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29 C>Thu p J'Q(' e

sprl nu I s not completely

T N rT' tDJCT OUJl )r

1 jLf fi ushi nor

-T -er. t oTTvPero-

ture tri ;cgr,-sprln7 phehol r) r) j f~v!- it , ?.1^h 'asr bud brrlr

fJ..owrin, ' . yeoiid~ of LaK ylraSphotoperiod. init -

lates fall o ets, .I r1. ,'iin err't 'esion on _ coll hrd-

enIr (Smlthrr n ~'~e, ()

W hen. seed of (pec os orof) fromn different

so(,u rres t 1 ovvirT 7h o 1t: 1 t: -r 9r,, '~ n) cl 7ror, (d in

c c- :iiIrJ l vr, 
9 1 0,l t ( f 1, i :'1 1w vnl a )tion nl 1+ )h'- t i te of

b"udl burst amTor'x Solvarers 'ho,'.t udas t~e <d ' ffF7EenCc sad1

the -r n~ra ' ttrrs ._. those l fehr Yace W i.b cons. .d rreda

in thi r 1e 4'ir se p r T-1dnc ff~~ r r~ tL V qI- V~ti

'lnt 'es rtr scrn to be the El es t1.-rv fo rec rpou(>t:: bi l for

the observed vu1,3ti D ns

1970).

in 1ea fluhn i .' , , _9.- (Shanrk,

Ve: r - early paper : .r ol ted ., ri;rl ph:no logical. events to

t emper ture Sivjmmatl on (3Th apmur, 1.738). More recent p. per s

(Garner andj Alla-9cl, 19210) =)ttri butedl the dlff'--once- for

main-y herba)c~ous rand sm.nali3 woody platnts to photopf.ri od .

The most recent studles show a he,,at ;umm tio n -s fal of

primary importance li the North '-Iemprraste 2o, a~'e

mInimlm of chi-1..Inc' durinT the vilnt.re' ~ (>irt rdt, 17ar ) .

Th 0t r o 1' OC a rceoerr 11 a"tri r; nly r .pQortonTt in

nuu irusocnsc ,j''~m~riter cM li nv

Tru;Mo rr 1. ,3 ) . La ert "t' r1 i'i n^ r; ewI" n fi ^ ' us i

in comp.rto akes(/rig 9f r;~utaeul in



the sgme ternperatl. F:r Irgr ant w'ith di fforr at photopr.r iod s

(Wrrj snci Ycrv. 19,67) ~ rt thi S theory. if Photo-

per od , Whi ch ex011 it s q. e~s~ty''y cyKv, corn Tl etely

controlled hud buarsti r , on-v would exrect leaves to flush

on the same dqate every year re~sz r_ss of temperature.

Instend, we find vari. ti on "n tW' start of f1.ushing from

year to year, a] thou-h the ""equenoce of soirce.s flush3_np

remnalns the ae(e,1973a).



Oh. >11 V11

rime nv rnane ral ob rj'' Ctiv 3_ r t t.1 o rd thle p h° no me?7o n off

fi ushinp? in wnody p1c.arts ond dot er-rnirne whtt mechanisms

affect and , ontrol. . J hf nr-obl rn 'broln don~r in to th'e

roles of four componenits a-D foil ows :

1. Latitude sand rz-titude

2. Species differences in the rrn;s =Hetul~a

3. Age of FBetula speci.es,.

4. Heat summation.

Besides an extensive il.tereturo review, fliishlinV wes

observed in populations of vairious species of the Wrenu>

Betula. Four bi rch pie.ntetions were monitored duriD- the

spring of 19,74, and f'i lishir ws a^ cor:d . Ffhes ;F rl ntin's

comnpri sed -a wi ate~~ of r'-dsue (tnopul 1nt1 c-n.) from

the northern and sout'ne -in Arp .. chi =1n mou-int aInL, , 1rr wl es

from the 1)T nor and lower prc -Annsuis so h ~n.' i~pet

ations w' ere startod in dffrt.years, a1.l owi rl crnt ,e r sons

of some of the same sc-d sources^ t d1ifferent a7-

Seed sources were compered ivY rite !ind. timJing of flus-h-

inf. relationships c-vi denced in fi1 uh:.ng pntforns alongz

elevational and l-atitudinsi .P~ ri ents were ana1lyzed to deter-

mine the g~n=eral pa}}«rns of their response.
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C) IT r -, .,r.

Four plionto i r on were erve. 'w rr e at

the Ur, ye vm, ty of n l ,{ ?~~th i Boani col GwA -1 r P- r

Arbor, endI twfo vere l. -Der a.t. tho, Ctherni i chi ,.. n 5ta;e

Forest Nlursery near t r4 hton, MA chi~n

F1iontet-ior)( 1.

rp'} olde-t n]0nt33t1 on, plaro I 19 t. the totonical

Gardens, ccrn Y1(n -Cmri: Iof yrlo"tbr h~~lhifl~ from

souteestern ^1i cvhi. _r. Oth'i . trl 1. ,rw hi rc', rou:.rs ' rm Mih

I n-an and ti n t Vi r1nX w~~lS no1 u(d od Four bo~r birch

sources from try,- 1 r pen rculrf Ichyoe hybrid.

yellow X white birch, one p1.tle i}'._ ol d vative of

P'tul n Xrurpu..siA, qnd two hybrd cros es of y ell ow birch x

the pu1tative poy] l ere osoInc11 d cd.P uLJt

phylnon .?1n~ a -me bY. vo \.. nynn-nt1y

speciF.s I n Iu I Jant iW.r ( ee 'ppendlx A. for the exact

sources).

The seeds were collected from birch mother trees and

germi~nated. in 109 in a grec'nhou ,( at. the Botenicnl Garden,-.

They remained in pots one year b-for, be1r-1 oenTplnvt1d at

the field site in 1969. Oh priM ncs soof 15J rc s*

e li~t feet apart. Ther w r' ;3'F otspr rowt spced six

feet between pn onts . co;rn1  ytl ranrdoi.i e do sirn , wl ith

thr'oe replicates of' r'o Sn u-ce Tr"e ised, 1hrF, s F lit~nys

from each 'mother tree formred each replicate. Abuffer row

surround nd the pln'tiolavin r,- 51_ plant s, or 17 mother

tree r plicates of tree^ trees errow.e



The second pla ntati.on e etabi ishe-d a 1 pert of a,

genecologicala study of Appel acian bi rches (Shanik, 1970) .

Seed sources originated from the northern Appalachians in

New Hampshire and VJermonit, the southJern Appalachians In

North Carolina, Virginia, rc:t V rrzlnla, and from the Ohio,

plateau area. Three Mchi~rnn sources were Included. A num-

ber of trees from a p:lantatilon near College Park, Pennsyl.-

vania (establ ished by Ochn.eirner, 191i9) , was also included

In the pl. ntatia . TI.he:y wei, sc,)red for fluF-hb .r1 but were

not Included. in the an ly s i s sine thei r exact origins were

unknown. This study comprised 24~ sources of yellow birch

and 15 of swe et birch. Man~y source areas ha-d both species.

A complete list of the sources is shown. in Appendix A.

The seeds were erminate d in March of 1968 and planted

at the Southern Michigan Nursery in June. They were trans-

planted from Brighton to the Potarn~cal Gardens in ',"arch

1971, directly west of Plantation. 1. TI.he plantrat ion his 13

north-south rows, eigcht fee~t apart. flows 1 and 1.3 "-ere

buffer row~s and the first and l~as± piarts in row s 2 to 1?

were buffer plants. There were a rrxlmurm of 15 Ind ividufal~s

per mother tree. A c amletely rand-omized desigrn of the

pro :eny of mother trees was used. Three mother trees per

seed source wTere pla.nted nda Scent to each other and consti-

tuted a sinle replicate.

t-7 :-ni- tiori 9

The third Plantation was established in 197^2 at the



southern M1 ch~i re~n 1\ors.ry tP Tt.dv eo10 oy, '.o~Tt h, b

Yichi in en t'-~ *ppl ch s(Lrtl7) 1 e p ri~rment.

cop r . cod , 0 sr1 ources of ye rl lrw bi1.rch e3nd the o E f sweT et

birch, each wi th two mother tree-' 'Two sources of paper

birch -3nd one y,,Ilow X proprr birch soare, -ach iwithl one

mother tree, ?,r(re -- ? !7c lncliuled. Fow2Th.1tionns from the cast-

rn qn-1 westc eriuol e i enl 7 f fi chi ran, l weS ?r;l1

popul~ i ons frnm northJerr and snoti eastcrn 1 o-w,7r r- ninsu la

of Miehi1a , were ; rc.udeH. Boith hiMYh and loTA 'n vaton

populo ti n:: In the northrnr nd uoten p"J'ho~ ere

reTpresonted. (Apper dI..x~ A).,

T ich so:_' ds forr thi 1.Es istu1d y were( colte in the

fF-1l of 1'70 o 3 19 71 '.1. he-, we r r1 ermnPet cd in AVril 1972

i =rr^.emhou)so of~ tihe te;ni ae Go, ~ rd ens ,end pliented in June

qt the' Southern M~ .chl rqfl nuJr^-ru 1 n three, bI ocks oftre

plots e .ch, ich of the nine plonts contincd foujr S, odli rr s

from echmother tree for the ycll owv -and s'e 5rhs

comnpletely randomized in each plota For t he tw poner

hirches and the one hybridhr> th-ere mee h sPd~r~

frmthe sing1e mnothe , treec~ ofw fhseorc.

There were ori,7AnoV1y three h~lo k2 or replications of three

plots each; in ech block one p~ot receiving 100% sun, one

nilot recei ving 11,5. "u~ n-d one plot r-ccivnrr 21-% sun.

Sha-d fr,9mes, constr-ictcd. of s1..P t,,were used . to conilrol.

the eriount of suni.(71 rhef'ool Ttd oen the letter two -p10t.

The shade frome4 w--r pie.ced up o-Ter the trees In sprinng,



and removed after the 1 eivr fell 1in the autumn.* One repli-

cation of three plot- was 1ha1vested in the f.,ll of 1972.

The second replicat1ion wa.rs ha-rvested in fal.l, 1973. 1

obser ved seedl1i nos In the srl nor of 1.9'4i'0 the thre:e remain>-

ing; plots, oine of each lireht intensity. banch. plot was 24

feet b y L feet in~ sie rj}rr blrch7e were planted in eight

rows 6" .rart with 12" betivr-n pl'=.nt-. Fu!ffer k lants r

rounmd ed. the ter;st t ree- ns i.n. ac rl ct.

The fourth p~la-ntaition, a- common crarden. t nst of yellow

birch was also located at the ;Southern Michigan Nursery.

Thirty yellow birch populations land three hybrid yellow x

paper hirhsources wre ued. fnst of the sol:rces. were

from iii '"h~ n, both upp~r rd lo(wer per'iirisu la *. Four north-

ern nend. "routh --n ApyT, ^ lchien souzrcs w"ere Inc!.. d* Twety

eight af t he ye'lloa birch popula t 1 ens haid fi ve mother trees,

one populati on hard four mr)4hr trr,(os, and one popu ai ti on had

three mother trees. All. th~ree h-ybridl soulrces glad ene mother

tree. S ee Append Ix A for l lis t of te 1-carces.

The seed.s were .- ~r~ao.i crai 93in the

Botanical Gardens and plantcd ,at th-e Sout-hern i.(, hi gan Nur-

se ry in June of 1973. SedlinP-C of each mother tree were

repl icated. 20 times aind rown. In. Jiffy peat pots ir: a bec

at the Botnlel1 Ga. r eni * 01f t1e 20 nrigil nal r Tplications,

16wore planted at Frirnhton, i41 trees per replic tion. The

posil ti nn of the irA lvzi dui tree-r- 1n each repli-cate followed

the orlginal randomi sa-ti on us.-ed. in the(- Botani cal ades



()1

There wrr 22 r ow I 1 th ott ' tr th' .o.ovr 1?

in h. .-p r t . } T r r , "r c- ;~ti r ri 1 nIr ; - In F? ^ ' row, d

the s7eed]. Ins -.r.e ..i ent. d.. fivs. ln'.hs . pr ;1 e r

There were no bordler rows .

~Corr P1d7S

OcorinF, of the seedling- stnrted on April. 10, 1974t and

continu.)ed. until May 26, 1974t. The scaring; :system used in

describing; the fliushinrip of l eavrs ws modif end *l i;htiy

from that used by tx rli: ( 10970) and ITert (171I.).,

1.= at rest:. biudsI c .os^ , no l-eT river- visibic, non observsbi e

acEtivTty

2Y breaU-knd rest: ; ud scales oe]. linrg, no 1ics visible

3== semi-rest: lruds : o1pen:1r, l e' ves \I s Ybie, exp, nd- .d

less than 1 the leng th of the ')vd sc sies

2=expanding: leaves to 11 }i1mes -f)e iEr; th of' the

bud scales.

5=~fluished : lea'ves 11 times the len;7th of the bird

f= Ifushed lef blad e 21 irn. t o 60 rm."

7- more than 1 fl-tshYed :1_ oaf h1.d greater than 60 mm.

The first visit wgas to }-Tint,9ti rn 3 on April 10, 197h."

All. the scedil inrgs wFere l scored 1., aqt rest. Pl cataion 24 was

al so observed P.nd no soti ,ity w nrot .d . Thereafter, the

two Brig hton) r .rin±; tl wren obsrve Every three dny's

until May 13. One fl ±a orrvti o TO5 wad on. Nay 20; on

the 100 , suan plot. of Flent tir , wihichi reontained the

latest flus his:: codInp-s,



served /'pri1 29 nr thenor s evr1-v k th~rte ftce1 rti 1

play 19? for 1'1 Iitrtt fl1OdorPltaio2. e )

of the trues wrr - alra-dy r-rtly -rf iujshd on Apr11 29. A.

tabe theP dntes or which trees were scored I s presented

in Tabi 1

P veino for the "t xrt of ' flul-hlr l'*.r calcul-ated for

the Briebton p~r rt1.n, n TIhe nu mber of da ys from)f April 10

uantil flushine: scorn 2, i " c", the first sign of .flu;=hing,

WOS dete-rminePd as the tat e f uh1. r In th~ eas where

the score changed from 1 to 3 ad T.", bvrs'd , t-he num-

ber of dnys onedabeoete crr arcordws

assi.P.r(:d q- h, s~p ff' s~~ Jweth cr'cane

f r m o t A S i t 1 1 ( e r 0 r r - ~ ! ucI-be f o r e t h e s c r e o f t ! w a s r e c o r d e na d p i r t e d a s t h e

s a tFrom 1- i c d c u l f T e~5 s o e nd sta)rt of' flu h - -

ing scores for F~?'h trac ir on each eori dai~tc ,an -\FI nte

flush, I rg score ,; as. eale1ra1".d ^a ). } 'he Ii f v-i a1 score

fro each or cew on eac dot wc. avrg *YF r't hr yt

s.pecis in e13ach p)1. antt et 7Vanvra' fi 1 U5} n.r score

for tha~t source e. ;- , AIDO on i'a riett a -' r.C on

April 29 In l t ; o aTes~~~ ehd was cs~ I). ' a i

culatr tihe sl v:rarr-Ee1 1  of (fi u h U orl scor. rTe r

scores a~re nite bi -erce fo(-r ach Ynlanta-n.+on Inr P.pperd1v'



?3b t; 1 Dn fe at ' r oinr fr pp , r) iki rob h : >1 nto ii an r n

Typrinra, 97 1k.

Date

4/l o

4/16-17

4/20-21

4/23

4/24

4/27

4/29

4/30

5/13

5/5
5/6

5,/10

5/12

5/1 3

5/19

5/20

5/26

1_

2

y.

A

h!

V

V

x

X

2

x

Y

x x

x

x

Y

Y 2

x2

x X2

x 1

x2

a

O n tw,1 riq-c

scoredI

only the 100' yin Tlot was scored.



Methods of mnk r_ 'fl te> nCr'r #Lt.U

rj;emper~tLu.ee we;'re r oil 1 tod t g;round levTel and at

three feet above the gro ond. each t i.rne hr tree's wrY, sared.

Temperatures were taken three times durir the scoring of

Plantation 4. and twice dunin each scorrig of P1lant ti on 3.

Hart (197k1) sugeested that the shorter se edlinns, closer to

the ground, ten.ded to fl.uE.h earl o r than might be accounted

for by their sou.rce because of hi gher temperaiure near the

ground. 'Ihe purpose of the tempera ture monto xrr> wasc to

determine If the ground temperature was different; than the

temperature three feet above the ,round_ and could therefore

be havlnrcF, d ifferential eff ct up1on smaller seedlings or

lower branches. Two thermormtern were ued they were held

out of the d1i rect Sunlight a t- eachrs 1~e1 1a simul tencoeusly

until the t emper ture sta~il 1 i red . Then the temnora tore w.as

recorded.

To calculate heat sums, it wsnot poSSible to obtain

records of continuous or hourlyv temperature readi.ngs for

either the P1rigFhton NuI.rse ry site or the Fotanicol Gardens,

Maximum and mInimum daily temlpeirature frm JanuaI ry 1. 07L

through May 1.974 were obtained for the Mil1ford GM Prowi~vnx

Grounds in Livingston county and the University of Mi chign

in Ann Arbor (U. S.Environmental f ata Service, 19714).

The GM rovin, Grouncrs I 5- milesf fr m te ri ohtren Nur--

sery. The University weather stnt.Irn is only 24 mil es> from

the Potan5.crl Gardens.



Fnr i'l.antat ons ,. and kthe nveraQ-e f . ?hind core o,-f

as the lndependant r'ai .bi.C. Fo<r :f l-a tat±ion 14 the ~~rg

score for the start: of flus ti., nrnas erso n Tti-

tude. 'I he correlation coeff icien>rt want calI- Cla:ted for each

re~ressl on.

in Playitati nn 2I, the n~verapge fl-ushing score on ea7ch

scorAnw datec f'or e Io Tw birch, . wect~ birch, and yell _ow and.

sweet birch tceg'ether Lwe -re orense I o n at t1Ie 1nti tudle

ad justed. fnr ei evtI on, anr ol evn 2Ir oani de nt

va r rbl es. Two 1 V. t 7u de: d, aetmn ft rs were i) cd

and 1. for every i100n feset ojf e av .ti on.., e' oe w"r e

determined, by Shar1k (19710) for 1 ecrth of grrw nv; ,eason and

mean July tempe rature date. f'rom r h [.paahIav moutains.

A regression of the differences b" r>.een species (yellow and.

sweet birch) on (onch scoringm date was also done. T"he cor-

relation co efficient was calcua.latd for each reg-,ression.

Flushi ng differences amonv, soures In P~rntrtiou n

(theo 1 i siiht Intensity study) were analyzed by onay :sJci s of

variance. The effects of l1:hvlt "ntcrnsittv o.mor,7 the three

pl-ots unon the start of fl.ushnv ^.nd n flu. shinrg nt ucces-

sive dates were tested f(or hrmtJI yet 1oc' and sw-,oot; bl rch, and

both spooies to r-ether.~ ha a rltr g 1: fl unihlng score o:n ea ch

date and the sty rt of lnl ' core we7,-re regrnssed on lat-

itude and latitulde ad>td for l ci on as th, indep r-da-nt

variablecs for yell ow bY robh, . ;:.V bitrch, yard both Ic ,_ e:



tcgether. The correlaItion 'ff1 ci ent w,_11;~ 0r1,1ated for

each regresjs _onI.

Fl') hinFg dontes of yellow hlr~h from ail. four ointa--

tion: (only the 100x, sun plot. of Plantation '3) warn- nnlyzed

using mult'i pi e reFgrr'slcn sanalysi ;to test the rffects of

latitude and ntnti on uo luhn scorp.- forL three do tes,

April 29-y), ma ", 5-6, nnd M y 1,2-1 2.



11 )~~ ] .rd erU' HL l y t"1rF n.

He'3 tm.

Tt hat S) 1cr." beorI reoo9-nl z'~, f th -t terTpera'ti.lre tr- 7,r?:Y
inf]uences phenol ocf c eaT evnt~ .fin the 13 ~ euu

nv n e e p ? t r .LA'' Lled -l irp ea da l eratres in A prl 1 M, ov n dr T.iyl- " sIo fo nd thi a sumi- t~o be'

nearly constant for the ons ±t of a 'rnd oomna tnr

of any planrt from, year t o ,ra, r^ 4e me ->r~4 t hi therrpo-

Inetri1 c cons-t nt oxproasd f> 11 ont of hrtrolllI r for

a plant to reach a gven stae f mstu r. ty. ,h u a

known as "Je0( umr' t tharmal. consta'3nt of' pY1 no)logy" ( I cnuinu)r,

1738; Garner and P1 larrd, 19?0; W4anar 1960; Newmn et al.

1967)

Wan., (1960 ) r( . Pwed(1 thn hi stri ea7 d) evl ox m t of hosit

sumn Tmethods. In 17-90, Ad"nrn olKdHnuni' de<a. h

di Sr(-'oard er. t merrT(r .tur-s b 'yi -,1 001ad sed only po<l 1.v

tempernture" and t.?ird "i t 1 he yremade t1 '"IndeK" T'thtd,
Since this time, many other wgorkers7 h;)ve 1,;- ±d t "rname ind er~

index" mehd ae~~i~pst Oba i~s vd ot

subtractl nr d egree h ,, rs for the trrpo : ti 'r" below free-i n,

early In the seoson,

Alexander Humlgboldt considIered sur7icrht, ~ an Imprtant

physiol.ogical. f ctr -1d i nltILAod the id ea ~f' the .etino-.

metric. constant, m!ns , ing th" d i root hea3tin nol rW~r of thy?

sun.. l dward s and Coll. r®i n 18}i WO ile7d atten t ionn to the

unrper limit of teinrT:eraturis t'11a.t inhi ted p 7l nt growth in



c" I,Ul %)t Irn F- t h" t.i rrrvT I sum T

1rn L t.a r . r~ n on::irler th s nfiu rnce ^f lu

e ,!11.

1 oht, end

cond ucted

S' IIrna' ti . on

har° V en t o- f

{Y end
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~ct} nr the

When? germi''

rea ched , a
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.Tul 1 u

idea that

within a d

stjd Ie on Ga 1 r~a 1 n !; r ntnt ar,:t O 0 ahe^.t

oo:1pu -th , - ~ tim, pra d. fr(7,Tm pl 'n~in.., to

ccl (1up ca rvlt - r ;. h' t sums accumula ted by the

r7 ' Ti 1E n?1Ei 1; ,{ fro?1 t 1 rr t' ra~' a'r re 2 y c r

7l : t' 'I r; 1 ' curf'. ' 1"T f r Y : s C)~ s t, r ' tV r . 2+ fC

tvr, p]~ 11 I ej no po.oog ic , t7i, e

ri .Ct7" ? en p r ! hS t' umna' t1 0r-T over' r, ?'.yl ye r. F e

forI thr b

uSacohs,

p; e rm 1 nat I

efined +;p

An 1P?0-1862, 1 ad the

nr e~~IId trmal1

,f'~~ 3l( f1f'forcnt

p~ tuno bove

"Y .j'mrd until,

t h I

udariti on for the>

T:

t r)

1960;

rel t

fo0']n"d(

p rope

I t I ye

\eic s~

orsshi5 b

that, ; :

Ia-es, 7'T1

r4 i ~1~

t ompT'E'rat 11

e h

oh "

n '

';c''~'~r inih7-186( ,

1; Ir v~"~rd T'lant doF' r

t ,,-,, -l , " N tu r' ' h :o e 00( (
'-rl o ivnr'~

ir'-umu-jd r t F, -9ti

Ir+ 10(3e iii

1 Qy~r2lt.

OrI P, ea

t o

Ln

ample, the t otal ,,Cnnual -T- -1 -heatf ru;' fo r e s, h; Ar, and



!.rEy STvr1.

rYpe I' VU.r

Pre rid

cif p r'IE( n I

flowerin.- rr

fi tiri<v t 1 40 . n d 930C, or

T. a} rr e 70,r 1 0f71 ' r ,over on-. hundred
Xur: ,er had 1 n> d tW erene of rhenolom-

to thI rf1 of Ph rul t s Um.

r 11 PP7, j! ,E~ r ute heat s ± {tsum for an r)Irm er

n Tiliri rIc' inntrted t'h-t the date of

rrht vajry by as r uch a 20 dr] y; 1:.rom yer to year,

but the sum total. or' d -tl1y moan tempirerature until flowering

va Ta~rox.Tnatel y the sane f om yre,-r to ycar (Frenrdel r 1887;

Limb , 19n15 ) r

1,1qr rri ( 16 ) rYt p) "YYy ,r- ,,ra y ,i t.h ae It 8,001

and .... l; , o 10 ' who r '. a f _.,-ie t to3 het sum_,. methods.
Cr_ . Ir'- I1'e ~ 1ha th -rlant r r^,:t-h r, te

denndepd up)on 0i( CP't Jrl macimum3r tr r-r tturc wh ch waris deter-

F r om 1 91 tn 1 Cr ?, mn r wen r 2 l- l1.ed th "re m a indri-

i-,d C9' m}th^0 to7mrrr:4j% "rr.~ nativ in ol1tedC plants.

Tn 1 q 11vrhyothesi:, . a w r uia i1hd Qrfr-y, suggsr t-

i in~ tha .t t h Y' arl di iY r tr Ta: Sif ' ? lrt Is at eas

p'artI lly t rad to ltltudin vnri..tion Sn he reatlve

I engths of day and nrrit. (in r, C 1 ca i ) . V ol ;e17an, in 1 885,
carri-d_ out Pxpcrimerit: sith effect of thle dturatior of the

li-h. LrVA K r~' q ;ra::i1' .,speed of

m.a t~urt:LC)I , «1r j, possi ii .3rc nta of " a. t pen~r od nolrth



1894 .. . wt;*~c t i , ., T. i 't t i 1 .. m s r;' .1 i i

1. V l :f lo l A, ' .; 1 .)C CA .1 1.1 1 ./aasi 1.1 w t i '" t .. 1. .1 99?).

_ ~ .. o r: t btal

to i br tok 101Vr. 71 a ~ ' r"__ .. '.o ,vIt

:r C; CC 17 the C 11 tro no C!CO~. +. ,% 1 Inon 11 ad ' 1it. e la l an, ,. f . + J Cl

t~ nt then f f

1. Y/8 ES or p 1 . . vP 1 VY .J'..I 1, 110 l M

C G~ Ec3.rro S1r 1d [ 11A Q TyO,.., +0' onn'IJtA ofdy'l VJ1t rn

certoin _imi to 11h1.1h { ar r 1 '. m'! q du 'rt sea--

SO ns :rO f - C: I A ." t JnC .J ,Y N fco 7I s i t ' ve r;. 01 J aha '' -_, . rip .1 r~ ~ l r t lf1ow er--

that C1a L 1r.gt; x;1 'r.,; a 1 n . ; a ~ . 1f '17 ' P f' 1C 1 '' 1 n p r '(, ^.. "& 0  ,o 1 i n ot h U' ' " 1 uak .f~roth eso:1 t r~ W~~ .r~ hrba~uu:~:~: lrit

\,l (133$ I) >1 A !rz it .. 17 , 1r htl , oh c)ld "" be re1g rrd -

(I a:: ;In 1rdc 5 rce t rat ho r hanr E3 ' 1 rect cm11:l ar-n Of

,r_ t Cn'ia lo Ara ' . 1to.,at Ic) r n .. 2 r1C *- hi "r In ,

7xp C riei + have b :non )rduc ted t tot t:~ ,'Csa 0 I7on 0f



plant to ~UO 4)

raised ma ny (J

'rren, S1rid~ 0

:1C1;erP~t1cs.

ati1o~s, 1*c*

Ete V13 so

_, li r

1.r? ~ r ' T om 'moY 1 )1J .L

i. .. _.. * *: 1 i . . . i- i

I ~ ~ ~ o Q''' C 1 Lit T ho~'v'

"hctt1''I ?." '.t~ 1 017 t 4Yt "'n t c3'~ thanelevat ions ~ermIrat.ed

Ofma

wea t .t

end

nly t r

1wower ci CVU41' 0115 ( 71Eng1 3,!YS'3. T 1ao g1.rv1 19g 70o) .

.re t
S n 71.1 fl ) 1 " ~Vc' 1. I

p e 11.E Ir h C
~ Y1. ri

buds

co )lrdl

1111m IA''

heS q111*El (tv' r a~ 1~ so ,;

Egerf i n 1t05 and Ci .: _ 1~., Zt 1907,

hoot r)i ro:17cWtlrh e:;arin . cr ; ri thVe 11 111C eriln ta

Ithe ne xt' warm

!I "' 70 p at r~tl I,

11 ~ ~ P ,1v F

111 

f' ho Cm d

t ion11

n commonrI I

ban leaf

£ rum 1

tan e-tv o

l UfE' 1 outThey alm)o rot d
4-

es r. ''v 1 l

h t r e-

1-Ored i--

(T~ i_ le-1Var.

erl r1A enr ari(II nPamETIC . 1 i r ( ;?q 1. _ than rl e ro low'?: c.1 . '. cl-

atlons (Krfbei 1 Z9 57) Lee?-'b (1915 ) n1oted. that I'e g 3 o



throu<- tW' :l r ~ :TTr co .f' 71 In (1cfI A V

ltcr frl c~c 1. vi ef of ' Y i h of a ~~t zal thog

,ttaC that ~nr e3in< ~ oit1.vle Y
1 -nvl tW } ar n A l nfluence a--

iatltu,,le 1r. retardi1ng 'ru;t',

Tn 1910 io rdr On '3 y to r"-+ :a . t .n --1cit o

chill lirig ard fii h'~o . ItvCS c 1 otionl ft, ~o

Vtro Z Inter~rnlo 33n0 tfl 7. flYr Cntrfleflt were ap. X d t(7 force

t .t O ho , l d n§ o'zn ,d ryl r' p ~n hn

l a' , and A ^on trc1 . 5 th no t ro t rer. t * j P f'i r- 111- r f f r enZt

1Oesof Yael r''~ Tomney TnO0 -1?< n07) he

hr u'aht ^~q loot or: r*' tr~ T,, - ns Le eLr 10 r

O ctober t t'ou' Jh irel ?u ar - Very few r op oc,a ?"roko' dr? rmn c Y

.t tebKnI. -a art th c '71fint aet~f1JN ~E

Spe~ec TO ld b~a~hbw~~ inf 'or ays :oftrfr ?eY.. g

~ ol,; ',-t 7 irdle. In nether xpe I T-t , ?erc u: endr~c unIIli

that had 1-en ->xposo to freezing tcmpera-ur .s In. sold.

frame before beI n braoU, -,t I to a wairm groe rhoace bralke

dormancy whbreas thoce tht had bonInsIdre 1.il wir ter

stay r? ~nt(ioad11)* lVhn i:t'~ 0~ by

Howard , tho amount or ocld rr'oei v-1 d'lr t ,,e uYnt: or ozt-

dtoox 0 Is viouasly ln "r7 vn \r. '~ur i.~ 1 (1.9'0) fou:nd.c th.t

wi ntc r sto-rtel roth Tlate ,-.n t 1e uprlng thav3n chll.ed.



plant, '..~I Imi4 l n,, rff s f r~ 1 11 mnI ted. to the

p o rt Ions thfe plant that 'e 012PL11ed. (One ra-nch ofa

f ueber t, C] wh 1 hr r

Aflot'ner bleerrry bush ronwnr outside uith one b~ranch exterd-

ing into the -reenhouse hrId the u, posed p.orti ns flush, but

not the sY ,re b._ aneh. thant had. bee Inid. ovle so

lfated the Utimulat in r, fct of eol0 wi th the tra-nsfor-

mation of stored tstarch inrto su rar.

Su mMany p r ncl pies nvo l verd i n 1 af f l ushi n , were stud ied

for over two 'hundred- yl~rs. Various : ciE-ntl sts w^orked. on

the tsu rnti ons of t e1 rrtlure. Experimenters cairried on

w7hore1 ±e , preod s' o r^ 1 ef'- offQ T" 1 r r with incread

a!Ccu _.,r:cy i prd, 1 c tiJ >';:.. as4 rvt he o, ,? 7 i eved . Ov Er ore

hundredyrsath eaop o a- plvropo rton_ l -tV f the.

tota? annua-l, su m n' 'p~aursrqu o for eah henol oF-

I cal. stage was recoc-n 1sod. Worker,,: -?:.scovero d that evern.

thoug-h the date of flush~lnp changerd from ,year to year the

amount of he at ne eded 'for a gi ven steQ ;e dlid not change.

The concept of phiotoperiod, !he effects of relative

daylenz'th, was not stla lled ,-is early a hea t umwirni ons. Tna

the laboratfory, dayl. enr rte' was ha~rd to nlcrease, until the

i rat rorl uoti on1 0 t h.". ;,0r1 ih, jl1ma ovdth.

probl1 by ?:oin 'i +' rr^~t to the S Iberian coast
w hr eU '; " "'he rny lon i L h lena h T .. , Es. 1" we r h n o le(a t . ie then

shorten.Ted the day fo;r hl } ~peIcnl pl.t by paig



the ] ~ ' F'~: TPTn "! r, t:rs V? c y -1,c1 rInt S

werle d .ig Jt o!biccs1 0f 'dmy:vt~ast oody

Plat 1-7 " hos l~ prm~~ C'r ')n +lv (h.: h -l ow

prcess and Showed' t h /all t h cft 1  a f~tdthe timing

of fi 'olo tse il~~~nth - F> y v ict't ve crowth

occurred,

Early comrmon grard sn exper1incr.to wr-' mostly the work
of E11ropeanis, st1,1, lK 1 e oolC l c 0t1'i .y v. 11l 1, r ,YI c r~ er * . hey

floticed trends in flL'2h V21 .7s wCI e 00 rL: 010 tro~o ,cl

charactoris tic:s. Gora 1y seed~i n ; f ro no-rthern and

high evt ion smrc 1uhc ealertansoL1 o o

el1e?'atin souc" , ~ , n 1c ci m 1"n % °"'. " r 't T1,,- I7r workers
not i cd t r e nd . t t1 lrt 5. 1-,11 n 1 ' 1 '~ ' j 17 1- cr cle,(

.ng and a iat rr 'Y~;zoP ' S fh h1', nr Lom eon-}.(')

rnected the timing of trees fl iishimg and the n.tI-ve 7_-3ttilde

of the tree, southev, treps flushing- eA(3r ior t D'.1 no-rt hern
trace. } tJe pOt ?at e(I a retar7-11 ng ef'octo f5~ ai 'des

on, fI ! sh.ilg.

L!12, I1" a h fit eo t the amount of

cold r eceie ' d Ti cr].net te' w'i ri t r i t h th rter ad r (3g o f

f lushing a1-ter d uring the ~. weather of sp-ring. He

realized that a col perIl ad was rui. red ber Paeor I grwh rel d

re sume forL 1 r;!'t i- " _.2 ter, Yf'!.. c.( rd . one expriments

rhrnii ry, the( .samP tr{,'l .t)f. .d roni] okod the i mport:rince of

w Ino e 11 ir' 1 roe



Do mrn z"TI rO r OV l w tit (,. 0 hi 1.1 rg

Def~nA t-1on -

D7ormancy in. plants has been st udied b~y M_'ny authors ;

the term his been defin ed In several. wa~ys. -11r),#rd. (1910)

stated that the rest period or doraant period wtias the time

when plants did not grow, usually dIuring; the winter in the

northern hemtisphe-re. fie noted that some dormc.nt pla-nts

Would start to grow., when broug ht into a walrm room, w'hereas

others would not,. Ife r d not ditfferenti ate between the rest

peri lod onde d orimloncy , Veldoan ( 19P31) 1 f' fl; Te : ;ated betwTeen

dormancy and rest, ndf e o~'1~~ r t ste .n wvhich

a plant c ouil d re ;. .: ,)n_ ,o ,~ 1 c :i tar . m .d flus..,h t s

1 en v es , P es t , J.tI C en )' .r St; Z
T 

;'r 11 .'~ !~ r)-,rUfo(u1ndr c n-

dition not affected. quicklyT biy tc~prtu-ire , misture., a.nd_

other factors favor?-ble for ero)vrl h, nles s sufficien.t win ter

ch3.in h ad preceederd thpe~ f ,; , 1rai..e l nf..Uenccs. These

defini tions are not cur-re ntly In use todny.

Worrazl and- Merg~ln (19067) differentia;teod three tyrpes; of

dormancy; suT rer, w'it er, nd Ind,-ce-d. The fi-rst t-'o1 are

results of Internayl physiology of theo pla1-nt, the latter is

caused by adverse env ron mertal condition0 snPerry (1971 )

defin d dormnant plan grt. a thos e h- Si n~r a rr cA: of -marel
re cd rowth rrt, rlth, 1 ttle or no? cc71 d ivisi on in the

plant meri stems, ar d r qu i~n a hi 1 1 i nrn trefatme~nt befor e

Vegis (1963) suIrl l vidted thy, eoontil.nitiun of dormancy into

three sta-geS, 1re-do-rmn'mey' (ayret,"true--dormancy"S



9.ncy is Indic-:' d byr grau(l' s .

thi s stage are not yet fu~l.y d

under favec'ahI' Bond 1.t Ion- . ti

mancy, rnteboll ;c cha e have

favorable iot:,tions of 7.i iht,

requt rr erit h'n b en t t en

e' -t andl can resume growth

he7r pl its~ are In tru(--do-r-
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an er F d o trc tl'owthldoesrl
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unt, l aill ternperf turer

XouIt ore effect .ve. 0
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dod (Vegiv

n Ietrl-

r ?e of

row Irrm-

t and
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tI e?

n

r oh,

rs (^ W in .h l )n' . ~ 5t m b r

bec *ne fn" y reer ? 1.11 (rw th (Bennett

Dn brrm I e 1 ca!- ; D~ownY nd ( Pi ort hwi.3 ok



l9~6 V*re yv .%Nclc' 1,1

l m ati e I 0"

requ.1. e ot

a~s effectiv

Period cqn

1961 ; Vasli

The' duratlo

Vane' b ty s

e

f'

p.

'nrper a

ear to th

of' 1 orI t

cCAes.

turef arbo Ve(= 1

Pffrecte o~f

'perry, 1 921y

c:mp er t11rc; 1-:

ti ir tor tn 1 ZI .

00 C irnd hel ow 00 C ^re not

ujrinm the r.n ttcrrmrot

pr,:v ous chill inr T (Nylor

Flint, 1 9?Li; Hrt, 1 974)

,t~d tc reak d~ormnncy

Woodyr species (FI.I nt., 19~) In c.e :leriet s i th 123

S eoc &' of f)r'cti t Jres rof7'1 nc; outsijde Y' t he T L~l'nrrnra

PBot nA cal Gard ?ens an 116 va rI i es of' fri t- tree^z fr-om the

Luorr T .. C ,foozfud so -e tree r oqul re 0deeo

c h il I nl tea rx& tuo to d3(Q ra o P~ e uen grou ?'~r ed

30 to X15 da. and aI third roup.! 1 ciy ifo~lng Q few

Spccies fluashed wti~thout any td t'i c? ~ill ing. asoon zs.

th ey J' r e b'r ou1.vh t n.t o a 7 r roo (Ve oi mc 1961 ).
Mo t winlter chill1 1?nc 1~eio-t lnv ^ mny tree

seed i1rinfs or cuIt t i ne.1s bei.ng b.roug ht. fromt the cold outI-dcoors

or acold room : ? to U '1 rr !Treenhouse at0- y rsu 1a I.y.rl 'rv

(trea.tments) from autu,'mn through the iv, nt(.-r. 'The nurn-ber o,)f

cdays, until f7lu hin occu .r rled WOS c 1 r~tncd f'i r' .h } r tratment 0

Tperiq invlved. In I hese st--d Ao wore: Fl nu rr !'^ Y'') (Gus--'

t - on ( C93w) , L~rynr'rts(n t 1t ) F,1; swrlnt mei

1957) aE, vl 1_ ow end wht Vo 1 }m'ir r r'"o (,4s ry, i9) hem-

1 Ock (0] son et al., o9 e l(FE orry a-nd W<:., , 196 n),

.1112 . (A9 96? )', ejriar mapl7e (11nl1ebel end 'vi ng 196 2),



Wghite .l' trri 6) 1 Tnmn n CoJUtts

19741) * TheP Erv~ rr~nh 1i:t~d i~1 l.ed S IC d ' iric f'] ushed

Sooner then iuv1.1ehiil rcd ? n sorme eru;, , the urnchi 1ed, seed--

Zing~s d id not: irfck ~~d i_.ir 1 the e-xt" year . If' nr su.--

cess ive lets ref seedling tiwer : ak n into aui t'ab1 e ^rc>'r~ ncr

ternprtjr eac', h lol- tok 1 es i rms toU fls t i th± rl.'1e one

bfn~' t . 1To tr.}_?rr'}y' 1 1 n. 1~ rt, ~' t 3 brokeF od , Srow1tk

Was often ribn o rn -)-_ crny occuarre

T)^Tayed. f 1 0t i " , , 3 prebi. en

mild ,i lmte , y =tisd bytci rlt *v

(Weldorn, 19' ;?TE, net

Cal1fornia, a. border

winter shade Fnd low

rows of peach tr e:

the Other trees in t~h

The chIi 1 inp; req

t h e s r e F o r 1 c c h

reql_ Y,: r-wnt could be

Pe~ in the: najqt ive

nlorther'n part of the

thOSC from the south-:

of ta 1.1 e u c >rts u t

o orch: rd did not (W_

uirement of different

b'-n found t m-eir

ereI trd3 (~ , t.

hobi~~~ to w:e

bors.el brr rnehes.

t- tree growner- I~n

u t tree ornv~dIn

the first few

ut anormglly while

tsred - , ,cs of

Y prod ! tb. pt-

f Ih o1n c.1 111n

,the fr o:t f ree

r''QUTCF' frrr the,

ch11iing than

Wilcox (1968)
found., a cl inalreapnr n the fol.+ a ti on d'at', of FwerFtp-um

to the loc ti on of th i- erd source in PNi s ic'5'ypi The

nlorthe~rn s0o;ees requi red 1<i n r c1-allilnor than the southrlr;y

So rces.



Tai ti:dcy-1 I l Cf nr~rc.': int 11I i'~___

Geetc v'ur ti-

has c l. e i Il Y ,?L' ome t( d 1.o g, 3 nor!..

arI e~nt. Miry work,-r, h,,irc f'e,,iinrl

err cr1 an ner-ded 1 :r chili. I

of no ~rr nrI QIn r: i 7.'v li 6

that worody oubtrnp) I,1 7i ll.nts a.-r.

chijjl? yrsu cr-n (kv

(1962) found clindol Yrariio In V,,

requi.r cd to break_ dorm a of iu',

t hth I e

nl wner

n tc r' p y,

1 ri) . Kr

lTg of south-

eCdtf 1L?67

Moroz found.

t 
he 

f'ar 
sor~ 

r' 
1 

Ct-

q~p1 ~ i.~

COiTInlflii ard .r t .t t h nro.: ?Y;OYJ.C t em . 0 1 rOQ ml] e 1, or

north to sonith: trNt r' h~ o" Vmre C~tt 5 7

requl redl ch l i ?, p}~r Jofm.lrbfore f~l 3shi than

s OHthorns curces wh erg brughYt Iit o '.hr 17loorftory nt three

Wee rk in erval i To,7O: , the northern an not th~e s oiuther,

sources were the fi r.-,t to f1lush r? thy- W'ooster, Ohio common

rzarden site. This sho ,.ed th 0t mr'rc- thnn the rhi*.i.nAi~ re-

Uirement alone h ad( nn I~fI ue nce.

Tn A ridwest bla7ck ortrr'einc et the rorthern

ba"' k T; 1, t 1_~~c .h' 1 Utabokbd e 92 ~

ha 1, .. 1n'' , nc'd lonrrcr p-ru l~

InZS ? som t;U cSt;rl ; or. r3 n days ho~ bee r >ffound. ) )1 to .er '.n -

sate for laclr of wl i~n ' ch~l_._n (uPted 1; 1lo n



1959c; oyl or,

1967,r 197Lt," .

1 O 1 3^; ^~sr r s nd Gatheruslm. I 5; fi rIsta edt,

in 1 c r; trr Vx'r~mrt c.t etrohm

lock, chi1l

photoperI n

era tiures.

'd r 1r n r'r orornd hqtl r

c reno ?Trd "row wt-" hen rtiurne~d

Un htlled seedln s grown' under

ho

toc

7

to0T rmnperiods resumed Trowth when returiied.

Al~thou h mor e Slow Ty thn chi 1lled

seedlings grown in short da -m-rou

Nlernstaedt, 195'?) 1\r7c ,o

iment showvefl thot nll. thile cw.1.1 ed

re~gc rd 1o s^ of j r.tcpoi cA . ..JnY. II

and ?2i hourdy bri domriym

reed~~~~~" 1 111111r~~ 1nsw

str c d

11

d. a. .

1 d

01 r

rt arnd I

611 t al)1

ong day

ut r(C T, -

eh cml ock

i~r .. w .th

E' toemp-

photo-

tures ,

tho 
s n d

"m on cy

16, 2Q09

1.1 e d

o f day -

1.959)

1 ong

len~~(11 dd no

Birch buds tI

or short day.-

broke d orm ,r,

(Ware! rg and

?n a pr

mIdwest; row

chill od pla)nt

delayed flus

c'.rnp-m ,atinc'

nt f had? bonrn chill ed r3

f , nsb (I

splaced undeFr l one d

d srkr .:~ Urnch~ 1 Cd bud s

Or' rC vjcaY ,nr t r,7 retures

r C',) foun thath sl; 'tl

h" -1 iMhtlyT chilled c nlentcfor iind 1l~ng. rj.

1 hower,

comrercd t f hr tl i s _l ]r T } 1 1 c mcd?(]i F n r.



~I rce Joy-t brmi r-t ber,, 11t, ( f d rrne wi . th ceont n-

VUs 11 P-ht In 1 c ~9v th7r 1 t -,1!Cnrv ',rrirn C111TrI> empl ov. no

varlr h^ 'Y pe Y".- tT b:c '? d. rl"-any adYerh

wick (19 K6) in~ -(7 :er y'reele 11c r^-9'-

d PeeJ onment of' thir col r? r ctui rrm vt c r .,d -rradu.l_ y

the foaA 1. qnd_ w-11t roV P^fr t!? . b aA idun of the ch :. i n

r eqCJu i e m e ?:t. rnac)hcd a x' d"'~t to Tfla.i1 domur nc y,

It "ne rc' thes- 7 '- t7_l rrc weart ~et r trie-dor " :ry aceod

11' ton Vei 22 , >r ni t0r)1, a l't tnT r til 1 In r-dorma nC71r

Fetr r (1971 -tn~r ta nliy t h ' ', rnnts h!ieeted tol

sh rrt1' pho t f ' r i o)d s cj ee n hi s ht 2 (t 'vI t pen1f t. r1 -i !rnor. r

In hi_

wlith

When

P~rowt

pl tt

donnan

t ory

ed wi

Stud 1 v2 whnbxrde nlvbrnu. were t'rate

1or phot (-p)eri ods a nd cold n FTht2 oetlvc %-roTTth cepsed.

these species wre retu.rne d to i wa rncyirn -1 Y' -t,

h? was renewedd wi7thou)t wainrter e 1~~ T-~~±--

shad rot vY r..hedr tr1. cd CTrr ?nru' bu.t weTre' In thl ;;rc-

1v1i+ s tir, n"nd "1 e'r^:-,,) d be feecr y f '?r o ;'b]"l e_' cnd n .t~ e.Ons.:

throih }hhea;tra.r~r"-'dtrn -;rowth wo renew-

th lon 1 f ''T tnY.t'-C. 1 . :-rl Of ~ t1)-rcc2 . Pcn 1lu

eure~~cri cna v.__e

wrs ret rjr1n by h r

short days. Te Y

resulmed (Veera 1951 a

t emr~~

,. r ' ,>1I r) enner nt ure. J ) o ztan c y

t 'irrs (1n ? ' the lnre1 I'l f-

.. n .r:)e17-t,~&~i a

11 7 r q 1'1. 1"' ' t r r t

nee~dedrt, but t +Isr n ;t certai 1n tha t true- doma'_nce hnad been



11 ], A 1,q ) 7r 1
C7 (1 <9 fc > t 1 ortoA n cTr'9 ,s ~f t re

out ~ ~ ~ ~ r of r1-' r~ r~ riye~ r1 y'1~ c b'ri

Irnal nulMber of shIri d

t io of dj o -ry~nv !1 The b

differees in tim m17o

t11neyr rernrjI ur ) 7

:3oxl evo 1e wef1r'

pi r em'r t;r3 -

17r

rio ^t Zjt 13 ea i_ 11~ roe-;

:ecsow tH ~yg for Iu-

1 r, OTf 1 r'T T' v ' r,: I , n v

1_rw3)

~ ~h' shoe or

i . . they TATorc ifl

(or -cnrnon'.y) rd

t rue '-1 orrnere

Wiser (1

1,1,tOwv

070) di f f or

~ms~ ewtromos we

of cold ac 1 im-oti nr i1dJc-1 b~y - s'iort (jqlrT
the second. st'nFr of - ol ',9S i n~ 1 C T 0 r t r i ocell T- tt l7(V rrorr nc v) t n t hIC? T .

tm h i nduc d low, r t ipr !\Y.( \ 1/ Vr et p o~ Vo +r :l F!_)'1 7V
this roon qi"~ 'i . , or j-" 'vi i -' 4' 1-x- rir

l ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ +' ;' C I "r . ;3 r n-o!"'' { ' ) -f 7 'O .r[1

T 1 T1~y Aq 171 , 1/ "] y - r' -p '>' h- (1 '2C 1r " l j " ril bPI1 b

'r n17 -10 not 19i-l 0T^ !I ^S . 1-t ?^ M [1 ^( rY - / . h'3 3 (vltv1Etrol 'a 1 ed

by r r oll T^yoo rn Ahdo d 1 0 '1'1 o7;I-Y rCj 7

" C ) 1" t' r r ' rf '1J I - ,it'. Y .



)

;.1 1 Me ~ ' .) .. . o P _ 1 '"P1" 71 00 U-fd
_,ff un _. , . 1 .. 1 r <I ^. i - U 70y1 J

tlxi . o .r vO i nm'r c.1 ;~jrrei

t tor1 np o9re <V)E s1 1 1'1 ' , C< nn~3 be 1s1er er' t

whic h 1)o1r1 t ? Y' 0, 3' 1 .' ait- f ':c. c1 d I°l C3 1 u~gh

t 11E. 111 16 inll n re q 1.r " y . r* '71 Le eo itrC 0

Sv~ .~r Too-ir' J2' ): .;(: r t . E, isAi d- . sc".wivr

Lria I zw t re.i sj~ils i the .. o .t1 . ci o 1m ;zrouth,.n 7:1. olof

by col.d. wea thr 10. _1ohk1 the, r1 ; -rw Li Sa

i1towc , fur nor)1t'h(:3r rej'1S n qs _t~ Ll d unt 11 the cprini gtnha a

With ol ri wCi 1_ t"no (- 1' ) wnsOtt'r '. C r" t) ; hw begun1 . W hen 1 lant1ed C

in common g; rdens outside their rlve1 rangeul, some

northern sources -of temperate zne pcisc V;sq l

log1 i-iULp> t 1..T+ 1,", ut 1 -,r 111 . ;,' 17 btrop ia

Z'CVT I '7 o Jr~ a ?1t "^17 .r' es t ;i<U 1 -. _.i: :1 that ;C~~~hr

' xc to of.ia the to c- u z . '..r at 31 S 04o ci
1. .ie becausel: , 1 i ".... .P. C:, - .. hcr to .. v11l. o I O

CIer ~~-~ -n- c: JLL~<Vowj a

to u tle o rth: 17 1_'l o uth 1, the1t t soutbcr SC1l'rrOn clCd.

Coro n1 l' 11 "j .1, T -, t ?- , - r-' .- , - r ;-Li'p . r.. .. ' g . n

and :1 htl J A1c: r': =,ardclhl etthe nlithe W.ee :rwulr mer chi!-



'21

C~~ 1. l 1.: .s 1 1, . l Y'!4 11t )2W ..

a t al u r . 3 +' 1? vs 21 71Ll )Y ."1 ;1, T 7 rig I r) o t-- _" l1' Y.

fav1UrabloDC: ,~~l warr' 1: Ith ' ..1 0 .r'i'tt i r 1 1 1 c

°) )rrnqr t



H1021l

n2 ai zai on
Th"'- hea oJl flnprO cl to F] '~"~ f '~henolony has .I " m inr

Use for over to )

A heat su M

ature aboV 9 occ
dIuratAl on of t)? t

example, i f t ,I«

j, 14-1

1 S th

r-~ T'1p

1x15t r'Uim ant

-4+ 1 ~uuri 1735,

Wt h thv.e I rv eti io n

of rh7 p rod , t of tcmper-

( thvh l 
n anthe tim

rr oFi
-, i

theda, with t he r(<i)]flA ~r of ~hr 1.r I C-N>- e raturos k 1

theif 11 jobF thr e S11Or' i

t he dja.

7r,. '1'4OU. i1

(3II'

cOp f,-.~..

''C A'' o ad Iua, tI d ur 1 rig

To f 1nd the exac0t numb.arjI,.? o ~ 1, c(.) ,-ho ac cumula--ted

for an. inIvidual1 tree ;it i cosryto use a t'hermllolmete-r

attached to a recordino, device to i-et~ the eyact minute o

minute tenreture; ( thcr ioraph) . Us; r lu , Ylaimetr. _; , r ;I,

C ?.n the,.n measu.re" the are unert'.tmprtue'uw and

sbove the t hr shorld ( E''y r, 1970) . Vowevcrl, th1 a plaot

often d one. e r' Mre ~,trs calculat eqi tir'n approx-

ima (_t ~n the. cxio y.p etr un i onr.. Fo exmple

U im(r (11 ) -7C . :" -'c I YTi: Y (1 Ce7, -f-' h0 '7 to

mea thtu: F ~~ ~~~rn' Zaua ev': e._ . murip11e
c,- te ln th l'i V t c 1. rc I o era i r'ln wr tec

t em 7cr:-itur d4nr ri~c -.-A V>-r 1; r A xmtl s f t"
t' 

.



t'l r ; 1,1. ;l.A i r7t'~pcr'oturs -: ~ 0-, ~ <>T' o0 r' ~\C)

m L: Lil ( i ) V 1 f- to <3 17 v tA2 n C; n 1: 1...3 r, "1- e

For sunmirg t1 e Tiaximl~m tcmpcro!ein t- ni ?nu

t.oper7n1ure." t11e q ua11t 1 ty 1,ultl .,'I N t

equorls the toatoT rnuin r of <3crne -''

Werek?0F e~~ritinern ' u~i t~<rrprw." t ' .

Lydj e 1) :yej~p (1 o'' )) <3 -l 1n -A

I' 1 ,,si 1.9 A otf t wjpw 'A

f 1 lIi 1- 0 ' 1 -: v m fy 5:Y " - +} i l1A 7.." I.

ho 1

4-

he t mTe:±oure

h -r' 1"1' r o ca rC~

I f ' 1c. thrc.sho1.fl

h-. 4w ,/-t enrt x

ya o- r1 r-

teVmpetrnturo, r._

t hr 
hod 

te m pe

1tdhy the for )

i-i17ryt 1hour in en-~' r1"'~

del VT 15

,-1Inur1.

t} n

7-'

.

-, it %

'-r' 1,11-i-'c'

Y 'a 1-'7 th r

>1t 4-

1-1 L! 'l

-the3

oJf thJ,1r1noruroph1 the oprx.r. oewere

exoet ha t s wm nrit cons Lr 1- n A o'to i 11 ln

Vhe(at- urns f ?" .1 1 '. , fI <3 -i lit rv rflHI an? T ve1 T

temjoE:r7- t~oir f .:, Qi Q <1 f r ?,f . 1- t. C- h- '3 wf-1 rI ,7e or)

1:.r n 11 -d(1~ prI t\ r (1 r In (' t !' r)' d.-* e n rv e



%i

gother the ruin e .

turc.- for crjt.h' r pool

(1951) tirI e

(" J j- apv r, 1 [..i.1) v r",c f o .

1 2 tl t0;2"h Oil0 r izu wq 1th Mdi'
_lx.,

4

1, t rm'Qir trc r i m !- 1a]

wer c used , stpt' r,~ 1 r)

flow'er lip os§o

rapparenlt thre.h.i ~

Tinijnmumr. Ritchl e a'

olds f1 0  Iyqr

fi owering of PoTpij u ,

Stearns (1 :70) reports

fowr l-I F n the north

1950, rhornt Ore'tc 00>1

r~r rii~ A -1 t~ersq

'v-'rri

t '

t!1

t

P1-. h .- b2
roi c

(19(1

)

c~ rto Year

f o'.u d thresh--

in Vais. t)It 'o

trees at theC) f

threshold e"' 32~

torn United State

the ~Jnpanesr The

, P. C. He found

m C)

rry

athr eshol d tern-.

rym'n t. .'ns f rom Feb-

Q'.

t7V1

p.'.'1

cot thot

o ii.0~..ycn r

OflO of the

perl I0(1

flaw

*In

in the

e ree- houv .pc.wj c if14.t fotab".i Shlngr

coret vlU,~ fo~ t.Ii ehr~A91 ;: ,p'strs(~wo te

1967).



1Jtsntrs<dfr na bu rc- I n'' n er io

beein cal. culatfe nd v ry b npo1 an [Ten.' ch c a'.

For three sout heCrn p111011l.r 16) ~' i;trehlr

of 32°F. In Finivnd, re rc. a. j°t~ a C threshrld have

been employed freqluently" a~r clelt i w we re start(d in

spring when the me-an daily tempeture , c ecep ed 5 °C for the

first time ( rvos 1067). 1n Ynorthern Sweden.", -liand-son

foulnd" n vri + fh eprel t nnl etwe n the rinnuial rtod( In 1

P;r o w t'in ., Y) - Ad th- -um er 0 ' rd,;r evehen thes !^x~mum

t em p e t urne ex ce ee (7,~ d f.T~,iJ2iee () O70)

Ct u r 1 r P l u s t a (d' , t r 4hr ( 1d (lof OJ~ , F 50 "F,

and 5) O i Io n wI t h 1 T1 l qA f r+ er i V he7 a re betw e the t"er--

per are trac en , a by reot Vrc'a hndtefour1 0 _f'fer en't

th e ho d t enor s ~ -, T, i, .h f '.l l ,ou. r" A- e t. ;: ..m +bO7

50OF way)s found. to be he bes~t sIn 1 1' 'Tplb .- > r;nio

explalnine: shoot f,°rorwth t1 min«,

Other mnethiorls

Other methods hnvc b "rn devis-ed to talkc famctor s other

than only hreat; sunmmoti on into a ceouti f Idol 'ski ,in 1958,

found neithe~r het s un nor th hei'?dtempers turn a con-

stant in his studo;le of' cttaci ph ao , y, jv 1 r cat ructirng a

phenolory--ternp , ture nomo r,,- t,..o =iite nog:_ linea I ty

from the n av"ls1ee eveiopeni lPe,,,niqf et 91 . (1967)

calcula ted. neti het a'7it; ^ iut oe i' -.al./cn./minl. and.



r' "/ ' , / r \ c' { j .. , ) t bf; 'j, 
cc? j l ,.Ic

thea pe tz0 c d "sr1o u )7,l~ r ~ -7 _r )* r rja on 11

tha y1 F n hd voon ~ o r ra ryje~~

b el ow 1 the ao<ll 1. iT?.~r >'~: ~wa n~m

t h. r r'cte tha ! 1~ 'oIl. t!'. w'ur 'Q l."ah to

heating; above and reduu stforedr het from },1Y rihi.s

effect was f'ound to be most tnleta.on phonolo -y In

early springC. PJ(rrnn (1% rott' th at. of ? 1: caor

el~~or~rmtiot for fou !Cizn ija ntr ul th m 1 trtptrate.
er 1. st nrc' ,h t'r' ir 11. o frort ~ c h~ 0F h

r 10' °,:r :as not

.Tii 7ttion. rnr + pe at r r c. f~n~ ~ h~ i t r p r t rsummation.~ ~ La swl 1mut~ syl n ae

bich an rm 1 rgasa e a i l rtwr :~ u
'Whj1.en minmu tepeatre f_ n~ch ?l ba belo f r e e ig. t



Other sr~nfi eah s i r '9 hit sFpr~ , anId re nIne,

bepr} nt, v2 .. t r in the fi' e!rel. 1 Z t,+! mt ri-iwm temperatures

ity uintl ma0000[temper tu;ee sd (0,. ard

grou~p, Inel,, jY) ir iaVCre cde aam f~ , .r e whit.e

pine, bega,1n ?Zrow'th tiwhe) n rna.X_1mu terrrerat.ures reached 7 00 F.

Bassw.oo)d , bvvr o, 1 hn ct ootfh aspcn, a rJ s ilver ma-ple he fou.nd

SW'T '1 1c: (?''_" wi elf r '1rnee of + r T r .It "' i.

ie a t s umT ; ~nte: 1rract . .i enye jt h11r;tOLn r

Photoperi d n t'm'tr bsi* aohatm

are oftfen c1.ted as hvv1 r3. c, r rer~mItt ,-fi na?.i en o~n r. ants;.

Rob9.k and Mn- ag nesen) (17)s ed fh~ ar ertht and temera

ture 1ere F rre th vat,. r'ret ,. vt. f nia catrall , l 1 i i' the
y ear z, alera r Laa t vs r Iat rn ~m' i trees.

Dorm]_ ln~ et. l. (I~ c 'r htfrP '§ale ain

and- temperatu.lr e du1)r Cr< rn.t 'tieri ef -h trminal b;u,

d etermined the d eree of d ormancy arrtt-ai red1, the timer~ of bu d --

brel' rig l the growth a-ttai-nedl the fol lewl ue~ yea'-.

Pauley and P rry (i95' f n l l(ttdn that : m ternpcrt )r r at her

tha~n p)hotope r5 a (w 1a Fsf fert1 vj 1 a bre;'t ne d: rrranc ;11. Later

in the seas n, hcwevi 'r, ,Ifyr aven t.1 -i ha to~ be ;reter tha9.n a

c e rt-i.n m in i r mu1m f r r hei }ht' r r-) j .'- ta c Yn.t l '.: '
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1.

effects of latitude and plant-ation upon flushing scores.

One of the major trends found in both the literature

review and the field results was a difference in flushing

behavior by species and by seed source within species.

Strong genetic control of the time of flushing was apparent.

A latitudinal cline with the northern sources flushing sig-

nificantly earlier than the more southern sources in the

common garden was observed. In the literature, depending

on the species and the place of the test, either the north-

ern or the southern sources flushed earlier. In most cases,

the sources with the short growing seasons flushed earliest.

This was confirmed for yellow birch and sweet birch in this

study.

Elevational patterns were not clear because latitude

and elevation were confounded. The higher elevation

sources came from lower latitudes, and vice versa. However,

in the Southern Appalachian Mountains where both high and

lower elevations were represented, the higher elevation

sources generally flushed earlier than the lower sources.

Differences in flushing behavior due to age have been

reported, and in this study the younger seedlings flushed

earlier. However, due to plantation layouts, with the two

younger plantations at a different less protected site than

the two older plantations, the results were not clearly due

to age alone.

Some major points found in the literature review were

not specifically tested in the field study. The most recent
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PLAT IA'PlIN 1

C 0DE 1

ACG

ADF

ADO

BDW

A EW

AGD

PKY

ALL

ALIS

BLS

AM~ U

ANL

EPV

ASB

ASN

MTS

AWL

B3WL

HWL

,? WL

14129 83 
.

.1 5.0

3.0? ,

5r.0 2.7a

23. 4 .5r

3-F1 5.03

3.4 4.6

14. 12l

3.0 .

5.0n 5.?

~)COi(ES 197 14

4.0

5.9

6.C

5.3

3.7

5.0

5.5

9.7

31.7

5.9

5.7

5.2

5.8

5/1

5. 0

6. 1

K0

5" R

6.1

.0

,. 9

6.?

5.7

3.8

1The

last

fi r st leOtter of the cod~fe

two letter. Ind icate the

i~ndI'-tes the species, the

seedI sou)rce: (Ap'pend ix A) .



COID /i Jio ____'_ ;

ABC 1. 0

3.3

LEC, 1.5 3.0 4, .0 6.o 6.0

LBCh 2.0 2.0 2.o 3.~ 6.0

A BV 2.0 '2*0 3.5 5.1 6.4

LEV 2.1 2.8 3.6 . 6.0

ACC 2,2 3 . '.1. t ,

L CC 1.5l" . ,13 2 ."c 6 .

LCw 2. 3.0 li0 ~q (

AD 1.6 1.« 2.6i tsA

I.D 1.7 .2.0 2*Q 33.0 6.o

IlDC 1.0 1. ?? o

AFC ?.6"' 3.3 4.i 6.0 .

LFC 1.6 2.2 2.8 4.6 6.0

AGK 3.0 38 x. 4. 52 6. 3

AGI3 1.9) 33.1 1j.1 (.0 6.3

Ai HP 6.9
5. -8

A H K 11 .2.



Pi~antntiori !,ortI Yllr'd

Cony-

LHK

AJF

AL

ILL

AMC

AML

AMVI o

AMW 1

AN

LN

APB

LPB3

A SI

A SK

LSK

fT

1

1.8

1.18

3.5

3.9

3.13

1 .1

1. .

7.5

1.7

o.n

3.0

23.6

4.6

1.7

25

2.6

5.5

3. 5

r1.

911

3.9

'3.49

5.?

3.1

6 .(>

6,0

4 . 8

5

L,. 2)

n1

6.0

6.8

6.14

6.8

6.9

6.2

6 "o

6.o

6 . c:

6.6

6.n
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FLU ' (CC) IL, Vi : 1 074

CODEH

A BI,

LAC

ACW~

L C1W

A DC

L lD LJ

A RH

LI)I

I TG E{T al

100

10n

100

20

1. 0

0n

2 \0

10

1.0

1.0

1 . 0l

1.0

1 .0

1.0

1 *.0

1.0

1.0

1.0

1.0

1. .0

1. .0

1.0

1.0

1..0

1 . 1.

1.. G

1.0

1.0

1.0

10

1."0

1.0

1 s 0

1.0

1.?

1_ . 0.

1.0

1.0

1 . !1

1.

1.5

1 .0

1 "0

1. .0R

1 .

1. 0

1 q

1,1

1.. J0

1 . 1.

1 0 .

lii

1.6 3.8 3.,

31 3.

2 .9 2.6 3.5

1.2 1.8r 2.5

1. 2.0 3.5

1.?0 1.4 2.1

1..4 1.0 2.1:

1.0 1.? 1.8

1".1 1.? 2,2

2q0 2.5 .3.0

"11 1.?' 1.9

1..1 1.2 "

I7

20n 1.0 ) 1.0



30it~to 5x1 (cot20r

AEL 100 C, r rC 5.9 6.1 6.4

111,5 I r 1 r C

20 5. 5 5.9 5. 9 5.9 6.o -_

t ?2 c 3-9 --3-

cI! 100 .6 5, 6.0 6.o 6.5

4Y . "7 5. 4" .. / .

20 5.1 5.6 6. 0 6 .0 6.o -

I. 'W 100 *a1 3Y8 4, 0 4.,? 4.9 5.5

200, .0 5,? C5 2 5.9

AB t)oo10 2.6 3 . 4, 40 4.6 5.

45~~~~5 ?.3, 7 . ,

VHL 00 )4f ~ .8 6.0 6.2

4, 5. 5.9

6.o 6.0 6.o 6.3

45 ,9 44 ,8 5.0 5.4

20 bi 5.1 5. 5 5.6 59

LIAR I0 2 o02r , 4.0 4.9 6,0

20 3,' ,. 49 .2



-1 -1

Fl nntn Ui one

CO)DF

A -PL

LuG ~r~ gtfTI rt ~yf' ~' 1 2 ~

10n
10.1

LQCC

'K5
1?.0

A CW 100

100 1 . ilcLC~P4

(.nk

1 2,

ADC 100

115 l~

?0

10 ii 1CHiDL

l207

8 , t1

P.R

20

ADR 100- 1. 4. q

115 12.9

1 00L1D F

9.6

1.6. 0

1/,..1I14 j

?0 15.0
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C0LDL

FMT

A ML

AMM

A MN

ANL

ASI

P UK

AWL

100

4C

20

100

Lv5

20

100

45

20

100

4.5

20n

100

2f

1 00

45

20

4/i c

1.0

'1."*0

1."0

1. .0

1.0

1.0

1.0n

1.0

1. *0

1.*0

1..0

1. "0

1.0

1. .0

1.0

1 ,0

100

1 . 1.

1 .2

1.2

163

1.n

1.0

1. t 1

1 a

1. *0

1.0

1.5

Lt-

. 0

. 6

or

.2

.9

1-

a.0

C)

2. 0

3.2

3.9

2.5

1.?

3, 5

21t

1.3

3.

3,6

4.o

3.4

3.3

3.9

3.5

4. n

2 a 6

3.3

.8

99

4r/2"7

3.0

3.8

LIf, .0

. 4

3.8

3.9

4. 5

4.0

3,8

3,9

".5

31.0

3.9



1~'?

COD Ifl9 IG 9f 2 I C nt r

PNII 10l,

1.5 x.1-

20 5-8

AMT 10 5.9

45 5.5

20 5.9 C

AMM 100 5.2

4 5 5.0
20 6.o

AMN 100 5.5

L~5 6.0

20 6.o

Ai L 100.

20 5.11

PUK 100 5.?

45 5.8

201}."r

AWL 100 (1 5,

/4.5

r7 rq )

'/Ii 1/ ()

6.c

6.n

5.8

6.o

6.o0

6.o

6.o

6.o

5.68

r, 1

5.6

rQ

6eo

5.8

6.0

.

Li. 0

6.0

6.0

6.1-

6.o

C;C

6.0

O.n0

6.o

6,0

6.o

c; r

5.9

5R8

.0

.2

.1

.4

.1

.0

e1

.0

.0

.0

.0

.1

.o

.0

6.o

6.8

6.8

6.o

6,8

?0 20 6.0



Pl rntui1. on '3 ( nntlr: r.ml d

PMI 100 6.8

20 *8"

A>I 10o 6.o

20

AMM 109 .

45 
7.r0

20 5 .0

ANL 10o 00

45 9,?

20 7.0

ASI l 0n 7,8

PUK 10n "

15 5.9

2.0 7.0

AWl., 100 1.1..6

45 1.1 .2

2? Fro.2



PL~ <lION 24

~.L FIT j~( ; OI L 1 x) 71

CODE

ALL

ACA

A C R

ACW

ADO

ADD

ADL

HDL

A Dl

ADS

AFL

AFHI

AFL

AGO

HJ

AJ T

ALL

AL K

AIJS

HIM

AML

['NM

A MN

AMO

4/ -)1 ' 2. 0-?'

2.2

2.0

1.2

2.2

1.9

2.1

?.3

'.9

1..6

1.7

1.7

1.6

1.7

1.90

1.~

'.9

1.9

1.8

2.2

2..1

I. "

3.2

2.7

1.7

3.2

07

2.0

2.9

2.7r

?26

2. 7

2.7

3.1

3.7

3. F;

3.

2.2

3.7

3. 5

3.6

3.6

3.6

3.6

3.6

3 5

33. 8

'3 . 3

403

Ii., 3

4,0

:",9

34*6

1. ,2

19 p

5"4,6

5.6

C L7

3.2

5.6

5.6

3.97

, 24
). 3

51~

9.1

9.1

5.6

5.6

6.o

6.o

.5.28

3.8

5.9

5.9

5.9

5.6

3-9

5>. n?

6.0

5 ,o



P~hntnon 4, (con tlnlcwd?)

'ODE 51i f __ rI ofhi r

AELI. . P 6.o0 10.?

ACA O.0 7 .t1

ACR 1'.0 Q

ACW R, 6.o e

ADC 52 1.

ADD 6.0 6.0 c

I 6.o 6. o Di . .1.

ADR.5? 5.2 0.

ADS 5.9 6 .o . 3

ALT, (,.o 6.o 8."3

A FH 6'.0 6.0 a.1

A F T , 5 . 9 6 . o 2 .5 .6 .

A . 6C L 5.9 
5,9

Aill 6. " e.i.

ALS 5..9 6.0 2?. 6;

BY, 6.0 . o

AML 6.o !.

5.9M 6.o

AMA (Ko r) 7 "./

ArgO 5.o . 9

AIMR 5.8R 5. 9 8,1_



P1a nt ti o.cn 4 ( emt.I ruc l

AMRi 2.0 3.0 .5 L 5.1 5.7

AMU 2.0 33.1_ 3.7 ~43 5.2 5.8

ANL i,.6 2.11 3" 3 38 5.1 5.7

APA <.1 3.1 3.6 u 3 5.6 J.8

APR. 1.7 2 . 3 3. 2 3. 5 4.5 5 .

A 1 2.0 2.9 3.,6 4.a2 5.5 ! e

ASL 1..6 2.6 0. , 5.3 5.9

AWYL I14 2. 3.? 3,8 .0 1'

AYD 2.1 3,6 1Yt.. .6 .? 5,9 5.9



Plrit~tlon L4 trnt1rl1rr]

CODE

AM U

ANL

A PA

APR

AS I

ASL

AWL

-5/i
5,8

iZi~

5.0

7.9

8,

C C9. ' s 0

6.o
5.9

5 9

8.0

10.2

AYD 7 i
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