
the Desoto Natiolllli Fot'est ill the fall of 1937. The source of trees 
wns almost entirely second growth, of an. age clnss between 30 and 
60 yeam, growing in open stands at an elevation of 75 to 150 feet 
above sen, level. The cones were stored in t\ cone-stornge shed for 
n,bout 2 'weeks. The il.vN·nge moisture content of the cones at the 
time of kiln-drying wns 35 percent. 

Air-dried longleaf pine seed for n seed he1tt-tretlting study was 
obtailled from cones collected on the Kisatchit' Nationn,l Forest 
dming the fnLl of 19:36. The comparison of seed-heating studies with 
til(' fOl'egoing (,one-drying studies of this speeies wns made with cone 
('rops diHering in both yen I' Ilnc! locality. 

PnOCEI)URE ~'on CONE-DHYING EXI>ERr~IENTS 

The cone-drying expc['imellts were dt'siglled sO that the tempera
tur(' nnd d urn,tioll vluin.bles were kiNI in nll combimttions, exeept 
that in til(' jack-pine experiment.s tli(' durations of heating were not 
the same fOl" all tompomtmcs. The design of the experiment.s made 
it possible to Illlnlyz(' the genninntivt'-cl1pncit.y datil Hccording to the 
lI1(\thod!" of Illllllysis of YnriUlI(,(, ns sYstemlltiilcd by Fisher.~ The 
principnl ,'nrinbles (If the studies wen: tempel"lltul"e 'IInd clurntioll of 
I\(·n.tillg. 

111 order to ('ompnn' the vnrious eonl' trentmellts it wns IW('('sslIry 
to ndjust the rellltiVl' hUlIIidit.\, of tht' kilns so that thl' eones being 
d['ied at the ,'n.rious t'Ollstllll t temlH'l"Il times wOllld fLU d r.\T to !thou t 
the Sl1l11e lIIoistur(' eOIl tent if left in the killl long ellough. Sillee 
illfol"llmtioll to ill<iiclLtl' thl' moiHtul"e ('()]I tent whieh either eOIl<'S or 
so('(1 wOllld Itttnill II IIdt'l' various ('ollciitions of tcmpel.·ature !tlld rela
tin' humidity is luekillg, til(' equilibrium lIIoistlll"(I-('ontellt vnllles for 
wood, us shown ill figllr(' 14, \\,OI'P used. Equilibrium moisture 
('011 ten t is defined tiS the moistu1"(, contont at which n, hygroscopic 
mnterinl neithor go ins nOl" losos moistm(' when sUlTo\llHled by nil' Itt 
n given relatiY(' humidity nnd tempern.turc. .At 120° F., for ('xltmplo, 
11 wood equilibrium llJoistlll"P ('ontellt of 6 pereent is maintained with 
n 3G-per('cnt rellttive humidity; fit 160° n reln,tive humidity of 45 
percent is required. 

BASTEHN WHITE PINB 

Air-dried COlles tlf enstern whitt'pine wer(' kiln-dried at 100°, 120°, 
140°, nnd1600 F. for 2, 4, 8, nnd 12 hours. All the experimental 
kiln runs were mnde n.t n wood equilibrium moisture content of 6 
percent. As four dmatiol1s of cone drying were mude at ench of the 
four different temperatures nnd two replications of the entire experi
ment were made, the experiment nil together comprised 32 kiln runs. 
Each mn WIlS l\. rnndom selection from the totnl available supply 
of cones. 

t Fl~lUm, R. A. TilE l1E:llUN In' E;,:rt;"U1~NT~. ~(\. 2, 21iO PI'., ilIus. Ediuhurgh lIud Loudou. 1937. 
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Eaeh expel"iIllC'lltal kiln nUl ("ollsisted of H full kiln charge of IIi 
bushels of what ol"iginally wen' green closed cOlles. The 16 kiln 
trays 011 ench skid \\'Pl"e spaeNI 4 i[H'hes apfilt, 'Yhen the loud of 
one-half bushel of green C'OIlf'S hud fully opPll.Nl, ('neh tl'l1Y wOllld be 
ndeq uat.cly fillpd. 

AftC'r kiln-c!J'ying, thl' I \\'0 skids of kiln truys ma.king up til(' dIlLl'P' 
we]'(' so],(pci ill to two 1"(':UTHlI;!NI gl'OUpS by piling tlw tl'ilys from ('aeh 
nlt(,1'Ilnt!'I~? on two PlllPt.y ski,ds, Thus ('arh of tile' [H'W skids cnrripd 
grou ps of trllYs I"ppl't's('nling the' I'n tire' kiln run. TI1(~s(' two groups of 
eonNl W(,['P IHlndll'd sPpIH'alpl,\' through til!' eO[H'-shnking, s(,pel-d('wing
ing, Ilnd sP('d-C'I('nnillg PJ'()('PSS(,S nnd tItp el(,lUH'd s('('(1 from ('llCh wus 
k(,p( ill sppamlp ('()lltnilll'rs, I"('slliling in two lots of s('('d ['C'IH'('s('nting 
pneh rlln, \'aria(iOlls ill thp drying as thl' l'pslIlt of loC'ation in til(' kiln 
itsC'lf WPI'C' rll,nciollliz('d out b.\' [h P fOI'P[!Oillg proCI'ss of sh IIf11ing til(' 
kiln tI'll "S. 

Th!' 'dripd COllI'S WI'I'C' tllllrbl('d ill n hanti-oppm(pd drulll-lypC' 
slrnk!']' in (ll'(lpr to slrnkp oul (hI' s(,l'ci. ()('\\'in~ill~ of til<' s('l'd \\'IlS lll' 

('oUlplislH'd hy t1'Ul1lpill~ the' s('('<1 in grain SHl'kH. 'I'll:' Sl'Pel was el('anN\ 
in n hnnd-op!'l'at('d I'l(,HIll'1' nnd pl:1('p(/ in ('ans hll \'ing sJIlall S(TI'W tops, 
TIr(' <'fillS \\'(,I'P slol'C'ci in nil 1I111\('I](p<l building ut thC' C'xlrnctOlT until 
nil tl)(, I'UllS \\'('1'(' ('omplp(hl. TIr(,\" W(,1'1' thpI; s(ol'!,d in n roo1111l1nin
tnin('d III 40 0 F. . 

Foul' InboralorT g!'1'lllinlllion tpsls \\"('1'1' IlInd(, on ('nelr s('('(1 lot 
obtninpd ill til(' ("otl~'-dryillg I'XIH'rinlt'nt. A pI'C'lill1inm'~' 11l1ll1ysis of 
til(' gl'rll1ination dalll indiell,(pd Urll,( no difl'pI'PIH'(,s in gprrninntin' 
eu.pacity ('xistpci IW[\\'(,(,II thp two lo(s of s(,pd l'('IH'('sPllting ('ndr kiln 
rtlll, rII th(, finnl anlllysis of 11[(' In hol'H tory ~pI'lIljnn tin ('aptle'ily datu 
PIICIr kiln run is !'('prps('n[pd by ('i~lrt [I'sts. Tlrl' d('gl'('('S o[ fl'!'pcioll1 of 
(hI' \'urin(l's of lhp I'xp!'rinll'nt nn' shO\nl in tnbIP I. 

'['.\IlL)·; L !'l'IJl'orli(}lIillll 0/ JIll dCII/'('I'·' of /r((t/o/JI IIN.~(/('i(/I('d wilh till /'nrillb/cs 0/ 
1111 ((l,'{U'U Irldll "iut 1'{1l11-ti'!lillfl f'J:IIl'l'iUl'{'nl 

I >l\~!r(,c!" of 
frf'rtlom 

"fOWl ';{:.! )(~·~l 
2';[)

BNWN\11 tNnl)l~r.lttln':-; t '--1. SBetw('l'n duratir)Jl!" t-l-l1 aHNWllf\11 nUl" (::'!-l! 

lUf.('nlt'tinn' ) 


Trmlltir:lltlr<'XIJllrntioll 
"-r('tUI}(lrtlt ur(lXrun, 
f)unltion Xrtlll> 
'rt..llllJterat I1n' XdtlratiollX rllU:-. 

Wirhin ('In'"~' ,Prror, [:!2XIs-l ,I 

JACK PI~E 

.laek pilH' ('(mps frolll til!' llnlilablC' snpply W('1'(' kiln-dripd at a 
tl'mp<'l'llllll'l' of 14()0 F, [or :1. n, nnd 15~~ hoUl'S; fIt 1700 fol' 2.4.6,and 
22;4 hours; at IHijO for 2. :3, and 4 hours; llnd at 2000 for 2 hOUl'S, All 
kiln runs \\'1'1'(' mil <II' nt 4-p1']'(' l'll t \\'ood l'quilibl'i 11m rnoistul'C' content, 
since II Ll'inll'ul! ('olldlll'l!'d nl 1700 and ttt G-p(,l'C'pnt wood equilibrium 
moist urI' ('on(pl!( g:lH I'pr,\" 1I11l:mlisfll('lory ('Olll' OIH'l1ing ('\'('11 uftC'1' 17 
holll':; of lrl'lltlllPnt. 

Bdol'!' (h!' ('xlH'l'illJ('l1lul kill! !'Iltrs W('I'C' Iwgun, thC' supply of ('olles 
was buill into It ('ol1icul pil!' ill II larg"l' ('oll<'-slol'ugl' shed. This pilC' 

http:opPll.Nl
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PARTlilL VAPOR P/USSi//U (iNCHES OF M£RCiJR~) 

FlGUnE 14. - ·The llloisturc-COIrient \·,thll'" of Hitkn :-;Pnt('(' ttl equilibrium with ntrioll~ tClllppmt un'", pltrt inl \'apor j)l"()!'\suro,;, and 
relative hlllniditiel' (R. If.). Ot.her ,;pecie,; of wood might :;ho\\' l;Ollle slight \'ltriatiolls, but the gellPml ,;Iutpe of the curves would t-.:J. 
be the same for all spel)ics. I-' 
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of COnt'S Wl1S tm'lwd over s('Ycral times with shon·ls in sOll1Pwhat til(' 
sam(' manner that concrete is mixed by hane!. The kiln trays WC1'e 
filled from this mix('(l supply of COl1es, being lt1ken from the pile 
at rundoll1, 

Each experillH'ntal kiln run wns a full kiln chlll'gp consisting of 2 
skid loads of trays, Ench skid 11('1<1 38 lmys 011 11 2-illeh tray spne
iug and ('Iteh tray held on(·-thil'd buslle! oJ jllck-pine con('s, mnking n, 
total of 22 buslH'ls of eOl1('S for Pilch kiln charg(', 

After t'neh J'un, the' 2 skid lOHds of kiln tl'uys milking up thl' Chll1'gl' 
W(,1'l' sOlt('d into :1 groups of 22 COIH' lrn,Ys ('ltCit, F/'Om pnch skid lon.d 
of trnys tlH' 8 top trays WI'1'(, pllH'!'d 011 nn ('mpty Rkid, til<' IIl'xt 3 
tl'llys 011 n s('('olld I'llIPt.y skid, tlH' IWXt :j on II third I'mpty skid, till' 

fourth group on till' fin;t skid, and so on until til(' a groups of 22 tI'llyS 
\\'('I'P ('ompl<'ll'. Thl' bottom tI'lly of (,Il('h of th(' gl'OllPS of 8 killl trays 
wns p1'o\"icipd with fly win· to pn'\'pnt s(,l'd fnllillg through to til<' 
b'nys IH'low, 

rf'llP con('s of ptwit of thl' ;~ skid IOllcis \\'('1'(' itn.lldlpd sPfHu'ntC'iy 
througll the· ('oll('-shnking, sl'pd-(\('willging, Il.nd s('('d-('lplI.lling pnwf'Ss<'s, 
which WPI'P thl' snnw as those' dl's('J'ii>t'd fol' ('ast('I'1I whitt' pin!' ('ones, 
Tht' thrt'(· ('h'IU1('d lots of s(·('(1 I'pslliting WPl'(' k(·p! in 8Ppnmt<· ('011

tainel's~ Thus a lots of 8(,('d W(ll'(' obtnilwd l'epl'('s('nting ('n('h killl 
l'Ull llnd slIhs('([II('l1 t tr('atmpn t. TIlt' stOl'fi!!<' of tit(· 8('(·d wns tIl(' SfUn(' 
as for ('ust('I'n whitt' pint', 

TIl<' lai>orn,toI',v gPI'minn,tivl' capacity datn inciiC'lltpcl thllt kiln 
drying at 170° F, for 22% hOlll's; at 195° for 2, 3, alld 4 holll's; nnd at 
200° for 2 hours wns inj urious to til(' sCf'cI, TIL<' stn,tistielll n,nnlysis 
wus eonfiJ1('cl to tLl<' gf'rminn,tin' cn,pllcity cin,tn obtnillcd 011 scC'cl from 
COlles kiln-clri('cl at 140° fol' 3, G, and 151~ hours nnd at 170° for 2, 4, 
and 6 hours, TIl(' degI'!'l's of fl'\'('(loll1 of tit!' nLl'iat('s Ill'(' shown in 
tn,blt' 2, Euch killl 1'lIll pJ'(wid('cl :~ s('('(1 slunpl('s nnd ('twit s('{'d sllmp!t. 
was tested four timrs, 

TAIlL~; 2,--- Proportionill[J of the rieflrl'eS oj fl'eedolll associateci with thp variableg oj 
ill(' jill''' pine cone-dry/n!1 "J:peri-nwn! 

~our('(l of \'nriIH ion Dej.!ree$ of 
freNlom 

'rotal (OxaX4-lj 
71Between treatmcrus en-l) 5!letween lIIenn~ of 101' within lrl'IIt.lllent$ (flX(3---I)) 12Wit.hin lot~ [iixaX(4--JlJ 
54 

.REIl PINE 

Thr expPl'inwnts On I'Pel pille ('-Olll'S w{'rp und(,I'tukl'n to dpi<'l'mine 
th(' llH'ri ts of (I) killl-c!r,ving fl'psh ('OIH'S, (2) stol'HgP of ('OI1(,S in sacks 
n:nd tlH'1l kiln-drying, and (:3) stOl'Hg<' of ('OlWS ill tl'uys nne! Uwn kiln
dl'ying, 

Tll<' eOl\('S to Ill' dirp(L in thp gl'(,(,11 con<l i tioll W(,I'P dump('d in n 
lal'g(' pil(' llnd mixt'd b~' LUl'l1ing tit(· pil(' OVPI' two or' tlll'('l' Lim('s with 
sho\'pI8, COI1('s W('I'P tlH'n tn,k('ll from til<' pilf' itt mndom to fill til<' 
tl'n,ys making up th(' ('xpet'inH'nlnl kiln eitlulH'S, Th(· llverng<, mois
tun' ('on ten t of tiH'S(' gI'N'1l ('OIlt'S WHS GO 1)(,I,(,PI1 t. TIl<' (,OI1<'S W('I'(' 

twxt dl'iNI n.t 120°,. laOo, 140°, 150°, i1l1d WOo F, f(w a, 5, 7, and 9 
hoiit's at both a nl1d (i 1l<'I'('('n! wood ('qllilil)l'ium llIoisitll'(' ('oll!pnt. 
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Full-tray loadings were not madl:' j instead, each cxpcl'imental kiln 
run consisted of 5H bushels of cones on a singll:' skid of 22 trays with 
~~ bushel of cones per tmy. As tIl<' kiln holds 2 skids of tmys, 2 runs 
were started in each kiln, ttl(' front skid being pulled out after the 
shorter duration of tn'atmont and a dummy load of tmys put in its 
place. 

Thl:' handling of till' ('OIH'S sto!"NI in sneks was as follows: The 
sacked COI1<'S WP!"I' piled in n. long I'OW in t1 ('onp-storag<' shed tlmt hnd 
an open sen'pned flool'. Eneh sack held apPl'Oximatcly 1J~ bushels of 
CotH'S. Thl' slleks w{ln' pil('d six lay('rs high, Ildjnc('nt Iu.yers were 
separated by two a- by a-indl wood spncing strips. 

The hnndling of til(' (,OI1('S ston,d in J)[·(·GIII·ing- trnys eonsisted of 
plneing thl' tmys in a slwd huying 11 solid floo!". TIll' trays \\"('1'(1 piled 
one on top of 111l0tlwl' with splleing IJltI's I)('LwP{'o tllPm. 

Both tIl<' snekpd lllld Lrn.ypd ('on('s WI'I'I' pu t in tll!' stornge shpds in 
Octobpl" 19a7. Thl' killl I'uns w('r<' mndp in Ji'!'bruI1I'Y 193R nftel.· tiw 
('OlH'S hnd bN'n stol.·('d n,pproxilllntl'I~T 4 ilion ths. 'rIi(.sl' stored cones 
wp!"(' dried at 1200 

, 1300 
, 1400 

, 1500 
, !(jOo, and 170 0 F. for 3, 5, 7, 

Ilnd 9 hours at a ;j Pl'I'('pnt wood ('quilibl'iull1 moistul'(' content. The 
snme kind of trny londing- t1ltLt \VnR !lSpei fol' tIll' gl'pen ('ones was 
I'mploYNL Eueit kiln )'UI1 ('onsistl'd of dl'ying fl. suek-stOlwl iI,nd n 
tray-stOl'NI skid loud of trays Itt till' snn1l' linH'. TIl(' ('xJwrimen tal 
kiln I'lIl1S WI'I'I' l,tUldomiz('d and til(' (,OI1('S usC'd for eneh of tIl<' sack
stort'd nnd lmy-stol'('d nU1S W(')'(' also mnclomiz('(L 

The dC'winglng, ei(,lllling, and stomgp of tIl(' s('ed after' kiln dr.Ying 
was the' slUne' ns d('s(,l'ilwd fol' PIlSlm'n whit(' pin!' (p. 20). 

Each sl'('d snmph, I'('pn'sl'nting II kiln-drying l'llll wns sl1mph'd for 
four labol'll,t()r~T gl'l'minntiyp (~apneity (('sls. The dl'gl'I'I' of fl'l'l'dom 
of till' vltl'in.U's fol' tltp g'I'I'l'1l ('onl's al'{' shown in tahle ;3 and til(' stored 
('onl'S in tablp 4. 

TARLE 3.- J>J'o]JIlrlion£71g 0/ thl' r/egrrl'.< 0/ Jrecdom a,~sociated wilh the variables 
oj tj,cred pInc Itrlling ('xp('l'i1l1l'nl with grel!1/. culle,~ 

1J"~r"es of 
fr~cdom

SOUfC(' ur \"nriutJon 

'I'olul (5X·IX2X4-1) 1511 
B~lwel'n IClJIpernlures (5-11 4 

B~Lwt"'n dllrations (4-1)

nl'tW('Cn (·quilihriutll JJloistun~ contrut.g (2-1) 

In tt'rncllun: 

'L'l'JIlperatUrt' X duration 12 
'I.'empcrnlurt' X "llUlllhritllll lIloislufl.· <>ontent ·1 
J)urutlon X ~qulllhriulJl moisturt' (,onlenl :J 
rrCIII\lf.'rntuf.(' X duration X t'CllJilibriuUl moisturo l'Ont.l'nt 12 

Within Clk~'·.< (,'rror) [,5X4X2 (4-ll) ... ,, _____ . 120 

TAlI),E ,L--Pl'Oportioni1l.(/ oj lhe degrees oj ire/'dom a,•.~ocialfd with tlw I'(I,..illllle.~ oj 
the /'I'd ]Jilll) drying experiment with stored cones 

i Degrees of Soure,.. of variation I fr"I'dom 
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LO:-;CLEAF PIl'"[,; 

Drying t1'('ntmpnls \\"('1'(' mn<ip ill tll(, kiln nt tb(' ,Yo 'Yo Aslll' Ex
t rn.c lory. Thl' kiln is Illurll Inrg-l'r tll!l11 tl](, (hark, Chittp]1(I(,I1, or 
('nss Lnkl' I~xtrn('tor'y kilns ulthoug-h it is fl stpullI-bpntpd, l('.'.npPl"Iltul't'
('ol1t1'Ollp([, fil1d fOI'('l'd-:tir Cil"l'ul:lli(Jll kiln, '1'11(' frilnH' building 
hOllsing tiH' kiln ({ig. 1fj) is fl two-story sl l"ll('( U1"1' Ilnd till' kiln, also 
built of wood, is \o('ltlt'd Oil til(' uPIH'r ([oor. Till' killl ilas h capneity 
of 1;)0 btlshpls of longll'uf pill(' ('OIl!'S, 

M3658C~ 

F[ca'im Iii, Extl"lH'tUI"Y hllilding at lhl' W. \Y. ;\,,:1(, :\111'."('1".1', Brookl.\·II, :\Ii:;~. 

DlTillg t1'l'at III ('11 ts \\"prl' lllud!' at II fjo, I~()O, I~5°, 1;~OO, and la.1° F. 
for dill'tltiom; of ~, I~, and 10 hOllrs, Illaking Iii I'x]wl'illlPl1lnl rUllS 
in all. Thl' rl'ln t i \"l' humidity of 111(' kiln ntlllospiJ('I"(' Will' adj ust!'d 
so tllitt nll till' kiln !"lIIlS \\'PI'p Illadp III ..J. I>PI'('PI1 t wood ('lj uilibriul11 
1I1Oistlll'P ('ontpnt. '1'111' dry-btllb t('I1lJll'rnlur!' of til!' kiln was !l.lIto
mntil'nlly ('ontrollpd with n thpl'nlOs[nl. Thp \\'pt-bulb l('mppl"ll
(,Ul'!' \\"IIS IIll1lltlnlly ('otllrolll'd b,\' llH' ndjuslnH'll( of tltp intnkp of 
[('Pslt nil'. 

En.{'h PXjH,l"lllll'lllnl kiln 1'\111 ('om;istpd of (JIll' skid load of 10 fully 
loncil'(\ ('(lilt' trllYs. 'I'hl' usual t I'U \' loadillg \\"ns about ;~ busiH'ls (if 
con('s, makinp: n'lt'st lonci of niJoui :~O bushpls of ('onps, JnlJll(~din,l<'ly 
aftp1' l'Pl1lo\'ing th(, skid of ('Olll'S f!'Olll til(' kiln, tltl' ('011('5 \\'('1'(' 5hlLkl'~) 
Itnd th(' s('('d ohtailll'd WitS d(,Hn('ci without d('wing-ing. Til(' S('pel wns 
salllplt'd hy hn!\'ing- nod qllnrtl'l'illp: th<' supply, Thl' s('('c\ slllupl('s 
\\"(']'1' plll('('d ill ('loth hags. whidl :1110\\'('(\ thl' sP('(1 to dl'Y, and wel'l' 
s(ol'(Id ill n ('001 ('(Ill/It. A fl'\\, dnys Hft(ll' til(' l'lIllS \\"(11'<' ('ompl(ltl'd till' 

8('('<1 \\"IIS tI'llIlS/'I'I'I'('d to glllss jnj's hll\'ing- S(']'!'\\' lops !tlld H(ml'd in n 
1'00111 lllHill!nilll'<I al <10" F. 

1~lldl sppd sOlllpl(' Wits ('s("ri ill thl' IlIilol'Htory Oll fOlll' difl'('I'('llt 
l-Hlhlo(s. 'I'll!' dl'g-I'(,('S of fl'l'pdOlIl of til!' \'Ill'inhl('s of [III' gl'I'minnti\'c 
eapneity dntu III'I' showll ill lnhl(' ri, 
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TABLE 5.-Pro]lOrtioning of Ihf degrees of freedom usMcialed ">ith the variables of 
the longle(lf 7nne cOlle-dryi'ng experiment 

--------.--.----- ~I--

SOUf("(.I or \,ariution : Degrees of 
. freedom 

TowI (5X3X~-I) 59Between temperaturp.s (5-1 t 1Bet-ween durations (3-11 2I"teraction: 
TemperatllTeXdnliltioll

'Within clusses (error) [oxa (.1-11] 

SEED TESTING 

LAlH)I{ATOHY TESTING 

A uniform gprmination tp('linie \Vns lIsl'd ill thl' Inbomtol'Y to lE>st 
lhp "iability of the' mUI.1)" s('('<1 snmplps "tudipd. The' gl'rlnination 
sllmph' ('ollsistN! of 1,000 mndomly sPlp('jpd sppd from thl' supply 
l'pj)r('sl'llting I'neh tJ'PlttuH'nL Thl' (,llstl'I'1l whit!' pillP, l'pd pin!', allc! 
juck pill(' slllnplps \\'('1'(' obtnill!'d by splitting tllP sllppl~' with 11 s('('d 
smnpll'r lIntil Llw n.PPl'oxinll1t!' sumph, siz(' wns Oblninl'd, from which 
til(' 1,000 B('eds WPl'l' "plpcLPd n.l I'llndol11. Thl' longll'uf pill(' snmplc's 
WP1'(' obtninl'd by q Ulutl'l'ing u PYl'lllUidnl pilt> of SPl'd to U smnll 
smnpll'. 

Ench "pet! smnplp wns di\'idN! into 4 sublot snmplps of 250 sl!rds 
Illld pnch sublot WIlS sown III n difl'('l'pnt [lilt containing wnshE>d nnd 
stp1'iliz('d plnste1' snlld. 

TIH' longleaf, NlstprIl whit(', and 1'pd pinc' s('('d fln,ts W(,1'(" stored in n 
room mnjn tainl'd at about 40 0 F. 'I'll(' ttit('l'-ripc'J1ing p<'1'iod for thes(1 
three species wns 30 dnys. Thp jnck pine seed snmples were germi
nated without strn,tificll,tion. 

The gcrmination room was ope1'nt('d at (W O F, for 16 hours and 800 

for 8 hours of tb," day. Electrie lnmps about 2 fl~et abOVE> the sand 
flats W('I'(' tUl'lwd on whell thr room wns opern,ted il.t 80 0 The cnstern• 

white pillE' and tIl(' juck pint' spl'c1 samples we1'(' germinated in the seed 
laboratory at the Lak(' Stn,ks Forpst Experiment Station (fig. 16, A). 
TI\(l longlraf piI1I' und tht' red pine seed snmples wer(' germinnted in a, 
tpmpl'raturl'-contl'olled room nt the Forest Products Laboratory 
(fig.16, B). Th<, flats for all spt'cic's wel'<' shift<,d 111'0und in order to 
('Xpos<' th<'m to the vnried couditions of light, tempemture, and 
circulation of nil'. 

As the sN'ds SPl'out('d thl'Y WN'(' liftl'd nnd tIll' count r<,corded. 
Except for tllP jack pil)(" tIl(' uug('rmiI1att'd sl'l'd Wl'1'(' liftf'd after 
(Termination wns compIl't(' nnd ('ut to d('tcl1'milH' the' l1umbl'l' of blind 
~('eds sown in pneb sublot. "PIT lit.tl!' difIiC'lllty wn" ('IH'ount<'rpd with 
dllmpillg-ofl' fungus. . . 

FmLD TESTING 

In til(' llLbol'n,tory it. i!'; pOHsibl(' to ('on trol till' ('on<iitions to which tIl{' 
O'prminl1ling s(,('(1 is HubjPct('d both us to til(' gprminn,ting lIll'<lium and 
the sUI'l'ot1I1<iing n,tmo~pll('rie ('onditiolls. Such C'onLrol is not possibl(' 
in field eXI)(,l'iul('n t, owing pl'ineipnJly to til(' Iwlp1'og('neity of tIl(' soil. 
The design of tlll' fidd ('xl)(,l'impnt lllllSt. thl'I'C\fol'(', bp "ueh that the 
hetel'ogencit~~ of soil will not musk the resulLs of different treatments. 

2SG13~O--41~~--4 
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Tht' Latin squu/"(' und tlw rmHlomizpd block s~'st('ln of Lipld plan ting
\\"('1"1' n('('ordillgly s{'lpCll'cl for this pxpl'rinH'nt. Thl')" providc' yulid 
pstunntps of PITor b('C'l1ww of th(· dl't,cti\"(' 1"lllldomizntioll." 

Till' s('('d obtnill!'d from f.h(' kiln-drying of tIll' (,HS(l'l"n while' pill(' 
(,Ol1<'S was sown in tIl(' spring oj l\l;fi in til(' Lydick ;\unwI"Y. C'nss Lnkt', 
:Minn., nJ(pr ,,(rn(iiit'n(ioll in wd sand nt 4()O F. for :30 dnys. All Hi 
:wpd lots W{'l"(' sown ill n sing-iP In b~' IG Latin SqUilJ"(' hln'ing 25G plots. 

M3fzn 327BtF 

Fl(llIltF: 1 G . ... ..1, (:(,l"Il1illtliioll room ttt tIll' Lakp HllLt('~ Forl'''l EX]lprilllellt 
Hllltioll; B, j.(prmilllllioll 1"00111 at tht' Forp"t Pr()d\l(,(~ Lahoratory. 

Kn('1l plot WlIS -1- b)' 4 rppt ill 8iz('. Adjncl'nl plots in l'nch lwti were' 
Sl'pnr'iltl'd by n bl,t! bonn!. I~ll('h Iwd wns -+ [l'l't \\"id(' and Itbout 70 
[('Pt long. Adjll(,pni IH'ds W('l"(' sl'parnll'(/ by 11 14-ineh path. No 
sp(l('inl pl'l'pnTlltloll of tIl!' soil wns lllndl' othl'l" llllln diseing lllld working 
in peat 111088. 

A SUfliell'lIt q lIllll Ii ty of sPNI WIIS sO\\,l1 ill I'lu'h plot to pl"od \1('(' 

tLppr'oxiIllHtply I,OW) sl'('dlillgs Ims(·d lIPOll thl' l:dlOl"lItOl".\' g"Pl"minn,[iYl' 
t'ILpn('ity \'nluP8. Tltl' sl,t'd ill l'udl plot W[\8 HO\\"11 by IllLnd (fig. 17) 

6 Sec lootno{(~ \. p. W. 



ft> 

Fllinu: Ii. ~()II III!!; ('a~I"nl II'hil,' pilll' ~ ....d ill jll"'jlarl'd pllll~ ill Ill!' 1lIll'~"I'\', 
Tb(' ~;;!i ploh ill iI\(, J(j h,l' Iii Lat ill ~'1l1at'!' II ('t'! , ~1l1\'11 hy halld, 

ill ]0 I'm\'s spll('l'd ., ill('IIl's IlP:t!'t. A sOIl'illg' trougb 1\':1S lIs('d to llI11ill
t:till llllifll!'lli spl'I',\(1 of till' sl'l'd alld d('ptil of ('OI'I'l'll,!.!:(', '!'PIl ppl'I'PIlL 
Ill' till' sl'l'd ill I'll('b plot \\'ns So\\,11 ill P,lI'l! oj' thl' I() I'O\\'" \I'ithill tlip 
p[llt (fig, JSI, 

T[II' ('OUllt Ill' till' s('('d[ill,!.!:s \\'llS stlll't!'!! ~() days llftl'1' t[lI' .,~'('c! \\'llS 
SOWI!, ('Olllpl(,lI' l'i('I't1lillg' '('Ollills \\'('I'!, tnkl'lI ~:!. :ll. :~S, ·Li. nllc! ;)~ 
tlnl'''' aft!'!' SIl\\'ill,!.!:, .\ ('Ollilt of tllf' slInj\'ill~ s('('dlill~" nt 11ll' 1'11l1 of 
t 11;, first gl'()\\'lllg S(,,\SOIl \\,II~ IlIlld(, ill .\'O\,!'~IlIt('I' I\1:i7. 

FWt:RE lK '1',\ pit'al ~lallrl of CU"l('l'll "hilt, pilll' :-PI·dlillg,.. ilJ UUI' uf til(' 25li plut:;, 
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Fwurm l!l.-Cm'('rinp; pl()t.~ wit Ii 8and and 
~prjllkJjnp; with iJ,('jrl tn control danlpilll{-orr. 

.\'ill<' of tJl<' ('1('\'(,11 s('cd 
lot~ from thc jack pinc 
eOIl<'-U'('ilting cxpcl'imf'llt 
wprc SOWll ill n 9 lv" 9 Lilt ill 
sq 11l1J"(' ill tlw Ly(l"ick 11 UI"S
('1".\'. Tlw nrCll wus adjllC"Pllt 
10 tlt(' ('HSt(,l"Il white' pill(' 
sowing- lllld thc SHIll(' plot 
siz<', 4 hy 4 re('t, was uSl'd. 
TIll' s('cd was sown ill ~[n,y 
1 D:ri by broadc:l:>lillg nn~1 
tlH'1l cov(,l'ing with sand 
(fig-s. 19 &20). '1'hc nmollllt 
of s('('(], by wl'ighl, sown ill 
(,Hch plot \\'as bascd on th(' 
in iJoratOl'.\' gC'rminative ca
pal'ity yalues nne! secd 
('olln(,p per unit wl'ight. 
~lIffiei('[] t spcd ,,'I1S sown in 
('neh plot to obtain a 8(,<,<1
ling" llPnsitv of ahout 1,000 
sP(:dlings p'PI" plol. A ('om
pl(,t(, count of tl1(' s(,pdlillgs 
inn 11 till' plots \\'ns ma~]P 
G7 cla,ys aftpl' sO\\'ing- (fig. 
21) and n eount of tile Stll"
vi "illg 1-0 plants \\':1S mnd<' 
in llH' spring of 1938 bPl'ol'(' 
II(,\\" gl"owth had stnr[pd. 

Sppd fl"om tlll' I fi s('('<1 
loIs of longlpn r pill(' \\'as 

M32Q51F 

FIGURE 20.-~Cov('dnp; :;('('dbeds with wire mesh (,0 keep 0\11, 'birds alld rodents. 
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sown at th(> ""Y. ,Yo Ash(' Nurs(>ry. Brooklyn. ~liss. 'I'll<' s(>('d hud b('('11 
seuled in cans and stored for 4 months nt 40° F. Prior to sowing, til(' 
seed wus strntific.'d in w(>t pt'at moss for :W days at 40° F. TIlt' 15 s(>t'(\ 
lots wer(' sown in 10 l'I1ndomized blo('ks, in contrast to thl' Ltttin sq 11lU'e 
sowing of til(' l'lIS(,l'Il whilp and juek pint' s('('(1. A sampl(' of 100 
se('d repn's('llling PHeh ll'pulnH'nl \\'US SOWI! tH'I'OSS U 4-fool \wel in 
('nch bloek (fig. 22), in Apl·il. l!):{X, Hnd \\'US ('0\'('1'1'<1 with burlap for
II du,ys. ('ompll'l(' ('ollnts \\,pn' takpn 21 dnys aft ('I' sowing. TIl(' 
l1u111\)('r of IItilizabh' 10 s('['dlings, I'(lpn's('nting plall( 1)('I'('('nt, \\'1'1'1' 
('(lllll(P<! in D('('('m\H'1' I!):~X. 

Thl' I'l'd pinp ('011(' dl',\'ing l'x\)('riIllPnt 1}I'Il\'idl'd xx H('('d lots of whi('h 
1() WPl'p splpet('d to kst in tIll' lipid, A I'llndOllliz('d blo('k ;:;VS[PIlI of 
fi('ld so\\'i ng Hill1iinr to t h(' longl('af pilll' fil'ld stud.', WIIH Lls(·d. TI\(· 
fipld sowillg WIIS IWHit' ill th(· Lydi('\;; XIII'HPI'Y, in til(' spring of lO:lK A 
sllfIl('il'1l1 qUHntity of sl'l'd WtlS sown in I'IlC'h !'Ow 1'('pI'psl'nling 1I tl'('I1[
nH'nl. in ('Iwh of til(' 10 blocks, to pl'Od\l('(' :1. dpllsi(,\' of 100 sppellings 
\)('1' I'O\\', A ('olllpl('((' ('ollnl of pstnblisht'd s(,pellillgs \\'as Illude 41 
dn,ys nftpl' sowing, A ('ollnl of (hI' SIIlTi\'ing Illlml)!'I' of to H(,pdlings 
Wj)g 111:1<1(' ill :\o\'PIllIH'r I n:{l-I, 

C()\ E OPE\I \G 

A redllction in th(' 1ll0istUI'(' content of R('ed ('olles is expected to 
CIUlS(, their opcning- tire' Hmollnt of se('eI l'e1(,l1s('d incl'ensing with 
grentpr C'0I1(' opelling. lmmn tllr(' or wormy COIl{'H, how('\'el', Hre 
n~r.'· diflicllit to opell ancl lIHllIlily nny lInop('ned (,Olll'S in i1 killl chill'ge 
C'nn \w kneed to thl'sl' C'Huses, 

":ASTEHL\ \\IIITE PI:>;E 

Freshly piekp<L, llliltlll'P (O;1S{('I'1l whitt' pill(, (,OIl('S will not I'enelily 
open if illlllle<iitlkly killl-dripd, 'Plrl' 1'(,Hinolls ('()l\,tin~ spems to pre
vent, the 1lI0\'elll('nt of the senles n.lld ullfort,llJltlteLy kiln-dl-ying does 
Ilot ~rcntl,Y ehlUlge this ('outing ml1 t('rinJ. A pn'limilllll'Y nir-dr,\'illg 
pedoll, often ('nlled til(' PI'('('lIl'illg period, is t.lrprcfor(' 11 N'eSSI1 l''y, 

COII(, opening in enst('1'1l wirit(' pill(,. nftcr n pr('lilllinnr,Y pre(,lIrlllg 
pcriod sllHieien t I,Y IOllg to set tire reHin con ting, is pl'Oportionate to 
1l10iStlll'P-C'OIl tellt red lIdioll, HS slrown in figurl' 2:{, Tlw degrep. of 
('olle opelling wns bllsed 011 n yisllal and nrbitl'lLI'Y stundul'd, The 
('ones of s(,\rel'nl trllYs of ('Heh ('xperilllcntni killl rlln \\'PI'P insppded 
und ench COIl(, in th(' kay graded liS to whether it wus completely 
open, thre('-quartcrs open; one-half OP(,Il, ollc-quitrtcl' open, or closed. 
'rhc degree 01' cxtent of COliC opellnesl'l was bnseu on whut tire grnder 
thought til(' rclens(' of' Hced would 1)(' if til(' ('oncl'l were wcll shnken, 
Othcr grnders using sll('h n. system probnbly would g('t difl'erent "('sui ts 
on inspecting 111(' snnl(' eone>1 bu tit is expected thnt til(' slope of the 
cone-opening nnCl 1l10istllr<'-('oll tent rein tiol1f;hip would \)(' the snme, 
The rehttion indicates that e:lsiel'll whit(' pin(' ('OIIPS :11'(' ('xppc-ted to 
rclense all of the ('ontnilled seed whell d ri('(1 to n ('011(' 1Il0istlll'e e011

tent of 6 percent, 
'rll(' rcln,tion shown ill figlll'<' .2:1 i,; ind('IH'IHI('nt of tlw kiln tem

pcr'atul'e fit which tIl(' ('OIl(,S wcn' dl'i('(!. The lim' of r('gr('ssion wus 
enlculn,ted by the nwthod of lenst SqUIlI'CS. 
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CONE MOISTURE CONTENT (PERCENT) 

FlGUJu; 23.- ··Reiatiull of ('xh'llt of COIlt' oJl('lIillg alld llloistuC{' contcnt for eastern 
whitt' pillt' COIICS. 

JACK PINE 

,Juck 1)lJ\(' eOlles will not open HPPl'eeiably ilt n01"ll1l11 u tmospiJeric 
tempemtmes. TIl{' ('emen ting matel'ial between the senles seems to 
require heating beron' COIl{'-opening stresses C'1I11 I'puet. Since nil'
(h'yillg offers no stimulation to subsequent killl-dl',Ying, maturo ('Olles 
cun be kiln-dried immediH t(,l" nftel' coli<,('tioll. 

Jnek pine eones open ' 
ItS the contained lllois- IOO;----n""""---~--__r---_.--_, 

ture is evaporated, pro

vided that the dl'~ring 

ILtmospb(~re is n.t n. tcm- r,-,. 


perature high ell0 ugh ~ 80t----+-..::...>,.--f-..L.""--rf---.+----J 

to soften the eementing ~ 

film between the scales, i 

Cone-opening 1\,nd ~ 60 

moisture-content re]l1- ::;: 1----+---+-,-...--1-...-,...-''''*'----1 

tionship for jnek pine ~ /30 'F. 
cones dried at different "" 

4J 
temperatures is shown ~ 401----+---+----l-T----t-----I 
in figure 24. The pel'- ..., 

centage of opening is ~ 

bused Oil a, conc-ill- ~ 

spectioll system similar ~ ZOI----+----f----l---l!cl-----J 

to that used fol' ellstern t;j 

white pine nnd 1I1so 011 


u. system of l~leusurillg 
~~----~4------~8------~/Z-----~/6----~ZOthe volumetric expu,lI


sion of the dried ('ones, MOISTURE CONTENT (PERCENT) 


Ou.reful measllrement FIOUltE 2,1.· ,Relation of cxtent of COliC opening, 

of original closed Ilnd moisture cOJlteJlt, and tcmperature for jack pine, 




subsequent cOile volullll' indicates that thp IlHlxilllllIll ('xjlltIlsion is 2.8; 
that is to suy thllt 1 bushel of closed jnck pillc (,OIlCS will expand to 
2.8 bushels when ('omp\eteJr opened. The ll1oistUl"P eon tent of jack 
pUle cOlles prior to kiln-drying was foulld to \)(' nbout 22 percent. 
ConeR of oldcr crops as clistill~lIisll('d by tlleir ('olor, fn'shl." picked 
('ones, find ('olles that had l)('cII stoJ"('d for :;onH' timp hnd moiHture 
\'alues Ilot deyintillg ypry fnr frolll this n\Opl"lIg"e vnlue. 

To obtain ~()()d ('OIl(' op(,l1ill~ ill jllck piliP thp killl telllpernturps 
lIlURt be at [40a F. or highN. 'I'll(' rp~rpssioll of (,0Ill' oppning Oil 

1Il0istlll"(' (,Ollt('llt at [:W" F. i:; si~nili(,lllltly lo\\"('r thall til(' regrpsHiolls 
ttt 14{)O, I flOo, [jOO, Illld [O()", which \\'('n' poolpd ill liglll"(' 24. Lower 
moisture "al,lt,s hHY!' to 1)(' Ilt(ailwd \l"1}(,1l tl1{' ('OIl('S I1I'P dripd at 1300 

to ohtnin th(, snllw d('~I"(,!' of ('Wl(' o(H'lling as at til(' high('r t<'lll!)('l"i\,

hIres. COlllpl!'t!' ('0111' ll()('lIillg was obtailled lit all a\'l'l"Ilg(' 1ll0istllr(' 
eont('ltt of ahout ii PPI'C('llt wll('n kihl-dripd nt I·IOo or hi~I)('r (fig. 24). 
This llWHns that high kiln t<'lllppl"ntlll'ps should \)(' used in til(' 
kiln-dl·.villg of jllck PIll(' ('OIl(,S ill ol"der to fneilitntp their OpClllllg, 
('oll('omitnn( with S('p<l quality. 

Rim PI;\"E 

TIH' rl'intioll of ('01lp o()('lling of n'd pill!' ('()III'S 10 l\loist tll"!' Il'dllelion 
is ShOWll ill figtll"!' ~il. :IS ntP:lstlrl'd b~' IIH' \'olullldl"ic l'XPHllSioll of tILt' 

killl-<il"ipd gl"('('ll l'OIlt'S. 
100 r---::-;;..-Alro---=-r----,.--~-----_, ~ I llximulU expallSio IIt oo,po '~~<~gn 1 I \\':lS foulld to hp 2.2;> 

~ 0 ~ 0 l tillll'S til(' ol"igillal dosl'd 
~ 1 \'olllllH'. This lOO-(l('I"
~ 80 - .. -. .._. 

0 

j • 0 ..•• ('I'llt o(wlling" WIIS 11.(.

~ I 0 or tnilH'cialllllloisttll"('('OIl
... ! t('llt of I~ ()('I'('(,l1t; It 

~ 60- .,.. higlwl' ,,/tltll' thall thn.t 
~ 0

0 

ror pi thpl" l'Ilsll'1"ll whill'I 

~ ! i 0 ~ pill(' 01" jack piliP. Tilt' 
1;<; 1 .. _.. _.. _ ......_._~."._._.__' __--' L"l'ialion (fig. 25) is linen,L" 

0 :Llld lhpl'pror!' ('OIH' °(Wll400'-----(L.. lO .)0 40 50 

CONE MfJlST//ilE ';CNTfNT (PERCENT) IIlg IS Pl"opol'tionlLlr to 
('(HlP moisture ('onU'nt.Flca'In: !}.i. H(·lnl iOIl of ('OIH' OjlC'1I i 11;( 10 Jlloi"t IIrt' COIl

tClIt for n'd pill<' (·1)1](' .... [):tl:l o\JlniIH'd 1>y Idln-dl")" 'Ph(' Jill<' of I"egrl'ssion 
i!l~ ~1"('(,11 ('01\(',", al I () iIlINy:!l... frolll 12()' 10 WOo F. wns et' kulntNI u,("('onLing 

lo til(' Ilwthod of lN1st 
squlll"t'S. 'I'll!' illfltll'llC'l' or t(,Ill(ll'l"Ittlll'P wns poolpcl to ('akuln.tp this 
rpgn'ssioll, Sill('!' difr('I"!'nt lp1ll(}('mtul"('s did not produ('(' signifi.eant 
(\irrl'l"l'n('ps in ('Oil!' o(>l'nillg :IS llWllSlll'('(1. 

S E I'; IJ Y II,: L1J 

('()Ill' O(H'lIiH!! III <':l~!t'I'1l wltitl' (Hill', jllC'k pilt(" alld 1'('(\ piTH' is 
lill('ady 1"('111[('(: to ('011(' 1lI0Ifltllt"<' l'OIl[I'II[ Hlld i[ ('llll Iw illl'(,I"l'('(1 thnt 
s(,l'<I ,,'i('ld IS nlso linPIII'''' I'pllttl'd [0 ('Ollp l11oislllr(' ('ontl'nt 1'01" it IS 
<,x(><'(:[('<1 t\tnt :-;('1'<1 1"I'1"I;s(' wOllld 1)(' dil"!'dly propol"tiollnl lo ('OIl!' 
OI)(,III1('SS, This IS (1\1' I'I\SI' \\'it It 1"('(\ pIli!'. Tit!' I"plntioll of H('('d 
"i(·It! «'I('ullI'd IIlld adjlls(l'd [0 n ii lH'rc'('lIt IttOiHtlll'('-('Olll<'lll 
~'HIt1!" \\·itll (,OIH' llIOisll1l'(' ('ottl ('ttt fOI" I"('d pill(' IS S\tOWll III fi~ul"{' 
~(i. A t(,lttlwrlltll.I'1' or Hitl" F. l"('sltltl'd ill Hi~lIifi(,lltttl.r 10\\"(,I'l'd 
s('('d yirlds, Stll'lt wns not ('x\1('('('t! us lit(' ('(lIll' O[l{,llIH'SS-('OIW 
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MOI.fTIIR£ CONTENT (PERCEIYT) 
FlGl'ltE ~(), Rl'lntioll of seed yield, COII(, moisture content, nlld telllpcrature for 

red pill!), Data obtaincd by killl-drying grcen conc!;, 

moistlH'(' ('ontent l'eilltion (fig, 25) was not influenccd by tempcmturl', 
At kiln lempl'l.'ntul'l's of 1500 or lower, til£' dcgt'cl' of l'cleasl' of seed is 
dil'p('tiy proportionnl to eOIH' moistul'(' l'l'duetion-s('('d I'clense starting 
n.t 	 ubout ;30 IH'I'('pnL whell til(' ('OIWS arC' nbout hnlf oppn (fig, 25), 

Thl' yit'ld of s(wd fl'oll1 
1,('(1 	 pil;(, ('OIl(,S that had 


/6
b('('n stol'l'd (·i till'!' in 

slleks or on triWS for 4 

months wn,s iiot ill 

fllII'IH'C'd hy killl tPIlI- -:::;-. 0 

1)('I'nturc 01: tIl(' Lyp<, of ~ 

('Oll(' stOI.'Ugl', Tl\(' 1'('- ~ /4 .. 0 


gl'•.ssioll of sped yield 011 tQ l: 

tone l110istul'l' eonl('nt ~ ( 


wns not significuntly ~ 
 ~ 
diff('I'C'llt from thnt of 
figlln) 2() for t('mpel'll- ~ CI 00 
lurcs of 1500 F, OJ' 10w('I', ~ /2 D 

As illdientl'el in figul'(' ~ 
25, hllsl'd on volull1e ~ 0 

lll('nslll'('nH'I~ ts of open ~ 
(,OIlCI:;, IUnXllU1Il11 COIH' l.tJ 
opening is attained wh('1J 3:: /0 r--'tIlt' moisLul'P content hus 
been redu('ed to 12 P<'I' ~ 0

I.t.Jcent, It might be ex '-) 


pected thu,t maximum 

seed yield would bl' ob

tained at the same dc

gt'CC of drying, but, us 8 0 /0 20 30 

shown in figurp 26, uddi CONE MOISTtJRE CONTENT (PERCENT) 

Liollul sN'd rplense tnkl's 
 1"WUHl> 27.,' ·Plu[ uf seed I'ield and COliC lIIoisturc
plil<:l' with drying below conLclIL for eu.~tcrn white pine, 
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CONE MOISTURE CONTENT (PERCENT) 
FlOUlU; ~~, PlOl of ti\'l'd yield awl cUlle l1Ioi~lllre cOlltcmi for jack pille, 

12 PPITPlll. Prolmhly til(' ('Olll'S n('LuaUy opell an ndditional tUllOllllL 
not llll'nslll'pablt, hy Lilt' VOlllllH' lIH'thod, A vit'ld of 11 Ollnees of Sl'l'd 
1)('1' bushd of (,OIl'l'S wus ohtuined aL i1 emil' lIloisLIIL't' eon tent of 6 
IH'('('C'll t. 

Yit'ld data Wl'l'<' also olltailH'd f(w cast('L'\1 whit<, pill!' alld jack pille 
as a flllleLioll of ('Ol1l' llloisluI'(' ('ol1ll'nl. 'I'IH' \'ILl'iu.lioll in .vipld, how
I'V('I', wns so /!l'l'lLt Lim! 110 1I.lll'mpL WIIS mild!, Lo ('ol'l'dll.tl' thl' piotLl'd 
du.tn of fi/!IlI'PS 27 alld 2~, 111 hi1lldlill/! L1H' plIl'tially nil'-dl'il'd ('[lsLel'll 
\\'hill' piliI' t'OIH'S I)l'iol' to kiln-dryill/l:, SOli\(' sl'l'd \VIIS shakl'll olll of the 
eOl\l'S, This loss of sl'l'd IlIHjll!'stionahly illfllll'lll:('d tIll' ,\'ipld daLa, 
Thl' jlll'k pill!' ('Clll(,~ IlSl'c\ in tIll' sLudy Wl'l'p wpll mix('d 1L1Id wPII 
1l1l'IlSlIl'pd, yl'l Llll' ,Yi('Ld daLIl, IIL'P parLklllnl'ly ('ITILLie, 

CONE MOlS'I'UIlE REDUCTLON 

As l'Ollt' 0lwnin/l: 1111d s('('(1 l'('iPtlse ItI'" directly proportiollal to the 
l'l'dul'tioll ill moislul'(' ('Olltl'llt, Lhl'rail' ILl witi('h tIll' ('OIlt'S nL'l' (lI'ied 
should Ill' I1S fl1St HS iR eonsislpnl with lIll' pl'oduetion of /!ood seed, 
The <\t'ying- l'n.tl' iR n, [ul1eLion of tIll' w<'t-bulb dt'IU'pssioll of the kiln 
aLmosphl'I.'(', In other wOl'(ls, til(' g-l'('ntl'l' til<' wet-bulb depression, the 
fnstel' tilp drying rn,te, pl'Ovided nl1 Ildl'(JUlttl' VOIUIllt' of hettted nil' is 
cirelllnLed thl'ou/!h thl' tont'S, Hig-h tcmppmtUl'('s nnd low wood 
equilibl'inll1 tnOiStllJ'(' eonLent Rhould tlwl'pfol'(' 1)(' us('d in tht' COlle 
kiln, High templ'I.'aLlIJ'(' is !lot only Lnflllentinl in incrensing tile' wet
bulb depI'('ssion hut. nt tilt' SIl,IlIt' tinlt' effeetiv('ly iU("'('t1ses tIl(' diffusion 
of llloisturc ill Lhe cones to tIll' t'vl1pomtioll slIl'fnccs, 

C 
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EASTEHN WlUTE PINE 

The relation of C'01le' moisture' ('ontPltt, kiln tpmprl'atUl'e', and dUL"ll
tion of heating for oil'-dri('ci Pllstern whit(' pill(' ('oues is shown in 
figure' 29, All the kiln runs from whieh till' data for figlU'(' 29 wr1'(, 
plotted we1'(, mad(' Itt () IWI.'c('nt wood Pq uilibl'ium moisture C'ont('nt, 
rrllC' higher trlllp(,l'IttuI'('s IwIuC'(' the' cou(' rnoif:tul'(' C'olltpnt. n.t a fllste'r 
mt(', TIt(' w<'t-hulb (]l'pl'PRsion mnintllillPd ill til!' kiln n.!: till' nll'iolls 
dry-bulb tmulWl'tltlll'l'S to jlI'Odll('(' (i IWl'('pnL wood t'quilii>l'illlll Illoistlll'p 
('on tp.ll t is as follows: 

Kiln lem/Jaulu,'t' 11-((·//11/1, 
(d'JI /'lIlb, (V 1-',1 "'lm.,.,;01l' F.J 

!.OO :!L ;j 
120 :!i'. ,I 
l~O :!~ ~ 
Ifill 2l\. ,I 

TIt!' w!'t;-iJlIlh (\I'I)I'('SHiOIl is tiH' SIIIlW lit I·WO and I noO Ii'., ,\'1'1. Lh!' 
dl'yin/?: I'utp Itl til<' high('I' t('IllIWI'nt,IlI't' is fllst!'I', o\\'illg' to III(' ill('I'PIlSNI 
diffusion of moistur'(' ill t;1I1' ('01H'S. 

40 r-----~- T-· -.--.--- •. ~- ••- •. - ••- ••• -- • 

I 
'i0 
<:: 
~ 30 
C\:: 
4J 
~ 
..... 
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~ 

0 
0 2 468 10 


DURIITION (HOURS) 


1,'IGUItE 29. ·[{('Latiol! of eOll(' lIl0iHIU\'l' ('(JIII.CIII" killl tellll)(~mture, ancl duration of 
hcu.tilll{ fOI'CIlHt!'fll wilitr pillC'. Dat.ll [rOIll l'UIlf111llld(' M (j )Jerecllt wood cC)uilih
riulIl lI1oistur(' ('olltellt in 11 Forest Products Ll1bOl'l1tory eone kiln III CIl'-:S 
Lake, Minn, 

Enster]) whitt' pill(' com's nUlst Ill' drif'd to abou! (i-pl'r(,l'nt rnoistul'(, 
content in ol'(lel' to prod Il<'l' mnximlllll 8('('<1 ,dplds, Ii'mlll till' (,lllTes 
of figul'(, 29 this moistu1'(' C'ondition WilS not n.ttuilll'd ill 12 hOlll's of 
drying (Ivrn Itt 160° F. "Vood (·qllilibl'illl1l rnoisltu'(' contpllt low!'I' t,ltnn 
(j pOI'C'ont should tlll'I'('/'ol'(, \)(' lIs('d in tLl(' kiln if til<' ntflXimUIll yil'ld of 
s(\(\(1 is to b(' nttnim'd in n. I'cnsonnblp tinw. 

JAGIi: PINE 

The reLl1tion of COIH' 1ll0istlll'(\ (,OlltOllt, kiln tpmlwl'l1tUl'P, nne! durn
tion of henting for jnek piliP <:OI\('S is shown ill figut'(\ :30. AlItLw kiln 

12 



runs [rom whieh thp data for ligul'l' :30 W(,l'l' plottNI \\"1'1'(' mndr ttl 4 
pereeut wood PC[ uilibriulIl 11l0istur(' ron tpnt, TIL<' wt't-hul b dl'lH'pssioll 
associated with the difl'pl'pnt temp('mtm'ps itt which (,01H' tl'PtttnWl1ts 
wel'(~ mack is as follows: 

11.11/1 tewperaturt Wet,bulb 
(dru bulb) (0 "',J deJ)(t'.'f!i~ll ~e 1.".1 

130 	 .3K" 
150 ,II. 0 
170 '13, () 
190 ·la. i) 

(Treater' ,,,('(-bulb dppl'('ssion, obtailH'd by ilH'l't'us('d t.(,IllIWnttUI'('S, 
inel'ptlspd till' drying m.t.<- Itnd I'Pdll('('d titc' tinl!' to 1'(,lIch H dl'fint.il' 
Illoistul'<' condition, At 170° It', II ill'llting IlI'l'iod of IllOI'P thllli 7 
\tours wns ('Pq lLil't'd to kiln d I',Y till' 1'0111'8 to t.lw [j 1)(,(,('(,11 {, at wille h 
1l1ftxilllUlll ('(lilt' olwnnl'ss is I'Xlwd('cl. 

'I'IH' 1'{'JILliol1 of ('OIl(' lI1oistlll'(' ('ollt('nt, killl ll'l11 1)(,I'nt 111'(', find <lul'n
tion of hl'lliing for botil !!I'('('n Ilnd slol't,d ['pel pim' (,OIIl'S is shO\nl in 
figul'l' :3 I, 'I'll(' gl'PPI1 ('OIl('S W('f'(' killl-drip(\ at hoth a- nnd 6-PN('('11 t 
wooel l'quili\)('ium moistul'(' ('OllLl'lll. Thpil' iltitinl moistul'(' ('onLl'nt 
wns IiO IWI'(,(,II1.. TIl(' :{-PI'I.'('(,lIt wood l'quilibriulll moistul'p ('ol1lpnt 
SIH'{'<i8 up til\' dr,ving \)(,('IIIISP of tll(' illl'l'l'llsl'd wpl-hulh e1('pl'pssion, 

24'1------r------,--------------r------r-----~----__, 
I 

4 f----j------t-- ---+------1-

OL-____-L______L-____-L______L-____-L______L-____~ 

o 	 2 3 4 5 G 
DURII TJON (HOURS) 

FIOUUE aO,H(!lutitln of ('()III' IllUi.~I\lI'(' ('011 t.ellt, kiln telllperatllre, und durtlt.ion of 
heuting for jack pillC'. Data frolll I'IInl' IIlttdC' Ilt 4 pt'rcent wI,od equiliiJritllll 
moist.ure ('tJlltt!lIt ill II "'ore~t, Produeis Lllhol'llt.ory cOile kiln at. Uass Luke, Minn, 

7 
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GREEN CONES

H ---+-----I 
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o 	 () 8 1(' o 2. 4 6 8 10 
vc'RAT,'L'/Y (HOURS) 

FlGt'IU~ 31.·-Hclatioll of (,<)I1t' Ilwisturl' {'ontl'nt, kiln tCllIpcrutnrl', and cinmtion 
of hellting for 1'('(1 pin<', (:I lind H) gn'('n, ((') sllckpd, Illlcl (D) truyed (,OIlI'S, All 
trl'lltllll'llL'< wel'l' at 3-Jl,'n"'lIt w(lod-equiliiJrium moisturl' ('outl'ut I'x(,l'pt H, 
which WIlS Itt (i pl'rcput. 

'I'll<' wpl-h\!lh d('pl'pssioJl fl.! till' Vlll'ious !pmppl.'l1.tul'(·S for til£' 3- Ilnd 
til(' ti-JH'I'('pnt wood ('quilil)l'ium moistuJ'(' eontpnt un' us follows: 

Wd-bllib depT".- Wet-bulb dtpTes
.io/llll.~-perrellt ,Iill/l al. 6-percrlll 

l'ifltltllljlJfTlll II T18 t1lllililJTiltm 11Ioi.- eqllilibrill1n moi.
(IITV /111 / .. (0 F.} lilT( conltllt (0 F,) IIITf conltnl (0 P,) 

120_ 4-1. 5 27,0 
130. ·15.0 28.0 
14-0 -t7.0 28. 5 
150. 4-!l.5 28.5 
16(L - 51. 0 28. 5 

At till' fi-J>l'I'('PIl t wood l'Cfllilii>l'ium 1lI0iSlUI'(' ('Oll t(,ll t, th(' wC'l-bulh 
dt'pl'l'ssion is the S:U11(' for' 140°, 15()0. Ilnd WOo p" yl'l fig-uJ'C' :31 shows 
tIUL! tIl(' iIH'I'P11Sillgly high('l' t<'I1lJ)(,l'IllUI'(> hns reduced till' tim(' to 
I'Nl('h n.m' g-i \'(·u ('011(' moist 111'1', 1'his is clue to til<' in<:rensed mLt' of 
1Il0isLIU'(' difrusion in til<' ('OIH'S Itt til(> incl'l'nsed tNl1pel'u,tul'C', us in 
C'uste/'n whi!!' pill(" TIl(' eOI1(,s do not fl.ttnin the 6-p!'l'cent moistl/I'e 
eontcnt ['('fjuin'd (01' mnximum sC'(>(1 I'('I<'IIS(, within 9 hours of drying, 
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At :~-PPI"(,l'lIt wood pquiiilH"ium llloislul'l' ('onl('nt, how('n~I', the COlll'S 
attRin tl (i-ppr('('n t moist.uJ'l' ('onlpll t in l('ss thnn \1 hours Wlll'll tem
pC'ratuI'('S of 1500 

01' higher 111'(' uSNl. 
Thp nch'nntngp of allowing thl' ('OlH'S to nil'-dl'Y \)l'foJ'(' kiln-drying is 

l'xemplifi('d ill flglll'l' 31. 'I'll(' lrn~'('(1 ('on('s Wprf' nt n llloistul'l' ('ontpnt 
of nbout 27 IWl'{'l'nl ",hp11 pitw('d ill till' kiln: till' limp 1'('(lllil'('d to low('r 
tit('ir moistlll'(' ('ollt(,lli to () Pt'I.'('PlIt wus n.pp['p('inbly ('ss tlmn thnl 
I'Pqllirl'd to cll'~' l'ilh('(' thl' SII('kpd ('OIl('S (42-1)(,I'('l'llt moisllll'l' ('011 t<'11 t I 
01' t Iw !!l'l'(, 11 ('Oil PS ((iD-pl' ('('Pll t III 0 isllll'(' ('Oil t I'll t I I (I II {\-I)('('('('n t 1lJ oisllll'P 
('Oil \('111. 

'I'll(' lill\(' ('('qllil'pd for till' ('Olll'S to nttnill n H-p('('('('111 llIoislul'{' ('011

lpnt ",hl'n (Lr'il'cI Ht dif1'p!'t'nl t('llIp<'1'I1Iul'!'S lind nl :~-Jl(,I'('('nt wood 
('quiiiiJriull( l\loist III'!, ('OIl I l'llt is !!in·n ill fi!!lIl'(' :~2, Gl'l'<'ll \'OIH'S kiill
dril'd Ht 1;)00 F, lllld :l-jll'l'('('lll wood Nj\(iiiiJriulll moist 111'(' ('ontl'lll 
I'pquil'('d ahollt !l hours, SH('kl'd ('OIl!'S ahout 7 hours. and t('ll,n·d ('OIlt'S 
li houI's to dl'Y t.o () Pl'/'{'('llt. 'I'll<' n'dlll'liou ill kiin linw Whf'll til!' 
('\lilt'S tU'P w('11 lIir-<iri!'d will. ill till' Inn!! rllll, plly fol' tir!' ndditiollnl 
('()sl~ of til<' t I'll," ~t()l'ing lllt'lhod, 

18°r~-~T---r-----:--
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[,'InCHI'; a2,' Tilll!' rpqllirl'd fol' n'd pill!' e()1l1'1i to Millill a (j-p('J'(~('IlL IllOi"iurI' ellll
tent wilen dril'd at dil1'('l'l'lll tllIlIPl'l'lltUl'l'H alld a-pPf!'pI\t wood equilihrium 
IIllIisl 111'1' "1111 t('11 t. 
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LONGLEAF PINE 

The relation of ('ol1r moistul'P ('ontl'nt, kiln tf'lllpNfl,tm'l', alld 
duration of heating for IOllglenf piliP is shown in figw'l' 3:3, All the 
kiln runs from which till' dalil. for fig-u)'{' 33 Wl'J'(' plotiNI Wl'1'(' mndC' at. 
4 P(,1'c('ut wood eq llilib1'iulll 1ll0irtUl'l' ('011 L<'11 L. '1'h(' higber t Pill PCI.'I1
tures Ill'!, pl1l'ticull1l'ly efI('(,tiy!' in irl<'l'('llsillg till' rat(' nt whi('il till' ('OIl{' 
moistul'P ('ontrllt is 10w('I'('d. 

40r------r------r------r-----.------,------~----__----__. 
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O(fRATlON (HO(fRS) 

FIl:CHB 33.-· The 1'l'lalioll ()f l'Oll(' lllOistUrl' ('(lllll'lIt, tl.'lIllll'mlllrt'l', and duraliull 
of heating for IOllgleaf pine. Data frOli1 air-dril'd com'" (3:; )J(~I'('l'L10 heat
treated ill a forced-air circulation CUIll' kiln at tht' 'V. \Y. Ashe Extractory. 

SEED MOlSTl'RE HEDUCTIOi\ 

The l'l'duetioll in till' lIIoistul'r ('outpnt of thl' st'('(1 is an imjlOI'l1L1H 
III, lOl' ill ihl' killl-drying of ('onps, CfHmLIy thl' obtllillPd HI'PeI must be 
stol'ed Itlld if it is to b(' 1I('ld 1'01' allY 11.ppl'('eiabll' limt', t'spPcinlly ill tilt' 
ells(' of cOllif!'1' tl'P(' s('('(/, it must Iw dl'Y. Ol'dillill'ily till' eOlll'-(h'ying 
prot'('SS must III tht' SIUll(' time (/I'SiC'C'llll' UIP sl'('d to t1 IIloistm'(' COll

dition suitable fol' prolongl'd stol'ng('. 'I'hl' dl'grN' 01' ('xU'nt of seed 
cJ(lsieeu.tion musl not in itself ]'('{I U('P tIl(' yiflbilitv of the seN!. 

Tht' l'elationships of seed ll1oistm'(' eontelll to tht' dul'lI.tion of cone 
drying for the vl1rious speei('s studied WN'P obtnill(ld by snmplin!! Lhe 
seed nfter cleaning. Since tlll' Yiu,iatiOIl illtl'Oducrd by the sCNI
cleaning process wns not detpl'mitwd, ttl(' ('oI'I'pln,tiol1 given hen' ma,· 
not be strictly true. The chnlH~(,S 1Ll'(' good tlllLt wet s('ed lost nIl<I 
very dry seed I'Pgl1iut'd moistllJ'(' in thl' ('1(,lllling PI'O('l'SS. llssuming, 
however, tlmt tlH' kiln-drying PI'OCPSS wus necolll1tiLbl(l fol' till' gren,Lel' 
alllollnt of sped desiccation, tIl(' ('Ol'l'elntiolls do show the gpnernl in
fluence of diffcrcnt kiln eonditiolls on s('(ld 1II0ist,m'(' J'pd u('tioll. 

/6 
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1':ASTEItN WHITE PINB 

The relation of seed 
1\ 	 1l10istUl"e content to dm'

fLtion of cone drying for 
custern white pine at~~ 	 various kiln tempera
tures, all at 6 percent

"- ---r----~'F 
wood eq uilibrium moist

~ ure content, are shown 
..... in figure 34. The CUl"ves 
.... '---- I-CZO'F.~ show the influence of the 

"-;r--- higher temperatures in==---/40 'F.'; ---	 reducing seed moisture. 
IGO'F..,! The 6 percent wood 

4 
<'<Iuilibrium m:oisture 

o 4 6 8 10 IZ content was used to pre
OURilTION (HOURS) nnt overdryiug of the 

!i'IGUHE 3·L~-1{elation of seed lIIoil;ture COllteut seed, since for this spe
to durntion of cou(' drying at various temper cies a 6 percent seed
atures for eastern white pine. Data froOl par moisture content is contially air-dried cones that were kiln dried at 6 
perc·ent wood equilibrium moisture content. sidered suitable for pro

longed storage. At the 
higher LemperatUl"es the seed attained moisture-content values of l{'ss 
than 6 pNclmt. This means that the wood ntCjuilibrium moisture-con
tent values for the seed of {,Ilstern white pine arc probably less than 
that for wood at the corresponding temperatures. A comparison of 
figure 34 with figur{' 29 shows thn.t. the moistlll'(' contl'll t of tht' seed ILt 

IOr------r----~~----_.------,_----__~----_r---·--_r----~ 

o~----~------~----~------~---~·-----L------~----~ o 	 2 3 4 S 6 7 8 
OURIiTiON (HOURS) 

FIGUHE 35.-Helation of /:iccd Illoil:lturc content to dU1'l1tioIl oof cone drying at 
varioul:l tempernturcs for jack pine. Cones were kiln dried at 4 percent wood 
equilibrium llluitltUl'e content. 
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TRAY STORED 
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FIGURE 36.---Rclation of seed moisture coutent tQ duration of cone drying at 
various tomperatures for red pine. Data from stored cones (A) tmyed and 
(B) sucked kiln-dried at 3 percent wood equilibrium moisture content and 
green cones kiln-dried ut (0) 3 anel (D) 6 percent. 

!Lny time and for any of the temporn.tmes studied is considerably less 
th!Ln the moisture content of the cones. In other words, in drying 
partially air-dried eastern white pine cones, which have opened to a 
certain extent, the contained seed reaches a lower moisture condition 
in a shorter time than do the cones. The moistmc in the seed is 
evaporated independently of that in the cones. This difference in 
dryness of seeds nnd cones cannot bp completely accounted for by seed 
denning. Seed at. mohitUl'l'-eontput vltlups of less thnn 8 percent was 
o.btained in the kiln but not in the cionning room. 
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JACK PINE 

The relation of seed moisturl.' content to duration of cone drying for 
jack pine at various kiln temperatures, at 4 percent wood equilibrium 
moisture content, is shown in figure 35. TIl(' higher the kiln tempera
ture the quieker the seed is desiccated. The higher kiln temperatures 
produced seed nt moisturl.'-content values of lpss than 4 percent in
dicating that the seed probably has a lower pquilibrium moisture con
tent value at these conditions than does wood. Oomparing figures 
35 and 30, the reduction of moisture in the seed is fnster than it is in 
the cones j the seed iLnd cones dry independent of each other, especially 
after some cone opening has tukl.'n pla.~e. 

REI) PINE 

The relation oJ sl'ed moisture content to duration of cone drying 
for red pine coups in the green condition when dried at both 3 and 
6 percent wood equilibrium moisturt' content al'l.' given in figurl.' 36. 
Similar relationships arc also given for stored cones dried at 3 percent 
wood equilibrium moisture content. A comparison of the various sets 
of curves shows tIl(' superiority of 3 perepnt woodl'quilibrium moisture 
content in reducing the moisture content of the seed at a faster rate. 
Storage conditions that allow the cones to dry, as in tray storage, 
enable rapid moisture-content reduction of the seed to a low value 
when subsequently dried in the kiln. None of the various conditions 
produced seed with a moisture content uncleI' the wood equilibrium 

moisture content at 
Jzr----.-----.-----r----.-----~--~ which they were dried. 

As was true for the 
eustern white pine and 

l81------l--=-=- ~~~.- jack pine, the red pine 
seed attains a lower 
moisture condition than 
do thc cones after vari
ous durations of drying 
at different tempera
tures. (Oompare fig. 36 

'<J with fig. 31.) 
~ 
~161----~~~~----~~--~=~--~--~ LONGLEAF PINE 

~ Relation of seed mois
121----+--- ture content to dura

tion of cone drying for 
longleaf pine is shown 

8'----':-----:'----':---'----':-----c' in figme 37. The kiln 
6 8 IOOURATlO': (HOURS) 14 16 18 runs were all made at 4 

percent wood equilib-
FIGURE 37.-Relation of ~eed llloisture contcnt rium moisture content. 

to duration of cone drying at mrious tempcr- The moistm·1.' con(lition
atures for longleaf pine. Data from partially 
air-dried cones that were kiln-dried at 4 per- of the seed from the 
cent wood equilibriulll lIloisture conLellt.. cones dried at any of 

thl.' kiln temperatlu'es, 
except 1:350 F., is too high fOI" subsequent sa.fe storage. Drying the 
cones at 1350 for 10 hours, however, produced sped that after cleaning 
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had a moisture content below 10 percent, which is considered safe for 
subsequent storage of longleaf pine seed. 

A comparison of figure 37 with figure 33 shows that the moisture 
content of the seed at any given time is greater than that of the cones. 
The larger size of longleaf pine seed as compared with eastern white 
pine, red pine, or jack pine seed probably accounts for the moisture 
condition of the' seed lagging behind that of th(' cones. 

VIABILITY OF SEED OBTAINED FROM KILN-DJrmD CONES 

The results of the laboratory testing of til{' many sped lots repr('
seating the drying of th(' fOllr spc'cies of cont's are presented in two 
forms. First, til(' viability of the seed sample is indicated by its 
germinative capacity valur as of a time when germination was con
sidered substantially complete. Second, tll(' viability of the seed 
sample is indicatrd by the cours(' of til(' germination. Differences in 
seed viability us indicatNI by tll(' analysis of tllt' g<'rminative capacity 
data arE' ell('eli:pd by comparison with tll(' ('OUI·S(' of gl'rmination 
curves. 

The results of tIl(' field testing of thE' sE'ed sampl('s un' slimmarizNl 
in tables find show the degree to which the field results ('olTobomte 
the laboratory tests of the same seed samples. 

In the analysis of both the laboratOl"Y and field tests of the diffel·ent 
seed lots, m('aSUl"l'S of significant difi'('rences are based upon the 
5-percent probability l('ve1. 6 

EASTEHN WHITE PINE 

LABORATORY TESTS 

The mean real germinativl' capacity 7 of thl' val·ious seN] lots 
representing the 16 eastern white> pin(' eon('-drying experiments is 
given in table 6. The mean values are for thr 26th day of germina
tion. .An analysis of val"iance of the germinative capueity data, in 
percentage, is given in table 7. Differences due to duration of treat
ment and those clue to temperature, and the interaction between these 
two were all highly significant. Differences due to runs were 
significant. 

TABI.E 6.-iV/ean real germinative capacity of eastern white pine .~eed obtained from 
kiln-dried cones I 

I Germ;nation (or indicated cone treatment .1 
'l'~mperntur~ (OF.) ;-;;:~:; -4 Il~::T ~ ;:~~s- -~2:::- Means 

~- -~.---------.-.'-.. - -I I --,---
. Percent , Perctllt i Perunt Percent Percent 

100 ••.... " _"". __ •• ""'" •• _._ _1- ;I:!.a I 1I!.8. 95.2 i 93.41 94.2
120. __ ................ _....... __ .. .- _ ,10. ~ • 9f.6 i 92. i i 94. I 95.0 
140•• '_' .••.•••••... __ ..• ______ . " .. 04. Ii I 93.5 , 91.9 I 93.7 93.4 

., 711. 21 69.91 45.41 34. 81 57.4 
.. 91.0 89.0 81.3 78.8 ........ , .. . 


1 Values within henv~·lines indicate rCllSOnably saIl' treatments . 

• See (ootnote 4, p. 19. 
, Real germinative capacity is defined lIS the percent o( the number o( filled sound seeds capahle or ger·

mination at the start o( the test (lIScertllined by final cutting lest and deducting empty s&~ds (rom total) 
which do germinate within a given period under optionsl conditions. 
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TABLE. 7.-A1taly~is of variance of real germinative calJUcity iin percent) of PfI,qter'/i 
white pine seed obtained from kiln-dried cone~ 

Degn'l's I Sum of .. --~-Ie-a·I1---o-tJ-,.,-n-·"-d 
Source of variation (r(l(~fol11 I squm"es P Jr square I 

------- ----------\---,-~---.-----,----
Total. .. '. , .............. . 251, : 90, (1-15. 73 i _. . . 

Between temperatures.. . ................... .. 3 (;,5, :U9, 111 Ii 21,773, Oil 2 1,216,37 

Between durations " ..................... . 
 ~ 6,6~:~ 2,2~n; 'In~Betwccn runs....... . . ................ . 

fntt:'raction: 

'1'emperaturc X durutiol1 "".' .............. .. 
 9 14, 3OS, 70 I 1,[,811,86 I 88. ~2· 'l'(,lnperntuTt'Xnms . __ .... ___ ,. ______ ._ 3 134.32 H. 77 2.m 
Duration X rullS . • .. a ' 1:J5.43 45. 14 2.2!j 
rr(·IJlIWrai.ufl~ X duratioJl X runs 9 29:), 12 I 32.79 t l.tcl 

~!_~l~CIIS ~rn!r) :m 4.0Pi< I_I_._. 17.I_HI_'___ 

J }:=,'UriuIlL't· raUf!. ~ II ig-hl~ Si~HJtlearll. :; ~i~nin(~nnt. 

Thr ll'nst signifkfLllt difl'pl'l'lI('P bl'twl'l'n allY two pool('d trmp{'I'alllre 
OJ' poolpd dUL'ltLioll means is 

117JJOX2(1 ()7") 1" t'V 1i4 .' H = 1>l'1'('('1I ... l 

The 160° F. pooiNI tpmpN'iltlll'P lllC'UII is sigllificulItl,Y 10w(,I' thilll tiH' 
other tln'p(, pooled lempel'lLiul'(' means. 1'11(' 140° pookd tCllIpel'ILture 
moan is significnntly lowel' thall tit<' 120° lClllpt'mtUl'e' nwan but not 
different from tl1I' 100° tNupcmtUl'(' lll('tUl. Only thl' 8- and 12-holH' 
dUl'lltions clLusC'd signifien,nt l'eduetions in rcal gCl'minative capneity. 
In table 6 the only impOJ'tn.llt l'e<iuetions ill gCI'miualiVI.' capacity 
occurred at the 160° tempcl'!ttUl'l' and tIl(' diffc1'l'll(,l'S dur to dumtion 
are significfLnt only because' of till' mal'k('d l'eductioll ill gt~l'lnillfLtive 
capncity which I:esulted fr01l1 d1'ying at this templ'I'iLtUl'e. 

The lenst signifiellllt difTel'l'll('e hetween any Cwo menlls of tnbll\ 6 is 
11790X'}

-Y-Tcf'-=C:Ul42)=3,1 pPl'{'pnt 

The 160° F, tempemture me!lIlS for 2-, 4-, 8-, and 12-hour dUl'fLtions 
are all significfLlltly lower tlum !lily of tIl(' other 12 values ns well ns 
being significantly difl'cI'enL fl'om en('h other. \Yithin the blocked-out 
group of menns in tnble ti, their pooll'd I1lPltl1 is 94.2; only those 
differing from this pooled vnlut, by 

117:1)(r-rnlO(1 "'7"') 4'" t-y -,1)2 . +-:r- .. >, ~ = ,:! P('1'(,(,11 

ean be considered signifi('unt. N()1w of the'S£' 12 values difrer from 
their pooled mt'ttl1 by this nmount, It, mn,y, thel'l'i'ol'e, \)(' concluded 
that any temperutmc up to ILnd including 1400 

1'01' clurutions of 12 
hours did not produce seed injmy. 

Drying air-dried concs Itt 140° F. for ns long ns 12 hours itt 6 pcrcent 
wood equilibrium moistul'(, C'ontent produ('p(\ st'pcl httving fi moisture 
content less thn1l6 per(,pnt (fig. 34), I\' level wbich clLnnot bl' ('ollsid(']'(~d 
injurious, 

The course of germination curves for tiH' yitrious seed lots obtailll'd 
from the kiln-dried cOnes is shown in figurl' 38, The' four cUfferellt 
durations of drying attOOO, 120°, ulld 140° F, were pooled to plot 
mean curyes for the three tempemtll1'es, since the individual cm'yes 
did not differ aPPt'eeiably, Interpretatiolls of seed quality from these 
curves substnntiatc the findings in the annlysis of the germinative 
cnpncity dnta, nnmely, that drying cones nt a temperature of 140° 
at 6 percent wood equilibrium moisture' content for a duration of 12 
hours was not injurious to the contnin('d se'ed, A kiln tcmpcruture 
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FIG l)JtE 38. ('(Jur,i(' of g('rlJlillutiulI of l'ust(,rIl whit(' pill(' Ht'('d oiJtuillt'd from cuue~ 
kiln dri('C\ for 2, -I, 8, llIld 12 hOllr:; at 1000

, 120°, 1-10°, llnd 160° I? at 6-perceIlt 
wood equilibriulll lJloj,;tur(' cOlltellt. 

of 160° is d('(·idNlly inju['iollf; und ;tf; til(' dumtioll of COll(, drying at 
this ll'mperMurt' if; ineretlsl'd til(' viability of tlll~ contained seed is 
sigJlifienntl~- llnd substulltially 1'PlioC'cd. 

FlEI,!) TESTS 

The summarized results of tJH' field tests of the 16 lots of eastern 
white pill(' seed urc gin'l1 ill table 8. C'omplete counts of seedlings 
by beds, 24, 31, 45, and 52 dnys after sowing, provided 11 basis for 
ealculn.ting field germintltin cnpacity. A surYivnl count WIlS made 
ut the end of the first growing S('i\son. Anlllysis of the field germina
tive-capacity dabl indicat('{1 tllltt those seed lots that had a significantly 
low laborator~- real-germinativ('-eitpacit)- value also had fl. low field 
appnrent-germinutin'-eapuC'ity '-alue. The values in italics in 
table 8 fire from analyses significantly low as compared with the 
other values in th(' snme column. The seed obtained from the 
('.ones dried at WOo F. for n duration of 4 hours also had a low field
germinative-capacity value, not considered as associated with the 
origiual kiln-drying of til(' cones. 
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TABLE 8.-- Snmlllar1l of laboratory andjield testing of eastern white pine seed obtained 
from kiln-dried cone.~ I 

Origiual COlI(' treatment ! Laboratory tes~:.~:i:~::~::---l 
Viablll I Viable If 

seed I 8<'ed : 
' Heal AJlJlun'nt (' .." .. g~rrni lproducing! Losses 3I)Kiln tt'UllJefa.turc ; , urulwn I J!:l'rl1li~ I gl'rrni. ternll· ;aurvlvlUg natin~ , I-Q 


(OF.) or tnmt- nlltivc nat.in' uatiV<' HI in field Jllants ' 

ment : cnpllcity : "ajladl.y cllpaci!y Jllants: 


(I) (2) (3) (4) (5) (1;) (7) (8) (Il) 

/lolI.rs Pace"t Puce7,t Percellt Percent Percellt Perce-Ttl I Percenl 
94. :1 Uti 7ft 7 55.0 : 81.3 25.0 

100 4 ' 04.8 93.1 I 70.8 ' 50.5 ! 74.7 53. a 29.1 
100 8' 05.2 93.3 : 73.S 5-1.5 : 77.5 l 26.:1 
100 90.1 I S:l.7 i 65.757.2 !
100 2 61. 51 

02.4 77.3 60.7 I 21.0I~ i120 US.81 94./i t ~5.8 : 52.9 : 79.1 . 55.2 30" 
120 -I : Oi.1i j 96.8 i ,9.1 i 59.1 81.0 t 60.6 25.5 
120 8 92.0 : 92.(\ , 70.0 , .57.0 82.7 02.5 24.5 
120 12 !l4. I, : 92.9 , 75. I 51. 6 ,0.8 54.S 31.0 
140 2 04.(, 04.(; , 78.7 .5i.8 S:l. 2 61.1 26.8 
140 4 . 93,5 oa.1 . 76.1 59.6 . 81.4 ! r.1.7 21.9 
140_ 8; 01.0 91.9 , 75,S 55.0 ! 82.'; , 59.S 27.6 
140 __ 12 i 03.7 \13.0 , 77.1 60.7 ' 82.3 I (j·1.8 21.8 
100 2'I 70.! 79.0 . 6 l Q ';6.S ' 81. I ' 55.5 28. t 
160 4 , 69.9 : 1m. 0 5n 1i8.'; 77.3 I 54.9 30.6 
160. 8, 45•.; 45.4 35.0 ££.£ , 70.1 : 48.9 .~8.8 
IfJO 

:1 12 . .14.8 34. i 15,0 1.'1.8 71.8 ' 39.7 40.5 

I All Ikiln lrentllJ('nts W"'" nUlIie at II ll-pereenl WOOd-Nluilibriurn moisture content. Italic figures 
Ilenol<' 1\ signlf1cllntl~-low mille or signlfkllntl~· hil'h loss. 

2 SUfyivnl is l'xprrsscd in p(,fl~nt of Uw nUIlll:x'r of sc('d Sown. 
3 LoSSl'S lire cnlclIlat.e<t in p"rct'nt of thl' number or s"his germinating ill tIle field. 

TIl(' fjpId-~<'1'minativp-capacity v~lup of each of the 16 seed lots 
was less than the litbol'lltory-capnclty vnlue for the SIlIllP seNI lot. 
Generally, however, tll(' pel'ct'llt of viable seNI that germirmtcd in tlll' 
fjpld, bl1s('d on thp labol'l1tory real gprminntivp capacity, wus about 
tIll' SlllllP for nl! sppd lots (table 8, column 7). Thp only sped lot thnt 
hud 11 suspiciously low percen t of \'iable sppd gprminating in the field 
wus nssocinted with a cOI1l'-d,'ying tn'ntInent mnde 11 t 160° F. for l1 

d Ul'ntion of 12 hours. 
TIl(' nnl1lvsis of tll(' survival datil. indicated that only thosp sel'd 

lots represc-"ilting conp-drying treatments mndp nt n ternpemturp of 
160° F. product'C1 significantly fewer 1-0 pll1uts. Thp fipld testing 
thus (,OlTObol'l1lPS til(' labol'utor.Y tpsting, in that 11, drying teIllpernturp 
of 140° for ('OllPS I1J 6-p!'rc('nt wood I'ql1ilibriurn moisturp content for 
a dUl"Il.tioll of 12 how's WliS 1I0t injurious to thp containrd sl'pd. TIll' 
faC't thl1t tlJ(' t.wo most 8('V('I'(' ('OJH'-ch-ying t,·('n.tllH·nts, nno1('ly, thc 
16{)0 for du(·n.tions of 8 nn<l 12 hOlil'S, pl'o\'i<l('<I s('('d tlmt did not p1'o
ducl' I1S many I 0 pltlllis (lllbl(' fl, column 8) ns til(' other seNI lot.s 
would indicn.t(' thnt til<' mortality of plHnt.s ill thps!' two lutter groups 
is hight·,· than in tli(' others. Knowing tlI(' Illuub<'r of speds that hnd 
originally gerplillat<'d and the· lIurnl)!']' of sun"iying- 10 plants, the 
difl'Pl'Pllcp rcpn'scnts thp loss sustninpd during' till' first year's growth. 
Th('s(' nH'n.n losses, ('a1euhtll'd us n IH'rct'llt of tht· Illllnbcl' of seeds 
gcrminntiug in t.lH' field, un' givPIl ill tu.blp 8, column 9. Significantly 
illCl'paSl'Cj losses arC' I1ssoeiu.tpd with tIl(' st'pd lots n'prcs('nting cone
drying treatments made at it tel11pcl'I1tul'C' of 160° for durations of 8 
nnd 12 hours. Not only did cones dripd under these conditions yield 
seed luwing n significnntly redueed \'i.1Lbility, but the plants grown 
from these seeds succumbed more rcndlly Lo normal Ilurscry hnzards_ 
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JACK PINE 

LABOHATOHY TESTS 

The Il1NlI1 I'Nt! germinntiYp rapacity of th<' nll'ious juek-pin<' s('('d 
lots repn'sl'ntil1g 11 difl'!'J'pnt cO/H'-drying tl'pnlnwn(s is gin·n ill (abl!' 9. 
These mean g(~rminfi(in'-cnpncit.y Ylllups ar!' for tll(' 20th dav of 
gprmination. No blind sl'('(1 \\'I'rl' found in til(' ('utting (psts mncip on 
sum ph,s tuken fl'om ('Itch s!'('d lot. Thl' appnl'pn t g(,J'lJIinu ti \'('-('tlpu('
ity ndu('s UI'(' tlwJ'('fol'l' ('ollsiciPl'l'd as thl' l'Pill gPl'lllilllltin'-cnpllcity 
\'Ilhl('s~ It is on\,ious thal ('onl'S dri!'<1 at lplII[H'rlltUl'Ps gn'l),tl'r than 
J70 

0 
F. yi(·ld SPI'iOllSly dnmng(·d s('('d. Thl' lInnlysis of \-uriltrw!' 

(tubl!' 10) includl's tli!' <Illtn of tli!' first Hix ('onl'-drying tr!':ttnwnls 
ollly (tnblc' Il). I~H('h eonl·-dr.villg tl'('ntnlf'llt is rl'[lJ'('sl'nlpd by tlirl'!' 
8('('<1 lots, (,lIeb lot hll\-ing' fOlll' Hublnt gl'l'millll tioll sampll's. Littlp 01' 

no difrl'I'l'Il!'p would o!'(lill:trily 1)(' (,X[)('('(l'<I iwtw('l'n fhl' g!'l'ntilmtioll 
of till' tlll'('l' HI'('<I lots of 1'1I.('h ('olll'-<lrying ll'pntIlIl'lll, IlS tlie' dl'ring' 
conditions throllghollt til(' kiln WI'l'(' uniform. 'I'll(' Ilnnl\'sis in tnbll' 
10 indientl'H, 11()\~'(,\,l'r. tlint signifiell.nt difrl'I'PII('l'S ('xist hptwP('n sl'pd 
lots of Lll(' SHill<' C'onl'-d!'ying [I'pat nl('nt. This dif}'PJ'l'l1cl' is cllus!'(1 In
th!' lots within only (w(i of till' Hix drying' t!'elltnH'nts. OnC' of thrC"p 
s('('d lots from tiH' ('OIl!'S dl'ipd Il t 14()0 F, for Il Il\)u!'s hnd II significHntly 
10\\'('[' g(,l'rninatin' cupncity thnn did till' otllPr two lots; nnd OIl(' from 
till' ('(lIlPS dri('d ilt 14()0 fo!' L.'iil hOllI'S hnd U Hignifi('n.ntly high('l' g('l'_ 
minati\'(· ('apn('ity. Thl's!' difr('!'PlwPs 111'1' hl'li(,\"l'd to hun' J'f'sulte'd 
front Ytlrintions in til(' hnndling of tit(' (,OIl(,S or' S('pel Ilrtl'l' til(> (,OI1<'S 

W('1'P dri('(1. It is SIlSPP!'! pel t1w t th!' dpwillg'ing procpdul'(" Il!UlH'ly, 
trnmping tlip s('pd ill grnin sucks. is thl' ruuHutin fu('tol'. 

T..... BI,E!l. .\lean real g('rlllinn1in capacit!l oj jack pi'/!( scl'd obtained/rom kiln-drii'd 
concs 

!Juration (h"'rmi· Duratioll Orrmi..'ft·ml)(inUUnl, '- F ortn~Il' nnthol' oCtn'at· natiYt'lHwnL ('l:lP9.(.·jt)' ownt <1ll'uritr 

, flollr., I)rrc~nt flollr., Percenl140 :l fiH. U 17(1 22l .. 11.~14(1 Ii i13. ~ 195 2 .3140 15~, : .jt) '; IUS 3 S. -;17() 2 40.1 !Un 4 3. ;170 4 fit. j ~l()(J 2 o170 6 fiLIi 
1:-...___ 

- • -. -.~- ~ --h--~~._ 

TABI,E ) O. Anal!lsi.~ oj variance of real ge1'1llina/£uf ('apacity (in p('l'cent} of jack 
pin!' seNt obillin('(t Jrom kiln-dried Cline,~ 

Sonr(>(' of \'uriation 

'l'otal 
B(!tWt.~ll tnlatlllent..Ci 1.001,26 J 7.3VBetween mrans Qf lots within t"'"lments • 13,'.86 , 3,86 Wilhin lot.s 3.i.lg 

I F= \~arin.n('(i rut io. 

1 Hlghl~' signllJennt, 

, l's('d as l'rror (or t('s1ing: In(iall sqlu\rp hf'tw(ll'n tr(IHtIlINlt.!". 
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Tht' least significant diffcrenc(' between auy two germinative 
capacity menns is 

/135.H(jX2() _) {\ (\-V l2' :'.0,4 =".H IH'rct'llt 

The three high('st gprmiwttin' capneity nWiUlS--naUH'}y, 63.8, 61.6, 
and 56.9-·do not dif{(.1' significtlntly. TIH'ir poo}('d llli'llll is 60.8 per
cent and til(' h'ust signifieullt difrpl'('llCP Iwtw('cn this pool('(I lllt'un nnd 
any 0111' of tilt' other thl'(,(, nWiUlS is 

/13If.S6+135.SG(,) 013)-- " . t" 3G -12 _. . -'.0 PP] CPI1 

The other thl'oP nwumi un' signil1cfllltly 10wI'I' thlll1 oO.S pf'r('l'nt. It 
may br COI1('lllclpd, t,lwrdorl', tlllli kiln-dryillg nt 1400 F. for G homs 

is lIot illj llrious to jllck pilH' 
Sl'l'd, bu t dl',Ying nt 1400 

for liH~ IWllrs is injurious. 
Tilt' ttppuJ'pnt indicI1tion 
that drying tLt 1700 for 2 
or 4 IWlll's is injurious, bllt, 
thiLt; drying for (j hours is 
not, is ('vickntly in 1'1"'01'; 

it may b(' suppos('d that, 
til!' I·pduetioll in gnrlllinn
tin' clLpndty is CIUlsl'd by 
SOil1\' otll('I' fnetor than kiln

'. 170'F- 2 HOURS drying, 'I'll(' moistur(' con
tpnt of 4 pl'I'el'llt to which 
tiL(' eonPH Wl'l'l' dl'it'd nt u 
tomppl'n.tul'l' of 170 0 F, for 
It dm'lLtion of 6 hours (fig, 
35) CiUlllot bt' c011si(\(,J'('(1 
to h:we injured tlwm. A 
pluusiblr ('xplullution is 

: I that the s('(\(] first I·plensrd 

'0

0 

L_L-__"4'..:.'t_-----r--'~-L._-_-~~_I ..l-__...J fromis of pnrtiall.vnn inf('dol'opPllPdquality,eones 
TIlt' COIlI'St' of gtll'mina

tiyl' etu'v!'s fol' tho s('('d lotsC
o 	 B '2 '6 20 24 obtuined fl'OHl til<' 140 0 und 

ELAPSED TIME OF GERMINATION (DAYS) 1"'00 F "t t 
3" r " f' k' " . COIl(' urNL nlPn s I' 

.F IGUHE iJ.' ,·',-,(llIrN~ U gerllllrm(101i U JItC' pille I . (' 9 
seed obt,ailled frolll ('OIl('S kiln-dril'd u.t 1.10 0 al'p S ~OWl! 111 Iglll'P 3 , 
F. for 3, ti, allll Iii'. hOllr,; IIlId!lt 170Q for 2, Th.. 1'1SP III somp of tht' 
4, 6, alld 22'. hour,; at a 4-p('('('ent wood curTI'S IwtWI'PlI thl' I'icrht
equilibriulll IIlcist un' COli (('nt, (,(,Il th n,lld t,WPII ti(,tlt ~ltl\' 

of g(lI'lIlinntioll is ('It.lIs('d by tit(' nddl'd l'OIlI1I, 011 thn.t, day of til(' dtunpeti
011' Spl'outs IUIlI spI'ontpd s!'!'d thill, had 1I0t ('()IIH' up titl'Ougll till' sUlld. 
Th,' illt('I'pn'j,utioll of th!'sp ('III'\'pS slIbst:lIlliully ('olTohol'lLtps thl\ 
findillgs of thl' tUlldysis of tit .. ~!'I'lllilmtin'-('n.ptlcity dlttu. Tempol'lL
t,lll'('S of 140 0 01' 1700 I". Hlld 4-\lUI'l'Ollt, wood l'q lIilibriulll moistlU'l' 
eontpnt applied to COlU'S 1'01' 11 dllmt.ioll of (i hours ",m'e not inj 11I'ious 
to till' (,Oil tn.ilH'd s('('d, 

http:13If.S6+135.SG
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FIELD TESTS 

Seed from!) of til£' 11 jaek pil\(' eOI1!' tl'l'ILtnH'nts \\'as CIUTi('d into 
the fi£'Id for additional tpstillg. TIl<' fipld ,"('suits aT(, summal'iz£'d in 
tablE' 11. 

TABLE J 1.-· 8 1011111a I'll oj laboratory and fidd I(..~iillg of nim lois oj jack pine seed 
ob/ainul f1'o!/l kiln-dJ'in/ cones t 

()rl~lnnl eone lr~n!ment 
Apl':trrnl-....~------. ~ nnrl rpnl bh· Fjl'l(I~('r' \"I"IlII'se",l \"inhle sel'c! 

]lllrntioll llratorr minnlh'l' l!l"rnlinal.. J)rndllcing
SurvivjIl~ 

1-0 plnnts'Kiln temperature /oF.) of trent" ~('rrnin:l.ti\',' (O:lpnrity ing" in field HI plants
m\lneitrnl/'llt 

(1) (21 c:). (41 (5j (0) m 
lIours PeTetut Puau/. PerCfni Parent Pererllt140 3 5f•. U ~7. .i oil. ! 79.0~3. "HU G r" ~ .;,:.£ !H .i sr•. n 81.6140_ ISll ~6. 7 .!7.£ J.t, 101.0 95.617(1 

1.0 
2 i ~n. I ~8. I .;1. i 107.5 10·1. 2 

1,0 
I i 1m. 7 5"4- E 4[( £ lOll. (J 98.7f\ ~Lfl ,,9. U !J;.219,'; 2 q ,'>I " 91,4 

" 11 20ft 7 ' 213.3195 , 7 
195 

:l //1.!'. /f/ ~ 12f1 • ' 120.2 
~ ;1/ ?f: lil I 72.4 

, All kiln I,r~atlU~lIts \\WI' mlulo !ll.j·J~'r('t'nl WM<! 1''IlIihhriuJU moisture ~onlt'nt italic figures denote 
a "r~lIltieantly low yalUI' 


1 .slln~h·HI Is (lxpre:;;..~d in ppn'l~Jll of th(~ ll1uulwr of !'t....1d ~own. 


A ('omplpL(' (,Ollllt of tilt' gPl'lllilllltl'd s('('d WlI;; Illlldp 1i7 days net,p I' 
;;owing, 'I'll<' Itigitps! fipld gPl'lnillatin (':tplI('ity (01' this day WIIS 

Ilsso('iat,pd with t,Il!' (,OIH' drying t J'('lltllwnt luadp at 17()0 V, rol' a dum
t'1011 of ti hOlll'l-\, .\1I utlt!'l' sl'pd lots hnd significant Iy 10\\,(,1' y:thws, 
Tltp lWI.'cpl!t of \'iahlp s('('d gPI'11linllting ill titP fipld stlbst:tlltlnt!'s til('
I'pliability of tilt, InimmtolT t{'st;;, 

'1'11(' s(II'\'iying 1 () plant;; \\'(,1'(' (,0I11l1!'t\ in til<' ;;pl'illg' following' tilt' 
sowing of tilt' sppd und b(,[(lI'l' titl' -.p('olld ypar';; gl'owth itlld sta1'tpd, 
TIH' IllPllII Jlumb!'I' of SlllTi\'ing ltJ plnnt;; is giYl'1l in COIUIllIl 5 of 
tltbip 11" TI1l' higlH'st sun"i,,:d Illl'nn is nssocintpd with til!' originnl 
('011(' drying tn'atnlPnt mud!' at 170:> F. fol' n duratioll of () hOlils. 
All otlwl' slll'dYlll lllPH 11 \'illu('~ IlI'P sigllifi('un tly 10\1"1'1' ('x('('pt tILl' 
ynitw :1ss()('int,!'d with thl' (,Ollt' dr,\'l11~ tl'pnt,llH'nt lll/ld(' at 1400 for :1. 
duration of () hours, TIt!' PPI'('Pllt of \'inblp s('('(\ producing ]-0 plants, 
althO\l~h \"(,IT Ynriablp, doc's not ill<iiC'lltp that IIny purti(,lIlnl' ('on£'
dl-Ylng tl'('nJllH'nt. pl'oddl'<i s('NI (Iutl wus pl'Od lIC! i \'f' of WPttk£,l1Pd 
se£'c1lin~s, 

HEI) PIX!> 

I.ABOHA'I'OHY ,1.8STS 

'rlw m£'llll I'('ttl gPI'llunll.tin cllplt('ity of til!' !'l·d pinp, 8(,NI obtained 
from til(' kiin-dI'lPd gJ'(Wll und sto[,pd ('Ollt':-> is ginll ill tabIps 12 and 13, 
'I'll(' mpnn YnltH'S n1'p· for till' aOth dny of gPl'minntion. TIl(' nnulysis 
of vtuinnc(' of tllPs(' gel'lllilllltin' capllrity <Iutn is gi\'!,11 in tnhh' 14, 
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TABLE 12.-1\fean real germinative capacity of 'red pine seed obtained from kill/
dried green cones 1 at variolls drying temperatures and treatment periods 

Percelli PeTetut Parelll Percellt 1 Perce-litPtrunl 
3, 3 U4,ti U,j.l 116.4 Ui.5 
;; .. - ~ -.~. - ", 3 9,.1 07. j 9S.9 97.S 99.098~ 

--- "~~~~~.- I
~ i

7 ---. ... .. 3 !)'i.2 9',4 00.4 99,1 96: i,,'~ ' I9 .. . ~ - ~ .. ~ ..- ... 3 97,3 97.2 97. i 98.7 97,1 
3 - - ~ - ... -- ~ --- ... - 6 95.0 97.9 97.1 

I 
111.4 .59.;, 

6 96,0 9fi. [) 97. fi 94,3 28.1.. ~ .. _;w ~~_._~~ _... ..S ' .. ~ 

7 . - -_. . . r, 9S.4 0,.7 95.7 94.1 12.3_~~a.~"~~ 

9 6 9S,0 97.2 911.3 89.7 9.5 ,
Means un. S Uj.2 97.4 I 95.3 62.5 

I 
, Values within heavy lines indicnte «'lIsonlllJly sare treotments. 

TABLE 13.-11Jea1l, real germ/lilllivp capacity of red pille -seed 0litai1led /1'01/1 kil1l-dried 
stored c01les J at variolls dryi/lg temperatures and trcat'TIIl'nt period.. 

tV:;~r Wood- I ":-r,:, ---
~;~i~ ~~~~~W~: Storage 11~~)Q F' 130° F. 1~400 FJ-=}" 100° F. -=0 F. 

Percwl I Percenl I PercOIII -I' Percell I ; Percent Perrtllt Percelll 

3 3 tillck('d 07,7 116. ,I 06.7 \18.7 94.2 64.2 
;; 3 do 95.3 06. 1 95.2, 95.9 93. Ii 46.2 

7 3 do 05.9 95.3 95.11 " \/,1.0 j 82.0 ·18.3 
0, 3 do 97,0!; 97.0 96.1 94.8 I 81.9 49.43; 3 Tmyed 98.0 97.9 I 96.2 9S.5 

! 
97. -I 93.7 

Ii , :l do 97.9 97.4 98.4 98.4 116.7 9.1.8 , :I ,do 98.2 97.3 9S.3 98.4 98.7 96.8 
98.2 97.9 95.S 97.5 97.1 I

I
U 3 ,do .;........0;;,7,:,:.I:;.'__.;;;;;.;;....._.;;,;.;......._;;;;;.;;...,.._;;;,;.;;..._...;;~~ 

Oti. tl I"i.n 110.8 02.S 73.RHi 2 i I i 

TABLE 14." Analysis of Vari(l.IICI of the 1'1'((1 germinative Cal}acity of red pine seed 
oblo inetl from kiln-dried cone.· 

lfRESII GREEN CONE!':----------_.. -- --------,!. ' 
ees

Source of Vllrilltion i Degi Sum of ~lclln s!)uare ObSF"[\'ed 

____________________I_f_r~(~0I~J--5(-lua-r-es--I,---,-- .. __ "' _'__ 

'roUlI _"._ ........ ______ ..______ •___ 

h 1l'3'j' 76.741.01Bet.wecn temperatun"s -~ .... -~ ... ~~~~~ .• ~ 30,064.39 '7;5ii;.1O--i 2;i53:i;i 

nl't.wv(m durations - -- --- 455.44 l.j1.81 143,50 
B~tween c'r.juilihrillm moisturr contents ... 9,438.57 I 2,704.4f11 I 9,438.57
Intl)rnction: 

'J'em~ratureXdurutioll, .. 124 3. 127. 13 260.59 1 74.ti7 
'l'clllpenltureXI'!)uilibriull1 llloisturc content 30.308. iO 7,577.18 12,171. 11 
DurulionX('C1UllihriulIl llloi5tlln' content 249.87 1 iI.flO31 749.liO'1'emllcmtUrt'XclumtionXc!)uilibrllllll moisture 

l'Ontt~nt " ..... ~ ~~ .... ~~w~~_ ... _~_ 12 2. liR.95 I 181. 58 I ' 52.0a
Within dlll's,'s (error) ........ _. _____ ._ .. . 120 418.2.1 3.49 ''' ________ __ 


--~-- ,,-_._----------'-----'-----'-------'----
S'I'ORED CONES 

I ,I:11,840. 18 1___________ .__ " 'rotal 191" 
Betwllcn tcmJ)(twtures_ ·1 5 13. 727. SO 2,745.f>6 ·--'-r076.iio 
B~lween durations lSI. 79 60.60 '23.76~ ~ ~ ~. 

Between stonlgt~ -~. -~ ---,... - 4.85\.13 4.S5\. 13 '1,90'1.40 
Interaction: 

TeIllJl~nlturt'Xdurnlion 361.85 2,1.12 , 9.41; 

-" ,; I 
'1'~mpenllllreXsturnge .1 11. ,189. 0:1 2,20;.)11 'OO!. 10 
Dural ion Xstora!!(' I :! , al7. ia 1 105.91 '41.5:1 
'l'em peral ureXdllrnl ion Xsi orngt' If> 550,20 36.m) , H.:lU 

Wilhin t'lns:;,'s «(·rrorl. III ;mn rtf. 2.;'.1 ... " ... ~ -. ........,----::--
t F=nlrjIUJtl(> rutio. 'Highly signifimnt. 
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GREEN CONES 

Differences in mean germinative capacity due to tempel'l1ture, dura
tion of trentment, equilibrium moistUTP conteut, and their first and 
second order iuteructions were aU highly significant. '1.'1l(' least 
~ignificnnt difference between the pooled Lempe1't1.ture means (table 12)
IS 

Tll(' mpans nssof'iatt'd with 150° and IGO° F. al'!' significantly low('/' 
thall tlip 120°, 1:30° lind /40° Illpnns, til!' difl'('/,C'/1('('s 1)('1\\'('('/1 til(' in.! (1'1'
of which 11/'t' no( sign ifie'fln t. 

'rhl' \PflSt signifieal1t difl't'I'(,I1('P bp(w('1'11 litl' following' poo\pd dl/l'tl,
tion l1I('ILIlR is 

14if'/')
"--'---:(Ul!II),·O,,1.; PI'I'!'!'lI!.~ 40 

~\ft'('" real (Jermiwllil'e
Duratioll, hours: ('upclcily perct',,1 

3 - - _ _ _ _ _ _ _ 92. 4 
ii__ 90.3 
7 - 88.8 
fl_ 87.9 

TIl(' fOl"{'going dUnl,lion mPIUlS 111"(' nil significllntly dilI'P('ent [l'om each 
other. TIll' poolt'd nWfin gel"Jninativ('-<'npueity values for trentmcnt 
at 3- and 6-pcrecnt wood cquilibrium moistU/"c content nrc 97.5 I1nd 
82.2 per(,pnt, resppciivply. Tlw diffeJ"cn('p is significunt and thprefol'p 
the 3 pen'cnt wood equilibt'lul1l llloistu('(' ('ont<'tlt is til(' superior drying
('ondition. 

From tahl(, 12 it n.PP<'IU'S thnt til<' irnpol'lunt ('pdll('lions in germinn.
ti\-e eflpucity o(,(,lIl'1'pd \\'\H'n til(' (,OIl{,S \\'PI'P kiln-dt'i('(i ILL 6 pel'cent 
wood pquilibrium moistlll'(' ('ontpnt. plll'ti(,lIinl'ly fit n. temp<'l'ILLure of 
160° F. No striking 01' <'ollsistPll t t'('(itl('Lions in gcnninl1live capncity 
11I'e indiclLted wll(·n till' (,Otlt'S W('l'P kiln-d I'it'd at ;3 1)(,I,'C(,lI t wood equilib
rium moisture cOlltl'nL. Amollg tll(' laUer' group, hn.ving 11 menn of 
97.5 pel'('ent, only those whiell dilYpl' by 1.9 0/' mor(' pPt'e('nt cun be 
('ollsidp/'pcl significant. Ttl(' a-hour dUl'iLtiolls for 120° nnd 130° are 
significantly 10w<,1' thl1t1 97.5 [)('I'(,pn t. It hns beel1 suggested that. 
tlws(' drying eOllditions p/'Odu('pd slightly illfpl'iQt, sped becaus(' of the 
small degrec' of con(' opening, It mn.y. the/'eforp, be eoneluded that 
any t('ml)('rittUl'P up to and ineluding 160° fol' dUl'l1tions ns long as 9 
hours when dried at 3 percent wood equilib/'ium 1l10iStlll'P content did 
not prod lieI' inj ury to the red pine spcd. 

All tilt' impot'tant variance in g('I'lllinativ(' (,l1pneity is eonsidm'ed as 
flssoeiat{'(i with the 6-pel'eent wood (,(/uilibriull1 moistun' content 
trcatnl('nt. As tcmpcmtures of 150° I1nd 160° F. wen' injurious, it is 
b(·lieved that tht' impol'tant rNiuetions in gt'rminative cll.pacity al'!) to 
be found in the means nssoein,ted with the' dili'enmt durations at these 
two temperaLUl'{'s. TIl(' pooled mean for the 120°, laOo and 1400 
treatmen ts is 97,0 perCt'nt; only thos(' \'nlues which arl' less by 2 
percent 01' more thltn 2 pcreen t can bl' ('on!'1ic!('I'('(las being significantly 
different. TIl(' 120° :1-hour' t/'NLtm('n t is sign ifiean tly lower; but again 
this result is nssoc:inted with slight co11(' opening and therelense of 
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inferior seed. Tt'lllPl'rtltU!'('s of l5()O Ilnd U)(J° produC"pd s("(>(1 hn \'ing n 
significantly lower gt'rmill lttin' ettplll'it~,. It may llwrdort, he ('011
duded tLut finy lPUlIJPI'atun' up to tlnd imoluding 140 0 for n durntion 
of 9 hours. wLplI dril'd tll 6 Iwrel'nt \\'ood P<lllilibriull1 moistllrp ("oIltPnt, 
did not injuJ'(' llll'sPP(l. 

Any kiln-drying tn'ntnwnt whos!' gl'l'minntiy(' {'ttpueity \'fihu's an' 
within till' hlol'kpd-out group of tnhl!' 1:l may hI' l'OIlSidl'l'('d ns Stl[P. 

TIl(' :'lllllPriol'ily of tit(' ;\ ppn'Plll ,,'ood I'quiiihrilll11 !l1oisllll'P ('olltpnt 
t ('('at Illl'l1 t is tlhS(wialt,d wi [It ! hI' Sl'p<1 1110i:,( UI'l'-t 1I1H'-[N11j)('l'tlt lIL'(' 
],l'l!ttiow.;ilip. In thnl tn'1l1l11pllt. Ihl' moist ur(' ('Olll('lIt of til!' ('olltnilll'd 
s('pel j:, I.'('(ill<'l'd HI a rnst('1' ntl!' lhull ill tlll' (i-P(,I'('Pllt \I'PtltnH'nt. thus 
(i('('I'Pt\sill!! th(' :'Pllsiti\'ity of till' s(,l,d 10 Ill':lt . fig. :H)l, 1)(':,i(,(':llio\l of 
;;('('d to n lo\\' lIlui;;IIII'1' ('l;nl!'lll elid Hot 1'l'dlH't' Ili(, !!l'nllilltlli\'p ('tlIJU('ily 
of :lPl'd; IiiI' t'ollt,-dryillt!: 1(,l'!Illll!'1l1 al tl tl'llllH'rntlll' of l(itl~ V, fol' n 
duratioll of U hOllr", al :; IH'l't'l'll1 \\lHld 1'![lIilihrilllll IIlOi';IIII'l' ('OIlII'lIt 
l'l,(hH'l'd IIt!' ",Pl'd to 1I Illoi",! IlI'p ('OIlII'1l1 or :UI Pl'I'('Plit \"it hU1I1 -:l'l'd 

inj til'.\', 

Difl'pl'l'Jl('l'S ill Il\Pll.ll ~(,l'lnilluti\'l' !,llptwity dUl' to tl'lllpl'mtUI'('. dum
tion of t l'('l1tIlH'1I t. :'toragl' ('O\l(\i t iOIl:" Iwd t It(' fi I'st :l,ud :,('('(lnri ordl']' 
int('n\('tion~ nn' ull :ligllliiellllt. ,Talll!' l·t." TIlt' i!'ll:lt ;;ignifietmt 
diff('r('Il('(' hd\\,(\('ll tlH' jlou\Nl t('llljH'rat 111'(' IIlP:t.llS I.ltthh' la \ i~ 

:;) :-41' .)
"' -_.~\~ . -11.11Il!l1 ().~ PI'l'(,l'llt 

Only til!' lIiO~ :wd 1,n': F. tplIlj>l'mtllJ'(' llIl'tHl~ ea,l) \)(' ('ollsidC'I'ed us 
sigll'i!il'IW tty tlilfpl'('1l L TIl<' lpns! ",iglli li<'l1ll t llifl'c'I'('ll(,P h('tw('en the 
following pool(·d dumtioll llll'tUlh i" 

'J - -.!I' '1 
_ .•1 I'_I] ,Il:-'(il,-c,().{i JJl'I'Cl'llt 

. 4." 
..\lrUlf rtalgfT11Ifllulirt

"' ctl/lurilll pfTUnl1)\Irllti~lII, hllur
;~ 	 !l L II 
.) 	 H2 2 
, 	 !ll Ii 

!ll ,II 

'I'll!' 5-. 7-, lwd O-hollI' (hlmti~m,.. do Hot difl'('\' by :li~llifieltnt fLlllollnts, 
ypt all thn·!' Itrt' sigllifi(':mlly 10\\'!'I' tball till' ;{-!lOUI' dUl'ation. 

Tlw 1t\('1U1 ~NL1lin:Lti\'(· ('tlpncity fol' tIll' :ltlC'l\:('d twd tmy<,<1 {'(meg is 
Ki' A tU1d Hi.4 1)(,1'('('[\t I'l'SI)('ctiwly, 1'lw difl'pl'l'll('t' is :,i!!,uilie1mt 
with tl'uyed stol'lLge h('in~ til(' SIl}ll'l'iOl' stornge Illl'thod. 

From mble l:~ it npPptU':4 thut tht' impOI'mnt I'('(luctions in ~eI'mino.
ti n' ('ttptLl'ity ()('('IIl'I'('cl in kiln-drying til<' ~tl('k('d {,OIH'S, TIl(' men,n 
gel'milll\'ti n' el1pfleity for the' tl'lty('d ('01H':' is 9,.4 IH'I'('('Ilt !Llld ll,mong' 
these' Yaill('s II <1iff('l'('l1('(' of I,ll is {'oLlsitil'J'pd ~igllifi('rmtly difrl:'rl:'ut. 
Only OIl<' "HIliI:', thltt fol' 1,0" F. tmd a duration of :3 hOllI'S. en.n he 
('ollsidl:'rl'<\ :lignificunth' low. As tilt' 5-. ,-, :Lud H-bour dUJ'fLtiollS at 
1700 Imd tIll" a-houl' (luI'ILtioll nt tIl<' otll(>l' t('mpL'mtnl'l'~ did not pl'O
dUN' sign if]enn tl~' I'pd lIC'pd !!,L'l'min:l! i\'(· ('np!LCi ty lIlPlLUS it is 1>('liey('d 
thllt the' :i-houl' dum! ion M 1,(Jc W:lS 1I0! (~ttl1s(ld by tIl(> kiln-drying 
tretl,tll1('nt 1>\1 t J'l1tlwl' is chI(' to SOllll' Ullknowll ILnd lllwxpininable 
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fuetor, It may br cOlle!uded thlt! tnl,y-stol'cd eones produocd seed 
tlutt WitS not inj UI'('c! wl1('n kiln-drird n,t 1700 for as long II,S ghoUl's, 

AU thr imporhl.l1t nL/'inncr ass()('intC'd wi th til(' pxp(~riment is 
eOllsidpred ItS being Gn.us('d by til(' SIL('kcd stOI'Il,gP mcthod, As only

0
thp 1(10 

0 
and 170 F, tl'(,lLtltlcn Is ])/'odllr'pd significun t cliffl'I'elloes, the 

important l'eduetiollS in gCl'lIlinn.ti\'C capacity Itl'(' ('xpreted to h(' found 
Itt these tempemtlll'es. l'hr pooled mean gPl'lnillll tiy(' ('npn.('i ty of 
the sll('kecl conrs kiln-dl'iNI nt I:WO to 1;)00 is !Hi.l pel'c'('nL and onl)' 
thosp thM di1l'<'I' by I,n (}('I'('{'nt {'11I1 hr ('onsidpl'('(1 sigllifknnt. The 
tl'clLtnwnt Itt l5()0 fol' 7 hours is low n.I though thr f)-houl' tl'eatmcnt 
at this tempcmt.ul'r is not sigll ifil'lLntly difl'cl'rll( fl'om the' mean, 
All tlw I(jOo nnd 17()0 Yltlurs :l.I'P Hignifioltlltly lowrl' thnn thr pooled 
mean fo/' tbr lower- tplUper-l1,tlll'{'S. It JllH.,\' 1)(' ('oll('luded, tlwl'l'fol'e. 
thn.t tll(' sackNI ('onps W(,I'(, kill1-t!l'ipd ILt I.j.OO fol' ghoul's 0/' 1500 
fol' ;j hout's withou t inj uJ'y to I'pd pin(' S('('(l. 

Any kiln-dl'yin/! t l'eM1l1Pllt yi('lding gPl'minn.tiy(' f'apa('ity Ylllll('S 
within til(' blockNI-o\l ( group of labl(' 1:3 ('lllI be' ('o/lsi<i(\/'rd lIS safr. 

Greatly illf'retLSl'd sl'llsiti"ity to (PllljH'I'atU1'(' of H('<,d fl'om si1('k('(l
stored (,OIl('S, n,s ('olllpltl'<'(1 ",ith s('('d f/'Olll thp trl1.y-stol'Nl 01' gl'(,pn 
f'oJl(\-dl'ying tl'PiLt IIll'l1 ts is illdi<:atl'(l. TIl(' eaust' dol'S not ItplJt'iLr to 
b(' associn,tc'd with til(' moistul'p ('ont('nt of til(' s('('<I. ItS til(' ('ontninod 
sP('(1 in gl'pen ('OIl('S WI\'S at n, hight'I' 1ll0i8tlll'(, ('onditioj} Itl1d '\'ithstood 
hig-hpl' i<'lllppl'nt II I'PS wi t hout inj Ul',\', ('olllpH.l'il1g f hl' 81'('(1 moistlu'O

f(!Cr--....-

A 
.+ ' .. - ~ 1 

i 

0'------______ ' L 
" 'i: 16 20 ~ u ~ ~ M a 24 

'"I1t.'.I£;: TIME OF GERMI(1'I1TION (OAY,J) 

FWI'IU; ·10, COllr"p of ~('rllliIJUtiOIi of Iwl pill!' sl'l'd oiltaill!'ci [rOIll grecn cones 
kiln-dried (AI at WOo F, al 3 pprrl'nl wood l'qlliliiJrillln llIoi~tllre content andc 
(B) aL 1,lO , 150", IUld 1600 aL (j perePllt wood cqllilibrilllll moistufl' content. 
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FIGURE 4l,-Course of germination of red pine seed obtained from tray-stored 
cones, kiln dried at 1700 F. at 3 percent wood equilibrium moisture content 
and for sack-stored cones kiln-dried at 1600 and 1700 at 3-pereent wood equi
librium moisture content. 

duration rellttionships in figure. 36, ns between the sacked cones and 
green cones, the seed of the sack-stored, kiln-dried cones renches It 

lowered llloistme condition quicker thltll the seed in the green cones. 
The heat sensitivity of sl1ckecl cones must be I1ssocin.ted with some 
physiologicl11 change in the seed during the sacked storage period when 
cone and seed drying WitS inhibited. 

The course of germination eUlTes of the seed obtained from the 
green cones dried at a tempemture of 160° F. at 3 percent wood 
equilibrium moisture content, nnd at temperatures of 140°, 150°, and 
160° at 6 percent wood equilibrium moisture content, are shown in 
figure 40. The ris(' in the CUl'\'es betwl~cn the 28th and 30th days of 
germination is caused by the added count of those seeds that had 
sprouted, but had 1l0t appeared above the sand Oil the 30th day of 
germination when the seed wus lifted. The seed from the cones 
dried at 140°, 150°, and 160° Itt 6 pprcent wood equilibiulll produced 
seed that had a grei1tl;\r rptltrded germination. The number of 
sprouted seed found at the tim£' of lifting on the 30th day of germina
tion indicates the gren,tly reduced vigor of the sprouts to push through 
the sand. The course of germinlttion curves indicate that the pro
cedure of including these sprouted seed in estimating the germinative 
capacity as of the 30th day of germuU1tion is questionable, also thl1t 
drying green cones at a temperatur£' of 160° Itt 6 percent wood equilib
l'iUlll is highly injurious. The sup0l'iority of 3 percent wood equilib
riulll moisture content is substltlltilLLed. 
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Some of the courses of germination curves of th(' seed obtained 
from the kiln-dried, stored cones are shown in figure 41. Although 
the analysis of the germinative capacity data indicated that drying 
tray-stored cones at a temperature of 1700 F. for durations of 3 and 
5 hours resulted in significantly lowered values, the course of germina
tion curves for this treatmenti cannot b('illt;crr)J'cted as giving gl'eatly 
injured seed; in fact, the treatments of 7- and 9-hollr durations at0 

170 produced the better seed. The reduction in seed viability in 
drying sack-stored cones at tempern.tures liS high as 1600 01' 1700 
is indicated ill figul't, 41 by comparison with the COurs(' of germina
tion C1ll'ves of seed obtained from tray-stored cones dried n,t, that
tempernLul'e. 

FI.ELO 'I'ESTS 

The summarized results of til(' fiold kstillg of ] (j of lillI' 88 rpcl pinr 
st't'd lots t1.r£> given in tabl£> 15. TIl{' fidd-gl1rmiuativ£>-capacity data 
taken 41 days n,fter sowing illdicatpc! that tIl!' original kiltl drying of 
traYNl coups n.t a tcmpomtJUi'p oflOO° F. for It clumtion of ,5 houn, 
11.1. 3 pOI'Cl'nt wood ('quilibiulll moist,m'p eOIl tent hn.d nlow field germinn.
t,i V(' cn.pacity, in addiliion to those seed lots which had n significantly 
low In.born,tol'Y rcal germinativp cnpacity. No ri'nsol1nble cnuse ('ould 
be tlsc:ertailll'cl for this ullexp('cted l'l'Cluctioll. The slll'viYn.1 dntn 
taken 127 dnys niter sowing iudicntpcl thnt tIlP originn.1 kiln drying 
of sllek-stored cones nt:. n tempern.turl' of 1300 for n duration of !) 

hours at 3 percent wood equilibium moistlll'l' content had a sigllificlLntl~Y
low sllrviYlL1 eount IlS well ItS those seed lots that had It low laboratory 

ren.l germinative cnpncity. TIll' seed lot thn.t WtlS unexpectedly low 

in field germinative capacity stood up in tIw survival count. The 

percentage of viable seed germinn,ting in tlH' field substantintes tIll' 

reliability of the laboratory tests. Th(' pel'eent of viable seed pro

ducing 1-0 pln.nts is consistent except for possibly one trCt1tment, 

seed froUl green cones kiln-dried n.t 1600 for 9 hours n.t 6 porcent wood 

equilibrium not only.had 11. low germinative cl1.pn.city but also produeed

plants having 11. high mOI'tn.lity. 

TABLE 15.-Su1nma·ry oj laboratory and field testing oj 16 lots oj red pine seed 

obla·ir/ed Jrom. kiln-dried gl'een and stm'ed conI's I
-- - .- ~- -.~--~-------.-- -.-

Ori;tinnl cone trentment 
T.~hornt.ory tp.sts Fi~ltI tpst.s 

Woo,]'l'C'm- Dura· Viable Vinbleperno tlon oc equilih· Storago method Real gor· Apparent 
Germinn· Surviv- seed ger- seed nro~rium gerlllina·ture treat· minotiv(l minntingtive iIlI( 1-0 ducin!! 

content capncity plants'
(OF.) moisture tivelllent enpllcity cnpacity in field 1-0plnnts 

(1) (2) (3) (4) (5) (0) (7) (Sl (9)---- -- (10)
HOllr., Percent -----------Percp.'1lt. Percelll Perc,mtl:lO 1 3 Nonf! _____ ~~ Percent Perrcllt Perrellt

130 9 3 ._.do._•••.... 
97.7 Ili. I 7:t 7 .17. () 7f).4 59. o130 ,i 07.2 00. q .'fl. ·10 .do ....... 96•.) 59.7 S2.7 61.4
!14.1 09. a130 9 r. ..•do.... ... -19.3 71.~ 5J.1l:lO 97,2 g·tli 77. (j 61.05 3 Sqcked. Illtl oa.o 7n.n (14.4

130 0 70.7 53.3a . .rlo •••. :.", 73.5 55.507.11 Uli. I 70.S130 [, 3 il'rnyed ...... Oi.~ 47.7 73.0 49. 2lao 9 97. I 7:l.4 liD. 0 75.43 . do .•• *--.- OS. 2 9~. I 72. I 50. Ii 73. ,1 
51.9 
Iii. 0 5 a !linne........
100 i 08,2 07.11160 0 72.0 ,,3.03 110 ........ 97.1 97.0 74. a 54. o
160 [) 7-1.5 5ll. QfI .do•. 7fl. i 60. o

9 0 
eS.l 2R. 0 1.1.7 11.0 52."do.".::~:·' 9.5 21.4101) I 0 • .1 ,RW() ~.4f> 3 Sllllked .. _. 9.1.6 35.S 8.-1-.~- S9. I 6e.5100 0 3 ti~.. 111.0 36.7 60.R 39. 2tnt) ,; -- 80.5 66.e3 'rrnyerl 90.0 94.0 

46.0 80.0 57.3
lflO, g 111.1:1 19.93 6:1. (i iiI. 7cJo":":~: Ui.5 06. 1 ii.O 60. 1 78.9 61. o
I Itnlir fi;!lIrPS (l<mole significnntly low vnlues. 
, Survivul Is expros.ed in percent of the numher of seed sown, 
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LONGLEAF PINE 

LABORATORY TESTS 

The mean real germinative capacity of' the various seed lots 
representing the 15 different cone-drying experiments is given in 
table 16. These mean values art' for the 30th du,y of germination. 
An analysis of variance of the percentage data is given in table 17, 
Differences due to temperature, duration of drying, and the.inter
action of these two ar(' highly significant, 

The l('ast significant difference hetween any of tll(' pool(·d tempera
ture means is 

All the pooled means difl'N by sigllifien,nl nlllounts, -VVith increasing 
kiln temperatures of 50 frolll II rio F. tht' gerlllina,tiv(' eapacity is 
propol'tionntely red ueed. 

'l'ABr,E Hi.· ·Mean real gf'I"m'inatilJ" C(LpaC'ity of longlcaf lJ7:ne seed obtained f1'07/l, 

kiln-"dl'ti conl'.~ I 

(lerminntive CfllUicity for indieuted 
cone trentment 

'rem pl~rn tu n l M.an~ 
(OF.) 

12 hours Hi hours-~I~O~;~ .1____ 
1 

Peranl Percc'llt 1 Percent Perrent 
115 ..... ______________.. ______.. _.. ________ .. U~, 1\ ! 92.7 02.0 ___ ..~-_:9;;;0~.f\~I:_-..;;:+;--.;;:;_i:_l 
120 . _______ ._._•• ___ •••.••• __ ... _____ • _______ .___ Si H I XU. ,I J F5, U 86,6 

79.7 80,9 80.5
125. --.--------.... ---- ..... -' .. -•. - .. - _ .... --- 80:91 73,-1l~O.. . .. _______ .• ____ •.• _.... __ ...... - ......-.. 70.7 71. 3 69. a 

66.6 62.5 67.3 
l\! .fins. 82.3 
13.1. . •• __ ••• ___ • __ ............. " 72.7 


79.3 78,2 ----.----.~~ 

~ --.-...~------.~.... .... _._ ..._-'-----'------'------'------
1 Values within heavy lines intli~nlc reasonnhly sa(e trcntnwnts. 

'l'ABI,E 17.-Analysl:.~ of variance of real ge1"ln;inlltive capacity of longleaf pine seed 
obtnined fro'll! kiln-dril'll cone.~ I 

Degn'('s SUIll of iMean square IOb~rlVt'd
SOlUC(! of vnriation of 

s<lUllf(~SfrpedolJl 

__ • ~ ___ 4 _ • - .. , - ~ - . - -- 50 5, MO. 70'\'otlll 4,715.87 1,178.97 '148: (ii
__ ~. ~ _. ~ ... ___ • __ M • ~ _ •• __Deiwlien tt'lIlJWflltUfe-S .. 4 


Between dUfntions -... ~~--. ----..----. --- _. 
 2 184.70 92.35 ' \1.65 

int.I'raction: 
8 202,20 au. 52 '4.61'l'PIIIIWflliuft\Xdllrntioll. _._--,.,,---- 

:J50.1l:! 7.0:JWithin ('llIss['s (I'rrorl 4" 
t P=\'tlrinnc(' rnUo. 

:! HiJrhly Si}WitlCllUt. 


'I'll(' lenRt ,;ignifjc'lUit difl't'l'l'lH'(, hd,wPPIl ftny of til(' poolf'd dllmtion 
nwnns IS 

/7 ~~).:fx .... ) _... .".. ··~.). (') .'Y 20 ~.(b,) = 1.R PC'l ('(·nt. 

Thp 8-hour dUl'utiOlI is signi{ienn Oy higiIl'l' thun Lhe 12- nnd 16-hour 
duration meuns ltnd the difference betwecll llll'se latter two means 
is not significan t. 

http:1,178.97
http:4,715.87
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FIGUHE '~2.~-Couri;e of germiulLtioll of loll~lelLf pille seed obtlLiued from coues 
kilu-dried ILL various temperatures for (A) 8 hours, (B) 12 hours, and (C) 16
hours. 
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The least signifieunt ditl'('L'(,I}('(' \)dw\'ell !lny two individuulmeulls 
of table 17 is 

/7.9:3-:['1 _-y ~---:r- (2,44() =4.n (wrcrnt. 

The 8-, 12-, und 1(i-hour dUl'!l.tions nt 115°, 120°, nnd 125° F. do not 
differ by as much as 4.n pen·pnl. and it mily 1)(' ('onduded that at 
these temperatures in('reusing tilt' dumtion of drying from 8 to 16 
hours was not injurious. At laOo nnd 135° thp 8-hour duration 
menns nn' significantly higher than thl' 12- or 16-hour duration 
I1H'ltns. 

TIl(' !lWUlI of tit(, thrppI15°F. duf'tltions is n2.0 percl'nt with the 
pooled menns of til(' 120° 11nd 125° signilienlltly 100"l'r. It may be 
('oncluded that 11:')°. us blodwl out ill tabh' 17. is the hetter of the 
fin temperatures studied. [t is possihlt' that kiln tempe1'l1tures 
lower thun 115° may han' produ(,NI sppc\ luwing u signifiellntiy higher 
gprminative' capacity. Air-dried (,Olll'S spldom produc(' seed luwing 
as high n germinn.tivp ('apll('it~, IlS n2.0 (WI'('PIII and it may be con
cLudrd thnt Il kiln tcmp('['atul'(' of 115° is I'l'nsonahly safe. 

TIl(' ('ourse' of gPI'millatioll of th(' \Tllrious seed lots is shown in 
figut'(' 42. Incl·(·nsing kiln tplll(wl'ntul'(' ahoY{' 115° F. uppenrs to 
J.·('du('(' tht' yiahility of til(' ohtainNI sppc\ Ilt nll thl'C'P duration periods. 

FmLt) TESTS 

Thp Sllllll1lUl'izpcl ['(·sults of tiLl' fi(,ld tl'>itS of titP 15 lots of sc'ed nrC' 
gi\'PI1 ill tab]l' lR. Th(1 lil,ld ~!'rlllinHti\'(' eaplleity dl1tn al'(I for (,Olmts 
mndp 21 dll,~'s itftpl' s(lwill~. '1'1)(> Hl1nlysis of til(' field ~ermillatlvp 
cnpn('it~~ in<ii('utpd tllllt temp<'L'utUl'P nnd duration of COllC' drying 
produC'P(\ significant c1ifl'el'('lWPS in lipid gl'rmination. 'I'('mperature 
WHS pnrtieularly influential in this L't'sP(,(·t us was indicated by the 
lahoratOl')' 1.('sts. TIll' )';l'l'd from (,OIlN; dI'il,d nt II temperntul'l' of 
11,jO F. gel'minllt!'d tIll' I)('st in tlU' field. Inen·nsing kiln temperatmes 
ahoy!' 115° pro<il)('('(l POOl'('[' sel,d. 

TAJlI,t1 18.,- 8U/I1mar!1 0/ /(lbom/ol'll and field /l'$ling oj long/I'aj pine seed obtai'ned 
/1'011/ kill/-dried emUs 1 

Firld trst~ 
Villblt'S('Nl Vinbll'seed 
germinal _ producingAp(Jun·ntH(;al~(lr f.!;4,.lrmina OerIllinll- . Plants. Ill'r. ing ill field utilizableKiln lemprfll- llllrntiol\ o( rItintlli\'{t ti",· (,npnr- ('"11! ' 1-0 plantslurr (" F.l trp:Jlmrnt tiVt' ('HIlAC'('UIUldty ity ,

ity 


I1l f3\. 14\ tf'1 


J10llT., Pf'r(fltt Prrrrul /Jerrrll{ IJaunt l'e-colf Perullt 
Hi! un Ii ';U, U S3, ;, 40_;' 0'" .) .54.6" 
115 12 92, ti UJ. 7 ,~.J. 9 00. I 91. 7 50. ,) 
nil J6 y.)-, -, 92,2 S5.2 53.6 9L9 .l'.9 
120 X S~. <~ ,~4 7 71n. 50.!! SO.S 5;,2 
\20 12 NI:,.) S2 \ 7'7. X ~S, 4 no, I) 56. i

'-I .. y
[20 J6 8/1. I! '>29 ' .:,. ~ 4n.R S7.2 47. T

'I ,; RIJ..q ,ft. (i 1m. I; ~!.~'" so.O 52.9 
[25 12 7!J,1 75.2 1;';._"1 43,8 SL 3 .54.9 
125 Hi 8fJ.U 7~, 2 ,~s. I ~O.7 S.\,1 50, a 

125 

1:10 ~ 7[1, i 7fi. r. ';'. .i n.~ S4,6 46,'" 
lao 12 il.8 nS.1l li/i. '; S~,·~ 71'.2 46. i 
lao 16 m~.,1 I'j~l. :\ ,5.1. -t '1e•.~ ,0,1\ 46.6 
135 s 7S i 1i!l.!1 /il',7' .111, •., S().1- 00.0 
135 12 lU,' I; ll:i. :i ':7 . .\ Zt;,:j iL.' 39", 
\:\5 _ ttl ,~ ~ ,~ tin -; ,ie. '\ ifI, II ,~·L.; 17,9 

~\Ji kiln tr(lntU1enl~ \\t'rp UUlti., at 'I-P(lrl'Nlt wond flquilihrjlJlJ1 nlOi~tLJrp (·ollt~·nl. Itnlit· fi~un\s dl'flotc 
signifie"ntl~· low \'uhll'~, 

1 Plants )lert'l'l1l is thl' l'"r('I'l1l or ell'l\11 $\'\',1 ~OWJl I hal. <I,'wl"'I''.!,1 into \l1.ni1,tlhl~ l.}'~urs~\!dlings. 
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The percent of viable seed germinating in the Held (table 18, 
column 7) indicates that all seed lots germinated about the same, 
although a slight superiority, which may have no significnnce, is 
noted in favor of the 115° F. cone-drying treatments. 
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FIGURE 43.-Relation of plants pcrc·cnt aJl(I temperature of original COIle treat
Jllent for jongleaf pine. 

Probably the most convincing test of the iufluenc(' of con(' dl~ying is 
in the plants-percent data gi\-ing the numb(,l" of graded and utilizable 
1--0 plants per 100 seed sown. The mean plants-pel·c('nt values for 
the seed obtained from th<' various lots of kiln-dried cones arc given in 
table 18, column 6. An analysis of th<, data indicates that the only 
factor influencing plnnts j)(lrcent is th(' temperature of the originnl 
cone-drying trentlm'nt. '1'11<, lenst significant difr('renc(' b('tw('en any 
of the following mean plants-p('rc('nt ntlues, durations pooled, is 
4.2 pm·cent. 

Temperature of COliC trenLIlWul (OF): 


'I',mprrulure of ...\/eall plullls,
COllf /'tu/me-llt {O P.}; percellt 

115. 52. 7 
120. 46.5 
125 42.4 
130. 34.3 
135_.. 30. !) 

All other mean pl!lI1t,s-pt'l"c<'nt valu('s are signific.antly diffel·ent it·om 
the 115° F. group but not from eac.h other. The relation of plants 
percent to the temperature' of tIl(' cone treatment is shown in figure 43. 
TIl(' relation is linen!" lind Em· ('''(,I·Y fio F incl"(,tlst' in kiln temperature
plnnts percent is reduced by 5.(j pl'l"c('nt. 
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SEED-HEATING I';XPEHIM ENTS 

The heating of bar<' seed to <iett'rmilH' safe dl.-ying schedules hus 
received considerabI<' attentioll by various in \'('stigators.~ In order 
to compare the quality of til(' seed obtninl'd by sciH'dull's btlSNI upon 
this method with that obtailH'd by scliedulps bns('(1 upon tit!' kiln 
drying of cones, n. !WI'jps of tl'sts WUS ll1u<il' Oil l'llstl'1"II wit iti' pinl" rl'(( 
pille, Iwd longleuf pilH' sepel. 'I'1t!ISl' sl'(,d hcnt-trelating I'xIH'riments 
W('I'p fllctmin.lly desiglIPd. 

BASTEni\ WIH'rE ['INE 

Rttndom snmples fmIll til(' SlI pply of nir-dL"ipd ens tern white pine 
seed were heu.L-treated ILl 100°, 120°, 140°, nl1l1 160° F. for 2, 4, 8, 12, 
nnd 16 hours u.t, t;wo differenL moiRture levels. The two moisture
content levels eonsistNI of air-dried seed and se(\d SOtlkNI in distilled 
Wtlter at fi8° F, to it moistur(' cOlll('llt of nbout 30 pereent. Pmlim
innry expet"imen toS indicn,ted thn,t n, 2-hour soaking per·iod wns neecssitry 
to bring the seed to ILIl n.\'('l·ag(' lIloiRtu 1'(' of 30 pel'C'('n t. Two mplicn.
lions of the eomplell' ('xlwrinll'llt W(,I'l' llHlcLl'. 

HBJ) .PINE 

Snmples randomly select('d from tll(' supply of red pin(' seed were 
beat-trented nt. l200, 130°, 140°, 150°, and 100° F. for 3, 5, 7, and 
9 hours ILt the following f01l1' different moisture levels: As extracted; 
room-dried; soaked 3 hours; and sonked 2 dlLYS. The seett at the time 
it was tnken out of ston1ge wns ILt !til n\'erage moisture content of 
9.2 perc·ent. By room-drying til(' seed over night in the labonLtol'Y, 
all average moi~tUl'(' content of 7.0 pcrcent Wfl,S obtained. Seed soaked 
for 3 hou'rs had iUI tn'crng(' moisture eonlent of 17.2 pel·cent. Sonking 
for 2 dnys pro~ridecL sced at its applLl'ent mlLximum moisture ('ontent, 
the IWeJ·n.gP belllg 42.4 l)(Ir('cnL 

LONGLEAF I'INE 

Smuples of longleaf pin(' seed randomly selected from the supply 
were helll-tI·('nted I1t 100°. 120°, 140°, and H;o° F'. for 5, 8, 11, fllld 
14 hours at two sN,d moiRture-('ontcnt levels. Sonking secci in distilled 
wnt(,l' I1t GSo for 7 hours produeed sl,('(1 at nbout 45 per('ent moisture 
('ont('nt. A ROllkillg IwJ'iod of 72 houl.'R Wits rcquired to produce long
leaf pill(' sped iLl its IlJUxillluJll 1lI0if;illl'C ('ollt('lIi of flbout HS pel·ccnt. 

Bl1re eastet'n whit£' ttnd. 1'('<1 pille sped samples were heu.t-trel1ted in 
smu.ll glass bottleR pll1('e<1 in n. wlLter hu.th eontrollcd tLt the desired 
temperature. Tlw bottles of seed wen' mounted 011 n frame revolving 
I1bou t u. horizontl11 tLxis, the bottles being held with fl, stirrup u.nd coil 
spring, the whole being submerged in the wttter bnth. The tumbling 
motion imparted to thl) seed by the nwoking fl'l1me nppeared to 

! MOitRIS, Wn.l.lUI O. VIAHILITY 01' ('ONln:1t SImI) AR .H'f·F.c-n:n lIY Sf:f:1l MO.RTl'.n: C()NTf:NT AND KILN 
TElolPEItATUltE. ;four. Agr. Hes. 52: 8{.....·811·1, iIIus. Ilian. 
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change eOllstantiy the seed in eontnct with the wnlls of tl)(, hottle, 
thus proyidillg uniform heating of til(' seNI slllllple, Tiw bottles were 
conneded to encil other with ruhber tuhing that extended through the 
axle of the n'\'olvillg frauH.', A pi('ce of glnss tubing \\'as dmwn to it 

fill(' orifi('(' and ('onn('eted to the I'lIbher tuhing ('xtendNI up and out 
of tlte WtL(PI' huth, AR tltp s('('(1 ['ellelwe! th(' tcmj><'I'lIillrp of till' blt,tit, 
till' expansion of tit(' gnS('fl ill til(' bOltlrs Will' ['(,li(,\'('{1 t1u'ollgit the 
tubing ('olllll'(\tioIlR, ,\'('t tll(, mifi('(' WIlS so Sll/ulI titnt lial(' if :Uly ail' 
('xelllLllg(' look plnC(' £II/ring til(' Il('itt-tn'nlll\{'llt. Aft('r till' requil"(~d 
(11ll11,tioll of h('ll,t-lI'Pl\.tlll('nt, til!' s(,(,d ;;alllpl(';; w('r(' In.k('1l out of the 
IIIl.th, room dl'iNI if litt'.\' hnd b('ell sOIl.k('d prior to hent t/'('Mmcllt, put 
into small tin ('ans, and Rlol't'd ill II I'pfl'ig('l'atol' ulltil all thr trel1tments 
\\Cp['(' ('ompl(,(NI, :1t which tilllp th(' s('<,d \\'as SOWIl ill gel'lllinlLtioll finis, 

Bp(,:ws(' of til(' bl'g('1' si;.:(, ltnd bulk of til(' 1111 wingNI longleaf pine 
s('('d, th(' 1ll'H.l-tl'('atillg t('('itni(JlI(' just d('f;(,l'ib(,cl ('Ollie! not b(' used, 
Ins(ead 11. dpsi('('ntol' holdill/! th(' S('('(/ s:L1llplp,; 1I.lld pillced ill 11 sllluil 
kiln OI)(,l'ILtiug:l,( n t(,IllI}('I'Il,lul'(' which 1Il1l.intaill('{1 til(' desired tJ'el1tillg 
t('rnppl'lLtlll'(' illsid(' of thp e!P~i('('ll.l()l'. as 1IlC'llSIII'('(1 b,Y tlll'rrno('ouples, 
WitS uspd, Cil'('uln.tioll of ail' ill t1l(' d('si(,(':Llol' was obtained h? mtnting 
:1, fILII ill th!' desi('('n.tol' b~' 1ll('Il.IlS of ILII ou tsidp motor, :-)onw clr?ing 
of til(' longl(,lLf piliI' s('p(/ S:l.lllpit's eould lIot 1)(' ('omplctely pr('vcnlcd, 
Th(' s:I,lIlple:-< \\'PI'I' w!'ig-i1('(/ ill :1.11£1 out of th(' d('si('clttol' lLnd till' e1lil,uge 
in moisllll'(' cOlldition \\'I1.S f/'Olll 11.11 :l\'('nl.g-l' \'/lltH' of 45,2 p(,I'('cnt to 
aa,l PP['('pIlL Thl' s('('<1 Sll.lllpll's soak('(1 foI'l\. sufficiently IOIlg- till1l' 
to I'pllch 1ll:l.Xlllllllll 1ll0islllI'(' r'olll(,llt ('ondilions \\'1'1'(' hl'll.t-tl'pll.lpd in 
('hp('spf'iolil bngs SlIblllpl'/!NI ill \\'nll'I' Ill:l.illtain('d IL( til(' various 1(,1ll-
1)(>I':l.tll['('S, .\.fl('I' h(':lt-II'(,Hll1H'llt til(' s('{'(/ was I'OOIll-dl'i('<! nlld stol'ed 
ill till ('11.111' ill:l. l'('fl'i,!!<'I'atol' lI/1til tlH' 1"(':I.tlll{'II[S \\(\['(' ('0111pl('(,<1. 

'I\JlILI'n 01, 11",\'1'-'1'111'\,/,1-:', B\lII'; SImI) 

TIl<' l'('slIi[s of til!, ('xpf'l'iIlI P /lts ill I1('n l-(I'('u,lillg- hal'(' S('I'<I :1,I'P giyen 

ollly ill (NIlIS of gPI'llIilll1.th'l' ('n.pn(·ity, Thl' ('OUI'S(' of g-el'llliI1lLtion

elll'\'I'S 11.1'(' IIllt sho"'/I, 


gAS'I'EIC\ \\ H1TE PINE 

The genninMh-p clLpn.city of he:tl-ll'en,tp(/ har(' ellstel'l1 \\'hile pille 
seed Ynried with tltt' temp(,l'u,ture, duratiOIJ of treatment, nud the 
seed moisture content. EII('h heat-treated seed sl1mple of the experi
ment provided foul' gel'lninntive tests, Since pre\iminl1ry I1IHtlysis 
illcliellted that the I'lIIls did not PI'O<iuc(' signifielLlJ t differences, the 
eight \'iability llleaSUl'(,lllen Is arC' ('ol1sidpr('(1 in the final annlysis ns 
coming f!'Om fl. sing-Ie ('st. Th(' H.n:tiysi;; is IJlIlde only OIl till' dl1hL 
for the lOOo, 120°, ILnd 140° F, trell.tments, as n.t both moisture levels 
the 160° treatmellts 111'(> lethaL The gerlllinative eapneityof the 
iJent-treu.ted seed is given in table 11), The metin moisture content 
of the nir-driecl seed wns lo,n pel!:'ent. The mean moisture content 
of the SO ILk cd seed was 2i, J !wl'('cnt. An liIllLl,Ysis of "Ilrinnc(' of these 
dato is giyen ill table 20, Difl'et'elH'es due to temperfl.ture, duration, 
moistut'(, <'011 t(,11 1 , til(' first OI'e!N inlC'l'l1.ctiolls of 1l1Oistur'('Xtemper
MUl'e nncl tempemtll/'p X dll I'Il.tion, and til(' second order interlle
tions are all highly signifielLllt. 
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TABLE 19.-iVI!Ctn real germinatit·/' capacity of heat-treated, bare ea~lern white lnnc 
seed I 

ch·rminuti·... t· ('npal'ity (or juciicntl'Cllwtll tn'u.tmenf. 
Conditiun or ""'(',1' nlld ('tnIH'rnlurl' ('1'1 


4 hourl' S huur.; J:! hour::; 16 hour:; 


Air-drit'(I: Percflli j;J(rrt'ul Pe,,;cJII lJtr(tllt Peru"l 
100 ,'):3,1 'U..~ !la.1 81.1 'iO.O 
]20 .~I.fi lH.O .~I.h S2./J 77.5 
140 Ti.J.i 75~ I fI1. I !,{.O M.li 

SOllk~(I: 
100 74.7 in,-I 72. 2 .59.a , 76. I 
]20 7·J.~ 74, I f\S.S /0, I·"'.8140 fl 0 0 0 0 

I Italie figures u('noh' a signillcuntly 10\1 ,aliI('.
2.Air-dri(ld seed ot. 10.6 pl'rl'(mt moisture' o:mlNlt; $Onkl'c1 at 27.1 pt.·r(\'J)l. 

TABLr,; 20.-LinaZysis of variance oj lhe real yerminatil'c capacit!J oj barc eastern 
whilc pine seed treated at three temperat/lre,~ for five different til/rations at two 
moisture level.~ 

~.~ "-~ ~'-l-~---

D~lm'('s . Sum ofSQurC(' of vurintion of . I A[l'un squart' 1 ObFf,ved
SqUHrt'.5fn't'dolJl I 

Total ZW 2.'5;.1j!J~. 13 
Bctwt:eJ1 rn()istun~ h'q~'I~ 1 lH.2ifi,;J5 54,276.3.5 1400.3U 
Betw(,{,ll lelIlll<'rnlllrr:< 2 112.040,62 1;6,474.81 ' .510.21; 
Delwr('ll durnti'llls oJ IS. fli',~..~2 I,I~}I. iO '42.15 
Jnternction: 

:\[oist.ur(' Xtl11J1Ilt'rnt lin' 2 1U~ 021, 5U U. 813. &1 '88,6. 
,\[OistllreXdurnlio" I i2.0fi 1 

18.0'2 .W 
'l'elIlpl'rnlurrXdurnlion ); 1i.h.1:!.:!4 HIIl.lli 1 I.3..~ 

lroistun~Xh'IJlI.H.lr:lt tlrjl~ XdurnHon s :!'.!.2aa.21 2.7;9 In ' 2,5. " 
H('mninrll'r (error) 210 ZI.212 " 110. r>!l 

~ "'=\"tlCiUlll'(l ratio, 

, l[j~hiy signitlmnt. 


HOtlking Uil'-ddl'd bnn' I'llstl'l't1 white pille :>('cd fOl' 2 hours in dis
tillNI wl1t('r at m~o F. did not il1l1u('I1(,(' it:> germinativ(' capac'ity, To 
test til(' probability of :>ucll sonkillg uffN'.ting tIL(' germinatiw capllcity, 
irn'slwctiV{' of subs('qtlf'n t IH'llt tl'en,tnwnt, fOllr ntudom samples of 
seed w(,l'e gel'minntNL, t,wo of whi(,h had bC(,l1 sonked for 2 hours, 
Th(' gcrminntiv(' capacity of tlH's(' st'('d smuplrs aud the analysis of 
the datu, ur(' gin'n in tl1blps 21 tind 22, DiffC'l'encrs due to treatment 
w(,1'1:' not si~lIificant. It mn.y bf' concluded that tlll' soaking of thl' 
seed in distilled water itt 68 0 for 2 hours has 1101, afrectl'd its germina.
Live capncity. Any sigllifieitnt differellces in gcrminativc cnpllcity 
of heat-t1'cflted s('e(\ itS bd,w(,pn til{' t,wo moisturl' 1('v('ls studied is a 
funetion of heat tr('atiuent. iLnd tilt' moistul'(, ('ondition and not the 
preliminary sonking pro('('ss. Thl' mcltll l'cll1 g(,1'minati,'(' capacity 
of air-dried enst(ll'll \\'hitt' pin!' s('(>(1 as llsed in thrs(' tests was 80.8 
pcreent. This is good l',-iel('nee thnt sl'<,d first to £all from opening 
cones is 10\\'<'1' in viflbility than Ilwrnge. Sped obtained in the kiln
drying expPl'iments gltn mor(' than 90-p('rcent germinatiyp capacity. 
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TABLE 21.-·Real germinative capacity oj air-dried and oj air-cl";"d and soaked bare 
eastern white pine seed prior to heat-Ireatment 

Air·dri~d IIml soaked 
S<.'<'d 

Slim pi,· 1 ~nrnph~ 2 :;lIlI1pll'1 

Pure1lt Ptru"i Ptrfful Perce'llt
80.40 82.8 iO••~ 8:1. 2
i8.00 80.8 82.~ i'.6
i9.60 82.0 S:1.2 86.S
i8.S0 i2.0 82.·' 86.0 

O(.'lwrnllJlC'un SO.h 

TABU: 22. ·A1Ialysis oj variance oj real gerlllinativr capacity oj air-dried and w(lked 
/mrl' e(l,~t('rn 7Jinr whiil' s(,l'r! prior 10 hl'lll I/'I'aill/i'/Il 

SOllrt'\' of vnrintion i Degrees of , SUUl of r .\!('un o hS<'r woi 
j rfl'l(ldom sClunres SIIlInr!' FI 

-~-~-~-'I 
Total 15 ~'O2. ~ :Between tr(·ntmenls 1 I 36.00 : 30.0013.48 I' 23,0.1Remainder (error) ". ·1 14' 1011.24 11.8i 

------~ 
~ F== \'urianc(' rlltio. 
• Not signifiCllnt. 

Bur(' eastern white pin(' s('NI at a mean moistlll'(' content of 10.6 
percpnt wus henc-tl'PIl,trd at 1400 F. for 4 Itollr~ and at 1200 [01' 16 
hours without injlU'Y. The lellsc Hignificnllc difl'Pl'pll('ps betwp('Jl flny 
two means is 

-JllO.6:7X2(2.145)=11.3 pcrc('nt 

Using the. metw gormil1lttin' capacity of th(' uil'-dripd unheated 
seed as tho bnsis of tpsting ~what heat treatments hnN(, significantly 
reduced gCl'minative-capncity YaltH's, any mPfUl \'alllP o[ 69.5 perct'nt 
(80.8-11.3) or less can be considored ns in1luenced by the heat treat
ment given. The. itnlicizrd vnlul's in tablp 19 !lTe significantly low. 
Bare eastern white pint' seed at n moisture content of 10.6 had a 
reduced viability when heat treated at 1400 for 8 hours. At 120 0 

F. or less a 16-hour treatment wns not injurious. 
Bare eastern 'white pine s('ed at a mean moisture content of 27.1 

percent was heat-treated at 1.200 F. for 8 houl's without injur·y. A 
temperature of 1200 for a dUl'ILtion o[ 8 hours ftppen,rs to be tilt' limit 
in severity of treatmnnt. Heating the s(,t'd at this moisture content 
at 1400 for only as long as 2 hours WflS lethal. 

fhm PINg 

The germinativp capacity of Jwat-tl·Nl.tpd, bare red pine sped also 
varies with th(> temperatul'(', duratioll of lwat-trentment, and seed 
moisture content. 1'ile menn g('rminlttin' capneity nlltH'S of til(' heat
treated seed are given in table 23 Ilnd till' analysis of vlll'iancl' is given 
in table 24. Diiferenc(>s due to tnlllpprntUl'l', duration, moistlll'C cou
tent, and first-order and second-ol'del' interactions are highly
significant. 
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TABLE 23.-Mean real germi'llutiv(' C(£1I11cit!! of heut-treated, baTr red pine lIeetl l 

~-~.,...,. ~.-".---." 

Renl germinntive "npnclty (or indil'llted 
henllrent ment 

Condition o( ~t~'1 : "nt! h!mlwrutul'll (" ~'.) 

:l hours [t hours 7 hour.; 9 h01l1'S 

·---i-

IPacelli PrH't1l1 Perrent Perc'!"lRoom·dried: 
1Ii<.r. OK Ii 9'J.2 98.2120. 
9S.0 US. ·1 9fi.U 98.2 

140 .............. .. 
130. . ............... . 


9S.S 90.1 9b.a, 99.1 
150 ................ 96.6. 97. Ii • 98.1 97.5 
160 .................. . 97.6 ' tri.2 i 97. a o;~ 2 

As extructed: 
9S.1 j OM. 4 ~ US. 7 9S.S120 .................. .. 


130 __ ............... . 
 97.1l {Ii.; 90.7 90.4 
140 ................ . 9S.a ' 9~.~ ! 9S. a 98.1 
150 .............. ll~. 1 D.. h : 9K·1 96.5 
160 ...............". 9S.11 : Oft I t 00;.8 ; 87.7 

Soaked 3 hours: 
120 • . .......... . US.S : Uti. 3 OS. Ii i 98.0 

9S.S U~. i 117.5130. . ............. .. 

U!o\fi 91l.9 ~¥:~ ! 00.2140................... .. 

\16.7 I 8.1.11 i o i 0 

160.................. -
150. .. .............. .. 


.1 i OJ 0: II 

Soaked 2 days: ., 95.1 I 9£.6 ~7. J ~6.J120. .. ............ . 
 1.0 ' 0 0130 ! J. g! 0: 0140 "t 0 
0 Oi 0150 .,160 0 0 O! 0 

t ltalie figures dellote!; signiOt"IUlt Iy low vulues:. 
% Room-dried seed nt 7.0 percent rn()i~ttJre rontenl; IL~ extracted. 9.2 percent; sonked :i hourst 17.2 percent; 

soaked 2 days, 42.4 pcrcent. 

TABLE 24.-A1!ulysis of VUrill1lCI' of the rt'lIl (Jerminutive CCll)(lcit!! of bure red pine 
seed lrculed ut five tell/.perutllres for four dumti01ls lit four m(}i.~lure le(JeL~ 

-_... ----- ~---------.---------.. 

J)egfl~s Hum of ~lean:Hlulln.', ObservedSOUf('e or \'urint ion of irc~· 
dom square." pI 

31t r,oa, 404. S7'rota1 .... ,I US, 302.8~ lit Oir.: 70 , 7,456.64 

llelween mcans of durntion a Jletween menns of tempemture 
4, :17I. IS 1,457.00 ! 6:J6. 27 

Between mennsofseetl trentlllent ofmoistnrocontent a :172, 463. aa 12·1,IM.4·1 • M, 215. 01 

Interar.tion: ,
l:l 6,032. ()<j 50'2. fjj '219.51 

TcmperatureXtrcalmenl
TemperntureXdurnlion. 

12 120,050.67 10,004.72 '4,368.87 
, 217,06 9 4,492. 14 40<J.1:1 


TemperntureXduralionXtrMtment 

DurntiunXtrentment 

:16 27,226.3,1 75U. ~>\J • 330. 26 
Renlllill(ler (error) 240 5.0;0.211 2.29 -- .. _----- .-

I F=\'arlnnce ratio, 
, lllghly signIficant. 

Soaking or room drying ail'-elI'iNl, baf'(' rpd pilU' sepd did not influence 
its gel'lnillativp ct1pacity. DlU'ing tIl(' coursp of til(' seed hent-tl.'cating 
pxperiment, mndoUl sampit's of thp air-dried seed as cxtl't1eted, as 
I'oom-dried, us soaked for :~ ho UI'S , ttnd ns son,ked for .2 d(LYS \\'P1'(, 

gOl'minnted without subsequent heat. trCl1,tment. The I.'esults and 
n.llnlysis of thes(' tests 1\1'(' given in tnbl('s 25 aJl(i 26. Differences due to 
\.J'eu.tnwnts WCl'(1 not. signifiC'l1nt. Any ('ondusion dl'11W11 fl'OI11 t.lw 
nllalYRis of th(' gOl'minativ(' ('apneity of LlII' IH'11t-t,I'l'nLpd sl'C'd is n 
funeLioll of til(' IwM t!'pnLnwnLS givl'll. 'I'lH' ll1('tLll reul gel'minativp 
(:n,pn<,ity of t1H' l'l'd pitH' seNi as indieaL('(\ by thl'sP tpsts WitS 9(:i.4 
pOl'eent, 
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'fABLE 25. Ileal !If'flltinlllivl' (:npacltll oj iJarr rl!(/ pill" srer/ afler v(lriou.~ treatments 
prior 10 heat in'atmr711 

Seed treatment (l('rminnth·(,l (",apadty ,\Icnn 

Percell I I'erct:ul Percelli Ptrrelll Percellt
As "xtmct<!u i,{ os., 05.S !JKIJ !Hi. S d , !Hl.7Us.:! Ilfl.2 00•• 9.';.9 if 
.RooJU~tlried '{ UK;) 97. fj 93. {I 00.2 i}: 9'J.2 07.4on.a 95.0 OS.·j :

9,,0Sosk"d a hOllrs ::U.1i 9•. 1{ 07.5 .} un.';07.0 07.0 93•.'\ 05.0 i 
SOllk~d 2 days. { 9ft 7 95. 9 Rfi.4 Iln.n I}un. 2 \l6,3 Ofi 3 94.7\l·1.1 IGeneral menn. 

!Hi••' 

'1',\ IIL~~ 2(l. A'II(/.lll·~i.< 11/ tlC/rinne(' of "are re'r! p£ne seer! (~rlrr 11(l1·illIl., tl"l'011l/(,'11ls prior 
I" /"'01 II ('(/1 III NI1 

I )(-'J!rp(l,S of ~Illll of ,.\lclln Observed
fn'(Idon1 squarc~ squnrp FI 

- -1 
Totul :11 lfi2.14 5.2:1Bt.'twccn tr«.~tntN1f 3 ' ;lO.7ii 10.2;'5R<!nJninci('r 28 • 131.;19 I -I.UII i

I 

i. 
I F= \"urinne£' ralio .. 
1 Sot signincnnt. 

Bn.(·(' n'd pill(\ S('pd withslands high!'!' (('mllPl'tLtuJ'('s for 101igPI' periods 
of hel1ling without inj ul'Y \\'11('11 til(' s(lC'd if. dry. Tht' l('ast siguificn.nt 
diLfC'('(lnc(' of allY two llH'1Ul ntlu('s is 

') '>9X') .. 
~.~, ~(2A47)=2.0 pPl'twnt~ 4

l~sing 96.4 p(lrcl'nl llS til<' (lxp(ldNI g('t'minntin capu('ity of unheated 
s(leel. n.ny mpl1n germinn,tiv(I cnj):wity \Tn.hl(' of LI'ol1f:('(1 seed of 93.8 
(96.42.6) or less hns been signilicalltly lowered by t,l'catment. Tho 
itnlicized vulues ill ench seed group in table 23 indicate significantly 
!'('(Iueed germinativl'-cnpaeity \Tnlues. Thus room-dricd s('eel at n. 
mei1H moisture coutont of 7.0 p('reent withstood 160° F. for 9 hours of 
tren,tmllnl; s('cd, as extraeted, and at a men.n moistlU'e content of 9.2 
porcent, withstood 160° F. for 7 hours or 150° for 9 homs; seed soaked 
for 3 hours n.nd I1t 11 men.u moisture content of 17.2 percent witlt"tood 
150° for only 3 hom's and I1t 140° for 9 hours; soed soaked 2 days, n.t /1 

men.n moistlU'c contont of 42.4 percent, withstood 120° fol' only 3 
hours. The influene(l of tit(' moist,w'(I eondition. of 1'(1(1 pine seod on 
germinntive cn.pa!.:ity when ben.t-tn'atpd is striking. 

.Longleltf pine seNI WlIS \'(,l',Ysellsitivp to lWHlt-troatment. Germinative 
(,ILpadty tests indicn.ted that seed hen.ted at 140° ILnd 100° F. ['(,sulted 
in killod seed. The iUlIl.Iysis of th(' gOl'miuntiYc-cl1paeity dn.ta is 
limited to tll(' seed hent-tmatlllonts Illade ILt 100° n.nd 120°. The 
meltn ('eal gorminn.tiye en.pneity of seed hen.t-trcn.ted at tllest' two 
tempe1'lttures is given ill luble 27. An n.nn.lysis oJ vadancc of til(' dn.ta 
is giyen in tltble 28. Difl'm'O(H'cs due to tplllpern.tul'(" dUI'I1tioll, 
moisture content, and two of tho (il'l'i(,..onlol· intol'tletions were 
highly significant. As only Lwo tempcmLures /11'0 ItlUtlyzod alld 11. 
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significant difference is indicated between the two, one temperature 
is superior to the other. From table 27, 1000 is less deleterious than 
is 1200 Likewise, from table 27, the lower moisture-content con• 

dition is the least influenced by temperature and duration of heating. 

TABLE 27.-Alean real gcrm'inat-ille capacity 'If heat-treated l()lIgleaf pirie sced I 

: T!enll:erlllinlltiw CllpRcity of hent·Irc-.1tment 
'__"_,, (hours)-· fQr indlcate~I~~,,___

Condition of S(.ocd ' un.1 tt'lIllH,'rutur~ (OF.) , 
Ii S 11 14 

Percenl PeretTIl Pt!rcenl 

Sonked 7 hours: i 


-f
100........__ •• ' 72~2 ' 70.2 liS. 6 62.2 

120" ........... ' 
 73.5 67.6 60.0 41.S 

Sonked 72 hours: 

lOlL 
 75.5 77.9 75.3 71.0 
120... ' !S.! 6.0 1.B .1 

I Itulie figures denote u significantly low yuhw. 
'Slocd sOtlked 7 hours wus nt·15 lJen~nt lIlolstun' content; 72 hours.!lS lX'rl"ent. 

TABLE 28.- jlnal!l.~1:8 of vnricl1Ice of mecl1t real germinativC' cCLpClcit!l of heat-treated 
lOllgllJaf pine seed 

: I>l'~n'<'s 
Source or \'orintion I)( SlUn of Slit==-j'1\I cun sqllare I' ' rn"l',iolJl 

'I'otol ' ..•.• ' ,.'.' ll.~ I 73.436. 89 1 ............ ' 
Between moisture content 10. 740.82 , 10, 740.82 331.~0 
Betwccn tempernture 1 3,1. 163.21 I 3,1. 16.1.0) 1.05~.OO 

Between Ilurntion 3 4.646.10 ; 1,518.0:1 .$7.19 
lntcructiou: 

?IfoisturcXtelUlX'rnture........ . 1 18.52:1.15 l 18,5TJ.15 671,68 

:1 :141.IH ' 11:1.68 3.51:\[oistureXduruliou" '. ' ,.. '.' ... 
3 r,s4.2O 

;,[olsturrXlcmperntllrrXdurnliou, ............ . 3 3711.80 ' 125.60 3.88 
T!emnlntler (error) .... ",. ...... ' ........... 

'l'empernturcXdurntlon." ". ,.......... . ~,0.52.59 l !1.1I 


80 2,5U2.70 ' 32.41 
.~------ ..--"-----~~ 

I F=vnrilluCt'rutio. Itolit'S Indlcni<' hh,hly slgnillctlnt Vlllul),", 

The lellst significllnt diffcl'l'nCe betwN'n Ilny two means is 

.J82:~·X2(2.22S)=7.3 percent 

The germinatiVl' el1plleity of unhoated samples of this longleaf pine 
seed wns found to br 67.1 pel'(~ent. Mean germinative-capllcity 
values in t.•bl(' 27 less thnn 59.S percent (67.1-7.3) 111'(' considered 
signifh:lwtly I'(~duced by heat trentment. Soaked longleaf pin(' seed 
at 11 moisture content of 45 p('rc('nt wus hoo.t<'d at 1000 F. for ]4 hours 
nnd at 1,200 fOl' 8 holll's \\-ithout injlll'Y. At i1 mean moisture content 
of 0\-('1' SO percent it wns IwlttN\ Itt 1000 fol' 14 hours without injury, 
but Itt 1200 even iI. 5-hour dll.mLion of henting I'l'sllited in considemble 
injury to the seed. 

The soaking of 10ng\el1f pint' S(,N\ priol' to hellt treatment did not 
infiuenc(' its gennilH1tin ettpneity. The ml)an g('l'minntiv(' capncity 
of seed that hnd not bNm soaked WIlS 66.7 perc('nt; thnt of a sample 
soaked for 7 hours wns 60.7 perC(~nt; and that of samples soaked fol' 
72 hours wns 73.8 percent. Tll(' analysis of th(' data indicated that 
no significant difIel'ences i'xisted mllong these three mean values. 
The goneral mcan of tlli' tt'sls is 67.1 pCl'oeil t. which wns used ns the 
basic gel'miul1ti\r e capacity value in testing the influence of the heat 
treatments. 
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COl\U'AHATIVE INFLUENGI;; OF CONI~ DHYI"G AND SEED lliATING 

EASTEIE\ Wm1'~: PI.NI<: 

Eustern whitl' pilH' (:OI1('S 1'1'0111 til!' StUll!' sOUJ'{'!' that fllmislH'd thr 
s('l'd for tIl(' s('('(1 IlPut-tn'lLting study \\-('1'(, kiln-dripd III 1400 F_ for u 
dumtion of 12 hOllt's without injUl'y to thl' s('pd, Assuming tilut til!' 
sP('d in thes(\ kiln-dried cones hud u moistllrp con tPllt of ubou t 27 
pPI'('('nt, til(' seNI heat-treating stud,Y indirllted SPl'd injury W/tl'11 
tl'('uted at 1200 for 12 hours, As iu tIl(' kiln-drip<L uil'-d!'iP(I ('on('s 
tlmt were partiully oppn til(' st'!'d ell'i!'d illdplwndplltly of thl' ('on!'s, it 
is hplipved that til(' C'onp-drying JlI'(J('pd W'P WIlS pSsl'nl illlly a SPt'd 111'111
IJ'Puting PI'O('('SS_ TllP difl'PI'('!Ic'C' in I'psulls of tilt' Iwo tp('lnliquC's 
tl1P1'('[OI'P eOl1stil lilt'S n 1lll'IlSIII'P of Ih!' t'fJ'('c'( of Sl'l'd dl'si('('lllioll <lul'ing 
til(' eOlw-d I'ying ()I'O('PSS, 

HEll "I" ,,; 

Dry I'pd piliI' sppd wit/tstood 1\ IPIllPl'l'tltlll'P of 1(jOo F, for n /tout's 
without injury, Kiln-drying gn'pn ('OIH'S ilt this Il'lllp!'l'atul'(, nnd 
dumtion at :~ P(,I'('('II 1 wood ('</ U ilihl'iullI moi::.;t urI' ('on tpn t pl'Od u('('(1 
til(' snlll(' I'Psuit. 'I'll<' dpsi('('lttioll of tltp ,;ppd <lul'illg' C'0I1(> dl'yillg 
redUC('1' til!' s('('d moist til'!, SlI bstllllliully ilnd q uiekiy pnough to \\'ith
stand lil(, hight'1' kiln tpmp(,I'i1 t Ul't', 

LO:-lGI.EAF PI:\'E 

Titp ('oIlP-drying pXI)(,l'illlPIlI wi I h pal't iully air-<il'ipd (,011<'S of n (,I'OP 
from n difl'l'I'Pllt loelliit ,- ilnd of It dilJ'PI'Pllt "Pill' illdi('llt('([ that II kiln 
telll(h'I'IHU['p of 1200 F: fOl' a dut'tl(ion of 8' hours ILt 4 pel'('Plll wood 
pquilibriulll moistul'l' content wns injurious to thl' eontnilwd 8('('(1.. 
Longit,ftf pitH' s('pd at n moistur'l' eon t('n t of 45 (lPn'l'Ilt wns hptltpd at 
120 

0 
fol' 8 hours \\'ithout inj Ul',Y, but 1] hours of trNltnlPn t ellllspd 

n rp<luction in sP('(I-gprlllinatin' capncity, Comparison of th!' eon('
drying and sppd-llPating I'Psuits cannot J)(' ('!'ilienl us til!' sped alld eOI1(' 
SOul'{,(~S WPI'(' dill'pl'ent. ypt til(' /'('SUlt1' ill'(' in fltil' ng/'('(,Illpnt. Altholl!!h 
the eone-dt',Ying PI'O('\':;1' allows fol' sppd d('si('('ntio!l, Iwat spnsi t iYlty 
is not g,'patly <I ('('1'('118('d , pl'Pdulllably 1)('('uIIs(' thl' l'Il,tp of dl'ying of 
this Inl'g(' S('('c/ IS {,(llll(HU'atin'J,\- Rio\\', 

C()\CLlSrO[\ 

'I'll<' 111 tl'Od uel ion of S{('llIll-/tPIl tpd dry kilns IlIH-ing fM('pd-nil' 
eir('ulntioll Ilnd tl'I\l(Wl'IltUI'(' ('onll'Ol inlo til(' fil,ld of ('Ol1<' drying bUR 
inel'Plls('d till' efficip!l('Y of s(,pd-('xtl'lleti(JIl prO('p<illl'('S, TIl<> pl'l1<'ti
('ability of til(' instllllntiOll of such n. ('()11(' kiln, is of ('Olll'SP, dc'lpl'millPd 
bv tIl(; VOlllllW of ('onps to lIP drif'd, tiLpil' cost, litbor ('osts, tLn<l till' 
valtl(' of th<' obtllilwd s{,pd, Both publi(' ilnd pri\-lltl' ngl'lH'il'R pro
ducing cOllifel' tl'(~(> sP('(1 Cilll pCOtlOmiC'lllly install modl'l'niz!'C1 kiln 
Nluipnwnt, ll10difipd to tlH'et spt'('ific l'l'qui['Ptlwnts and limillltions, 
",I\('11 conp ,'oillmes aI'(' apPl'oximate·ly ;i,OOO bllslwis per ,,-ell!', 

As II comphrtlwnt of till(' (,OlH' kiln, good COIH'-storng<' Iaci!itips It!'l' 
requin·d, Cones of speeips lik!- longh'nf, slash, sbortlptlf, lodgppo\(" 
east('rll whitt"~ and 1'('(1 pinl' t'pspond to air-dl'."ing, tl1l'rpby I'educing 
the tint(' !,Nluired to kiln-dry th{'tu to n low moiRtlll'P contpllt. .Mod
ernized kiln Pq uipl1wn t, how("'('[', is cnpllbl!' of ('mC'it'nt-I." dr'\'ing 1'('ln
tiyely moist rOtH'S without dnlll!<'l' of s('('(1 injUlT, 



68 TEC'HXiCAL BllLLE'l'IK 773, U. S. DEPT. OF A(:R[CTL'l'LTRE 

.A definite I"nitltion <'xistH l)('twl'l'n waL!'I" loss and dl'gl"l'l' of eOlw 
opeuillg. ,Jnek pinl' ('OtH'S !lUlY bl' l'XPl'c,(,pd to 1"('1t'IlS(' good YOIUIlU'S 
of seed W1H'1l dl"ied to !1 llloist.tll·\' ('ont(,lli of 5 lWI"("l'Ill.Enstel"ll whitt, 
and red pinr (,OIIt'S I"l'l[uirp drying to (j l)l'rC'l'1l t. Rl1pid drying to 
these low ('.OlH' moisLlIl"l' ('ollditiions is ill till' intl'rt'st of (,COllomy. 
Such a proel'dul"l' rl'<{uil"l's thn,t n. low l'quiliill"iulll llloisttu'p ('ontput 
bl' lllailltaiul'd in til!' kitn. 

TIl(' followiug selH'dllh's for (,Hstorn \\"hitl" jllC'k, and I'pd pilH' t1n' 
reeonLHlPnded for lISl' ill til(' Fo["('st ProduetsLaboratOlT COIH' kiln. 
Till' longlenf pitH' seill,duit's I1pply to t1 for('l'd-tlir eit'elll!~tioll kiln of 
thl' typl' slmiliLJ' to thn.t dpseril)('d foJ' tit(' \Y. W. Aslll' Extmetot·y. 
All seiu'dull's nr(' bn.st'd Oil only (HlP .\Teilr's coll('('tiotl of eoIll'S, for onr 
loenlit,y, for oneh spt'eil's. Conl's ripelled undl't, ditflwent w('ntlwr 
conditiolls tLlHI 011 tl difi'pt'('ut sitl' might lw l'xlwetl'd to \TILry sompwhn,t 
in tlll'ir rl'spOIISl' to kiln trl'n,tnll'lIt. It is sllg~('st('d that en.cil killl 
olwrn,tol' tpst till' pfr('et,i\,(~I1l'ss of the schedules, by simple measure
ments of conl' moistu 1'1' ('on tell t, ~wed yi('ld, s('('d llloistUI'P cont('nt, tmd 
possibly gPI·miIlH.tioll (.('s(,s III II mH.lllll1l" similnl" to that llsod ill th!' 
studi('s hOl"(' l"l'pol"tpcL 

The I'ecomnwn(\pcl pI'Hetiee in til(' lutlldling of eastern white pine 
COlH'S for S(1('(\ l'xtl'lletioll is t,o tirst air dIY, or procure, them. The 
air-drying procl'SS in n wl'll-volltilntpd storug(' sl1('(\ is n prcyontin 
ngainst molding. III ndditiioll, ILir-dl'ying s('oms to allow Ill<' r('sinolls 
eon,tings to elutngl' sufIil'il'lltly in stnwt,urp so ;tltl1t the senles rondiiy 
rl'spoud to dryin~. . 

The recomml'lldod (,Ollstnllt temppmtul"l' to be used for t1ll'-dried 
enstern whitl' pitH' eOlH'S is [40° 11'. This is a 20° iU('1"ons(' OY(>!' the 
temppmtures llsUlLlly rpCOmllH'IHled for conn'etion COllt' cit-yors. In 
conjunetion with this tompl'rtLtUl"(' ~mwrnl l'XPlWiPllCO illdicnt('s tllltt 
3 poreent wood PC[ uilibriulll moistul'p (,Olltont should bl' mnintnined. 
At 140°, 3 PfH"(,l'lIt. wood l'quilibrium moisturl' contpnt corresponds to 
n 17-p(\rcrnt ("('In,tin itulllidit,)·, or n \n't-bllib tell1pel"l1ture of 93°. 

'1'h(' cones "hou\d lH' killl-dli('d to ILbollt. a G-pI\I'cont moisture C011

tl'ut to obtain maximum ('OIH' olH'nillg and sPNI r(-kns('. At 140° F. 
nod 8 p!'l"{,pnt, \\"ood (,quilibriulll tllOist.Lll·P (,Oil (,PIl i, ail'-dril'd ('OIH'S 
should at,t,11lll II lIloist,tll'!' ('OlltPllt· of {\ !lpn'PIlL \\"011 withill 12 houI's of 
dl·yitl~. 

A constant, t('IIlPI'I'itt,tU'P of 1100 Ii'. is l'peOmml'lHlnd for kiln-dryinl! 
jl1ek pin£' COlli'S. '['Iw \\"pt-bulh t('llll)(>mttll'(' should bl' mdueNI to 
116° whieh, ill c'onjulletioll \,"itit thl' kiln (,pmpl'I'11tUJ"l' of 170°, will 
lllt1intnin tl 20-pl'I"l'on( I'('lalii\"!' Iwltlidit.y, (\l" n :1 IWl"l\l'nt. \\"ood equili
brium moist.ul"(' ('()Ilt,Pllt. At; t',lll's(' dl'.Yin~ ('ondH,iolls, lllaximum send 
yil'lds iLI'(' ('xlweL!'d \\"ithill 'i hours of dl·'yill~. 

H.I'~O PINE 

lvln.t,nrl'l'pC\ pill(' ('OIH'S Clt.lI be kiln-d I'ied illlll1l'C\in.tely after han'est. 
I t is I'P('Onlllll'tld ('(I, hOWPYPI', Litn,1. t\tl')r be n.ir-drieci prior to killl
(!Joying in onll'r to 1'('d ll(:(, thl' Limp l'eq uil'od ill tIll' kiln to obtain 
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maximum seed yields, Storage in sacks cannot be recommended; 
instead, tray storage similar to the method used for, eastern white 
pine is recommended. 

Newly harvested moist cones can be kiln-driod at 160° F. without 
injury to tho contained seed, provided a 3 percent wood equilibrium 
moisture content is mnilltainecl; but seed yields nl'e less thnn thnt 
obtained at lower kiln temper'atul'cs, At 3 pel'(;uut wood equilibrium 
moisture content the' weL-hulb temperfl,Lure' will he lOOo F. Wit.h 
these drying conditions maximulll seed yields cnn b(' expected in 
ghoUl's of treatment. 

A tomperaturo of 170° F, CIUl be' llsed to kiln-dry reel pin(' cones 
provided they hUN(' previollsly bel'lI n.ir-dried to n moisture content 
of about 2,5 pOl'oent. At this tempCI'u,tul'O u. 3 percent wood equi
librium moistur(' content, COl'l'l'sponciillg' to lL wet-bulb tempern.ture 
of 118°, mllst be lllaintn.illed. At l7()0 the' maximum seed yields 
cnu be cxpcetcd ill 4~~ hours, which is 50 percent less time than it 
takes to obtniu maximluil socd yielcl8 from gram.1 COlll'S . 

.As a g'enerall'eeonuuendntioll for the lumdling of red pine eones it 
is suggestod thnt tray storage 1)(' adopted as a stnndard pmetice. 
If seed is immediately I'oquired the moist COlles en,!) be dried at 150° F. 
Oones that can be stored should br allowed to ftit, dt,y as long as pos
sible, At. most northol'll extractori('s this would mcnn that the cones 
could nil' dry from hal'vesting to somp tim(' ill :Mltl'(:h. Ail' drying 
for 4 or 5 months under suitnblr s(:omg<' conditions should pllt the 
cones in a moistul'p cond iliioll so that tlll'v call 1)(' ki.ln-dl'ied n.t 170° F. 
If, howevor, th<' extmeLol'Y opem!.Ot' is llllcprlnill as to the degree of 
drvllPss of the Lrny-st,oJ'pd GOIll'S it is t'P(:O!llIll(,IHled that a kiln tem
!H';'nLul'<' of I (iOO u:nd It ",pt,-bulb Ll'lltpt'l'!Lt,lII'P of ](Jgo b~' used, The 
timp required to ohLltill Illttximll.lll ('OIl!' ojwning n,lI<1 sl'pd yields will 
depend upon tilt' dpgr('(' of <11',\'11('88 of I,ll!' COlll'8 at tbl' tim(' thp'y al'e 
kiln-dried, 

LONGLI~AF PINE 

Recollunendn,tiotls for tbl' Imndliug' aud dl',Villg of longlenf pine 
eOIll'S nrc temperpd by Llw Il(,(,l'ssity fot' pJ'odueing SPl'd at 11 moisture 
eondition eonsistent with seed-storag(, req Ui1'!mlOnts. The recom
mended drying condition fOI' u('wly harvested or partially air-dried 
COlles is fl, kiln tempprntul'(' of 115° F. lLnd as low fi. relative humidit,y 
ns can be obtnitlpd. 'I'll(' obtnilwd s('('(1 will bl' suilnbl(' for imnwdinte 
sowing but probably will be too moist fol' prolonged stomge, 
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